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1.

INTRODUCTION.

The investigations described here were begun at |
| the suggestion of Professor G. F. Marrian and Profas-i
sor J. R. Learmonth to examine the relationship be- |
tween ribonucleic acids (and their derivatives) and
the processes of tissue growth (including wound heal- |
ing). . ! i
Examination of the literature suggested that

ribonucleic acid derivatives might be present in
!rapidly growing tissues, be released by living cells
'on injury, and be present in the growth-promoting
rfactora of embryo juice. The investigation falls
into three parts. In Part I the growth promoting

|
properties of various substances, including ribo- !
nuclelc acld derivatives, are investigated with the i

ald of a tissue culture test. In Part II the ques-

tion of the release of such compounds by injured cellg
is examined. In Part III the ribonucleic content of

tissues, especilally rapidly growing tissues, is dealt
with. |
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TISSUE CULTURE WORK. '

|

| 1. REVIEW OF LITERATURE.
Although many investigators had worked with sur- |
Iviving tissues it was not until Ross Harrison in 1907
;nucceadad in studying nerve regeneration outside the
organism, in lymph, that tissue culture may be said to

have originated. As Fischer (1925) points out, a

careful distinction must be drawn between "surviving

‘tissue in protective solutions" and "the in vitro
cultivation of tissue in culture media which actually
ipromote the growth". The former method is exemplifiad
[by the experiments of Lewis and Lewis (1911) who :
!showad that fragments of tissue could live in Ringer's
iaolution, could show outwandering of the cells, and
could even multiply at the expense of the growth pro-
moting substances contained in the tissue itself.

Cell multiplication might even occur "without increase
in protoplasmic matter due to the presence of sub=-
atances stimulating mitosis and the absence of the
proper nutritive elements in the culture medium"
(Hueper et al., 1933). This, however, is not real

tissue culture. In true tissue culture the cells not




only survive; they show increase both in cell size

and in cell number by the formation of new protoplaamﬁ
The culture increases in mass, 1n protein content andi
in nucleoprotein oé nacleic acid content. For true I
tissue culture two factors are required - (a) a sup-
porting medium, (b) the growth promoting substances.
| (a) Many different substances have been tried |
as supporting framework for the cultures but none have

proved so successful as the plasra clot introduced by;

Burrows. The plasma is usually considered to providé
'merely a supporting framework for the growing cells. |
‘It has little or no growth promoting power, although ‘
it may supplement the action of embryo extract (ec.f. l
[w111mar, 1935, p.6l). i
f (b) In 1912 Carrel showed that extracts of
'various tissues stimulated the growth of fibroblasts
to a very marked degree. Of them all, extracts of
eﬁbryonic tissues proved to be most satisfactory, and

the stimulation of the growth of tissue cultures by
means of embryonic extracts has become a standard
routine in tissue culture technique. Cultures of
fibroblasts maintalned in embryo juice and subcultured
at sultable intervals can be maintained for many yearé

and, indeed, apparently indefinitely.




"Among the many agents used in the culture medium
for the promotion of cell multiplicatlon and austenanée
of unlimited life, embryo extract holds a pre-eminont!
and #lmoat unique position since it contains not only'
substances for the stimulation of cell division but |
also nutritive material which can be aasimilated by

the explanted cells and used for the synthesls of new

protoplasmic matter.” {Hueper et al., 1933.)

Embryo extract is, of course, a very complex

mixture from the chemical point of view, and its
1|effoot on tissue cultures is certainly e multiple ono;
| It provides a complete diet for the growing cultures.
| Its effect may be considered from three different
| agpects -

(1) It provides the necessary nutrients for the
growing cells, the bricks out of which the new struc-
ture 1s built.

(2) Embryo extract may be singularly free from
growth inhibitors which are known to be present, for E
example, in adult tissue (Simms & Stillman, 1937) am»:lil
in the serum of older animals (Carrel & Ebeling, 1921,
1022, 1923; c¢.f. Willmer, 1935, pp. 61-62).

(3) It may contain a factor (or factors) with a

specifiec growth stimulating action, a true biocatalyuq
|
[

|




or "growth hormone®™. The possible existence of such |
a substance (or substances) has led to sharp differ-
'ences of opinion; and early views that embryo julce
contained a special "growth hormone" did not survive. |
Carrel and Baker (1926), for example, considered it
"probable that for cell multiplication a specific
hormone 1s not required and is not contained in !
embryonic julce". Needham (1931) adopts the same

view:- "This growth promoting factor was for long !

believed to be a hormone or even a vitamine (sic) but
it now seems to be much more probably a special col-
location of the right nutrient substances probably
protein break down products”, and further, "...... All
these facts led Carrel and Baker to conclude that
there was no justification for speaking of a 'growth-
promoting hormone'. The growth promoting factor is
probably no more than a right conjunction of nutrient
materials and the appropriate capacities for making |
use of them. .Ths particul er position taken by un-
hydrolysed embryo tissue juice 1s of course very im-
portant from the embryological point of view and merits
Euch further research." Later (Needham, 1942) he
)

difies his views and does not exclude the possible |

participation of blocatalytiec egents - "........ a




I
I

substance of nucleotide structure might act either as
a carrier for the requisite peptone 'bundle' «--- or
else possibly as a 'bricklaying' mechanism at the
site of the protein synthesis".

Willmer (1935) adopts a somewhat similar view:- ‘

"The hypothetlical substance for growth might be
e food substance but is probably more likely to be
sométhing which alters the metabolism of the cell in
some way."

In eany cese it is obvious that 1f a growth pro-

{
moting factor of true blocatalytic type, or if a meta-

bolic agent is present among the various ccnatituenta!
of embryo julce, it will exert its effect only if the|
necessary cell nutrients are present as well. '

That embryo extract owes its peculiar growth

promoting potency to the presence of a true biocata-

lytic agent i1s suggested by the recent work of Fischex
which will be discussed later (p. 33.

Whhtover the explanation of its action, the |
position of embryo extract in tissue culture work is
80 ilmportant that many attempts have been made to
examine 1t chemically and if possible to isolate
active fractions.

General accounts of tissue culture methods and




| 8 . ‘

| .
| |
| Tesults are to be found in the books of Pischer (1925,
i 1930), Willmer (1935), Cameron (1935), and Parker |
| (1938).

|

A. The chemical nature of the growth promoting
‘ principles of embryo juice. !
i Carrel's (1912, 1913) early work emphasised the |
| lability of the active principles of embryo juice.
’ The growth promoting activity was easily reduced by
| heat, and filtration through a Berkefeld or Chamber-
- land candle caused serious loss in activity.
! In 1925 Pischer described a seriles of investiga-

tions into the chemical nature of the materials proueﬁt

in embryo juice. Although his chemical manipulntion?
| were carried out aseptically much of his technique wa+
crude when compared with modern methods for handling |
labile materials, e.g. enzymes.
He examined various protein fractions prepared

by ammonium sulphate precipitation, carbon dioxide

| precipitation, precipitation by orgesnic solvents, and
purification by various adsorption procedures, without,
however, obtaining any clear cut results. ("It made
practically no difference how an extract was treated,

its activity was lowered anyhow;" Fischer, 1941b)




|

|

!
The only procedure which gave any satisfactory rsault%
was precipitation with alcohol, the precipltate baing:
very quickly cemtrifuged down, washed with ether and |
'dissolved in Ringer's solution. This precipitate
contained nearly all the activity of the fresh ex-
tract. |
l Similar results were obtained by Carrel and his
collaborators at the Rockefeller Institute. (Carrel
and Baker, 1926; Baker and Carrvel, 1926.) The r

protein of embryo julce was precipitated in various

ways and dissolved in a volume of Tyrode solution
equal to the volume of tissue juice originally taken.
IITha protein precipitate, if freed from precipitating
reagent and redissolved, contained some of the growth
stimulating action of the original extract. Am- I
monium salts, trichloracetic acid, plerie acid,
pyridine, ete., were difficult to remove and were
toxic, but carbon dioxide, ethyl, methyl and iso-
propyl aleohol, acetone and acetic acid all yielded
active precipitates none of which was as active as
the original material. For purposes of comparison,
solutions of equal nitrogen concentration either of
precipitatq or of original extract were used. The

precipitates obtained with small concentrations of
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alcohol were most active. When an equal volume of |
alecohol was added, both precipitate and filtrate were

active, Somewhat simliler results were reported later
by Fischer (1941b). |

| Charcoal, kaolin and alumina adsorbed the activa:
rprinciplea but elution was not successful. whan.theé
‘proteina were purifiod by repeated precipitation, thsz
'activity diminished. The protein fraction from

embryo tissue julce was reported to be a mixture of

nucleoprotein and a glycoprotein with mucin like pro-

perties but detalled experimental evidence for this
statement is not given. When these proteins were i
partially purified they were inactive™.

! Pure sodium nucleate from embryoc pulp was inactive,

'as also were egg albumin, egg globulin, "nneleo;lbumiﬁ",
"lecithoalbumin" and thymus nucleic acid. The activé
material was not extracted by ether.

In 1933 Hueper et al. published a long paper on

the growth promoting factors of embryo extract. To

test the assumption that the growth promoting factor J
might be a non-species-specific protein (probably a

-

®Simple proteins when tested alone were inactive
(Smyth, 1914; Swesy, 1915).




11, |

globulin) they attempted to prepare an antiserum by |
semi-weekly injections of 1 ml. chick embryo extract |
into the ear vein of a rabbit. Precipitins were prof
duced which reacted with chick, but not with mouse,
embryo extract, but the plasma of the "anti-embryo-
extract rabbit", while inhibitory to the growth of

chick tissues, was not inhibitory to cultures of

memmary cancer. The results suggested that the
active substances were not of a protein nature giving%

rise to specific non-specles-specific antiprolifera~

tive antibodies. Polysaccharides from embryo pulp ‘

and "pentose nucleotide DP6" were inactive. ‘
|

Irradiation of embryo extract with ultraviolet
ilght, but not with X-rays or radium, decreased its
grewth promoting power. The former but not the
latter, tend to destroy glutathione but the authors
found no evidence that the -~ SH group had a selective
mitosie stimulaeting effect or that suboxidised sul-
phur was a growth inhibitor.

The effect of sulphydryl (-SH) groupings.

The importance of -S5H groups in tissue growth

has been emphasised by a number of workers (c.f.
Riley, 1940; Hammett, 1934, 1936; Hammett and
Chapman, 1838; Reimann, 1931; Hammett and Reynolds,

|
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1037; Ellis, 1934) in connection with plant growth

(Hammett, 1929), wound healing (Riley, 1940; Hammett
end Reimann, 1929; Reimann, 19209, 1930, 1931, 1936;

Fearon, 1942; Brunstig and Simonsen, 1933), and the é
development of sea urchin eggs (Shearer, 1922). |
Embryo extract contains reduced sulphur (Borger and i
'Peters, 1935; Hueper and Russell, 1933) which dis- {
appears during ageing concurrently with the diminution
in growth promoting power of the extract (Ephrussi, |
1931), but Hueper et al. (1933) have concluded that
the =-SH group has no gselective mitosis stimulating

'effect nor do sulphydryl compounds, when added to

cultures, stimulate growth.

Adsorption of the active principles. '
Carrel (1913) found that some growth promoting |
activity was lost when embryo juice was passed through
a Berkefeld candle, while all activity was lost with
a Chamberland filter, presumably owing to adsorption
}of the active materials by the filter. Nielson (1954)
and Meyerhof and Zironi (1940) obtained active mnts-l
rials after filtering calf embryo extract through a
Berkefeld candle and a Chamberland filter respective-
ly. BEmbryos ground with Kieselgur gave less active

extracts than embryos pulped alone (Fischer, 1925).




| Shaking end oxygenation.

13.

Baker and Carrel (1926) adsorbed the active principles
on charcoal, kaolin and alumina but could not elute !
them. ‘
This power of adsorption has been applied recent+

ly in the preparation 5f the commerclal material |

"Epicutan” which consists of the active principles ad-
sorbed in kaolin (Fischer, 1940) and which has been
used to accelerate wound healing (see p. 29).

Fischer (1948), however, found adsorption and chromato-
graphic adsorption methods useless in the purification
of the active agent.

Fischer (1926) found that the activity of embryo
extract was lost on shaking, and Friedheim (1929) ]
considered that this was due to ease of oxldation. |

The point was subsequently taken up by Hueper et
al. (1933) who considered four possible effects:-

1. Denaturation of active substances in the froth
formed. 2. Destruction of the delicately balanced |
colloidal status of embryo extract. 3. Enhancement
of oxidation processes. 4. Inactivation of impor-
tent enzymes. [Embryo extract shaken with air, and
without alr but with oil and glass beads, retained
its activity. Shaking, in fact, did not appear to
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‘have any effect, but embryo extract which had been i
oxygenated for an hour was less able to maintaln culwi
tures through many passsages than unoxygenated extraet*
Paterson (1938), however, states that loss of activitﬂ
under these conditions is not due to oxidation.

The effect of heat.

|
]
i
|
Early descriptions of the properties of embryo |
l
l

julce emphasised the ease with which the growth pro-
moting activity is destroyed by heat. Carrel (1913){
found that one-third of the activity was lost at 50°
for 10 min. while all asctivity was destroyed at 70°
' for 10 minutes. Even incubation for a few hours at
39° caused great loss in activity (Carrel, 1925).

While Shibata (1929) found that 96 hrs. at 37°
did not decrease the activity of embryo extract al- |
though after © days there was marked decrease, on the
other hand Cracium (1931) stated that 48 hrs. at 37°
is sufficient to destroy all activity.

Later workers, however, ascribed a greater sta~ |
bility to heat to embryo extracts. Hueper et al.
(1933) found that heating to 70° for 16 min. rendered
the extract unsuitable for stimuleting the growth of
| fresh cultures, althoughlit was satlisfactory for well

established cultures for as many as 20 passages. The |
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!

seme temperature was employed by Lasnitzky (1937) whe
found that heating for 10 or 30 m'n. decreased but di&
not abolish the growth promoting power. ]

On the other hand, Paterson (1938) found s much t
greater stability to heat. One hour at 70° and 15
min. at 100° caused no loss in activity but one hour
at 100° caused a definite reduction in growth promot-
ing power. Fischer (1939, 1940, 1941lb) observed that
earlier statements on the extreme lability of the
active principles were erroneous, but the purified
\preparations which he obtained were very labile, being
destroyed by 15 min. at 56° or by boiling for a few \
minutes.

Tennant, Liebow and Stern (1941) obtained remark-
ably heat steble growth promoting material from
embryonic tissue in the ultra-centrifuge. Later they
found (Tennant, Stern and Liebow, 1942) that nucleic
acids in a concentration of 1:50,000 had a stimulating
effect on the growth of mouse heart fibroblasts in
vitro. Such a concentration might be supplied by the
ibreakdown of the materials prepared in the ultracentrl
fuge. On the other hand, ¥iller (1937) found that
thymonucleic acid under certain conditions caused

inhibition of the growth of mouse embryo heart
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fibroblasts in vitro.

The effect of drying.
Early workers, e.g. Fischer (1925), were unable

to dry embryo juice without serious loss in activity,'
but Borger and Zenker (1932) succeeded in preparing
active dried preparations, and Paterson (1938) dried
extracts in vacuo without losa. Hetherington and
Craig (1939) prepared frozen dried preparations of
both plasma and embryo Juice in the lyophile apparatus
of Flosdorf and Mudd (1935) and found full activity
after three months, but later (1940) they recommended
frozen dried whole embryos as source of extract.
Peacock and Shukoff (1940) recommended embryo extract
frozen dried in vacuum desiccators which Shukoff
(1942) found to have retained full activity after mor
than two years. |[FPischer (1941b) reported that embryo
extract dried in vacuo over sulphuric acid showed poor
activity owlng to its insoluble nature, but he made
extensive use of material from embryo juice dried at
room temperature by an electric fan. Such material
was not véry soluble and extracts made by dissolving
it in Ringer's solution were less active than the
original solution. When lipins were removed from

the powder by extraction with chloroform or benzene,




17. i
the activity was increased and the resulting material,
after solution, could be passed through a Berkefeld |
candle without loss. Benzene or chloroform treatment

could also be used to sterilise the powder .

Extracts from different organs end tissues. Effect
of age of the embryo. Vesa=

No very conclusive work has been done on the rela-

tive growth promoting power of different tissues and
orgaﬁs of the chick embryo. Fowler (1937) compared
the effects of the head and neck of chick embryo with
extracte from the trunk region and found the former
to be very slightly more growth promoting. Hueper
et al. (1933) found extracts made from the heads, eyes
and bodles of chick embryos to be egqually active but
Fischer (1941b), comparing extracts of different ana-
tomlcal regions of the chick embryo, found that extract
of the body was most active; mnext came extracts of |
eyes and brain. Extracts of the internal organs
were least effective. The growth promoting factor
is present in embryo blood (Zifferblatt and Seelaus,
1931) and also in the maternal tissues, e.g. serum, of
pregnant animals (Centanni, 1932; Pybus and Faws,
1931). A growth promoting factor is also present in
tumour tissue (Horning and Richardson, 1930),

Extracts from 11, 14 and 17 day chick embryos

® C.f. British Patent 534, 454.
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were more effective than those from & day embryos
(Fowler, 1937). This is in agreement with the re-
sults of Galllard (1932) end of Andai (1932), but
Miszurski (1938) recorded that extracts from 7 day
embryos were more effective than those from 13 or 16
day embryos. Extracts from older embryos appeared
to contein an inhibitory factor which could be re-
moved on standing for several days at 0°,

It has generally been found that extracts of
adult tissues were less effective than those from
embryos (Carrel, 1913; Walton, 1914; Ebeling, 1924).
Carrel (1913), however, found that extracts from adult
spleen were effective, slightly less so than embryonie
extracts but more so than extracts from kidney or
heart. Thyroid extracts were also potent (Carrel,
1913; Ebeling, 1924; Semura, 1931). Not only ex~
tracts of thyroid but also those from testicle, muscl+
and spleen were found by Walton (1914) to stimulate
growth, while extracts of liver inhibited. The growth
promoting properties of extracts from tissues of the
adult fowl were thoroughly investigated by Trowell
and Willmer (1939) who found the following order of
potencey:- brain, thyroid, thymus, foetls, ovary,

bone marrow, liver, kidney and mmscle. None were so0
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potent as embryo extract. There appeared to be no
regular relationship between the age of the donor and
the growth promoting activity of a tissue extract.
Extracts from the spleen of adult cocks for example,
were more effective than those from the spleens of
young birds. In the case of testis, liver and muaclé,
sctivity diminished with age, but both spleen and
brain showed definite inerease in growth promoting
power with age. No correlation could be found be-
tween the growth promoting power of a tissue and the
gctivity of cell division normally in that tissue or
the nuclear content of the tissue, but the high acti-
vity of brain tissue™ sugzaested a possible correlation
between the growth promoting power of a tissue and 1tg
power of non-phosphorylating glucolysis (see also
pe 32). The validity of this conception is doubted
by Needham (1942).

The peculiar potency of brain extreacts, which

presumably contain much lipoid material, is aurpriainj
since lipins are inhibitory to growth, but is interes

ing in view of the isolation of phospholipin-

* Maisin and Pourbaix (1935) reported that brain
tissue contains both growth promoting and growth
inhibiting factors for tumours.
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ribonucleoprotein complexes from brain tissue (Taylor
et al., 1943), from embryonic tissue (Claude, 1940;
Taylor et al., 1942) and of the isolation of a
phospholipid-ribonucleoprotein complex as the sctive
tumour producing agent in cell free extracts of the

Rous sarcoma (Claude, 1938, 1939, 1940) (see p.208).

Brain extracts were aleso favourably reported on

by Doljanski, Hoffman and Tenenbaum (1939) who found
that extracts of adult brain and smooth muscle were
even more effective than the potent extracts of adult
fowl heart prepared by Doljanski and Hoffman (1939) |
and reported to be more active than chick embryo ex-
tract. Extracts of adult ovary, lung, pancreas,
testicle and bone marrow were also effective but
slightly less so than those from heart. Rous aarcomﬂ
extracts were also active (Hbffman; Tenenbsum and
Doljanski, 1930b). Liver and kidney extracts were
less potent. Liver, indeed, contains an inhibitory
fector (c.f. Walton, 1914; Heaton, 1926; Brues,
Jackson and Aub, 1956; Medawar, 1938; Brues,
SubbaRow, Jackson and Aub, 1940).

Hoffman, Tenenbaum end Dol janskl (1939a, 1940)
found that the growth of chick heart fibroblasts was
stimulated by extracts of adult chick tissues, even
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those which were mitotically inactive, and that ex-
Jtracta of adult chick brain were especlally potent,
being three times more active than chlck embryo extract;
but when the tissues of the adult rat were used as
source of extracts, the effect on chick heart fibro-
blasts was very poor (Hoffman, 1940). Rat brain
alone provided an active extract, heart had no effect,
while extracts of rat kidney, liver, lung and spleen
were inhibitory. Extracts of rat embryocs were how-
ever very potent. The poor response with éxtracta of
rat heart should be contrasted with the later results
of Doljanski, Hoffmen and Tenenbaum (1942) who found
that extracts of adult heart muscle of many species
(sheep, cow, rabbit, dog) stimulated growth of chick
heart fibroblasts and of human epithelium in vitro,
while Werner and Doljanski (1942) purified these pre-
parations from the heart of the adult sheep or fowl
by precipitating snliﬁe extracts of the minced tissue
with elcohol. The precipitate was slightly soluble
in Ringer solution, more so in Tyrode solution, and
much more so in very dilute ammonia. The solution
in Tyrode was powerfully growth promoting and setivity
could be increased by previous extraction of the dry
powder with ether or petroleum etﬁé?'ﬁhich presumably
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removed inhibitory lipoid materiala. The active
material could be- further purified by smmonium sul-
phate precipitation. |
Effect of homologous end heterologous tissue extracts,
In his original statement Carrel (1913) stated
that the growth promoting power of tissue extracts
did not apply to tissues of the heterologous animal,
but later Carrel and Ebeling (1923) found that ex-
tracts from chick, guinea pig and rabbit embryos were
equally effective in promoting growth of chick heart
fibroblasts. Extracts from the homologous adult
tissues had growth promoting power but the effect did
not persist. Duck fibroblasts grew well in chick
enbryo extract (Fischer, 1922, 1924) and conversely
(Kaufmann, 1926), rat tissues in chick embryo extract
(Mottram, 1927) and humen tissues in rabbit embryo
extract (Timofeivski and Benevolenskaia, 1927). For
large scale work pig embryos (Gey and Gey, 1933) and
bovine embryos (Gey and Gey, 19363 Hueper ot als,
19333 Fischer, 194#) have been employed. In an
attempt to settle the guestion of species specificity,
Hueper et al. (1983) prepered an anti~embryo extract
serum with the aid of which they demonstrated that the

growth promoting substances were apparently not of a
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specific anti-proliferative antibodies. The purifiad

protein nature glving rise to specific non-species-

nucleoproteins described by Flscher (1940) were pre-
pared from beef embryos and tested on chick fibroblasts.
Although Hoffman (1940) found that extracts of |
adult rat heart did not stimmlate the growth of chick
heart fibroblasts, the active preparations made by
Doljanski, Hoffman and Tenenbaum (1942) from both
homelogous and heterologous adult heart tissue were
all equally effective.
The effeet of dialysis.

When Wright (1925) dialysed embryo extract and
egg yolk (Wright, 1926) against distilled water for
72 hours in collodion saes sterilised by autoclaving,
the dialysate had a marked power of stimlating
mitosis (confirmed by Tazima, 1840), but his claim
that the dlalysate was as effective as the dlelysed
meterlal was not confirmed by Jacoby (1937).

Baker and Carrel (1926) dialysed embryo extract
in collodion sacs and found that dialysis reduced the
activity of the extract to a considerable extent,
either on account of th§ loss of amino acids and other
dialyseble constituents, or because some denaturation

of protein oceurred. In an ultrafiltrate from embryo
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extract tissues lived no longer than in Tyrode solu-
tion alone, although the area of growth was slightly
greater. The ultra filtrate behaved in fact like
the artificial mixture of eamino aclds prepared by
Carrel and Ebeling (1924). When 10% embryo juice
was added to the ultra filtrate end also to the Tyrode
solution, = larger srea of growth was obtalned in the
presence of the ultrs filtrete although the mass of
the tissue was not increased. The ultra-fllterable
constituents (amino acids, ete.) of embryo julce
appeared therefore to cause only an increase in area
of migration but not in mess of tissue. The residue
from the ultra flltration process showed some growth
promoting action but much protein was insoluble and
had become denatured.

When the ultra-filtrate was added to dlalysed
embryo extract, some, but not all, of the diminished
activity was restored. As some denaturation occurred
during dialysis, full activity was not expected. The
aame effect was obtslned when a mixture of 16 un~-
specified amino asclds wes edded to the dialysed ex-
tract. Aminc acids were slways found to increase
area without increasing msss. Baker and Carrel

concluded that the cheracteristic growth promoting
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substances of embryo julce are not to be found among
its dislysable or ulterafilterable components. Thase!
components cannot support cell life in vitro but they
stimulate cell migration and multiplication without
ineressing tisesue mass (see also Ebeling, 18524).

Baker and Carrel's results were conflrmed by Jacoby

(1937) who found that dialysed embryo juice was slight-
ly less effective than undlalysed embryo julce, and |
that the dlalysate (and amino acids) caused increased
migratory actlivity.

The problem was carried a stage further when

\Flscher (1964la) found that cultures would not grow in
‘a medium consisting of aseptically dlelysed plasma or
serum and dialysed embryo juice, but that normal
growth could be induced either by the addlition of an
ultra filtrate or dialysate of serum or by a suitable
amino acid mixture (see p. 44).

The importance of thermostable gnd dialysable co~
factors for the growth of tissues 1n.vitro was demon-
strated by the report of Fischer (1942b) and of Fischer
and Astrup (1942) that, while cultures did not proli-
ferate in a medium of thoroughly dialysed constituents
(plasma, embryo extrsct, etc.), the addition of a

small amount of boiled ox kidney extract was suffieient
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to establish normal growth and proliferation. The
nature of these co=-factors was not establlshed and
fractionation experiments were only partially success-
ful, but it was clearly shown that several factors

were involved. When kidney extract was employed in
dilutions too great to be effective, the addlition of

a supplement formed by the amino acid mixture previous-
ly employed (Fischer, 194la) restored activity. Of
the amino acids, cystine, lysine and glutamic acid

were especially important.

Embryo extract in the ultracentrifuce.

Fiacher (1940) states that pellets which sediment
out from embryo extract in the ultracentrifuge are in-
active, but Tennant, Liebow and Stern (1941) found
that similarly prepared material was very actively
growth promoting and was surprisingly stable to heat.
Fischer (1941b), however, sugrests that the results
of Tennant et al. can be explained by the presence in
their materlial of nutrient substances stable to heat
rather than to the presence of the actual growth pro-
moting factor. He points out that Lasnitzky (1937)
has shown that heated embryo juice still retains some
residual activity, attributable, presumably, to the

presence of heat stable nutrient factors which remain



after destruction of the catalytic agent.
The enzymes in embryo juice.

The effectiveneas of proteoses as growth promot-

'ing factors (see p. 38) led to the suggestion (Carrel
‘and Baker, i926) that proteoses or protein breakdown
products might have to be formed from the embryo juice
before its growth promoting power could be manifested.

The enzymes responsible might be found in the cells

but they might even be in the juice itself, or even

the plasma (which contains a proteose). Borger and |
Zenker (1932) found some correlation between the growth
promoting power of embryo juilce and its proteinase
activity, but later Borger and Peters (1933) found
only a weak dipeptidase and aminopolypeptidase, and
no protease, in embryo julce. Hueper et al. (1933)
‘demonstrated a feeble cathepsin activity. The active
nucleoprotein isolated by Fischer (1941b) from embryo
Juice had no dipeptidase, polypeptidase or cathepsin
activity.

Sachs (1934) found xanthinoxidase, succinie de-
hydrogenases, lactic dehydrase, glucose dehydrase,
eltric dehydrase in embryo juice. FHyaluronidase (the

spreading factor) is present in embryonic tissue

(Boyland and MeClean, 1935) and in other rapidly




| proliferating cells, in tumours (Pirle, 1942) in

| tanas (Pettibone and Walzen, 1934) but not of mammals

’testea but not general growth and development of the

28. |

testis, and in bacteria.

Miscellaneous effects of embryo extract.

Embryo extract accelerates the growth of planar-

(mice) after birth (Keufman, 1932). Injected into
guinea pigs and rats it inhibits the growth of the

female sex orgens (Meyerhof and Zironi, 1940). In
dogs and cats, embryo extract has no toxiec effect and
does not influence body temperature, blood pressure,
and heart rate, but it increases the red cell and
reticulocyto count and the haemoglobin concentration,
causing a marked haematopoletic action after haemor-
rhage (Rubinstein, 1939). 1Injection into unilaterally
nephrectomised animals is followed by much increased
compensatory hypertrophy of the remaining kidney
(Carnot and Carnot, 1927), while regeneration of the
severed tails of tadpoles is reported (Nakamura, 1930)
to be accelerated by embryonic tissues. Metamorphosis
of tedpoles is reported to be accelerated by embryo
extract (Pugliese, 1927) which is therefore suggested
for the treatment of obesity. Embryo extract also

accelerates "tryptic haemolysis" (Hermann and Fischer,




|(T8r5, 1938-39) . Its action on the cardlovascular

 Striganova (1934) , with some degree of success. The

20.
19039) and stimulates contractions in cardiec tissue

system has also been investigated by Rasoumov and

Nicolskaja (1928). ‘

Embryo extract in wound healing. ‘
Twenty years ago Carrel (1924) showed that embryq
extracts might be applied to accelerate the healing oé
wounds and subsequently the growth promoting pro=- |
perties of embryo juice have led to its employment in
the acceleration of wound hesling by a number of other
workers, e.g. by Carnot and Terris (1926), Roulet
(1926), Wallich (1926), Bergami (1925), Kiaer (1927),
Nakamura (1930), Bugliari (1927), Nakemura (1930),
Amorosi (1931), Schloss (1926) and Morosov and

results of Dvorak and Byram (1930) and of Doljanski
and Auerbach (1944) were unfavourable.

Danish workers (Nielsen, 1939) reported very suc+
cessful results using the active material from calf
embryo (the result of Fischer's (1939) purification
experiments) adsorbed on kaolin and such adsorbate,
put on the market under the commercial name of "Epi-

cutan", received favourable comment by Waugh (1940).

" Lunigeck & Co., Copenhagen. British Patent 534,
4,
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The results of both Nielsen and Waugh were severely
eriticised by Young, Fisher and Young (1941). In
the healing of experimental wounds in rats "Epicutan"
was found by Dann, Glucksman and Tensley (1941) to
have but little effeet, nor did it have more than a
feebly stimulating action on tissue cultures of epl-
thelium (Willmer, 1942).

‘Embryonal emulsion has been used as an ointment
in the treatment of wounds in Russia (Egorov, 1943).

The growth promoting protein fractions prepared
by Doljanski and his colleagues from adult heart
muscle have also been applied to the acceleration of
wound healing (Doljanski, Hoffman and Tenenbaum, 1942
Werner and Doljanski, 1942; Mandl and Maybaum, 1943,
Kerr and Werner (privete communication)), but have
more recently been reported by Doljanski and Auverbach
(1944) to have no accelerating effect on the healing
of experimental wounds in the rat.
The mode of actlion of embryo extract.

Both Carrel and Ebeling (1921) and Baker and
Carrel (1926) have shown that the growth promoting

power of embryo juice increases with the ooncentratic*,

while Jacoby, Trowell and Willmer (1937) found the

concentration of embryo extract to be more important
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than the time for which it is allowed to act. The
lowest effective concentration was found to be 5-10%.
Baker and Carrel (1928) were at first lnclined
to locate the growth promoting power of embryo julce
' in the protein fraction, but later (Carrel and Baker,
1926), rejecting the theory that embryo juiceleon-
tained a specific hormone for cellular proliferation,
they suggested that growth activating substances are

not preformed in embryo julce, but are continuously

made from 1ts proteln, perhsps in the cells thsmselvaﬁ,
as the result of ensyme setion. The high growth pro-
| moting setivity of proteoses supports this view, al- |
though proteoses were reported to be active only in
the presence of embryo extract, albeit in very small

concentratlon.

Needham (1931) also rejected the view that any |
one particular factor is responsible for the growth |
promoting properties of embryo julce which he regarded
as "a speclal collocetion of the right nutrient sub-
stances probably protein breakdown products", but
later (Needham, 1942) he did not exclude the possi-
bility of the intervention of "some carrier substance

1

of nueleotide type". l

Interesting information on the mode of action of




& 32.

| embryo julce has been reported by Jacoby, Trowell and |
Willmer (1937). They found that cells could divide !
in the absence of embryo julce provided that they had

been treated with embryo juice some 10-12 hours pre-

‘viously. The minimm effective dose was 5% embryo
juice acting for 3 hours. Higher concentrations
acted when applied for only 1 hour but the concentra-~
tion of the juice was more important than the time for
which it was applied. Only one crop of mitoses
occurred unless the julice acted for more than 10 hours.

The daughter cells produced during the first ecrop of

mitoses were those which divided agsin during the

second erop.

E The finding by Willmer and Trowell (1939) that a
high growth promoting activity was to be found in ex-
tracts of adult brain and other tissues which tend to
show non-phosphorylating glucolysis, led Willmer and
Wallersteiner (1939) and Pomerat and Willmer (1939)
to examine the effect of glyceraldehyde which is known
to inhibit this type of carbohydrate breakdown. They
found that growth was inhibited not only by glycer-
aldehyde, but also by several other aldehydes, al-
though not by the corresponding acids. Sodium fluor-

ide and sodium lodoacetate in the concentrations which




cell activity, but precedes mitotic division by sever-

factors.
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inhibit glycolysis did not inhibit growth. Growth

was not immediately inhibited by an atmosphere of i
95% CO and 5% Op nor by 0.002 M HCN, 0.002 M sodium |
azide nor 0.01 ¥ sodium melonate, and was not asccel- |

erated by 0.006 M sodium fumagate.

The problem of the mode of action of embryo i
julce has been sbly reviewed by Willmer (1835). 1In
later work (Willmer, 1942 ab, 1943) he brought forwar
evidence that one of the first effects of embryo ex- '
tract on cultures is to increase their nucleoprotein

content. This increase coincides with increased

al hours.

|

The recent work of A. Fischer.

The whole question of the growth promoting pro-
perties of embryo julce has been reopened by the
recent work of Albert Fischer (1939, 1940, 194la & b,
194£$ who has brought forward evidence, admittedly
not conclusive, that an active biocatalytic agent 1is
present In embryo julce as well as purely nutrltive

Using beef embryo extract Fischer (1939) pre-
pared a most active growth promoting fraction by iso-
lating the nucleoproteins by the method of Hammarsten
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(1920). The P/N ratio in the active fraction was
about 124 as egainst 337 in Hammarsten's pancreas
nucleoprotein. The nucleic acids in the active
nucleoproteins were of both thymo- and ribo-nucleic
acid types but the growth promoting activity seemed
to follow the latter. Activity was destroyed by
tryptic digestion and also by boiling for a few
minutes. Flscher also stated that full activity was
restored after coupling of two inactive components,
one thermostable and the other thermolabile (presum-
ably protein). The analogy with enzymes is obvious
(c.f. Warburg, 1938). 1In a subsequent paper (1940)
containing no experimental details, the chemical
nature of the active materigls is less sharply de-
fined. The activity of the isolated nucleoproteins
is stated to be completely destroyed by heating at
656° for 15 min. Moreover, repeated reprecipitation
of the nucleoproteins reduced theilr activity although
it increased their ultra-violet atiorption at 2600 1
(an absorption band characteristic of nucleic acids,.
see p.l197). The role of the nucleoproteins is not
therefore fully established. Analysis of the active
material showed e higher P content than could be

accounted for by the nucleic aclds. Sulphur was also
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present, presumably derived from such substances as
chondroitin or mucoltin sulphuric acids.

The active nucleoprotein fraction had little
effect on cultures in dialysed serum although it exert
ed a powerful growth promoting action in presence of i
fresh undialysed serum. Fischer (1941a) concluded
that the active fraction is not a nutrient material of
the protein breakdown product type, but is a true
biocatalytic agent. Its preparation was described
later in some detall (Fischer, 1941b) when methods of
fractionating embryo extract were also dlscussed.

Fischer obtained some success by precipitating
the proteins of embryo juice with cold alcohol and
washing with ether, by precipitating with & vol.
acetone, and by precipitating with acetic acid at pH
values between 7.3 and 4.8, but no fraction was as
active as the original solution. In the case of
| ammonium sulphate precipitation, the fraction obtained
at 0.4 saturation was most active.

For large scale work Flscher used bovine embryo
extract crudely dried at room temperature with an
electric fan. The dried powder was extracted with
chloroform or benzene to remove fats (5-10% of the

total). Such extraction, 1f prolonged, could
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sterilise the powder®™; 4t also increased the growth
promoting activity, and the solution obtained from
such a powder could be passed through a filter candle
without loss, owing, in part, to the fact that mucin-
| 1ike materials which tend to clog candles did not re-
dissolve. The amount of dried powder which went into
solution depended on the method of drying, but was
always relatively small.

Fischer used this dried powder to prepare the
nucleoproteins by Hammarsten's (1920) procedure which
consists in extraction with cold dilute HCl1l for 24
hours followed by extraction of the residual material
with cold dilute NeOH and precipitation of the nucleo-
proteins from the extract with HC1l. The nucleoprotein
fraction so cobtalned was much more active than the
original material, although the jield was poor.

The active nucleoprotein fraction was not very
soluble in pure water but could be dissolved by care-
ful addition of alkali. The solution so obtalned
could be sterilised by passage through a filter candle
without loss. The active material could not be fur-
ther purified in the Beams air driven ultracentrifuge;

¥ c.f. British Patent 534, 454.




nutrient materials, e.g. proteoses or amino acids and

3
attempts at purification by repeated reprecipitations
resulted in loss of activity. |
Fission of the nucleoprotein was attempted in th$
following menner. A nucleoprotein solutlon was boiled
for five minutes and precipitated with HCl. Its
activity was reduced to zero. Another portion of
the solution was not boiled, but was precipitated by
HC1l whereby some activity was lost. When these two |
solutions were mixed 1007% activity was restored.
Flscher suggests that these experiments show the ne-
cessity for the presence of two components, one thermo-
stable and the other thermolabile, but the evidence is
by no means conclusive. In his later papers (Fischep,
19423 Fischer and Astrup, 1942) this interesting
nucleoprotein is unfortunately not further discussed.|
It will be obvious from all these considerations
that the problem of the growth promoting power of
embryo juice is still obscure. It appears certaln
that its effect is due to the synergistic action of

several components. Some of them are obviously

other dlalysable constituents. The function of the
non~dlalysable protein constituents is more doubtful.

While some may act as simple nutrients or as precursors
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of simple nutrients, the possiblility that others may
have a bilocatalytic action is increased by the dis-
covery of Fischer's nucleoprotein. It is possible
also thet different factors may be concerned in the
two processes of protoplasmic growth and cell division
(Willmer, 1935, p. 54).

B. _The effect of protecses, peptones and awino

sclds.
Apart from products derived from embryonic tis-

sues, other substances of bioleogical origin masy play
an important part in stimulating tissve growth. Of
these, the protein break down products are of para-
mount importance.

Carrel and Baker (1926) investigated the effect
of the higher cleavage products of the protein mole-
cule on all multiplication. Embryo pulp, egg white,
‘rabbit brain and commercial fibrin were digested with
pepsin for varying lengths of time and the products
tested. The materials obtained from embryo pulp war4
toxic unless the digestion time ;aa very short, when
the materials had some stimulating effect. The mate~
rials obtained by the peptic digestion of egg white
and fibrin, especially the latter, had a very pronounced
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growth promoting action and some cultures of excep-
tionally large area were obtalned. Peptic digests
of rabbit brain were active, as also were the hydro-
lytic products obtained by autoeclaving egg white and

fibrin in an acid medium for a short time. With long

autoclaving, the products were toxic or inactive. Of
commerciel peptones, Armour's peptone was almost in-
sctive, Parke Davis's and Fairehild's peptones had
low activity, while Witte's peptone was very potent;

Fractionation of Witte's peptone was attempted.
The fraction precipitated at pH 6.0, and the sub-
stances precipitated by 2.5% trichloracetic acid, had
some growth stimulating action, but not as much as
the remaining fractions.

The higher components of the Witte's peptone,
including some proteoses, were precipitated with 2.57
trichloracetic acid. In the filtrate the remaining
protecses were separated from the peptones and lower
degradation products by saturating at 33° with sodium
sulphate after removal of trichloracetic acid®.

After removal of sulphate by dialyais, the preparation

of pure proteoses was tested on fibroblasts. The

* This method of separating proteoses is essentially
that of Wastenays and Borsook (1924).




|
pure proteoses were almost as potent as the mixture i
of proteoses, peptones, ete., in the trichloracetic |
seld filtrate end gave rise to fewer fat globules. |
Tryptic digestion of peptic digests gave products of
low activity.

In continuation of this work, Carrel, Baker and
Ebeling (1927) found that although digests of casein
and egg albumin nad some growth promoting effect on
chick embryo heart fibroblasts, they hed only a very
sllight effect on sarcomatous fibroblasts. The
effect was however improved by the eddition of glyco-
coll, or glycocoll with digested gelatine, and the
addition of thymonucleic acid improved conditions
still further.

When peptic digests were made from pure proteins
(Baker and Carrel, 1928) such as crystalline egg
albumin, edestin or purified fibrin, they were found
to be just as active as those from the impure proteins.
The activity did not therefore lie in any impurity
present in the crude materiasl, but the digests of
pure proteins were deficlent in certain substances,
and d41d not meet the entire nutritive requirements of
the cells for an unlimited period of time. Some of

those supplementary substances are present in fresh
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embryonic heart tisau&. hence the reason for the more |
| favourable growth of fresh explants than of pure
strains. (Glycocoll and nuclelc acid acted as sup-
plementary substances. All the essential consti-
tuents for the cultivation in vitro of sarcomatous
fibroblasts were found in peptic digests of calf liver
or snterior plitultary gland. Normal chick fibro-
blasts proliferated in both digests, but eventually
underwent fatty degeneration.

Towards both normaul and sarcomatous rat fibro-
blaests, A and 3 proteoses had equal growth promoting
power (Baker and Carrel, 1928). A mixture of pep-
tones™, peptides™ and amino acilds containing
negligible amounts of proteoses™ produced temporary
proliferation of normal fibroblasts, and an unlimited
miltiplication of sarcomatous fibroblasts, provided
the substances were derived from liver tissue which
is reported to contain products of unknown nature
which complete the nutritive effect of the protein
degradation products.

Peebles (1929) suggested that a growth promoting
factor found in echinoderm embryo might be a proteose.

* These terms are used in the usual text-book sense.
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The growth promoting power of proteoses was con- |
firmed by Fischer and Demuth (1927) end the subject |
was leter investigated 1n some detall by Willmer and |
Kendal (1932). They found that the growth of chick |
heart fibroblasts in Tyrode solution alone was not
materially increased by addition of pure proteoses™
but in the presence of plasma, proteoses casused in-
ereased growth probably owing to their slow digostion.
by plasma enzymes. If even very small amounts of
embryo extract were present as well, the effect of
proteoses was strikingly increased, and cultures of
very large area were obtalned.
These workers also separated from Witte's pep-
tone and from fibrin, a thermostable substance asso-

' ciated with, or perhaps identleal with, a hetero-

proteose which was capable of stimulating cells to
inereased activity and division. Its action was |
independent of the presence of plasma and was pro-
bably due to stimulation of the cells in some unknown
way.

The importance of the protein degradation pPro-
ducts was further emphasised by Fischer (1941b, 1942a,
b) who found that the higher protein split products

=
Prepared from Witte's peptone by a method similar
to that of Wasteneys and Borsook.




| boiled kidney extract of Fischer and Astrup (1942)

Amino acids.

of the homologous proteins (serum proteins) were more
effective in stimulating fibroblast growth than the
lower split products, whereas the effect was reversed
with the corresponding products of the heterologous
proteins. Moreover these higher split products
produced by the action of pepsin on heterologous pro=
teins were almost without efiect, whereas those pro-
duced by the asction of pepsin on homologous proteins
were very effective. But when the products from
heterologous proteine were further degraded with
erepsin very active materials were obtained.

Higher protein split products are present in the

and may be responsible in part for its growth promot-
ing ectivity (Fischer, 1942b). |

Proteoses and peptones are also reported to
accelerate wound healing (Roulet, 19263 Wallich,
1926; Kiaer, 1927).

From the early work of Burrows and Neymann (1917),
Baker and Carrel (1926), Carrel and Ebeling (1924) and
of Ebeling (1929) it is known that emino acids alone
while causing increased migratory activity in tissue

cultures do not increase the mass of tlssue to any
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appreciable extent (see p. 23). Fischer (194la,
1942a, b) carried the matter further. Using a pro-
cedure for the aseptic dialysis of plasma without
protein denaturation, he found that while dlalysed
plasma proteins could not sustain tissue cultures for
long, eddition of dialysates or ultrafiltrates of
normael serum, or of digestion products of the plasma
proteins, restored activity. The dialysates could
be replaced by a mixture of 9 amino scids provided
they were supplied in the relative amounts present in
Ifibrin as shown by the analyses of Bergmann and
Niemenn (1936). 1In equal amounts or in Rose's amino
acid mixture, they were almost without effect.

The emino acid mixture which Fischer used had
the following composition:-

d-lysine dihydrochloride 15.1 me .
d-arginine 7.7

l-tryptophane &0 "
dl-methionine 2.6 "
l-histidinemonohydrochloride 31 ®
glutamic acid 1¢.1 *
l-asparagin 5.9 "
1- pml:lm 5 L] 1 "
l-cystine 3.6 =¥

dissolved after neutrallsation in 25 ml. physiolo-
gical sodium chloride solution.
(Total N = 31 mg.# Amino N = 22.2 mg.%.)
This emino acid mixture alone had no effect, but
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|
|
|
i

iit was able to restore the activity of dlalysed plnama!
and embryo extract. !

The activity of the bolled kidney extract of '
Fischer and Astrup (1942) is due also in part to its

amino acid content.

C.  Niscellaneous factors.

(i) The effect of the plasma.

It has been emphasised by Carrel (1924) that when
tissue cultures are grown in plasma clot with embryo
extract, it is the latter and not the former whiech
;promotes growth., The plasme acts essentlially as a

gsupporting medium, the meshwork of its clot being

peculiarly suitable for the purpose. Other support-
;1ng medla have been tried (Fischer, 1925) including
cotton wool fibres, spiders webs, agar, etec., but
none has proved satisfactory. The plaama, however,
may influence the growth of the cultures to some ex-
tent.

F The age of the animal providing the plasma is
Iimportant, but the donor need not he of the same
species as the donor of the cells (Walton, 19185).
Fresh plasme was claimed by Walton (1915) to contain

both inhibiting and stimulating substances, the latten
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being in excess. Freezing for 1-3 days appeared to

for 6-8 days destroyed the stlmulating substance.
Carrel and Ebeling (1921, 1822) took up the sub-
jeet in sowe detail and found that the rate of growth
of fibroblasts and theiyr duration of life varied in-
versely es the age of the donor of the plasma. With
increasing age there was an increase in the concen-
tration of an inhibiting factor. This factor in-

creased in amount in the serum of & young animal when

the serum was heated (Carrel and Ebeling, 1923) but
iremained below the level found in the serum of an old
animal. The preciplitate obtained by the action of
COy on serum had prenounced proliferative activity
when the serum of a young, but not of an o0ld, animal
was used. After removal of this stimmlating factor,
the inhibitory action of the serum of young animals,
but not of old animals, was increased. Baker and
Ecarrel (1927) finally concluded that with increasing

age there was a decresse in the amount of growth

'stimulating factors (essociated with the proteins) in
}aerum, and an increase ln the amount of growth
inhibitors, presumably associated with the lipin
fraction. It is known that as age advances the

I :

decrease the amount of inhibiting faetor, but freesing
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concentration of all protein fractions 1n serum in-
creases as also does the total lipin (including
lecithin) concentration, although the cholesterol
concentration decreases.

In view of these observations it 1s of some
| interest to note that Zakrzewski (1932) has reported
that prothrombin has s growth stimulating action
while heparin acts as an inhibitor (Fischer, 1936).

(11) The effeet of the age of the donor of

the tissue.
The capacity for growth of cells decreases dur~-

ing embryoniec and post natal development and the
latent period increases. Tilssue from young embryos
grows more rapldly, and has a shorter latent period,
then that from older embryos (Cohn and Murray, 1925;
Hoffman, Goldschmidt and Dol janski, 1937; Medawar,
1837). Cells from adult tissues are less suitable
than those from embryonic tissues for tissue culture
work and have a longer latent period.

(111) Inhibiters.

The inhibitory effeect of lipins on tissue cul-
tures has been known since the early work of the
Rockefeller group (Baker and Carrel, 1925, 1927) who
rasaribad the inhibitory effect of serum from old
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animals partly to the presence of an increased lipin %
content. The mode of asction of the liplns is unkncwﬁ,
‘but Wayer (1987) considered the possibility of a dlrect
éinjurious action on the cells. |
; Aldehydes including glycersldehyde, methyl
| glyoxal, propaldehyde, butaldehyde and bensaldehyde,
| heptaldehyde and citral, have been shown by Willmer
and Wallersteiner (1939) and Pomerat and Willmer (1939)
to be inhibitory (see p. 39.
Of the tissue extracts examined by Walton (1914),
liver was the only one which exerted an inhibitory

action (see also Brues et al., 1940). Heaton (1928)

found that liver extracts and yeast contained a facto
(rerhaps allied to some member of the vitamin B group
whieh stimulated the growth of eplthelia, and also a
factor which inhibited fibroblastic, but not epithel-
lal growth. This inhibitory factor alsc delayed
tadpole metamorphosis and the regeneration by newts
of perts lost by amputation, and caused arrest of
growth of young animals. It had no prophylactic
value against implanted tumours. A similar ract;r
was investigated by Medawar (1937). It was present
in malt, ungerminated grain and oranges and was pre-
sent in the normal dlet. Although it inhibited the




growth of mesenchyme derivatives 1t had no direct
effect on the growth of epithelia. Similer proper- |
ties were found in the case of synthetic haxenolacton$
(Medawar et al., 1943).

A full discussion of growth inhibitors is, how-
ever, outslide the scope of the present investigstion.
(iv) The effect of iundividual purified

chemlcal substances on the growth of tissue culture
has been investigated in many cases including menbers
of the Vitamin B group (yeast) (Burrows, 1925;
Heaton, 1920; Rossl, 1936; Paterson and Thompson,
1943), carotene (Verne and Verne Soubiran, 1939),
biotin (Tennant, Stern, Liebow and Carter, 1939; J
Hamilton and Plotz, 1942; Fischer, 1942; Burt, 1943),
euxin (Kbgl, Haagen-Smit end Tonnis, 1933; Fischer,
l?éé), insulin (Latta and Bucholz, 1938), lactogenic
hormone (Salle and Strechmeister, 1836), allantoin
(Chu, 1938; C(alkins, Bullock and Rohdenberg, 1912;
Pomerat, 1942; Shipp and Hetherington, 1936-37;
Brailey, 1912), heparin (Fischer, 193%6); thrombin
(Fischer and Astrup, 1939), nucleiec aeids (Tennant,
Stern, Liebow and Carter, 1942), glutathione (Verne
and Verne-Soubiran, 1939), sulphonamides (Jacoby,
Medawar and Willmer, 1941), sulphathiaszole (Reed, Orr
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and Anderson, 1042), aleohol (Singer aend Hoder, 1929),
chloroform (Carleton and Haynes, 1927-28), ether f
(Rosenfeld, 1981-32; Carleton and Haynes, 1927-28), |
morphine (Semura, 1931), deuterium oxide (Fischer, |
1936), methyl cholanthrene (Earle and Voegtlin, 1938,
1940), benzpyrene (Lebenzon, 1940), methylene blue
(Ludford, 1935), steroids (Moellendorff, 1839, 1941,
1943; Lettre, 1943; Lettré and Fernholsz, 1943),
chlorophyll (Smith, 1943).

D. Methods of measuring the growth of tissue

cultures.
Several methods sre available for measuring the
growth of tissue cultures gquantitatively.
(1) Measurement of surface area. Ebeling in 1921

described a method which has subsequently been exten~-
sively used. By means of a projectoscope an outline
of the culture is projected on to a sheet of paper on
which it is drawn. The area is then measured with a
planimeter. The method 1s not suitable for direct
explants (Parker, 1938).
Area measurements have been used in the very

extensive researches of Flscher. 1In his most recent

work (Flscher, 184la) he used cover slip cultures




'the control and experimentasl cultures respectively

particular growth prowoting substance.
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grown in one drop each of plasma, clottling substance,
and growth substance dissolved 1In Ringer or Tyrode

solution. In the controls the growth substance was

omitted. Outlines of the cultures were drawn every |
24 hours during the course of three days. The resultJ

were expressed as follows:-

K._B_i_&; E.ﬁli;l'._é:.; %:1

where K and E refer respectively to the control and

the experimental culture, B and By are the areas of

after three days of growth, A and Ay are the areas ofi

the control and experimental cultures respectively at

the beginning of the experiment, and 1 1s the rate of
growth and increases with increasing activity of the i
The growth curve, however, is not llinear when
activity is plotted agalnat concentration of growth=-
promoting substance. The increase in growth rate when
the concentretion of embryo julce rises from 0 to 107
is greater than when the inerease in concentretion is
from 10 to 80%. Thie is held by Fischer to indicate
that the active agent 1s probably catelytic in nature

rather than a simple nutrient.
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The growth promoting activity of a given sub-

stance could be expressed by Fischer in one of three

ways =

1l The rates of growth of two culiure halves, one%
in test substance and the other in plasma plus Tyrode
only could be compared and the latter taken as zero.

2, To the control an arbitrary growth promoting
| substance could be added,

3. The activity of a standard growth promoting
substance of constant concentration in the control
could be compared with the activity of the unknown
growth promoting substance at erbitrary concentra-

tions in terms of nltrogen content.

Ry oy 3
Then 1 ﬁE

where 1 = growth rate, and Nﬁ and Np are the N contents
of standard and unknown respectively. Experiments
with serlial dilutions of the active agents are essen~
tial when this procedure is employed.

Tennant and Liebow (1942) calculated what they
term "expension rste fectors" from area measurements.

The expansion rate factor (E.R.F.) i1s given by

E-2 x 100,000 divided by the number of hours in the

experimentel period, where A end B are the areas st
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tie beginning and end of the experimental period

regpectively.

(11) Estimation of the mitotic index. This method

which has been used by Willmer and Kendal (1932) snd
others, involves measurement of the mitotie coeffi-
oient, ¥ x 1000, where ¥ is the number of dividing l
cells and C is the number of resating cells. In this
method it 1s usual for the cultures to be fixed and
atained.

(11i) Messurement of dry welghts of tissus. The

actual welght of tissue used can be measured (Meler,

1951; Laser, 1932, 1933; Wilson, Jackson and Brues,
1942) but the procedure is very tedious and not very

accurate (Willmer, 1942).

(iv) Measurement by metabolic activity. The
amount of tlssue present can also be estimated by
measuring its glycolytic activity in mesnometric ex-
periments (Meier, 1931; Laser, 1932, 1933; Lipmann,
1932, 1933). The method is rather indirect and suf-
fers from the defect that glycolytic activity depends
on several factors other than the amount of ti#suo

present.

(v) Cunningham and Kirk's method. 4 procedure for
the measurement of growth of tissue cultures which is
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free from many of the defects of other methods was
proposed by Cunningham and Kirk (1942). A specially
prepared portion of an implant in the 3rd to 5th
subculture 1s examined, the following measurements
being made:~- (1) Area, (ii) Thickness, (1i1) Total
number of cella, (iv) Aversge cell size.

The method 1s elaborate and time consuming but
is claimed to give a very accurate estimation of the
rate of growth of the cultures.

(vi) Estimetion of nucleic acid phosphorus (nucleo-

protein phosphorus; N.P.P.). This measurement was

proposed by Willmer (1942) who used the analytical
procedure of Eerenblum, Chasin and Heatley (1038).
The method 1s assumed to give an estimate of the
amount of nuclear meteriasl présent, but it has two
defects - (i) in most tissues the cytoplasm contains
nucleic aclds, and (11) the analytical procedure em-
ployed estimates "residual phosphorus", i.e. phos-
phorus not extracted by lipoid solvents and by dilute
acilds, and may include substances other than nucleic
acids.

Neverthelass, if carried out with due regard to
i1ts possible limitetions, it forms one of the most
satlsfactory methods of growth estimstion (c.f.
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Cunningham and Kirk, 1942) and is the method chosen

for the purposes of thls investigation.

The exact nature of the "residual phosphorus" of
tissues and the question of the distribution of
nucleic acids between cytoplasm and nucleus, are dis-

cussed in some detall in Part III (see p.205).
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2. _ EXPERIMENTAL METHODS.

It must be emphasised that any blological method,
involving the use of tlssue culture, for the investi-
gatlion of the tlssve growth-promoting asctivity of a
substance must inevitably in the present state of our
knowledge be relatively crude in comparison with the
recognlsed methods for examining growth promoting
factors for yeast or many types of bacteris, In the
case of many micro-organisms the investigator can
start with a basal medium of known composition to
which he can add sultable concentrations of the neces~
sary lkmown growth-promoting factors so that the growth
response ig, as far as possible, proportional to the
concentration of the factor under test. In the cease
of a tissue culture test such simple conditions are
not possible. In the first place, growth occurs on
a two phase sysftem consisting of plasms c¢lot and
fluid medlum. The composition of the plasma varies
from bird to bird and comparison cen ouly be drswm
when the same bateh of plasme is used in all tests.
Moreover the plasma contributes a multitude of factors
of unknown composition to the medium. Secondly the

growing tissue requires a large number of factors,
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|nutrient and blocatalytic, whose nature ls unknown.
Thirdly the tlssue itself cannot be implanted in the

same quantitatively accurate amounts as a cellular

suspension (of yeast or bacteria) can be used to seed
a medium. And unless & pure strain of cells is
availeble (and it wae not in the present investigation
the tissue used for the original explants wlll be
variable in composition and in potential growth capa-
city.

For these reasons the present investigatlon is
almed at detescting gross differences only, in the
growth promoting power of the materlals tested.

Materials required.

Roller tubes.

The use of roller tubes for tissue culture work
was first described by Gey (1836), and the particular
roller tube technique used in these experiments is
that deseribed by Willmer (1942). The roller tubes
(Fig. 1 and Plate 1) are made of Pyrex glass and are

They are shaped like a test tube and have & constriec-
tion about 5.5-6.0 cm, from the closed end. The con=+

striction divides the tube into two portions, a closed

about 10 e¢m. in length and of external dlameter 1.8 cm.

L),




Plate 2.

Drum carrying 20 roller tubes.
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portion of about 8 ml. capacity and an open portion of
about 6 ml. capacity. They are cleaned by heating
them in strong sodlum carbonate solution, rinasing with
water, allowing them to stand overnight in 5% hydro-
chloriec acld and then rinsing very thoroughly with
glass distilled water. They are then dried, plugged
with cotton wool, and sterillised In the hot air oven.

With roller tubes of this type, the contents
come In contact with nothing but an unbroken glass
surface.

Drum.

While the cultures are growing, the roller tubes
are mounted horizontally on a drum carrying ten pairs
of Terry clips. A second set of ten tubes can be
mounted between the clips and held in place wlith a
broad rubber band so that the drum can be made to
carry a total of 20 roller tubes (Plate 2). The
drum flts into a special bearing on the inside of the
incubator door (Plate 3) and is driven by a small
electric synchronous motor® mounted on vhe outside of
the door. The speed of the drum is one revolution
per minute. With each révolution of the drum the

»®
Synclock K.B.3.




ate %.

Incubator door showing drum with roller
tubes on inner side and motor on outer side.
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fluld in the tubes washes over the growlng cultures.
The temperature of the incubator is 38°,
Plasma.

The plasma used in these experiments was obtained
from young cockerels supplied by Dr A. W. Creenwcod.
To obtaln plasma the birds are anaesthetised with
ether and the carotid arterles exposed and dissgected
out as described by Strangeways (1924). The srterial

blood is collected in sterile ice-cold waxed centri-

fuge tubes which are immedietely stoppered with sterile

corks, packed in ice in lsrge centrifuge buckets and
centrifuged for 10 minutes at 2600 r.pm. The
plesms layer is then pipetted off by means of a
sterile capillla:ypipette into sterile waxed test
tubss. The plasma 1s stored in the refrigerator.
It 1s not used if it 1s more then & month old. One
bird ylelds gbout 40 ml. plasme.

Tyrode solution.

The Tyrode solution (T) is made up according to
the directions of Willmer and Kendel (1932) and has
the following composition.

|
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NaCl 0.8% NaHoPO, .2Hp0  0.0065%
| KC1 0.02% MgCly .6H0 0.0215%
| CaClg 0.02% glucose 0.1%

NaHCOz  0.05%

by filtration through a Berkefeld candle under very
low negative pressure to avoid loss of COp and is
stored in the refrigerator in Pyrex test tubes stop-
pered with sterile rubber bungs. Special glass
filtration vessels have been devised for sterilising

| this and other solutions. A stock of sterile Tyrode

solution of double strength (2T) is also kept.

| Embryo extract.

é When chick embryo extract is used it is prepared
'aa followst~ The nine day chick embryos from which
the hearts have been removed for culture purposes are
transferred with sterile forceps to sterile graduated
15 ml. centrifuge tubes (2-3 embryos per tube). They

‘ara then pulped with a sterile glass rod. The volume

|of the pulp is noted (it is usually 1.5 ml. per
embryo) and en amount of sterile Tyrode equal to that
of the pulp is added. The tube is then stoppered
|with a sterile rubber bung, is ﬁlanod in a freezing-
'mixture till the contents are solld, is allowed to

The pH of the solution is 7.5. It is sterilized
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thaw, and is then centrifuged for five minutes. The
supernatant fluid is pipetted off into sterile Pyrex
test tubes which are stoppered with sterile rubber
bungs and stored in the refrigerator. This repre-
sents 50% embryo extraet (E.E.). Total N content =
60-80 mg. per 100 ml.: 100% embryo extract, made by
centrifuging embryo pulp, has a nltrogen content of
about 200 mg. per 100 ml.

Setting up the tissue cultures.

' Most of the apparatus required is sterilised in
the hot air oven or in the autoclave. Instruments
are boliled. All tissue culture work is carried out
in an operating room set aside for the purpose. The
general technique described by Strangeways (1924) is
followed, and the culture table is covered with a
sterlile black cloth and set out as described by
Strangeways (1924) and by Parker (1938). In all ex-
periments fresh explants from the nine day chieck
embryo heart have been employed. The eggs have been
incubated by Dr A. W. Greenwood and sent by him on
the ninth day. The eggs are opened as described by
Strangeways and the hearts removed and cut up into at
least 12 pieces in the usual way. Tissue fragments

from a number of hearts are pooled.
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The roller tubes are set out in horizontal racks.
To set up the cultures, the cotton wool is removed
from the mouth of a roller tube and the mouth flamed.
Into the roller tube is pipetted 0.2 ml. sterile fowl

-

plasma and the roller tube is then placed horizontally

in a rack and a serles of six pieces of tissue quickl
implanted in a row in the plasma layer with a platinul

wire mounted in a glass rod and flettened at the end..
The tube is then stoppered and set aside till the :
plasma is firmly clotted. 0.5 ml. sterile Tyrode 135
then added to the tube which is stoppered with a
sterile rubber bung and is ready for mounting on the
drum.

For each test 20 tubes are set up. Some of

them (6-8) may contain plasma alone (clotted by addi-
tion of a small plece of tissue which is subsequently

the plasma alone. The remainder contain six pleces
of tissue each. [Each test therefore involves the
use of 70-80 pleces of tissue.

All the tests have been carried out with fresh
explants from the heart of the nine day chick embryo.
No experiments have been carried out on cultures

maintained as a pure strain. This must be kept in




| by using in each test pleces from a mixed sample from

alone, others contain combinstions of Tyrode and test

'comparisons of the effects of two substances on the
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mind when considering the results.

As the composition of plasma is varlable, direct

tissue N.P.P. are made only where control and test
series are grown in plesma from the same sample at the
same time. For a similar reason, when embryo extrae&
with and without some supplement 1s tested, oompﬁri—
sone are only drawn when a single sample of extract
is used throughout. The effect of any lack of uni-
formity, due to inherent variations in potential
growth capacity between different hearts, is reduced

6-8 hearts.

The tubes are mounted on the drum and rotated
for two days in the incubator at 38°. The "residual
growth energy" 1s reported to be exhausted by this
time (Trowell and Willmer, 1939). The test proper
then begina. The fluid in the tubes (Tyrode +
serum + metabolic products) is removed with a curved
sterile capillary pipette, end the test substances
are added. Some of the tubes contain Tyrode solution

substance with or without embryo extract, the total
volume being 0.5 ml. The tubes are replaced on the




64- |
|
|
|

| drum and rotation recommenced. At the end of one to |

 three hours ("time O"), when the fluld has permeated
' the plasma clot, some of the tubes are removed to prOf
Ivide figures for the initial N.P.P. value. The re-
meinder are allowed to rotate for a further period of
time, usually two days ("time t"). The N.P.P. is
then determined and the amount of growth calculated.

for each tube (as many duplicates as possible

| are set up) containing a test substance and tissue

| grown to "gime t", at least three controls are set up:
i(prererably in triplicate) contalning that same test
'aubstance. One contains tissue and 1is removed at
"time O", the second and third are plasma controls
 for "time O" and "time t" respectively. For sach

test substance similar sets of controls are nocoasaryi
When the N.P.P. is estimated, the values for the |

plasme blanks are subtracted and the increase in

N.P,P. in the tissue between "time O" and "time t"

1
|
can be calculated. The method of expressing rtsults[
|
' is discussed later (p. 76). |

|

i At "time t" all the tubes are removed from the |
 drum end those containing tissue are placed (when |
. area measurements are desired) in an Edinger's ap-

| paratus which projeets a silhouette of the culture
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|
‘magnified 15 times on to paper. The outline of the

‘eulture is drawn, the erea subsequently being measured
with a planimeter. Rough photographs can also be
taken if necessary by projecting the silhouette of
the culture on to the sensitised surface of Ilford {
IReflex Document paper but the curvature of the tubes |
renders accurate projection difficult. The tubes are
then ready for the estimation of N.P.P.

Estimation of the growth of tlssue cultures by N.P.P. |

determinations.

Principle. The tissue is extracted as recommended
by Berenblum, Chain and Heeatley (1939) so that lipoid
phosphorus and acid soluble phosphorus are removed
and the residue is then ashed and phosphorus deter-
mined by the ultra-micro method of Berenblum and Chain
(1938) . The estimation is carried out in the roller
tube which now serves as a test tube.

Method. The fluid in the roller tube is removed
and the tube rinsed quickly with distilled water. It
is then filled with ethanol-chloroform mixture (3:1)

and heated on an alr bath under a small reflux con-

| denser at 65° for two hours (Fig. 1). The air bath
‘is constructed to hold 14 tubes at one time and the

' small cold finger condensers are arranged in series. j




Plate 4.

Rotating disc carrying roller tubes during
extraction of acid soluble phosphorus.



66.

The extraction 18 repeated with fresh ethanol-chloro-
form mixture for a further two hours. This process
removes lipoid phosphorus. The roller tubes are then
filled with 0.1 N hydrochloric acid for the extractiog
of inorganic and scid-soluble organic phosphorus.
During the extraction gentle agitation of the tubes 1s
carried out by mounting the stoppered tubes radially
on o Fevtioal diss whleh is slowly rotated by a motor
(Plate 4). (The rubber stoppers used at this stage
are stored in 0.1 N HC1l when not in use.) The ex-

traction is carried out for three hours and is then

repeated for a second period of three hours with fresh

| acid., As the ashing process was accompanied on one
loccasion by a violent explosion, it has subsequently
| been carried out behind a triplex glass screen.

0.15 ml. 60% A.R. perchloric acid is added to the
tube, a weighted glass stopper (Fig. 1) is loosely
inserted and heating 1s conducted over a microburner
till the remalining fluld is straw coloured. The tube
is cooled, 0.4~0.5 ml. of water is added and the tube
is heated in the water bath for 15 min. at 100° to
break down pyrophosphate. Total phosphorus is then
estimated in the fluid by a modification of the method
of Berenblum and Chain (1938).




Figure 2.

Mixing vessel for phosphate estimation.
2/3 actual size.
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Solutions required.

1. 5% ammonium molybdate AnalaR (kept in a waxed
bottle) .

|2, Stock stannous chloride solution; 10 g. stannous
’ chloride are dissolved in 25 ml. concentrated

hydrochloric acid and the solutlion kept in a |
brown glass stoppered bottle. 1

3. Dilute stannous chloride solution. The stock
golution 1s diluted 200 times with 1 N sulphuric
aclid. It is made up fresh as required.

4 . IBO*‘bu’bsnOl e

5. Ethanol.

6. 10 N sulphuric acid (approx.). 28% conc. sul-
phuric acid.

'7. N sulphuric acid. i
| Procedure. The method as described by Berenblum
'and Chain involves the use of a mixing pipette in
'which each estimation is separately carried out in
|turn. An lmproved type of miking pipette has there-~
fore been devised (Fig. 2). A battery of these
pipettes may be mounted on a rack and used together
80 that six estimetions and one staendard may be car-
ried through at one time. This results in a great
saving of time.

The acld digest is transferred into the short
limb of the mixing pipette and the roller tube washed
out with first 0.2 ml. water and then with 0.3 ml.,

| the washings belng transferred to the mixing pipette.




| being applied from a pump, is then introduced into
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211 addition and removal of resgents is done through
the short limb. 0.25 ml. 57 ammonium molybdate is
then added followed by 1 ml. isobutanol. Gentle
suction is applied to the long limb of the pipette and
the flulds are sucked up into the bulb and mixed. On
standing, the aqueous layer settles to the bottom and
f1lls the curved capillary. A capillary pipette

attached to a reservoir to which gentle suction is

the cup of the short 1limb and the aqueous layer is
sucked away till the isobutanol-water interface just
reaches the end of the capillary. The iso-butanol
layer is then washed with two lots of 1 ml. of N
sulphuric acld added and removed through the cup on
the short limb, and finally with 1.5 ml. dilute stan-
nous chloride solution for 30 seconds. The agueous
layer 1s sucked away and the blue alcoholic solution
poured away through the cup into a small test tube
graduated at 1 ml. The mixing pipette 1s rinsed out
with small amounts of ethanol which are used to make
up the coloured solution to the 1 ml. graduation mark.,
The ethanol brings into solution emulsified droplets
of water. The colour may be read off in a Hilger
"Spekker" Absorbtiometer against a stendard curve
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(using micro cups), or it may be compared with a stan-
dard solution prepared simulteneously from a stock
phosphate solution. With a battery of seven mixing
pipettes six estimations and one standard may be pre=-
pared at the same time.
To prepare the standard the following solutions
are required:-
A). Stock solution. 2.193 g. KBQPO4 in 500 ml.
water

1wl elmpg. P, +

B) Solutlon containing 10 #ig. per ml. (soclution A
diluted 100 times). ;

C) Solution containing 1 [ig. per ml. (solution A
diluted 1000 times).

The acldity during the estimation is important.

_Tha standard should contain the same amount of per=-
fchloric acld as the unknown.

The method gives good results with amounts of P
down to 0.2 (1g. representing approximetely 1.8 itg.
nucleic acld or 0.3 mg. tissue (wet weight).

The method of expressing the results is discusaad
later (p. 76), and full protocols of some individual
tests are shown in Table 1l.

In all cases, also, the amount of growth of the

culture was assessed in arbitrary units as judged by

the general naked-eye appearance. In moat cases the
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N.P.P. figures were found to run parallel with these

‘unlts to a remarkable degree. 5

Suger utilisation and lactic aecid production.

In some cases, glucose and lactic acid were esti-
mated in the fluid phase.

0,3 ml. fluid from each roller tube were added to
4.9 ml. 3% sodium sulphste. 0.4 ml. 7% CuSO, and
0.4 ml. 107 Na tungstate were added. After centri-
fuging, 2 ml. supernatant fluid were taken for estima-
tion of sugar by the method of King et al. (1937), and
|2 ml. for estimation of lactic acid by the method of
Barker and Summerson (1941) modified thus:-

2 ml. of the deproteinised fluid were added to
1 ml. 20% CuS0, + 2 ml. water and about 1 gm. solid
Ca(0H)g added. A rubber bung was placed in the mouth
of the tube and the mixture allowed to stand for 30
min. with occasional sheking. The tube was centri-
fuged and 2 ml. supernatant fluid taken. To this was
added in a glass stoppered pyrex tube 0.05 ml., 4%
CuS0, end 8 ml. conc. Hy80, (AnalsR). The mixture
was heated for 5 min. in a boiling water bath, cooled
to below 20° in water and 0.1.m1. (3 drops) 1.5%
p~hydroxydiphenyl in 0.5% NaOH added. The colour
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was developed by standing the tube in the water bath

Eat 30° for & hr. with occasional shaking. The tube

| wes placed in the bolling water bath for exactly 90
seconds and cooled.

! A reagent blank with water gave a slight colour.

A calibration curve was prepared for the Hilger

'abaorbtiometar, using green filters, and resding

against the reagent blank.

Fixation and embedding of tissue cultures.
(Modified from Parker, 1938)

The cultures grown in roller tubes were fixed in
formol-saline (1 part 407 formaldehyde, 9 parts 0.97
sodium chloride) for several days. The tubes were
then crushed in a vice. If this apparently drastic
step were cautiously carried out, a large part of the
plasma clot with 1ts contained cultures could be ob-
tained attached to one of the larger fragments of the
glass. The plasma containing the cultures wss then
carefully detached from the glass with a cataract
knife, the operation being conducted in a large dish

of saline solution. The plasma clot was floated awnY
and washed with saline. It was then cut into frag- |

ments containing one plece of tissue each.
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, On a mica coverslip was placed a drop of plasma
Ewhich wes clotted by means of embryo extract. The
culture was floated on to this clot and covered with
a second layer of plasma which was then clotted with
embryo extract. The coverslip and culture were then
transferred to 50% alcobol for 1 hr., to 756% alcohol
for 1 hr., to absolute alcohol overnight, to alecoholic
eosin for 10 minutes, to absolute alcohol for 20 min.,
into two changes of 2% celloidin in methyl benzoate,
and finslly into benzene. The plasma layer was de-
tached from the mica coverslip with a cataract knife
and trensferred by means of a section lifter into a
mixture of equal parts of benzene and paraffin wax at
379, It was then embedded in paraffin wax in the

usual way and sections cut.
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S.  RESULTS.

(A) With Tyrode solution as fluid phase.
The results obtained when the fluid phase con-

| sisted of Tyrode solution alone are shown in Table 1.
In agreement with Willmer (1942) a drop of N.P.P. was

 found in the course of the experiment. The mean fqli
' in the ‘course of two days was 0.11 Lig+. per roller i
|

' tube (Table 1). No significent alteration in N.P.P.

‘oecurred in the tubes contalning plasma and Tyrode

!without tissue (Table 1). 1A
It 1s probable that this fall was due to the ‘

presence in the plasma of nucleases which break up |

the nucleic acid such of the cells as die in the !

course of the two days.

| The presence of such nucleases has been demon-

strated in cockerel plasma and serum. A mixture of

0.2 ml. cockerel plasma with 0.3 ml. veronal acetate
buffer pH 7.6 and 0.1 ml. 27 thymonucleic acid or |
ribonucleic acid (as Na salts) was incubated at 37°,
| At suitable intervals portions were treated with an |

equal volume of 0.25% uranyl acetate in 2.5% trichlor-

acetic acid. The precipitate of unhydrolysed nucleic
acld was centrifuged down, washed with half strength




Table 1.

Changes in N.P.P. (nueleoprotein P) in roller tubes
gontaining Tyrode solution alone &S riuld pHese.

All tubes run for 2 days with Tyrode solution alone
before test begins. Fresh Tyrode then introduced
(time 0) and initiel N.P.P. measurements made. Final
N.P.P. estimation carried out 2 days later (time t).

N.P.P. mg.
Time erithmetic No. of Standerd Standeard
mean expts. deviation error

Tubes with plasme alone 0 0.27 27 1 0.062 2 0.012

0.056 2 0.011

i+

Tubes with plasma alone t 0.26 25
Difference - 0.01l

14+

Tubes with plasma +tissue 0 1.39 34 0.278 % 0.047

1+

Tubes with plasma +tissue t 1.28 55 0.218 £ 0.029

Difference ~ 0.1l I




Table 2.

Influence of

Incubation with cockerel plesme on nucleic acids.

0.1 ml., 2% nueleic-acid solution (as Na salt)
incubated with 0.2 ml. cockerel plasma end
0.3 ml, veronal-acetate buffer pH 7.6 at 37°.

! : Hydrolysis (%)
Ribonucleic acid  Thymonucleie acid

Time | With | Without  With | Without
hr. . plasma = plasma plasma . plasme
o | s

6

24

18.8 | 6.8 0 | 0
36.0 15.0 T TS
74.0 20.4 20,4 7.0
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iuranyl acetate reagent and dissolved in sodium carbo-

inate solution. Total phosphorus was determined in

;(1940). Some spontaneous decomposition of nucleic

this solution by a modification of the method of Allen

|
!ncids-takoa place at this pH. This was allowed for
Iby a control series incubated for the same period of
ltima without plasma. The results are shown in Tablei
!2. Both types of nucleic acld are hydrolysed by i
'plasma to compounds no longer precipitable by the |
uranyl acetate reagent. The ribonucleic acid suffers
imore decomposition than the thymonucleic acid.
;COekerel plasma therefore contains enzymes of the !
|nuclenae type such as, for example, ribonuclease
!(Kunits, 1940) and thymonucleodepolymerase (Fischer,
B8ttger and Lehmann-Echternacht, 194l; Greenstein and
Jenrette, 1941), as well as nucleotidases, phosphatase,
:etc. i

A similar fall in N.P.P. occurred durling the firaL

two days after the cultures are set up during which no
|

measurements are normally made (Fig. 3). |

It is noteworthy that although the amount of

nuclear material as measured by the N.P.P. diminished :
continuously, the area of the cultures increased and |
might at the end of four days be as much as 6-10 times




Table 3.

Inerease in N.P.P. in tissue grown in embryo
extract (N = 30) during 2 dayst! test period.
Plasma blanks subtracted.

Initial Final Increase Reletive increase
Test N.P.P. N.P.P. in N.P.P. in N.P.P.
No. U B S B +8.
v 7 7
25 1.53 1.96 0.43 0.28
45 1.50 1.91 0.41 0.27
44 1.34 dsY1 0.37 0.28
49 1.83 1.68 0.45 0.36
56 1.14 1.56 0.42 0.37
82 1.12 1.44 0.32 0.29
61 0.90 1.29 0.39 0.43
69 0.89 l.22 0.33 0.37
75 0.89 1.33 0.44 0.49
67 0.86 1.23 0.37 0.43

Mean 0.39%0.016 0.3620.024
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greater than it was when the cultures were first set

up (Pig. 3) owing to the migration of cells from the

original explant. The area of cultures from fresh

ioxplanta is not, however, of great significance

i(Pnrkor, 1938) .

(B) With chick embryo extract as fluid phase.

When the Tyrode solution was replaced by embryo

;oxtrabt during the second two days of the test (i.e.

ithe days of the test proper) very marked growth of the

‘tissue occurred accompanied by a rise in N.P.P.

(Table 5(B)). The final area instead of being of the

iorder of 7-10 sq. mm. per culture was of the order of
?20 8sq. mm. per culture.

| In a series of 10 tests with embryo-extracts
containing 30 mg. N/100 ml., N.P.P. was estimated at
3 and 48 hours (time O and time t) in a total of 35
:rollor-tubel with tissues, i.e. in 215 pleces of tis-
'sue, and in the corresponding plasma blanks. A mean
rise of 0.39 ug. per roller-tube (standard deviation

= +0.045, standard error = +0.016) was found with this

‘concentration of extract, in spite of the wide range
of (corrected) initial values (0.86-1.53/g. N.P.P.)
in the series (Table 3).

The rise in N.P.P. was greater with increasing



r J"' Time 0 = J:"]'im,_, "

Influence of different concentrations of embryo
extract on the nucleoprotein P (N.P.P.) of tissue
cultures. N.P.P. in g./roller tube (plasma
blanks subtracted). All cultures grown for 2
days in Tyrode solution alone before addition of
embryo extract. Curve A: fluid phase in roller
tube, embryo extract 30 mg. % N (approx.).
Curve B: embryo extract 10 mg. % N (approx.).
Curve C: fluid phase, Tyrode solution alone.

The explants used in this experiment were rather
larger than usual.
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concentrations of embryo extract. The effects of
jdifforent concentrations of embryo extract are shown
in Flg. 4. In this case some of the tubes were

' allowed to run for a further two days. During this
;tims no further rise in N.P.P. occurred -~ in fact a
?slight fall was observed (Fig. 4). All teste have |
subsequently been restricted to two days after addi-

tion 'of the test substances.

(C) Method of expressing results.

' The results of a series of individusl experiments
with embryo extract (nitrogen concentration = 30 mg. |
per 100 ml.)™ are shown in Table 3 in which the figum_lu
 are arranged in decreasing order of initisl N.P.P. |
values. These initial values cover a wide range . ;
(0.86 - 1.53 g.). The table also shows the 1noraaa$
in N.P.P. in the course of 24 hours expressed in two |
ways, (1) as an absolute increase per roller tube and!

| (11) as a relative increase. These ten tests in-

volved the use of 35 roller tubes, i.e. 215 pieces of}
| tissue with the corresponding plasma blanks. It wil)
be seen from the teble that there is a smaller range

of variation in the increases in N.P.P. expressed as

In the following pages the convention will be
adopted that N = 30 represents the final concen- |
tration in milligrams total nitrogen per 100 ml. |
of fluld added to the roller tubes. -




ki
i Table 4.
|

Change in N.P.P. in tissue grown in Tyrode solution |
a?.ono during 2 days' test period. Plasma blanks aub‘braetad.

Initial Final Chenge in Relative ohanga

mangt | N;.{fg..r. H!.‘?E."P. N{.“l"é'l'. in ¥.P.P, |
r 0% 7 s i
I 1.29 ~ 0.46 - 0.88 |
89 1.70 1.19 - 0.51 - 0.30

45 1.46 1.38 - 0.08 - 0.05

i44 1.42 1.01 - 0.41 - 0.29

(80 1.36 1.25 - 0.11 - 0.08

!47 1.35 1.34 ~-0.01 - 0.01

48 1,25 1.08 - 0.17 - 0.14

46 1.22 1.22 47 to

fse 1.20 1.25 + 0.05 + 0.04

55 1.20 0.92 - 0.28 - 0.23

iol 1.19 1.14 - 0.05 -0.04
68 1.12 0.99 - 0.13 - 0.12 |
42 1.08 1.20 + 0.4 Y838 |
!41 1.04 1.10 + 0.086 + 0.06 |
54 0.99 0.99 0 0 |
61 0.86 0.79 - 0,07 .« 0.8 |
& 0.78 0.70 - 0.08 - 0.10 f
69 0.56 0.59 + 0.03 ¢ 6,08 |
60 0.55 0.44 - 0,11 e

Mean - 0.11%0.04 o.oaxo.o#
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an absolute increase than expressed as a relative in~ |
crease. The effect of embryo extract therefore seens
to be the production, during the two day growth pariad,

of a definite amount of nuclear material which is noti

' proportional to the amount of tissue present initiaslly.
%Thn limiting factor for growth here lies apparently iA
Ethn medium and not in the tissue. .
| '"On the other hand when tissue is grown in tubes i
ivith Tyrode alone as fluid phase the results are of a
irathor different type. Individual figures for a
series of experiments are shown in Table 4, where the
figures are again arranged in descending order of |
initial N.P.P. values. In this case the change in !
N.P.P. (usually a fall) is greater for higher initial i

values of N.P.P. Where the initial figures are highl
' 1

’('j7 1.0 yg.) the absolute differences are greater

| figures are low ( < 1.0 ug.), the absolute differ-

| |
| than the relative differences. Where the initial ?

ences are less than the relative differences. Here

the tissue itself appears to be the factor which con-

It has therefore been concluded that the most

|
trols the magnitude of the change in N.P.P. ‘
|
|
|
|

'satisfactory method of expressing the results is in

|
' the form of absolute increases in N.P.P. per roller
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gtube rather than in the form of relative increases.
;This method has been adopted in the case of growth
Ipromnting media derived from embryonic tissue and has |
been assumed to be valid for other types of growth
|promot1ng media as well. It should be emphasised |

| that the differences in initial N.P.P. values are, of

éoourso, never 8o gross in a normal test as the range

showri in Table 4. (In some cases the index lg%—-Y

'has also been calculated where X and Y are the figures
for the N.P.P. at "time O" and "time t" respectively.)
| In the experiments recorded here, large differ-
!oncea are sought snd a positive change of > 0.2u.g.
;por roller tube is taken as indicating definite gro'tl
promoting properties in the medium under test. A !
:riao of > 0.5 «g. indicates very good growth. In ‘
;oach experiment at least 2, and in most cases 3 or ‘
|more, roller tubes are used with each time and with |
each test substance, l.e. the number of pleces of tis-
sue 1s at least 12 and in most cases 1s 18 or more. ;
Full illustrative protocols of a few individual
ltoata are shown later in Table 1l. For the meost part
the results are expressed in the tables 1n condensed

form as the mean change in N.P.P, per roller tube.
The number of tubes which can be carried on the
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drum is limited to 20 for any one test. Plasma
blanks have therefore been dispensed with in some ex~

' periments after it has been established that with the
|preparntiona under test their use made no significant

| difference to the results.

l (D) Experiments with embryo extract.
| (a) Preparation of embryo extract. The prepara-

'tion 'of sterile chick embryc extract has already been
described (p. 60). |
| Extracts from the embryos of other species have .
also been used, e.g. from cattle, pig, cat, rat and |
;hnman embryos, but the chief source of embryonie i
imateriul has been the sheep. In the spring it has i
.bean possible to obtain large quantities of sheep
embryos of 9-10 weeks, a stage at which growth is verﬁ
!rapid (Gurlt, 1847). The embryos were finely mincedi
!and the pulp allowed to stand overnight in the refri-
| gerator with an egqual volume of either water or Tyrode
%solution or 0.9% sodium chloride solution. The sus-
;pension was then filtered through muslin and centri-

fuged. The extract obtained in this way was, of

course, not sterile and had to be sterilised before

use. This was usually achieved by the use of large |

Berkefeld candles. The extract is v iscous and tenda|
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Ito clog the candles easily, but by using candles with!
a large surface area, sufflclient sterile material |
could reedily be obtained before the candles became
clogged. A loss of 40% total N in the extract accom-
' panied candling. The sterile extract was sultably
!diluted with sterile Tyrode before use.

In a few cases the candling was avoided by pre- |
paring the extract aseptically. The complete utorusi
was brought from the slaughter house to the 1aboratori
and was opened aseptically. The embryo was trans- |
:ferred to a sterile glass vessel and minced with sterfle
scissors. An equal volume of sterile Tyrode was
'added and the mixture centrifuged. The sterile 507

embryo extract was then pipetted off and stored in

isterile tubes.

| (b) Comparison of chick embryo extract with sheep
embryo extract. A comparison was made of the growth

promoting power of chick and sheep embryo extracts.
Both were prepared aseptically from sterlle embryos,
i.e. candling was avolded. As previously mentloned
50% echlck embryo extract had a total N content of
60-80 mg. per 100 ml. while 50% sheep embryo extract

contained 100-120 mg. N per 100 ml. They were both
diluted to the same nitrogen content before being
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tested at N « 20, 30, and 50.® In all cases chick
embryo extract was more potent than sheep embryo ex-
tract (Table 6, Tests 128/1 and 130/1).

(c) Effect of heat on embryo extract. It is

'usually stated that the active principles of embryo
| extract are easily destroyed by heat (Carrel, 1913;

Lasnitski, 1937).
The effect of heating chick embryo extract to

100° for 10 min. has been examined. To minimise the

pH changes due to bicarbonate decomposition the ex~
tract, prepared by pulping the enbryonic tissue with
water instead of Tyrode solution, was divided into
two portions one of which was heated while the other
was kept as a control. The salt concentrations
(including bicarbonate) in both extracts were then
adjusted by adding sppropriate amounts of sterile

concentrated saline medium. Tissue cultures gained ;

as much in nucleoprotein phosphorus in this hested
material as in the unheated control extract (Table
8(B)).

Similar effects were obtained with extracts of

sheep embryos.

% The convention employed in expressing N concentra-
tions is explained on p. 76.




Table 6 .

Nitrogen
cone.
Test No. Test substance mg./100 ml. Change
in roller in
tubes N.P.P.

128/1 Chieck embryo extract (E.E.) 30 + 0.44
Sheep " " 30 + 0.24
M/l Bhoﬁp E.E. 50 o 0-46
- » 20 + 0.16
chiﬂk ElE- 50 + 1-00
- » 20 + 0.37
125/1 sheep E.E. candled end stored
9 months at -30° 30 + 0.73
Sheep E.E. stored 9 months at -30°
and candled 30 + 0.38
Sheep E.E. made from embryos
stored 9 months at -30° 30 + 0,186
95/1 Sheep E.E., vacuum dried,
reoonstituted, candled - + 0.16
ditto
diluted 1 in 10 - + 0.06

Sheep E.E., vacuum dried, benzene
extracted, reoonatitu@od,
dilutéed 1 in 10 - + 0.36

98/1 Sheep E.B., dried in Cambridge,

reconstituted, candled 9 + 0.11
Sheep E.BE., dried in Ceambridge
benzene extracted, reoonstiéuted, :
candled 9 + 0.18
127 Sheep E.E., fresh, candled 30 + 0.23
Sheep E.E., de-~fatted, frozen dried,
reconstituted and candled
(Pasteur-Chamberland L3) 30 + 0.58
ditto
(Berkefeld) 30 + 0.48
129/1 sheep E.E., fresh, candled 40 + 0.29
Sheep E.E., de-fatted, frozen dried,
reconstituted, candled 40 + 0.61
Sheep E.B., de~fatted, frozen dried,
reconstituted, benzene sterilised - + 0.28
89 Extraots of sheep embryo tissue
de~-fatted with ether at ~30° in
cold room at Torry
Liver 39 - 0.06
Musocle 39 + 0.07
Brain lg ™ 0 oll
Heart 37 ~ 0.32



Table 6 [continued]

|

Nitrogen |
gone.
Test No. Test substance mg. /100 ml. Chenge
in roller in
tubes  N.P.P.
20 Extracts of sheep embryo tissue
| de-fatted with ether in _
Cardice-alcohol mixture r
Whole embryo (1 ether extraction) - '+ 0.51
" " 2 ether extractions) - 4+ 0.74
Muscle - L+ 0444
Heart - + 0.40
m’ain - + 0-45
: Liver - + 0.12
57 Extracts from 12 day chick embryos |
Brain 20 '+ 0.28
Viscera 20 '+ 0.64
Cartilage 20 4 0449
Muscle 20 '+ 1.09
| 68 Bxtracts from 13 day chick embryos |
Cartilage 20 '+ 0.28
Viscera 20 | = 0.06
Brain 30 + 0015
Carcass 20 - 0.04
| 39 Extracts from sheep embryo, candled
Cartilage 42 '+ 0.29
Viscera 43 '+ 0.04
_ Skin and Musecle 41 : + 0.22
- 36 ditto .
- Cartilage 30 '+ 0.26
| 83 ai tto i
Liver 10 + 0.12
| Musocle 10 + 0.31
- 84/1 ditto
Lung 10 + 0.14
Cartilage - 10 + 0.04
Brain 10 20
Serum 10 + 0.17
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(a) Effect of storage on embryo extract. The |

effect of'atorage on the growth promoting properties
of sheep embryo extract was examined. Storage was

carried out for nine months in a cold chamber at -30°
in the Torry Research Station. Whole sheep embryo |

extract, candled, sealed up in ampoules and stored,

retained powerful activity after nine months. When
enbryo extract was stored in the non-sterile state ‘
and candled after storage for nine months the activit}
was considerably reduced. When whole embryos were |

stored for nine months and then converted into extract

' and candled, the extract had very poor growth promot-‘

ing properties. (Table 6, Test 125/1.) It is |

|
| apparently advisaeble, therefore, to store embryo ex- |
|

tract in the sterile state in sealed ampoules.
(e) The effeect of drying. Sheep embryo extract
was dried by a number of methods:-

(1) Portions of 30-50 ml. were dried from the

frozen state in an apparatus similar to that described
by Christensen (1942) or by Hays and Koch (1942)., T l
extract was frozen in a thin layer spread out over th
wall of a 2 or 3 litre round-bottomed flask which was|
attached by a B34 ground glass joint to a wide tube

leading to a condensing vessel immersed in a vacuum




flask containing a mixture of alcohol and solid COy.
The whole apparatus was evacuated by a Hyvac oump and|
gentle heat (insufficlent to melt the frozen material)
- |was applied to the flask from a distance by means of
lsleotric bulbs. A procedure such as thils yields a
produect which readily redissolves in water ("Frozen
dried extract").

| (1i) A large batch of gbout 5 litres was sent in

|
the frozen state in a refrigerated container to the

was dried from the frozen state. The product was not

Low Temperature Research Station at Cambridge where it
| \
so easily soluble as that obtained in (i) above
("Cambridge dried extract"). a

(111) A large amount of material was dried at room |
temperature in thin layers in Petrl dishes in vacuum
desiccators over concentrated sulphuric acid. The
dry product was scraped off the dishes and finely
powdered. It dld not dissolve readlily in water
("Vacuum dried extract").

(1v) Samples dried at room temperature in thin
layers in flat dishes in the blast of an electric fan
according to the method of Fischer (1941b) gave a

similar materlial also of poor solublility.

In most cases the dried materlal was redissolved 5
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'in water, the insoluble residue centrifuged off, the

| chloride content determined and adjusted by addition

of sultable amounts of double strength Tyrode, the !
reconstituted extract diluted to a suitable total N !
|

concentration with ordinary Tyrode solution, and

:storilisad by passage through a small Berkefeld candle.
iIt filtered readily. In some cases the dried powder!
:wan'extrneted with benzene to remove lipoid materials‘
before being reconstituted.

Attempts to sterilise the dried powder by allowui

Iing it to stand for some days under benzene, chloro-
form, acetone or ethanol (c¢.f. Fischer, 1941b; Brit.
‘Pat. No. 534, 454) were not uniformly successful. i
| An attempt was also made to dry embryo extract
!1n the spray-drier described by Edwards, Kay and
Davie (1940) but even a 50% extract was too dilute to
'yleld satisfactory results. Attempts at spray drying
'in the Low Temperature Research Station in Cambridge
were equally unsuccessful.

The preparatidn of extracts more concentrated

then 507 was not feasible but attempts were made to |
‘concentrate such extracts by freezing out water as
‘has been done by Antopol, Glaubach, Goldman and Katzin

|
(1943) with plasma and serum. This was unsuccessful.
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All fractions obtained during the thawing of frozen
embryo extract conteined approximetely the same nitro-
gen content.

Examples of some results obtained with dried
embryo extract are shown in Table 6 (Tests 95/1, 9&/1l
127, end 129/1). The frozen dried material when re~
comstituted gave a very active extract. Owing to thé
poor solublility of vacuum dried material, concontrabe&
extracts could not be obtalned on reconstitution and |
such solutions as were made, had poor growth promotin#
power. Preliminary extraction of the dry powder wit#
benzene before reconstitution gave & more potent pra~!
paration at the same N concentration (Tests 95/1, ‘
98/1). This effect is probably due to the removal
of inhibitory lipoid materials. i

Removal of lipoid material could also be con- |

veniently carried out by freezling with ether as de- |

' seribed in the next sectlon. YWhen an extract was

1

| de-fatted in this way, frogen dried, and reconstituted,

the powder dissolved very readily, filtered easily

through a candle and had very high activity (Table 6,

Tests 127, 129/1). The most active preparations of |

(f) The effect of de-fatting. The removal of

| embryo extract were, in fact, made in this way. i
|



86.

lipold material from ligquid embryo extract was carriei

' out by freezing with ether according to the method
iused by McFarlane (1942) for serum. Popjak and |
[McCarthy (1943) have shown that this treatment ramove?

from serum all the cholesterol, approximstely 2/3 of |
| the phospholipids and 2/3 of the neutral fats. The :
;osmotic pressure of the serum is almost unaltered but!
ithere may be some diminution of ths/é -globulins.

100 ml. sheep euwbryo extract were shaken with

| 30 ml. ether and frozen to a temperature below -25°

lby immersing the flask in a cardice alcohol mixture.

' On thawing and centrifuging, a very fatty top layer
appeared. The clear lower agqueous layer was sucked
!off and the extraction process with ether repeated.
?Ths clear extract was then freed from ether in a |
vacuum desiccator, refrozen, thawed and filtered
through paper. Such a de-fatted extract filtered
easily through a Berkefeld candle and had an sctlvityl
greater than that of the original. Two extractions

with ether produced a more potent preparation than one

single extraction (Table 6, Teat ©0). The de-fatted
extract could be frozen dried to yield a powder which:
had very high activity after resolution in water and
‘storiliaation by candling (Tests 127, 120/1). ;
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De-fatted extracts of individual orgens were prepared.

Of these, liver was least esctive and extracts of
other organs were all less active than extract of
whole embryocs (Test 90) (see also p. 92). |
All these de-fatted extracts were prepared by f
the quick freezing of small amounts of extract in a i
cardice-alcohoel mixture. When the process was car- |
ried out on a large scale using large amounts of |
extract and freezing with ether overnight in the caldi
room at -30° at Torry, the preparations obtained con-
tained considerable amounts of denatured protein and
had poor activity after candling (Test 89). Quick
freezing for a short time is appa;ently essential to f

avoid denaturation of the proteins of embryo extract.

(g) The effect of ribonuclease on embryo oxtrggg|
In view of Fischer's (1939) suggestion that the growth

ipx'omoting power of embryo extract is located in the

ribonucleoprotein fraction, 1t waa thought approprigéé
to examine the action of the enzyme ribonuclease on
the growth promoting power of chick embryo juice.
Ribonuclease has been prepared in the crystalline

state from pancreas by Kunitz (1940) and attacks

fapeoirically the ribonucleic acids bringing about

partial hydrolyslis. The enzyme is strikingly



|
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' thermostable and agqueous solutions can be sterilised |
by heat.

Chick embryo extract incubated wlith crystalline i
' pibonuclease (prepared from cattle pencreas) overnighﬂ

at 3?0, was then tested on the tissue cultures. Ex-f

tract so treated showed no diminution in activity as

| compared with control embryo extract incubated without
| enzyme (Teble 5 (C and D)). A sample of erystalline

ribonuclease kindly supplied by Dr M. Kunitz gave the

| same result even when the enzyme concentretion wes as
;'high as 50 mg. ¥ final concentration in the roller |
tubes (Table 5 (E and F)). |
| Ribonuclease in Tyrode solution alone appeared ;
to have no effect on the living cells (Table 5 (C and'
E)).

On the other hand crude preparations of ribo-
| nuclease prepared by extrasting commerelal pancreatin
with 50% acetone (c.f. Dubos and Thompson, 1938) and |
sterilised by heating to 100° for 10 mins. gave a very
different response. Cultures grown in a mixture of
Ithia medium and enmbryo extract showed a characteristic
'denno type of growth with a sharply demercated margin.
Growth appeared to be abundant but cell migration was

|not so pronounced as in the controls grown in embryo
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;extract alone which had a considerably larger area.

'The cultures grown with the addition of the pancreatin
| extract, showed a much greater lncrease in N.P.P. thaﬂ

idid the controls (Table 6§ (G)). This increased

ereatin extracts, but is due to another factor, the

growth is not caused by the ribonuclease in the pan=- ‘
|
nature of which 1s discussed later (p.121). :

* (h) The effect of mucinese on embryo extract.

In view of the large amount of mucin-like substances ;
in embryonic material (c.f. Baker and Carrel, 1926), I
of the good growth promoting power of embryonic carti-

lage extracts, and of Fischer's (1940) suggestion that
ithe active principle may contain S, it was decided toi
itoat the effeet of a highly purified preparation of
'the enzyme mucinase (Madinaveitia, 1941) prepared from
bull testicle, to see whether hydrolysils of some of |
itha maco- or sulpho-polysaccharides in embryo extract!
affected its asctivity.
Dr J. Madinavelta kindly presented & sample of |
micinase which besides ecting as a diffusing factor
%with hyaluronlidase activlity and with the power to
reduce the viscosity of some muco-polysaccharides (of
synovial fluld, vitreous humour, and umbilical cord,

but not of saliva and gastric mucin), also had a low
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Concentration of mucinase, mg. /100 ml.

The effect of increasing concentrations of mucinase
on the nucleoprotein P (N.P.P.) of tissue cultures
grown in embryo extract. N = 25 mg. % for embryo
extracet in all cases. Ordinate: N.P.P.,

g./roller tube. Abs¢issa: final concentration
of mucinese in roller tube, mg./100 ml. Embryo
extract and mucinase incubated for 2% hr. at 37°
before being added to roller tubes. Curve A
(test 74): cultures grown for 2 days. Curve B
(test 76): cultures grown for 1 day. Plasma
blanks not subtracted. All cultures grown for 2
days in Tyrode solution alone before addition of
embryo extract and mucinase.
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glucosaminidese setivity. Testicular mucinase is |
stated by Meyer, Chaffee, Hobby and Dawson (1941) to |
hydrolyse chondroitin sulphuriec seid, the mmecopoly- |

saccharides of skin, and the polysaceharide (or its

sulphuric aclid ester) of the cornea as well as hyal-
iuronic ecid. The enzyme was dissolved in Tyrode
;solution end sterilised by pessege through a small
JBorkereld candle. A slight loss in N content result-

ed but the sterlle zolution still retained powerful
enzyme activity as measured by the diffusion test with
'haemoglobin on rabbits (Madinaveitia, 1938). |
Embryo extract was mixed with the mucinase solu-i
tion and incubated at 37° for 2% hours before being ‘
added to the roller tubes. Embryo extract 1noubated‘
at the same concentration without mucinase served as |
a control. A slight preciplitate sometimes appeared ‘
in the mucinase mixture. !
The cultures grown in embryo extract plus mucinase
showed a smaller incresse in N.P.P. than did the con-
trols (Table 5 (H end J)). As the effect seemed to

vary considerably with the concentration of mucinaao,!

experimenta were carried out in which constant amounts
|
of embryo extract were incubated with increasing :

concentrations of micinase. The results are plotted
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in Fig. 5. It will be seen that the maximum effeect

was obteined when the mucinese concentrstions were

170-250 mg. per 100 ml. 1In one test (curve A) higher

|
concentrations were rather less effective. '

(1) Comparison of the growth promoting progertioé

f extracts m various orgens and tissues of the

embryo. Nine dey chick embryos were too small for
the preparation of extracts of individual organs. Ini
the case of 12 or 13 day embryos aseptic dissection og
the enbryos wes possible and extracts of individual i
tissves were prepared and tested at the seme N con- ‘
centration (Table 6, Tests 57, 62). The results |
were rather Inconclusive but muscle and cartilage ap-;
peared to be superior to extracts of viscera, particu+
larly liver.

Extracts of different organs of sheep embryos
were prepared by mineing the embryonle organs finely
in a2 large Lataple mincer, adding 1 vol. Tyrode solu-
tion, allowing the mince to stand over-night at 0°

and centrifuging. The extracts were candled gnd E
tested at the same N concentration (Teble 6, Tests ‘
39, 36, 85, 84/1). Skin, muscle end cartilsge ahouoi
a definite superiority, while the abdominal viscera, |

| especially liver, gave extracts with poorectivity. ‘



Teble 7 .

Nitrogen
| 1 gone. |
Test No. Test substance mg. /100 ml,
' in roller
tubes
Ethanol preeipitates from tissue
extracts dissolved in de
13072 Adult sheep heart (candled 20
Embryo "  (eandled 24 :
131 Whole sheep embryo (candled 36 |
" " » candled 14 |
" - " heated) 36 .
" ghick " candled) b § 5
" " " heated) 8 i
Adult sheep heart (candled) 14 |
. . " (heated) 7 !
132/1 Whole sheep embryo 25 !
" " " (ethanol ether S
washed) 26 ‘
Adult sheep heart 25 '
» " " (ethanol ether |
washed ) 25 |
v " . (ethanol ether |
waghed) 45
133 Sheep embryo brain 13 |
" #*  heart 13 ,
" " liver 135 !
" "  musole 13 |
" " heart 21l
" " liver 21
" " musocle 21
134 Whole sheep embryo (benzene ,
- sterilised) 12 |
" " " (oandled; 12 |
Sheep embryo brain (candled 1 '
j " " art (candled 12
| " "  musele (candled 12
, " " " candled 36
84 Acetone ppte. of sheep E.E.
(ecandled) 10
46 Aecid ppte. of chick E.E. 25
38 Sheep embryo cartilage extract 41
Acid ppte. of ebove 8
Ethanol ppte. of above 8 _
Ethanol ppte. + aeld ppte. 16 |

(all candled)
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0.09
0.01
0.15

0.54
0.85
0.18
0.24
0.44
0.22
0.55

0.57
0.14
0.17
0.11
0.02
0.36

0.27
0.07
0.46
0.21

0.37
0.21



Table 7 [continued]

Nitrogen

cone.

Test No. Test substence mg./100 ml. Change
in roller | in
_Ytubes N.P.P.
92/2 Sodium sulphate precipitates from - - 0.23
sheep E.E.

122/2 aitto 28 - 0.28

126/1 ditto 10 - 0.03
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When de-fatted extracts of different organs were

compared (Table 6, Tests 89, 90) again the marked
superiority of muscle over liver was evident.
Ethanol precipltates (see p. 93) were prepared

from extracts of different organs and tested for growth

86 AR

promoting power (Table 7, Tests 130/2, 131, 132/1, 13
134). These agaln demonstrsted the good growth pro-

moting properties of muscle and the poor results ob-

]tainad from liver.
i Embryo cartilage extracts.- As whole extracts
lprcparld by minecing the complete embryos contained an
undesirably large amount of blood, subryo cartilage

was examined and found to glve a very satisfactory

 extract.

The embryos were dlssected and the cartilage of
itho vertebral columm, skull. pelvie and shoulder
glrdles freed as far as possible from muscle and con=- |

|
I
nective tissue. The cartilage was minced and the ‘
mince allowed to stand with an eaual volume of water

overnight at 0° before being filtered through unslin.
'Tho filtrate was centrifuged snd treated with half a !
‘volunn of double strength Tyrode solution. To check{

the ssglt concentration a chloride sstimation was car-‘

‘rled out and final small ad fstments of salt concentration
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mede as required.

Exbryo cartllage extract could be aterillised by
I

filtration through a Berkefeld candle, and kept well
at 0° or, better, at ~-30°.

Results obtained with cartilage extract are shown
in Table 5 (K).

(J) Precipitation of the protein fraction of [

embryo extract with ethanol, acetone, ascid or scdium
sulphete.

(1) Ethanol. TWhole sheep embryo exiraect was pre-
cipitated in the cold with 4 volumes ice cold ethanol.
The precipitate was centrifuged down quickly and drieJ
in vacuvo over CaClg. In some cases the precipitate
was washed with absolute ethanol and ether before
being dried. The dried precipitates were ground
finely, extracted once with ether, and dried. Dry
powders were made in this wey by extracting minced
embryc organs with one volume of 0,9% NaCl end pre-
cipitating the extracts with ethanol. Dry powders
were made 8lso in this way from extracts of adult |
sheep heart (see p.l107).

The powders were allowed to stand in 100 mg.
portions with 10 ml. Tyrode solution for four hours
at 0°., 'The suspenslions were then centrifuged and
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the supernatant flulds passed through L3 Pasteur-
Chamberland candles. In the sterile extraects total |
N was determined and they were then dlluted before |
use. .

Such ethanol powders were but slightly soluble
in water. After suspending 100 mg. of the powders

of brain, heart, liver and muscle in 10 ml. Tyrode, i
thé N concentrations in solution were 13, 21, 28 and \
| 39 mg. per 100 ml. respectively. Precipitates which'
were ethanol-~ether washed before drying were slightly

| more soluble.

To obtaln e more concentrated solution and to

sterilise the solution without the use of filter
'candlas portions of these ethanol powders were dls-
solved in water with the ald of heat, and the super-
natant fluld obtalned on centrifuging was sterlilised
by heating to 100° for eight minutes. After cooling,

cne volume double strength Tyrode was added. g

To avold the use of candles or of heat in obtain#
ing a sterile preparation, portions of 60 mg. of the
ethanol powders were transferred with the ald of a i
gterile platinum scoop to sterlle 15 ml. Pyrex centri-
fuge tubes which were filled wlth AnalaR benzene

| stoppered with a sterile plug of cotton wool and
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allowed to stand for seven days. The benzene was i
then decanted off and the powder dried in vacuo. To |
the dry powder, now sterile, 5 ml. sterile Tyrode
solution were added and the tube set aside for four
hours at 0° before being centrifuged. The super- |
nateant fluid was then enalysed for total N and teated;
Sterilisation of ethanol powders by benzene in |
this way was found to be more successful than in the |
case of powders of dried embryo extract (see p. 84).
The results (Table 7, Tests 130/2, 131, 131/2,
133, 134) show that active preparations can be pre-

pared from these ethanol precipltates both from who'le

sheep embryo extract and from extracts of individual
|
organs. Extracts of brain and muscle were very

poteat and much superior to extracts of liver. Ex- |
i

trects of adult heart were much inferior to extracts |
of embryo heart (see alsoc p.l08). Preliminary unshsj
ing of the precipitate with ethanol and ether before |

drying increased solubility and activity very slight-
ly. The results obtained with preparstions sterilised

by benzene were simllar to those from candled prepara:

tions.

(2) Acetone. Ice cold sheep embryo extract wes |

treated with 4 vols. ice cold acetone and the
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precipitate immedistely centrifuged down and dissolva#
in 1ce cold water. Almost the whole precipitate dia+
solved ylelding a red solution with no trace of the !
brown colour which develops when the operation is car-
ried out at room temperature. The solution was frozAn
dried and a fluffy reddish powder obtained. It was i
freely soluble in water and was sterilized Ly a }
| Berkefeld candle. !
It had little or no activity (Table 7, Test 84).
(3) Acid. The precipitate obtained by scidifying

embryo extract to pH 4.6 by adding dilute acetic aecid

had little or no activity (Table 7, Test 38) (see l

also p. 99).

(4) Sodium sulphate precipitation. The protein
fraction of embryo extract by the sodium sulphate prei
cipitation method of Deutsch, Eggleton and Eggleton (JQSB).
It was disscolved in water, dlalysed at 4° till salt
free and then dried from the frozen state. The fluffy
powder 8o obtained was freely soluble in water but had

little activity, even when combined wlth diglyasable
constituents of embryo extract (Table 7, Tests 92/2,
122/2, 126/1).

(k) The Nucleoproteins of embryo extract.

Prepared by:~-
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(1) Hammarsten's method. The nucleoprotein frac-

'tion of embryo tissue extract was obtained by Hammer-
sten's (1920) method as described by Fischer (1941b)

iusing chiefly the powder of frozen dried or vacuum dried
extract as starting material, usually after benzene
ioxtraction to remove fat. An example of one such

!proparntion is as follows:-

j 2 grams of vacuum dried sheep embryoc extract were

;1aighed out into a 50 ml. centrifuge tube: 25 ml. cold

10.06 N HC1 were added and the mixture left in the

;refrigarator overnight. The tube was spun next day

'and the supernatant fluid poured off. The residue was

' stirred with 25 ml. ice cold glass distilled water and

!centrirugod. The clear slightly yellow supernatant

' fluid was discarded. The residue was treated with a

ilittle ice cold distilled water and, while cooled in

i1ce, was treated with cold 0.06 N NaOH till the reac-

' tion was slightly alkaline (faint blue to litmus;

'pH <~ 9). Almost the whole residue dissolved. The
solution was centrifuged and the small residue dis- |
carded. The supernatant was brought just to neutral-

'ity. A small turbidity was centrifuged off. The

'solution while cooled in ice was then treated with
cold N/10 HCl. A very heavy precipitate appeared
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|
when the solution was just slightly acid. It was i
|

added. A faint precipitate asppeared which tended to|
|

redissolve as more acid was added. This precipitate;

centrifuged off. To the supernatant more acid was

was centrifuged down. Both precipitates while cooled
in ice were dissolved in 0.06 N NaOH added t1ll the |

solution was just alkaline to litmus. The solutions‘
were combined (10 ml.). A very slight residue was

left undissolved and was centrifuged down.
The slightly turbid brown solution was analysed
for N and P.

N « 107 mg. %
Pe 10mg. &

Weight ratio % "I%g = 5%

5 ml. of the solution were treated with 5 ml.

}doublo strength Tyrode and the mixture was candled
iuith great difficulty: N = 100 mg. # (approx.). |
; All such nucleoprotein preparations were dis-
solved in the minimum amount of very dilute alkali ‘
till the solution was neutral to litmus, two volumes ;
| of double strength Tyrode were added, and the solution

| eentrifuged and sterlilised by a small filter candle. l
' The welight rutio'§ for most samples of the nuclel-

protein was of the order of 5%.
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Nitrogen
eong.
Test No. Test substance mg./100 ml. Change
in roller in
tubes N.P.P.
Nuecleoprotein fraction prepared
by Hammarsten's method
8l from ethanol ether powder of -
ealf embryo - - 0.04
093/2 from dried sheep E.E. + amino acid
mixture 0.5 + 1 + 0.07
from dried sheep E.E. + amino aecid
mixture 0.1256 + 1 + 0.15
from dried sheep E.E. + amino aeid
mixture 0.0125 + 1 + 0,11
95/2 from dried sheep E.E. 10 - 0,02
. " " " 1 + 0.39
o7 from dried sheep E.E. 10 - 0.19
" " n " 1 - 0.26
125/2 from dried sheep E.E. {LS candle) 10 + 0.67
" " . " Berkefeld
candle) 7 + 0.41
" " W (Berkefeld
candle) + boilled kidney extract 4 + 25 |+ 1.58
Boiled kidney extract alone 25 ‘¢ 0.97
126/2 from dried sheep E.E. ’sampla 2) ) + 0.04
" " " " sample 1) 5 - 0.28
" " n " 4 kidngy
extract 5 + 25 + 0.18
Kidney extract alone 25 + 0.57
Nuecleoprotein fraction prepared
by Greenstein's method
29 from sheep E.E. (candled) 9 - 0.12
35 from sheep embryo cartilage
extract (heated) 9

?"‘ 0035
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The nucleoprotein solutions were tested in vary-
'ing concentrations with and without the addition of !
amino acid mixture (p.111l) and/or nucleotides (p.114)j
(Table 8, Tests 81, 93/2, 95/2, 97, 126/2, 126/2).

The results were rather inconclusive, different

lbatohas prepared in the same way having variable acti
 vity. In many cases high concentrations of the

nucleoprotein produced a much poorer response than '

lower concentrations. A few preparations were de-

‘rinitoly inhibitory.

| (2) Greenstein's method. The nucleoprotein frac-

 tion of fresh sheep embryo extract was prepared by
the method of Greenstein and Jenrette (1940). This |
method is designed to awid, as far as possible, |
protein denaturation during the isolation of the i
nucleoprotein fraction. The product was frozen dried,
dissolved in Tyrode solution and candled. It had no!
activity (see Table 8, Tests 29 and 35). |
(3) Acid precipitation. The precipitate obtainod;

!hy acidifying embryo extract at 0° to pH 4.3 or 4.6

with acetic acid had little or no activity when dis-
solved in the minimum amount of cold dilute alkalil,

and candled after addition of double strength Tyrode
(Teble 7, Tests 46, 38) (see also p. 96).
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A considerable proportion of the total nitrogen
!of these nucleoprotein preparations was retained by
‘the filter candles. Seitz filtration resulted in
|almost complete adsorption of the nucleoproteins on

u
' the filter pad.

To avold the use of candles which might adsorb
' the active materials, preparations of nucleoprotein |
'were also made by aseptic acid precipitation. To 1cei
'cold sterile chick embryo extract, ice cold dilute
ihydroohlorio acid (0.001 - 0.01 N) or acetic acid, wa
5added to pH 4.3 and the precipitate centrifuged doun.w
It was washed with sterile ice cold water (slightly |
'aeidified) end dissolved in the minimum amount of ice

cold sterile 0.001 N NaOH. All operations were of i
eourse conducted with sterile glassware. To the
solution, one volume of double strength Tyrode was
added. It had no activity.
Discussion.

It must be emphasised that all the tests have
been carried out in fresh explants from the nine-day
embryo chiek heart and not on pure strains of fibroblasts.

t
‘The term "fibroblast" is used here in the usual tiszsue

culture sense of cells characterised by a network

arrangement (c.f. Mayer, 1939). Moreover the tests
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' are designed to measure large lncreases, occurring
Ewithin two days, in the nucleoprotein content of the
reells and not to determine the power of the medium to
:mnintain the cultures over long periods of time.
Willmer's (1942a) results were obtained mainly |
:with chick periosteal fibroblasts but in a few exparié
menta with heart fibroblassts he found a fall in ¥.P. PJ
1n Tyrode solution, while the effect on embryo extraoﬁ
iwas rather to prevent the fall than to cause a dﬁanité
iincreaaa. In most of our experiments embryo extract
‘produced a very appreclable rise in N.P.P. and this
!effaet was not appreciasbly diminished with extract ‘
Ewhich had been heated to 100° for a few minutes or atl
38° overnight. Although Carrel's (1913) original |
emphasis on the labile nature of the active prinoipleé
has been supported by later workers, e.g. Craciun |
(1931), Hueper et al. (1933) and Lasnitski (1937) who

found a decrease in activity on incubation at 70° for

10-30 minutes, recent workers have reported a greater

' heat stabllity, e.g. Paterson (1938). Tennant,

' Liebow and Stern (1941) prepared in the ultracentri :o
' a growth promoting fraction from embryonic tissue t:jT
i activity of which was not diminished by heating at

i 100° for several minutes. The effect of heated emb
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iextract on the N.P.P. of pure strains of fibroblasts.
iis, of course, undetermined.

Although both chick and sheep embryo extract are
activu in promoting chick embryo fibroblast growth,
extracts of the homologous tissue are definitely
superior when tested at the same concentration under |
the same conditions. Previous workers have not com- |

pared the potencies of extracts of the embryos of

|different species quantitatively but Fischer (1941b,
11942b) has noted that higher degradation products of |
homologous proteins were more effective than those ofi
?heterologoun tissues. |
It is apparent that sterile embryo extract can bﬁ
lltored_at -30° for long periods without losing its '
activity. At this temperature bacterial action is

‘almoat negligible (Reay, private communication) as

also 1s enzyme action, but over long periods it is

;poaaible that sufficient bacterial action may occur |
;1n non~sterile extract to reduce its activity to somn:
'extent. The reason for the poor activity of extracts
'of stored embryos is more obscure. It is unlikely tﬁ
be due to bacterial action since only the skins of the
embryos are not sterile, but it might be due to the :
action of enzymes associated with the insoluble tiaauJ

proteins.
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Of all the dried preparations, only those dried
from the frozen state were easily soluble. Those |
dried at room temperature were very poorly soluble,
although they retained some asctivity. The improve-

ment in activity after benzene extraction suggests

It;hat; the dried extract contains inhibitory lipoid

‘materials (c.f. Mayer, 1937). Their removal would
also account for the high activity of the extracts ;
defatted by freezing with ether at low temperatures

out ., Prolonged freezing with ether appears to cause

some protein denaturation.-
|

| Ribonuclease attacks specifically ribonucleic

'aclds but 1ts precise mode of action is unknown. Its

‘action may be modified by the presence of protein to
- |
which the nucleic acld 1s bound. For example, Loring

|
(1942) found that ribonuclease was unable to split up

the nucleic acid of tobacco mosaic virus, a rﬁbonncleo

'protein, so long as the nucleic acld remained attached
|:1::.' the protein although it could inactivate the virus
|by forming an enzyme virus complex containing 14%
enzyme. This complex could subsequently be decom-
posed with liberation of intact and active virus.

Although in the present experiments ribonuclease even

provided the freezing and thawing were gquickly carried
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in high concentrations has not influenced the growth

‘ of cultures in embryo extract, the partlicipation of
| ribonucleoproteins as growth promoting agents cannot |
| be completely eliminated on acecount of the posaibnitf
of the reversible formation of enzyme-ribonucleo-
| protein complexes. |
The effect of mucinase is only produced when the
enzyme concentration is very high. Both in this case

and in the ribonuclease experiments, the enzymes were

still asctive in the roller tubes at "time t" and one
cannot therefore exclude the possibility that, in the
| case of mucinsse, the lower N.P.P. found in presence

of the enzyme might be due to a direct action of the

ionzymm on the cells rether than on the embryo extract.
These experiments do, however, suggest that the muco-
Ior sulpho-polysaccharides may be responsible for at
least some part of the growth promoting power of |

embryo extract.

Comparison of extracts of different embryoniec
organs confirms the poor activity of liver extracts |
(c.f. Walton, 1914; Heaton, 1926; Brues, Subbarow,
Jackson and Aub, 1940). Of the other tissuves, carti-

lage, skin and muscle were all very effective. It

'may be significent that all these contain large nmounﬂs
| |
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of muco~- or sulpho-polysaccharides. The high acti-~
vity of sheep embryo muscle extracts 1s in striking
contrast to the almost complete absence of activity

found by Trowell and Willmer (1939) 1n extracts of ‘
_adult fowl muscle. Like extracts of adult brain !
|

(Trowell and Willmer, 1932), extracts of embryo brain
have high activity. There appears to be no relatione+
ship between the nucleic acid content {or the nucleo-

tide content) of a tissue (see p.212) and the growth

|

|

|
promoting activity of extracts of that tissue. |
| Of all the precipitating agents used, ethanol |
| was most effective in producing an active precipitate;
Fischer (1941b) also obtained sctive ethanol preoipi-i

tates. Like the vacuum dried extract, ethanol pre-
cipitates were very poorly soluble. Despite the '

precautions taken, considerable denaturation of pro=~

teins appeared to be unavoidable.

Precipitation of the proteins by sodlum sulphate
is a very mild procedure and yields almost the whole
protein fraction. Yet this material, while freely

soluble in water and showing little or no sign of
idenaturation, was without activity. This suggests
‘that the presence of non-proteln components, not

precipitable with sodium sulphate but precipitable by
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ethanol, is essential for activity. This would be

in agreement with the results obtained by Fischer
(1942b) with dlalysed embryo extract (p. 25.
Results with nucleoprotein preparations have not:
been satisfactory. The nucleoprotein fractions are i
very unstable but this fact alone is not sufficient |

to account for the varisble results obtained.

(£) Extracts end preparations from sdult organs.
(a) The effect of pituitary extract. In view

of the well known action of extracts of the anterior ‘
pitultary gland in stimulating the growth of young
animals (c.f. Young, 1941) the effect of pituitery
extracts on the nucleoprotein content of fibroblasts
in vitro was examined. Saline extracts prepared

according to the method described by Marks and Young :
(1040} ; were kindly supplied by Dr P. G. Young. Ths|
salt concentrations were adjusted to that of Tyrode

before the extracts were tested. In no case did the

the cultures (Table 5(L)).
This is in agreement with the findings of Trowuli

and Willmer (1939) who, contrary to Semura (1931),

found that pltuitary extracts had no growth promoting
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power to tissue in vitro.

(b) Adult heart extracts. Extracts of adult ‘
sheep heart were prepared by the method described by
| Werner and Doljanski (1943) and by Kerr and Werner \
(private communication). Fresh adult sheep heart wa
irinely minced, treated with five volumes of 0.9% NaCl
solution, sheken for an hour, allowed to stand for 24 |
hours in the refrigerator and centrifuged. The aupeA-
natant fluld was precipitated with four (in some I
batches two) volumes of ethanol end the precipitate
centrifuged down and dried in vacuo over CaClg (see
lthﬂ preparation of ethanol precipitates, p. 93). ThJ
dry powder was extracted with ether, dried again, and_
‘treated with Tyrode solution as previously described
'(p. 94)« Extracts from powders prepared in this way
were compared with extracts from powders prepared in
the same way from embryo sheep heart. The powders ]
were elther dissolved in Tyrode and the solution
candled or were dilssolved in water, the solution heated,
centrifuged, sterilised by heat and treated wlth one
volume double strength Tyrode., The powder was also
sterilised by penzene (p. 94) in some cazes and dis-
solved in sterlle Tyrode. All preparations of adult
sheep heart dissolved but slightly in Tyrode solution




Table 9 .

Nitrogen
eone.
Test No. Test substance mg./100 ml. changs
1n roller

tubes n. .g;

121/1 Liver extract {"Examsn“; 40 - 0.08

" " 2 14 + 0.42

118/2 "padutin" 50 + 0.95

b 120 + 0.52

120 "Padutin® 25 + 0.63

¢ 75 + 0.56

122/1 Boiled kidney extract 25 + 0.56

125/2/1 Boiled kidney extract 25 + 0.97

126/2/1 Boiled kidney extract 25 + 0.57

121/2 ©Peptone (commercial) 50 + 1.27

n 20 + 0.86

129/2 Peptone (commereiasl) 41 + 0,55

92 Amino aeid mixture 1 + 0.06

124 Histone (A) cendled + chick E.E. 6.5 + 30 + 0.71

" n " " n " l o+ m + 0.92

W (B) . L " 4 +30 + 0.79

» L o R B " 1 +30 » 0.35

" A) heated " ® " 4 +30 # 0.61

L B " " " " 5 + 30 + 0.77

Chick E.E. alone 30 - # 0.56

121/3 |Materiel from irradiated yeast 50 + 0.56
115

Material from irradiated yeast + 0.46
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or in water. The solubility of ethanol ether washed |

powders (p. 94) wae slightly greater. !
; The results are shown in Table 7, Tests 130/2,
!131, 132/1 (see also p. 95).

In all cases preparations from adult sheep heart |
had poor activity and were inferior to the correspond-
ing preparations from embryo sheep heart and to the

corresponding preparations from whole embryo extract.

(¢) Liver extract. The commercisl preparation |

of purified liver extract "Examen" (Glaxo) was em- E
' ployed (2 ml. = 100 gm. liver). It was shaken (2 mlj
iwith ether to remove phenoclic preservative, taken to
Sdrynesa on the water bath and dissolved in water

|(4 ml.) N = 50 mg. #. The solution was sterilised
at 109° for 10 minutes, cooled, and treated with an

equal volume of double strength Tyrode. Its growth

promoting power was marked at low concentration |

(Table 9, Test 121/1).
|

(d) Pancreas extract. The purified commercial

preparation "Padutin" was employed. It was shaken

|

' wlth ether to remove phenollic preservatlives before

'use, the ether was removed in vacuo, the solution was

sterilised at 100° for 10 minutes, cooled and treated
|

)

(N =« 14) but was less evident at higher concontrntiong.
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| with an equal volume of double strength Tyrode. Thisi
| preparation had good growth promoting properties
| (Teble 8, Tests 118/2, 120) (see also p.121).
(e) Boiled kidney extract (Fischer and Astrup,

| 1942). 45 gm. kidney tissue (ox or sheep) was finelf
| minced end boiled with 100 ml. water containing 0.5 mi
glacial acetic acid. The solution was cooled, i

. filtered, neutralised and filtered. The total ¥ was
140-180 mg. ¥. It was sterilised by heating to 1oo°!
for 10 minutes. After cooling, it was treated with |

- one volume double strength Tyrode and suitably diluteﬁ
| with ordinary Tyrode solution. It had good growth

| promoting properties (Table 9, Tests 122/1, 125/2/1,

| 126/2/1). |

Discussion.

The claims of Doljenski and Hoffman (1939) and
Doljenski, Hoffman and Tenenbaum (1942) for the |
powerful growth promoting action of extracts of adult
. heart have not been confirmed. The alcohol precipi-
| tate of adult sheep heart extract prepared by Werner
- and Doljanskl's (1942) method had poor activity and
. was greatly inferior to material prepared in exactly

h 7
the same way from embryo aheegzgi from whole sheep

embryo. ‘
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The extractas of liver and pancreas tested were
not tissue extracts prepared in the same way as ex-
tracts of embryonic tissues, but were commercial pre-

parations, purified to a high degree, of the anti-

angemic factor and kallikrein respectively. The

|

activity of both is probably due to their content of |
protein degradation products. The activity of

"Examen" is in striking contrast to the poor response |

usually obtained with preparations from liver, includ-
ing embryo liver (see p. 91). Higher concentrations
of liver extract had, however, poor activity, owing,

perhaps, to the presence of inhibitors.

(F) The effect of other substances.

() Peptones. Boiled kidney extract and such |

preperations as "Padutin" are likely to contain protein

breakdown products. In view of their pronounced

growth promoting activity and in view of the results
‘obtained by Willmer and Kendal (1932) and by Fischer
(1942a, b) with protein breakdown products, it was
thought desirable to test the activity of simple peptone
preparations. Commercial peptone was dlssolved in
water, sterilised by heat, treated with one volume
double strength Tyrode solution and tested on the
cultures. It showel{very strong sctivity in ralsing




| the form of the amino ascid mixture of Fischer (194la) |

| tion was diluted with an equal volume of double
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the N.,P.P. of the cultures. Cultures grown in pep- |

tone presented a very fine delicete sppearance and had

exceptionally large aress. All the cultures were

grown wlthout sddition of embryo extract (Table 9, i

Tests 121/2, 129/2).

(b) Amino acid mixture. The ultimate products |

of protein digestion, the amino acids, were tested 1n‘

(for composition see p. 44). The acids were dis-
solved in water anéd the solution mede up to 83 ml.

Total N = 62 mg. #. Amino N = 44 mg. ¥. The solu-|

strength Tyrode and the mixture was dliluted to ten
times its volume with ordinary Tyrode. It had ne

effect on the growth of cultures when tested alone or
in combination with other materials (Table 9, Test 92*
Table 8, Test 93/2).

(¢) Histone. In view of the suggestion of Sted-
man and Stedman (1943c) "that a high content of histone
in the nucleus of & cell produces an inhiblition of both
the processes which lead to mitosis and those which
lead to the synthesls of chromosomin necessary for
the duplication of the chromosomes™, 1t was thought

advisable to test the effect of histones on the growth




| and dried in vacuo: Yield 150 mg. Thehistone con-

112,

of tissue cultures.
Histones were prepared by two different methods
from two sourcesi~ i

1) Thymus histone was prepared from celf thymus by‘

the method of Felix and Harteneck (1926). The minced

gland was shaken with 2% volumes of water and allowadi
to stand overanight in the refrigerator. It wes than;
strained through muslin and 10% acetic ascid added
(1.0 = 1.5 ml.) to the filtrate till the colour
changed from iron gray to pearl gray. The precipi- i
tate of nueleohistone was filtered off and shaken
into a pulp with 100 ml, water. Dilute sodium ;
hydroxide was added till the reaction was feebly |
alkaline and the mixture was shaken for an hour. OnL
ml. 10 N sulphuric acid was then added (reaction acid
to congo red) and the precipitate of nucleie acid |
centrifuged down. To the supernatant fluid three
volumes of ethanol were added and the histone centri-
fuged down and dissolved in 50 ml. warm water. }
Sodium hydroxide was added till the pH was £.5 and |
one volume 85% ethanol was added. The precipitate

was centrifuged down, washed with alcohol, then ether,

talned no phosphorus. .
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2) For the second method of preparation sheep
[
spleen was used as source of materlal and the nucleo-

histone prepered by the method of Mirsky and Pollister
(1942) . The histone was separated from the nuecleic
acid by the chloroform-octyl method of Sevag, Lackman

and Smolens (1938). |
The minced sheep spleen was extracted with 0.9% @

| NeCl and the extract discarded. The residue was

extracted three times with 10% NaCl for fikn minutes

each time at room tempersture. The combined extract'

- (200 ml.) were poured into six volumes of water. The
nuclechistone was preciplitated as a stringy mass
which waa collected on a glass rod and dissolved in
100 ml. 5.4% NaCl. To this solution 0.25 vol.
chloroform and 0.1 vol. see. octyl alcohol were added

and the mixture was shaken for ten minutes and centri:

fuged. A histone-chloroform gel was formed with an
agueous layer sbove and a chloroform layer below.
The latter two layers were removed and the gel was
dissolved in ethanol. The precipitated histone was
centrifuged down, washed wlth ethanol and ether and
dried in vacuo.

These preparations had no inhibitory action.

Thelir effect was indeed to cause some activation of




Table 10,

Nitrogen
cone.,
Test No. Test substance mg./100 ml. Change
in roller in
tubes .NIP.PO

94/1 Ribonucleio acid (pancreas) 0.2 + 0.10

" 4 nucleoprotein _
(Haymarsten) 0.2 +10 - 0.23
" " 4+ nucleoprotein
(Hexmarsten) 2 - 0.12
" " 4+ nucleoprotein
(Haxmarsten) 0.2 - 0.04
ov Ribonucleotides 5 + Q.41
L + nucleoprotein :
(Hemmersten) 5 +10 =-0.21
" + nucleoprotein
(Hammarsten) 5+ 1 -0.2
100 Ribonucleotides : , 30 + 0.05
" 15 + 0-16
" 5 *0
" 2.5 + 0.08
" 1.0 + 0.09
" 0.25 - 0.02
99 Ribonucleotides 3 + 0.22
Desoxyribonucleotides : 3 + 0.07
" + ribonucleo~
tides 3+ 3 + 0.282
Chiek E.E. - 5 + 0,37
" * 4+ ribonucleotides 5 + 3 + 036
" " 4+ desoxyribonucleotides 5 + 3 + 0.11
" . T "
+ ribonucleotides 5 +3+3 +0.22
" " 4+ desoxyribonucleotides. 30 +10 + 0 .52

Nuecleoprotein (Hemmarsten)
+ desoxyribonucleotides 3 +10 + 0.36
Nucleoprotein (Hammarsten)
+ desoxyribonucleotides + chieck -
E.E. 3 +10+30 + 0.41
Nueleoprotein (Hnmmaraten) + chick
E.B., 3 + 30 + 0.29

101 Doaoxyribonuoleotidas 10 - 0.03
b + nucleo~
protein (Hammarsten) 1
Desoxyribonucleotides + chiek E.E. 1
Chick E.E.
Nueleoprotein (Hammarsten)

o0
@

A+ +



Table 10 [continued]

Nitrogen
eone.
Test No. Test substance mg./100 ml. Change
in roller in
tubes N.P.P.
115/2 Adenylie acid, yeast 1 mg./100 ml. - 0.07
» " , muscle " < - 0.08
Nucleosides
115/3 Adenosine 1 mg./100 ml. - + 0.15
Guanosine " " - + 0.22
118/2 Adenosine 5 mg./100 ml, - 0.21
Guanosine - " - 0.10
" + adenosine
e&ﬂh 5 ms./lOO mlo = 0004
Biotin
/2 Chick E.R. v 30 + 0.34
" " 4 biotin (0.33 (/ml.) 30+ + 0.25
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growth (Taeble 9, Test 124).

(d) Preparations from irradiated yeast. The
material prepared from irrediated yeast cells sas

described in Section II (p.167) wes tested end found

to have good growth promoting propertlies (Table 9,

‘Tests 121/8, 116). This is probably attributable to |

'its content of proteln disintegration products (see

p.168) .,
|

(e) Nucleie acids. In view of the statement by‘

Tennant, Stern and Llebow (1942) that nucleic aecids in

'low concentration (1 in 50,000) stimulate tissue growth,
nuclelc acids were tested in the present series. No!
striking results were obtained elther with the nucleiq

acids alone or in combination with nuecleoproteins. !

shown in Table 10, Test 94/1.

| (f) Ribonuclsotidés. A mixture of all four

Results of a best with pancress ribonuclelc acld are
|
|

nucleotides of yeast ribonucleic acid was made by
allowing 2.66 gm. of yeast nuclelc acid to stand in
alkaline solution (20 ml. N NaOH) overnight at room
temperature. This procedure is sufficient to hydro-
lyse ribonuclelc acld to the eonatituant nucleotides |
(Steudel and Pelser, 1922; Jones and Perkins, 1§24:
Loring, 1839). The solution was neutralised with HC1,
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made up to 40 ml. with water and diluted 1 in 50.
N = 19.1 mg. per 100 mi. A portion was sterilised
in the boiling water bath and treated with an egual
volume of double strength Tyrods.

Again the results were variasble but in most cases

moderate concentrations (3-15 mg. ¥ per 100 ml.) pro-

| duced a definite growth promoting effect (Table 10,
Tests 94/1, 97, 100, 99). |

(g) Adenylic acid. Yeast sdenylic scid and mus#le

adenyliec acid in concentrations of 1 mg./100 ml. were|

without effect (Table 10, Test 115/2). Flavine ‘

 adenine dinucleotide was also without effect.

(h) Desoxyribonucleotides. Pyrimldine

' descxyribonucleotides were prepared from Thymonucleic |
ecid by the method of Levene (Levene and Bass, p.i237)1
| 1 gram nucleic scid was hydrolysed by boiling with

10 ml. 2% HpS80, for two hours under a reflux condenaal.
IThe solution ;ns cooled, and neutralised with barium
hydroxide. Barium sulphate was centrifuged off and
excess barium hydroxlde removed by passing COs inte
the supernmatant fluld. The barium carbonate was
centrifuged down and the supernatant fluid taken to
dryness in a vacuum desiccator. The residue wsas

dissolved in & ml. water, centrifuged, and the
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|
nuclectideas precipitated with neutral lead acetate. !
The lead sslta were washed on the centrifuge with |
water several times and were decomposed with HoS. |
The lesd sulphide was centrifuged down and HgS remove
from the supernatent with a current of air. The |
solutlon waes taken to dryness and the residue dis-
solved in 2.5 ml., water. It gave & positive

. diphenylanine test for desoxypentoses. Total N
(60 mg. ¥) was determined in the solution which was
subsequently diluted with en equal volume of double
strength Tyrode (N = 30 mg. %).

Pyrimidine desoxyribonucleotides were less

effective than the mixed ribonucleotlides both in the |

presence and in the absence of embryo extract (Table\

10, Tests 99, 98/2, 101).

(1) Wucleosides. Adenosine and gusnosine were

active in concentrations of 1 mg. per 100 ml. In
' higher concentrations (5 mg. per 100 ml.) they were

' less effective (Table 10, Tests 115/3, 1138/2).
(J) Biotin. Blotin hes been found to have a |
| stimulating action on cultures by Hamilton and Plotz
(1942) but negative results were reported by Tennant,

Stern and Liebow (1942), by Fischer (1941b), and by
| Burt (1943).

d
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A sample of blotin (kindly presented by Professor

V. du vigneaud) in a concentration of’o.ss/ug./ml. had
no influence on the growth promoting power of embryo i
extract (Table 10, Test 77/2). i
!

Discussion.

It is obvious that the higher protein degradation
products have pronounced growth promotlng action in
faiaing the N.P.P., of the cultures even in the absence
of embryo extract. This is in agreement with the |
observations of other workers (e.g. Willmer and Kondai,
1932; Fischer, 1942a, b) who used area measurements :
as index of growth. On the other bhand amino acids i
alone even in the proportions found in fibrin are
without effect. Some degree of polypeptide, peptono:
or proteose structure is apparently essential for
activity. The presence of higher protein split pro-
ducts is probably also responsible for the growth
promoting activity of the preparations from irradiated
yeast, and of "Padutin" and "Examen".

The break-down products of the nucleic acids

. (nucleotides) also appear to have a similar, but much

| less pronounced, growth-promoting effect, (c.f. Calkins,
' Bullock and Rohdenburg, 1912). It is, however,

doubtful if thls factor plays any important part in
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‘vive in stimulating the growth of rapldly growing
[tissues. Such tissues are remarkable for thelr low

|
‘uimple nucleotide content (see Section III, p.221).
|

' SUMMARY. ‘

‘1. The effect of various substances on the nucleo- !
| protein phosphorus content (N.P.P.) of fresh

‘ explants from the embryo chick heart growing

‘ in vitro in roller tubes has been examined.
‘2. Cultures grown in Tyrode solution alone showed a
| fall in N.P.P. The addition of embryo extract
to the cultures caused a definite rise in N.P.P.
and thls rise was unaltered when the embryo
extract was heated to 100° for five minutes.

3. Extracts of mammalian embryos (sheep) also stimu-

lated tissue growth, but sheep embryo extract |

was less effective than chick embryo extract at

the same concentration in terms of total nitrogen.
4. Sheep embryo extract retained its activity after
storage for nine months at -30° in the sterile

state. When extract was stored in the non-

sterile state, or when it was prepared from

oﬁbryoa stored in the non-sterile state, much
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lower activity was found. |

Embryo extract could be dried from the frozen |
state without loss of activity. [Haterial driéd
in air or in vacuo at room temperature had lowl
solubllity and poor activity.

The growth promoting activity of embryo extract |
could be enhanced by defatting the extract by ?
freezing with ether to =25°,

Crystalline ribonuclease had no effect on the ;
growth-promoting properties of embryo extract,
but crude ribonuclease preparations from pan- |
creatin contained factors which caused marked |
stimulation of nucleoprotein synthesis in the
presence of embryo extract. |

Cultures grown in embryo extract to which mucinase
had been added in high concentration showed a ?
smaller rise in N.P.P. than control cultures

grown in embryo-extract without mucinase.

Embryo skin, muscle and cartilage ylelded more

potent extracts than did viscera, e.g. liver.

Of all the proeipitnting agents employed, only
ethanol ylelded a precipitate with active growTh
promoting properties.

Nucleoproteins prepared from embryonic tissue
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|
I
|
120. !
|

hed variable, and never great,. growth promoting
activity.

Extracts of adult pitultary and heart had little
or no growth promoting activity but purified i
liver extract ('Examen'), purified pancreas |
extract (kallikrein, 'Padutin'), boiled kidneyi
extract and peptones had powerful growth pro~- |
moting properties as measured by thelir abilityl
to cause an increase in N.P.P. in the cultures;

Nuclelc acids had little or no effect, but ribo-i
nucleotides had some gréwth promoting notivity:

The significance of these results has been dis-

cussed.




i21. |

(G) PFactors in Pancreatin which influence the

Nucleoprotein Content of Fibroblasts grow-
ing in vitre. ‘

In the course of the experiments jJjust described

on the chemical nature of the growth-promoting prin-

‘eiples of embryo-extract, it was shown {p. 89 that |
.commorcial pancreatin, which is prepsred by extractiné
|pancroas glands with dilute alcohol appeared to conta&n
;faotora which exert a profound 1nr1uenao on the growth
of ehick heart fibroblaests in vitro. These factors |
have been partially purified and some of their proper%
ties and effects are now described. |
Methods .

The roller-tube tissue-culture technique was em- |
‘ployed as described previously. Each roller-tube
contained six fresh explants of the nine day chick-

embryo heart in 0.2 ml. fowl plasma. All tubes were

rotated in the incubator at 38° with 0.5 ml. Tyrode
iaolution alone as fluid phase for 48 hrs. The fluid
Iwas then removed and replaced by 0.5 ml. medium con-
sisting of a suitable combination of Tyrode solution,
‘embryo~extract and test substance and the tubes re-

placed in the incubator. After a preliminary period

of 1«3 hours some of the tubes were removed to give
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!valuaa for the initial amount of tissue present. The
iremaindor were allowed to rotate for a further 24 or |
148 hours or other suitable perlod. Control tubes with
iplnsmn but no tissue were also run. Determinstions |
'of nucleoprotein phosphorus (N.P.P.) were made at the |
;boginning ("time O") and at the end ("time t") of eacﬂ
Etest period as previously described, two or three |
%roller-tubea being used at each time and with each |
‘test substance. The number of tubes which could be
'accommodated on the rotating drum in any test was

1imited to 20. Plasma blanks were therefore dis-

jpenncd with in some experiments, after 1t had been

ioatabliahod that with the preparations under test,

| their use made no significant difference to the results.

|

Growth was assessed by the increase in N.P.P. during the
;tost period. This method was found to be valid for |
'determining the growth-promoting activity of embryo-

;oxtract, and its use was therefore extended to exporiJ

'ments with other growth promoting substances.

The pancreatin preparations were thermostable.

‘Aqueoua solutions were therefore sterilised by hoatiné

for 10 min. at 100° and treated with an equal volume
'of sterile double strength Tyrode solution before being

'added to the cultures.
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The factors can be prepared from fresh ox pancreah

‘but a more convenient starting material is commercial

ipancreatin. Crude solutions were prepared at first

by a method similar to that used by Dubos and Thompson

(1938) for the preparation of crude ribonuclease, by
extracting commerclal pancreatin with 50% acetone and |
linoroaaing the concentration of acetone in the extraeq
Eﬁo 67%. The olly precipitate was dissolved in water,
ioxtracted with ether, and heated to 100° for 10 minuteL.
The precipitate which appeared was centrifuged down
discarded. The supernatant fluld was dialysed in
icellophane sacs, sterilised by heat and treated with aﬁ
quual volume of double strength Tyrode solution.
Later it was found more convenient to incubate

commercial pancreatin overnight with water, filter the

mixture, heat the filtratd to 100° for 10 minutes,
]cool, discard the precipitate and treat the auparnatan*
Ifluid with 6 vols. ethanol. The sticky precipitate
which fell out was washed with ethanol, then ether and
dried. Portions were dissolved in glasas distllled
water as requlired, sterilised by heat, and traatﬁd with
an equal volume of double strength Tyrode solution.




Plate 5.

Cultures grown
A in embryo extract alone
B in embryo extract + pamcreatin factor.

x 15



Plate 6.

Culture§ grown in embryo extract + pancreatin factor.

. .35



Plate 7.

Cultures grown
A 1in embryo extract alone
B 1in embryo extract + pancreatin factor.

x 25
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Results.
1. Appearance of cultures.

signs of degeneration are present.

Tﬁe appearance of cultures grown in embryo-extract
in the presence and absence of fhn material from pan-

creatin is shown in Plates 5, 6 and 7. As the curva-

ture of the roller~tubes renders accurate photography

difficult, the tube, filled with formol-saline fixatiTe,

‘was lmmersed in a trough of water with a glass bottom

and photographed through a low: power microscope. Thj
control cultures grown in embryo-extract alone presen
the normal appearance of prolifersting fibroblasts,
and a fine halo of new growth surrounds the remnant
of the original explant. Cultures grown in embryo-
extract to which the test materlial had been added show
abundant growth of quite a different type. They are

rather smaller in area, and of a dense compact appear-

ance with a sharply demarcated edge. At first sightl
they present the appearance often assoclated with |
degenerating cultures contalning fat globules, but l

microscopic examination of the cells shows that no

Sectiona of the cultures were also made after
fixation in formol-saline and embedding by the method
described by Parker (1938). The presence of the




Sections of cultures grown
A in embryo extract alone
B in embryo extraect + pancreatin factor.

Stained haematoxylin eosin x 50



pPlate 9.

gection of 9 day chick embryo heart.

stained haematoxylin eosin X 310



Sections of cultures grown

A in embryo extract alone

in embryo extract + pancreatin factor.

B

x 310

Stained haematoxylin eosin



Table 11.

-Exampres or Tissue CurrurE Tests witE N.P.P. Varuss ror TuBES
WITH AND WITHOUT TISSUE AT THE BEGINNING (3 Hours) axp EnD (48 Hours)
or THE TEsT PERIOD. :

N.P.P. ug. per roller-tube.

Test| Test substance in fluid | concentra- il Final. Morpho -
No.| phase in roller-tube. tion . logical
mg./100 ml. Plaima Plasmis Plaium Plasma Change.| changes.
tissue. | 2107 | tissue, | alone:
61 | Tyrode solution alone . 0 1:05 | 0-26 | 103 | 024 | —0-07 -
| 1:20 1-03

Embryo-extract +Tyrode | 30+0 133 | 041 | 1-44 | 029 | +0-39 =
1-29 173

44 | Embryo-extract +Tyrode | 30+0 1-63 | 029 | 213 | 0-30 | +0:37 -

1-90
Embryo-extract + crude| 30+16 1:66 | 0-32. | 2:80 | 028 | +0:91 | + +
pancreatin preparation 2.27
82 | Embryo-extract +Tyrode | 30 +0 148 | 0-36 }72 0-32 | +0-32 =
v i £ ;
Embryo-extract + phenol| 30+2 125 | 0:34 | 2:04 | 0:33 | +0-47 +
soluble fraction (i) 1:65 1:92 |-
177

Embryo-extract + phenol | 30+ 20 1564 | 0-37 | 2-20 | 0-30 | +0-48 | + +
soluble fraction (ii) 1-38 ig?
5




Table 12.

-ErFECcT OF CRUDE PANCREATIN PREPARATIONS oN THE N.P.P. oF
Tissve Currures. EacH FIGURE IS DERIVED FROM SEVERAL RoLrLeEr-TUBES.
PLA.SMA BLANES HAVE BEEN SUBTRACTED.

by
Change
Nitrogen Test |in N.P.P. :
.I;::t Test substance. concentration | period, | pug. per | MO:E:I?I(;?G&I
3 mg./100 ml. | hours. | roller- poges:
tube.
44 | Embryo-extract +Tyrode 30+0 48 +0-37 =
Embryo-extract + crude ;
pancreatin preparation 30 +16 48 +0-91 + +
45 | Embryo-extract +Tyrode 28 +0 48 +0-41 -
Embryo-extract + crude
pancreatin preparation 28 +8 48 +0:54 ++
Tyrode + crude pancreatin
preparation ; : 0+8 48 +0-05 =
49 | Embryo-extract + Tyrode 3240 48 +0-45 -
Embryo-extract + crude
panereatin preparation 32 +15 48 +1-28 +
- 51 | Embryo-extract + Tyrode 20+0 24 +0-36 -
: Embryo-extract + crude
pancreatin preparation 20+15 24 +0-82 ++
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11 and 12). Much grester increases are found when
this concentration of embryo-extract is supplemented

by the pancreatin materisl (Teble 11, Test 44; Table

12). Crude preparations are rich in ribonuclease, |
but the preszence of th;s enzyme alone is not respon- ;
sible for the effect. It has already been shown ;
(p. €8) that erystalline ribonuclease produces littloé
or no effect on the growth-promoting properties of
embryo julce.

Although the factor causing the morphological
changes is stable at 100° in neutral or slightly acid
solution 1ts power to produce the characteristic dense
eppearance in the cultures is destroyed by heating at
100° for 30 min. at pE 8-10. The ribonuclesse acti-
vity of the material is completely lost during this

treatment.

8. Purification of the material.

It has been found that the material can be
partially purified by extraction from agueous solution
with phenol, solution of the phenol extract in ether 1
and extraction of the ethereal phenol solution with
water. The activity passes back into the aqueous
layer. During phenol extraction most of the colour
and about 40% of the nitrogen and 207 of the P present
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in the crude extract pass into the phenol layer. Thé
residue does not produce the characteristic morphologﬂ-
cal changes although it may stirmmlate culture growth ﬁo
some extent and cause a slight rise in N.P.P. above |

that produced by embryo-extract alone. The purifica-

(tlon process is as follows:« i
i Twenty-five grams of commercial pancreatin are
'mixed with 120 ml. of distilled water and are left

overnight in the incubator at 37°. The mixture is

| then heated at 100° for 10 minutes, cooled, and centri-~
| fuged. The slightly turbid supernatant fluid is

treated with six volumes of ethanol, and the precipi- |

tate allowed to settle overnight in the refrigerator. |

|

It is then centrifuged down, and washed with ethanol
and ether. Weight 500-700 mg. This material is
deliquescent and is stored in a desicecator. For the |
next stage 100 mg. are dissolved in 10 ml. water, |
brought to 100°, cooled and centrifuged. The preci-
pltate is discarded and the supernatant fluid is ex-
tracted with three successive three gram portions of
phenol. At each extraction the phenol layer 1s
separated by centrifuging. The phenol extracts are
combined and centrifuged at 3000 r.p.m. for 15 min.

A layer of white material which settles out on top of
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‘E¥rFECT OF VARIOUS PREPARATIONS ON THE N.P.P. or T1ssuE CULTURES.
Eacr FIGURE IS DERIVED FROM SEVERAL RoOLLER-TUBES. Prasma BrLanks
NOT SUBTRACTED.

Change
Nitrogen Test. |in N.P.P. 5
II,;?“ Test substance. concentration,| period, | ug, per Morghologtcaj
SECe mg./100 ml. | hours. | roller LHALEES:
tube.
77 | Embryo-extract (E.E.) + Tyrode 20 +0 48 +0-25 o=
E.E. +phenol soluble fraction
(P.S.F.) . ‘ € 20 +10 48 +0-40 + 3
102 | EE. +P.8.F. . . : : 30 +44 48 +0:77 ++
E.E.+PS8.F. . . . . 30 +10 48 +0-60 + +
E.E.+P8.F. . . 5 = 30 +2 48 +0:51 4y
E.E. +P.8.F. . : : : 30 +0-5 48 +0-48 +
E.E. +P8S.F. . = 5 | 30401 48 +0-42 (+)
E.E. +Tyrode. 5 A ) 30 +0 48 +0-42 Z
103 | EE. +PS.F. . . . 2 3:6 + 100 48 +0:65 + +
E.E.+P8.F. . . 3 . 3:6 + 50 48 +0-42 e
E.E.+P.8.F. . 5 . . 36 +10 48 +0-33 +
E.E. +P8.F. . . . . 36+5 48 +0-13 -
E.E.+PS8.F. . 5 - s 36 +0:5 48 -0-02 {(+)
E.E. +Tyrode. 5 2 36+0 48 -0:05 e
104 | Tyrode +P.S.F. . 3 . 0 +50 48 +0-54 -
E.E. +P.S.F. . . . S 2-5 +50 48 +0-56 +
E.E.+P8S.F. . X ? A 10 +50 48 +0-76 +
ER.+PS.F. . P . . 25 +50 48 +0-98 uEl
123 | E.E. +P.SF. . - 5 : 50 +50 48 +1-09 + +
115 | P.S.F. . . : : 5 50 48 +0-87 +
P.8.F. (autoclaved) . . 5 50 48 +0-90 -
11658, . . . G . 100 48 +1:02 4
1TATH DR : . ; : 100 120 +0-59
P.S.F. (autoclaved) . 3 ¢ 100 48 +0-85 +
by 2 1 25 e P TR 5 X 3 . 25 48 +0-19 + 4+
P.S.F. (autoclaved) . f - 25 48 +0-08 -
LOIPSR,. | . . 67 48 +0-76 + +
P.S.F. (autoclaved) 67 48 +0:61 -
P.8.F. (autoclaved) + crystallmo
ribonuclease 3 : J 67 48 +0:56 =
118 | ““Padutin’ . 5 5 % 50 48 +0-95 =
“Padutin™ . 2 3 i 100 48 +0:32 -
B0 cPaAutnAe . A L L 25 48 +0-60 -
“Padutin® . . . : 75 48 +0-56 -
121 | “Examen™ . : . 2 40 48 +0:11 -
“Examen” . 2 v v 14 48 +0-42 -
Peptone. 5 5 : g 50 48 +1:27 -
Peptone. ¥ . y 3 20 | 48 +0-86 B
Yeast extract . . 4 5 50 48 +0:56 -
122 | Boiled kidney extract . : 25 48 +0:56 -
125 | Boiled kidney extract . 5 25 48 +0:97 -
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the phenol 1s dlscarded. The clear phenol extract
is dissolved in 100 ml. ether and the etheresl phenol
solution is then extracted four times with small por-
tions of water. The clear yellow aqueous extracts
are combined (total volume about 15 mi.), and
extracted three times with small amounts of ether to |
remove the last traces of phenol. The aqueous solu~
tion is then heated on the water bath to remove traeog
of ether and to bring the volume down to asbout 5 ml. |
The aqueous solution is cooled and centrifuged to
remove a small amount of insoluble matter. Six
volumes of ethanol are then added and the mixture
allowed to stand in the refrigerator for an hour.

The precipitate is then centrifuged down, washed with
ethanol and ether and dried in vacuo. The yleld is
about 10-20 mg.

4. The effect of the phenol soluble fraction (P.S.F.)

on the growth of the cultures.

The addition of the P.S5.F. to embryo-extract in
the tissue culture medium caused, as with the crude l
material, a greater increase in N.P.P. than the same
concentration of embryo-extract alone. (Table 11,

Test 82; Table 18, Tests 77, 102, 103, 104.) Low

concentrations of the material, although eble to cause

|
|
|
|
1
1
|



Figure 6.

0 1o 20 30 40
Esss— iffect of varying concentrations of P.8.F. with dilute embryo-extract
(N =3:6) on the N.P.P. of cultures in a single experiment.

Abscissa: Log concentration of P.S.F. in mg. N per 100 ml. in medium added
to roller-tubes. Ordinate: Final N.P.P. figures in pug. per roller-tube. Test
period 48 hours. Plasma blanks not subtracted..
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;the changes in the morphology of the cultures, did not
‘appreciably increase the power of a high concentrationl
lof embryo-extract (N = 30)" to raise the N.P.P. An
lexperiment with dilute embryo-extract (N = 3.6) and

varying concentrations of the P.S.F. suggested that t

effects of the extract and of the factor on the N.P.P.

are really independent and additive. Embryo~extract
alone at this dilution (N =« 3.6), although it gives
rise to marked migrational outgrowth, does not aignifiL
cantly increase the N.P.P. of the cultures, but with
the addition of a high concentration of the P.8.F. (N
= 100), the rise of W.P.P. in the 48 hr. growth period
was 0.65 /g. or more then 50% of the initial N.P.P.
(1082/{6-)- The effect of increasing concentrations
of the P.S.F. in the presence of embryo-extract of
N = 5.6 1s shown in PFig. 6, Test 103.

The results of tests with a series of concentra-
tions of the P.S.F., without embryo-extract, confirmed
the capacity of this fraction alone to cause a rise in

N.P.P., and showed that the magnitude of the effect is

® f
N concentration in mg./100 ml. of the fluld phase
added to the cultures.
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s 50 100

B, — Efiect of varying concentrations of P.S.F. (without embryo-extract) on
the N.P.P. of cultures in several experiments.
Abscissa: Concentration of P.S.F. in mg. N per 100 ml. in medium added to
roller-tubes. Ordinate: Final N.P.P. figures in ug. per roller-tube. Test period
24 hours. Plasma blanks not subtracted.
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dependent on the amount of fraction present. With
one sample at N = 150, an increase in N.P.P. equal to
about 100% of the initlal value was obtained in 48 |
hours. Lower concentratlions produced proportionately
smaller increases (Figs. 7 and B8).

The characteristic slterations in the morphology

of the cultures, observed with the F.S.F. and embryo-

extract, were also found with the P.S.F. alone (Plate
11). It eppeaers that neither these morphological |
changes nor the effeet on the N.P.P. require the pre-
sence of embryo-extract. Cells damaged during the

preparation of the heart explants will release into

the medium disintegration products which constitute I
in effect an embryo-extract, but these are not likely
to be present, after the preliminary two day period oq
washing in Tyrode solution alone, in sufficlent amounﬂ
to play any part in fheae effects. If treces of such
cell products are in fact essentiasl to the activities
observed, their presence could not be entirely eliminat-
ed under the experimental conditions, for proliferating

tissue~-cultures are bound to contain some disintegrat-

ing cells, continually releasing such products in smayl
1

m‘mtu - 1

It was observed that at the end of the three hours




Plate 11l.

Sections of cultures grown
A 1in Tyrode solution alone for 24 hrs.
B in purified pancreatin factor alone
(N = 25 mg.%) for 24 hrs.
C 1in purified pencreatin factor alone
(N = 256 mg.%) for 9 hrs.
Stained haematoxylin eosin x 310
All cultures grown for 48 hours in Tyrode
solution alone before addition of test materials.
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20 |

6 12 24 T

B Effect of P.S.F. (without'embryo-extract) on the N.P.P. of cultures
at varying times in several experiments. The medium added to the roller-tubes
contained the P.S.F. at a concentration of 50 mg. N per 100 ml.

Absc issa: Test period in hours. Ordinate: Final N.P.P. figures in ug. per
roller-tube. Plasma blanks not subtracted.
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epplication of the P.S8.F. at a concentration of N « 50
for varying lengths of timwe are shown in Fig. 9. The
ipointa plotted are derived from several experiments

|and eaYARE S0 ARBES. SLECaPENE Bakibes of matertal, . |
Although there is a wide variation in the individual
values, 1t is clear that a progressive rise in N.P.P.;
occurs. The time intervals selected are too great ti

‘detect whether the rise 1s in fact a continuous one or
whether there is a step-wise increase, associated with
the cycles of mitosis. ;

The variation of N.P.P. with concentration of
P.8.F, is shown in Figs. 7 and 8, Eapeclally with

|
)
high concentrations the rise in N.P.P. in 48 hours is

considerably greater than that produced by the same |
concentration in 24 hours. The initisl N.P.P., may
even be doubled. Such an increase is as great as can
be obtained in the same time !ith a very potent pre-
paration of embryo=-juice but still greater increases
can be obtained when both embryo-juice and P.S.F. are

present (e.g. Test 123, Table 13).

Although the P.S8.F. can produce a sharp rise in |
N.P.P. in a short time it does not appear to be able !o
maintain the growth of cultures over long periods in
the same way as does embryo-juice. We have not
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| several passages with the ald of the material.

heating at 100° for 30 min. at pH 8-10. The same

|
!
|
' attempted to maintain a straln of fibroblasts through |
!
|
|
|

Roller-tube cultures in which the P.5.F. was renewed
daeily for five days showed a lower N.P.P. content thaﬁ
did cultures grown for only 48 hours without renewal
(Table 13, Test 116).

The power of the purified material, as well as
that of the crude preparations, to produce the changes
in the morphology of the cultures., 1ls destroyed by

result 1z obtalned with msterial autoclaved for 20
min. at 132°. Such material is still able in the
ebsence of embryo-extract to producs a very appreciable

rise in N.P.P., only slightly less than that produced

by the untrested purified factor (Table 13). The

addition of erystalline ribonuclease does not restoro[

the ability of the treated material to produce the
dense type of culture (Table 13, Test 119). !

|
5 chemical nature of the phenol soluble fraction.

The partially purified materiesl is a light brown
non-deliquescent powder freely soluble in water,
acids and slkalies. The agueous solution is slightli
acld 1in reaction and shows a blue fluorescence by }

ultraviolet light, It gives positive biuret and ‘
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ninhydrin teats. Trichloracetic acid produces a |
slight turbldity and tungstic and phosphotungstie
acids heavy precipitates. The material gives faint ?
precipitates with lead and merecury salts, and heavy
precipitates with pleric and flavianic acids. Testaz
for sulphur, pentoses and desoxypenmtoses (diphenyla=
mine test) are positive. A trace of ribonuclease 4
activity is s t1l1l present. The material responsible
for the dense type of growth dialyses very slowly _
through cellophane membreanes and is partislly precipii
tated by ammonium sulphate at 0.8 saturstion. It is
adsorbed readily by alumina, charcoal, keolin and
Fuller's earth but poorly by Decalso.

Several samples of commercial pancreatin from
different sources have been used as starting material.
Even with the same sample, the purificetion process
dld not give a product of constant composition.
Different bstches of purified material contain
8.3-13.6% N and 1,6-2.7¢ P. In one sample, 13% of
the total N was in the form of esmino N as determined
by the gasometriec method of Van Slyke (1929). After
hydrolysis 4n & N HC1 at 100° for 24 houre the amino N
rose to 60# of the total N and hydrolysis for a
further 24 hours caused no further increase. About
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207 of the P is liberated at pH 8.4 in inorganic form

by the aetlion of snake venom containing an active

S-nucleotidase (Gullend and Jackson, 1938). Estima-
tion of totsl purine N by the method of Graff and |
Maculla (1935) showed that 10.4% of the total N was |
present as purine N. Analysis by the method of Kerr
(1940) revealed that almest the whole of the purine N
was present in the form of nucleotide, nucleoside and
free purine, mostly as nucleotide. '
The phosphorus was resistant to alkaline hydro- |
lysis. 1No inorganic P was split off after 1ncubatio$
with 0.26 N NaOH at 37° in the course of 96 hours.

6. The offect of other substances on the cultures.

A lerge number of known substances has been
tested to see whether they were capsble of producing
the morphologlcel changes in the cultures. They in~
cluded ecrystalline insulin, Witte's peptone, sulphur -
contalning compounds such as glutathione, thiourea,
and thiohydantoin, histemine, rubonucleic acid pre-
pared from pancreas (Jorpes, 1934), from liver (p.266)
and from yeast, all four mononucleotides of yeast
nucleic acid (prepared according to Steudel and Poiae#,
1922, and Jones and Perkins, 1624), pyrimidine desoxy-

ribosides (Levene and Bass, 1931), adenosine, guanosine,
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veast adenylic agcid, muscle adenylic acid, the amino |
acid mixture deseribed by Filscher (194l1g), and phospho-
protein prepared from casein (Levene and Hill, 1935).;

None of them produced sn effect similer to that peso= |

ciated with the pancreatin factor.

Some of the properties of the P.S.F. bear a re-
semblance to those of the anti-ang@mic prineiple of
liver as deseribed by Karrer (19041), Erdos (1942) and!
Subbarow (1642) but a specimen of liver-extract
{Examen) produced none of the characteristie cellular
changes although 1t brought ebout a smell rise in
N.P.P. (Table 13, Test 121). Bolled ox-kidney ex-
tract prepared by the method of Fischer and Astrup
(1942) caused both cell migration end a rise in N.P.P.
without however producing the charscteristic dense
appearance (Table 13, Tests 122, 125). A similar
effect was produced by a preperation of the material
obtained by the lrradiation of living yeast cells
(see p.168), and by commercial peptone (Table 13,

Test 121).

The vasodilator substance kalllkrein (Dale, 1933)
differs from the pancreatin materlial in being thermo-
labile,but as it is alsc derived mainly from the
pancreas (Frey, Kraut and Schultz, 1930; Frey, 1952)




137.

|
|
|
|
it was thought advisable to examine its effects on the
tissue cultures. A commercial preparation of kalli-!
kreln from pancreas (Padutin, Bayer) sterilised by T
heating for ten minutes at 100° was tested out on the
cultures at varying nitrogen concentrestions and was
found to bring about & very marked rise in N.P.P.
(Table 13, Tests 118, 120). It 4id not however appear
to contain the thermostable material responsible for
the morphological changes.

Crude preparations of ribonuclease msde from
pencreatin would also contein the enzyme lecithinase
A which hydrolyses lecithin to lysolecithin (Delesenne
and Fourneau, 1914) and whiech, like ribonuclease, is

remarkably steble to heat in slightly acid solution

(Fughes, 10353 Gronchi, 1936). A preparation of
Jecithinasse A made from pancrestin by the method of
fronchi (1936) was able to bring about the morpho-
logical changes in the cultures. As such a prepara-
tion is fer from pure, the effect of lecithinase from
another source, snake venom, was investigated. Hughes
(1936) has shown that lecithinase from snake venom
will survive prolonged bolling at pH 5.9 although in
8liphtly alksline solution it 1s easily destroyed by

heat. A sample of Russell's viper venom was dissolved
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in water and sterilised by heating at 100° for ten
minutes. A large amount of denastured protein which
appeared during the heating was centrifuged down and
discarded. The supernatant fluid was tested at
several dilutions (7.5, 0.756 and 0.075 mg. §/100 ml.,)
in the presence of embryo-extract and found to produeﬁ
the characteristic morphological picture even at the
_|highest dllutlion.

From the dry venom of the rattlesnake, Crotalus
t. terrificus, Slotta and Fraenkel-Conrat (1938a » b)

have 1solateta2%euro-toxic principle as & crystalline
protein which they have named "crotoxin®. This
material appears to be pure lecithinase &. It has
been proved to be homogeneous when exemined in the
ultra-centrifuge and in diffusion apparatus (Gralen
and Svedberg, 1938), and when subjected to electro-
phoresis experiments (Li and Fraenkel-Conret, 1942).
A sample of pure erystalline crotoxin obtained
through the kindness of Dr H. Fraenkel-Conrat, was
dissolved in water, sterilised by heat, treated with
an equal volume of double strengith Tyrode and tested
in serial dilutions for its effect on culbures growing
in embryo extract. Even at the highest dilution
tested (N =« 0.001) the erotoxin caused the production




CAT 8.12.43

Effect of intravenous injection of phenol soluble
fraction on the blood pressure of the cat.
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of the characteristic dense appearance in the cultures
without havling any effect on the N.P.P. i

The effect of the P.S.F. on the blood pressure was
also investigated. In relatively large doses 1t
caused & pronounced rall in the blood pressure of the
cat (Plate 12) but this is probably of little signifi-
cance. The fall is similar to that caused by such
compounds as asdenosine (Bennet and Drury, 1931; Drury,
1936) which, in any case, are probasbly present in the
fraction.

Discussion.

In considering the effects produced by the pan-
creatin factor or factors it is important to remember
Williams' (194l) werning to distinguish "between an
extract which contains some biologlcally active
principle and a preparation which contalns a single
blologically active substance". The pancreatin
material obviously falls into the former cabtegory.

Kazal, Westflfall. Clereszko, Rlsley and Avnow
(1942) have recently described a material prepared from
pancreas which White and Sayers (1942) have shown to
exert a powerful growlh-promoting effect when fed to
young rats., This material, prepared by extracting

frozen beef pancreas with ascid-alcohol and then acetone
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and pulverizing the residue, is of course very crude i
in comparison with the P.S.F. but would probably
nevertheless contain the same factors. Dally intra-
peritoneal injection of 8 mg. of P.5.F. into weanling
rats over a period of several weeks caused no differ-
ence in growth rate as compared with controls.

The solubility of the setive material in phenol
gives but little clue to its composition since some
proteins end their derivatives and alsc nucleotides
are soluble in this reagent. Phenol has been used
28 & solvent in the purification of entigens (Palmer
and Gerlough, 1940; Morgsn and Pertridge, 1941), of
anterior pitultery hormones (Preud, Lagueur and Mithl-
hoek, 1939), of the anti-ansemic principle of liver
(Rarrer, 1941) and of nucleotides (Warburg and
Christian, 1938; Emmerie, 1938).

The properties of the purified material sugnest
the presence of protein and nucleie acid disintegra-
tion oroducts which may be responsible, as nutrients,
for the nucleoprotein synthesis.

Similer large increases in N.P.P. have been tounf
with protein breskdown products such as peptones
(Table 9 ) and the phosphopeptone of casein.

The growth-promoting setion of protein
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disintegrstion products haz been known for some time
(Carvel and Baker, 1926; Willmer and Kendal, 1932)
and has been emphesised by the recent work of Fischer
(1941ab, 1942ab). The "X-substance™ which Willmer
and Kendal (1932) found to stimulate tissue cultures
is also apparently a protein disintegration product
but differs from the pancreatin masterisl in being in-
.| soluble in pure water. Although these heat-stzble
substances do produce stimulation of growth, their
action is to amplify the effect of embryo-extract
rather than to produce the dense type of culture with
exceptionally high nucleoprctein content characteristie
of the action of the pencreatin material. The growth-
promoting ection of proteoses, peptones and polypep-
tides in combination with nucleotldss 1s envisaged by
Needham (1942) who suggests "that & substance of
nucleotide structure might asct elther as a carrier for
the requisite peptone 'bundle! .... or else possibly
a8 & 'bricklaying' mechanism at the site of protein
synthesis", The action in the present lnstance is
however not merely a guantitgtive increase in nucleo-
protein synthesis during the normal process of growth.
The qualitative change in the morphological character
of the cells must also be taken Into sccount. That
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the materlal exerts itz effeect by the action of st
least two components is sugzested by some of the ex-
perimentel evidence. After sutoclaving, for instance,
the material still retaine most of its power to cause
nucleoprotein synthesis although it can no longer
produce the dense type of culture. Again the Qdense
appearance of the cultures 15 very marked In eoncentra~
.| tions of factor which are too low to produce any
detectable change in N.P.P. This suggests an enzymatiel
effect. Trypsin, which may stimulate the growth of
adult tiasue in vitro (Sizms and Stillmen, 1937),
would appear to be connected only indirectly, if at
all, with the factor since it would scardely survive
the purification process. Commereial panereatin is
of course rich in trypsin which may no doubt play a
part in producing the protein disintegration products
which compose the crude material but the sctlve agent
(or agents) is obviously resistant to tryptie digestion,
as for example are the phoaphopeptones (lowndes, Nacara
eand Plimmer, 1641; Rimingbton. 1941; Posternsk and
Pollaczee, 1941).

It 1s poseible that one effect of the P.8.F. is
not directly on the ¢ells of the culture but on the
plesma clot. Such an action would presumebly be
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enzymatic in nature although the purification process

is sufficlently drastic to destroy all but the most
resistant of enzymes. Ribonuclease activity is still

evident in the P.S.F. but as far as can be aacerta1neL,
ribonuclease, which is a remarkably heat resistant

enzyme , appears to have little connection with the

activity. It is, however, destroyed by heating in
alkaline solution.

The enzyme lecithinase A possesses a resistance
to heat similar to that of ribonuclease. The acti-
vity of preparations of lecithinase from two differonk
sources - pancreatin and snake venom - in producing
the morphological changes described suggests that
this enzyme may be one of the active factors in the
pancreatin fraction. This view is supported by the
fact that the changes are produced by crystalline

erotoxin (lecithinase).

SUMMARY .

Material has been prepared f{rom pancreatin which
influences the growth of fresh explants of the nine
day chick embryo heart in roller-tubes. Cultures
grown in a mixture of this material and ombryo-extraTt
show a much higher nucleoprotein phosphorus (N.P.P.)
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content than do control cultures grown in embryoc-
extract alone. They also have a characteristic dense
compsct appearance and are composed of well nourished

polyhedral cells with numerous mltotic figures.

A method for the partisl purification of .the i

factor (or factors) responsibls for these phenomena 1q
described. It appears that at least two components ;
‘ are inveolved, one of which 1s responsible for the I
characteristic morphological changes 1n the cells,
while the other can produce even in the absence of
embryo-juice a very marked rise in N.P.P., as great as
that produced under similar conditions bj & very con-
centrated extract of embryonic tissue. Such nucleo-
protein synthesis sppears to be a necessary preliminary
to cell divislon in cultures stimulated by the factor.
This would be in accordance with the views of Willmer
(1942b, 1943). ' .
Some chemical properties of the purified material
are described. It appears to conslst mainly of poly-
peptides end nucleotide derivatives. Preparations of
lecithinase A from pancreatin and snake venom produce
the morphological changes described and this enzyme

appears to be one of the actlive components.
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PART 1II.

"WOUND HORMONES"
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"WOUND HORMONES"

l. REVIEW OF LITERATURE.

The suggestion that injured cells liberate sub-

proposed, which stimulate cellular proliferation in

tal work. Although the wound hormone hypothesis was
at first postulated by Wiesner in 1892 in connection
with plant tissues and although the most clear-cut
results in thls fleld have been obtained with
botanical materiel, attempts have been made to extend
the hypothesis to enimal tissues and to apply it teo
the healing of wounds in animals and in man. Of
the several blologleally active substances which

may possibly be liberated by damaged living cells,
e.g. histamine, thrombokinase, "leucotaxine®™ ~ the
permeablility promoting polypeptide discovered by
Menkin (1940) in inflammatory exudates, and factors

responsible for or associated with impalrment

stances, for which the name "wound hormones"™ has been

the neighbourhood of the 1njﬁry has given rise to mue4

speculation and to a considerable volume of oxporimnnJ

® Other nemes which have been suggested for these or
similar substances include blastin, attraxin,
necrohormones, archusia, trephones, desmones,
ete.
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of renal function after erush injuries (Bywaters and
Beall, 194l1l; Eggleton et al., 1942), none can be
regarded as falling into the category of wound
hormones. It is undoubtedly attractive to suppose
that living cells can actuelly eleaborste as a specifie
response to injury an agent or agents which might play
a part in initiating the early stages of wound healing
by causing proliferstion of intact cells. Although
there 18 no doubt that injured cells can and do set
free nitrogenous material, it is difficult to prove
that this material is other than disintegration pro=-
duets of dying and dead cells. Much of the experi-
mental evidence is not easy to interpret, and the con-
clusions must of necessity be rather speculative. An
attempt is here made to examine critically from the
biochemical point of view the evidence put forward in
favour of the wound hormone hypothesis.

1 ound Hormones.

Wiesner's original suggestion was made as the
result of observations on the proliferation of plant
cells in the neighbourhood of injuries, and the
problem was subsequently taken wp by other workers
ineluding Eaberlendt (1921, 1922) and Reiche (1924)
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who investigated the repair of plant wounds to which
erushed plant tissues had been applied. The results
of these investigations left no doubt thet when plant

|
tissues are injured substances are produced which can,
[
under sultable circumstances, stimulate renewed growth

and proliferation of uninjured mature cells in the

|
neighbourhood (English and Bonner, 1937). These so-
|
|

intumescence due to cell proliferation and enlargemnnF

called "wound hormonea" have the power of producing

in the parenchymatous lining of the seed chambers of

young string bean pods (Wehnelt, 1927), and this fact

is the basis of a method of guantitative phyaiolagiea#
assay for wound hormones devised by Bonner and Englis#
(1887, 1938). As a measure of the wound hormone
activity they use the height of intumescence produeodi
which is known to be linearly proportional to the con=-
centration of the wound hormone solution expressed ini
terms of arbitrary units. The test is not given by |
other substances such as vitamins, growth promoting |
substances or auxins, unless they are used in suf- i
ficlently toxic concentrations to cause injury to the
test cells with liberation of wound hormones themselves.
For the isolation from plant tissue of the wound

hormone for which the name "traumatin" has been
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|
proposed (English and Bonner, 1937), bean pods were I
used as starting materiel, and as the result of a ]
lengthy process involving extraction with water, ace-
tone, ethyl acetate and chloroform, precipitation as
berium salt, and the formation of a methyl ester, tha:
wound hormone was 1solated in the pure state. 1rtor'
hydrolysis a erystalline dibasic acid was obtained, |
|| C1pHp00,» mep. 165.5° - 166°, to which the name
"traumatic acld" was applied (English, Bonner and
Hesgen~Smit, 1939). A ten thousandth of a milligram
of the pure acid can promote cell division and enlargq-
ment in the tlssue of the bean mesocarp, and the acti-
vity is greatly enhanced by the presence of co-factors
such as gluteamiec acid and sucrose which themselves
possess little or no activity. Treumatic acid also |
promotes wound periderm formation in the potato and
inhibits germination of tomato and other seeds.

The structure of traumatlc acid was elucidated
by English, Bonner and Haagen-Smit (1939) who showed
it to be éﬁ ~decene-1l: 1l1l0-dicarboxylic acid

HOOC-CH=CH-[CH, ] ~COOH
and proved 1ts constitution by synthesis. English
(1941) has recently synthesised some of its analogues

$
such as /\ =undecene-1: 1ll-dicarboxylic acid
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L7
and /\ -octadlene-l:8-dicerboxylic aeld and demon-
strated that they also have wound hormone activity as
ghown in the bean test.

B. Evidence from Yeast.

An approach to the problem from a different angle
hes been made in America in a long series of papers by
| Looftourew and his collesgues (1938-1943) who have
exposed living yeasi cells to a number of injurious
agencles which, they claim, cavse the cells to releasJ
into the surrounding medium factors termed "prolifera+
tion promoting intercellular hormones™ or wound hor-
mones which ceuse marked stimulation of the growth of
fresh yeast cells.

The deatructive eoffecte of irradiation on cells
and tisasues are well kmown and have recently been re~
viewed by Laurens (1941) end by Harvey (1942). In
the hands of the American workers ultraviolet irradla<
tion of living yeast cells has formed a very convenlent
method of Injuring the cells without either causing
grosa mechanical damesge or adding any chemical agent
which would subsequently complicate growth tests and
chemical analyses. Suspensions of Saccharomvees
gerevisise in water or an appropriate saline medium
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were exposed to ultraviolet light for several hours
till the bulk of the cells were killed as shown by
appropriate stalning reactions. Unllke bacteries,
yeast cells can be injured without being killed out-
right by ultraviolet irradiation (Wyeckoff and Luyet,
1941; Buler et al., 1942). Cell free extracts from

such suspensions, when added to cultures of fresh
| uninjured yeast cells in Reader's saline medium oaua94

very pronounced stimmlation of cell proliferation

which was much more marked then in the case of cultures

to which cell-free extracts of control (non-irrvadiated)
cells had been added (Fardon et al., 1937; Sperti,
Loofbourow and Dwyer, 1937). The growth-promoting
factors produced by the irradiated yeast cells were
stable to heat.

Similar thermostable subatances were also shown
to be produced as the result of injury by chemical
agents, e.g. /5 ~indolylacetic acid, by mechanical
means, by heat and by X-rays. lMoreover, ultraviolet
irradiation of bacteria (Loofbourow and Morgan, 1940)
and of algae (Giersch and Cook, 1941) also resulted 1?
the liberation of growth promoting factors.

Evidence as to the chemlical nature of the materi

liberated by the cells exposed to ultraviolet light was
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provided by spectrographic methods. The ultraviolet‘

absorption spectrum of the materials showed a maximumi
at 2600 & (and & minimm et 2360 &) characteristic of
purines and pyrimidines of the nucleic acld eowplezss}
(see p.197). Chemical tests revealed the presence }

of adenine, guanine, pentose and phosphorus and the !
ebsence of protein, pyridine and sulphur, and the mg’I
gestion was therefore put forward that the prolifargtIon-
promoting factors consisted of nuclele acid-like sub-!
stances of the pentose nucleotide type. In aubsaqueit
experiments an increased yield of nucleic acid-like
substances was obtained from the irradiated suspensions,
and photomicrographs taken with the ald of a quartz
microscope revealed a progressive lnerease in the

ultraviolet absorption of the cells during irradiatioi,

the wavelengths employed being 1# the range highly
absorbed by purines and pyrimidines (Loofbourow et
al., 1938-42). ,

. Partial purification of the materials by chromato-
graphiec adsorption has yielded potent extracts which
do not show selective ultraviolet absorption (Cook
and Fardon, 1942).

Attempts to incorporate the active materials

into preparations for topical application to healing
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llvcsnnmda’l have not produced successful results (Hirsh-
feld, Pilling and Maun, 1943; BSmith and Livingstone,
1943) .

It is important to stress the faet that a large
number of substances are known which stimulate the
growth of yeast even in minute concentrations. These
substances include amino acids (Mitchell and Williams
.1 1940}, and the large group of compounds belonging to
the biocs group recently reviewed by Williesms (1941).
Many such substances must obviously be present in the
nitrogonous material from the irradiasted cells and

|
|

|

i

mst account in part at least for its growth pronntiné

activity. Cook, Hart and Stimson (1940) as the
result of investigations on bios fractions obtained
from yeast suggest elither that the proliferants pro-
duced as a response to injury differ in nature from
proliferants of the normal blos type or that pre-

dominance of a certain fraction of prolifersnts results

from injury. More recently Cook and Cronin (1942)

heve shown that when yeast is grown in a saline medium

supplemented by inositol, thiamin, pantothenic acid,
bilotin, pyridoxin, riboflavin, uracil, choline, acetyl

R

E
So-called "Bio-dyne" ointment.




154.

choline, ethanolamine, nicotinic acid, p-aminobenzoic%
acid and twenty different amino acids, the addition oé
cell-free extracts from irradiated yeasst cells was
still able to bring ebout increased proliferation, and
the extracts therefore appeared to contain materials

differing from sall the known yeast growth-promoting

substances. i
Leonian and Lilly (1943) suggest that these effedts
might be @ue merely to the raising of the levels of
pantothenic scid, inositol, and biotin but this ex-
planation is doubted by Cook, Cronin, Kreke and Walsh
(1943) who found that even when the levels of these
three substances were ralsed, the "wound hormone"
preparations could s till bring about further growth.
Some of the known components of the bios complex
are undoubtedly present in the materials from ir-
radiated yeast cells which have been ' shown (Loofbourow,
1842) to contain appreclable quantities of biotin,
pantothenic acid, pyridoxin, nicotinic acid and foliec
acid, while these substances are absent from the
extracts from control cells. |Moreover, the addition
of adenosine, muscle adenylic acid and adenyl pyro-
phosphate to well supplemented media, brings about a
stimulation of the growth of yeast which is in some
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ways comparable to that produced by the material from
irrediated cells.

The addition of adenosine and guanosine, but not |

yeast adenylic acid, to well supplemented basal media
stimulated yeast growth (Cook, Cronin, Kreke and T
Welsh, 1943) end the yield could be still further in- |
ereased by addition of the material from lrradiated i
| eells. %

Other adenine compounds, the diphospho- and 5
triphospho-pyridine nucleotides, have so far proved t&
be absent from the wound hormone preparations (Loof- |
bourow, Webb, Loofbourow and Abramowitz, 1942) and the
proliferating promoting activity of the preparaticns
is apparently not concerned with the effect of these
nucleotides on cellular respiration. It may, houaveq,
be significant that the inereased growth promoting
activity of materials from injured cells over those
from control cells can only be manifested if the test
cultures to which the materials are added are well
aerated (Loofbourow et al., 1942).

An attempt to determine whether the nitrogenous
material from irrediated yeast cells is (a) the rnaulq
of the release of dead cell disintegration products,
(b) due to increased permeability of the cell membrane
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or (e¢) synthesised as the result of a specific re-
sponse to injury was mede by Loofbourow, Dwyer and
Cronin (1941). They found:

1. That when the cells were irradisted in such a
way that 90% were killed, the yield of proliferants
wea proportional, within limits, to the time of ex~
posure to the injurious influence, and the asctivity
.| therefore did not depend on the number of cells
killed.

2. That the yleld of active material from cells
irradiated while suspended in various medis, was
greatest when the medium contained materials useful to
the cell in its metabolism such as carbohydrate,
nitrogenous substances, phosphates, ete.

3. That cells irradiated and then destroyed
mechanically or by heat yielded more growth-promoting
substance than cells irradiated after being destroyed.
They suggest that these results favour the hypothesis
that the growth-promoting fsctor is probebly e product
synthesigsed by the living cell.

8. Evidence from Animal Tissues in vitro.
Stimulation of the growth of yeast is caused not

only by extracts of irradiated yeast cells but also b;
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extracts from irvedlated animal tissues. Loofbourow,

Dwyer end Lane (1940) have claimed that when the cellj
of newt, chick and rat embryos are irradiated thermo-
stable materials stimmlating yeast growth are produced

They appear to be chemically very similar to the 1

materials obtained from irradiated yeast cells. It
has also been claimed thet similar factors from ir- |
‘|radiated chick embryonic tissue stimulnte‘ths growth
of chick heart fibroblasts in tissue culture to a
greater extent than do extracts from non-irradiated
embryos. (Loofbourow, Cueto and Lane, 1939.) 1In
these experiments the embryonic tissues were submitted
to such severe mechanical trauma before being irradiat-
ed or used as controls that the evidence in favour of
'tha production of wound hormones as the result of ir-
radlation is not altogether satisfactory.

Other evidence obtalned from the use of tissue
cultures has been put forward by Fischer (1930) who
showed that the inflletion of wounds on tissue cultures
caused the production of substances which accelerated
growth.

"Beim Anlegen von Wunden entstehen wachstumford-
eérnde Stoffe von denen vermutet wird dass sie

Wachstunbeschleunigen dienen."
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Cultures which were repeatedly wounded mechanical-
ly grew more quickly than controls. If the colony
consisted of old, vacuolated cells, the regenerating
cells at the edge of the wound were fresh and unvacuo-
lated. When the wound healed the new young cells took
on the eppearance of the old cells of the original
culture.

Moreover, saline extracts of wounded tissue cul-
tures were able to revive growth in other sultures in
which growth was latent from lack of embryo juice.
Filscher (1930) therefore concluded that the injured
cells produced a chemieal growth stimulant. “Among
the factors involved in a éimpla process of regenera-
tion as the wound-healing (sic) is the liberation of
substances with growth promoting properties ..sec.e.
which are set free by the mutilated cells..." (Fischer,
1941b) .,

This view is however by no means universally
accepted. Willmer (1935, p.18) states that the
results of experiments on tissue cultures, parts of
which were exposed to the injurious action of ultra-
violet light, do "not argue in favour of the liberation
of growth stimuleting substances by the injured or
dead cells".
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Cameron (1935) states that the growth of tissue
cultures can also be stimlated by extracts from in-
flamed tissue, while Menkin (1941) has produced evi~-
dence that injured cells liberate one or possibly
seversl proliferation promoting faetors into Inflam-

matory exudates. When injeetions of sterlile inflam-

matory exudates were repesatedly made into ths aubcutiq
of a rabbit's ear over a long period of time, & aevsr&
inflammatory reaction resulted. 1Months after cessa-~
tion of the injections, marked proliferative activity
characterised by hyperplasia and metaplasia of the
normal epithelial layer occurred. The cartilage of
the ear at the slte of the injections a2lso showed
marked proliferative activity. In some cases the
proliferation response was definitely neoplastic in
type. The nature of the substances llberated into
inflammetory exudates by injured cells 1s unknown.

The metabolism of cells and tissues 1s of course
altered by injury. This problem hes been reviewed
by Pleischmann (1939). TIncreases in respiration
and glycolysis as the result of the action of sub-
stances relessed by injured cells are reported by Cook
and Fardon (1942). These factors are stated to be
distinet from the growth promoting factors liberated
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at the same tlme.

The metabolism of healing wounds in skin has
actually heen measured by Gaza and Gissel (1232) and
found to be high during the active repalr process.

D. _Wounds in the intect organism.

Direct evidence of the production of growth-

{ promoting substences when the intaect organism is in-
jured locally or gererally is much more difficult to
obtain. As the resuvlt of observations on the healing

of wounds in an insect, Rhodnius prolixus Hemiptera,

Wigglesworth (1937) eoncluded that the injured cells
produced chemical substances whieh caused "activation"
or enlargement of the surrounding epidermal cells and
provided a chemotactic stimulus to thelr migration anh
concentration round the wound. Information about the
chemical nature of these substances is scanty, but
they are belleved to be protein degradation products
produced by autolysis of proteins in the injured cells.
The migration of activated cells is stimulated net
only by these products but by proteins and especlslly
by peptones from many sources, while amino acids and
simple peptides appear to be inactive.

Carrel (1922, 1924, 1930) concluded that similar
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protein degradation products which he termed "trephones"

are libergted by leucocytes. Cultures of leucocytes
set free into the medium protein derivatives which
appear to stimulate markedly the proliferation of
epithelial cells and fibroblasts, and Carrel consider-
ed that leucocytic enzymes ﬁoting on the cell débris
and coagulated fibrin in the neighbourhood of a wnund;
produce growth activating polypeptides (see p. 38),
while in superficial wounds the damaged cells might
themselves set free growth-activating protein degrada-
tion products which could play a part in initiating
the healing of wounds. Siailar suggestions have been
put forward by Marchand (1501) end Bler (1917), and
Aksmatsu (1922) has shown that the plasma from a
wounded animel has more growth promoting power to
tissue cultures than it had vefore the wounds were
made.

Interesting observations have been described by
Lorin-Epstein (1027) who reported the presence of

substances which accelerated wound healing, so-called
"Regenerations - und w1edarhsraeellungakﬁrper*, in th4
serum and blood of wounded enimsls. These substances
could be transferrved pessively to animals of the same

or other species. In his opinion their presence
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explalned his observatlion that repeated wounds and
fractures in man eppeared to heal more quickly than

primery ones. The factors which accelerated ossifi-

cation in fractures were claimed to appear in the

blood within five or six days and %6 be destroyed by

heating for 30 minutes to 70°C. Apparently similar
materials termed “cytopoié%ines" by Cernot and Terris
(1926) were extracted from regenerating skin and
epplied successfully to the acceleration of wound
healing.

The presence of such substances in regenerating
tissue 1s also suggested by the work of HMackenzie and
Rous (1941) who found that while the application of a
carcinogenic tar to rabbit skin rendered many more
epldermal cells neoplastic or potentially neoplastie
than ever gave rise to tumours, yet the stimulus of

wound healing in such a tarred area could suffice to |

ceuse some such cells to multiply and form tumours.
The existence of such growth activators in
damaged or regensrating tlssue is, however, still
obscure and no attempts at isolating them have succe
As Young, Fisher and Young (1941) point out, "so
far as wound healing in the living animel is conce
**sesee0s these growthepromoting substances are still

da.
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theoretical and highly speculative because no precise
means are avallable of demonstrating them either
chemically or biologically™. If these substances
exist they mizht be expected to be sbundant at the
stage of wound healing when proliferative activity is
most vigorous. With this in mind, Young, Fisher and
Young (1941) measured the rate of healing of both
primary and secondary experimental wounds in rabbits,
the secondary wounds being inflicted some ten or twelve
days after the primary ones. In a statistically
slgnificant number of cases the secondary wounds healed
at a preater rate than the primary wounds and the
authors suggmest that the latter may be the source of
& factor or factors which tend to accelerate the heal-
ing of the secondary wounds. Thls factor may be a
chemical agent, a growth-promoting substance elaborated
by the primary wound, or it may be a by-product of a
general or tissue immunity or it may act in some quite
different way.

Menkin (1943sa,b,¢) has reported the presence in
inflammatory exudates of at least two factors liberated
at the site of recent injury. One, a "euglobulin",
has been termed "neerosin". It induces severe tissue

injury sccompanied by lymphatic blocade and a marked
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leucopenia. The other, a “paeudogloﬁulin", is a 4
leucocytosis nromoting factor which acts on the bone
narrow cauaing_a marked hyperplasia of the myelold
elements and rdleasing immature leucocytes info the
blood stream.

Menkin's work has been reported in a long series
of paners (Menkin, 1937-1943; Menkin and Kadish, 1938,
11943) whilich cannot adequately be sum@arised here.

The liberation by damaged cells of substances
with the setivity of the embryonic inductor responsible
for neurulation has been suggested by the recent work
of Holtfreter (quoted by Berrill, 1943).

The release of adenyl compounds, e.2. adenosine
or sdenylic écid (see p.189) by injured tissues has
been reviewed by Drury (1936). Bennet and Drury
(1931) found evidence for the release of adenyl com-
pounde in cardlsc muscle injured by heat. In the
same way, adenyl compounds may be liberated during
surgical operations, thermal, X-ray and ultravioclet
burns, and may play a part in the onset of shock r
(Drury, 1836). 'The possibility that adenosine tri-
phosphete relessed by injured muscle tissue might
influence the onset of shock has recently been sug-

gested by CGreen (1943). An adenyl compound is
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reported to be released as the result of tissue injury
by trypsin (Trethewie, 1942).
If protein derivatives are foun& among the produec
of injured cells, 1t would not be surprising that
nucleic gecid derivatives should accompsny them. To
what extent the sdenyl compounds mentioned above are
derived from the breakdown of nucleie acid is unknown
| (edenosine triphosphate is of course a normal consti-
tuent of muscle), but 1t has been shown thst, when
living skin 1s exposed to moderately hizh temperstures
some nucleoprotein is lost from the nmuclel of the epl-

dermal cells (Leach, Peters and Rossiter, 1943).

2. EXPERIMENTAL METHODS AND RESULTS.

loofbourow's conclusions concerning the chemical
nature of the growth promoting substances are based
mainly on gualitative tests and on spectrographle
evidence. It therefore seemed desirable to carry out
quantitative chemical analyses of the produvets re-
leased by yeast cells injured by ultraviclet irrsdis-
tion.

150 g. fresh D.C.L. bakers' yeast (Saccharomyces
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gcerevisiase) were washed twice on the centrifuge with
0.9% NaCl solution and were then suspended in 750 ml. |
of the same solution. The suspension was divided
'into three equal portions. One portion (a) was auto-
2c1aved at 120° for 20 min. Such treatment destroyed
cell structure. The second portion (b) was exposed
for 6 hr. at 13 cm. distance to ultraviolet light from
Ja quartz mercury vapour lamp (3.5 amp., burner volts
| 150) by being repeatedly run through the rack of
quartz tubes described by Stiven (1930) at such a ratq
I
|
40°. A third portion (e¢) was kept for the same tim"

that the temperature of the suspension never exceeded

and at the same temperature as a control but without
exposure to ultraviolet light.

The effect of irradiation was followed by with-
drawing a drop of the suspension from time to time,
treating it with methylene blue and examining micro-
scopically. Living yeast cells are not stained by
methylene blue while injured and dead cells stain
deeply (Richards, 1932; MNills, 1941). At the outset
only 1% of the cells stained, but at the end of ir-
radiation 60% steined. The cells were shrunken. In

the control suspension 10% of the cells stained at thﬁ
end of the period. In both cases the total number of




Table 14.

Analyses of centrifuged extracts from autoclaved,
irradiated and control cells .

(a) (b) (c)
Extract from ... Autoclaved Irradiated Control
cells ; cells cells
mg./100 ml. mg./100 ml. mg./100 ml.

Dry wt. (excluding NaCl) - 1705 1164 280
Total N 148-4 104-9 126
Non-protein-N 72-8 96-2 10-5
Protein-N (by differénce) 756 =y B 2:1
Amino-N (non-protein) 574 63-3 9:0
Nucleotide-N 11-8 11-8 04
Nucleoside- and free purine-N 29 9-4 1-4
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{1932) as modified by Kerr (1940). |
Several separate batches of yeast were treated in
this way at different times and the results of a typichl
experiment are shown in Table 14.
Irradiation sets free a large amount of nitrogen-
ous material. A very small amount is in the form of

protein while a high proportion is present as amino-N.

}Hueh more N than in the case of the control is present|
Ein the form of nucleotide, nucleoside and purine:
éTable 14(b).

| Complete destruction of the cells yields an ex-
tract with mmch protein. The non-protein-N is chiefly
!amanuN: Table 14(a). |
| After treating the extract from irradiated cells
iuibh 10% sulphuric acid to hydrolyse nucleic acid |

derivatives after the method of Jones (1920), adenine

was isolated both as the picrate and the sulphate.
| [
Small amounts of guanine were also found. Thus it is
'probable that the nucleotide and nucleoside fractiona'

are chiefly adenine derivatives with small amounts of

|
|

:suanino present.

The growth-promoting powers of the three extracts
iwaro tested by seeding Reader's medium (Reader, 1927)
with a dilute suspension of yeast cells. Varying
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amounts of the extracts were added to the media and |
the cultures grown at 21° in Erlenmeyer flasks as re-
commended by Williams & Saunders (1934) and by Nara-
yanan (1930). The crop was estimated after 20 hr. by
counting the cells in a haemocytometer. |
Examples of results of such tests are shown in l
Figs. 10 and 11. When equal volumes of the extracts |
are compared (Fig. 10), extract (b) from irradiated
cells was found to have about six times the growth
promoting power of oxtracﬁ from the control. The
1rradiated‘auspension had six times as many cells in-
Ijured as the control suggesting a correlation between
cell injury and llberation of growth promoting material.
The extract (a) from autoclaved cells stimulated growth
as powerfully as (b). When, however, the materials

in the various extracts are compared on a weight for

weight basis (Fig. 11), a different picture appears.

The material from irradiated cells is much more sctive
‘than an equal weight of materiasl from the control cells,
and aspprecilably more active than the materisl from

autoclaved cells. These results sugpgest that irradia

tion sets free growth promoting materials which are

elither more active or relatively more abundant, than

Shose produced by total destruction of the cells.
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A few experiments were also carried out in which
smell amounts of suspensions of rabblt leucocytes,
' obtained by the method of de Haan (1938), were ir- ;
?radiatod at 37° with ultraviolet light in a quartsz ‘
test tube provided with a magnetlc stirrer. The
extracts obtained were found to have a considerably
greater growth promoting action on yeast cells than
| those of control extracts. The extracts of the ir-
éradiatod leucocytes also had a higher N content and a
' more marked blue fluoreseence in ultraviolet light 1
' than control extracts.
In view of the statement by Loofbourow and Dwyer
(1939) that growth promoting substances are also pro-

' duced under the action of X-rays experiments were car-

Iried out in which yeast cells were exposed to X-rays
in doses up to 100,000 r. (with beck secatter, un~
ffiltored, 50 Kv., 2 m.a., 15 em, distance from the

' tube). This appeared to have very little injurious
‘effect on the cells and caused no appreciable libera-
tion of nitrogenous materials into the surrounding
‘medium. This medium did not stimmlate yesst growth
more than did the corresponding fluild from control
eells. This is in agreement with the findings of
:Pourbaix and Kennaway (1928). According to Henshaw
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| |
'and Turkowitz (1940), yeast cells are either unaffect-
ed by R8ntgen rays or are killed outright, rather thaJ

injured, if the dosage is very high.
A few preliminary experiments have also been
‘carried out in whieh living chick embryos were exposed

to X-rays using conditions and dossge similer to those
employed by Mitchell (1942) in his experiments on !
':nuelootides in tumour tissue (see p.231). Ten day
‘or thirteen day chick embryos were exposed to a dose
of 1000 r, at 756.56 r. per minute (250 Kv., 10 m.a.,
F.8.D. 40 em.). Sixteen hours later the embryos we
‘removed from the shells. The nucleotide and nucleo-
'8ide contents were the same as in control ermbryos and

ioxtract from them had no greater or smaller growth

|
promoting power than extract from control embryos.

. Another method was adopted for examining the |
ieffocts of irrediation on living animal cells. Roller
tubes (see p. 57) were constructed of quartz. 1In on%h
ior four such tubes twelve pleces of fresh nine day E
@ehick heart were explanted in plasma ciot. Embryo

extract was added and the tubes allowed to rotate in
‘the incubator for two days. The embryo extract was

fthnn removed from the actively growing cultures which

were washed with Tyrode solution, 0.5 ml. Tyrode belng
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‘1art in each tube. The tubes were then transferred |
gto a drum rotating in a thermostatically controlled
(38°C.) cebinet one side of which was cut away to take
'the front of a "Hanovia" analytical ultraviolet lamp.
;Gontrol tubes on the drum were screened by lead foil.f
After a suitable period of irradiation, e.g. 15 min.,
the fluid phase from each tube was transferred to an

lordinary roller tube with six explants which had

‘rotated for two days in Tyrode solution as for the |
fusual tissue culture test described in Sectlion I. |
;After a further two days the N.P.P. was determined 1n‘
‘the roller tubes in the usual way. There was no [
idifferance in growth promoting power of the extracts i
‘from irradiated and control cells. |

| These latter experiments have been only of a pre-
| |

|
‘liberation of growth promoting factors by irradiated

liminary nature but they yleld no evidence of the

étiasuea.

. Discussion.
A large number of substances can accelerate yeast

‘growth, for example, such components of the blos group

!aa inositol, aneurin, blotin, pantothenic acid and

iadarmin. Other substances with similer properties

‘are found in liver extracts (Willlams et al., 1940).
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Amino-acids such as leucine (Miller, 1936), alanine,
aspartic acid, glutamlc acid, lysine and arginine
||t1mu1ate yeast growth, and mixtures of these sub-
'8tances have a more pronounced effect than equivalent
!amaunta of the aclds alone (Nielsen & Hartelius,

1938; 1939). Lysine and arginine are known to be

!plantiful in the proteins of yeast (Kraut & Schlott-
' menn, 1937). l
| Such being the case, it is not surprising that
rupture of yeast cells by autoclaving should liberate
isubatancoa with growth-promoting properties towards
!yoast. Irradigtion of yeast, however, ylelds a sur-
Tprisingly potent extract without destruction of the
:cella. This extract has even more non-protein nitro-
igenous matter than the extract from autoclaved cells.
‘The slow death of the yeast cell does seem to cause
ilibcration of substances into the surrounding medium
Ebut it 1s impossible to say whether or not this is a
%specitic response to injury and an attempt to compen-
‘8ate for the death of some cells by accelerated growth
;of others.

i Among the nitrogenous materials are nucleotides

‘and nucleosides containing adenine and it 1s highly

probable that their presence accounts for the
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spectrographic findings of Loofbourow et al. But it |
iaeems premature to conclude that these adenine nucleo-.
itido complexes are necessarily the active principles
gin the extract from irradiated yeast which are respon-
sible for stimulating the growth of yeast, or that
lthay are elaborated by the cells as a specific
response to injury.

'\ Two possibilities must be considered. The nitro

fgonous materials may be merely disintegratlon products
!or the dying end dead cells, lliberated however, with-
fout rupture of the cell membrane, or the effeect of the
iinjury may be to alter the permeability of the cell
!mambrane 80 that some of the cell contents escape.

In elther case the material from the lrradlated calla_
might be expected to be qualitatively similar to that

from autoglaved cells but to be less in quaiitity.

This, however, is not the case since the organic

material from irradiated cells is welght for weight |
more potent as a growth factor than the material from
!autocluved ¢cells, and much more so than the material
from control cells. Moreover the material from

irradieted yeast cells gives, in contrast to that from

autoclaved cells, strongly positive tests for sulphydrpl
groups. Similar positive sulphydryl tests were
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obtained by Pourbaix and Kennaway (1928) on extracts
of yeast cells which had been exposed to the injurious

influence of ultraviolet light, heat, grinding, freez-
I:‘Lng and thawing and certain chemical agents. The
blological activity of sulphydryl compounds is well
iknown, and their growth promoting action has already
|been reviewed by Hemmett (1934, 1936) and by Riley
'i(1940) (see p. 11), but the extent to which the growth
promoting power of the extracts from irradiasted cells

is due to =8H compounds is unknown.

It would appear to be ressonably beyond doubt
‘that injured cells set free substances as the result
iof the breakdown of their own protoplasm. These sub-|

‘atannos may, under sulitable circumstances, stimulate

tissue growth and s0 ald regeneration, but whether the
substances are syntheslised gd hoc by the injured cells
or are merely products of protein or nuecleoprotein

|
ibreakdown with general nutritive properties is not
i
i
|

The liberation of protein degradation products
;by Injured cells is a well establlished and hardly sur-
!priaing phenomenon. It is reasonable to suppose that
the intact cells with which they come into contact

utilise them as food materials, but whether they provide
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In the case of plants such "wound hormones" exist

There is some evidence that injured animal tissues

Injured yeast cells produce nitrogenous materials

i77.
hormones™, substances produced by living cells
as a specific response to injury, which have the
power of stimmlating the growth of uninjured
cells.

and their chemical constitution is known.

are the source of a factor (or factors) which

accelerates tissue proliferation and the healing
of secondary wounds but the nature of this ractJr
is unknown. The implications of this factor

wound healing are discussed.

containing protein degradation. products and

nucleic acid derivatives of the pentose nucleo-

tide type. These substances stimulate the '
growth of fresh yeast cells, but whether they
are produced as a specific response to injury or
are merely degradation produets of dead and
dying cells relessed perhaps as the result of

inereased permeability is not yet certain.
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a more specific stimulus to growth in the sense that
their effect 1s wholly or partially catalytic in ;
nature is much more problematical. i
The growth-promoting asction of protein degrada- |
tion products 1s, of course, well known and has al- |
ready been discussed (p. 38). Moreover, among the
protein split products are compounds of specifiec !
blological activity. These include for example the
polypeptides gramicidin (Dubos, 1942), hypertensin
(Houssay and Braun-Menendez, 1942), trypsin inhibitor
(Northop, 1939), the polypeptide responsible for aomnf
of the phenomena of acute inflammaetion (Duthie and
Chain, 1939) and, probably, the anti-anaemic principl&

of liver (Karrer, 1941; Subbarow, 1942). However,

until the protein degradiation products from injured
cells can be shown to be produced as a specifie g
response to injury and to have some specific catalytic
activity as growth stimulants rather than general !
nutritive properties, the question of thelr falling !
into the category of true wound hormones must remain |

open. |
|
SUMMARY . |

1. The existence 1s discussed of the so=-called "wnuné
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PART TIT.

THE RELATIONSHIP OF NUCLEIC ACIDS AND
THEIR DERIVATIVES TO TISSUE GROWTH.
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THE RELATIONSHIP OF NUCLEIC ACIDS AND

THEIR DERIVATIVES TO TISSUE GROWTH. |

1, REVIEW OF LITERATURE. 1

As @& result of the ploneer work of Miescher,

Kossel, Jones, Levene and others, it has been generall?

recognised that two types of nucleic acid exist. The
|

' lone type, ribonucleic acid, contains the sugar ribose |

'and uracil as one of its pyrimidine bases, whereas the;
other type, desoxyribonucleic acid, contalins the sugar
desoxyribose and the methylated base thymine in place

of uraoii. It was originally thought that ribonuclaiL
aclid was characteristic of yeast cells and plant tis-

ised animal cells. but this view has now been sbendone

sues generally, while desoxyribonuclelc acid oharactarL

Recent work from Sweden (T. Caspersson), Denmark
(A. Fischer) and the United States (A. Claude, A. E.
Mirsky) has dr#wn attention to the probable importance
of the nucleic acide and nucleoproteins in animal tis-
sues particularly in connection with cellular activity,
and has suggested that nucleoproteins containing
ntose nucleic acids ('ribonucleoproteins') play a
E:ecial role in protein synthesis and tissue growth.
Although the assoclation between the desoxyribonucleic




acid of cell nuclei and the processes of cell division
|
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hae been known for a long time, attention has only i
recently been attracted to the nucleoproteins eontaini
ing pentose nucleic acid which are now known to be !
constituents of many self-reproducing filterable

[
viruses and which appear to be abundant in the rapidl#

[

growing cells of embryos, tumours and regenerating ;

| ¢iseues. The evidence for their associastion with thJ

processes of growth is reviewed here. I

|

A. _Structure of the Nucleic Acids.

The condensatlen product of a purine or pyrimidine
base with a sugar radical and phosphoric acid forms a
nucleotide (Fig. 14). According to the generaliy
accepted view, when four such nucleotides, each con-
taining & different base, are condensed together, the
resulting tetranucleotide forms the unit out of which
the nucleic acids or polynucleotides are bullt by a |
process of polymerisation. As these polymsfa cceur
not only in the nucleus, the term polynucleotide is |
preferable to nucleic-acid. If the sugar radical 1is
desoxyribose the produce is a deaoxyriboyolynucleotidﬁ
or desoxyribonucleic ecid (thymonuclelic acid, animal

nucleic acid, chromonucleic acid); 4if it is a pentose,
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the product is a pentose polynucleotide or pentose

nucleic aeid (zymonucleic acid, phytonucleic aecid,

plasmonuclelic acid, ribonucleic acid). In only one
polynuclectide, that of yeast, has the pentose been i
conclusively proved to be ribose (Gulland and Barker,
1943) . In this case alone, therefore, is the tefm
ribonucleic acid or ribopolynucleotide fully justified
'In other cases the pentose is probably also ribose,
but until conelusive preoof is forthcoming, it would bJ
better to retaln the more general term pentose poly-
nucleotide.

The structure of the nuclelc aclds has been re-

viewed by Levene and Bass (1931), Gulland (1938, 1944),
Allen (1941) and others.

Desoxyribopolynucleotide (dnaoxyribonucleic cid,

thymonucleic acid) originally obtained from the thymus

glend is built up from the two purine bases adenine
and guanine, the two pyrimidine basss cytosine and !
thymine, phosphoric acid and the carbohydrate, 4-2- |
desoxyribofurancse (Fig. 12), the bases being con-
densed each wlth one molecule of sugar and one of

phosphoric acid in the form of nucleotides. Poly-
merigation of the nucleotlides results in the formation

of long fibrous molecules of molecular weight




Figure 12.
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500,000-1,000,000 a8 shown by X-ray measurements
(Astbury end Bell, 1938) end by measurements of viscos-
ity and double refraction of flow (Signer, Caspersson
end Hammarsten, 1838).

The biological importance of this nucleic aecid
has been reviewed by E. Hammarsten (1839). TIts
properties depend to a large extent on the method of
|4ts isolation. The older draafic methods (e.z. that
of Levene and Bass, 1931) produced a very different
material from that obtained by more recsnt and much
milder procedures, e.g. that of Mirsky and Pollister
(1842).

Yeast ribopolynucleotide (yeast ribonucleic acid)

is made up of similar nucleotide units in which the
bases are adenine, guanine, cytosine and uracil and I
the cerbohydrate 1s malnly d-ribofuranose (Fig. 12).
Smell amounts of l-lyxose may also be present (Gullan%
and Barker, 19043). The exact structure of the tetraf
nucleotide unit formed (Figs. 13a, 13b) is still un-
kmown (see Gulland, 1938, 1944), and the degree of
polymerisation of these units in the cell 1s a matter
of some doubt. The sum of the moclecular welghts of
the four constituent nucleotides in 1357, a figure

which agrees well with the value of 1300-1700 found
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the dotted lines gives Levene's formula.
From Gulland (1938).
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(Gulland, 1944).
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by MyrbBck end Jorpes (1935) for the molecular weight |
of isolated materisl. A much higher figure (10,000)
was found by Flscher, Béttger and Lehmann-Echternacht |
(1941), Fletzher, Gulland, Jordan and Dibben (1044)
[found molecular weights between 10,280 and 23,250
depending on the commercial source of the nucleic acid/

employed. As Fischer (1942) and earlier authors, e.g

' Steudel and Peiser (1922), Johnson and Harkins (1929),
have pointed out, yeast ribonucleic acid, although
usually prepared by alkaline extraction, is labile
towards alksll, and the molecular weight and degree of
polymerisation thus vary considerably according to the
method of preparation. In the case of both ribo- and
desoxyribonucleic acids, especially the former, some
of the methods employed in the process of iseolation
may bring about considersble alteratlon in properties
(Mayer and Gulick, 1942; Cohen, 1942). This i= well
exemplified in the case of virus ribonuclele scid
(vide infra).

Yeast ribonuclelc acid is attacked by a hest
stable énzyme discovered by Jones (1820a), partially
purified by Dubos and Thompscn (1938) and crystellised
by Kunitz (1940) who named it "ribonuclesse". = TIts

action has been investigated by several authors
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| (Runitz, 1940; Eiler and Allen, 1941; Allen and
}Eilar, 1941; ILoring and Carpenter, 1943) but is still

imperfeetly understood. It appears, however, to briﬁg
about partial breskdown of the ribonucleic acid mole-i

cule with the liberastion of some mononucleotide units.
It has no action on desoxyribonucleic acid, and it

doss not hydrolyse ezg albumin, haemoglobin, peptone,

micoproteins or polysaccharides of animal plant or
bacterial origin according to Dubos and Thommson (1938)
though an unpublished eccount by Mezia quoted by Gers

| and Podien (1943) suggests that it may have some

effect on fibres of denatured thymonucleohistone,

egg albumin, casein and haemoglobin. It has no effect
on synthetlic phosphoric estérs (Eiler and Schmidt,
1941) .

Kunitz (1940) found that the products of its i
action on ribonucleic acid contained no 1norg§nic P
but were diffusible through & collodion membrene.
Whereas 1007 of the P in ribonucleic acid can be pre-
eipitated by a mixture of 0,25% uranyl scetate in 2.5%
trichloracetic acld after the reaction with ribonuclease
has gone to completion only 40% of the P is so precipi-
table (see also Smolens and Sevag, 1942; FHoagland et

al. ] 19‘3) L
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The nature of the reaction catalysed by ribo-
nuclease is obscurs. Schmidt and Levene (1938) sug-
gested that the enzyme was a depolymerese breaking
down high molecular weight tetranucleotides to those
of lower molecular weight but the action is almost

certainly more complex than this.

According to Eiler and Allen (1941) and Allen
Eiler (1941) its action is to liberste an scidic group
in the range of a secondary phosphoric acld group dis-

sociation (ribonucleic acid has four acidic groups 1n‘

the renge of the first and second dissocigble phos-

phoric acid groups). The liberation of the fifth
acidic group may indicate opening of a eyeclic strue-
ture. Bolomey and Allen (1942) found that prelimi-
nary treatment of ribonucleic acid with ribonuclesase
inereased the yleld of inorganic phosphate, guanosine
and adenosine when the residue was treated with a
non-specifiec phosphatase. They suggested the possi-
bllity that guenylic aecid lay at one end of a chaln
with sdenylic acid either next to it or at the other |
end.

From the products of the reaction of crystallina!

ribonuclease on yeast ribonucleic acid Loring and

l
Carpenter (1943) have isolated all four mononucleotides.
| .
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As the action of the enzyme therefore secems to be thati
of a depolymersse, even though other products of |
higher molecular weight then the mononucleotides may
be formed es well, they suggest that the enzyme should
be called "ribonucleinase".

The physical and chemical properties of crystal-

line ribonuclesse have been described by Fankuchen

(1940-41), Rothen (1940-41), and Uber and Ells (1941).
It can act &s an antigen (Smolens and Sevag, 1942);

it inhibits certaln enzyme systems (Potter and Albsum,

1¢42); end it reversibly insctivates tobacco mosaic

|
|
virus (Loring, 1942). |

The_pentose polynucleotide of the pancreas. In |
1894 0. Hammersten prepared a substance from the |
pancreas to which the name ")-pancreas nucleoprotelin®

was applied. From this material Bang (1898-99, |
1600-01) prepared a "guenylic acid" which eould be prJ—
cipitated from a solution of its salts by acetie acld,|
end assumed that this acld was the prosthetic group of
the nucleo-protein. About the same time Levene (1901,
1902-05, 1922) also found decoxyribonucleic aeid in |
the pancreas. Later this was shown (Steudel, 1935) |

to contain thymime among its bases. |
The subject of the :g-pancreas nucleoprotein” wn{

later taken up by Feulgen (1919-20), E. Hammersten
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(1920) and Hammarsten and Jorpes (1922) who concluded |
that the nucleic acid was a pentose polynucleotide. |
The suggestion that a pentese polynucleotide might be

found in the pancreas was supported by the work of

phoric acld along with guanylic acid in dogfish pan-
creas while Jones and Perkins (1924-25) isolated
erystalline gusnine, adenine and cytosine pentose
nucleotides from the "j-pancreas nucleoprotein” and
reported that a substance resembling the guanyliec

aclid of the pancreas occurred in spleen and liver.

may be widespread in animal tlssue dates from this
time .

About the same period Jorpes (1824) isolsted
crystelline vrucine salts of cytidine and uridine
phosphoric acids from pancress nuclelc acid. The

iszolation and properties of the parent polynucleotlde

1834) who supported the view that the aeid was a
pentanucleotide containing three molecules of purine
pentose nucleotides (guanine : adenine ratio = 2 t 1)
and two molecules of pyrimidine nucleotlides. It is
acted on by ribonuclease (Eiler and Schmidt, 1941)

'The suggestion that ribonucleic acids (polynucleotides

Berkeley (1821) who had found an adenine pentose phos-

were deseribed in a series of papers by Jorpes (1928,
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Pentose polynucleotides of virus nucleoproteins.

A third source of pentose nucleic acids iz to be found
in certain of the highly purified filterable viruses !
such s tobacco mosaie virus (Loring, 1939), ring spoﬁ
virug (Stanley, 1939), the Rous sarcome virus (Claude,
1938, 1039, 1940) end the virus of eguine encephsalo~- |
myellitis (Taylor, Sharp, Beard and Beard, 1943). Of
these the nucleic acld of tobacco mosaic virus hes

received most attention since its first isolation from
the virus nucleoprotein by Loring (1839). From the |

hydrolysis products guanine, adenine, cytosine and the

brucine salt of an aeid similar to, and probably iso-
meric with, yeast uridylic acid were obtained. Like
yeast ribonucleic acid it is attacked by ribonuclease |
when in the free state but not when bound to the |
native virus protein (Loring, 1939, 1942; Cohen and
Stanley, 1942a). The intact virus is lnactlvated
reverasibly by the crystalline enzyme (Loring, 1942), a
dissocisble enzyme virus complex beling formed.

The virusz nucleic acid appears to be highly poly-
merised, When methods invulving tﬁa use of alkali
were avoided, Cohen and Stanley (1942b), by extraction

with sodium chloride from the heat denatured virus |
protein, obtained a highly asymmetrie nucleic acid witp
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a particle weight when fresh of 300,000, It decom~
posed spontaneously to asymwetrlc particles of particle
weight 61,000. ©EBoth of these particles appeared to

be too long to lie within the width of the virus mole-

cule, and they were converted by cold alkall into

particles of molscular weight 15,000 and axlal ratioc |
of 10. ?

Nucleotides (Fig. 14). Desoxyribomenonucleotides

are not known to occur in the free state in tissues.
Of the four comnstituent ribonuecleotides of yeast
nucleic acid, that containing adenine is of greatest
interest and importence. Adenine derivatives have
recently been reviewed by Lutwak-Menn (1939). They

inelude the nucleoside adenosine whose pharmacological

setion has been reviewed by Drury (1936), and the two |
nucleotides yeast adenylie acid (adenosine-3~phoyphorib
ecid) snd muscle adenylic acid (adenosine-5-phogphorie
acld). The latter was isolated from blood by Hoffmen
(1825) and from muscle by Embdeq and Zimmermen (1927)

where it is formed by the dephosphorylation of adeno-
sinetriphosphate (adenyl pyrophosphate) (Fig. 14).

This end other adenine nucleotides such ss the nicotina-
mide nucleotides (diphosphopyridine nuecleotide and

triphosphopyridine nucleotide) and riboflavin-adenine
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dinucleotide are well known for the part they play as

co=enzyues . Their function in this capacity has been
reviewed by Warburg (1938), Beumenn snd Stave (1929) |
|
and by Allen (1941). f
|

B, Methods of differentiating between the two types

of Nuelelc Acid.
(1) Chemical methods. These msthods depend upon

specific tests for desoxypentoses and pentoses.
(a) Tests for desoxypentoses. Dische's (1930) i
|
test, which depends upon the reaction of desoxypentoses

with diphenylemine in acid solution to form a blue
colour, has been applied guantitatively by Sevag,
Smolens and Lackman (1940) and by Vowles (1940).

Feulgen's teat has been quantitatively applied by
Widstr8m (1928) and modified by Caspersson (1932).

(b) Tests for pentoses. Bilal's oreinol test has
been applied gquantitatively, e.g. by Dische and
Schwartz (1937), by Mejbaum (1939) and by Barranaohemﬂi
and Peham (194la). |

Most tests (e.g. those of Hoffmen (1927) and of

Reeves and Munro (1940)) depend upon the formation

from pentoses of furfural which can be colorimetricall
estimated by its reaction with such substances as
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aniline acetate.
(11) Histochemical methods.

(a) The Feulgen test (Feulgen and Voit, 1924). :
The reagent used in this test is fuchsin decolourised
by sulphurous acid as used in the Schiff's test for |
aldehydes. Desoxyribonucleic acid by virtue of its
desoxysugar group gives the test (brings back the i
purple colour of the fuchsin) after gentle hydrolysis |
with O.,1 N HCl. The test can be applied hiétologicaﬂ—
ly to tissue sections. Cell nuclel stain a atrikingf
purple colour. |
The interpretation of the mechanism of the test %
may have to be modified (Choudburi, 1943) in the lighq
of the work of Stedman snd Stedman (1945a, b, ¢) on |
chromosomin. |
(b) Ribonucleic acid can be detected histochemi~
eally in fixed tissue sections using the test deacribéd
by Brachet (1940) which depends on the fact that the
enzyme ribonuclease attacks specifically the ribo-
nucleic scids digesting them out of the sections whi
therefore no longer show such deeply basophilic atainT
ing. f
The Brachet test has been described 1ndependent1ﬁ
by Painter and Taylor (1942) and by Cersh and Bodian |
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(1943) , and has been used by Sehmltz (1941) at differ-
I
ent pH values.
The orcinol test has been used histochemically by
Mitehell (1942). |
|

C. The Distribution of Polynucleotides in Animal and
|

Plant Tissues.

The nucleic acids which were first isclated were
ribonucleic acid from yeast and desoxyribonucleiec acidg
(thymonucleic escid) from the thymus gland, and for a
time it was considered that "there are but two nucleic
acids in nature, one obtainable from the nuclel of i
animal cells, and the other from the nuclei of plant |
cells" (Jones, 1920b). !

At the same time it was known that pentose deri-
vatives in addition to the j@-pancreaa nucleoprotein" :
already mentioned were present in animal tissues
(Blumenthal, 1898; Grund, 1902; Wohlgemuth, 1903;
IH&uborg, 1904; Mendel and Leavenworth, 1908; ankin—%
son, 1914). As well as the more recently discovered
mono~ and di-nucleotide coenzymes containing adenine,
bpentose nucleotlides of other bases presumably derived é
from ribonucleotides have been prepared, e.g. of '

haddock
uracil (Levene and Mandel, 1906) from eggs of the xxnl |
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(Gadus geglefinus) and all four nucleotides of ribo-

nucleic acid (Calvery, 1928) from hydrolysates of chick

embryo pulp. The presence of a ribopolynucleotide
aclid in the mammary gland is suggested by Odenius
(1900) end Mandel and Levene (1905), and both types of
polynuecleotide have been found in sea urchin eggs |

(Blanchard, 1935). As a result of this work end of |

' the work of Jones and Perkins (1924-25) on ribonucleo-

tides in spleen and liver and of similar observations

by Thomas and Berariu (1924) doubts arose as to the !

validity of earlier views on the distribution of nucléic

aecids, e.g. "the distinction between animal and plant

nucleic acid will in future not be so definitely drawﬁ"
(Jones and Perkins, 1924). About this time the sug- |
gestion (c.f. Jorpes, 1928) was made that ribonucleic |
acids might be widespread in animal tissues, and was |
supported by the subsequent histochemical observations
of Brachet (1933, 1937, 1940a & b) on amphibia, of
Desclin (1940) on the anterior pituitary of the growiné
rat and guinea pig, and of Painter and Taylor (1942)
on toads' eggs. |
The presence of large amounts of pentose nuclelc
aclds as well as desoxyribonucleic acid has been Qemon§

strated in the tissues of the embryo and adult sheep in
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the present investigation (p.251).

The discovery of pentose nueleic acid in animal
tissues has of course meant the gbandonment of the |
early view that desoxyribonucleic acid alone is charac-
teristic of animal tissues and ribonucleic acid of
'plant tissues. Desoxyribonucleic acid has moreover
been located not only in animsl cells but also in the |
'|eell nuclei of plant tissues (Feulgen and Rossenbeck,
11924; Kiesel and Belozerski, 1934; Belozerski, 1936;
Belogerski and Uspenskaya, 1942, Behrens, 1938a) in-
cluding yeast cells (Delaporte and Roukhelman, 1938).

Both types of nuclelc acid are present in bacteria

(Sevag, Smolens and Lackman, 1940). From bacteria
Henry and Stacey (1943) have extracted ribonucleic
acid as the magnesium salt end have suggested that the
Gram positive (dye retaining) material is a high mole-
cular complex formed by combination of a reduced basie
protein substrate with magnesium ribonucleate.

Recent work has also led to the view that nucleic
acids are not confined to the nucleus. As long ago
as 1905 Beebe and Shaffer suggested that pentose dnr1~;

vatives might be present in the cytoplasm of tumour

cells, and such work as that of Feulgen and Rossenbeck
(1924), Feulgen, Behrens and Mahdihagsan (1937),
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Behrens (1938), Delaporte (1939), Painter and Taylor
(1942) , and of Mirsky and Pollister (1942), has given
rise to the conception that in both animsl and plant
cells desoxyribonucleic acid 1is characteristic of the
nucleus and ribonucleic acid chiefly of the cytoylaamf
(Mirsky, 1943; Pollister snd Mirsky, 1944). |

. |
D, Distribution of the Polynucleotides in the inds- |

vidual cell.

' (1) The nucleus, chromosomes and genes.
The early work on the chemistry of the cell nueleus

'was carried out by Miescher (1897) who first deseribed

ttha essential nuclear materials, desoxyribonuclelc

;acid, and the basic proteins end who suggested that |
Ethay might be concerned in the mechanism of heredity.
|The nucleiec acids were studlied by Jones, by Hammersten,

|
and by Levene and others, and the protein components of

'the cell nuclei, the protamines and histones, by |
|

Kossel. Our knowledge of the essential role of the
nucleic acids in nuclear structure has been extended |
by recent work (see review by Mirsky, 1943). i
Nueleoproteins can now be 1lsolated with very litfla
protein denaturation of the protein or aiteration in |

chemical properties (c.f. Greenstein and Jenrette, |
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1940). ‘The nucleoproteins of the cell nucleus have
been prepared by Mirsky and Pollister (1942) who re-
moved the cytoplasmic ribonucleoproteins by simple
extraction of the minced tissue with physiological |
galine solution and treated the extracted pulp with ;
1M sodium chloride. The desoxyribonucleoprotein wasl

extracted as a viscous bilrefringent material from whicb
| the nucleoprotein waé precipitated by addition of sixi
volumes of water. It was found to be soluble in 1 M
'NaCl, insoluble in 0.14 M NaCl and soluble again in

l0.0B M NaCl, but at this concentration of NaCl it wnsi
less viscous and less birefringent. The nucleic acid
which appears to be exclusively desoxyribonucleie aciﬁ,

comprised some 51-667 of the nucleoprotein. If a
solution of the nucleoprotein in 1 M NaCl was dialyued
|

against 1 M NaCl, the protein component, which was of
the protamine or histone type, slowly diffused throug@
[the cellophane sac¢ leaving the highly polymerised
inucleic acid behind. The material termed "plasmosin"
by Bensley (1942) is prepared in a similar way and 1t%
relationship to these nucleohistones is discussed by
Hoerr (1943) and by lirsky and Pollister (1943).
Caspersson's (1936b, 1940a, ¢) use of the guartz

microscope with photometric determinations of the
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ultraviolet absorption in different reglons of the

nucleus and cytoplasm of cells is one of the most im-
portant recent developments in cytochemical technique |
and has yielded much information about the location oﬁ
nucleic acids which show a characteristic high abserp%
tion maximum at 2600 3 by virtue of the conjugated ?
double bonds of the constituent pyrimidine and purino!

'iringa. The high extinction coefficient of the purinq
|

and pyrimidines (known since the time of nnSéS'(lsos)ﬂ
| AL a b ERNE ARG Sheso  bRRS PN SLEIP SiBstinasn LubE

|
to be present in biological material. The absorption

spectra themselves do not differentiate between the %
two types of nucleic acid but in conjunction with :
other tests such as the Feulgen (1924) reaction for i
desoxyrivonucleic acid or the Brachet (1940) - test for |
ribvonucleic acids (Schultz, 1941), they have been ungé
to indicate the site of each type of nuclelic aecid. Id
this way information has been obtalned about the nueleie

acid nature of the chromosome and of the gene (see

also Schmltz, 1941; Gulick, 1941; Darlington, 1942)
and about the role of nucleic acids in cell divisidén
(Caspersson, 1937s, ¢, 1939, 1940a, b; Caspersson and

Schultz, 1939, 1940). The deductions of Caspersson

from ultraviolet absorption measurements are based on




|
198. |

the sssumption (Caspersson, 1936) that the character-
istic nucleotide absorption maximum is not affected by
polymerisation of the nucleotides or by their conJuga%

tion with protein. The ultraviolet absorption spectra

of the nucleoproteins are assumed to be the same as

| those of mixtures of nucleotides or polynucleotides

and proteins. It is possible that these ausumptional
'lare not fully justified. Graff and Barth (1938) |
suggest that "teutomeric shifts in the constituents
of nucleic acids are responsible for the alterations
in the ultraviolet absorption spectra® noted by
Caspersson (1937) in the chromosomes of dividing cell&,
and that in faet "the total amount of nucleic acid in
the cell is constant®. |
Wyckoff, Ebeling and Ter Louw (1932) compared the
ultraviolet absorption of various types of living oel%s
with the results of the Feulgen method of staining of
' fixed preparations for desoxyribonucleic acid. Roatiﬂg

cell nuclel were found to be much less opaque to

ultraviolet light than those of dividing cells, except
in the Feulgen negative nucleoli and "all the gross ;
structures brought out by Feulgen stalning have been %
found in the living material by their intense ultra- :
violet absorption"”. i
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Using the large chromosomes of Stenobothrus !
spermatocytes and of the salivary gland of Diptera |
larvee, Caspersson (1935) has shown that in the ultra-
violet regions of the spectrum the chromosomes show n%t
only the characteristic absorption of the nucleic aoiia
but slso a discoidal structure of alternating light and
dark bands, which are not revealed by ordinary light ‘
| (Caspersson, 1937b). He therefore concluded that th;
chromosomes consisted of alternating nucleic acid andi

protein segments. These observations were later ex-

tended to the chromosomes of Drosophile and Chironomus

larvae (Caspersson, 1936). The chromosomes are |

usually assumed on the basis of a positive Feulgen
reaction to contain nucleic acld of the doao;yriboae |
type (c.f. Gulick, 1941), and there appears to be a f
direct correlation between cell division and nuclele i
acid content. Desoxyribonucleilc acid apparently 1n-;
creases in prophase and decreases in telophase (Cas- ‘
persson, 1935a, b, 1936, 1939).

The protein content of the chromosomes has also
lbeen investigated (Caspersson, 1940a, d, 1941b). ThJ
ultraviolet asbsorption curve of the grasshopper chromq-
somes shows not only the presence of nucleic acid but

also a slight rise at 2800 £ attributed to tyrosine and
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tryptophane. Evidence has accumulated that the
euchromatic sections contain complex proteins of the

globulin type while the heterochrometic regions (and

|
i
the nucleus) eontain simple proteins such as the ‘
histones (c.f. Darlington, 1942). Caspersson's !

|

'identification of the protein constituents of the

| Mirsky (1943) who found that the ultraviolet absorp- ‘
!tion curves of histone and albumin did not show the
differences deseribed by Caspersson). ,
Mazia (1941) suggests that the salivary chromo- i
some consists of a continuous framework of histone- ‘
1like protein and s matrix consisting of protein con- |
taining many acidic groups. The chromatic bands con-
tain a protamine-~like substance to which the nucleie |
acid is attached. Such a fibrous organisation of th
chromosome structure was supported by the similarity |
between the behaviour of chromosomes and of artificiai
nucleoproteins towards enzymes. |
Schultz (1941) has painted a more complex pict
of the structure of the chromosome as a protemine-lik
thread with d esoxyribonucleic acld at intervels along |
1t, the whole having a sheath or cement of ribonucloié

|
aeid or ribonucleoprotein, but the evidence he presents
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is by no means conclusive.
& survey of the structure of protoplasm and calli
nuclel is given by S8eifriz (1942), and of the struc- i
ture of the chromosomes by Darlington (1942).

It is usually assumed, mainly on the basis of the
Feulgen test, that desoxyribonucleic acid is located
exclusively in the nucleus (though Loo (1937) has
'_reported in the case of Purkinje cells that desoxy-

ribonucleoproteln may pass from nucleus to cytoplasm |
as age advances) and that 1t 1s the most lmportant
constituent of the chromosomes. Modern views on the i
structure and function of the nucleus have, until ‘
recently, centred round its desoxyribonucleic acid
(e.g. Gulick, 1941), but a new conception of the
c¢hemistry of the nucleus has been introduced by rnconti
preliminary reports b, Stedman end Stedma. (1943a, b, |
¢, 1944) of the discovery of & new protein in the

nucleus. Since it appears fo be one of the prinecipal

omponents of the chromosomes its discoverers have
med 1t "chromosomin", It posgesses predominantly |
eidic properties being soluble in alkalis and preci-
pltated from solutlion by addition of acid. It con=~

Efins 9.5% arginine, 5% histidine. and 11% lysine,
arge amounts of glutamic acid and tryptophane, and
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|
smaller quantities of aspartic acid and cystine
|

|
the three major constituents of the nucleus, the other!

(Stedman and Stedman, 1943a). Chromosomin is one of

two being histone and desoxyribonuclelc aeid. While
the percentage of chromosomin in the dried lipold free
nuclel is high (33-72.4%) the amount of histone is |
variable and is particularly low (1.6-3%) in the
nuclei of cells undergoing frequent mitosis (Walker
rat caroinoma, mouse carcinoms, and chiek embrfoa}.

In suech nuclei the chromosomin content is perticularly
high. Stedman and Stedman (1943¢c) suggest "that a i
high content of histone in the nucleus of a cell pro-
duces an inhibition of both the processes which lead
to mitosis and those which lead to the synthesis of
chromosomin necessary for the duplication of the

chromosomes™ . i
Since the chromosomes are reported to consist i
essentially of chromosomin the locatlon and function of
the nuclear desoxyribonuclelc acld becomes a matter of

some interest. Stedman and Stedman (1943a) suggest

that the nucleic acid 1s the main component of the

uclear sap and mey compose the spindle which 1is formo&
E; metaphase. On this basls (1943¢) it will f111 the
hollow interior of the compressed cylindrical spirals |
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formed by the metephase chromosomes and may to this
extent be regarded as a possible constituent of the
chromosomes. Criticism has been made by Callen (1943
Barber and Cellan (1944) and by Caspersson (1944).

Full consideration of chromosomin must be deferred }
until complete experimental detalls are available. |
The discovery of chromosomin has necessitated a

|review of the mechanlsm of the Feulgen reaction.

very readlly takes up such basic dyes as haemotoxylin
which is very firmly held despite repeated washings.
The stained chromosomin has the typical blue colour

assoclated with nuclei stained by haemctoxylin. In

|
the case of the Feulgen stain, the reagent (decolour-
1sed basie fuchsin) reacts specifically with the !
hydrolysis products of desoxyribonucleic acid, formingi
the coloured product which is then taken up by the ;
ahromoaamin. Support for this explenation has been i
Blven by Choudhuri (1943) who found that chromosomes,
like chromosomin, can be stalined directly with such a
"developed nucleal stain". Although the Feulgen test

therefore, when applied in its original form, can

detect the presence of desoxyribonucleic acid, it can-

not accurately locate lts position, and the original |

Stedman and Stedman (1943a) have shown that chromosomin
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view that, because the chromosomes are stained by |
Feulgen's procedure, they must of necessity contain i
desoxyribonuclelc acid may have to be revised. j
(11) The nucleolus.

On the basls of strong absorption at 2600 2 and 2
negative Feulgen test Caspersson and Schultz (1940).
working with sea urchin egzs, spinach cells, and the
‘|salivary gland of Drosophils melanogaster have con-

cluded thet the nucleolus is composed of ribonucleo~

proteins containing varying percentages of ribonucloic{
aclid. They belleve that the activity of the nuclsolui
is associated with intense synthesis in the cytoplasm
of ribonucleic scids which appear to be especlally
abundant at the nuclear membrane (see, however, 01audeﬂ
1941). Tt has been pointed out (e¢.f. Darlington,

1942), that nucleoll are proportionately largest in
cells which are concerned with repid protein produc-

tion (animal egg cells, meristematic and tumour cells)
and are smallest in cells where no proteln is being

made (e.g. leucocytes).

The presence of vribonucleic acid in the nucleolus
|

|
|
observed the staining to be less pronounced after trea(-

has also been reported by BErachet (1940a & b) who

ment with ribonucleese, by Gersh (1943) who found the
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|
ultraviolet absorption to be diminished after troatmm#t
with ribonucleasse, and by Mitchell (1942) who obtainaq
positive histochemical tests for pentoses. |

(111) The cytoplasm.

A satisfactory but laborious method of soparatinq
cytoplasm from nuclel was achieved by Behrens (1958&,i
b) who suspended powdered frozenw-dried tissue in ‘
‘| columns of organic solvents of graded density. From!
the cytoplasm he obtained guanylic acid derived appar%
ently from ribonucleic acid. The nuclei contained |
desoxyribonucleic acid (see also Mayer and Gulick, |
1942; Williamson end Gulick, 1942). The other
chief method for separating nuclei from cytoplasm
involves the separation of the cellular components in
different layers on centrifuging a tlssue suspension
treated with citric ascid (Stoneburg, 1939; Marshak,
1941). Using a similar method Dounce (1943a, b) pre-

pared pure desoxyribonucleic acid from isolated rat

liver nuclei.

The work of Behrens and his collaborators has
supported the suggestion of earlier authors, e.g.
Brachet (1933), that ribonucleic acid is a cytoplasmie
constituent, and this view is in agreement with the

results of Delaporte (1939) and Delaporte and |
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Roukhelmsn (1938) working with yeast, and Painter and
Paylor (1942) working with toads' eggs. Cespersson
and Schultz (1939) found evidence of the presence of
"pibonucleotides” ("ribose nucleic ascids", Caspersson
and Schultz, 1940) in the cytoplasm of repidly growing
plant and snimal tissues but not in the homologous

mature tissues. The evlidence in favour of the pre-~
'aence of "ribonucleotides" consisted of (1) a strong i
absorption of 2600 2,(2) a strong orcinol reaction |
for pentose, (3) a positive phosphorus test on micro-
incineration, (4) a negative Feulgen test for desoxy-
pentose. Ribonucleic acids or ribonucleotides have
also been reportsd in the cytoplasm of tumour cells
(Caspersson, Nystrdm and Santesson, 19413 Mitehell,
1942: vide infra).

The evidence for the presence of high concentra-

tions of ribose nucleotides in the eytoplasm of growiﬂg
cells is not altogether conclusive. The high absorpﬂ
tion at 2600 X is teken to lndicate the presence of
purines and pyrimidines but there is no conclusive

evidence to show whether they are present as free

purines, nucleosides, nueleotides, or polynueleotides
(nueleic ameids) or whether the ultraviolet absorption
is modified by polymerisation or by combination with |
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native protein. Moreover, the evidence as to the
nature of the sugar 1s not conclusive. A negative !
Feulgen reaction would nppeér to exclude desoxyribo- !
polynucleotides but does not for that reason 1ndicato?
any speclific pentose. The orcinol test is not very |
convineing when applied histochemically nor is it
absolutely specific for pentoses.

| F. G. Fisher (1942) points out that the |
tetra(desoxy)nucleotides in contrast to the polynuole@-
tides are easily water- and acld-soluble (hence the |
lmportance of their poasi%ie formation during mobilis#—
tion of nuclear materisl) and therefore give nsither

nuclear staining nor the Feulgen reaction. Their

presence might account for alterations in the chroma-

tin, during the formation of the resting nucleus,
which may be so profound as to render the chromnaomos‘
‘"achrematlc“. Similar observations have been made |
during oogenesis or spermatogenesis. The eytoplasmic
nueleotides found during processes of growth and colli
division are usuﬁlly classed as ribose nucleotides onj
the basis of a negative Feulgen test but desoxyribo- |
nueleotides, which are removed during the aecid hydro-

lysis stege of Feulgen's procedure also give no Feulgen

reaction (Fischer, 1942) and cannot be excluded on this
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evidence alone. |
Not only are ribonucleic acids reported in the i
cytoplasm but they appear to occur there in part at
least, in the form of particulate components, e.g. the
volutin gramules of yeast (¢.f. Delaporte, 1939; Cas-i
persson and Brandt, 1941). According to Menke (1938)
|

ribonucleic acld is present in chloroplasts. |
: |

B, Phospholipin~nucleoprotein complexes.

i
The use of the ultracentrifuge has rendered pos-

|

i

sible the isolation of macromolecular materials in

which nucleic acid exists in the form of phospholipin-

nucleoprotein complexes. They may contain either |
ribonucleic acld or desoxyribonuclelc acid. [Host of

those so far obtained contain the former. _
From embryonic tissue a phospholipin-ribonucleo-

protein complex was isolated by Claude (1940), a simi-!
lar complex of different sedimentation constant was |
isolated by Taylor, Sharp, Beard and Beard (1942), and
a heat stable particulate meaterial contsining ribo-
nucleic acid which stimulated tissue growth was ob-

tained in the ultracentrifuge by Tennant, Liebow and

Stern (1941) and Tennant, Stern and Liebow (1942).
Taylor, Sharp and Woodhall (1943) obtained anothor
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phosphos1ipin-ribonucleoprotein complex from normal

|

I

chick embryo brain tissue and & desoxyribonucleo~ }
protein complex from human embryo brain. i
Phospholipin~-nuclecprotein complexes are also E
assoclated with infective ggents. The viruses of thA
Rous sarcoma (Claude, 1938, 1939, 1940) and of equinsE
encephalomyelitls (Taylor, Sharp, Beard and Beard,
‘1945) are phospholipin-ribonnecleonrotein complexes,

|

while simllar complexes contalning desoxyribonucleic |
acid are found in the rabbit papilloma virus (Taylor,j
Beard, Sharp end Beard, 1942) and in the elementary
bodies of vaccine virus (Hoaglend, Lavin, Smadel and
Rivers, 1940).

The cytoplasmic granules prepared from liver
tlssue by Claude (1939, 1040, 1941) by high speed
centrifugation are stated to consist che-ically of
phospholipif-ribonucleoprotein complexes and were at
first thought (Claude, 1939, 1940) to be related to
the mitochondria. Claude (1941) suggests that the
eccumulation of cytoplasmic ribonucleic acids described
by Caspersson and Sehultz (1940) in the neighbourhood
of the nueleus 1s due in fact to the breakdown of
mitochondris under the influence of the scid fixative

employed. The cytoplasm of rapldly growing cells is
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known to be highly basophilic and to be also rich in
mitochondria (Claude, 1941). The special biochemical
activity of the mitochondria has been known for a long
time. Warburg (1913) investigated the respiratory

activity of particles (presumably mitochondria) ob- |

talned from liver and the problem of their oxygen up~!
take has been taken up more recently by Lazarow and i
.Barrvn (1941). The association of these particles
‘lith th; mitochondria is due largely to the work of
Bensley (Bensley and Hoerr, 1934; Bensley, 1937,

1942) who extracted under microscopic control "™mito-

chondria™ from the liver of the gulnea pig by utilising

the fact that they appéared to be insoluble in 0.85% |
sodium chloride solution at pH 6.0. Finely divided !
liver pulp suspended in 0.85% NaCl was centrifuged at‘
low speed and low temperature to remove tlssue frag- i
ments, nuelei, ete., and then at high speed to
separate the required particles. They contained a
large proportion of phospholipins including acetal
phospholipin. The phospholipin nature of the mito-
chondria is known (Guilliermond, 1934).

The epproach made by Claude (1940, 1941) utillsed

the high spsed centrifuge (18,000 zgnéiz). From 1

guinea pig liver he was able to obtain phospholipin- |
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ribonucleoprotein complexes which he considered to
have existed in the cell as formed elements in the

cytoplaam. They were of two sizes. The smaller

type (Claude, 1940) termed "microsomes" (Claude, 1943a),
were of diameter 50-200 mu.  Some 40-507 of the whol%
particle consisted of phospholipins including those oq
the acetal or plasmal type (Faulgan and Bersin, 1639)
|while the protein portion contained 10-15% ribonuclele
gcld. These submicroscopic particles contained in
guinea pig and rat liver 9.08-9.14% W and 1,62-1.69%
P (although in the microsomes of embryonic tissues and
of pancreas the P content may be as high as 2,1%).

The microsomes appear to represent a considerable

proportion of the cell, at least 10-15% of dry weight
gecording to Claude (1943a), and are unive sal in dis-
tribution having been found in chicken., mouse, rat and
rabbit tumours, chick, mouse and rabbit embryos, i
guinea pig, rat and amphibian liver, normal and

leukaemic spleen, and beef and rabblt pancreas.

The larger type of partlcle has been termed l
"seeretory granules" (Claude, 1941) or "zymogen !

granuleg" (Claude, 1943m). Their dlameter 1is 0.5-

2.0 L and they contain 12.08-12.09% N and 1.25-1.26% P
in the case of material from guinea pig and rat liver.
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They are, in the opinion of Claude (1943a), probably

gimilar to the Bensley granules (Bensley and Hoerr,
1934; Bensley, 1942) but thelr relationship to the
mitochondria is not clear. Hoerr (1943) maintains
that they are identical with the mitochondria.

Both of these types of particulate or granular

structures contain ribonucleic acid in the form of
phospholipin-ribonucleoprotein complexes. They hothi
contain sulphur (Cleude, 1943a), and inositol (ClaudQJ
1943b) and may have a common origin, but their exact |
relationship is not yet clear (Claude, 1943b).

F. The Nucleoprotein content of tissues.

——

(a) Most methods of estimating the nucleoprotein

content of tissues depend on the estimation of nucleic

acld phosphorus and are based on the original procedure
of Kossel (1882) which assumes that when tissues havoi
been extracted with dilute scid to remove acid soluble
phosphorus and with fat solvents to remove lipoid
phosphorus all the residual phoaphorua is present in
the form of nucleic acid phosphorus. This procedure
with varlous modifications hes been used by many
authors, e.g, Plimmer and Scott (1908), Grund (1910),

Masing (1911), Javillier and Allaire (1926, 1931),
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Malan and Green (1928), Needham and Needham (1930),
Buler and Schmidt (1934b), Berenblum, Chain and

|

Heatley (1939), Cahn and Bonot (1938), Tuttle, Erf an{
Lawrence (1941), Mershak (1940), snd Kohmen end Rusch |
(1941). This "residuel phosphorus" or "protein b

Phosphorus" (Rosenthel and Drebkin, 1943) will, of :

course, include not only both types of nucleic acid

but such other phosphorus compounds as phoaphoproteinJ
(Plimmer end Scott, 1908; Plimmer and Kaya, 19103 |
Needham and Needham, 1930; Euler and Schmidt, 195¢b)i
which however are present only in small amounts in |
most tissues (Euler and Sechmidt, 1934b). The possi-
bility that compounds other then nuclelc aclds are
present in the residual P fraction was sugpgested by
the work of Alders (1927) who estimsted .oth residual
P and purine N, end was confirmed Iin the present in-
vestigation (p.249). The nature of this non-nucleic
acld residusl P is unknown. The nuclele scid content
of tissues have been determined from the purine content,
8.2+ Alders (1927). Robertsom and Dawbarn (1920), and
by subtracting the sum of the acid soluble P and
1lipold P from the total P in the tisaue, e.g. Flock,
Bollman and Mann (1936). ‘

The results of a number of estimations by different




Table 15 .

Nueleic acid content of tissues expressed as
nueleoprotein phosphorus (N.P.P.) in mg./100 g.

From fresh Prom #* From #
| Tissue tissue ¥ | residusl-P purine- Speeies  Author
Lauﬁ: brain 12 75 - - Horse 4
y 29 - - - sheep 1
- - - 100 " 9
| 18 114 569 '19% sl 16
. - 1le - - Rebbit 12
| - 110 - e Rat 10
- 156 - - " . 12
| 25 119 - - Fowl 16
Dubryo brain - “ .. 370 Sheep 9
B 24 253 556 301 . 16
| 50 459 - - Fowl 1e
Adult gut - - - 284 gheep 9
| 110 559 636 551 ] 16
o - 668 - Rabbi 6
| - - 609 - m Pig 0
Rubryo gut “ - - 870 -  Sheep 9
i 78 673 958 693 " 18
Wusose stomach 88 - * . - :
" " 97-101 - - - cat | 13
"  golon - 609 - - Rabbit 12
m musele '
( : ah) £ 105 - - Man | 12
Smooth musele
(eolon) - 166 - - Rat 12
uu% heert 13 61 - - Horse 4
- - - 71 Shesp 9
| 29 129 219 154 e | 16
a - - - Glﬁ | 15
‘ 38 161 i - Fowl 16
W i h‘ﬂrt - - - 307 Sh‘.P 9
492 616 484 B ¢
| 76 836 - - Fowl 16
Ault xidney B4 169 - - Horse 4
' - o 0x 1
| 90 239
| . - 460 390 . 4
| - i P 358 Sh.QP ’
| & 421 442 354 . <
| 51 =Y o . Dog 6
| s - - ‘ g% 2
] & & 407 - Rabbit ()
= 290 - - Rat %g
[ — - 285 = . » S




FT Table 15 [continued ] .- e
From fresh . " From % From # |

‘Tissue tissue ' , residual-P purine-N eoies  Aut
! Wet wt. Dry wd. Dry wt. Dry w. Sp , Author
Adult testis 67 - o % Bull | %
58 427 660 653 Sheep 16
Adult thyroid a7 139 - - Horse 4
| 25 o2 166 148 Sheep 16
mmo thyroid 78 394 682 849 Sheep 16
Thymus 249 1296 - - Horse 4
| ~ - 2030 - Celf 2
| - 1430 - - " 4
| - - 1885 1885 " 5
: 415 - - - i 7
- - - 2240 ee o
170 1080 2760 23885 am" o 16
Carotid 107 - - - 0x 7
s@nm gland - 561 - - Ret 12
Lymph node -~ 842 - - Rat 12
| 184 903 - - Galf 16
|
Adult liver 56 204 ~ - Horse 4
' 125 - 400 ~ ox 1
| 104 * - - " 7
- - - 630 Sheep Q
70 231 3684 313 " 16
139 @ - - Dog 1
80 302 - - " 3
- - 311 - Dog(Ted) e
7484 i - - cat | 13
76 * - - Rabbit 7
o - 310-462 - Rabbit(fed) 6
. “ 411-484 - " fasted) 6
- 247 - - " (glycogen 12
rich)
& 330 - - "  (normel) 12
i .. © 418 - Guinea pig 6
(fed
i - o 490 - Guinea p 6
| (fasted
| “ - 318 - Rat 8
I L 340 - - L 10
| - 310 - - B 11
110 367 - - Rat Ted 14
156 453 " fasted 14
24 hrs.
' :B hr;Fd 16
| 184 449 . " . e
, £242-246 - 730742 - liouse éfud) 15
267-308 - 9731131 - " (fasted) 15
| 83 391 - B Fowl 3
| 113 408 - - y 18
| | 85 - -~ - an( { fa%)d) ;
| 161 - 318 . b '
. » -52 - i Mouse 1
Li::‘k 155 ;. 28%57 s = - ._—16




Table 15 (eontinued) l

. FrgT fresh . From ¥+ From #
g8 ssue residual-P purine-N Author
Tg Wet wt., Dry wet Dry wt. Dry wt. Speaiea|
mbryo liver - - - 758 Sheep | 9
103 592 1175 1100 ERE SN
95 475 - - Fowi | 18

l. Kossel (1882)
2. Neumann (1898) ‘
3., Grund (1910)
4. Javillier & Allaire (1925; 1926; 1927 & 1931) ]
5. Alders (1927)
6.Cehn & Bonot (1928)
7. Jorpes (1928 a & b)
8. Rondoni (1941)
9. Robertson & Dawbarn (1929)
10. Berenblum, Chain & Heatley (1939)
1l. Dickens & Weil-lfalherbe (1943)
12. Rosenthal & Drabkin (1943)
13. Teorell & Norberg (1232) .
14, Kosterlitz & Creamb (1943) |
15. Tichmeneff (1914) |
16. Present investigation |

* Caloulated from N.P.P. on wet weight basis and from
water content of tissue.

* Totel P content of a tissue powder from which water |
aeid soluble P and phospholipin P have been extracted.

¥ Nuoleiec aeid P = purine N x 0.886 (assuming N:P |
atomic ratio of 10:4). i
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authors on different specles are shown in Table 15,
Compearison of the filgures available for the
nuoleoprotein content of enbryonic and sdult tisanes
shows that the amounts in embryonic tissues partieu- |
larly when expressed on 2 dry welght basis are higher
then in the corresponding adult tissuves. Such a com-

parison has been mads in this Investigatlion for a

large serles of tissues in the sheep, and isolated

obzervations have bheen recorded by other workers,

8.2. Kossel (1882) who records & higher figure for
cattle smbryo muscle then for adult muscle. Masing |
(1911) detected a progressive fall in the nucleoprotcfn
content of rabbit erbryos, in relation to total N,
with advancing ege; Le Breton snd Schaeffer (1823)

reported s continuvous deeresse in the ratio

urine N ~ during the eubryonlc development

fotal W ~ purine § 8 o -

of the chick, pig and mouse; Craff and Barth (1938)
urine N

recorded a rapld decrease in %33;1-*3 during the

embryonic 1life of the pulnea pig; Robertson and Daw-

barn (1929) estimated mucleoprotein as guanine N bothf
in the newborn lamb and in the adult ewe and found

|

acld appear to participate in this inerease in nucleoj

higher figures for the former. Both types of nuclel

protein which 18 evident in the onbryo. |
|
|

Ei--..__k I p—T
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i (b) Liver tissue (see also p.292). Liver tissue
fis of speclal interest, since in this case, and pos-
Jsibly in the case of some other tissues as well, the
nucleic acld content 1s conditioned to some extent by
the nutritional state of the animal. The results of‘
estimations of the nucleic acid content of liver by ‘
various authors is shown in Table 15. The results !
obtained by different methods with different speciles
show that the nucleic acid content does not vary |
greatly from species to species but may vary quite ‘
widely in different specimens from one specles. i
Rondoni (1941) attributed such differences to varia-
tions in the age and state of nutrition of the animals
used. In fasting animals the nuclelc acid concentraﬁ
tion in the liver rises as has been shown by Kossel i
(1862) in the fowl liver, by Tichmeneff (1914) in the
mouse liver, by Cahn and Bonot (1928) in the dog,
guinea pig and rabbit livers, by Rosenthal and Drabki%
(1943) in rabbit liver, by Kosterlitz and Cramb (1943)
by Kosterlitz (1944) end in this investigation (p.303)
in rat liver. This rise is of course due in part to}
loss of glycogen and stored protein and 1s in any case
relative rather than absolute. In terms of the

original body weight, the liver nucleoprotein P falls
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lon fasting as also do the relative liver weight, the
liver phospholipin P and the liver protein N (Koster-i
|1itz and Cramb, 1943). The decrease in liver weight
is due to a decrease in the volume of the individual
cell rather than to a decrease in the number of callsJ

If these facts are kept in mind it will be seen
from Table 15 that the liver nuclelc acid content of

various species as estimated by a number of suthors

using different methods does not vary over a very wide

range. |
The liver of the embryo rat is rich in erythro-

poietic cells (Norris, Blanchard and Povolny, 1942)

and in any direct comparison of the nucleic acid con-

tent of the liver of the embryo and adult the influence

of this factor must be kept in mind. In the sheep

and fowl (p.247) as well as in the rat (Dumm, 19643)

the nucleic ascid content is much higher in the embryo

than in the sdult. A progressive fall in liver nucleic

acld content in the course of embryonic development is

recorded by Dumm (1943) for the rat and by Masing

(1911) for the rabbit. Robertson and Dawbarn (1929) |
found more nucleic scid in the liver of the newborn
lamb than in that of the adult ewe.

Liver tissue is known to contain a desoxyribonucleic
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geid very similar to thymus desoxyribonucleic acid |
i(Patara, 1911; Levene, 1922; Ishiyema, 19283 Graan{
?ltein and Jenrette, 1940). From the early work of |
Hammarsten (1894), Wohlgemuth (1902), Jones and Perkiﬁs
(1924) and Thomas and Berariu (1924), it appeared pro-

| bable that liver also contains a pentose polynucleoti&e.
| i I

| More over the cytoplasm of liver cells has been shown i

| to contain particulate components consisting of phDSpﬂn-
 1ipid-ribonucleoprotein complexes which have already i
%been discussed. It will be shown later (p.306) that!
the liver does indeed contalin large amounts of a l
pentose nuclelec acid which acts as a substrate for
ribonuclease and this aclid has been isclated (p.266)
and shown to be closely similar to yeast ribonuclele
acld.

(¢) The nucleoprotein content of tumours (see also
P«312)., It is generally assumed that tumours are |
rich in nucleic acids. High figures for the nucleice |
aclid content of tumours sre quoted by Wolter (1913), |
Enselme and Enselme (1927), Roffo and Pilone (1930),
Boyland (1932), Euler and Schmidt (1934a), Edlbacher
and Jueker (1936) and Berenblum, Chain and Heatley

(1939). On the other hand, Wells (1912) and Wells |

and Long (1913) did not find high figures for the |
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‘purine N of the tumours they exemined. The figures
(for the nuecleic acid content of tumours vary greatly
{from one type of tumour to another and even among |
different samples of the same type of tumour (c.f. i
Stowell, 1942), and thelr significance can be pr0perly?
Iassesaed only in those rare cases where a direct com-
parison can be made between the tumour end its tissue
|of origin as has been done in connection with glyeo- |
lysis mechanisms (Berenblum, Chain and Heatley, 1940a
& b; Burk, 1942). Where comparisons of this type \
have been made the tumour is usually found to be riohér
in nucleic acid than the tissue of origin. The rat |
hepatoma of Fujiwara, Nakahara and Kishi (1937) hed a
nucleoprotein phosphorus content which was lower on a:
fresh weight basis and higher on a dry weight basis |
than that of normal rat liver. Dickens and Weil-
Malherbe (1943) record higher nucleoprotein phosphorus
figures for butter yellow rat liver tumours (though
not for spontaneous mouse hepatomas) than for the !
eorresponding normsl liver. The nucleoprotein phos- |
phorus of a benzpyrene rat sarcoma was five times that
of normal connective tissue (Rondoni, 1941). An
inerease in nucleoprotein metabolism in neoplastic

tissue has been observed by Kohmen and Rusch (1941)
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uaing radiocactive phoaphorus but a low Psa

turnover
in the nucleic acid fraction, as compared with the |
soluble nucleotide fraction, was found in the Jensen |
|rat sarcoma by Hevsey and Euler (1942). i
S0 far as the nature of the tumour nucleic aoidni
is concerned little 1s known. Willheim (1925) end |
Stern and Willheim (19634) found a lower nitrogen eon-‘
| tent in desoxyribonucleic acid isolated from‘malignanﬁ
tumours than in that from normal organs but this i
obgservation was not confirmed by Klein and Beck (1935),
by Maver and Voegtlin (1937}, by Vowles (1940) or by
Buler and Petterson (1941). ‘
The exlstence of pentose derivatives in tumour |
tissue was investigated as long ago as 1906 by Beebe |
end Shaffer and was commented on by Neuberg (1808). %
Part of this pentose, at least, may be present in the
form of ribonucleic acids. Their presence 1n the |
cytoplasm of malignant cells is indicated by the worki
of Caspersson, NystrBm and Santesson (1641), of i
Mitehell (1942), and is suggested in e preliminary |
note by MeDonald (1940). Moreover, they are present
in the form of Phoapholipln-ribonucleoprotoin com-
'Plexes in tumour-producing cell-free sarcoma extracts

(Claude, 1940). From one of these complexes Claude




220. l

(1939) prepared a nuclelc acid giving positive pentose
tests, a negative Feugen test, an ebsorption maximum at
2675 % and mintwum at 2400 8. Prom it guanylic seid |
was isolated by hydrolysis but it was not further
characterised.

The report by Caspersson, NystrBm and Santesson
(1941) of high concentrations of ribonucleic acids or
|rivonueleotides in the cytoplasm of some cells of !
rapidly growing malignant tumours is of considerable
interest in view of the work of Mitchell (1941, 1942,
1943). VUsing optical methods similar to those of ‘
Caspersson, Mitchell has demonstrated in fixed preparaL
tions an increase in the absorption of ultraviolet
radiation of wavelength 2537 2 in the cytoplasm of |
proliferating and differentiating cells of neoplastic
and normal hyperplastic tissues exposed in vivo to
therapeutic doses of X or gamma radiation. Mitchell
elaims that the increased ultraviolet absorption of |
the cytoplasm after irradiation is due to the accumu-
lation of pentose nucleotides containing adenine end
some other unidentified chromophoric groups. These

nucleotides may be present in local concentration of

the order of 3%.
Caspersson and Santesson (1942) meintain that
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individual tumours contain cells which vary between
two extreme types - the one type of cell small and rich
in nuclear end cytoplasmic nucleic acld and in proteiﬁ,
and the other type with large nucleus poor in nucleici

gcid but with large nucl%; rich in ribose nucleotidea:
and with cytoplasm poor in protein and apparently free
from nucleotide elements. "The type of the individual
cell seems to be determined to a considerable degree
by the nutritional conditions" of the tumour tissue.

Eoller (1943a, b) supports the view that a high

cell dlvision rate In tumours is assoclated with a high
concentration of desoxyribenucleic acid in the nuclei,|

wheress In cells of low divislion rate, high cytoplaamﬁe
volume and large nucleoll, ribonucleic acid ls abundent
28 a cytoplasmic and nucleolar constituent. This

view has been critlcised by Dounce (1843b, ¢) on the
grounds that the nuclel of rat hepatoma cells are no |

richer in desoxyribonucleic acid than are normal liver

cell) nuclei.

6. _The Ribonucleotide Content of Tissues.

An examination of the nuclelc acid content of
tlssues would be incomplete without concurrent estima-

tions of the simple acld-soluble nucleotides. Few

.




| Pable 16 .

Jueleotide-N, nucleoside-N and free purine-N content of tissues in J100 gm. ; :
' The sum of &ll three gives total soluble purine-N. - o

| Nueleoside Total ; i
| Tissue Nuoleotide-N + free soluble Species Author
e purine~i _ purine-N |
Mult brain 15-22 3 18-25  Dog 1
A 12.5-15.5 - - " 2
17.7-20.7 - - Rabbit s 4
| 14.6 13.7 28.3 E & 3
Ault brain grey matter - “ 17.5-28.0 | s &
. ‘whitﬂ » 19 . 6‘330 B " 5 ! I
mm ‘ bmn - -~ 180 6"'21 - 6 é"p 5 II
cmnkge (embryo) - - 15.4-19.6 sSheep 5
Mult heart . - 87.5-48.3 Sheep s 1
‘ 26 +0~31.0 s - _ & 2 |
| 32.0-37.9 - - Rabbit 2
Ii 25-‘-2718 18-0"‘15.4 59.6-44.5 rP'l 5
Bbryo heert - - £0.0-30.9 Sheep s 3
Mult f“ 8.7-18.1 - - Dog S
Mult kidney - “ 25.3-31.5 Sheep 8 3
| 17.6-25.5 - " Dog 2
| 28.0~33.6 - - Rabbit g
1 cortex 39.2 17.4 46.6 |- 4
| medulle 39.2 20 .4 49.6 |» ¢ |
mibryo kidney ‘ . 17.5-22.3 sheep 5 Jﬁ
| | 4
hduly *im - - 55,9-36.4 Sheep 5 |
28-31 2-4 “ Dog : 3
! 35 . 8“28 . 3 - o
| 46.2-49.0 - - Rebbit :
| 42.7 26.0 68.7 L & 3 |
‘ 39.2 15.3 54.5 Guinea pig 4 |
2106"'30.0 1506"2503 53.9-50-4 MI. 5 _’
I |
Aduly - - 25.7-30.5 Sheep ' 3 |
Bubryo lung - - 13.3-24.2 Sheep s |l
|
|




Table 16 [continued ] _' |
Nueleoside Total |
Tissue, Nuoleotide-N + free soluble Speeies  Author
| purine-N _ purine-N -l
. _
gkeletal musele - - 40.6-87.1 Sheep 5
2347 - - Dog 1
46.7-56.7 - » " 2
48.2 10.5 58.7 Cat 4
54 . 1"‘64 . 4 " - Rabbit 3
red 51.6 11.2 62.8 i A
white 50.9 12.9 63.8 " 4
52453 11.7 64.0 Guinea pig 4
(rcunsJ
46.7 12.3 59.0 Guinesa 4
(old
62.2 8.9 71.1 Fowl &
red 44,95 7.5 52.0 L 4
white 46.8 5.7 52.5 f &
red 26:5"5‘.5 .5 9 1 M.O"&llg n 5
| white  31.1-52.4  5.0-13,7 44.8-58.3 " 5
Smooth musele 26.1-28.8 7.7-11.3 33.8-40.1 Fowl &
Imbryo musele - - 24.2-26.4 Sheep 5
15.8 7.0 22.8 Chiek 5]
(16 day)
Mult panereas 19.2-27.7 - - Do 2
.- 51.9"3405 1800"25‘3 58»5"5&-1 Ua, 4
(1 month)
44.2 9.2 53.4 Rabbit 4
Ault spleen - - 29.8-41.58  gheep 5
i 21.3"‘2‘.5 " " B-ng 2 .
Enbryo q‘p]_gm - - 5.8 sheep 5 |
Thymug 52,5 31.9 64.2 cals ‘3
(1 month) }
"hole embryo 10.8-14.1 6.0  16.8-20.1 (gnuk) s |
Y .
’ |
: .2"1206 506"7!0 15.8"19.& Oh Ok .
| . 18.5 %543;” s |
! 14.4-14.8 3.6-4.1 18.4-18. |
| (13 day) .:f
) |'
Roug ag::?m, 7.7-11,9 7.0 14.7-18.9 Fowl 5
| 16.2 13.7 29.9 " 4%
Tlezner sarcome 8.1 17.0 25.1 Rat 4%
'T!n_nn sarooma 14.8 12.0 26.8 £ 45
Adenooareinoma 12.6-22.7 14.8-16.8 B7.4-39.5  louse 45
— | |
i 1. Kerr (1940) 5. Present investigation.
| 2. mlar & Allen (19385) ~

3. Dell'Aqua (19

)
4. Barrenscheen & Peham (1941)
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authors have carried out such a serles of estimetions
but thelr results are summarised in Table 16.l Vost
suthors have used the method of Kerr and Blish (1932)

or its modiflcation by Kerr (1940), in which the ; ?
nucleotides are precipltated by urenyl acetate while | _ | l
nucleosides and free purines are left in the filtrate% |
The nuclectides estimated in this way include adonosiﬁe
| triphosphate, adenylic acid, inosinic seid, the |

|nicotinam1de nucleotides and flavin-adenine dinnnleo-!

tide, but the fivst two account for the major part of

|
the total nucleotide N in most tissues. The sum of

;tha nucleotide N, nucleoside N and free purine N givcﬂ
the total acid-soluble purine N. |

The nucleotide content varies widely from tissue '
to tissue and even in different samples of the same

tissue. There 1= also a wide species variastion,

rabbit tlssues, for example, giving conslstently ' .ﬁ
higher figures than dog tissues. Muscle in all |

specles gives the highest figure while brain is low. |

In musele also the amount of nucleoside relative to
nucleoside is low while in liver nucleoside and free !

|
purine constitute a much higher proportion of the total

=

The nucleotide content of blood has been discussed |
by & number of suthors including Buell (1936, 19386),
Rothman (1931), Kerr end Daoud (1935), Kerr and
Antaki (1937).

IIII-L-.:— — e ———
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gcid-soluble purine N. As will be shown later, in
rapidly growing tissues elther from the sheep and
chick embryc or from malignant tumours the nucleotide
content is consistently low even when the higher wateﬁ
content of these rapldly growing tissues is taken into
account (p.257). The strong ultraviolet absorption
of the cytoplasm of such raplidly growing tissues Is not
.therefore due to simple ribonucleotides, but more

probably to acid-insoluble pentose polynucleotides. |

The nucleotide content of rat liver tissue does

not appear to be affected greatly by feeding or faat-:
|

ing (Rapoport, Lever and Guest, 1943; this investiga-

tion, p.304).

H. The Biological Tmportance of the Nuclele Acids

in relation to Growth.

The biological function of the nucleoproteins is |
of particular biochemical interest in view of the re~
semblance between their structure and that of many ori
the oxidising enzymes, the "dissociating proteids" of
Warburg (1938), which consist of a mono- or di-nucleo-

tide co-enzyme or prosthetic group bound more or less |

loosely to & protein carrier. Ribonucleic acids may |
|

8lso be sssoclated with enzyme systems (Potter and
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Albaum, 19842). As in the case of the nucleotide co-
enzymes, the nucleic acids appear to manifest their
biological sctivity when they are bound to protein
(esg. in the virus nucleoproteins). The bonds betwee
. the nuclele aclds and proteins vary with the type of
nucleic acid. In the deaoxyribonucleoprobeiﬁs, s
the nucleohlstones of the thymus, the bond is appar-
lently salt-1like wheress in the ribonucleoproteins

it is non-polar (Mirsky, 1943) and differs from the

by mixing nucleic acids and proteins (Sevag and
Smolens, 1941).
The nucleoprotelins compose, or are assoclated
with, self-reproducing agents or moleeules. The
viruses, es exemplified by tobacco mosalc virus,
itself known to be a ribonucleoprotein (Loring, 1939;
S8tanley and Knight, 1941; Stanley, 1942), are self-
reproducing agents of this type. Another example is
the gene (Schultz, 1941; Muller, 1941; Astbury, 1941
Cytoplasmic ribonuclelic acid has been suggested
by Claude (1943a) to play "a fundamental role, perhaps

polar bond in artificiel protein ribonucleates formad:

|
1

|
|

n

Wt

of an enzymatic nature in the process which enables

the (cytoplasmic) structure to reproduce itself”. ;

The microsames and secrvetory granules which contain
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ribonucleic acid may indeed "be endowed with the pro- |
perty of self-duplication™ (Claude, 1943a).

The discovery that the spacing between the nucleq-
'tides in an oriented desoxyribopolynucleotide is al-
most exactly equal to that between the auccoss;ye sidJ
chains in a fully-extended polypeptide chain (Astbury
and Bell, 1938) has directed attention to the physico-

'chamical condition of the nucleoproteins. It is of |
interest, in view of the high water content character-
istic of growing tissues, that the X-ray pattern of
virus nucleoproteins is a composite one, the 1ntermoli—
cular part showing varying spacings as the water con- |
tent is varied while the molecular part remains un-

|

changed (Bawden, Pirie, Bernal and Fankuchen, 1936;

ment of the nucleoproteins of the cell, which may be

influenced by variations in electrolyte concentration,
is probably intimately connected with the conditions |
under which nucleoprotein reproduction and cell divi-

sion occur.
While the functions of the nucleic acids in
tissues are still very incompletely understood, the

facts which have come to light regarding their distri-

|

bution in animal tissues have suggested certain pro-

bable associations between these compounds and the

", |
Bernal and Fankuched, 1937)., The intermolecular arrange-




226.

processes of growth. Examlnation of individual cells
by ultraviolet microscopy has revealed that cells of
growing tissues contain high concentretions of materials
with the ebsorption characteristics of the nucleic
acids, both in the nucleus and in the ecytoplasm. In]
Caspersson's opinion, such high concentrations in the
cytoplasm are associated with cells in which rapid
|protein synthesis is taking place either for growth or
for secretion (Caspersson, 1936b, 1941b; Caspersson
and Brandt, 1941; Caspersson, Landstr8m-Hyden and
Aquilonius, 1941). The nucleus 1s thought by Caspers

son (194la, b) to be a site of protein formation, for
which the desoxyribonucleic acids are essential in

the chromosomes. Huskins (1942) points ocut & possible
fallacy in assuming a causal connection between }
nucleic acid formation and gene reduplication. }
To what extent these views may have to be moditieh
in the light of the discovery of chromosomin remsins
to be seen, but it appears reasonably certain that
before mitotic division can occur the cell builds up e
"eertain gquantity" (Caspersson, 1936b), a "certain
minimum guantity" (White, in Bourne, 1942), or a
"threshold gquantity" (Darlington and LaCour, 1940) of

nucleic acid. The building up of such a quantity can
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be followed by estimations of nucleoprotein phoaphoruq
in tissue cultures (willmar, 1942b; this investiga- j
tion, p.131). |
What Iinterrelatlonship exists between the nucleilc
acids of the two types in the cell is not lmown,
though Mitchell postulates a synthesls of desoxyribo-
nucleotides from ribonucleotides and Painter and

| Paylor (1942) and Painter (1943) the reverse proced-
ure. In both embryyonic and adult tissues, a fairly
congtant proportionality of denoxyribopolynucleotides;
to ribopolynucleotides has been found, and some sort
of equilibrium may therefore be presumed to exist,
conditioned in the several cases by the protein com-
ponents characteristic of each tissue. This rela-
tive constancy does not preclude the possibility that
eyelie changes in nucleic acld content may occur in |
Individusl cells in the tissue. The work of Caspers-
son and Santessen (1942), supported by Koller (1943a,
k), sugrests that great variations in nucleic acid
content may oceur in individual cells in different
reglons of malignant tumours. The high concentrations
of mieleic acids found by chemical methods in large

aggrezates of cells in rapidly growing tlssues may be

the expression of a high proportion of cells sbout to

e

B i
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undergo division. 5
The tissue growth promoting factor or factors |
which have been known since the early work of Carrel
(1912) to be present in extracts of embryonic tissue
have recently been partially purified by Fischer I
(1989, 1940, 1942) who maintains that the active |
principle is a ribonucleoprotein or is associated witﬂ
| the ribonucleoprotein fraction. The presence of ;
large amounts of ribonuclelc acid in such extracts isf
demonstrated in this investigation (p.255).

Ribonucleic acld derivatives with proliferation
promoting properties have further been claimed to be
released into the intercellular fluids by living cells
exposed to noxious agencies such as lethal or aublethil
vltraviolet irradiation (Loofbourow, 1942a, b). ‘.I‘hn!
subject has been reviewed earlier (p.150). :

The problem of the formation of nuclelc aclds anq
nueleoproteins in the embryo has been reviewed by i
Needham (1942, p. 632) (see also Gulland, 1944). It
is known that during the development of the echinodorJ
egg nucleoprotein phosphorus and purine N remain un- |
altered although the Feulgen reaction for desoxyribo-

nucleic acid increases while the pentose content of

the embryos decreases (Brachet, 1937). It appears
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therefore that the initially abundent store of ribo~ |
nuclelec acld in the cytoplasm is steadily being con- i
verted into desoxyribonuclelc acid in the nuelei. In
amphiblia this transformatlon may occur but there is
probaﬁly some synthesis of thymonucleic acid as well
while in the teleostean and selachian fishes both

types of nuclele acid are synthesised from a store of
purine end pyrimidine bases. In birds and reptiles |

complete synthesis of both types from non-cyclic pre-

cursors 1s thought to occur. |
Evidence that nuclelc acids take part in meta- ‘
bolic processes 1la supported by the work of Marshak

(1941) and of Brues, Tracy and Cohn (1942) with radio-
active phosphorus.

Marshak (1941) found a rapid turnover of P in the
protein fraction of the isolated nuclei of lymphoma
and of resting liver which he attributed to e rapid
synthesis and breakdown of nucleic aclds.

Brues, Traecy and Cohn (1942) precipitated the
soluble proteins of liver from rats injected with po2
and extracted the phospholipins, leaving a "total
protein" fraction from which nucleic aclds were ex-
tracted by Levene's or Hammarsiten's method for the

Preparation of desoxyribonucleic acid. The remaining

e

A
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"protein residue" contained about half the total P of
the "total protein” fraetion. The P turnover in the |
nuclelic acld fraction was much less than in any othar?
P-conteining fractlon, while the "protein residue® 5
had a rapid P turnover. This agrees with Hevesy and;
Buler (1942) (vide supra). Phospholipin turnover waé
more rapid s till. |
In the "regenerating®™ liver of rats after partial
hepatectomy (see p.292), the turnover rate of the

"total protein" was much higher owing to an increased
nucleic escid turnover rate. The increased po2 uptake

by the nueleic acid could be accounted for by synthesi

of nueleic aecid in the formation of new cells while |
the protein residue had the same turnover rate as in |
resting liver. These authors suggest, without quot-E
ing evidence, that the cytoplasmic nuclelc acids have
& higher rate of phosphorus turnover than the nuclear

nucleic acids.

All these conaiderations suggest that 1t 1s ex- |
tremely improbable that the ribonucleic acids are merJ
inert structural units in the cell. The exact natur
of their mode of action is not understood but it 1s
Poasible that one function, at least, i1s to act as a
store from which the simple nucleotide co-enzymes may |
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be drawn. In the case of yeast Ostern, Terszskowec |
and Hubl (1938) suggest a possible pathway for adeno~ |
sine di~ and tri-phosphate formation from ribonucleic

and the polynucleotldes are at the moment obscure dbut

an indication of voassible relationships is given by

the work of Mitehell (1942 and private communication) |
| who suggests that an accumulation of nucleotidss ’
occurs in the cytoplasm of rapldly growing cells afte;
irradiation owlng to inhlbition of the conversion of
ribonucleotides to desoxyribonucleotides. His view
is that ribonucleotides are formed in the cell from

tides which are finally polymerised and devosited as

desoxyribonuclelic acld. The reduction of ribonucleo-

by X~ or gamma radlation with consequent accumulation|
of ribonusleotide which may polymerise to ribonuclelc
acid. The role assigned to desoxyribonucleotides in
this scheme is an important one. Thelr formatlon

from ribonucleotides by reduction of the suger and byi
methylation of uracil to thymime, ls a reaction which
has not been proved to occur in vivo but it 1s more

Probable that desoxyribonucleic acid 1s produced by

agld. Such connections between the simple nucleotides

unknown precursors and are reduced to desoxyribonucleo~

tide to desoxyribonucleotide ls assumed to be inhibited
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polymerisation of desoxyribonucleotides formed in this

manner than that the ribonucleotides first polymerise |

to ribonuelelc acid, the ribose residues of which are
then simultaneously reduced to the desoxy form, whilo}
at the same time uracll 1s methylated to thymime. it |
in sueh a resctlion the reduction were to occur in

stages, hybrid nucleic acids containing both types of

sugar residues would be formed. The existence of

such compounds has been postulated by Donovan and |
Woodhouse (1943) but Gulland, Berker snd Jordan (1943)
point out that in the absence of experimental evidenei
| for thelr exlistence, the suggestion ls at the moment

mere speculation.
The biogenesis of the nuclelc asclids has been dis-

cussed by Gulland (1944). One view is that the pentose
components originate in the hexuronic acids. If this
is so, d-ribose and l-lyxose might have their origin
in d-glueuronic acid and d-galacturonic acid reapodt-i
ively, assuming that Walden inversion occurs at Cq

during the conversion of uronic acid to pentose. 1In

thils connection it is of interest that the rapidly

growing tissues of both embryos and tumours are rich
in uronic acid-containing materials of the mucopoly-
Saccharide type.
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The formation of d-ribose by oxidation of
glucose-6~phosphate to phosphogluconic acid and so to |

pentose-5~-phosphoric acid has also been suggested.
Other possibilities include the aldol condensation of
lower sugars.

The purine and pyrimidine components of the l.

|

nucleic scids do not appear to arise in the bird and |
|memmal from the purines and pyrimidines of the diet !
i

(Plentl and Schoenheimer, 1944). [Experiments with

isotopic nitrogen have indicated that they may be |
synthesised from smaller molecules, or that ready-made
purines and pyrimidines may be utilised in the form of

nucleosides and nucleotides (see also p.ll7).
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2. EMBRYONIC MATERIAL.

A. Experimental Methods.
An attempt has been made to establish firstly i

whether ribonucleic acids are indeed of widespread |
occurrence in animal tissues and secondly whether :
there is a high concentration of ribonucleic acid, |
and/or of ribonucleotides, in rapidly growlng tiaaueaT

As the first example of rapidly growing tiasuea,{
embryonic tissues have been employed and have been |
compared with the corresponding adult materisl.

The tissues used were obtained chiefly from the
freshly killed adult and embryo sheep. The embryos
used were all about 9-10 weeks old, a stage at which :
growth is very rapid (Gurlt, 1847). Arrangements
were made to obtain the material immedlately after
slaughter but even so some hydrolysis by the very
active tissue nucleotidases of nucleotide to nucleo- é
side was unavoidable.

Small organs were pooled for analysis. In the

separately at different times. Where fowl tissues
were used, they were exclsed from the anaesthetised

case of large organs groups of specimens were analysed
|
bird and immediately dealt with. Chilck embryos wero‘
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used immediately on removal from the egg. In some
cases avian materlal was frozen with solid COp imme-
diately on removal from the bird, but this procedure
was later found to be unnecessary.

(1) Small portions of fresh tissue were taken for
histological examination when regquired. ‘

(2) In the fresh tlssue moisture was determined by |
drying weighed portions in tared beakers at 100° to
constant weight. |

(3) Nucleotide, nucleoside, and free purine N whre:
determined in trichloracetic acld extracts of the
fresh tissue by the method of Kerr end Blish (1932) as
modified by Kerr (1940). The sum of all three gave
the total acid soluble purine N.

(4) The total nucleic acid content of the tissues |
was estimated on 15-256 mg. portions by making nucleo-!
protein phosphorus (N.P.P.) determinations by the |
method of Berenblum, Chein and Heatley (1939) in whieh
lipeid P is extracted with ethanol~chloroform mixtura|
and acid soluble P is extracted with HCl end the re~
maining acid insoluble P, as determined by the miecro- |
method of Berenblum and Chain (1938), is taken to be
nucleic acid P. This is almost certainly not the

case as will be seen later. In the results, therefore,
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the figures for N.P.P., lndicate rather residual acid
insoluble P (the "protein-bound" P of Rosenthal and
Drabkin, 1943). This fraction will, of course, in-
clude phosphoprotein P (see p.251), which appears,

however, to be low in nearly all tissues, including

embryonic tissue.
(5) For the separate estimation of the two types |
| of nueleic acid, methods involving the determination |
of pentose and desoxypentose have been employed, but
before they could be applied, the nucleic acids were
extracted from the tissue. It was found desirable
| first to repare an ethanol-ether powdar.rrom the
fresh tissue, to submit thils powder to extraction of
acid soluble P and of lipoid soluble P and to dry the |
resulting residue containing the acid inscluble P !
(nuclelic acid P + residual P as previously mentioned)ﬁ
Euler and Schmidt (193¢b) clalm that preliminary |
treatment with ethanol and ether binds some acid soluﬂle
P to the protein and renders its subsequent oxtraetioﬂ
difficult but control experimentshee revealed no dif-
ference in the P content of powders prepared by Euler

and Schmidt's method and the method employed here.

For the removal of both types of nucleic acid

simultaneously from the denatured proteins of the
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tissue residues in the extracted powder, alkali was
avolded, since, although it could remove all, or _
nearly all, the P from the powder, it could only do i
g0 at the expense of some destruction of nucleic acid,
particularly ribonucleic acid, which is much more
labile to alkali than thymonucleilc acid (Steudel and
Pelser, 1922; Johnson and Harkins, 1929). Most

| methods for the isolation of desoxyribonuclelc acid
are sufficlently drastic to cause at least partial
destruction of ribonucleic acid.

The use of proteolytic enzymes to digest away
the protein leaving the nucleiec acid. ¢.f. Caspersson
| {1936) and Hillary (1940), was not found satisfactory
for the present purpose. A suitable reagent for the
extraction of the nucleic acids was found to be 10%
NaCl, ¢.f. Clarke and Schryver (1917); Jorpes (1928,

1934) 3 Javillier and Allaire (1926b, 1931); Barnes
and 8Schoenheimer (1943). From the brine extract the
nucleic acids were precipitated as lanthanum salts,
which have been shown by Caspersson, Hammarsten and
Hammarsten (1936) and by Caspersson (1936) to be varyi
insoluble. From 10% NaCl solution the precipitation

is incomplete unless one volume of ethanol is added. |

In the precipitate pentose and desoxypentose were |
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colorimetrically estimated.

Most methods of pentose estimation depend on the
liberation of furfural from the pentose by boiling with
HCl and the subsequent colorimetric estimation of the J
furfural after reaction with some such reagent as |

aniline acetate. As the uronic aclds of the muco-

and sulpho-polysaccharides such as chondroitin sul-

' phuric acid may interfere under these conditions the
figures for pentose estimation may tend to be high.

It is unlikely that interference from this source

will be serious in the lanthanum precipitates except

in the case of such a tissue as cartilage, but inde-
pendent confirmation of the presence of ribonucleic |
acids has been sought by other and more specific math%ds
using the enzyme ribonuclease which attacks specifi-
cally the ribonucleic acids (Kunitz, 1940). The

action of ribonuclease is discussed earlier (p.183).
It does not break down nucleic acid completely to the
component mononucleotides, but whereas 100% of the

phosphorus of ribonucleic acid is precipitable by
0.25% uranyl acetate in 2.5%7 trichloracetic acid, onli
40% of the P 1s so precipitable after the action with!
the enzyme has gone to completion. The extent of th#
reaction depends on a number of factors (Kunitz, 1940{
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and for this reason, the application of the enzyme to
the exact guantitative estimation of the nucleic acidq
is not feesible. Ribonuclease has, however, been
made vse of here not only to confirm the presence of

[
ribonucleic acids but to give a semi-quantitative :
estimation of the amount of nucleic acid present by

allowing erystalline ribonuclease in high concentra-

tion to act to completion on the NaCl extract and

measuring the amount of uranyl precipitable P rendore?
non-precipitable by the enzyme. '

Procedure. 'The fresh tissue is minced, dehydrabeh
with several successive portions of ethanol, then ‘
ether, and dried. The dried material is ground to a;
rind powder in a mill and passed through a sieve. |

About 2 grams of the powder are welghed out into a
stoppered centrifuge tube and are shaken for six
one~hour periods with successive portions of 30-40 ml.
0.1 N HCl. This process removes acid soluble P in-
cluding simple nucleotides. The residue is washed
twice with ethanol and is then extracted for two suc~
cessive two-hour periods at 65° under a reflux con-
denser with an ethanol-chloroform mixture (3:1). It

is then washed with ether and dried. {

(a) Total P is estimated in the extracted powder
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by a modification of the method of Allen (1940).

|

|
(b) Purine N is estimated by the method of Graft‘
and Maculla (1938). ‘
(e) Phosphoprotein P is determined, using a !
method similar to that of Euler end Schmidt (1934a) ;
making use of the fact that phosphoprotein P is aplitl
off as lnorganic P when the phospho-protein is in-
|oubated at 37° for 24 hours with 0.25 N NaOH (Plimmer

and Scott, 1908). After remval of protein with

trichloracetic acid inorgenic P is precipltated as l
deseribed by Lohmann (1928) using Mathison's (1009) |

reasgent.

(d) For the nucleic acid extrsction a suitable
quantity (B0-750 mg. depending on the P content) is
then weighed out into a 15 ml. conlcal centrifuge tubﬂ
end two drops triscetin sdded., Extraction with 107
NeCl is then carried ouvt with five successive 3 ml,

portions, (&) for four hours at 0°, (b) overnight at
0°, (e) for 30 min. at 200°, (d) for 10 min. at 100°,
and (e) for 10 min. at 100° respectively.
The extracts are combined and made up to 15 ml.
(d) 1.0 ml. 48 taken for totel P estimation.

(3) 1.6 ml. portions are taken for ths ribo-
nuclesse test (vide infra).

(¥) © ml. are pipetted into a 25 ml. centrifuge




tube and 1 ml. 2% lanthanum acetate and 10
ml. ethanol added. After one hour at 0° |
the precipitate is centrifuged down and ‘
washed twice with 3 ml. 0.2% lanthanum
acetate. It is decomposed with 0.6 ml. |
0.6 ¥ NagCOz and 5.4 ml. water are added. |
The lenthanum carbonate is centrifuged |
down.
The supernatant is treated as follows:-

(1) 1 ml. is taken for total P estimation.
(ii) 1 m). is teken for estimstion of pentose by a
modification of the method of Reeves and kunro (1940).
This method depends upon the llberation of furfural }
which is trapped in xylene and allowed to react with
anlline acetate. _

The 1 ml., of solution is pipetted into a graduat-
ed test-tube with a Bl4 ground glass socket. 2 ml.
65.656 N HCl and 5 ml, xylene (purified by distillation)

are added. The tube is attached to an alr condenser

with ground glass cone and is immersed in a briskly
bolling water bath for 2% hours. The contents are
cooled and the xylene layer made up to 7 ml. The
lower aqueous layer is sucked off with a fine pipette
and the xylene layer dried with anhydrous sodium |
acetate. When the xylene has cleared, 5 ml. 1s
pipetted into a dry Pyrex tube and 5 ml. freshly made
aniline acetate reagent (1 ml. colourless aniline is
dissolved in 50 ml. AnalaR glacial acetic acid and
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50 ml., ethanol) edded. The tube is allowed to stand
in the dark room for precisely 20 minutes and the red
colour is examined in the Hilger Spekkeyr Absorbtio-
meter (filter No. 6) using a calibration curve drawn
up in terms of ribonucleic acid phosphorus (RWAP) and
prepared from standard solutione of ribonucleic acid
purified by precipliation from glaclal acetic acld as
| deseribed by Kunitz (1940). Yeast ribonucleic acid
and liver ribonucleic acid gave similar curves.
Desoxyribonuclelc acid does not interfere.

(1ii) 3 ml. ave taken for the colorimetric estima-
tion of desoxypentose by the modificatlion by Sevag,
Smolens and Lackman (1940) of the diphenylamnine re-
action of Dische (1930). ‘

The 3 ml. solution are pipetted into a conlecel
graduated centrifuge tube containing 1 ml. 0.55 N HClﬂ
The tube is heated in a bolling water bath for 15
minutes, cooled, and the volume made up to 4 ml.:

3 ml. of the supernatant are transferred te a Pyrex
tube and 8 ml. freshly made diphenylamine resgent
added (1 gm. diphenylamine (AnalsR, twice?ryata_lusea
|from ethanol) dissolved in 2 ml. HgS0, (AnalaR) and
98 ml. glacial acetic acid (AnalsR)). The tube is
blaced in the briskly boiling water bath for three




243.

minutes, quickly cooled and the blue colour read off |
in the Hilger Spekker Absorbtiometer (filter No. 1)
after five minutes using a calibration curve drawn up
in terms of desoxyribonucleic acid phosphorus (DNAP).
Ribonucleic acid does not interfere (nor does chon-

droitin sulphuric acid).

Using these two methods, good recovery has been |
obtained from a mixture of ribo~- and thymo-nucleic |
geids in 10% sodium chloride solution. |

Both calibration curves were made with nucleic
acids precipitated A8 La salts.

For the ribonuclease method 1.6 ml. sodium |
chloride extract are pipetted into each of three 16 mi.
conical centrifuge tubes: 2.4 ml. veronal acetate
buffer pH 6.12 (Michaelis, 1931) are added to each
tube and 0.2 ml. of a solution of § mg. erystalline
ribonuclease in 100 ml. water are added to one tube.
The other two tubes are used as controls. To one of
these are added immediately 4.0 ml. 0.25% uranyl acetate
in 2.5% trichloracetic acid. The remaining control
tube and the tube containing enzyme are immersed in a
thermostatic bath at 37° for one hour before the

uranyl acetate reagent is added. Fifteen minutes

after addition of the reagent the tubes are centrifuged
|
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|
‘and the precipitate washed with 2 ml.. 0.125% uranyl
acetate in 1.25% trichloracetic acid. It is then

dissolved in 0.5 M sodium carbonate and the solution

|
is transferred to a digestion flask for total phos-

phorus determination.

% The non-incubated tube gives the amount of uranyl

precipitable P originally present while the tube con-

]taining enzyme gives the amount present after ribo-

nucleic aclds have been broken down. The second con-!
!trol without enzyme gives a measure of the amount of
%spontanoous decomposition of nucleic acid in sixty
minutes at 37°. In most cases it is low.

i With each bateh of tubes used in this determina-
!tion a standard set of three tubes containing 0.1%
purified ribonucleic acid in 10% NaCl is set up to |
check the extent of hydrolysis. Under the conditions!
stated about 60% of the ribeonucleic acid P is rondered!
Enon-precipitable by the enzyme. Sodium chloride does%
not inhibit the asction of the enzyme but the degree of!
hydrolysis of ribonucleic acid may be to some extent
influenced by the quantity of thymonucleic acid simml-
taneously present. The enzyme has no action on

|
thymonucleic acid. '
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Examination of the Method.

In using calibration curves reading directly in |
ribo- or desoxyribonucleic acid phosphorﬁa, the
assumption is made that the nucleic acld in the tis-~
sues contains the same relative amounts of ribose (or
rather furfural yielding material, since purine and
| pyrimidine nucleotides yield different amounts of fur-
‘fural: Levene and Jorpes, 1930) to P, or of desoxy- |
ribose to P as do the pure acids used to prepare the
calibration curves. This assumption appears to be
Justified in the case of ribonucleic acid isolated
from the liver (see p.266) which gives figures which
agree well with the calibration curve prepared from
yeast nucleic acid. 1In the case of desoxyribonucleic
acid (Vowles, 1940) the sugar residues from the purine-
nucleotides also react in the estimation to a much
larger extent than those from pyrimidine nucleotides,
and the estimation of desoxyribose will only be valid
if all tissue desoxyribonucleic acids contain equi-~
molecular eamounts of purine and pyrimidine. This
appears to be the case (Mirsky, 1943).

Compounds of La and other metals have been shown

by Bamann and Meisenheimer (1938) to be capable under

certain conditions of hydrolysing orgenic phosphates.
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B. Results.

246 -

The danger of interference from actions of this type
in the present circumstences is negligible. {
It cannot be taken fdr granted that the ribo-
nucleic acids of the tissues are identical with yeast
nucleic acid. They 4o, however, functlon as sub-
strates for ribonuclease and the ribonucleic acid
isolated from liver (p.266) suffers the same degree of
hydrolysis as does yeast nucleic acid.

(a) Total nucleic acid and water content.

The results of the N.P.P. estimations are shown |
in Table 17. Kossel (1882) quotes only one figure I
for sheep tissue (brain) and his figure (99 mg.% wet |

weight) in this case as in the case of other tissues
from other species is rather higher than that found
here. The present figures are, however, very much
of the same order as those of Javillier and Allaire
(1926a) for the horse, Jorpes (1928) for the ox and
Grund (1910) for the dog and hen (See Table 15).
The water content of the embryonic tissues is

considerably higher than that of the corresponding

adult tissues. It has of course been known for a

long time that actively growing tissues, normal or
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neoplastie, have a high water content - "the highest :
growth rates occur when the proteins are at their |
wettest" (Willmer, 1935). KNeuberg (1904-1905), for

example, quotes high figures for the water content of
tumours while Cramer (1916) found a fall in moilsture

in the course of embryonic development and a high

water content in carcinomata. Gortner (1930) went so

far as to say that "many of the relations character-
istic of living processes have more to do with the
water relationships of the organism than with any
other single factor". |
As a result of the high water content of the .
embryo, the difference in N.P.P., between embryo and
adult is much more marked when the comparison is mado;
on & dry weight basis than on a fresh tlissue basis. !
When the figures for the embryo and the adult |
are compared on a dry weight basis it 1s found that i
the N.P,.P. in the embryo is invariably higher than in
the corresponding adult tissue. In some cases the
difference is very marked, e.g. heart, muscle, carti-

lage and thyroid. In some tissues, on a fresh weight
basis, the difference between embryo and adult is

small and the figure for the adult may actually be
higher, e.g. intestine, spleen, kidney medulla,
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brain (white matter).

On a dry weight basis embryonic tissues are
richer in nucleic acid than the corresponding adult
tissues. No extensive comparison of the tissues of
any one specles is to be found in the literature but
figures have been quoted for individual tissues.

Masing (1911) has shown that the N.P.P. of whole rabbﬁt
embryo and of embryo rabbit liver diminishes progrea-l
sively as the age of the embryo increases while Dumm
(1943) has recorded a fall in the ¥.P.P. of embryo rat
liver with age. Le Breton and Shaeffer (1923), uling
pig and mouse embryos, have found a fall in purine N
concentration as gestation advances. Kossel (1882)

quotes a higher figure for cattle embryo muscle then

for adult muscle. Robertson and Dawbarn (1929) esti-

mated the nucleic acid N in the tissues of two new
born lambs and one adult ewe. From their tables the l
ratio of the percentege of nucleic acid N in the new |
born lamb to the percentage of nucleic acid N in the
adult sheep can be calculated to be 1.4 for the small
intestine, 2.6 for liver, 1.9 for lung, 4.6 for skin,
2.5 for kidney, 3.7 for cerebrum, 4.3 for heart and

8.0 for muscle. These figures obtained by quite a

different method are strikingly similar to the ones
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quoted here. |
Liver tissue is of speclal interest and is dis-

cussed in a later section (p.291).

The position of nervous tissue is rather strik-
ing. Not only does the white matter of the central
nervous system have a higher N.P.P. than the grey
matter, but even peripheral nerve has an appreclable |

N.P.P. content comparable indeed with muscle. Cas-

persson (1941) records a high ribonucleotide or ribo- |
nucleic acid content in nerve cells (see also Gersh |
and Bodlian, 1943).

The figures for the P content of the tissues ex~
‘tracted in bulk ere shown in the first columm in Table
18. These figures are of course essentially the samd
as the N.P.P, figures on a dry weight basis, except |
that the P content 1s expressed in terms of a powder |
from which ell acid soluble and lipoid material has

been removed.
|
To investigate whether or not all this P could be|

taken to be nucleic acid P, purine estimations were

carried out on the extracted powders. If the tissue
ucleic acids have the same relative amounts of purine

and P g8 have purified thymonucleic acid and yeast
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nucleic acid (end this qualification appears to hold '
for the desoxyribonucleic acids of the tissues (Hirakﬁ,
1943), the atomic ratio of purine N to P is 10:4 for |
tetranucleotides. (The ratio would of course be
higher in the case of pentanucleotides (Jorpes, 1954))&
As Table 18 shows, in many cases the figure for nucleic
acid P calculated from purine N is rather less than th%

figure for total P. It is probable therefore that |

|
some of the P in the extracted powder is not present

in the form of nuclelc acid. Alders (1927) carried
out estimations of both N.P.P. and total purine in |
thymus, kidney, pancreas and spleen. Except in the
case of ox.pancreas, the nucleic acld caleulated from
the purine content was lower than that calculated
from the N.P.P. (see also Graff and Barth, 1938). In

the case of liver nucleoprotein Brues, Tracy and Cohn |

|
(1942), using P 2 found that only ebout 50% of the |
residual P after extraction of acid soluble and lipoild

P could be accounted for in terms of desoxyribonucleic

acid. The remalnder had a different turnover rate.
|

Somewhat similar results were obtained with PSB by
Hevesy and Ottesen (1943) who have shown that after
very exhaustive extraction of muscle and other tissue

of the frog with trichloracetic acid and ethanol-ether,




Analyses of tissue powders remaining afier extraction of acid-soluble and lipoid P,
and of lanthanum salts precipitated from the NaCl extract of these powders

Table 18.

All tissues from the adult or 9-10 weeks embryo sheep unless otherwise stated.
Nucleie acid P =purine N x 0:886 (assuming purine N : P atomie ratio of 10: 4).
DNAP = desoxJfiticleic acid P. RNAP =ribonucleic acid P.

Extracted tissue powder
A

Total P Purine N

(mg./
Tissue 100 g.)
Adult liver 384
Embryo liver 1175
Adult lung 565
Embryo lung 1225
Adult gut 636
Embryo gut 958
Adult heart 219
Embryo heart 616
Adult spleen 914
Embryo spleen 1380
Adult kidney 442
Embryo kidney 023
Adult brain 369
Embryo brain 556
Adult musele 147
Embryo muscle 650
Adult cartilage 84
Embryo cartilage 382
Adult thyroid 166
Embryo thyroid 682
Adult skin 135
Embryo skin 842
Adult testis 660
Adult ovary 484
Sheep placenta 655
Thymus (15-week sheep embryo) 2760
Whole blood (embryo sheep) 152
Nuclei (embryo sheep liver) 2630
+ Dried sheep embryo extract 192
Nucleoprotein fraction from 658
embryo extract
Whole chick embryo (9 days) 1040

Whole human embryo (3 months) 590

Ox pancreas

1670

(mg./
100 g.)

353
1241
397
866

622
782

174
H46
974
1448

400
0949

215
340
145
572

85
343
167
732
141
824
624
444
613

2696

2382
176
746

1017
613
1782

Al

Nucleic
acid PP
calen-
lated  Nucleic
from acid P
purine  as per-
content centage
(mg./ of
100 g.) total P
313 82
1101 094
352 62
767 63
551 87
693 72
154 70
484 79
863 95
1284 93
3565 80
840 91
190 52
301 bt
129 88
507 8
75 89
304 80
148 89
649 95
125 93
730 87
5563 84
304 81
H43 83
2390 87
2110 80
155 81
661 101
001 87
Hdd 92
1580 95

Pin
NaCl
extract
as per-
centage
of P
in ex-
tracted
powder
84
75
94
93

88
82
56
81
78
a7
74
79
40
82
5b
95

63
92

63
83

68
04

70
87
83
97

63
86
82
82

86
80
79

e

-
Precipitate of La salts

Pin
La ppt.
as per- DNAP
centage as per-
of P in centage

NaCl of Pin
extract La ppt.
4 19
60 24
73 50
69 50
66 41
83 31
65 19
79 25
67 50
70 47
74 29
72 49
67 31
79 23
71 19*%
70 37
40 41
53 40
68 24
69 39
48 32
G8 43
66 26
42 39
74 33
72 66
73 2
82 75
93 11
80 81
74 29
75 29
87 10

RNAP
as per-
centage
of P in

La ppt. Di

65
61

43
35
39
35
70
59
27

26
52
41

65
55

66

58
59
82

* The total nucleie acid content of musele is so low that the figures quoted should be regarded as provisional,
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the specific activity of the residusl P was much
higher than that of the P in purified (desoxyribo)

nucleic acid prepared from the same material. These |
results might be due in part to the presence of ribo- |
nucleic acids with 2 high specific activity. |

The nature of the non-nuclelc acid residual P 13!
8till in doubt. Some of it may be present as phoapho}

protein but estimations show that the phosphoprotein

P is in most cases negliglble and in all cases is 105#
than 5% of the total residual P except in adult brain
(6.2%) and adult heart (6.7%). Euler and Schmidt
(1934) found that the phosphoprotein P in most tissues
is very low, and in so far as comparison is possible
(Euler and Schmidt quote only for fresh tissue) the
flgures found here are rather lower than theirs.

(b) Ribonucleic Acids.

The percentage of P extracted by NaCl from dif-

ferent tissues is not uniform (Table 18). In most

cases extraction is of the order of 80-90% but in |
certain tissues, e.g. adult heart, adult muscle and
adult brain, particularly the last, the amount ex-
tracted 1s low, although constant for different
Specimens.

The amunt of P in the NaCl extract which appears
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%
in the precipitate of La salts 1s elso variable (Tabl#
18). Precipitation is poor in the case of cartileage,
skin end ovary, all of which yield extracts oontaininé
mich material of a mucopolysaccharide type. As a |
result the La precipitate contains in most cases
60-80% of the P of the extracted powder. As pre- é
viously shown the P of the extracted powder is not é
entirely derived from nucleic acid. 1In such tissues |
as adult heart, braln, muscle, cartilage, skin and
ovary, the percentage is much lower. It is, hnuaver;

even in these cases remarkably constant for different

batches of powder prepared from different animals.

Results of the analyses of the La precipitate for
pentose and desoxypentose are shown in Table 18 ex- |
pressed in terms of ribonucleic acid phosphorus (RHAPf
and desoxyribose nucleic acid phosphorus (DNAP) as

percentages of the total P. In most cases between

80 and 95% of the total P in the La precipitate can be

accounted for in terms of ribo- or desoxyribonucleic

acid., TIn the case of adult cartilage, the sum was ;

greater than 100% due to interference in the pentose
estimation by chondroitin sulphuric acid.
The relative amounts of the two types of nucleic |

acid found in the La precipitates are shown in the last
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column of Table 18. The ratio of RNAP to DNAP varies
greatly from tissue to tlssue, being high in such tis-
sues as pancreass, liver, heart, brain, testis and i
muscle and low in thymus, spleen and lung. These |
ratios are not necessarily the same as those which E
obtain in the original tissue, especially in those |
cases where preciplitation and extraction are low, e.g.
|adult heart and adult brain.

In any given tissue the ratio of RNAP to DNAP is
of the same order in the eanbryo as in the adult or is
somewhat higher in the adult. Therefore, since the
amount of total nuclelec acld is higher in the enbryo
than in the adult, any given embryonic tissue must
have a higher content not only of nuclear desoxyribo-
nucleic acid, but alsé;f cytoplasmic ribonuclelic acid.
This observation may explain Caspersson's finding of a
high absorption at 2600 & in the cytoplasm of rapidly

growing tissues. !
To examine the view that desoxyribonucleic acid

is found in the nuclei and ribonucleic acid in the
eytoplasm, nuclei of embryo sheep liver were isoclated
by the citric acid method of Marshak (1941). Acid
80luble and lipoid P were extracted from the nuclel

i
|
|
f
|
and the residue worked up in the usual way (Table 18).
|
|
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The very low ratio (0.2) suggests that provided the
nuclelc escid content of the nuclel remasins unaltered
during the isolation process, there is indeed very
little ribonucleic acid in the nuclei. The small
amount found may be due in part at least to adherent
cytoplasmic residues.

Dounce (1943a,b,c) has isolated the nuclei from |
rat liver cells and estimated their dnaoxyrihonucleie;
acid content. His figure is of the order of 207 of
the dry welight. This amounts to about 1.8% P. The
figure shown here for extracted embryo sheep nuclei
is 2.63% total P. Of this P about 75% would appear

to be DNAP. Thus 1.97% of the material would be
DNAP ., This figure is of the same order, therefore,

as that of Dounce.

On the other hand ribonucleic acid predominated
in a saline extract of minced whole sheep embryo. |
The extract was prepared by allowlng the minced |
embryos to stand overnight with Tyrode solution at 0.
It was then filtered through gauze and centrifuged.
The extract so obtalned had powerful growth promoting
properties to chick heart fibroblasts in vitro (p. 80)

It was dried at room temperature as recommended by

Fischer (194%) and powdered. Such a saline extract
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would be expected to contain mainly cytoplasmie |
material (c.f. Mirsky and Pollister, 1942) and the
ratio obtained (7.4) is evidence in favour of the pre+
dominance of ribonucleic acids in tha cytoplasm.
From such an embryo extract the "nucleoprotein”
fraction which fell out at pH 4.3 was centrifuged down,
washed repeatedly with very dilute ecetic acid, ex-

tracted with ethan01~chloroferm.mdxiure and worked up
as usual. Again the ratio was high (8.0).

Fischer (1939, 1940, 194%) has claimed that the é
growth promoting substances of embryo julce are auao-:
ciated with the nucleoprotelin fraction and has sug-
gested that the activity may lie in ribonueleoproteins.
The results of the present investigation show that of |

|
this fraction some 80% is in fact ribonucleoprotein. |

|
(¢) Ribonuclease experiments. '
In a1l cases the NaCl extraect of the tissue con-

tained a proportion of phosphorus which treatment with

ribonuclease rendered non-precipitable by uranyl
acetate reagent. The amount of P in the NaCl extract
precipitable by the uraenyl acetate reagent is in most
cases of the same order as that precipltasble by
lanthanum acetate. With yeast ribonucleic acld as
substrate, 60% of the phosphorus is rendered non-
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|
precipitable when ribonuclease has acted to eompletioﬂ.
On the same basis the ribonuclelc acid content of the?
NaCl tissue extract has been calculated as & percen- !
tage of the total P in t he extract. The relationshiJ

between the percentage of RNAP in the La preclpitate ;
and in the NaCl extract is shown in Fig. 15. In
most cases there is reasonably good correlation be-
tween the pentose content in the La precipitate and
the amount of substrate for ribonuclease in the NaCl
extract. This agreement gives independent confirma- |
tion of the presence of ribonucleic acids in the tis-

sue powders.

(d) Nucleotides, nucleosides, and free purine. |
An investigation of the polynucleotide content oﬂ
tissuves would be incomplete without a series of con- |
current estimations of the simple mononucleotides i
which differ from the polynucleotides in being acld
8oluble and in appearing in a trichloracetic acld ?
filtrate. The purine nucleotides which are preoipi-g
tated by uranyl acetate include adenosine triphosphatd,
adenylic acid, inosinic acid, the nicotinamide nucleo-
tides and flavine adenine dinucleotide. Of these

adenosine triphosphate accounts for the major part of

the total tlissue nucleotides while the last two form



Table 19.

Total acid-soluble purine N (nucleotide N
+ nucleoside N + free purine N) in trichloroacetic
acid extracts of different samples of adult sheep
and 9-10 weeks embryo sheep tissues

Tissue

Liver
Heart
Muscle
Spleen
Brain:

Whole

Grey matter

White matter

Kidney
Lung
Cartilage

Total acid-soluble purine N
(mg./100 g. fresh tissue)

' Embryo
244, 286, 28:0
30:9, 20-0, 21 T
242, 254, 25-3
308
20.9,

21-G, 18:6

17-5
15-4
15-4

—o o
St
S0
et

o e =
S go

Adult
35-9, 36-4
37:5, 483, 459, 43-8
539, 40-6, 57-1
415, 29-8, 37-8, 35:0
24-6, 326
20-0, 28:0, 17-5

23-8, 23-1, 19-G
25-3, 31-5
25-7
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' | deamination of adenine derivatives is liable to occur

268. |

only a very small proportion of the total. The
nucleosides together with free purines are estimated
geparately and the sum of these and the nucleotides

glves the total acld soluble purine N. As most tis-

sues (and particularly brain) contain an active nucleo-
tidase which rapidly dephosphorylates nucleotides to
nucleosides (Reis, 1937; Kerr, 1942) and as rapid |
|
the tissues must be ground in trichloracetic acid |
immediately on removel from the animal. For the
sheep tissues in which some hydrolysis of nucleotide
to nucleoside was unavoidable only figures for total =
acid soluble purine N are guoted (Table 19). Control
experiments have shown that the loss in total acid

soluble purine under the conditions which obtain herei
!ouid be very slight. By the method of analysis am—i
ployed, excellent agreement of duplicates was obtaine#
but specimens of the same tlssue from different animals
showed & wide range of variation. Individual figure
are therefore guoted. Of the tissues examined, adulj
muscle glves higher figures than any other tissue.
Lower values were found for all the embryo tissues

than for the corresponding adult tissues (Table 19).

In the case of the fowl tissues (Table 20), the
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only a very small proportion of the total. The
nucleosides together with free purines are estimated |
separately and the sum of these and the nucleotides E
gives the total aclid soluble purine N. As most tia-i
sues (and particularly brain) contain an active nucleg-
tidase whlch rapidly dephosphorylates nucleotides to
nucleosides (Reis, 1937; Kerr, 1942) and as rapid
| deamination of adenine derivatives is liable to occur
the tlasues must be ground in trichloracetic acid
immediately on removal from the animal. For the
sheep tissues in which some hydrolysis of nucleotide
to nucleoside was unavoidable only figures for total
acid soluble purine N are guoted (Table 18). Control
experiments have shown that the loss in total acid
soluble purine under the conditions which obtain hero?
would be very slight. By the method of analysis em~
ployed, excellent agreement of duplicates was obtained
but specimens of the same tlssue from different animals
showed a wide range of variation. Individual figure
are therefore guoted. Of the tissues examined, ndulj
muscle glves higher figures than any other tissue.
Lower values were found for all the embryo tissues
than for the corresponding adult tissues (Table 19).
In the case of the fowl tissues (Table 20), the
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conditions of the experiments minimised the chances of
hydrolysis of nucleotide to nucleoside and figures for
nueleotide and nucleoside are quoted separately.
Adult muscle has the highest total nucleotidé content.
In muscle, however, the amount of nucleoside relative
to nucleotide is low; in heart and especially in
liver nucleoside and free purine form a much more
significant proportion of the total acid soluble
purine.

In the chick embryo both fractions are low and
the total scid soluble purine N content is of the same
low order as in the case of the sheep embryo.

Theas results are expressed in terms of fresh
tissue. Owing to the higher water content of embryon-
ic tissue, if the results are expressed in terms of
dry weight, much smaller differences between embryo
and edult are apparent.

There are few references in the literature to t
nucleotide content of tissuves for comparison, and no:]
to sheep tlssues (see p.221). The results obtalned
here, however, are of the same order as those quoted
by Kerr (1932, 1942) for the brain, muscle and liver
of the dog, by Barrenscheen snd Pebam (1941b) for a

number of tissues from a variety of different sources
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including fowl muscle, and by Euler and Allen (1935)
for the dog. The figures of Dell'Aqua (1925) for
rabbit liver are appreciably higher than the wvalues
for sheep or fowl liver (see also Table 16).

These results tend to show that repidly growing
tissues have in general a low concentration of total
soluble purine (including nucleotides) and that the
high concentration of eytoplasmic nucleotides reported
by Caspersson is not due to the presence of acid

#oluble nucleotides.

L. _Discuesion.

The oprocedure which has been desceribed must not
be regarded as an accurate gquantltative estimation of
the ribonuclelc acid content of tlssues. It serves,

however, to demonstrate the presence of ribonucleie

acids 1n all the tissues examined and to give an indi:
cation of the relative amounts of ribo- and desoxy-
ribonucleic aclds.

If crystalline ribonuclease attacks ribonucleic
aclds only and if it 1s uncontaminated by traees of
other enzymes (and there appears to be no reason to
doubt the valldity of these sssumptions) then the

NaCl extract of the tissue powder contains a substrate
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for ribonuclease, presumably & ribonuclelc

acid, Moreover in the precipitate of lanthanum salts
obtained from the NaCl extract, a certain proportion
of the P present can be accounted for in terms of
pentose. Finally, the amount of pentose containing
material and the amount of substrate for ribonuclease
show a definite correlation. There scems to be no
doubt therefore that we are dealing with some type of
ribonucleic acid. Whether all tissues contaln the
same ribonucleic acidé and whether 1n that case it is
Isimilar to the ribonuclele acld of the pancreas or of
.yeaat or to nelther, is of course unknown, but obser~
vations on the ribonucleic acid which has been iso-
lated from liver suggest that it 1s similar to yeast
fncloic acid.

The ratios of RNAP to DVAP reveal that the amounts
of ribonucleic acid in many tissues are high. In
Lases where the same organs have been examined by
Jorpes (1928) there 13 agreement between his results
those quoted here. Jorpes estimated both N.P.P.
and total pentose in the fresh tissues. In the case
of thymus he found & total N.P.P. of 0.441% and a
pentose content of 0.162% corresponding to 0.063%

pentose nucleiec acid phosphorus (if all pentose comes
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from ribonucleic acid): 14.2% of the N.P.P. could |
Ithorofora be accounted for as RNAP. Similarly in the |
‘case of pancreas 84.3% of the N.P.P., is RNAP. Assum~-
ing that the remainder of the N.P.P. is all DNAP these
figures would give ratlos RNAP/DNAP of 0.2 for thymus
\and 5.4 for pancreas. From Jorpes' data the ratios can

!similarly also be caleculated to bs 2.1 for ox liver,

:3.2 for rabbit liver, and 0.5 for ox spleen. The
ratios calculated from the results of Jorpes, there-
!fore, are of the same order as those obtasined here.

| In view of these results, it is apparent that in
‘embryonic tissues which are growing rapidly there is
no high concentration of acid soluble purine nucleo-

tides. On the other hand, the total nucleic acid of

an embryonic tlssue is higher than that of the corres-
ponding adult tissue and since the ratio of ribonuclei?
|aeid to thymonuclelc acid is of the same order in the
embryo as in the adult, a high concentration of cyto-
'plasmic ribopolynucleotides is to be expected in the
enbryonic tissue. This would explain the high |
absorption at 2600 2 found by Caspersson and his col-
leagues in the cytoplasm of rapidly growing tissues.

It ia of interest to note that Stedman and Sted-

man (1943b) have recently reported that the nuclei of
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rapldly growing tissues such as chick embryo and
mouse and rat carcinoma, are characterised by a much
lower histone content than is found in hoﬁ-proliferat»
ing tissues. It 1s probable that the high content of
both desoxyribo- and ribonucleiec acid in repidly grow+
ing tissues is intimately connected with the process
of cell division. As the result of experiments on
tissue cultures growing in embryo extract, Willmer
(194%3 has suggested that a rise in total nucleic acid
may precede cellular division by some hours and
observations described earlier (p.131) support this

view.

The relationship between nucleotides and nucleic!
acids in tissues is uncertain. Although the runotio#
of many of the nucleotides is well known, that of the?
nucleic acids is obscure. Ostern, Terszakowec and i
Hubl (1938) have brought forward evidence that in |
yeast ribonucleic acld may asct as a reservoir from |
which nucleotides including adenosine triphosphate
are obtained, while Brachet (1937) has claimed that
in the development of the sea urchin egg ribonuclele
aclid is converted into desoxyribonuclele acld. The
synthesis of desoxyribonucleic acid from ribonucleotides
by rapidly proliferating cells is according to
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Mitchell (1942) inhibited by X- and gamma radiation |
with consequent accumulation of eytoplﬁsmic ribonucle&-
tides or more probably of ribonucieic-ﬁcids. Whnther:
or not nucleotides are actively concerned in the i
protein synthesis of the growing cell (c.f. Needham, ‘

1942; Loofbourow, 1942) is still an open question.

SUMMARY .
1. The total nucleic acid content of embryo and adult

sheep tlssues has been estinmated. In most
organs the embryonic tissue has a higher nneleié
acid and water content than the corresponding ;
adult tissue. |
2. Ribonucleic acids as well as desoxyribonuclelc \
acid are present in both embryonic and adult i
tissue. Their presence has been proved by ex—‘
tracting the nucleic acids with 10% sodium
chloride, precipitating them as La salts, and i
estimating pentose and desoxypentose after de- \
composition of the La precipitate.
3. The presence of ribonucleic acids inthe tissue
extracts has been confirmed enzymatically by the
use of crystalline ribonuclease. J

4. The relative amounts of ribonucleic acid and
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desoxyribonucleic acid have been npproximately
assessed. The ratio of ribonucleic acid to
desoxyribonucleic acid is of the same order in
the embryo as in the corresponding adult tissue
or may be slightly higher in the latter, but |
varies widely from tissue to tissue, being hzgh:
in pancreass, liver, testis, brain and heart andi
low in spléon, lung and thyma. |
5, The results obtained support the view that doaoxy7

ribonucleic acid is located in the nucleus and

ribonucleic acids mainly in the cytoplasm.

6. Rapidly growing tissues such as embryonic tissue
tend therefore to be characterised by a high
concentration of desoxyribonucleic acid in the
nucleus and of ribonucleic acids in the cyto- |
plasm. :

7. Acid soluble purine nucleotides are present in i
lower concentration in embryonic tissues than i

in the corresponding adult tissues.
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3 THE ISOLATION AND PROPERTIES OF i

LIVER RIBONUCLEIC ACID.

So far, although the presence of pentose nucleic

'acids has been demonstrated in many biological

‘materials, only three such acids have been isolated

Iand characterised (see p.180). The first to be iso-

|
lated was yeast ribonucleic acid whose structure has |
| i
‘been reviewed by Gulland (1938, 1944). 1In addition |

to d-ribofuranocse it contains small amounts of _
r

l-lyxoae (Gulland, Barker and Jordan, 19433 Gulland
and Barker, 1943) and is usually considered to be comJ
posed of tetranucleotide units in which the bases are!
adenine, guanine, uracil and cytosine in equimolecula#
Eproportiona. The pancress pentose nucleic acld was ‘
considered by Jorpes (1928, 1934) to be probably a !

pentanucleotide containing three molecules of purine

l(guanine : adenine ratio « 2.1) and two of pyrimidinei
Jorpes (1924) isolated the crystalline brucine salts
of eytidine and uridine phosphoric acids from hydro-
lysates of this nucleic acid, and concluded that the ‘
pyrimidines were cytosine and uracil.

The third pentose nucleic acid which has been

isolated and characterised has been prepared from
|
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|
itobacco mosalc virus (Loring, 1939; Cohen and Stanley,
i1942b). It appears to be very similer to yesst ribo-
!nuclaic acid and on hydrolysis has ylelded guanine,
!adenina. cytosine and the brucine salt of an acid |
| gimilar to and probably isomeric with, yeast uridylic
:acid (Loring, 1939).

‘ Liver tissue 1s known to contain a desoxyribo-

nuclelc acid very similar to thymus dosoxyribonucloiel
|

acid (Levene, 1922; Peters, 1911; Ishiyama, 1928; |

Greenstein and Jenrette, 1940). Desoxyribonucleic

acld has been prepared from isolated liver cell nuclei

by Dounce (1943a). From the early work of Hammarsten
(1894), Wohlgemuth (1902), Jones and Perkins (1924),
and Thomas and Berariu (1924) it appeared probable

thet liver might also contain a pentose polynucleo-
tide as well as simple pentose mono-nucleotides.
Moreover, the cytoplasm of liver cells has recently

been shown to contain particulate components of at

least two sizes (Claude, 1941, 1943a & b; Bensley,
1942) consisting of phospholipin nucleoprotein com-
plexes containing a pentose nuclelc aeid, which has
not yet been isolated and characterised.

| It has previously been shown that sheep liver

(among other tissues) contains appreciable amounts of
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‘pentone nucleic acid. The evidence for the presence
‘of suech a nucleic acid, presumably a ribonucleic acid1
lin liver is fairly conclusive, but it has secemed de-
sireble also that this nucleic acid should be 1aolatel

‘and characterised. Sheep liver tissue is very suit- |

able for this purpose. It is easily obtained in suf#

ficiently large amounts, it contains a high total i

nucleic acid content of which & high proportion (60-
' |

80%) is ribonucleic acid (p.306).

A. Experimental Methods.

Principle.
For the extraction of the nucleic acids mild

methods are essential and the use of alkeli has been
avoided. The methods usually employed for the pre- |
paration of desoxyribonucleic acid are sufficiently
Idrnatie to break down much of the ribonucleic acid.
Extraction with 107 NaCl as used by Clarke and

Schryver (1917) for the preparation of yeast ribonucleic
acid has proved satisfactory provided that the liver
proteins were first denatured with ethanol. Extraction

of fresh minced liver with 10f NaCl gave tissue ex-
tracts from which separation of the nucleic acids was
difficult. From the sodium chloride solution the
nucleic acids were precipitated with ethanol. The
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!crude pentose nuclelc acid was purified through the |
‘barium salt by the method of Jorpes (1934) and was
Ifinally preciplitated from glacial acetic acid.

| Procedure.

Fresh sheep liver was minced, mixed well with
three volumes of ethanol, and allowed to stand over-
‘night. The ethanol was sucked off on a large Buchner
' funnel and the tissue suspended in two further nuccos;

|
' sive portiong of ethanol. After beilng washed with

'ether, it was dried in air and ground to a fine

powder in a mill: 200 gram portions of this powder
!woro suspended in 800 m). 10% NeCl and allowed to

|
|
|
'was then filtered through muslin end the solid residue

stand overnight in the refrigerator. The suspension

mixed with 400 ml. 10% NaCl, heated for 30 minutes in
Ta boiling water bath, and cooled. The mixture was |
again filtered through muslin end the residue washed
with & further 200 ml. 10% NaCl at room temperature,
and filtered. The filtrates were combined (1000 ml.)
|

and centrifuged. A small amount of precipitate and
of floating fatty material was discerded. To the

'8lightly cloudy fluid two volumes of ethanol were
}slowly added with brisk stirring, and the mixture

[
‘allowed to stand overnight in the refrigerator. As
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‘nuch es possible of the supernatant fluid was then

!ayphoned off and the preclpitate centrifuged down, !

iunehed once with 70% ethanol, twice with absolute
‘ethanol, dried in a vacuum desiccator, and powdered:
iyiold 4«5 gm.

' Four grams of this crude nucleic acid were ground

'in a morter with 60 ml. water end centrifuged. The

| :
' Irosidua was ground with 40 ml. water and centrifuged.

To the combined supernatant fluids, 0.25 vol. 207
' barium acetate (pH 6.8) was added and the precipitate

of Ba salts centrifuged down and washed three times

with 5% barium ascetste. The precipitate was then
ground in an ice cold mortar with 4-5 ml. ice cold
;R HC1l and centrifuged. The precipitate was washed E
;with four successive 3 ml. portions of ice water, with
ice-cold N NaOH added dropwise until the solution was
no longer acid. Alkaline reaction was carefully

avoided. The solution was made u§ to about 10 ml.

'with ice-water and made just acid with acetlic acid.

iA small precipitate was centrifuged down and discarded.
The supernatant fluid was poured into 10 volumes of |
glacial acetic acld with constant stirring. The prof
cipitate was centrifuged down, washed three times u1t$

ethanol, once with ether and dried in vacuo: yield |
|
|
|
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! 500 mg. of this material wes treated with ice-celh
‘alkali until the mixture was no longer acid, alkaline
reaction belng avolded. A small amount of materlal :
%remained undissolved. The solution (10 ml.) was made
Just acld with acetic acld and centrifuged. The
supernatant fluid was poured into 10 volumes glacial

" 'acetic acid, washed twice with ethanol, once with

ether, and dried in vacuo: yield 300 mg.

B. _Properties of the Nuclelc Acid.
The liver ribonucleic acld prepsred in this way

was a light brown powder, slightly soluble in water

‘glving an acid solution, and easily soluble in dilute
|
alkali. It gave a negative biuret test and negative

teats for desoxypentoses. Tests for pentoses were

!atrongly positive. After drying at 100° it gave

N = 15,0 ~ 16.1%, P = 6,7 - 7.4%. Both these values
are lower than the theoretical values, which, for a

tetranucleotide of the yeast ribonucleic acid type,
; |
C3gHaqOppNysPgs are N = 16.3%, P = 0.5%. It has been

pointed out that the figures for P in many samples ori
|

nucleic acid tend to be low (Fletcher, Gulland, Jordan

'and Dibben, 1944; Fletcher, Gullend and Jordan, 1944).
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‘A sample of yeast ribonucleic acid precipitated twice
from glacial acetlc acid gave N = 185,07. P = 8.2%,

| These figures suggest that the liver ribonucleilc
iacid gtill contains some impurity.

i The purine content was determined by hydrolysing
‘a sample of the nucleic aecid in 1.2 ¥ sulph;ric acid

at 100° for one hour. The purines were precipitated

¥

with copper hydroxide and copper bisulphite as describ:
ed by Kerr and Blish (1932) and Kerr (1942) and the
purine ¥ determined. It varied from 55.1-861.3% of the

total N. For a tetranucleotide of the yesst nucleice

‘acia type the figure would be 66.7%#. for s pentanucleor
tide with three purine nucleotides, 75%, end for a i
hexanucleotide with four purine nucleotides, 807, i
| The easlily hydrolysable P, i.e. that derived from
the purine nucleotides, was determined by hydrolysing
a portion of the nucleic aéid for 2% hours with 5%
(V./v.) H,S0, at 100°, Inorganic P was then deter-
mined by the method of Allen (1940). It amounted to
54.,2-54.7% of the total P. For a tetranucleotide of

the yeast ribonucleic acid type the filgure is 537

(Jorpes, 1934), for a pentanucleotide, 63%. for a
hexanucleotide, 69%.
' The pentose content of the
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nucleic acid was estimated by the method of Mejbaum
1(1939) the heating being continued for 30 minutes as
irecommendod by Schlenk (1943). The greenish blue
icolour was examined in the Hilger Spekker Absorptio-
}mater and the readings plotted against the phosphorus
eontont. The results obtained with two different
iaamples of the liver ribonuclelc acid are shown in ‘
Pig. 16. The polnts obtained for the two samples lie|
on the same straight line and the points for yeast |
?ribonualeic acid lie on the same line. Liver ribo-
;nuolaie acid and yeast ribonuclelc acid therefore
contain the same amounts of pentose relative to the ‘
phosphorus content. |
! The action of crystalline ribonuclease (Kunitz, |
1940) on liver ribonucleic acid was also examined.

To each of three conical 15 ml. centrifuge tubes con-
taining 1.5 ml. of a 0.1% solution of the sodium salt |

of liver ribonucleic acid, 2.4 ml. veronal acetate

buffer pH 6.12 were added. To one tube 0.01 mg.
erystalline ribonuclease was added. To one of the

remaining two (control) tubes 4.0 ml. 0.25% uranyl

acetate in 2.5% trichloracetic acid were added im-
[

mediately. The other control tube and the tube con- |

taining enzyme were incubated at 37° for one hour




Figure 17.

Extingtidn coefficimmt
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- Absorption spectrum of liver ribonucleic acid and
yeast ribonucleic acid as sodium salts in 0.005M
hosphate buffer pH 7.2. Concentration 0.0023%

in terms of free acid]
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before recelving the uranyl acetate reagent. The
precipitate produced by the reagent was centrifuged
‘down, washed with 2 ml. 0.126% uranyl acetate in 1.25%
‘trichloracetic acid, dissolved in 0.5 M NayCOs and
transferred to a digestion flask for total P estima-
tion. The P content of the precipitate from the tube

‘containing the enzyme was 39% of that of the precipi-
tate from the control tubes, i.e. 61% of the total P

‘has been rendered non-precipitable by the uranyl

'acetate reagent.

Absorption Spectrua.

The absorption spectrum of the nuclelic acid was
messured in a Hilger medium quartz spectrograph.
!Thanks are due to Dr A. Clow for carrying out these
messurements.

The nucleic acid was dissolved in the minimum }
amount of dilute sodium hydroxide and diluted to a
suitable concentration (40-160 mg. P per 100 ml.) with
;0.005 ¥ pbhosphate buffer pH 7.2. A sample of ygast
ribonucleic aclid was examined at the same time under
the same conditions. The curves are shown in Fig. 17
The curve for yeast ribonucleic acid shows the typical
absorption maximum in the region of 2600 % and is

similar to the curves for pentose nucleic acids shown
| |

-
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in the papers of Caspersson (1936) (yeast and pancreas
pentose nucleic acids), Lavin, Thompson and Dubos
i(1958) (pneumococcal pentose nucleic acid) and Lavin,
Loring and Stanley (1939) (virus pentose nucleic

!acid). The liver ribonuclelc acid glves a curve very
isimilar to that from yeast ribonucleic acid, the maxi-
'mum being even slightly higher than with the latter.

. Hydrolysis Products.

|

|
| |
‘ (a) The purines of liver ribonucleic sacid. ‘
| 200 mg. liver ribonucleic acid were heated with
}10 ml. 0.1 N sulphuric acid for six hours on the }
‘boiling water bath under a reflux condenser. The |
‘mixture was centrifuged while hot and a small insoluble

residue discarded. The hot supernatant fluld was

made alkaline with ammonium hydroxide and the precipi-
‘tate of guanine centrifuged down.  The supernatant |
Ii‘luid was boiled to remove ammonia and a small preci—i
apitato of guanine which appeared on cooling was contr#-
fuged down. |
To the supernatant fluid 15 ml. 1% silver aulphaﬁo
'were added. The precipitate of silver salts was ‘
centrifuged down and washed four times with 0.1 N
Eaulphurio acld saturated with silver sulphate and twiJe

with 5 ml. water. It was suspended in 10 ml. water
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and decomposed with HoS. The silver sulphide was
gentrifuged down and the supernatant wes freed from |
HpS by & current of 2ir and reduced to half its
volume in & vacuum desiccator. 10 ml. 1% picric
acid were added and the precipitated adenine picrate
centrifuged down and washed twice with ice water.

It was recrystallised twice from 259 acetic acid,
washed twice with ice water aﬁd dried. M.P. 280-28l°
(dscomp. ). '

The guanine precipitate was washed with verf
dilute ammonium hydroxide, dissolved in 10% sulphuriec
acld and precipitated from the hot solution with
| ammonium hydroxide. The guanine was again dissolved

in hot dilute sulphuric acid and precipitated with

ammonium hydroxide. The free base was dissolved in
1l ml. hot 54 (w./v.) HCl. On cooling, typiecal £
erystals of guanine hydrochloride separated. They
were washed twiﬁa with dilute HC1l and recrystallised
from 5% HCl, washed with dilute HCl end finally 1

decomposed with ammonium hydroxide to give the free
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base which was washed several times with very dilute
ammonium hydroxide and dried.
(b) Other hydrolysis products.

The hydrolysis products of the nucleic ascid were
also investigated following the procedure of Bredereck

(1943). The process was first carried out with 1
gream of yeast ribonucleic acid and then with the same
amount of liver ribonucleic acid.

One gram of liver ribonucleic acid was heated
with 10 ml. 2% (W./V.) sulphuric acid for two hours in
a flask attached to a reflux condenser and immersed in

an oil bath at 105-110°. The mixture was transferred

to a centrifuge tube and the concentration of :
. ; |
sulphuric acid increased to 3.8%7 (W./V.) by the i

addition of cone. HpS04. The tube was allowed %o ;

stand overnight at room femperature. The precipitata!
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of guanine sulphate was centrifuged down end washed
with 1 ml. of 2% sulphuric acid.

To the supernatant and washings barium hydroxidoi

' solution was added until the reaction was just neutrai.

' To the supernatant and washings in a fresh centrifuge

' The barium sulphate was centrifuged down and washed |

with a few drops of water. The supernatant and
washings were taken down to § ml. in a shallow dish
in a vacuum desiccator over conc. Hy80,. Solid
matter which separated out was centrifuged down,
washed with a few drops of water and discarded, and |
the supernastant and washings were taken down to dry-
ness in the vaecuum desiccator. The dry residue was |
rubbed up with 0.5 ml. water and transferred to a
centrifuge tube. Insoluble matter was centrifuged
down, washed with two drops of water snd discarded.

tube cooled in ice, 7 ml. pyridine were added with
stirring. The precipitate of cytidylic acid was
centrifuged down and washed twice with 1 ml. pyridine.
The supernatant and washings were taken to dry-
ness in a vacuum desiccator over CaCl,. The residue
was dissolved in 2 ml. water and ethanol added until
no further precivitate appeared (about 5 ml.). The

preciplitate was centrifuged down. The supernatant
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fluld was taken to dryness in a vacuum desiccator over

CaCl, and dilssolved in 2.5 ml. water. A smell in- |
soluble residue was discarded: 0.5 ml. of a 27
' aleoholic brucine solution were added and the tube set
iaslde for five dsys at room temperature. The brucine
salt of uridylic zc¢id was centrifuged down.

The supernatant fluid was made alkaline with hot
saturated baryta. The precipltate was discarded and

the supernatant was extracted three times with chloro-

;fonm to remove brucine. The aqueous layer was then
;oentrifuged to remove a small amount of insoluble
material and was exactly neutralised with 10¥ HpS0,.
The barium sulphate was centrifuged down and washed
with a few drops of water. In the combined super-
natant and washings pentose was determined by the
method of Mejbaum (193¢). The amount present was
29.1 mg. calculated as ribose.

The pentose solution was divided into two por-

tions which were dried in vacuo in centrifuge tubes

 from the frozen state.
| To 15 mg. pentose, 20 mg. p-bromophenylhydrazine
were added followed by 0.48 ml. water and 0.1 ml, 50%
acetlic acid, The mixture was allowed to stand over-

night at room temperature. The yellow precipitate
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|

' of the p-bromophenylhydrazone was centrifuged down, ‘
;taahed with a little absolute alecohol and recrystal- 3
| 1ised from 50% slcohol. It softened at 168° and
;moltod at 168°. A mixture of this material with
Eriboae p-bromophenylhydrazone made from pure d(~)ribose
(prepared from gusnosine by the method of Levene and
Clark (1921)) softened at 168° and melted at 169-170°,
I'I'ho p-bromophenylhydrazone made from this sample of
irlboaa softened at 160° and melted at 171-172°. The
' p-bromophenylhydrazone made from the pentose of yeast
;ribonucleic acid meltecd st 166°. Arabinose p-bromo-

phenylhydrazone prepared in exactly the same way

melted at 154-155°,

The guanine sulphate precipitate was stirred with
hot 10% (W./V.) Hy80, until no more would dissolve an
was centrifuged while hot. A moderately large in- i
!aoluble residue was discarded. To the hot solution
excess ammonium hydroxide was added. The precipitate
of free guanine was centrifuged down and washed with
in little dilute ammonium hydroxide.

The supernatant and washings were bolled to re-
move ammonie, cooled and treated with saturated piecriec

acld solution. On standing in the refrigerator over-

night, a precipitate of asdenine picrate appeared. It

1
|




281 »

was centrifuged down and reecrystallised from 25%

acetic acid. ,
J

The oytidylie escid fraction was dissolved with |
gentle heating in 2.5 ml. water. The solution was

centrifuged and a small insoluble residue discarded.

To the supernatant 25% lead acetate was added until no

more precipitate appeared. The precipitate was

centrifuged down and washed with a little dilute lead
acetate solution. It was suspended in dilute acetic

acid and decomposed with HpS. The lead sulphide wes
removed on the centrifuge and the supernatant end |
washings taken to dryness. The eytidylic acid was
taken up in water and precipitated with ethanol. On
orystallisation from 50% ethanol & small emount of |
material melting at 223-224° was obtained. Cytidylie
acid melts at 230°.

The brucine salts of the uridylie acid fraction

were orystallised repeatedly from 35% ethanol. The
final product melted at 190°. The brucine salt of
uridylic acid melts at 182° (Loring, 1939), 195°
(Levene & Bass, 1931), 179-181° (Gulland & Holiday,
1940).




The evidence so far obtained is not adequate for
complete identification of the pyrimidine nucleotides.

The amounts of material avaeilable were insufficient

 for further investigation. i
|

gc. Discussion.
l

|
The composition of the materiasl under examination,

the pentose content, the absence of positive tests for
|

nucleic acid of the pentose nucleic acid type. Since

proteins and desoxypentose, indicate that it is a

the pentose appears to be ribose the acid can be
correctly designated "liver ribonucleic acid".
The presence of ribose in liver tissue has been

suggested by Levene and Jacobs (1909) who maintained

that guanylic acid from liver contained d-ribose: ‘
Winter (1927) identified ribose derivatives in a
mixture of goat liver and musecle.

It has been generally assumed that the suger in
pentose nucleic acids end nucleotides is d-ribose but

the evidence for this has until recently not been




' altogether satisfactory. Gulland and Barker (1943),

fothar, but 1t requires a larger amunt of sugar than
| has been available in the present investigation. The

| p-bromophenylhydrazone method requires much less

using the benziminazole methed (c.f. Moore and Link,

| 4t8s related nucleotides la d-ribose. This method ofi
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|

1940; Dimler and Link, 16483) have now demonstrated

eonclusively that the sugar in yeast nucleic acid and

pentose identification is probably superior to any

pentose and has been used by Schlenk (1942) to show

that the suger in cozymase is d-ribose. The melting
points for riboze-p-bromophenylhydrazone quoted in |

the literature (¢.f. Levene and Jacobs, 1909) very '
over & wide range. In the present instance, hawuvarL
the agreement between the melting points of the p-
bromophenylhydrazonss of ;1bose and the pentose of
the liver nuclele seid prepared at the same time under
the same conditlons and recrystalllised from the same

golvent, together with the results of the mixed

melting polnt, is sufficient to justify the conclusio
thet the pentose is ribose. The M.P. of the p»bremnr
phenylhydrazone of arabinose is lower than that of
ribose and that of the xylose derivative is lower
8till. The possibility of the presence of small
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!amounta of l-lyxose in the liver ribonuclelc acid sucﬁ

' as are present in yeast ribonucleic acid (Gulland and
 Barker, 1943) cannot be excluded but the esmounts of

|

'nuecleic acid available have been too small for any

attempt to be made to detect it.

i The similarity between liver ribonucleic acid nn%
iyeaat ribonuclelc acid is revealed by the pentose con-
' tent, by the absorption spectrum, by the action of
jrihanuclease, and by the nature of the hydrolysis i
!products. Moreover, the purine content and the : !
Ieaaily hydrolysable P content suggest that the liver |
éribonunleic_acid like yeast ribonucleic acid is com-
Ipoaod of tetranucleotide units containing aquimoleeu-|
ilnr amounts of purines and pyrimidines. It 1s pos- !
sible therefore that liver ribonuclelc acid may differ
from the pentose polynucleotide of the pancreas whichi

;appears to be probably a pentanucleotide containing

three purine nucleotide residues (Jorpes, 1934).
The pentose nucleic acid of tobacco mosaic virus

appears to differ from yeast ribonucleic acid in its
uridylic acid component (Loring, 1930). The identity

‘of both pyrimidine nucleotides of liver ribonucleilc
acid has not been completely established owing to the |

‘8mall amount of material available. The data so rarj
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available, however, suggest that they are very similar
to, 1f not identical with, the corresponding materialJ
obtained from yeast ribonucleic aecid.

SUMMARY .

A method for the isolation of a ribonucleic acid
from liver tissue is described. = The nueleic scid is
free from protein and from desoxypentose. It

resembles yeast ribonucleic acid in its pentose con-

tent, in its absorption spectrum, in its action as a |
substrate for ribonuclease and in its content of
purine and easily hydrolysable phosphorus.

Among the hydrolysis products adenine, guanine,

inorganiec phosphate, and d-ribose have been identified
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4, THE HISTOCHEMICAL DEMONSTRATION OF

RIBONUCLEIC ACID IN MAMMALIAN LIVER.

Ribonucleic acld has been isclated from liver :

tissue in which it 1s present in larger amounts than ‘

is desoxyribonucleic acid. It is gemerally consider#

' ed that the distribution of the two types of nucleic |

| acid is not between plant and animal tissues but be-
tween gell nucleus and cytoplasm,desoxyribonucleic
acid being a nuclear constituent while ribonucleic

acid is mainly a cytoplasmic constituent (see p.205).

A distinction between the two types of nucleic acid :
' can be made by means of the heat stable enzyme ribo- !
nuclease which can be highly purified and obtalned in |

' the erystalline state (Kunitz, 1940) and which attacké
' specifically the ribonucleic acids (see p.183). The|
'enzyms can, for example, be used to digest out ribo- !
‘nucleic acids from tissue sections, thus removing one |
iof the basophllic constituents of the cells which arei
' stalned with such dyes as pyronine or toluidine blue |
}(aee p.191). Such a histochemical test was first }
used by Brachet (1940) who incubated tissues sections |
‘from amphibia with a crude preparation of ribonuclease

| from boiled pancreas extract and found that some of
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Plate 13.

Human embryc section incubated in buffer.
Human embryo section incubated in buffer
+ erystalline ribonuclease.
Human embryo liver section incubated in
buffer.
Human embryo liver section incubated in
buffer + erystalline ribonuclease.

Stained:~ Toluidine blue.

x 110|
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.| of the cytoplasmic constituents no longer stained with

the pyronine of Unna-Pappenheim pyronine methyl green.
' The test was subsequently employed by Desclin (1940)
on anterior pituitary, and with erystalline ribo-
nuclease by Painter and Taylor (1942) on toads' eggs,
and Gersh and Bodian (1943) on nerve cells. Such a

test 1s used here to demonstrate not only that ribo-

nucleic acid is present in liver tissue but that it 1&
' present in the cytoplasm of the liver cells. |
The fresh liver tissue from the adult rat and
from human and rat embryos was fixed in formol saline
overnight and dehydrated and embedded in paraffin in |

the usual way. Sections cut and mounted were taken

through two changes of chloroform, down through a i
|

series of alcohols, to distilled water (three changea%.
‘The slides were then incubated for five hours at 37°
‘1n a bath of veronal acetate buffer (Michaelis, 1939)
'pH 6.75 containing 1 mg. crystalline ribonuclease peri
|

‘tinaus. They were rinsed in three changes of dis-

ml. as employed by Gersh and Bodlian (1943) for nervous

!
tilled water and stained in 1% aqueous toluidine blue

|overnight. They were then rinsed quickly with

absolute alcohol, blotted, quickly dehydrated with

‘absolute alecohol, passed through toluene and mounted

l



Plate 14.

x 110'

x 118 |

A

Rat liver section incubated in buffer.
Rat liver section incubated in buffer

+ erystalline ribonuclease.

x 540

x 540

as A
as B
Stained:~ Toluidine blue.

B
C
D



. treated sections (Plate 13). The difference shows

2es8.

in balsam.

Control sections were treated in exactly the
same way, being incubated in a bath of buffer without
enzyme .

Sections of whole humen embryo of about ten weeks
were treated in exactly the same way. i
The results are shown in Plates 13 and 14. The |
photomicrographs at low magnifications show that the |

amount of staining material in the control sections

| of the whole embryo is much greater than in the enzyme

up in a striking fashion in the case of both embryo
and sdult liver. When the photomicrographs of the ‘

adult rat liver at high magnification are examined, |
it is seen that, in the control sections, not only dol
the nuclei stain but masses of staining material are |
found in the cytoplasm (Plate 14). In the sections
treated with ribonuclesse the nuclei stain as before |
but the cytoplasm no longer stains. Treatmoﬁt with
ribonuclease has removed the staining material which
can therefore be assumed to be, or to contain, ribo-
nucleic acid.

It would appear therefore that not only is ribo-

nucleic acid present in liver tissue but that it is
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.prasent in large amounts in the cytoplasm.
It 1s obvious, of course, that this test depends
;on the specificity of crystalline ribonuclease (see
Ip.184). The enzyme is known to have no sction on
desoxyribonucleic acid, and was found by Dubos and
Thompson (1938) not to hydrolyse egg albumin, haemo- |

'globin, peptone mucoproteins or polysaccharides of |

Ianimal or bacterial origin, but an unpublished account
'by Mazia quoted by Gersh and Bodlan (1943) suggests
ithat it may have some unspecified effect on fibres of
dapaturod thymonucleohistone, egg albumin, casein and
haemoglobin. The ribonuclelc acid isolated from

liver tissue has, however, been shown to act as a sub-

' strate for ribonuclease (see p.273). '

; It will be noted in Plate 14 that the nucleoll OJ
ithe liver cells still stain after treatment with riboJ
‘nucleaae. The work of Caspersson and Schultz (1940),
|Braohnt (19408 & b), Nitehell (1942) and Gersh (1943)

;(800 p«204) has suggested that ribonucleoproteins are
present in the nucleolus, but if this be true also of

the liver cell, they would appear either to be accom-l

panied by staining material (probably desoxyribonucleic

gncid) which 1s not acted upon by ribonuclease, or to

‘be present in some form which is not affected by the
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enzyme.
It eppears to be probeble that the cytoplasmic

:ribonucleic acid is present in the form of particulate

' components in the cytoplasm, of the liver cell, pro-

bably in the form of phospholipin-ribonucleoprotein
|
| Bensley, 1942; Hoerr, 1943; Lazarow, 1943) (see

' ps208)+ Such materials were isolated by Claude
i(1940, 19432 & b) from liver tissue by high speed
}contrifugatién in the form of particles of two 4if-
' ferent sizes, the smaller being termed "microsomes"”
' and the larger "secretory granules" or "zymogen
 granules". The latter are probably identical with
the mitochondria (Hoerr, 1943) which Bensley and

 Hoerr (1934) and Bensley (1937, 1942) have separated

 from the liver cytoplasm.

naoromolocules_(claude, 1039, 1940, 1941, 1943a & b3
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5 THE NUCLEIC ACID AND NUCLEOTIDE

CONTENT OF LIVER TISSUE,

It has been shown previously that ribonucleic

acids are widespread in animal tissues and are proaenr

in high concentrations in rapidly growing embryonic

- tissues, although the proportion of ribonucleic acid |

to desoxyribonucleic acid appears in most cases to bei
the same in the embryo as in the corresponding adult !
tissue. One such ribonuclelc acld has been iso-
lated from the liver of the sheep and its properties
described. It has been dempnstrated histochemically

in the cytoplasm of the liver cell. It is of some

interest, therefore, to examine the amount of this
i
nucleic acid present in liver tissue and 1ts possible

variation under different circumstances. For such

- an examination liver tissue has many advantages. It

with the embryonic organ but with the regenerating

. i
is possible to compare normal adult liver not only

organ and with liver tumours produced by the adminis-
tration of such agents as butter yellow, dimﬁthylamink-
azobenzene. This fact has already been utilised by |

|

- Burk (1942) in an examination of the glycolysis

mechanisms in liver in different states.
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|
The total nucleic acid content of the liver may

' depend to some extent on the age and nutritional state

!or the animal and has already been discussed (p.215).
! When the median and left lateral lobes (66-75%

|
'of the whole organ) of the liver of the rat are re- |

imovod the remaining lobes undergo a process of rapid |
growth until in 28 days the liver has been restored
to its original weight (Higgins and Anderson, 1931).

This growth process 1s usually termed "regeneration"”

although Sulkin (1943) points out that it would more
Ioorrectly be designated as a compensatory hyperplasiaa
| The most active phase occurs about the third day afta#
|operation when mitotic figures are most numerous

I(Burk, 1942; Norris, Blanchard and Povolny, 1942).
During the first 24 hours after partial hepatectomy

‘ths mass of the residual liver fragment increases

' merkedly (even in starved animals) although the liver |
}mnaa increases much more rapidly in fed animals (Bruaé,
Drury and Brues, 1936). During the process of re- |
generation the nucleilc acld metabolism of the liver }

is profoundly affected. Using P52 Brues, Tracy and

|
Cohn (1942) have shown that while in normal rat liver

|the (desoxyribo)nucleic acid P has a lower turnover ‘

rate than the non-(desoxyribo)nucleic acid protein-
|



bound P, in the regenerating liver the turnover rate
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of the nucleic acid P is increased up to the level of

the non-(desoxyribo)nucleic acid protein-bound P.

The liver is moreover an orgen in which experi-

mental tumours can be produced without grest dAiffi-
culty by feeding the dyestuff "butter yellow",

|
p-dimethylaminoazobenzene (c.f. Sugiura and Rhoads, |

1941). The process involves a "proliferation of con+

'nective tissue cells in the portal systems with de-

' regenerative proliferation of bile duct end liver
' epithelium leading ul timately to non-architectural '
' nodular hyperplasia and a macroscopically hob-nailed

generation of the contlguous llver cells, a typical

liver" in which three types of tumour may arise, liveﬁ
cell carcinoma, bile duct carcinoma and blle duct |
cystadenoma (Orr, 1940). ILiver is indeed one of the
few tissues in which it is possible to make a direct
comparison between tumour tissue and its tissue of

origin (Dickens and Weil-Malherbe, 1943). Tumour

| formation 18 assoclated with a rise in nucleic acid

content (Fujiwara, Nakahara and Kishi, 1937; Dickenl‘

and Weil-Malherbe, 1943). .

Using rat liver therefore it is possible to oan-!
pare normal adult liver tissue with rapidly growing E
liver tissue in the case of the embryonic or
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i'regenernting" organ and with the cirrhotic or tumour
'bearing organ. This method has indeed been employed
fby Burk (1942) in an examination of the glycolytie
Emoohanisma of all these types q; liver tissue. He
iwaa able to show that only in malignant livef tissue
iwna anaerobic glycolysis markedly increased (see also
Dickens and Well-Malherbe, 1943). In regenerating
;llver it was normal and the high values obtained for

!embryonic liver could be to a large extent accounted

for by the amount of erythropoietic tissue present at |

:thia stage (Burk, 1942; Norris, Blanchard and

Povolny, 1942).

A. _Experimental Methods.

All experiments were carried out on adult hooded

rats supplied by the Rowett Institute and fed, unless
‘otherwise stated, on the stock diet described by

i?homaon (19386) . |

Pregnant animals were used one or two days be-
fore parturition was expected, in order that embryos
‘of reasonable size might be obtained. The embryos
:uara removed from the uterus, quickly welghed, and
the livers excised, pooled and dealt with as for adult

,11ver.
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In the experiments invelving regenerating liver,
rats under "Nembutal" ansesthesia were partially
hepatectomised by the method of Higgins and Anderson
;(1931). gor the first 16 hours after operation the

_animaln received only a solution of glucose in water.
Subsequently they received stock diet. In a controli
Egrbup of animals the abdomen was opened under "Hembut#l"
' anaesthesia and c¢losed again without removal of i
:hnpatlc tissue. The rats were killed on the third ‘
iday after operation, after a 24 hour fast. |

| For the experiments on hepatic tumours three
égroups of rats were chosen. Two groups were fed on
:hnaked but unpolished rice to each kilo of which was |
added 25 ml. of a 3% solution of dimethyl-amino-
~azobenzene (B.D.H. Analar) in arachis oll. Each

!rnt recelved a slice of raw carrot daily and water ad

ilibitun, and was fasted for 24 hours before use.

' One of these groups was used after 100 days and the

other after 150 days. The third group of rats re-

ceived rice with arachis oll but without dye, and
served as controls (Plate 17). Their livers were
examined at the end of 100 days.

All the rats were killed by decapitation and the |

livers immediately excised and divided into portions |
| |



- weight for determination of water content. A third |
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thusi- One portion was ground in ilce-cold trichlor-!

acetic acid for estimation of nucleotide and nueleo-
side by the method of Kerr (1940). A second portion
was dried in a tared beaker at 100° to constant

 portion was fixed for histological examination. A

fourth small portion was used for determination of

- total nucleoprotein phosphorus or residual P by the

method of Berenblum, Chain and Heatley (1939).
The remsinder of the tissue was used for the

" nuclele aeild.

|

|
estimation of the relative amounts of the two types of

|

The tissue was minced, dehydrated with several
successive portions of ethanol, washed with ether and|
dried. The dried material was transferred to a |
stoppered 50 ml. centrifuge tube and shaken for four i

one~hour periods with successive portions of about

| 40 ml. 0.1 N HCl. This process removes acid soluble

P including simple nucleotides. The residue was

washed twice with ethanol and was then extracted for
two successive two hour periods at 685° under a reflux
condenser with an ethanol-chloroform mixture (3:1). %
It was then washed with ether, dried, ground to a

fine powder in a mechanical mortar and passed throughi
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ja sieve (120 mesh)., In ceses where the amount of
powder avalilable from one liver was small, material
from several livers wss pooled for analysis.
| Total P was estimated in the extracted powder by
'a modification of the method of Allen (1940).
' The relative amounts of ribonucleic acid phos-
phorus (RNAP) and desoxyribonucleic acid phosphorus
(DNAP) in the extracted powder were determined by two
?diffarent methods.  One method involved. the extrac- |
‘tion of the nucleic acids with 10%Z NaCl, their preci-I
pitation as lanthanum salts, and analysils of the }
precipitate for pentose and desoxypentose by modifioaJ
tions of methods previously described. As this pro=-

cedure in the case of liver tissue invelved certein

losses which were relatively greater for desoxyribo- |
nucleic acid than for ribonuclelc acid direct estima- |
‘tiona of pentose and desoxypentose were also under-

taken on the extracted tissue powders. Such estima-

;tiona yield useful information in the case of liver
tissue though it is doubtful if they could be applied |
indisceriminately to other tissues.
" (a) Direct method.

i Portions of powder expected to contain 100-200 L g.
| |

RNAP were used for pentose, and 100-300 lg. DNAP for
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fdesoxypentoao, estimations.

|
 powder (20 mg. in the case of liver) were weighed

| Pentose estimation. Appropriate portions of \

:1nto each of two graduated 10 ml. centrifuge tubes.
' To one was added 2 ml. water and 2 ml. Mejbaum's (1939)
reagent (100 mg. orecinol in 10 ml. concentrated HC1
containing 0.1% FeGlE.BHQO), and to the other 2 ml.
water and 2 ml. of HCl containing 0.1% FeCl,.6H,0 but

2
ne orcinol. Both tubes were héated with stirring in

& bolling water bath for exactly ten minutes and

' cooled. The blue-green colour was extracted succes-
' 8ively with 2 ml., 2 ml. and 1.5 ml. amyl alcohol. |
The amylalcohol layers were separated by centrifugingi
combined, mixed with 1 ml. ethyl alcohol, and made up?

to a total volume of 8 ml. with amyl alcohol. Exactly

similar extractions were carried out on the blank
tube (without orcinol). The coloured solution was
read sgainst the blank in the Hilgar Spekker absorp-
tiometer, using the Blue (No. 7) eolour filter. A

calibration curve was prepared from yeast ribonucleic
' acld, using 2 ml. portions at various concentrations |
i(as-zoo,ag. P) and extracting with amyl alcohol to a |
 total volume of 8 ml. as in the estimation.

| |
! |

The desoxypentose estimation was carried out by |
|
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e modification of the diphenylamine reaction employad!

' by Sevag, Smolens and Lackman (1940) and Dische (1930).
A portion of powder containing twice the amount of

' DNAP required for the estimation (200 mg. in the case

of liver) was heated in a graduated 10 ml. centrifuge

tube with 8 ml. 0.1 N HCl for 20 minutes, with fre- 2

quent stirring. After cooling the volume was made
up to 8 ml. and the mixture was centrifuged. A3 m,

portion was taken and heated for exactly six minutes

in a briskly boiling water bath with 8 ml. diphenyl-
amine reagent (1 g. diphenylamine, Analar, twice re-

erystallised from ethanol, 2 ml. concentrated Hy80, |

and 98 ml. gleclal acetic acid, Analar). A blank

was prepared from a second 3 ml., of the supernatant ‘

and 8 ml. acetic acid. The cooled solution was read|

against the blank Iin the Hilger Spekker absorptiometer,
using the Red (No. 1) colour filter. A calibration ‘
;aurve was prepared from desoxyribonucleic aecid,
ihvdrolyaing 4 ml. portions in HC1l of final concentra-
!tion Q.1 N, and using 3 ml. portions of the super-

‘natant for developing the colour with 8 ml. of

| reagent.

(b) Method for lanthanum salts.

i
i :
| The nucleic aclds were extracted from the tissue
! I
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' powders with 10¥ sodium chloride and precipitated as |
{lanthanum salta. The lanthenum precipltate was thnn:
;uaed for the estimstion of pentose and desoxypentose

;by a modification of the method previously employed

(p.241). |
| For the nuclelc acid extraction a sultable quan~!
tity (e.g. 400 mg.) was then weiched ocut into s 15 m14
'conical centrifuge tube and four drops triascetin addej.
iExtraotion with 10% NaCl was then cerried out with
?five successive portions, (a) 3 ml. overnight at Oo, |
(b) 2 ml. for 30 min. st 100°, (c) 2 ml. for 30 min.
‘at 100°, (4) 2 ml. for 10 min. at 100°, end (e) 2 ml.
for 10 min. at 100°, respectively. !
| The extracts were combined and made up to 10 ml.:
0.6 ml. was taken for total P estimation: ¢S ml. were

épipotted into a 26 ml. centrifuge tube and 1 ml., 2f |
!lanthanum acetate and 10 ml. ethancl added. After |
:ono hour at 0° the precipitate was centrifuged down

'and washed twice with 3 ml. 0.2%7 lanthanum scetate.

The moist precipitate was decomposed with two succes-
sive 0.26 ml. portions of 0.5 M NayC0;. The lanthanum

S
‘earbonate was centrifuged down and the extract made up

'to 5 ml.

i The extract was treated as followsi-
| i
| |



- with water and 2 ml. HMejbaum's reagent were added

- liver ribonucleic acid precipitated as La salt and

| diphenylamine reagent were added (p.299) and the tube

' in the Hilger Spekker absorptiometer (Filter No. 1)

501 L

(1) 0.5 ml, was teken for total P estimation.

(11) 0.2-0.3 ml, was pipetted into a Pyrex tube forf

estimation of_pentosa by a modification of the method
of Mejbaum (19392). The volume was made up to 2 ml.

(p.298)+« The tube was heated in a boiling water

bath for 30 minutes as recommended by Schlenk (1943)
and was then cooled: 2 ml. ethanol and 4 ml. water

1
were added and the green colour read off in the Hilge%

Spekker absorptiometer (Filter No. 7), using a cali-

bration curve drawn up in terms of RNAP and mede from

treated as described above.

(i1i) 3 ml. were taken for the colorimetric estima-
tion of desoxypentose by the diphenylamine reaction, |
and were pipetted into a conical graduated centrifugei
tube contalning 1 ml. 0,56 N HCl., The tube was
|

heated in a boiling water bath for 20 minutes, cooled,
and the volume made up to 4 ml.: 8 ml. freshly made

was placed in the briskly boiling water bath for asix
minutes, quickly cooled, and the blue colour read off

after five minutes, using a calibration curve drawn
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Plate 16. .

A Normal rat liver ffed)
B Normal rat liver (fasted)
Stained:~ Haematoxylin-eosin

x 110



; Plate 17. !

A Rat liver - control diet
| B, ¢, D Tumour beering livers
' Stained:~ Haematoxylin-eosin x 70 '




A Regenerating rat liver
B Rat liver - control laparotomy
Stained:~- Heematoxylin-eosin

X 110
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| i
|

‘up in terms of desoxyribonucleic acid phosphorus
?(DNAP) and made from desoxyribonucleic acid precipi-

tated as La salt.

| Be Results.

f The histological appearances of the various
'typaa of liver examined are shown in the photomicro-
' graphs in Plates 15, 16, 17 and 18.

The striking difference between the histological‘
| appearance of the adult and embryo liver is shown in ‘
Plate 16. In the fasting animal the liver cells are

:amaller, and have a less granular cytoplasm, than is i
 the case for the fed animal (Plate 16). The re- |
:generating livers contain cells which vary widely in

‘aizo (Plate 18). Some show mitotic figures. The |

|
|
‘livera of rats from the control laparotomy group

|
!preaent a normal appearance. The histological appeaT-

iance of three of the tumour bearing livers is shown |

in Plate 17. The livers of rats on ths control dlet |

are similar to those of fasted rats.
| .
The results of the N.P.,P, and moisture estima-

|t10na are shown in Table 21. The moisture content

'in most cases remains constant at about 70% but is
!
higher in embryo liver and in liver tumour. The
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Water and nucleoprotein phosphorus (N.P.P.) content of rat livers. The
meen velues and the standard error are shown in each case. The figures
in brackets ere the numbers of enimals employed. :
r_— -
Nucleoprotein
phosphorus '
Type of Water (N.P.P.) Welght of | Weight of |Weight of
liver tissue content | mg. per 100 gm. rats livers liver as %
grems ams bo
Wet wt.| Dry wt. goh miﬁs
Normal male 69.9 134 449 361 10.6 2.80
(fed) +0.412| % 2.56| * 7.33 * 16.09 + 0.55 + 0.10
' (9) (14) (14) (9) (6) (6)
Normel male 69.7 152 502 316 7.9 2.51
(fasted 24 ¥ 0.195| % 2,65| * 9.84 * 22.83 * 0.54 *0.10
~ hours) (11) (18) (16) (8) (8) (8)
Normal female 70.0 137 452 T TR Y
(fed) +0.263| * 3.74| *13.25 + 5.49 +0.36 +0.15
(12) (12) (12) (11) (7) (7)
Normal femsle 69.9 142 473 168 5.1 3.39
(fasted 24 £ 0.237| £ 3.66| 12.81 + 6.80 + 0.22 +0.13
hours) (12) (12) (12) (10) (6) (6)
Pregnant female | 71.0 | 156 | 543 =
(fasted 24 +0.268| * 3.64| 112.06 - - -
hours) (6) (6) (6)
Bubryo 80.6 174 908 2.6
A i + 0.,871| $13.27|%101.5 t 0.84 - -
Regenerati 70,0 | 153 512 350 g 7 T e
. +0.395| * 3.18| %12.04 f15.12 | % 0.82 -
(9) (9) (9) (8) (8)
Leparotor 69.5 150 490 353 9.0
ol (6) (8) (8) (6) (7)
Control diet 70.6 149 505 224
| $0.111] ¥ 2.44| % 6.97 % 3,06 - -
Liver tumours 73.8 143 543 179
(100 days) 0.444| 1.64/ 10.95 6.27 - -
(6) (6) (6) (8)
Liver tumours 76.0 128 535 163
(150 days) + 0.731] % 6.54 140.74 t 4,95 - .
(5) (5) (8) (4)

* The mean weight of liver removed three days previously at pertial

hepatectomy wes 6.8 X 0.46 gn.
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Ehigh melsture content of the rapidly growing tissues
!of embryos and tumours has already been commented on
i(see P+247). The N.P.P. flgurea for the rat liver
!ara rather higher than those quoted by other authors
?(Rondoni, 1941; Berenblum, Chain and Heatley, 1939;

|
Dickens and Well-lalherbe, 1943; Kosterlitz and

Cramb, 1943) and are closer to those of Fujiwara.
Nakehara and Kishi (1937). The N.P.P. rises on faati
ing. 1In the series of normal male rats (340 t 60 gmi)
the difference between the N.P.P. of livers of fed

and fasted animals i1s statistically significant. In

itho series of female rats (170 + So.gm.) it 1s not
‘aignifieant but the difference hetween the total P
‘oonhont of the extracted powders from the livers of |
\fed and fasted female rats is significant. The waig@t
iof the liver as a percentage of the body welght shown|
;a significent fall in the fasted animal (male and
female). The pregnant female rat liver (Plate 15)

' has a particularly high N.P.P. content but the highest

values are found in the embryo. The welights of the
embryos used varied from 3.4 - 1.5 grams and the N.P.P.
values from 125-246 mg. ¥ wet weight or 596-1440 mg. %
dry weight.

The regenerating livers show slightly higher




mg. per 100 gnm.
soluble purine.
each case.

Table 22
Nueleotide N, nucleoside N, and free purine N of rat livers in

The sum of all three gives total acid
The mean and the standard error are shown in

The number of animals is given in brackets.

Totel acid

Type of Nueleotide N Nucleoside N

liver tissue + free soluble
purine N purine N

Normal mele

(fed) %0.6 % 1.01 (6)] 9.7 % 1.20 (6)|40.3 % 0.62 (8)
Normal mele

(fasted S

24 hours) | 31.1 % o0.68 (0)| 10.2 % 0.74 (9) | 41.4 % 0.83 (9)
Embryo 17.1 Y 0.89 (6)| 7.3 2 0.30 (6)|24.4 0.79 (6)
Regenerating | 36.1 * 1.46 (8)| 10.9 % 1.41 (8) | 47.0 % 1.87 (8)
Laparo tomy 2.0 X 1,09 (8)| 9.9 £o0.59 (7)(41.1 f1.18 (7)
Control diet |31.4 % 1.48 (6)| 9.9 2 0.71 (6) | 44.0 X 1.23 (6)
Tumours

(100 deays) |28.8 X 0.28 (6)| 10.7 % 0.67 (6) | 39.6 X 0.92 (6)
Tumours :

(150 deys) |17.3 % 3.31 (5)| 9.9 % 1.24 (5) |27.3 I B.43 (5)
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i
N.P.P. values than theose of the controls but the dif-
ference 1s not astatistically significant. On the

other hand, the difference between the values fof the

100 day liver tumours and those of the controls is

' significent.

| The R.P.P. of the tumours is lower on a wet
Fueight basls than in the liversof rats on the control
!diet but on a dry welght basis it 1s higher on account
of the high water ccntent of the tumours.

Results of the nucleotide, ete., estimations are
shown in Table 22. There is no significant dlffer-

|
|
‘ence between the nucleotide and total soluble purine 1
| concentration in the livers of fed end fasted rats. |

|

This confirms the tentative conclusion made by ;

|
|Rapoport, Lever and Guest (1943). Embryo liver, like

| other embryonic tissues, has a partlcularly low nucleo-
'tide concentration. The nucleotide sad total purine
concentration in regenerating livers 1s signiflicantly
higher than that of controls. In the case of the 100
day tumours the nucleotide concentratlion 1s signifi-

cantly lower on a wet weight, but not on a dry weight,

basis than that of the controls.

The reaults of the analyses of the extracted
tlssue powders are shown in Table 23. The total P
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' content runs parallel with the N.P.P. figures but is

‘expressed here in terms of dry fat-free material. Iné
;most cases more than 90% of this total P gan be
'accounted for in terms of ribonucleie acld phosphorus
(RNAP) or desoxyribonucleic acid phosphorus (DNAP). :
The powders from liver of fasted animals show a highazﬁ
iRNﬁP content and a lower DNAP content than do those of
Efod rats and both these differenmces are statisticslly
énigniricant. The ratio RNAP/DNAP is therefore re-
:dueod by fasting. This ratio is almost the same in :
itha.regonerating as in the control livers. In the
itumours it 18 lower than in the corresponding controls
but the actual amounts of RNAP and DNAP determined in

|
the tumour powders are both higher than those in the

|eontrols. Owing to the high total P content of

pregznant rat livers the total RNAP content is parti- \
;cularly high. In embryonic liver the ratio is low;
!the extracted liver powder conteins a higher RNAP
content and DNAP content than does any other form of
liver tissue, but the relative amount of DNAP is

higher. This is due in part at least to the presencd

of erythropoietic cells in the embryo liver. A lower
'RNAP/DNAP ratlo in the embryo liver than in the sdult |
liver has elready been noted in the case of the sheep
(Table 18).




Neither the total P of the extracted powder nor
!the ratio RNAP/DNAP was appreciably altered when the

ffreah livers were allowed to stand overaight at room |
| |
temperature. '

The ratios of RNAP/DNAP obtalned for various forms
of rat liver tissue indicate that a large proportion
!(aoma 80%4) of the total nuclele acid of rat liver tis-

aue is present in the form of ribonucleiec acid.

Similar ratlos have been obtalined with the liver tissup
of other species (sheep, pig, horse, msn).

| The ratios obtained for the snalysis of the preci}
:pitate of lenthanum salts are in most cases cansideru\
!tbly higher than those found on éireet analysis of the
'1liver powder. Owing to losses in extraction of the
nuecleic acids, in precipitation as La salts and on
resolution from the La precipltate, the amount of P in
the material recovered from the La precipitste is, in |
'the case of liver tissue, only sbout 60% of that in
.the tissue powder. These losses are proportionately
grester for desoxyribo~ than for ribo-nucleic aecid,
and the RNAP/DNAP ratios are therefore high. Never-
theless the ratios obtalned for various forms of liver
[

show the same relative variations among themselves as

do the ratios obtained by direct analysis.




5 307. ‘

C. Discussion.

|
! The rise in N.P.P. concentration 1n liver tissue
!fbund on fasting confirms the earlier observations of:
Eoth.er workers (Kossel, 1582; Tichmeneff, 1914; Cahn |
'and Bonot, 1928; Rosenthal and Drabkin, 1943; Koster-
1itz and Cramb, 1943). Kosterlitz (1944) has shown |
that fasting results in the loss of stainable material
éand of mitochondria in the cytoplasm of the liver cell.
‘The particulate components of the cytoplasm are re-
ported by Claude (1843a, b), Bensley (1942), Hoerr
(1943) and Lazarow (1943) to contain a nucleic acid
;of the pentose type which is presumably identical with
‘the ribonuclelc acld which has been isolated from
liver tissue, The fall in the RNAP/DNAP ratio on
festing would be consistert therefore with a diminution
in the phospholipin-ribonucleoprotein complex content
of the liver cytoplasm. The loss on fasting of liver
weight es a percentage of body weight is in agreement
'with the results of other workers (e.z. Kosterlitz and
Cramb, 1943).

Comparison of normal adult liver tissue with
rapidly growing liver tissus from the embryo is rendered
difficult by the peculiar cellular content of the

latter (Plate 15) but such a comparison can be made
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|
@etween normal and regenerating liver. The livers of

!rats submitted to leaparotomy give figures for nucleiec

éaeid and nuclectide content which are very close to
ithose obtained for normal male fasted rats. The re-
%generating livers differ apnreciably only in one
éreapact, their high simple nucleotide and total soluble

| [
purine concentratlon. In this they differ from other|

paplidly growing tissues (embryonic and neoplastic)

'which have charascteristically low acid soluble nuclao-;
ftide concentrations. Buch low concentrations are
ifound in the embryonic rat liver and to a much less
Ipronounced extent in the liver tumours.

The N.P.P. of the 100 day liver tumours is higher

than that of the control livers when the comparison is|

made on a dry welght basis but the difference is due
Elargely to the lncressed water content of the tumours.
'In no cese was the difference between the N.P.P. (dry
welght basis) of the liver tumours end that of normal
irat liver as great as that recorded by Dickens and
iweil-Halharbe (1843) and by Fujiwara, Nakeéhara and
Kishi (1937). On a wet weight basis the N.P.P. figur?a
are of the seme order for liver tumours, livers from
rats on the control diet and livers from normal fasti

male rats. On the other hend the P contents of the
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extracted liver powders are much higher in the case

| of both liver tumours and livers from rsts on the c0n+

 trol dlet than in the case of normal fasted rat livers.
The P content of the axtragted powder from pregnant

' rat liver iz alsoc at the same high level. | |

| Caspersson, Nystrdm and Santesson (1941) and %

' Caspersson and Santesson (1942) have reported the
 preaence of high concentrations of ribopolynucleotide$
i in the cytoplasm of tumour cells. Although the cen-}
icentration of RNAP in the liver tumcurs is higher ths#
| that of the controls the difference is in no case ver+
i great. The DNAP concentration is also raised so ‘

|
thet the RNAP/DNAP ratio is lower than that of the

controls.
! It 1s clear that liver tissue contains ribonucle%c
| acid, that this aecid is found in the cytoplasm of the
% liver cell, that 1t 1s present in liver tissue in i
large amounts, and that the amount may vary lndepen- '
dently of the amount of nuclear desoxyribonucleic acid.
Despite the large amounts of ribonuclelc acid
;present in liver tissue, most of which is probably
located in the ecytoplasmic granules, its functlion is
but imperfectly underatood as yet. There is, how-

| ever, evidence that 1t may be connected with the
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3strueture of certain enzyme systems. For example,
Itho succinoxidase system was demonstrated in mito-
chondria and submicroscopic particles by Lazarow and
IBarron (1931) end succlnic dehydrogenase, cytochrome

oxidase and coenzyme I-cytochrome C reductase have

' been showa %o be inhibited by crystalline ribanucleasJ
;(Potter and Albaum, 1943). The cytoplasmic ribo-
nucleic acld may also play an important pert 1ln the
self-duplication of cytoplesmlic siructures (Claude,
' 1943a; Caspersson and Santesson, 1942).

SUMMARY .

: The nucleic acld and nucleotide concentration haJ
!bsen examined in a series of rat livers from fed and
{raating animals, in the pregnant and smbryo rat, in
the regenerating rat liver and lan liver tumours in-
duced by feeding butter yellocw. The total nucleile
'scld concentration, as measured by the nucleoprotein
phosphorus, rises on fasting, is high in pregnsney and
very high in the embryo, is not appreclably altered
in the regenerating liver, and 1s slightly raised in

the liver tumours. The ascid soluble nucleotide con=-

centration is unseltered on fasting, 1s ralsed in

regenerating livers, is low in liver tumours and very
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low in embryo livers.
! Of the total nucleic acid a large proportion
E(‘?0--90:5) is present as ribonucleic scid. On fasting,

the ribonucleic acid concentration falls by sbout 12%,
!uhile the desoxyribonucleic acid conecentration rises,

iboth changes being statistically sicnificant. The
‘ratio of ribonucleic acld P to desoxyribce nucleic aci
!P therefore falls on fasting, is the same in regenaraj-
iing as in control livers and is lower in liver tumour
'and in embryo livers than im the normal liver, although
!in both liver tumour and in the embryo, particularly
 the lstter, the concentrations of both ribonucleic

acid and desoxyribonucleic aecld are higher than in t

normal liver.
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6. THE NUCLEIC ACID AND NUCLEOTIDE

CONTENT OF TUMOURS.

i The nucleic acid content of tumour tissue has
‘already been dlscussed (p.217).
Procedure and Methods.

. The tumours used in this investigation have been
imainly the Rous sarcoms and the chemically induced
(GRCH 15 fowl tumour (Peacock, 1940) (Plate 19). Both
:were obtained from fowls in which tumour growth was

far advanced. A number of human tumours obtalned at

‘blopsy were also examined. After excision they were
'coﬁveyad at once to the laboratory and were examined |
Iimmsdiately by the same methods as were used for the |
!rowl tumours.

Tumour-bearing fowls were killed by decapitation
'and the blood from the carotid arteries collected in 4

‘beaker containing oxalate. ;

|
! The tumour tissue was immediately excised and
|dealt with as follows:~ '
i (a) A small portion wes fixed for histological
! examination.

(b) Moisture was determined by drying weighed por-

tions in tered beakers at 100° to constant
weight .



Plate 19,

B
A Rous sarcome
B GRCH 15

Stained:~ Haematoxylin-eosin.

x 110



(@) The total nucleic acid content of the tlssues was
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(¢) Nucleotide, nucleoside, and free purine N were

determined in trichloracetic aecid extracts by
the method of Kerr and Blish (1932) as modi-!
fied by Kerr (1940). The sum of all three i
gave the total acid soluble purine N. Huclo#-
tides were determined in blood by pipetting }
5 ml. blood into 20 ml. 10% trichloracetic i
acid, centrifuging, and following the method

of Kerr (1940).

estimated on 15-25 mg. portions by making :
nucleoprotein phosphorus (N.P.P.) determina-
tions by the method of Berenblum, Chain and
Heatley (1939).

(e) Polypeptide estimations were carried out on

|
tissue by a modification of the method of ‘
Burstein (1937). ©Portions of about 3 grams |
were welghed out and ground in a mortar withi
5 vols. 5% trichloracetic acid. After 16 |
minutes the suspension was filtered. Of the
filtrate 2 ml. were taken for total N deter-
mination (miero-Kjeldahl): 6 ml. was treated
with 1 ml, 5% phosphotungstic acid in 2 N HCl.

After 15 minutes the precipitate was
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centrifuged down, washed with 2 mi. 1%

phosphotungstic acid in 0.4 N HC1l and trans-

ferred to a digestion flask for total N deter-

mination (micro-Kjeldahl, modification of Ma

and Zuazaga, 1942). i

For blood polypeptide determinationsb ml.

oxalated blood were pipetted into a centrlfugL
tube containing 5 ml. water and 5 ml. 15%
trichloroacetic acid was added. The mixture
was centrifuged and the supernatant fluid |
treated as for tissue extracts. Non-protein
nitrogen (N.P.N.) was also determined on the
supernatant fluid. It, of course, includeaI
polypeptide N.

(f) The remainder of the fresh tissue was minced, !
dehydrated with several successive portions o?
ethanol, then ether, and dried. The dried

material was transferred to a stoppered 50 ml.

centrifuge tube and shaken for four one-hour
periods with successive portions of about 40 bl.
0.1 N HCl. This process removes acid aolublb
P including simple nucleotides. The residue
was washed twice with ethanol and was then

extracted for two successive two-hour per:h:u‘lrI
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at 65° under a reflux condenser with an 1
ethanol-chloroform mixture (3:1). It was
then washed with ether, dried, zround to a .
fine powder in a mechanical mortar and passed E
through e sieve (120 mesh).
Total P was estimated in the extracted powder by:
e modification of the method of Allen (1940).
| The amounts of ribonuclelc acid phosphorus (RNAPJ
and desoxyribonucleic acid phosphorus (DNAP) :

were determined in the extracted tissue

powders by the indirect method previously
! described for liver tissue (p.299), the reaultJ
| again being expressed in terms of RNAP and '
DNAP. |
The sodium chloride extract was also examined
for ribonucleic acids, which acted as substrates
i for crystalline ribonuclease, by the method
previously employed (p.243). \
Results .
' The results of the water and N.P.P. estimations
Lra shown in Table 24. In nearly all cases the water
%ontent of the tumours is high. The high moisture
content of rapidly growing tissues (Cramer, 1916;

Willmer, 1935) such as embryonic tissue and tumour




Table 24 .

Nucleoprotein phosphorus (N.P.P.) and water content of
tumours. In the case of fowl tumours the mean values
and the stendard error are shown and the number of
tumours examined is given in brackets.

Fowl tumours
GRCH 15

Rous sarcoma
Adjacent muscle

Rat tumour

Fibroadenoma of
memmery glend

Humen tumours
Lympho sarcoma

Fibrosarcoma

(thigh)

Sarcoma (breast)

Adenosarcoma
{(breast)

Carcinome (breast)
Careinoma (breast)

Secondary carcinoma

of colon

i Hypernephroma

Carcinomatosis,
~ omentum.

Water content

Nucleoprotein phosphorus
(N.P.P, )
BE: DA% 00 8. |

Wet weight Dry weight

83.2 * 0.56
(5)

88.1 I 3,10
(12)

7.0 ¥ 1,28

(4)

85

82

7%

82

8l

88.5

88.8 ¥ 2.38 531 % 22.6
(5) (5)

53.1 ! 5.38 462 ! 49.5
{12) {12)

30.5  65.61 | 133/ % 23.9
(4) (4)

40 247
78 490
98 529
72 400
22 140
63 | 260
99 ' 280
25 | 1se
63 | 885
i
29 i 235
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' tissues (c.f. Marvelli, 1930; Cavina, 1931) is of

course well known (see p.247). The N.P.P. figures
indicate a high nucleic acid content in the fowl
tumours. This is most striking in the case of the
N.P,P. values on a dry weight basis owing to the high

' water content of the tumours. Figures for the N.P.P.

content of other fowl tissues on a dry weight basis
are heart, 161, liver, 408, brain, 119, nerve, 205 “3.
‘per 100 gm. (p.246). Muscle adjacent to the tumours
igave a figure of 133 + 23.9.

On the other hand the figures for the N.P.P. con-
!tont of human tumours vary greatly according to the
.typo of tumour in question. Comparison with the tis-
sue of origin is in most cases not possible but, in

any case, the data presented do not justify any broad

' generalisation about the nucleic acid content of |
‘tumours. i
: The nucleotide content of the tumours is shown 14
iTablc 265. In the case of the fowl tumours, especial-
lly the Rous sarcoma, the nucleotide contentration is |
' very low. The figures are lower than those found for

all adult fowl tissues previously examined and are

| comparable with those for chick embryonic tissue. Tﬁj
nucleoside concentration and hence also the total acid

soluble purine are also low.
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Nucleotide N, nucleoside N and free purine N of tumour
tissue. The sum of all three gives total aeid soluble
purine N. In the case of fowl tumours meen values and

the standard error are given.

is the number qr animals.

The figure in brackets

milligrems per 100 gm. fresh tissue

| Nugleotide N Nucleoside N

and free
purine N

Total soid
soluble
purine N

gowl tumours
GRCH 15

Rous sarcoma

gdjaoent musecle

Rat tumour

Fibroadenoma of
memmary glend
Human tumours
Lymphosarcoma
Hypernephroma

Carcinome of
colon -
secondary
growth

Fibrosarcoma of
 thigh

Carcinomatosis, |
omentum.

19.7  1.38 9.3 ¥ 0.45
(4) (4)

10.4 % 0.92 7.4 £ 0.37
(12) (12)

43,9 T 442 | 11.0 2 0.8
(8) (8)

7.0 6.3
9.0 18.5
16.1 9.8
11.2 9.8
21.0 12.86
4.9 _ 9.1

20.0 X 1.18
(4)

17.8 % 1.18
(12) t

55.0 * 4.18
{(8) |

13.3

27.5
25.9

21.0
33.6

14.0 "
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The nucleotide concentration in humsn tumours is
!variable, but in most cases it is of the same low |
order as that in fowl tumours.

! It will be seen from Table 26 that tumour tissue,

like normal tissues, contains appreciable amounts of

|
Jiribonuclain acid. Of the total emount of phosphorus 1-n1j
Jthe extracted tumour powder, in most cases some 50-70%
is extracted with sodium chloride, precipitated in the
lanthanum nucleates and recovered from the preoipitataL
Of this, between 90 and 1004 in most tumours can be |
:aocounted for in terms of RNAP and DNAP. Although it
cannot be assumed that the ratios found for the
lanthanum precipitates necessarily represent the amtna#
proportions in the original tissue, it does appear that
the amount of ribonucleie acid, especially in the rbwi:
tumours, is considerably greater than the emount of
desoxyribonucleic acid. In most of the human tumours
probably more than 507 of the total nucleic acid is !
present in the form of ribonucleic aecid. ;
The direct estimation of pentose and desoxypentose
on the extracted tissue powders, as has been done with

liver, is not generally applicable to tumour tissue

powders, on account of the presence in many tumours of|

substances which interfere with the colorimetric pro- |
?ceduras. Where these have been carried out on the i
fowl tumours the RNAP/DNAP ratios obtained have been i
rather lower, as in the case of liver tissue, than ;

those obtained by the indirect method.




Table 26 .

Ribonucleic acld phosphorus (RNAP) and desoxyribonucleiec acid
phosphorus (DNAP) &s & percentage of the totsl P recovered from
the precipitaote of lanthanum salts. ' :
Type of tumour ftotal > 4 totel P as % tovel » DD
Fowl tumours |
Rouq{ sarcome (&) 73.2 18.3 91.5 4.0
I S 73.2 14.7 87.9 4.9
" " (a) 85.2 13.4 98.6 6.4 ;
n| o (a) 77.2 20.6 99.8 5.8
GRCH 15 (a) 80.4 15.3 95.7 5.3
v (b) 75.5 15.4 91.0 4.9 |
" (e) 80.5 18.0 98.5 4.5 |
ﬁ () 88.5 15.5 104.0 5.7
Human tumours
Lymphosarcoma 50.9 35.7 86.5 1.4 |
Carcinoma of cervix 58.2 31.5 90.0 1.9
Cercinoma of breast 66.4 35.0 101.4 1.9
Careinome of breast |
secondary in axilleary '
lymph node 49.0 41.4 90.6 || 1.8 |
Saro!oma of breast 77 .4 22 .4 99.8 | 3.8 ‘
Adenpsarcoma of breast  65.7 29.2 95.0 2.3




Figure 18.

RNAP as % total P
in La precipitate from pentose estmn.

20 40 60 80 190

L e '

RNAP as % total P in NaCl extract
from ribonuclease test.

Correlation between the ribonucleic acid P
content of the tumours, calculated from the pentose
content and from the ribonuclease test.
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* The emounts of ribonucleic acid in the sodium |
chloride extract, measured as substrate for ribo- ;
!nuoleaae, are compared with the results of pentose i
estimations on the lanthanum precipitate in Fig. 18. |
Ag in the case of sheep tissues, there is good i
‘correlation between the amounts of ribonueleic acid ;
found by the two methods. i

Ribonucleic acid has been isolated from Rous i
sarcoma tissue by & method similar to that employed 1ni
the isolation of ribonucleiec acid from liver (p. 269).
The tumour tissue was dehyfrated with ethanol and the |
nucleic acids extracted from the dry powder with 10% |
NaCl, precipitated with ethanol, and purified through

'the barium selts (Jorpes, 1934). The ribonucleic acid

was finslly precipitated from glacial acetic acid and
washed with ethanol end ether. Reprecipitation from
glaciel acetic acid did not render the materiel com- !
pletely free from desoxyribonuecleic acid. It was
protein free, and acted as a substrate for erystalline
ribonuclease.

The results of the polypeptide estimetions are |
shown in Table 27. The method employed is not absalutely

specirid for polypeptides but is & measure of the |
emount of nitrogenous material precipitated by phospho+
tungstic aeid but not by trichlorcacetic scid. Nucleo-
tides and nucleosides, for which figures are quoted in!
the table, are not precipitated by phosphotungstic
acid under the conditions employed but are included in!
the N.P.N. fraction.




blood, pleasma and tissues.

Teble 27.

| Polypeptide nitrogen, non-protein nitrogen (N.P.N.), n _
nucleoside N and free purine N, and total acid soluble P of fowl
All figures are in milligrams

per 100 ml. blood, pleasma or tissue.

lectide N,

|

i
!
|
{

Aipd  Tiwwue Poly- N.P.N. Nucleotide Nucleoside Total acid
No. peptide N end free soluble
N purine | N P
Normal fowls :
1 Whole Blood 25.2  62.0 5.3 2.8 %
2 b " 12.1 43.2 - - o
3 . " 13.9 49.3 - - -
4 n " 1102 42.8 o - | -
5 ” " 8.9 34.0 - @ M
6 " " 4% 44.8 -~ - -
? ot i 9.8 4?!0 o - -
8 » s 9-3 4?02 - - l -
(TR . 13.6  44.3 - . | -
1‘0 L s 1.0-1 4009 - - | -
bk O s 13.8  50.9 - | -
Mean 12.3 46.9 - - ‘ o
Standard
error I1.43 - > e %
Fowls with Rous sarcoma |
1 Whole Blood 23.5 46.2 3.4 8.5 | -
2 " i 28.6 66!1 5.4 5.9 -
3 w " 16.8 42.0 1.3 5.8 »
4 L " 23.1 5606 103 Boa‘ -
5 " " 16.0 66.6 5.3 4.6 -
6 " " 13.4 50.2 7.0 6.5 -
7 b " 19.3 57.8 6.7 3.5 -
a n bid 14.5 45-2 4.6 4-81 -
9 i " 13.4 52.5 - - | )
10 ol " 13.0 57.8 6.7 3.5 | -
11 " ” 16-2 5405 5.6 5-6I -
12 " o 25.9 60.9 4.9 5.9‘ -
lfean 18.5 54.9 - - &
Standard
error X1.5% » - - -
5 Plesma 6.6 £8.1 - - -
7 b 6.5 26.2 - - -
10 " 8.4 24.8 - - \ -
|
37 .4 64.1 14.0 9.8 | 74.0
é Sarguma 21.4 24.1 13.3 9.8‘ 53.5
3 " 14.7  46.2 7.0 5.6 36.5
4 " 29.4 54.6 14.0 2.9 | 62.0
5 " 1918 55"7 i e "'
6 " 1811 *7&3 - - I. o
|
29.8 137.5 35.0 13.3 | 154.5
P PNLIzeast] SHS WS M 10.5  201.5
3 " 81.5 261. 8.8 9.8 185.0
§ » 14.3  56.6 58.1 9.1  183.0
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The figures for the polypeptide content of the

blood of both normal and tumour-bearing fowls vary

| over a wide range. In the case of the tumour-bearing

birds the mean value is, however, higher than for
normal fowls and the difference is statistically
significant. Both the non-protein nitrogen and the
polypeptide nitrogen of the blood of normal snd tumour-
bearing fowls are high in comparison with normal
mamealian blood wherefgglypeptide content is of the
order of 4 mg. polypeptide N per 100 ml. for man
(Arduino, 1941) and for the dog (Burstein, 1937).

Comparison of the figures for blood and plasma
polypeptide shows that the bulk of the polypeptide N
is in the cells. This holds slso for mammalien blood
(Larizza, 1937; Arduino, 1941; Burstein, 1937; and
Claudatus, 1939).

The polypeptide content of the Rous sarcoma
tissue is similar to that of whole blood and is much
lower than that of muscle.

In two cases fibromyomate of the uterus have been
compared with the uterine tissue in which they were
growing (Table 28). Such & comparison is not
altogether free from objection, but in both cases
the nucleic acid content is higher and the nucleotide




Table 28 .

Fibromyomate of the uterus.

milligrams per 100 gn. tiu?m

Nueleoprotein | Nucleotide | Nucleoside | Totel aecid
Water phosphorus N N + free soluble
content (N.P.P.) purine N purine N
wet wt. dry wt. |
79 52 250 8.8 10.5 19.3
83 8% 330 8.1 6.7 14.8
82 55 310 10.9 10.5 21.4
71 114 390 10.0 8.8 18.8
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content slightly lower, in the tumour than in the

‘normal myometrium.
!

‘Discussion.

It is unfortunate that in the case of the fowl

tumours no comparison can be made between the tumour

and the tissue of origin. The Rous sarcoma is de-~
irived from connective tissue (macrophage or fibroblast,

Berenblum, Chain and Heatley, 1940b) but it is not

ifeasible to obtain large enough amounts of auffieientﬁ
|1y pure connective tissue for relisble comparable i
‘analyses. The figures for adjacent muscle tissue ar%
iincluded in the tables as an example of a normal tis—:
ISue in contact with the tumour but vastly different

'from it in chemical composition. On a dry weight

‘basis the fowl tumour tissue has a high nucleic acid
‘content, compareble indeed with that of normal liver.
iThis is not surprising in view of the histological ;
| structure (Plate 19) which is densely cellular. The

‘Jensen rat sarcoma has an even higher nucleoprotein

phosphorus content, 179 mg. pver 100 gm. wet weight

(Boylend, 1932) or 680 mg. per 100 gm. dry weight
(Berenblum, Chain and Heatley, 1937). Rondoni (1941)|
found figures of 350 mg. per 100 gm. (dry weight) for
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rat sarcoma and 63 mg. per 100 gm. (dry weight) for rat
'8kin and subcutaneous tissue. One of the few cases
Ewhare comparison of tumour tlssue with the tissue of |
;origin is possible is liver (c.f. Burk, 1942). The |
!rat hepatoma (induced by feeding p-dimethylaminoazo-
ébenzene) has a higher nucleic acid content than normsl
!rat liver (see p.218). While, therefore, it may be
'Justifiable to conclude that rapidly growing cellular

‘tumours have, like embryonic tissues, in general a

‘high nucleic acid content, it 1s obvious from the |
;riguros obtained from the human tumours that this does

|
not hold in all cases. Where a tumour contalns large
| |

|
‘acid content, as might be expected, is by no means

‘high.

| Of the total nucleic acid a considerable propor-

|
‘tion appears to be ribonucleic acid. The results of

amounts of fibrous tissue, for example, the nucleic

the pentose estimatlons on the lanthanum precipitates
‘indicate the presence of amounts of ribonuclelc acid

which are of the same order as those found in the

! .
ifor ribonuclease are estimated. The evidence hither-

|
ribonuclease test in which the amounts of substrate
|

to adduced for the presence of ribonuclelc acids in

tumour tissues, e.g. by Caspersson and Santesson (1942)

[}
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;and.by Koller (1943a, b), has been indirect, and the

ribonucleic acid of the phospholipin-ribonucleoprotein
complexes in the Rous sarcoma virus (Claude, 1939) hui
not been obtained in sufficient amounts for complete

!charactarisation. !
| On the other hand, tumour tissue, Like embryo |
tissue, is peculiar in its low acid soluble nucleotide

;(1909-10) indicated the presence of only small amounts

content. Preliminary rough experiments by Saiki

of acid soluble purine derivatives in tumour tissue.
éBarrenuohaan and Peham (1942b) found low figures for |
ét.he nucleotide content of a miscellaneous collection
of tumours. The high amounts of nucleoside relative
to nueleotide shown in their tables suggests that the
itisanes employed were not absolutely fresh. Tumour
tissue contains active nucleotidases (Adler and Euler,!

%1940) such as are present in normal tissues (Reils,

For that reason all the human material used in this

i193?), which rapldly convert nucleotides to nuclooaida+.
|
| |
%nveutigation has been freshly obtained at biopsy. |

r Efat-mortom specimens have been avoided., Of the total
|
:ucleotido, which includes adenylic acid, adenosine ;

triphosphate, inosinic acid, the nicotinamide nucleo-
fides and flavin adenine dinucleotide, the bulk is
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present in the form of adenylic aeid and adenosine
triphosphate, chiefly the latter. Boyland (1932)
quotes figures for the pyrophosphate content (derived
from edenosine triphosphate) of the Jensen rat
Sarcome and the LR 10 tumour which are considerably
lower than those of normal muscle, although he con~
eludes without epparent justification that "tumours
contein prectically as much” adenosine triphosphate
as does normal musecle.

The total acid soluble P (Table 27), whiech in-
eludes nucleotide P, is also much lower in the Rous
sarcome then in fowl muscle, for which the figures
are of the same order as those quoted by Boyland
(1932) for frog muscle. The polypeptide level in
normel fowl blood is considerably higher then in
normal memmalian blood, but has been found to be
significantly lower then in the blood of tumour-
bearing fowls. This is of some interest in view of
the stetement by Winzler and Burk (1943) that the
blood of tumour~bearing rats contains 20~50 mg. ¢
proteose N (precipitable by phosphotungstie acid but
not by trichloroacetic acid) whereas the figure for
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normel rat blood is 3-4 mg. %. In humen patients
with carcinoma, high blood polypeptide levels have
been reported (Larizza, 1937; Godfried, 1939; |
Remond & Zizine, 1922; Hahn, 192la, b). The
nucleotide level in the blood of the tumour-bearing
fowls was normal.

It can be concluded that the materials absorbing
light at 2600 i observed by Caspersson and Santesson i
(1942) end Cespersson, Nystrom snd Santesson (1941) i
in the eytoplasm of rapidly growing tumours and
classified as "ribonucleotides”, are ribopolynucleo~
tides rather than simple acid soluble nucleotides. = |
The material observed by Mitchell (1942, 1943) in the
¢ytoplasm of tumour cells exposed to X~ and gemma
radiation would appear to be of a similar nature.
While tumour tissue contains ribonucleie acid, there

appears to be no reason to conclude that the ribo-

nucleie acid content is higher than in many normal '

tissues, and the presence of ribonucleic acid is ]

certainly not limited to malignant, or even to
rapidly growing, tissues. Where the tumour tissue
is highly cellular, the total nucleic acid content,
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ineluding ribonucleic acid, is high. In this
respect, and in the low concentrations of acid
soluble nucleotides, tumour tissues resemble the
highly cellular tissues of the rapidly growing
embryo. '

SUMMARY .

Tumour tissue from the Rous sarcome and from the
GRCH 15 fowl tumour hes a high weter content anﬁ e
high total nucleic ecid content. In & series of
human tumours the water content was high but the
total nucleic scid content was varisble. In doth
fowl and human tumours, the concentration of seid
soluble nucleotide was lower than is found in most
normal tissues.

0f the total nucleic acid a large proportion is
present in the form of ribonucleic aecid. Its pre-
sence has been determined both by pentose astimation*
on the extracted nucleic acids and by the use of
erystalline ribonuclease which attacks specifically
the ribonueclelc acids.

In the blood of fowls with the Rous sarcome the
concentretions of polypeptide N end of non-protein N
are higher then in normsl fowl blood. The levels of
both are high in comparison with memmalien blood.
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GENERAL SUMMARY AND CONCLUSIONS.

| The results of this inveatlgation have confirmed
the view that no other substances can stimulate the
!growth of tissues in vitro so successfully as do ex-
tra&ts qf smbryonic tissue. It is improbable, how-
 ever, that the effects of embryo extract can be attri-
ibuted to any one individual constituent. Attempts to
iseparate any particular constltuent, or group of con-

}atitunnts, have always resulted In loss of activity.

i!hile embryo extracts are found to be rieh in ribo-
inucleoproteina, there is no resson to suppose that

|
| their growth promoting activity is associated to any i
'great extent with the ribonucleoprotein fraction. |
5 |

| Of the non~embryonic materlal tested, the highor;
iprotein—aplit-products have shown greatest growth {
Epromoting power in stimmlating nucleoprotein uypthoaiJ
éin growing cells. The products of partial breakdown
iof the nucleic acids have also shown activity.
Both these types of material have been found in

the products released by yeast cells Injured by ex-
posure to ultraviolet light. They may be released

elther as the result of increased cell permeability

or as disintegration products of dead and dying cells,
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and are responsible, in part at least, for the pro-
‘liraration—promoting properties of extracts of ir-
iradiated veast cells.

i Ribonucleic aclds have been demonstrated in all
mammelian tissues tested. In maeny tissues the amount
Iof cytoplasmic ribonucleic acid is greater than the
amount of nuclear desoxyribonucleic acid. When adult
'8heep tlssues are compared with the corresponding
iembryonic tissues, the rastio of ribonuclelc gcid
iphoephorua to dnaoxyribqnucleic acid phosphorus for
gnny glven tissue 1s. in most cases, of the same order
iin the adult as in the embryo, although the total

amount of nucleic acid in the embryonic tissue is

higher than in the adult tissue.

A ribonucleic acid has been isolated from liver |
‘and shown to be similar to yeast ribonucleic acid. |
‘It is present in the cytoplasam of the liver cell. ThJ
amount present in liver tissue under various conditionL
lhas been ascertalned.

Tumour tissues also contain ribonucleic acld.
The total nucleic acid content of tumours is variable,

but in most cases is of a high order.

Rapidly growing tissues, embryonic or neoplastic,
tend to be characterized by a high water content, a

:
o l
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high total nuelelc acld content, and a low acid

soluble nucleotide content.
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IN recent communications, Loofbourow e al. [1938; 1939 ; 1940] state that living
yeast cells, injured by ultraviolet light, liberate, possibly as“a specific response
to injury, ‘substances which powerfully stimulate the growth of yeast. These
substances they call “proliferation-promoting intercellular hormones* or wound
hormones. They suggest, mainly on the basis of spectrographic evidence, that
such substances are adenine-gnanine nucleotide complexes.

Similar substances with the power of stimulating yeast growth were also
obtained by ultraviolet irvadiation of living cells of newts and of chick and rat
embryos. Such substances from chick embryos are claimed to a,ccele: ate the
growth of chick fibroblasts in vitro.

Loofbourow’s conclusions concerning the chemical nature of the glowth-
promoting substances are based mainly on qualitative tests and on spectrographic
evidence. It therefore seems desirable to carry out quantitative chemical analyses
of the products released by yeast cells injured by ultraviolet irradiation.

150 g. fresh D.C.L. bakers’ yeast (Saccharomyces cerevisiae) were washed
twice on the centrifuge with 0-9 9, NaCl solution and were then suspended in
750 ml. of the same solution. The suspension was divided into three equal
portions. One portion (a) was autoclaved at 120° for 20 min. Such treatment
destroyed cell structure. The second portion (b) was exposed for 6 hr. at 13 em.
distance to ultraviolet light from a quartz mercury vapour lamp (3:5 amp.,
burner volts 150) by being repeatedly run through the rack of quartz tubes
described by Stiven [1930] at such a rate that the temperature of the suspension
never exceeded 40°. A third portion (¢) was kept for the same time and at the
same temperature as a control but without exposure to ultraviolet light.

The effect of irradiation was followed by withdrawing a dr op of the suspension
from time to time, treating it with methylene blue and e :mlmmng microscopically.
Living yeast cc]ib are not sta,med by methylene blue while injured and dead cells
stain deeply [Richards, 1932]. At the outset only 19, of the cells stained, but
at the end of irradiation 60 9, stained. The cells Were sht'unken. In the control
suspension 10 9, of the cells stained at the end of the period. In both cases the
total number of cells, counted in a haemocytometer chamber, was unaltered.

The three suspensions were finally eentrifuged and the clear supernatant
fluid collected. The extract from the autoclaved suspension (a) was deep yellow
in eolour, that from the irradiated cells (b) yellow, while the extract from the
control (¢) was colourless. All showed a blue fluorescence in ultraviolet light,
the control being only slightly fluorescent. All extracts were kept at 0° and
analysed immediately, as they were, especially in the case of the extract from
irradiated cells, excellent media for bacterial growth. Extract (b), which had
pH 5:8, gave a positive biuret test but no precipitate on boiling or with nitric
acid. It gave a precipitate with tungstic acid. HExtract (¢) from the control

(1537 )
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gave a negative response to the biuret test and no precipitate with tungstic
acid. Extract (a) from autoclaved cells was heavily loaded with protein.

In the three extracts total N was estimated by the micro-Kjeldahl procedure,
amino-N by the manometric method of Van Slyke, non-protein-N after de-
proteinization with tungstic acid, and nucleotide, nucleoside, and free purine-N
by the method of Kerr & Blish [1932] as modified by Kerr [1940].

Several separate batches of yeast were treated in this way at different times
and the results of a typical experiment are shown in Table 1.

Table 1. Analyses of centrifuged extracts from autoclaved,
wrradiated and control cells

(a) (b) (¢)

Extract from ... Autoclaved Irradiated Control
cells ; cells cells
mg./100 ml. mg./100 ml. mg./100 ml.

Dry wt. (excluding NaCl) 1705 1164 280
Total N 148:4 104-9 12:6
-Non-protein-N 72:8 96-2 10:5
“ Protein-N (by difference) 75-6 87 21
Amino-N (non-protein) 574 63-3 9-0
Nucleotide-N 11-8 11-8 04
Nucleoside- and free purine-N 2-9 94 14

Irradiation sets free a large amount of nitrogenous material. A very small
amount is in the form of protein while a high proportion is present as amino-N.
Much more N than in the case of the control is present in the form of nucleotide,
nucleoside and purine: Table 1 (b). :

Complete destruction of the cells yields an extract with much protein. The
non-protein-N is chiefly amino-N: Table 1 (a).

After treating the extract from irradiated cells with 10 9, sulphuric acid to
hydrolyse nucleic acid derivatives after the method of Jones [1920], adenine
was isolated both as the picrate and the sulphate. Small amounts of guanine
were also found. Thus it is probable that the nucleotide and nucleoside fractions
are chiefly adenine derivatives with small amounts of guanine present.

The growth-promoting powers of the three extracts were tested by seeding
Reader’s medium [Reader, 1927] with a dilute suspension of yeast cells. Varying
amounts of the extracts were added to the media and the cultures grown at 21°
in Erlenmeyer flasks as recommended by Williams & Saunders [1934] and by
Narayanan [1930]. The crop was estimated after 20 hr. by counting the cells in
a haemocytometer. At all concentrations extract (b) from irradiated cells had
six times the growth-promoting power of the extract from the control. The
irradiated suspension had six times as many cells injured as the control,
suggesting a correlation between cell injury and liberation of growth-promoting
material. The extract (a) from autoclaved cells stimulated growth as powerfully
as extract (b) but, since the extract from antoclaved cells contained more solid
matter, weight for weight the material from the irradiated cells was more potent.

Extracts from irradiated and autoclaved cells had greater growth-promoting
power than either inositol or aneurin.

Disovssion

A large number of substances can accelerate yeast growth, for example, such
components of the bios group as inosital, aneurin, biotin, pantothenic acid and
adermin. Other substances with similar properties are found in liver extracts
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[Williams ef al. 1940]. Amino-acids such asleucine [Miller, 1936], alanine, aspartic
acid, glutamic acid, lysine and arginine stimulate yeast growth, and mixtures
of these substances have a more pronounced effect than equivalent amounts of
the acids alone [Nielsen & Hartelius, 1938; 1939]. Lysine and arginine are known
to be plentiful in the proteins of yeast [Kraut & Schlottmann, 1937].

Such being the case, it is not surprising that rupture of yeast cells by auto-
claving should liberate substances with growth-promoting properties towards
yeast. Irradiation of yeast, however, yields a surprisingly potent extract without
destruction of the cells. This extract has even more non-protein nitrogenous
matter than the extract from autoclaved cells. The slow death of the yeast cell
does seem to cause liberation of substances into the surrounding medium but it is
impossible to say whether or not this is a specific response to injury and an

Fl

attempt to compensate for the death of some cells by accelerated growth of

others.

Among the nitrogenous materials are nucleotides and nucleosides containing
adenine and it is highly probable that their presence accounts for the spectro-
graphic findings of Loofbourow et al. But it seems premature to conclude that
these adenine nucleotide complexes are necessarily the active principles in the
extract from irradiated yeast which are responsible for stimulating the growth

of yeast.

Exposure of living yeast cells to ultraviolet light results, without dis-
integration of the cells, in the liberation of large amounts of nitrogenous material
into the surrounding medium. This material has the property of stimulating
yeast growth to a marked extent. Although the medium contains adenine
nucleotide derivatives, these are not necessarily the growth-promoting principles.

I should like to express my thanks to Prof. R. C. Garry for his helpful
encouragement, and to Mr B. L. Andrew and Mr J, D. Findlay for assistance

SUMMARY

- in the analyses.
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WOUND HORMONES
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I. Introduction

THE suggestion that injured cells liberate substances, for which
the name ‘ wound hormones” has been proposed, which
stimulate cellular proliferation in the neighbourhood of the
injury, has given rise to much speculation and to a considerable
volume of experimental work. Although the wound hormone
hypothesis was first postulated by Wiesner in 1892 in connection
with plant tissues, and although the most clear-cut results in this
field have been obtained with botanical material, attempts have
been made to extend the hypothesis to animal tissues and to
apply it to the healing of wounds in animals and in man. Of the
several biologically active substances which may possibly be
liberated by damaged living cells, ¢.¢g. histamine, thrombokinase,
“ leucotaxine,” the permeability-promoting polypeptide dis-
covered by Menkin (1940) in inflammatory exudates, factors
responsible for or associated with impairment of renal function
after crush injuries (Bywaters and Beall, 1941 ; Eggleton et al.,
1942), and the adenyl compound produced as the result of tissue
injury by trypsin (Trethewie, 1942), none can be regarded as
falling into the category of wound hormones. It is undoubtedly
attractive to suppose that living cells can actually elaborate as a
specific response to injury an agent or agents which might play
a part in initiating the early stages of wound healing by causing
proliferation of intact cells. Although there is no doubt that
injured cells can and do set free nitrogenous material, it is
difficult to prove that this material is other than disintegration
products of dying and dead cells. Much of the experimental
evidence is not easy to interpret, and the conclusions must of
necessity be rather speculative. An attempt is here made to
examine critically from the biochemical point of view the evidence
put forward in favour of the wound hormone hypothesis.

II. Plant Wound Hormones

Wiesner’s original suggestion was made as the result of
observations on the proliferation of plant cells in the neighbour-
hood of injuries, and the problem was subsequently taken up
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by other workers including Haberlandt (1921, 1922) and Reiche
(1924), who investigated the repair of plant wounds to which
crushed plant tissues had been applied. The results of these
investigations left no doubt that when plant tissues are injured
substances are produced which can, under suitable circumstances,
stimulate renewed growth and proliferation of uninjured mature
cells in the neighbourhood (English and Bonner, 1937). These
so-called “ wound hormones”” have the power of producing
intumescence due to cell proliferation and enlargement in the
parenchymatous lining of the seed chambers of young string
bean pods (Wehnelt, 1927), and this fact is the basis of a method
of quantitative physiological assay for wound hormones devised
by Bonner and English (1937, 1938). As a measure of the
wound hormone activity they use the height of intumescence
produced which is known to be linearly proportional to the
concentration of the wound hormone solution expressed in terms
of arbitrary units. The test is not given by other substances
such as vitamins, growth-promoting substances or auxins, unless
they are used in sufficiently toxic concentrations to cause injury
to the test, cells with liberation of wound hormones themselves.
For the isolation from plant tissue of the wound hormone, for
which the name ‘ traumatin ”’ has been proposed (English and
Bonner, 1937), bean pods were used as starting material, and
as the result of a lengthy process involving extraction with water,
acetone, ethyl acetate and chloroform, precipitation as barium
salt, and the formation of a methyl ester, the wound hormone
was isolated in the pure state. After hydrolysis, a crystalline
dibasic acid was obtained, C;,H,,0,, m.p. 165°5°-166°, to which
the name ‘‘ traumatic acid ”’ was applied (English, Bonner and
Haagen-Smit, 1939). A ten-thousandth of a milligram of the
pure acid can promote cell division and enlargement in the
tissue of the bean mesocarp, and the activity is greatly enhanced
by the presence of co-factors such as glutamic acid and sucrose,
which themselves possess little or no activity. Traumatic acid
also promotes wound periderm formation in the potato and
inhibits germination of tomato and other seeds.

The structure of traumatic acid was elucidated by English,
Bonner and Haagen-Smit (1939), who showed it to be Al-decene-1:
10-dicarboxylic acid HOOC—CH=CH—[CH,];—COOH, and
confirmed its constitution by synthesis. English (1941) has recently
synthesised some of its analogues, such as AS-undecene-I:
11-dicarboxylic acid and A 7-octadiene-1 : 8-dicarboxylic acid,
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and demonstrated that they also have wound hormone activity
as shown in the bean test.

III. Evidence from Yeast

An approach to the problem from a different angle has been
made in America in a long series of papers by Loofbourow and
his colleagues (1938-1942), who have exposed living yeast cells
to a number of injurious agencies which, they claim, cause the
cells to release into the surrounding medium factors termed
‘ proliferation-promoting intercellular hormones” or wound
hormones, which cause marked stimulation of the growth of fresh
yeast cells.

The destructive effects of irradiation on cells and tissues are
well known and have recently been reviewed by Laurens (1941)
and by Harvey (1942). In the hands of the American workers
ultraviolet irradiation of living yeast cells has formed a very
convenient method of injuring the cells without either causing
gross mechanical damage or adding any chemical agent which
would subsequently complicate growth tests and chemical analyses.
Suspensions of Saccharomyces cerevisie in water or a suitable
saline medium were exposed to ultraviolet light for several hours
till the bulk of the cells were killed, as shown by appropriate
staining reactions. Unlike bacteria, yeast cells can be injured
without being killed outright by ultraviolet irradiation (Wyckoff
and Luyet, 1931). Cell-free extracts from such suspensions when
added to cultures of fresh uninjured yeast cells in Reader’s saline
medium, caused very pronounced stimulation of cell proliferation,
which was much more marked than in the case of cultures to which
cell-free extracts of control (non-irradiated) cells had been added
(Fardon et al., 1937; Sperti, Loofbourow and Dwyer, 1937).
The growth-promoting factors produced by the irradiated yeast
cells were stable to heat.

Similar thermostable substances were also shown to be
produced as the result of injury by chemical agents, ¢.g. f-
indolylacetic acid, by mechanical means, by heat and by X-rays.
Moreover, ultraviolet irradiation of bacteria (Loofbourow and
Morgan, 1940) and of algz (Giersch and Cook, 1941) also resulted
in the liberation of growth-promoting factors.

Evidence as to the chemical nature of the materials liberated
by the cells exposed to ultraviolet light was provided by spectro-
graphic methods. The ultraviolet absorption spectrum of the
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materials showed a maximum at 2600 A (and a minimum at
2360 A), characteristic of purines and pyrimidines of the nucleic
acid complexes. Chemical tests revealed the presence of adenine,
guanine, pentose and phosphorus and the absence of protein,
pyridine and sulphur, and the suggestion was therefore put
forward that the proliferation-promoting factors consisted of
nucleic acid-like substances of the pentose nucleotide type.
In subsequent experiments an increased yield of nucleic acid-like
substances was obtained from the irradiated suspensions, and
photomicrographs taken with the aid of a quartz microscope
revealed a progressive increase in the ultraviolet absorption of the
cells during irradiation, the wavelengths employed being in the
range highly absorbed by purines and pyrimidines (Loofbourow
et al., 1938-42).

The fact that living yeast cells exposed to ultraviolet light
liberate into the surrounding medium materials which stimulate
yeast growth was confirmed by Davidson (1940), who carried out
analyses of cell-free extracts from irradiated yeast cells, control
cells, and cells which had been destroyed by autoclaving with
rupture of .the cell walls and liberation of intracellular materials.
It was evident that the irradiated cells liberated into the surround-
ing medium without rupture of the cell walls a surprisingly large
amount of nitrogenous  material, most of it as protein break-
down products with a high proportion of amino nitrogen. As
might be expected, the material from the autoclaved cells was
rather richer in nitrogen, about 50 per cent. of which was present
as protein.

About 20 per cent. of the nitrogen in the material from the
irradiated cells and about 10 per cent. in the material from
autoclaved cells was in the form of nucleotides or nucleosides.
It seems probable that the presence of these compounds could
account for the spectrographic findings of Loofbourow ez al.,
but there is no direct evidence either that these compounds are
responsible for the intense proliferation-promoting power, or
that they are elaborated by the cells asa specific response to
injury.

Two possibilities must be considered. The nitrogenous
materials may be merely disintegration products of the dying
and dead cells, liberated, however, without rupture of the cell
membrane, or the effect of the injury may be to alter the perme-
ability of the cell membrane so that some of the cell contents
escape. In either case the material from the irradiated cells
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might be expected to be qualitatively similar to that from auto-
claved cells, but to be less in quantity. This, however, is not the
case. Davidson and Findlay (1940) found that the organic
material from irradiated cells was weight for weight more potent
as a growth factor than the material from autoclaved cells, and
much more so than the material from control cells. They also
found that the material from irradiated yeast cells gave, in
contrast to that from autoclaved cells, strongly positive tests
for sulphydryl groups. Similar positive sulphydryl tests were
obtained by Pourbaix and Kennaway (1928) on extracts of
yeast cells which had been exposed to the injurious influence of
ultraviolet light, heat, grinding, freezing and thawing and certain
chemical agents. The biological activity of sulphydryl compounds
is well known, and their growth-promoting action has already
been reviewed by Hammett (1934, 1936) and by Riley (1940),
but the extent to which the growth-promoting power of the
extracts from irradiated cells is due to —SH compounds is
unknown.

In contrast to the results of Loofbourow e# @/., Davidson and
Findlay (1941) found that X-rays even in doses up to 100,000 r
appeared to liberate no appreciable amounts of nitrogenous
material from living yeast cells, nor did extracts from such cells
have any greater growth-promoting power towards yeast than
had extracts of control cells. This is in agreement with the
findings of Pourbaix and Kennaway (1928). According to
Henshaw and Turkowitz (1940), yeast cells are either unaffected
by Réntgen rays or are killed outright rather than injured if the
dosage is very high.

It is important to stress the fact that a large number of
substances are known which stimulate the growth of yeast even
in minute concentrations. These substances include amino acids
(Mitchell and Williams, 1940), and the large group of compounds
belonging to the bios group recently reviewed by Williams (1941).
Many such substances must obviously be present in the nitro-
genous material from the irradiated cells and must account in
part at least for its growth-promoting activity. Cook, Hart and
Stimson (1940), as the result of investigations on bios fractions
obtained from yeast, suggest either that the proliferants produced
as a response to injury differ in nature from proliferants of the
normal bios type or that predominance of a certain fraction of
proliferants results from injury. More recently Cook and Cronin
(1942) have shown that when yeast is grown in a saline medium
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supplemented by inositol, thiamin, pantothenic acid, biotin,
pyridoxin, riboflavin, uracil, choline, acetyl choline, ethanolamine,
nicotinic acid, p-aminobenzoic acid and twenty different amino
acids, the addition of cell-free extracts from irradiated yeast cells
was still able to bring about increased proliferation, and the
extracts therefore appeared to contain materials differing from
all the known yeast growth-promoting substances.

Some of the known components of the bios complex are
undoubtedly present in the materials from irradiated yeast cells
which have been shown (Loofbourow, 1942) to contain appreciable
quantities of biotin, pantothenic acid, pyridoxin, nicotinic acid
and folic acid, while these substances are absent from the extracts
from control cells. Moreover, the addition of adenosine, muscle
adenylic acid and adenyl pyrophosphate to well supplemented
media, brings about stimulation of the growth of yeast which is
in some ways comparable with that produced by the material
from irradiated cells.

Other adenine compounds, the diphospho- and triphospho-
pyridine nucleotides, have so far proved to be absent from the
wound hormone preparations (Loofbourow, Webb, Loofbourow
and Abramowitz, 1942) and the proliferation-promoting activity
of the preparations is apparently not concerned with the effect
of these nucleotides on cellular respiration. It may, however, be
significant that the increased growth-promoting activity of
materials from injured cells over those from control cells can
only be manifested if the test cultures to which the materials
are added are well aerated (Loofbourow ef al., 1942).

An attempt to determine whether the nitrogenous material
from irradiated yeast cells is (@) the result of the release of
dead cell disintegration products, (4) due to increased permeability
of the cell membrane, or (¢) synthesised as the result of a specific
response to injury was made by Loofbourow, Dwyer and Cronin
(1941). They found—

1. That when the cells were irradiated in such a way that
9o per cent. were killed, the yield of proliferants was proportional,
within limits, to the time of exposure to the injurious influence,
and the activity therefore did not depend on the number of cells
killed.

2. That the yield of active material from cells irradiated
while suspended in various media, was greatest when the medium
contained materials useful to the cell in its metabolism, such as
carbohydrate, nitrogenous substances, phosphates, etc.
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3. That cells irradiated and then destroyed mechanically or
by heat yielded more growth-promoting substance than cells
irradiated after being destroyed. They suggest that these results
favour the hypothesis that the growth-promoting factor is
probably a product synthesised by the living cell.

IV. Evidence from Animal Tissues in vitro

Stimulation of the growth of yeast is caused not only by
extracts of irradiated yeast cells but also by extracts from
irradiated animal tissues. Loofbourow, Dwyer and Lane (1940)
have claimed that when the cells of newt, chick and rat embryos
are irradiated thermostable materials stimulating yeast growth
are produced. They appear to be chemically very similar to the
materials obtained from irradiated yeast cells. It has also been
claimed that similar factors from irradiated chick embryonic
tissue stimulate the growth of chick heart fibroblasts in tissue
culture to a greater extent than do extracts from non-irradiated
embryos (Loofbourow, Cueto and Lane, 1938-39). In these
experiments the embryonic tissues were submitted to such severe
mechanical trauma before being irradiated or used as controls
that the evidence in favour of the production of wound hormones
as the result of irradiation is not altogether satisfactory.

_ Other evidence obtained from the use of tissue cultures has

been put forward by Fischer (1930), who showed that the
infliction of wounds on tissue cultures caused the production of
substances which accelerated growth. Cultures which were
repeatedly wounded mechanically grew more quickly than controls.
If the colony consisted of old, vacuolated cells, the regenerating
cells at the edge of the wound were fresh and unvacuolated.
When the wound healed the new young cells took on the appear-
ance of the old cells of the original culture.

Moreover, saline extracts of wounded tissue cultures were
able to revive growth in other cultures in which growth was
latent from lack of embryo juice. Fischer therefore con-
cluded that the injured cells produced a chemical growth
stimulant.

Cameron (1935) states that the growth of tissue cultures can
also be stimulated by extracts from inflamed tissue, while Menkin
(1941) has produced evidence that injured cells liberate one or
possibly several proliferation-promoting factors into inflammatory
exudates, When injections of sterile inflammatory exudates

76




Wound Hormones

were repeatedly made into the subcutis of a rabbit’s ear over a
long period of time, a severe inflammatory reaction resulted.
Months after cessation of the injections, marked proliferative
activity characterised by hyperplasia and metaplasia of the
normal epithelial layer occurred. The cartilage of the ear at the
site of the injections also showed marked proliferative activity.
In some cases the proliferation response was definitely neoplastic
in type. The nature of the substances liberated into inflammatory
exudates by injured cells is unknown,

V. Wounds in the Intact Organism

Direct evidence of the production of growth-promoting
substances when the intact organism is injured locally or generally
is much more difficult to obtain. As the result of observations
on the healing of wounds in an insect, Rhodnius prolixus
Hemiptera, Wigglesworth (1937) concluded that the injured cells
produced chemical substances which caused ‘ activation” or
enlargement of the surrounding epidermal cells and provided a
chemotactic stimulus to their migration and concentration round
the wound. Information about the chemical nature of these
substances is scanty, but they are believed to be protein degrada-
tion products produced by autolysis of proteins in the injured
cells. The migration of activated cells is stimulated not only by
these products but by proteins and especially by peptones from
many sources, while amino acids and simple peptides appear to
be inactive.

Carrel (1922, 1024, 1930) concluded that similar protein
degradation products which he termed *‘ trephones " are liberated
by leucocytes. Cultures of leucocytes set free into the medium
protein derivatives which appear to stimulate markedly the
proliferation of epithelial cells and fibroblasts, and Carrel
considered that leucocytic enzymes acting on the cell débris and
coagulated fibrin in the neighbourhood of a wound produce
growth-activating polypeptides, while in superficial wounds the
damaged cells might themselves set free growth-activating
protein degradation products which could play a part in initiating
the healing of wounds. Similar suggestions have been put
forward by Marchand (19o1) and Bier (1917), and Akamatsu
(1922) has shown that the plasma from a wounded animal has
more growth-promoting power to tissue cultures than it had
before the wounds were made.
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Interesting observations have been described by Lorin-
Epstein (1927), who reported the presence of substances which
accelerated wound healing, so-called ‘° Regenerations- und
Wiederherstellungs-kérper,’” in the serum and blood of wounded
animals. These substances could be transferred passively to
animals of the same or other species. In his opinion their
presence explained his observation that repeated wounds and
fractures in man appeared to heal more quickly than primary ones.
The factors which accelerated ossification in fractures were
claimed to appear in the blood within five or six days and to be
destroyed by heating for thirty minutes to 70° C. Apparently
similar materials termed  cytopoiétines ” by Carnot and Terris
(1926) were extracted from regenerating skin and applied
successfully to the acceleration of wound healing.

The existence of such substances is, however, still obscure,
and no attempts at isolating them have succeeded.

As Young, Fisher and Young (1941) point out,
wound healing in the living animal is concerned . . . these
growth-promoting substances are still theoretical and highly
speculative because no precise means are available of demonstrat-
ing them either chemically or biologically.” If these substances
exist they might be expected to be abundant at the stage of
wound healing when proliferative activity is most vigorous.
With this in mind, Young, Fisher and Young (1941) measured the
rate of healing of both primary and secondary experimental

wounds in rabbits, the secondary wounds being inflicted some
ten or twelve days after the primary ones. In a statistically
significant number of cases the secondary wounds healed at a
greater rate than the primary wounds, and the authors suggest
that the latter may be the source of a factor or factors which tend
to accelerate the healing of the secondary wounds. This factor
may be a chemical agent, a growth-promoting substance
elaborated by the primary wound, or it may be a by-product of a
general or tissue immunity, or it may act in some quite different
way.
Young, Fisher and Young conclude that existing experimental
methods are too crude to render possible the biological assay of
wound-healing substances without the employment of very large
numbers of experimental animals.

L3
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VI. Discussion

It would appear to be reasonably beyond doubt that injured
cells set free chemical substances as the result of the breakdown
of their own protoplasm. These substances may, under suitable
circumstances, stimulate tissue growth and so aid regeneration,
but whether any of them are synthesised ad /%oc by the injured cells
or whether they are merely products of protein or nucleoprotein
breakdown with general nutritive properties, is not clear. They
may be derived either from the proteins of the cytoplasm alone
or from nuclear material as well. The evidence from yeast tends
to implicate the latter, and it may be significant that some
evidence has accumulated in favour of a connection between the
rate of growth of a tissue and its nucleic acid content.

Two chief types of nucleic acid are known, ribonucleic acid
(veast- or pentose-nucleic acid) in which the sugar moiety is
ribose, and thymonucleic acid (animal- or desoxyribo-nucleic
acid) in which the sugar is desoxyribose. The old conception
that ribonucleic acid was to be found exclusively in plant tissues,
and thymonucleic acid in animal tissues is no longer tenable.
Ribonucleic acid has been demonstrated histochemically in
animal tissues (Brachet, 1940; Desclin, 1940) and has been
isolated from mammalian pancreas (Jorpes, 1934), while thymo-
nucleic acid has been reported in plant - tissues (Feulgen e# al.,
1937) and in yeast (Delaporte and Roukhelman, 1938 ; Delaporte,
1039). It has been suggested that thymonucleic acid is located
mainly in the nucleus and ribonucleic acid in the cytoplasm.
Both types of nucleic acid are present in bacteria (Sevag, Smolens
and Lackman, 1940).

Ribonucleic acid appears to be especially abundant in
those tissues which exhibit rapid growth, and has been
demonstrated by a particularly elegant technique in such
varied materials as sea-urchin eggs, the nucleolus of the root-tip
periblem cell of spinach and the cells of the salivary gland of
Drosophila melanogaster (Caspersson and Schultz, 1939, 1940)
and in tumour tissue (McDonald, -1940). Attention has been
drawn to the ribonucleic acids also by the work of Mitchell
(1940), who has shown that exposure of tumour tissue % vivo
to X- and gamma radiation results in a significant increase in
the ultraviolet absorption of the cytoplasm. The absorbing
material appears to resemble ribonucleic acid.

The rapid growth rate of embryonic tissue has resulted in
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the use of embryo extracts as a standard means of promoting
the growth of tissue cultures (Carrel, 1912), and Fischer (1939)
has suggested that the growth-promoting power of embryonic
extracts is located in the nucleoprotein fractions, especially those
containing ribonucleic acids. The presence of such substances
in embryonic material has been confirmed by Davidson and
Waymouth (1942), who have succeeded in demonstrating chemi-
cally the presence of ribonucleic acids in appreciable quantities
in a number of tissues from the sheep embryo and also in fowl
tumour tissue.

The powerful growth-promoting power of embryo extracts
towards tissue cultures has led to their employment as agents in
the acceleration of wound healing, e.g. by Schloss (1928), by
Nielsen (1939), by Waugh (1940), and others who have reported
favourable effects. Their methods and results have, however, been
subjected to severe criticism by Young, Fisher and Young (1941).

The liberation of protein degradation products by injured
cells is a well-established and hardly surprising phenomenon.
It is reasonable to suppose that the intact cells with which they
come into contact utilise them as food materials, but whether they
provide a more specific stimulus to growth in the sense that their
effect is wholly or partially catalytic in nature is much more
problematical.

The growth-promoting action of protein degradation products
is, of course, well known. Willmer and Kendal (1932), following
up earlier observations by Carrel and Baker (1926) and Baker
and Carrel (1928), have shown that proteoses can potentiate
enormously the growth-promoting power of embryo extracts on
tissue cultures, while peptones are reported to accelerate wound
healing (Roulet, 1926 ; Wallich, 1926 ; Kiaer, 1927).

Moreover, among the protein split products are compounds
of specific biological activity. These include, for example, the
polypeptides hypertensin (Houssay and Braun-Menendez, 1942),
trypsin inhibitor (Northrop, 1939), the polypeptide responsible
for some of the phenomena of acute inflammation (Duthie and
Chain, 1939) and, probably, the anti-an@mic principle of liver
(Karrer, 1941). However, until the protein degradation products
from injured cells can be shown to be produced as a specific
response to injury and to have some specific catalytic activity
as growth stimulants rather than general nutritive properties,
the question of their falling into the category of true wound
hormones must remain open.
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VII. Summary

1. The existence is discussed of the so-called * wound
hormones,” substances produced by living cells as a specific
response to injury which have the power of stimulating the
growth of uninjured cells.

2. In the case of plants such “ wound hormones’
their chemical constitution is known.

3. Injured yeast cells produce nitrogenous materials containing
protein degradation products and nucleic acid derivatives of the
pentose nucleotide type. These substances stimulate the growth
of fresh yeast cells, but whether they are produced as a specific
response to injury or are merely degradation products of dead
and dying cells, released perhaps as the result of increased
permeability, is not yet certain.

4. There is some evidence that injured animal tissues are the
source of a factor (or factors) which accelerates tissue proliferation
and the healing of secondary wounds, but the nature of this
factor is unknown. The implications of this factor in wound
healing are discussed.

exist and
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Since Carrel [1912] first showed that the growth of
tissue cultures in witro could be stimulated by means
of extracts of embryonic tissue, and that cultures
could be maintained apparently indefinitely in such
extracts, much speculation has arisen as to the
themical nature of the constituents of embryo juice
responsible for the stimulation of cellular prolifera-
ton, Baker & Carrel [1926] came to the conclusion
that activity lay in the protein fraction, and ob-
tained actiye materials by precipitation of these
with ethanol or CO,. Rejecting the theory that
embryo juice contained a specific hormone for cell
proliferation, they later suggested [Carrel & Baker,
1926] that growth-activating substances are not
preformed in embryo juice but are continuously
made from its protein, perhaps in the cells of the
tultures themselves, as the result of enzyme action.
Insupport of this suggestion they pointed out that
Proteoses and higher protein degradation products
have very potent growth-promoting properties, an
thaervation which was confirmed and extended by
W‘lllmer & Kendal [1932]. Needham [1931] also
ejected the view that any one particular factor was
sponsible for the growth-promoting properties of
fmbryo juice, which he regarded as ‘a special collo-

cation of the right nutrient substances probably
protein break-down products’, but later [Needham,
1942] he did not execlude the participation of ‘some
carrier substance of nucleotide type’. However,
Fischer [1939; 1940] prepared a very active growth-
promoting factor from beef embryos by isolating
the nucleoproteins. The activity seemed to be
located in the nucleoprotein fraction containing the
ribonucleic acids, but repeated reprecipitation of
the nucleoproteins resulted in loss of activity. In
the active fractions the phosphorfts content was
higher than could be accounted for by the nucleic
acid content. Some active fractions contained
sulphur, probably derived from chondroitin or
mucoitin sulphuric acid complexes precipitated

- with the nucleoproteins. The presence of ribonucleie

acids in rapidly growing tissues is now well recog-
nized [Caspersson & Schultz, 1939; 1940; Mitchell,
1940; Schultz, 1941], and the nucleoproteins of
several different embryonic tissues have been shown
to contain ribonucleiv acids [Davidson & Way-
mouth, unpublished results]. i
By the term ‘growth’, applied to cells in vitro, as
distinet from mere survival of the cells with or
without cell migration and even cell division, is




meant cellular proliferation with the formation of
new protoplasm. A number of criteria of growth
have been.suggested, e.g. the area of the culture
[Ebeling, 1921], the mitotic index [Willmer &
Kendal, 1932], the mass of the culture [Meier, 1931;
Laser, 1933b; Wilson, Jackson & Brues, 1942], its
metabolic activity [Meier, 1931 ; Laser, 1932; 1933 a;
Lipmann, 1932; 1933] or the nucleoprotein content
[Willmer, 1942] as determined by chemical esti-
mation of the nucleoprotein P (x.p.p.). The last has
appeared to us to be most satisfactory although, as
Willmer [1942] points out, it suffers from the defect
that nucleic acid or'nucleoprotein is a cytoplasmic
constituent in some tissues [cf. Caspersson &
Schultz, 1940]. Moreover, its chemical determina-
tion is based on the assumption that when a tissue
has been extracted with fat solvents and with
dilute acid, the residual P is all present as nucleic
acid. Some may be present as phosphoprotein P
[Plimmer & Scott, 1908], but the amounts of this
in most tissues, including embryonic tissue, is very
low [v. Euler & Schmidt, 1934], or negligible
[Masing, 1911]. :

The work of Brues, Tracy & Cohn [1942] with
radioactive P, suggests that the above assumption
may not be fully justified for all tissues, but in
agreement with Willmer we have found that the
‘estimation of the ‘nucleic acid phosphorus’ pro-
vides a satisfactory index of growth in the case of
cultures from the embryo chick heart.

MATERIALS AND METHODS

As reported in a preliminary communication
[Davidson & Waymouth, 1942] we have employed
the general technique described by Willmer [1942],
involving the use of constricted roller tubes made
of Pyrex glass.

General. All the tests have been carried out with fresh
explants from the heart of the 9-day chick embryo. No
experiments have been carried out on cultures maintained
as a pure strain. This must be kept in mind when con-
sidering the results. Plasma was obtained from young
cockerels. The Tyrode solution used had the composition
described by Willmer & Kendal [1932], and was sterilized
by filtration through a Berkefeld candle. Chick embryo
extract was prepared by pulping 9-day chick embryos in
sterile graduated centrifuge tubes with an equal volume of
Tyrode solution, freezing, thawing, centrifuging, and pipet-
ting off the supernatant fluid into sterile storage tubes.
This concentrated extract (total N=40-60 mg. %) as
suitably diluted before use.

Control experiments. As the composition of plasma is
variable, direct comparisons of the effects of two substances
on the tissue N.p.p. are made only where control and test
series ‘are grown in plasma from the same sample at the
same time. For a similar reason, when embryo extract
with and without some supplement is tested, comparisons
are drawn only when a single sample of extract is used
throughout. The effect of any lack of uniformity, due to

inherent variations in potential growth capacity between,
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different hearts, is reduced by using in each test pieces
from a mixed sample from 6 to 8 hearts.

Preparation of explants. Each of the embryo hearts was
cut up into 20-30 small and approximately uniform pieces
according to the usual aseptic tissue culture technique [cf.
Strangeways, 1924]. Six pieces of tissue were implanted in
0-2 ml. sterile plasma in each roller tube. The tubes were
set aside until the plasma had clotted and 0-5 ml. Tyrode
solution was then added. The tubes were stoppered with
sterile rubber bungs, and mounted on a drum which
rotated, by means of a small electric motor, in the incubator
at 38° at a speed of 1 revolution/min. With each revolution
the fluid washed over the growing cultures.

Six to eight of the tubes contained a plasma clot but no
tissue, andserved as plasma blanks, The remainder contained
6 pieces of tissue each. Asthedrum carrieda totalof 20 tubes,
each test involved the use of some 70-80 pieces of tissue.

Technique of experiments. The tubes were rotated, with
Tyrode solution alone as fluid phase, for 2 days to allow
traces of growth-promoting substances present in the fresh
tissue pieces to be used up, and to allow the cultures to be
as uniform as possible before addition of test materials.
The ‘residual growth energy’ is reported by Trowell &
Willmer [1939] to be exhausted after this time. The tubes
were then opened and the fluid phase (Tyrode +serum +
metabolic products) sucked off. The test proper then began.

To each tube was added Tyrode, embryo extract, or
test substance, or a combination of two or three of these,
the total volume being 0-5ml. As many duplicates as
possible were set up. The tubes were re-stoppered and
rotated for a further 3 hr. to allow the fluid to permeate
the plasma clot. Some of the tubes were removed at this
time (time =0) to give figures for the initial value of N.P.P.
The remainder were allowed to run for a further period of
time, usually 2 days (time =t).

At ‘time ¢’ the tubes were removed. By means of a
projectoscope, images of the cultures could be either out-
lined on paper and the areas :
subsequently determined with N
a planimeter, or recorded in
silhouette on Ilford Reflex
Document paper, although the
curvature of the roller tubes >>
made very accurate projection
impossible.

Estimation of nucleic acid
phosphorus. The method of
Willmer [1942] was again fol-
lowed. The roller tube became
a test tube, and lipid P and
acid-soluble P were extracted
by ethanol-chloroform and
0-1 N HClI respectively, accord-
ing to the procedure of Beren-
blum, Chain & Heatley [1939].

. The fissue remained in the

plasma clot throughout this
process. It was then ashed in
the roller tube with 0-15 ml.
709, perchloric acid,and P was
determined by the ultra-micro-
method of Berenblum & Chain
[1938]. As originally described,
the method is time consuming, since each estimation must
be done individually, but we have devised a new type
of mixing vessel (Fig. 1) which saves time by a_JJowmg

Fig. 1. Mixing vessel fol:
phosphate estimation. §
actual size.
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a large number of estimations:to be done simultaneously.
A battery of seven (or more) of these vessels is set up
in a rack so that at least six estimations and one standard
can be carried through at the same time. The reagents are
pipetted into the cup on the shortlimb and are transferred
to the bulb by gentle suction applied to the long limb.
After mixture of the aqueous and. butanol layers in the
bulb, the aqueous layer seftles out and can be sucked off
through a capillary pipette inserted into the bottom of
the cup. The blue aleoholic layer is finally poured from the
cup into a small tube graduated at 1 ml., and the colour is

~ read off either in a colorimeter against a standard prepared

simultaneously, or in the Hilger szklmr Ahsorbtiometer
~ with micro-cups.

The figure for the x.p.p. in the tissue alone is determined
by subtracting the appropriate plasma blank from the
x.p.p. figure for each tube containing tissue. The index
(100Y)/X gives an indication of the increase in N.p.p.
relative to ‘the amount originally present where X and ¥
are the figures for the wN.p.p. at ‘time 0’ and ‘time ¢’
respectively.

LESULTS
Tyrode solution alone as fluid phase

In agreement with Willmer [1942] we find a drop
in N.2.P. in the course of the experiment (Table 1).
- In 23 different e*cperlmcnt\s the average figure for
the initial N.p.p. was 1:28 pg./roller tube (after sub-
traction of appropriate plasma blanks). After
2 days the ~.p.p. had fallen to 1-13 ug. (Table 1).
No significant alteration in xN.p.p. occurred in the

- tubes containing plasma and Tyrode without tissue.

Table 1. Changes-in ~.r.P. (nucleoprotein P) in
roller tubes containing Tyrode solution alone as
fluid phase

All tubes run for 2 days with Tyrode solution alone
before test begins. Fresh Tyrode then introduced (time 0)
and initial ~.p.p. measurements made. Final ¥.p.p. esti-
mation carried out 2 days later (time ).

Initial Final
N.P.P. at N.P.P:at
“time 0’ ‘time ¢’
per roller  per roller No.
tube - tube of
| HE, PE. Diff.  exps.
Tuhes with 0-204-0:01 0:31 4002 +0:02 26
plasma alone
‘Tubes with tissue 1-284-0-07 1-13-£0-06 -0-15 23

(eorrected for
plasma blanks)

It is probable that this fall is due to the presence
in the plasma of nucleases which break up the
nueleic acid in such of the cells as die in the course
of the 2 days. We have demonstrated the presence
of such nuecleases in cockerel plasma and serum,.
A mixture of 0:2 ml. cockerel plasma with 0-3 ml.
veronal-acetate buffer (pH 7-6) and 0-1 ml. 29,
thymonueleic acid or ribonueleic acid (as Na salts)
Was incubated at 37°. At suitable intervals portions
Were treated with an equal volume of 0:25 95 uranyl
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acetate in 2-59, CCl,.COOH. The precipitate of
unhydrolysed nucleic acitl was centrifuged down,
washed with 0-1259; uranyl acetate in 1-259%,
CCl,.COOH, and dissolved in Na,CO; solution.
Total P was determined in this solution by a modifi-
cation of the method of Allen [1940]. Some spon-
taneous decomposition of nucleic acids takes place
at pH 7-6, which was allowed for by a control series
without plasma. Both types of nucleic acid are
hydrolysed by plasma to compounds no longer
precipitable by the uranyl acetate reagent (Table 2),
but the ribonucleic acid suffers more decomposition
than the thymonucleic acid. Cockerel plasma there-
fore contains enzymes of the nuclease type such as
ribonuclease [Kunitz, 1940], and thymonucleode-
polymerase [Fischer, Bottger & Lehmann-Echter-
nacht, 1941; Greenstein & Jenrette, 1941], as well
as nucleotidases, phosphatases, etec.

Table 2. Influence of incubation with cockerel
plasma on nucleie acids

© 0-1 ml. 29 nucleic-acid solution (as Na salt) incubated
with 0-2 ml. cockerel plasma and 0-3 ml. veronal-acetate
buffer pH 7-6 at 37°. '
Hydrolysis (%)
AL

" Ribonucleic acid - Thymonucleic acid
A Al

Time  With - Without With  Without
hr. plasma plasma plasma  plasma
2 12:2 68 0 0
6 36-0 15-0 5:3 14
24 74-0 20-4 20-4 7-0

A gimilar fall in N.p.P. occurs during the first
2 days after the cultures are set up, during which
period no measurements are normally made (Fig. 2).

Cultures n " o .
a5l \l'set o ‘L'ﬁmel] \LTlmoi i
12 L 47
® 1of _ P E
B hnl a8
5 0-9 L] 4 s
A ot 4 &
.
ar e 12
0-6r e 1
1 1 1
i 2 4
Days

Fig. 2. Decrease in nucleoprotein P (¥.p.r.) and increase
in area in cultures grown in Tyrode solution alone for
4 days. N.p.p. in pg.froller tube (plasma blanks sub-
tracted). Area in mm.*/individual culture.

Although the amount of nuclear material as
measured by the n.p.p. diminishes continuously,
the area of the cultures increases and may at the
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Table 3. Effect of various substances on nucleoprotein P (N.p.P.) content of tissue cultures

All cultures grown for 2 days in Tyrode solution alone before i

~N.p.P. (X). Final x.p.p. (1) estimation 2 days later.

r\troductidu of test substance and.estimation of initial

Alteration
Material in N.P.P.
under test Fluid phase in roller tubes pg.ftube (100Y)/X
A Tyrode solution Tyrode solution alone -0-15 88
B Chick embryo Embryo extract +0:31 120
extract Embryo extract after exposure to heat +0-34 124
C  Crystalline Tyrode solution alone -0-14 87
ribonuclease Crystalline ribonuclease in Tyrode solution (final cone. of enzyme= —-0-08 91
9-4 mg. %)
D Crystalline Chick embryo extract : +0-42 137
ribonuclease Chick embryo extract + crystalline ribonuclease (final cone. =9-4 mg. 9) +0-35 148
E Crystalline Tyrode solution alone -0-13 76
ribonuclease Chick embryo extract +0-11 114
(Dr Kunitz) Chick embryo extract + crystalline ribonuclease (final cone. =12-5 mg. %) +0-09 114
Tyrode solution + crystalline ribonuclease (cone. as above) -0:-10 82
F  Crystalline Tyrode solution alone : > =007 92
ribonuclease Chick embryo extract : +0:39 143
(Dr Kunitz) Chick embryo extract -+ erystalline ribonuclease (final cone. =50 mg. %)  +0-32 157
G Cruderibonuclease  Tyrode solution alone -0-09 92
in pancreatic Chick embryo extract R +0-45 136
extracts Chick embryo extract -+ preparation from pancreatin +1-:03 173
H Mucinase Chick embryo extract +0-44 149
Chick embryo extract +mucinase (final cone. of mucinase =168 mg. %) +0-07 107
J  Mucinase Tyrode solution alone —0-08 90
Chick embryo extract +0:37 143
Chick embryo extract + mucinase (final conc. of mucinase =160 mg. %) +0-14 116
K Embryo cartilage  Tyrode solution alone +0-06 106
extract Cartilage extract +0-35 125
L Anterior pituitary , Tyrode solution alone =015 91
extract Pituitary extract -0-10 86
end of 4 days be as much as 6-10 times greater £ Gy Li ot
than it was when the cultures were first set up U
(Fig. 2) owing to the migration of cells from the .
original explant. The area of cultures from fresh 25 : -
explants is not, however, of great significance S .
[Parker, 1938]. ‘ /
% 20 A
-‘_‘-‘-—_—-__‘-hu—.__
. 7 & LV
Chick embryo extract as fluid phase &
3 el
(@) The effect of normal extract. When the Tyrode 2 § oC
solution is replaced by embryo extract, during the ‘
second 2 days of the test (i.e. the days of the test il
proper), very marked growth of the tissue occurs,
accompanied by a rise in x.p.p. (Table 3 B). The final foul | !
U 2 4

area, instead of being of the order of 7-0sq. mm., is
of the order of 20 sg. mm./culture.

The rise in N.P.P. is greater as the concentration

of embryo extract increases. The effects of different
concentrations of embryo extract are shown in
Fig. 3. In this case some of the tubes were allowed

to run for a further 2 days. During this time no

further rise in N.p.P. occurred—in fact a slight fall
was observed (Fig. 3). All tests have subsequently

been restricted to 2 days after addition of the test -

substances,

Days

Fig. 3. Influence of different concentrations of embryo
extract on the nucleoprotein P (x.r.p.) of fissue cultures.
N.P.P. in pg.froller tube (plasma blanks subtracted). All
cultures grown for 2 days in Tyrode solution alone before

" addition of embryo extract. Curve A: fluid phase in
roller tube, embryo extract 30 mg. 9, N (approx.).
Curve B: embryo extract 10 mg. % N (approx.).
Curve (': fluid phase, Tyrode solution alone. The ex-
plants used in this experiment were rather larger than
usual.
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(b) Liffect of heat on embryo exthact, 1t is usually
stated that the active principles of embryo extract
are easily destroyed by heat [Carrel, 1913; Las-
nitzki, 1937]. .

We have examined the éffect of heating chick
embryo extract to 100° for 10 min. To minimize the
pH changes due to bicarbonate decomposition, the
extract, prepared by pulping the émbryonic tissue
with water instead of Tyrode solution, was divided
into two portions, one of which was heated while
. the other was kept as a control. The salt concentra-
tions (including bicarbonate) in both extracts were
then adjusted by adding appropriate amounts of
sterile concentrated saline medium. Tissue cultures
gained as much nucleoprotein P in this heated
material as in the unheated control extract (Table
3B).

(¢) T'he effect of ribonuclease on embryo extract. In
view of Fischer’s [1939] suggestion that the growth-
promoting power of embryo extract is located in
the ribonucleoprotein fraction, we have examined
the action of the enzymeribonuclease on the activity
of chick embryo juice. Ribonuclease, which has
been prepared in the crystalline state from pancreas
by Kunitz [1940], attacks specifically the ribe-
nucleic acids bringing about partial hydrolysis. The
s enzyme is strikingly thermostable and aqueous
solutions can be sterilized by heat.

Chick embryo extract ineubated overnight at 37° -

with crystalline ribonuclease (prepared from cattle
pancreas) was tested on the tissue cultures, and
showed no diminution in activity as compared with
control embryo extract incubated without enzyme
(Table 3 C, D). A sample of erystalline ribonuclease
kindly supplied by Dr M. Kunitz gave thesame result,
even when the enzyme concentration in the roller
tubes was as high as 50 mg./100 ml. (Table 3 E, F).

Ribonuclease in Tyrode solution alone appeared
to have no effect on the living cells (Table 3 C, E).

On the other hand, erude preparations of ribo-.

nuclease, prepared by extracting commercial pan-
creatin with 509, acetone [ef. Dubos & Thompson,
1938], and sterilized by heating to 100° for 10 min.,
gave a very different response. Cultures grown in
a mixture 'of this medium and embryo extract
showed a characteristic dense type of growth with
a sharply demarcated margin. Growth appeared
to be abundant but cell migration was not so pro-
nounced as in the controls grown in embryo extract
alone, which had a considerably larger area. The
cultures grown with the addition of the pancreatic
extract showed a much greater increase in x.p.p.
than did the controls (Table 3G). This increased
growth is not caused by the ribonuclease in the
panereatic extracts, but is due to another factor,
the nature of which is at present under investiga-
tion, It is destroyed by heating for 30 min. at 100°
in feebly alkaline solution,
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(d) The effect of mucinase on embryo extract. In
view (1) of the large amount of muecin-like sub-
stances in embryonic material [ef. Baker & Carrel,
1926], (2)._of the good growth-promoting power of
embryonic cartilage extracts, and (3) of Fischer’s
[1940] suggestion that the active principle may con-
tain 8, we have tested the effeet of a highly purified
preparation of the enzyme mucinase [Madinaveitia,
1941] prepared from bull testicle, to see whether
hydrolysis of some of the muco- or sulpho-poly-
saccharides in embryo extract affected its activity.
We are grateful to Dr Madinaveitia for a sample of
mueinase, which besides acting as a diffusing factor
with hyaluronidase activity and with the power to
reduce the viscosity of some mucopolysaccharides
(of synovial fluid, vitreous humour, and umbilical
cord, but not of saliva and gastric mucin), also had
a low glucosaminidase activity. Testicular mucinase
is stated by Meyer, Chaffee, Hobby & Dawson
[1941] to hydrolyse chondroitin sulphuric acid, the
mucopolysaccharides of skin, and the polysac-
charide (or its H,SO, ester) of the cornea as well
as hyaluronic acid. The enzyme was dissolved in
Tyrode solution and sterilized by passage through
a small Berkefeld candle. A slight loss in N content
resulted but the sterile solution still retained power-
ful enzyme activity as measured by the diffusion test

“in rabbits with haemoglobin [Madinaveitia, 1938].

N.p.P. per roller tube, pug.

1 ! L
1] 50 100

Concentration of mucinase, mg. /100 ml.

L ' i 1 =
1504 2000 250 300 350

Fig. 4. The effect of increasing concentrations of mucinase
on the nucleoprotein P (x.r.p.) of tissue cultures grown in*
embryo extract. N =25 mg. 9, for embryo extract in all
cases. Abscissa: N.p.P., pg.[roller tube. Ordinate: final con-
centration of mucinase in roller tube, mg./100 ml. Embryo
extract and mucinase incubated for 2} hr. at 37° before
being added to roller tubes. Curve 4 (test 74): cultures
grown for 2 days. Curve B (test 76): cultures grown
for 1 day. Plasma blanks not subtracted. All cultures
grown for 2 days in Tyrode solution alone before addition
of embryo extract and mucinase.

Embryo extract was mixed with the mucinase
solution, and incubated at 37° for 2% hr. before
being added to the roller tubes. Embryo extract
incubated at the same coneentration without mu-
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cinase served as a control. A slight precipitate
sometimes appeared in the mucinase mixture.

The cultures grown in embryo extract plus
mucinase showed a smaller increase in N.p.p. than
did the controls (Table 3 H, J). As the effect seemed
to vary considerably with the concentration of
mucinase, experiments were carried outin which con-
stantamounts of embryo extract wereincubated with
increasing concentrations of muecinase. The results
areplottedin Fig. 4. It will beseen that the maximum
effect was obtained when the mucinase concentra-
tions were 170-250 mg. %. In one test (curve 4)
higher concentrations were rather less effective.

Extracts of cartilage from mammalian embryos

We have also employed extracts made from mam-
malian embryos, chiefly sheep embryos of 9-10
weeks, a stage at which growth is very rapid [Gurlt,
1847]. Cattle, pig and human embryos have also
been used. As whole extracts prepared by mincing
the complete embryos contained an undesirably
large amount of blood, we have examined extracts
from individual tissues. Embryo cartilage was
found to give a very satisfactory extract.

The embryos were dissected and the cartilage of
the vertebral column, skull, pelvic and shoulder
girdles freed as far as possible from muscle and
connective tissue. The cartilage was minced and
the mince allowed to stand with an equal volume of
water overnight at 0° before being filtered through
muslin. The filtrate was centrifuged and treated
with 3 vol. of double strength Tyrode solution. To
check the salt concentration a chloride estimation
was carried out and final small adjustments of salt
concentration made as required.

Embryo cartilage extract could be sterilized by
filtration through a Berkefeld candle, and kept
quite well at 0° or, better, at — 30°.

Results obtained with cartilage extract are shown
in Table 3K. :

The effect of pituitary extract

In view of the well-known action of extracts of
the anterior pituitary gland in stimulating the
growth of young animals [cf. Young, 1941] we
examined the effect of pituitary extracts on the
nucleoprotein content of fibroblasts in vitro. Saline
extracts prepared according to the method de-
scribed by Marks & Young [1940] were kindly
supplied by Dr F. G. Young. The salt concentra-
tions were adjusted to that of Tyrode before the
extracts were tested. In no case did the pituitary
extract cause any increase in the ».p.p. of the
cultures (Table 3L).

This is in agreement with the findings of Trowell"

" & Willmer [1939] who, contrary to Semura [1931],
found that pituitary extracts had no growth-
promoting power on tissue in vitro,

1943

- DISCUSSION

It must be emphasized tllxat all the tests have been

carried out in fresh explants from the 9-day embryo
chick heart and not on pure strains of fibroblasts.
The term ‘fibroblast’ is used here in the usual tissue-
culture sense of cells characterized by a network
arrangement [cf. Mayer, 1939].

Willmer’s [1942] results were obtained mainly
with chick periosteal fibroblasts, but in a few ex-

periments with heart fibroblasts he found a fall in -

N.p.p. in Tyrode solution, while the effect of embryo
extract was rather to prevent the fall than to cause
a definite increase. In most of our experiments
embryo extract produced a definite rise in N.p.p.,
and this effect was not appreciably diminished with
extract which had been heated to 100° for a few
minutes, or at 38° overnight. Although Carrel’s
[1913] original emphasis on the labile nature of the
cative principles has been supported by later
workers, e.g. Cracium [1931], Hueper, Allen, Russell,
Woodward & Platt [1933], and Lasnitzki [1937]
who found a decrease in activity on incubation at
70° for 10-30 min., recent workers have reported a
greater heat stability, e.g. Paterson [1938]. Tennant,
Liebow & Stern [1941] prepared in the ultracentri-
fuge a growth-promoting fraction from embryonic
tissue the activity of which was not diminished by
heating at 100° for several minutes. The effect of
heated embryo extract on the N.p.p. of pure strains
of fibroblasts is, of course, undetermined.
Ribonuclease attacks specifically ribonucleic
acids, but its precise mode of action is unknown.
Its action may be modified by the presence qf
protein to which the nucleic acid is bound. For
example, Loring [1942] found that ribonuclease was
unable to split up the nucleic acid of tobacco mosaic
virus—a ribonucleoprotein—so long as the nucleic
acid remained attached to the protein, although it
could inactivate the virus by forming an enzyme-
virus complex containing 14 %, enzyme. This com-
plex could subsequently be decomposed with libera-
tion of intact and active virus. The claim of
Schramm [1941] that intestinal nucleases were able
to remove the nucleic acid from the virus leaving
the protein intdact was not confirmed by Cohen &
Stanley [1942]. Although in our experiments ribo-
nuclease even in high concentrations has not in-
fluenced the growth of cultures in embryo extract,

~ the participation of ribonucleoproteins as growth-

promoting agents cannot be completely excluded
since the possibility of the reversible formation of
enzyme-ribonucleoprotein eomplexes remains.

The nature of the factor present in a ribonuclease-
containing extract of pancreatin, which causes such
a marked increase in N.P.P., is not yet fullyeluci-
dated. The effect produced is not merely a quanti-
tative one. Qualitative changes in the type of
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growth produced are also found. There is some
evidence that the factor may be a P-containing de-
gradation product of protein.

The effect of mucinase is produced only when the
enzyme concentration is very high. Both in this
case and in the ribonuclease experiments, the
enzymes remained-active in the roller tubes and one
cannot therefore exclude the possibility that, in the
case of mucinase, the lower N.r.p. found in presence
of the enzyme might be due to a direct action of
the enzyme on the cells, rather than an action on
the embryo extract. These experiments do, how-
ever, suggest that the muco- or sulpho-polysac-
' charides may be responsible for at least some part

of the growth-promoting power of embryo extract.

SUMMARY

1. The effect of various substances on the nucleo-
protein phosphorus: content (N.p.p.) of fresh ex-
plants from the embryo chick heart growing in vitro
in roller tubes has been examined.

2. Cultures grown in Tyrode solution alone show
a fall in N.p.p. The addition of embryo extract to
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the cultures causes a definite rise in N.P.P., and this
rise is unaltered when the embryo extract has been
heated to 100° for 5 min.

3. Crystalline ribonuelease has no effect on the
growth-promoting properties of embryo extract,
but erude ribonuclease preparations from pancreatin
contain a factor which causes a marked stimulation
of nucleoprotein synthesis in the presence of embryo
extract.

4. Cultures grown in emblyo extract to which
mucinase has been added in high concentration
show a smaller rise in N.p.e. than control cultures
grown in embryo extract without mucinase.

5. Extracts of mammalian embryos cause an
increase in N.p.p. Sheep embryo cartilage extract
is particularly effective.

6. Anterior pituitary extracts are without effect
on the N.p.p. of the cultures.

We wish to express our gratitude to Mr E. N. Willmer
of Cambridge for much valuable advice on tissue culture
matters. A grant for scientific assistance from the Medical
Research Council and an expenses grant from the Carnegie
Trust for the Universities of Scotland to one of us (J. N. D.)
are gratefully acknowledged.
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(Reprinted from NATURE, Vol. 152, page 47, July 10, 1043)

Ribonucleic Acids in Animal Tissues

Tur original view that ribonucleic acids (yeast
nucleic acid, phytonucleic acid) are to be found ex-
clusively in plant tissues, and desoxyribonucleic acid
(thymonucleic acid, animal nucleic acid) exclusively
.in animal tissues is now known to be no longer ten-
able.

Apart from the ribose mononucleotides and di-
nucleotides which are known to play an important
part in the metabolism of animal cells, ribopoly-
nucleotides (nucleic acids) have been detected histo-
chemically in animal tissues!, and one such ribo- -
nucleic acid has been isolated from mammalian
pancreas®.  Moreover, desoxyribonucleic acid has
been reported in yeast cells® and in plant tissues?.
Both types of nucleic acid are present in bacteria®.

Evidence is accumulating that both in the plant
cell® and in animal cells? desoxyribonucleic acids are
to be found in the nucleus and ribonucleic acids
mainly in the eytoplasm. Ribonucleic acids may also
form, especially in active cells, a small proportion
of the nucleic acid of the nucleus® where thymo-
nucleoprotein associated with the structure of the
chromosomes predominates?. The nucleolus is com-
posed of ribonucleoproteins'® and is claimed to he

, associated actively with the synthesis of the cyto-
plasmic ribonucleic iacids or nucleotides which are
especially abundant at the nuclear membrane. These
ribonucleic acids may also form part of the mito-
chondrialt, which appear to be phospholipid-ribo-
nucleoprotein complexes. Such eomplexes of phospho-
lipid with nucleoprotein containing ribonucleic acid
are found in adult liver'!, in normal embryonic
tissue!'?, in embryo and adult brain'®, in equine
encephalomyelitis virus!* and in the active fraction
of tumour-producing sarcoma extracts!s.

The biological activity of the ribonucleic acids has
also been emphasized by their presence in plant
viruses such as tobacco mosaic virus'® and in the
tissue growth-promoting factor of embryo juicel?,
and by recent reports of high concentrations of
ribonueleotides in the eytoplasm of cells in which

3 rapid protein synthesis is taking place!®, including

ke embryonie tissues, in tumour tissues!'®, in the eyto-

' plasm of proliferating and differentiating cells exposed

| to X- and gamma-radiation'®, and in the intercellular

' fluids from injured cells®®,

We have recently demonstrated, using chiefly
tissues from the adulty and embryo sheep, that
ribonucleic acids (ribopolynucleotides) are widely

»
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Tissue Nucleic Acids

1. RIBONUCLEIC ACIDS AND NUCLEOTIDES IN EMBRYONIC AND ADULT TISSUE
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Desoxyribonucleic acid (thymonucleic acid, chromo-

nucleic acid), known for a long time to be a

constituent of the nuclei of animal cells, together
with histones and the recently discovered protein
chromosomin (Stedman & Stedman, 1943a), has
been found also in plant tissues (Feulgen & Rossen-
beck, 1924), in bean seedlings (Iiesel & Belozerski,
1934 ; Belozerski, 1936), in onion bulbs (Belozerski,
1939), in the rye grain (Behrens, 1938) and in yeast
cells (Delaporte & Roukhelman, 1938). At the same
time evidence has accumulated that pentose nucleic
acid (ribonucleic acid, yeast nucleic acid, zymo-
nucleic acid, plasmonucleie acid, phytonucleic acid),
which differs from desoxyribonucleic acid in con-
taining d-ribofuranose in place of d-2-desoxyribo-
furanose and uracil in place of thymine (methyl
uraeil), and which was originally thought to be
solely a plant constituent (cf. Jones, 1920), is pre-
sent in animal tissues.

) Pentose derivatives have long been known to be present
i animal tissues (Blumenthal, 1898; Grund, 1902; Wohlge-

muth, 1903 ; Neuberg, 1904; Mendel & Leavenworth, 1908).
As well as the mono- and dinucleotide coenzymes containing
adenine, e.g. adenosine triphosphate, the nicotinamide
nucleotides and riboflavin-adenine-dinucleotide, pentose
nucleotides of other bases have been found, e.g. uridylic
acid (Levene & Mandel, 1907) in shell-fish eggs, and all four
nucleotides of ribonuecleic acid (Calvery, 1928) in hydro-
lysates of chick embryo pulp. Ribopolynucleotides may
also occur. The so-called B-nucleoprotein of the pancreas,
originally prepared by O. Hammarsten (1894) and subse-
quently investigated by Bang (1898-9, 1900-1), Feulgen
(1919-20), E. Hammarsten (1920), Jones & Perkins (1924-5)
and Steudel (1936), was shown by Jorpes (1924, 1928, 1934)
to consist essentially of a ribopolynucleotide—probably a
pentanucleotide and almost certainly similar to but not
identical with the ribonucleic acid of yeast. It may form
as much as 109, of the weight of the pancreas, and, like
yeast nucleic acid, contains uracil (Jorpes, 1924). The
presence of a ribonucleic acid containing thymine in the
mammary gland is suggested by Mandel & Levene (1905).
As a result of this work, and of the work of Jones & Perkins
(1924-5), who found that a ribonucleotide resembling the
guanylic acid of the pancreas was also present in spleen
and liver, and of similar observations by Thomas & Berariu
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(1924), the suggestion, supported by Jorpes (1928), was
made that ribonucleic acids might be widespread in animal
tissue. They have more recently been demonstrated histo-
chemically by Brachet (1933, 1937, 1940 a, b) in Amphibia,
by Desclin (1940) in the anterior pituitary of the growing
rat and guinea-pig, and by Painter & Taylor (1942) in
toads’ eggs. This work has also led to the view that nucleic
acids are not entirely confined to the nucleus. As long ago
as 1905 Beebe & Shaffer (1905) suggested that pentose
derivatives might be present in the cyfoplasm of tumour
cells, and such work as that of Feulgen & Rossenbeck (1924),
Feulgen, Behrens & Mahdihassan (1937) and of Behrens
(1938) on rye embryos and yeast cells, of Delaporte (1939)
on yeast, of Painter & Taylor (1942) on toads’ eggs, and of
Mirsky & Pollister (1942), has given rise to the conception
that, while desoxyribonucleic acid is located exclusively in
the nucleus (Mirsky, 1943), ribonucleic acid is chiefly a
cytoplasmic constituent. It has been reported, however,

* in small amounts in the nucleus (Schultz, 1941) and espe-
cially in the nucleolus (Brachet, 1940 a, b; Caspersson &
Schultz, 1940; Mitchell, 1942; Gersh, 1943).

Ribonucleic acids may occur in the form of phospholipin-
ribonucleoprotein complexes in liver cells, e.g. in the mito-
chondria (Claude, 1941, 1943; Bensley, 1942), in normal
chick embryonic tissue (Taylor, Sharp, Beard & Beard,
1942; Clande, 1940, 1941), in the embryonic chick brain
(Taylor, Sharp & Woodhall, 1943), in tumour-producing
fowl sarcoma extracts (Claude, 1939) and in the virus of
equine encephalomyelitis (Taylor, Sharp, Beard & Beard,
1943). The importance of ribonucleic acids in biologically
active material has further been emphasized by their pre-
sence in chloroplasts (Menke, 1938), in plant viruses
(Loring, 1939; Stanley, 1939; Stanley & Knight, 1941), in
the growth-promoting factor of embryo juice (Fischer,
1939, 1940, 1942), in some enzyme systems (Potter &
Albaum, 1943) and by the presence of their derivatives in
the materials liberated by injured cells (Loofbourow, 1942).
Using spectrophotometric methods in conjunction with the
quartz microscope, Caspersson (1936, 1940) has located
materials which show powerful absorption at 2600 A and
which he claims to be ribonucleotides or ribonucleic acids
(he does not distinguish clearly between mono- and poly-
nucleotides), in the cytoplasm of rapidly proliferating cells
such as sea-urchin eggs, the spinach root-tip periblem cell
and the imaginal disks of larvae of Drosophila melanogaster
(Caspersson & Schultz, 1939, 1940), in the embryo (Cas-
persson & Schultz, 1939; Caspersson & Thorell, 1941 a, b),
in tumour tissues (Caspersson, Nystrom & Santesson, 1041)
and in the cells of actively secreting glands (Caspersson,
Landstrom-Hydén & Aquilonius, 1941). A high concen-
tration of similar absorbing materials, which may be ribo-
nucleic acids, has been found in the cytoplasm of pro-
liferating and differentiating cells exposed to X- or gamma-
radiations (Mitchell, 1942). Caspersson (1941) has concluded
that a high concentration of these absorbing materials
(presumably ribonucleic acids or ribonucleotides) is charac-
teristic of the cytoplasm of cells in which rapid protein
synthesis is taking place (either for growth or for secretion),
and is to be associated rather with protein synthesis than
with metabolic activity or fermentation (Caspersson &
Brandt, 1941).

; We have attempted to establish first whether
ribonucleic acids are indeed of widespread oceur-
rence in animal tissues, and secondly whether there
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is a high concentration of ribonucleic acid and/or
of ribonucleotides in rapidly growing tissues. In a
preliminary note (Davidson & Waymouth, 1943a),
we reported that ribonucleic acids are widely dis-
tributed in animal tissues. The comparison between
embryonic and adult tissues is further extended in
this paper.
METHODS

Materials

We have used chiefly the tissues from the freshly
killed adult and embryo sheep. The embryos were
all about 9-10 weeks old, a stage at which growth
is very rapid (Gurlt, 1847). Arrangements were
made to obtain the material immediately after
slaughter but, even so, some hydrolysis by the very
active tissue nucleotidases of nucleotide to nucleo-
side was unavoidable.

Small organs were pooled for analysis. In the
case of large organs groups of specimens were
analyzed separately at different times. Where fowl
tissues were used, they were excised from the anaes-
thetized bird and dealt with immediately. Chick
embryos were used immediately on removal from
the egg. In some cases avian material was frozen
with solid CO, immediately on removal from the
bird or egg, but this procedure was later found to
be unnecessary.

Analytical methods

Moisture was determined by drying at 100° to
constant weight.

Nucleotide, nucleoside, and free-purine N were de-
termined in trichloroacetic acid extracts by the
method of Kerr & Blish (1932) as modified by Kerr
(1940). The sum of all three gave the total acid-
soluble purine N.

Total nucleic acid was estimated on 15-25 mg.
portions on the basis of nucleoprotein phosphorus
(NPP) determinations by the method of Berenblum,
Chain & Heatley (1939), in which lipoid P is ex-
tracted with ethanol-chloroform mixture, and acid-
soluble P is extracted with HCl and the remaining
acid-insoluble P, as determined by the micromethod
of Berenblum & Chain (1938), is taken to be nucleic
acid P. This is almost certainly not the case, as
Jorpes (1928) has suggested, and our own observa-
tions {vide infra) support this view. Most methods
of estimating NPP in tissues, such as the original
one of Kossel (1882), and the later similar ones used
by Malan & Green (1928), Needham & Needham
(1930), Buler & Schmidt (1934), Tuttle, Frf &
Lawrence (1941) and Marshak (1940), depend upon
the same prineiple, and estimate residual P after
extraction with lipoid solvents and acid. In our
results, therefore, the figures for NPP indicate
rather residual acid-insoluble P (the ‘protein-bound
P’ of Rosenthal & Drabkin (1943)). This fraction
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will, of course, include phosphoprotein P (Plimmer
& Scott, 1908; Plimmer & Kaya, 1910; Needham
& Needham, 1930; Euler & Schmidt, 1934), which
appears, however, to be low in nearly all tissues,
including embryonic tissue (Buler & Schmidt, 1934).
The residual P would also include such ill-defined
compounds as the phosphoglucoproteins and gluco-
nucleoproteins mentioned by Wells (1925).

Ribonucleie acid and desoxyribonucleic acid were
estimated by methods involving the determination
of pentose and of desoxypentose, after extraction
and precipitation of the nucleic acids.

Acid-soluble P and lipoid-soluble P were ex-
tracted from ethanol-ether-dried tissue and the re-
sulting residue, containing the acid-insoluble P
(protein-bound residual P as previously men-
tioned) was dried in a vacuum desiceator. Euler &
Schmidt (1934) claim that preliminary treatment
with ethanol and ether binds some acid-soluble P
to the protein and renders its subsequent extraction
difficult, but we have found no difference in the P
content of powders prepared by Buler & Schmidt’s
and our own methods.

In extracting the nucleic acids from the tissue
powders the use of alkali was avoided. Most me-
thods for the isolation of desoxyribonucleic acid
are sufficiently drastic to cause at least partial
destruction of ribonucleic acid, but a suitable
reagent for the extraction of both nucleic acids was
found to be 109, NaCl (cf. Jorpes, 1928, 1934;
Javillier & Allaire, 19265, 1931). From the NaCl
extract the nucleic acids were precipitated as
lanthanum salts, which have been shown by
Caspersson, Hammarsten & Hammarsten (1935)
and by Caspersson (1936) to be very insoluble.
From 109, NaCl solution the precipitation is in-
complete unless one volume of ethanol is added.
In the precipitate pentose and desoxypentose were
colorimetrically estimated. We have sought inde-
pendent confirmation of the presence of ribonucleic
‘acids by more specific methods, using the enzyme
ribonuclease which attacks specifically the ribo-
nucleic acids (Kunitz, 1940). The action of ribo-
nuclease is not fully understood. Tt does not break
down nucleic acid completely to the component
mononucleotides, but whereas 1009, of the phos-
phorus of ribonueleic acid is precipitable by 0-259,
uranyl acetate in 2-59, trichloroacetic acid, only
409 of the P is so precipitable after the action with
the enzyme has gone to completion. The extent of
the reaction depends on a number of factors
(Kunitz, 1940), and for this reason the application
of the enzyme to the exact quantitative estimation
of the nucleic acids is not feasible. We have, how-
ever, made use of ribonuclease not only to confirm
the presence of ribonucleic acids but to give a semi-
Quantitative estimation of the amount of nucleic
acid present by allowing crystalline ribonuclease in
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high concentration to act to completion on the
NaCl extract and by measuring the amount of
uranyl precipitable P rendered non-precipitable by
the enzyme.

General analytical procedure. The fresh tissue is
minced, dehydrated with several successive portions
of ethanol and of ether, and dried in a vacuum
desiccator. The dried material is ground to a fine
powder in a mill and passed through a sieve. About
2 g. of the powder are weighed out into a stoppered
centrifuge tube and are shaken for six 1 hr. periods
with suceessive portions of about 40 ml. 0-1x-HCI.
This process removes acid-soluble P, including
simple nucleotides. The residue is washed twice
with ethanol and is then extracted for two successive
2 hr. periods at 65° under a reflux condenser with
an ethanol-chloroform mixture (3 :1). It is then
washed with ether and dried.

Total P is estimated in the extracted powder by
a modification of the method of Allen (1940) and
purine N by the method of Graff & Maculla (1935).
Phosphoprotein P is determined by a method
similar to that of Huler & Sehmidt (1934), making
use of the fact that phosphoprotein P is split off as
inorganic P when the phosphoprotein is incubated
at- 37° for 24 hr. with 0:255-NaOH (Plimmer &
Seott, 1908). After removal of protein with tri-
chloroacetic aecid, inorganic P is precipitated, as
described by Lohmann (1928), with Mathison’s
(1909) reagent.

For the nucleic acid extraction a suitable quan-
tity (50-750 mg., depending on the P content) is
then weighed out into a 15 ml. conical centrifuge
tube and 2 drops triacetin added. Extraction with
109, NaCl is then carried out with five successive

3 ml. portions, (a) for 4 hr. at 0°, (b) overnight at 02,

(¢) for 30 min. at 100°, (d) for 10 min. at 100°, and
(¢) for 10 min. at 100° respectively.

The extracts are combined and made up to 15 ml.
1:0 ml. is taken for total P estimation. 1-5 ml. por-
tions are taken for the ribonuclease test (vide infra).
9 ml. are pipetted into a 25 ml. centrifuge tube and
1 ml. 29 lanthanum acetate and 10 ml. ethanol
added. After 1 hr. at 0° the precipitate is centri-
fuged down and washed twice with 3 ml. 029
lanthanum acetate. It is decomposed with 0:6 ml.
0:5M-Na,CO; and 54 ml. water are added. The
lanthanum carbonate is centrifuged down.

The supernatant is treated as follows: (i) 1 ml
is taken for total P estimation; (ii) 1 ml. is taken
for estimation of pentose by a modification of the
method of Reeves & Munro (1940). This method
depends upon the liberation of furfural, which is
trapped in xylene and allowed to react with aniline
acetate. The 1ml. of solution is pipetted into a
graduated test-tube with a B 14 ground glass socket.
2 ml. 5555-HCl and 5 ml. xylene (purified by
distillation) are added. The tube is attached to an
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air condenser with ground-glass cone and is im-
mersed in a briskly boiling water-bath for 2% hr.
The contents are cooled and the xylene layer made
up to 7 ml. The lower aqueous layer is sucked off
with a fine pipette and the xylene layer dried with
anhydrous sodium acetate. When the xylene has
cleared, 5 ml. is pipetted into a dry pyrex tube and
5 ml. freshly made aniline acetate reagent (1 ml.
colourless aniline dissolved in 50 ml. Analar glacial
acetic acid and 50 ml. ethanol) added. The tube is
allowed to stand in the dark room for precisely
20 min. and the red colour then examined in the
Hilger Spekker Absorptiometer (filter no. 6), with
a calibration curve drawn up in terms of ribonucleic
acid phosphorus (RNAP) and prepared from
standard solutions of ribonucleic acid purified by
precipitation from glacial acetic acid as described
by Kunitz (1940). Yeast ribonucleic acid and liver
ribonucleic acid gave similar curves. Desoxyribo-
nucleic acid does not interfere. (iii) 3 ml. are taken
for the colorimetric estimation of desoxypentose by

the modification by Sevag, Smolens & Lackman

(1940) of the diphenylamine reaction of Dische
(1930). The 3 ml. solution are pipetted into a conical
graduated centrifuge tube containing 1 ml. 0-55x-
HCI. The tube is heated in a boiling water-bath for
15 min., cooled, and the volume made up to 4 ml.
3 ml. of the supernatant are transferred to a pyrex
tube and 8 ml. freshly made diphenylamine reagent
added (1 g. diphenylamine (Analar, twice recrystal-
lized from ethanol) dissolved in 2ml. H,S0,
(Analar) and 98 ml. glacial acetic acid (Analar)).
The tube is placed in the briskly boiling water-bath
for 3 min., quickly cooled and, after 5 min., the
blue colour is read in the Hilger Spekker Absorptio-
meter (filter no. 1) and compared with data in a
calibration curve drawn up in terms of desoxyribo-
nucleic acid phosphorus (DNAP). Ribonucleic acid
does not interfere, nor does ehondroitin sulphuric
acid. Using these two methods, we have obtained
good recovery from a mixture of ribo- and thymo-
nueleic acids in 10 9, NaCl. Both ealibration curves
were made with nucleic acids precipitated as La
salts.

For the ribonuclease method, 1-5 ml. NaCl extract
are pipetted into each of three 15 ml. conical centri-
fuge tubes. 2-4ml.veronal buffer pH 6:12 (Michaelis,
1931) are added to each tube and 0-2 ml. of a solu-
tion of 5mg. crystalline ribonuclease in 100 ml.
water is added to one tube. The other two tubes are
used as eontrols. To one of these are added imme-
diately 4-0 ml. 0-25 9%, uranyl acetate in 259 tri-
chloroacetic acid. The remaining control tube and
the tube containing enzyme are immersed in a
thermostatic bath at 37° for 1 hr. before the uranyl
acetate reagent is added. 15 min. after addition of
the reagent the tubes are centrifuged and the pre-
cipitate washed with 2 ml. 0-125 9, uranyl acetate

'
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in 1:25 9 trichloroacetic acid. It is then dissolved
in 0-5M-Na,CO, and the solution is transferred to
a digestion flask for total P determination. The
non-incubated tube gives the amount of uranyl
precipitable P originally present, while the tube
containing enzyme gives the amount present after
ribonucleic acids have been broken down. The
second control without enzyme gives a measure of
the amount of spontaneous decomposition of nucleic
acid in 60 min. at 37°. In most cases it is low.
With each batch of tubes used in this determina-
tion a standard set of three tubes containing 019
purified ribonuecleic acid in 109, NaCl is set up to
check the extent of hydrolysis. Under the condi-
tions stated, about 609, of the ribonucleic acid P
is rendered non-precipitable by the enzyme. Sodium
chloride does not inhibit the action of the enzyme,
but the degree of hydrolysis of ribonucleic acid may
be to some extent influenced by the quantity of
desoxyribonucleic acid present. The enzyme has no
action on desoxyribonucleic acid. \
Examination of the procedure. When calibration
curves reading directly in ribo- or desoxyribonucleic
acid phosphorus are used, the assumption is made
that the nucleic acid in the tissues contains the
same amounts of ribose (or rather furfural-yielding
material), since purine and pyrimidine nucleotides
vield different amounts of furfural (Levene &
Jorpes, 1930) relative to P, or of desoxyribose to P,
as do the pure acids used to prepare the calibration
curves. This assumption appears to be justified in
the case of a ribonucleic acid which we have isolated
from the liver and which gives figures which agree
well with the calibration curve prepared from yeast
nucleic acid. In the case of desoxyribonucleic acid
(Vowles, 1940), the sugar residues from the purine
nucleotides also react in the estimation to a much
larger extent than those from pyrimidine nucleo-
tides, and the estimation of desoxyribose will be
valid only if all tissue desoxyribonucleic acids con-
tain equimolecular amounts of purine and pyri-
midine. This appears to be the case (Mirsky, 1943).
Compounds of lanthanum and other metals are
capable, under certain conditions, of hydrolyzing
organic phosphates (Bamann & Meisenheimer,
1938). The danger of interference from actions of
this type in the present circumstances is negligible.
One object of extracting the nucleic acids and
precipitating them as lanthanum salts was to reduce
the possible danger of interference in the pentose

estimation by furfural derived from uronic acids

(e.gz. of muco- and sulpho-polysaccharides).

It cannot be taken for granted that the ribo-
nucleic acids of the tissues are identical with yeast
nucleic acid. They do, however, function as sul}-
strates for ribonuclease, and the ribonucleic acid
which we have isolated from liver suffers the same
degree of hydrolysis as does yeast nucleic acid.
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Total nucleie acid

The results of the NPP' estimations are shown in
Table 1. i
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The position of nervous tissue is rather striking
(Table 1). Not only does the white matter of the
central nervous system have a higher NPP than
the grey matter, but even peripheral nerve has an
appreciable NPP content comparable indeed with
that of muscle. Caspersson (1941) records a high

Table 1. Nucleoprotein phosphorus (NPP) and water contents of adult and embryonic tissues

Sheep embryos, 8-10 weeks. Chick embryos, 16 days.
Each figure represents the mean value of several estimations from different animals.
NPP on dry-weight basis calculated from NPP on wet-weight basis and water content.

Adult Embryo
. A A
NPP content NPP content Ratio Embryo NPP
_ (mg./100 g.) (mg./100 g.) Adult NPP
Water Water - A N r s -
: content Fresh Dry content Fresh Dry Fresh Dry
Tissue (24) wt. wt. (%) wt. wt, tissue tissue
Sheep
Liver 69-7 70 231 82:6 103 592 1-5 2:6
Lung 79:0 88 419 89-0 84 763 1-0 1-8
Small intestine 80-3 110 559 88-4 78 673 07 1-2
Heart 777 29 129 87-0 64 4902 2-2 3-8
Spleen 772 129 566 83-0 109 642 0-8 11
Kidney (cortex) 81-0 80 421 87-0 85 654 1-2 1-6
Kidney (medulla) 85-5 47 324 90-4 34 354 07 1-1
Brain (grey matter) 842 18 114 92:6 24 324 1-3 2-8
Brain (white matter) T4-2 53 206 90-5 24 253 0-5 1-2
s Muscle 74-8 19 75 87-4 47 373 2:5 5:0
- Cartilage 60-1 21 53 78-4 43 199 2-0 3-8
Testis 86-4 58 427 — = == — —
Ovary 81-9 101 558 e = = — 7
Thyroid 754 25 102 80-2 78 394 31 39
Thymus* — — — 84-2 170 1080 —_ —_
Skin 635 38 107 89-3 56 524 14 4-9
Placenta 87-8 59 484 = = = = ==
Lymph node (calf) 79-6 185 925 — = = == ==
Fowl

Heart 80-1 32 161 91-0 75 835 23 5:2
Liver 72:3 113 408 80-0 95 475 0-8 1.2
Brain 79-1 25 119 891 50 459 2:0 39
Nerve 71:2 59 205 et — W o o=
Muscle 759 30 125 814 74 398 2:5 31
Rous sarcoma 88-2 61 516 B = == = =

* 15-week embryo.

The water content of the embryonic tissues is
considerably higher than that of the corresponding
adult tissues. As a result the difference in NPP
between embryo and adult is much more marked
when the comparison is made on a dry-weight basis
than on a fresh-tissue basis.

When the figures for the embryo and the adult

. are compared on a dry-weight basis it is found that
the NPP in the embryo is invariably higher than
in the corresponding adult tissue. In some cases
the difference is very marked, e.g. heart, muscle,
cartilage and thyroid. In some tissues, on a fresh-
weight basis, the difference between embryo and
adult is small and the figure for the adult may
actually be higher, e.g. intestine, spleen, kidney
medulla, brain (white matter).

ribonucleotide or ribonucleie acid content in nerve
cells.

The high water and NPP contents of Rous sar-
coma (Table 1) appear to be characteristic of neo-
plastic tissue.

The figures for the P content of the tissues ex-
tracted in bull (Table 2) are of course essentially
the same as the NPP figures on a dry-weight basis,
except that the P content is expressed in terms of
a powder from which all acid-soluble and lipoid
material has been removed. To investigate whether
or not all this P could be taken to be nucleic acid P,
purine estimations were carried out on the extracted
powders, If the tissue nucleic acids have the same
relative amounts of purine and P as have purified
thymonucleic acid and yeast nucleic acid (and this
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Table 2. Analyses of tissue powders remaining after extraction of acid-soluble and lipoid P,
and of lanthanum salts precipitated from the NaCl ewtract of these powders
All tissues from the adult or 9-10 weeks’ embryo sheep unless otherwise stated.
Nucleic acid P =purine N x 0-886 (assuming purine N : P atomic ratio of 10 : 4).
DNAP =desoxyribonucleic acid P. RNAP =ribonucleic acid P.
Extracted tissue powder
- e Al s
Nucleic Pin Precipitate of La salts
acid P NaCl ¢ s S
calcu- extract P in
lated Nucleic as per- La ppt.
from  acid P centage as per- DNAP RNAP
purine ' asper- of centage as per- as per- =
Total P Purine N content centage inex- of Pin centage centage Ratio
(mg./ (mg./ (mg./ of  tracted NaCl ofPin of Pin RNAP
Tissue 100g) 100g) 100g.) total P powder extract La ppt. La ppt. DNAP
Adult liver 384 353 313 82 84 T4 19 65 35
Embryo liver 1175 1241 1101 94 75 60 24 61 2:6
Adult lung 565 397 352 62 94 73 50 43 0-9
Embryo lung 1225 866 767 63 93 69 50 35 0-7
Adult gut 636 622 551 87 88 66 41 39 1-0
Embryo gut 958 782 693 72 82 83 31 35 1-1
Adult heart 219 174 154 70 56 65 19 70 36
Embryo heart ; 616 546 484 79 81 79 25 59 24
Adult spleen 914 974 863 95 78 67 50 27 05
Embryo spleen 1380 1448 1284 93 97 70 47 26 0-6
Adult kidney 442 400 355 80 74 T4 29 52 1-8
Embryo kidney o923 949 840 91 79 72 49 41 0-8
Adult brain - 369 215 190 52 40 67 31 65 2:1
Embryo brain 556 340 301 54 82 79 23 55 2:3
Adult muscle 147 145 129 88 55 71 19% 66 3-6%
Embryo muscle 650 572 507 78 95 70 37 53 14
Adult cartilage 84 85 75 89 63 40 41 e —
Embryo cartilage 382 | 343 304 80 92 53 40 60 1-5
Adult thyroid 166 167 148 89 63 68 24 48 20
Embryo thyroid 682 732 649 95 83 69 39 41 1:1
Adult skin : 135 141 125 93 68 48 32 60 1-9
Embryo skin 842 824 730 87 94 68 43 41 1-0
Adult testis 660 624 553 84 70 66 26 67 2:6
Adult ovary 484 444 394 81 87 42 39 52 1-3
Sheep placenta 655 613 543 83 B3 TL 33 65 2:0
Thymus (15-week sheep embryo) 2760 2696 2390 87 97 72 66 13 0-2
Whole blood (embryo sheep) 152 — — - 63 3 32 63 2:0
Nuclei (embryo sheep liver) 2630 2382 2110 80 86 82 75 14 0-2
Dried sheep embryo extract 192 175 155 81 82 93 11 83 74
Nucleoprotein fraction from 658 746 661 101 82 80 81 10 8:0
embryo extract
Whole chick embryo (9 days) 1040 1017 901 Bl 80 74 29 58 2:0
Whole human embryo (3 months) 590 613 544 92 80 75 29 59 21
Ox pancreas 1670 1782 1580 95 79 87 10 82 80

* The total nucleic acid content of muscle is so low ¢

qualification appears to hold for the desoxyribo-
nucleic acids of the tissues (Mirsky, 1943), the
atomic ratio of purine N to P is 10 : 4 for tetra-
nucleotides. The ratio would, of course, be higher
in the case of pentanucleotides (Jorpes, 1934). As
Table 2 shows, in many cases the figure for nucleic
acid P caleulated from purine N is rather less than
the figure for total P. Tt is probable therefore that

hat the figures quoted should be regarded as provisional.

some of the P in the extracted powder is not present
in the form of nucleic acid. Alders (1927) carried
out estimations of both NPP and total purine in
thymus, kidney, pancreas and spleen. Except in
the case of ox pancreas, the nucleic acid calculated
from the purine content was lower than that
calculated from the NPP (see also Graff &
Barth, 1938).

o O i o . B R
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The nature of the non-nucleic acid residual P
is still in doubt. Some of it may be present as
phosphoprotein, but estimations show that the
phosphoprotein P is in most cases negligible and in
all cases is less than 59, of the total residual P
except in adult brain (6:29%) and adult heart
(6:7%). Euler & Schmidt (1934) found that the
phosphoprotein P in most tissues is very low, and
in so far as comparison is possible (Euler & Schmidt
quote only for fresh tissue) our figures are rather
lower than theirs.

Ribonueleic and desoxyribonucleic acids

The percentage of P extracted by NaCl from
different tissues is not uniform (Table 2). In most
cases it is of the order of 80-909,, but in certain
tissues, e.g. adult heart, adult muscle and adult

- brain, particularly the last, the amount extracted
is low, although constant for different specimens.

The amount of P in the NaCl extract, which
appears in the precipitate of La salts, is also variable
(Table 2). Precipitation is poor in the case of
cartilage, skin and ovary, all of which yield extracts
containing much material of a mucopolysaccharide
type. As a result the La precipitate contains in

* most: cases 60-80Y9, of the P of the extracted
powder. As previously shown, the P of the ex-
tracted powder is not entirely derived from nucleic
acid. In such tissues as adult heart, brain, muscle,
cartilage, skin and ovary, the percentage is much
lower. It is, however; even in these cases re-
markably constant for different batches of powder
prepared from different animals.

Results of the analyses of the La precipitate for
pentose and desoxypentose are shown in Table 2
expressed in terms of ribonueleic acid phosphorus
(RNAP) and desoxyribose nucleic acid phosphorus
(DNAP) as percentages of the total P. In most
cases 80-95 9, of the total P in the La precipitate
can be accounted for in terms of ribo- or desoxyribo-
nucleic acid. In the case of adult cartilage, the
sum was greater than 1009, on account of inter-
ference in the pentose estimation by chondroitin
sulphuric acid. The RNAP/DNAP ratios for the La
precipitates (Table 2) vary greatly from tissue to
tissue, being high in such tissues as pancreas, liver,
heart, brain, testis and musele and low in thymus,
spleen and lung. These ratios are not necessarily
the same as those which obtain in the original
tissue, especially in those cases where the proportion
of P extracted and precipitated is relatively low,
e.g. adult heart and adult brain.

In any given tissue the ratio of RNAP to DNAP
'is of the same order in the embryo as in the adult,
or is somewhat higher in the adult. Therefore, since
the amount of total nucleic acid is higher in the

- embryo than in the adult, any given embryonic
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tissue must have a higher content not only of
nuclear desoxyribonucleic acid, but also of cyto-
plasmic ribonucleic acid.

To examine the view that desoxyribonucleic acid
is found in the nuclei and ribonucleic acid in the
cytoplasm, nuclei of embryo sheep liver were iso-
lated by the citric acid method of Marshalk (1941).
Acid-soluble and lipoid P were extracted from the
nuclei and the residue worked up in the usual way
(Table 2). The very low RNAP/DNAP ratio (0-2)
suggests that, if the nucleic acid content of the
nuclei remains unaltered during the isolation pro-
cess, there is indeed very little ribonucleie acid in
the nuclei. The small amount found may be due in
part at least to adherent cytoplasmic residues. On
the other hand, ribonucleie acid predominated in
a saline extract of minced whole sheep embryo. The
extract was prepared by allowing the minced
embryos to stand overnight with Tyrode solution
at 0°. It was then filtered through gauze and
centrifuged. The extract so obtained had powerful
growth-promoting action on chick heart fibroblasts
in vitro (Davidson & Waymouth, 19435b). It was
dried either in vacuum desiceators over H,S0, or
in the air at room temperature in the blast of an
electric fan as recommended by Fischer (1942), and
powdered. Such a saline extract would be expected
to contain mainly eytoplasmic material (cf, Mirsky
& Pollister, 1942), and the RNAP/DNAP ratio
obtained (7-4) is evidence in favour of the pre-
dominance of ribonucleic acids in the cytoplasm.

From such an embryo extract the ‘nucleoprotein’
fraction which was precipitated by acetic acid at
pH 4-3 was centrifuged down, washed repeatedly
with very dilute acetic acid, extracted with ethanol-
chloroform mixture and worked up as usual. Again
the ratio was high (8:0). j

Confirmatory evidence for the presence of ribonucleic
acids by experiments with ribonuclease

In all cases the NaCl extract of the tissue con-
tained a proportion of phosphorus which treatment
with ribonuclease rendered non-precipitable by
uranyl acetate reagent. The amount of P in the
NaCl extract precipitable by the uranyl acetate
reagent is in most cases of the same order as that
precipitable by lanthanum acetate. With yeast ribo-
nucleic acid as substrate, 60 9, of the P is rendered
non-precipitable when ribonuclease has acted to
completion. On the same basis the ribonucleic acid
content of the NaCl tissue extract has been calcu-
lated as a percentage of the total P in the extract.
The relationship between the percentage of RNAP
in the La precipitate and in the NaCl extract is
shown in Fig. 1. In most cases there is reasonably
good correlation between the pentose content in
the La precipitate and the amount of substrate for
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ribonuclease in the NaCl extract. This agreement
gives independent confirmation of the presence of
ribonueleic acids in the tissue powders.
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Fig. 1. Correlation between the ribonucleic acid P content
of the tissues, calculated from the pentose content and
from the ribonuclease test.

Nucleotides, nucleosides, and free purine .

The simple mononucleotides differ from the poly-
nucleotides in being acid-soluble and in appearing
in & trichloroacetic acid filtrate. Theé purine nucleo-
tides which are precipitated by uranyl acetate
include adenosine triphosphate, adenylic acid, ino-
sinic acid, the nicotinamide nucleotides and ribo-
flavin-adenine-dinucleotide. Of these adenosine
triphosphate accounts for the major part of the
total tissue nucleotides, while the last two form
only a very small proportion of the total. The
nucleosides together with free purines are estimated
separately, and the sum of these and the nucleotides
gives the total acid-soluble purine N. As most
tissues (particularly brain) contain an active nucleo-
tidase which rapidly dephosphorylates nucleotides
to nucleosides (Reis, 1937; Kerr, 1942), and as rapid
deamination of adenine derivatives is liable to
occur, the tissues must be ground in trichloroacetic
acid immediately on removal from the animal. For
the sheep tissues, in which some hydrolysis of

nucleotide to nucleoside was unavoidable, figures

for total acid-soluble purine N only are quoted
(Table 3). Control experiments have shown that
the loss in total acid-soluble purine under the con-
ditions of our experiments would be very slight.
By the method of analysis employed excellent
agreement of duplicates was obtained, but speci-
mens of the same tissue from different animals
showed a wide range of variation. Individual figures
are therefore quoted. Of the tissues examined,
adult muscle gives higher figures than any other

1944

tissue. Lower values were found for all the embryo
tissues than for the corresponding adult tissues
(Table 3).

Table 3. Total acid-soluble purine N (nucleotide N
+ nucleoside N + free purine N) in trichloroacetic
acid extracts of different samples of adult sheep
and 9-10 weeks’ embryo sheep tissues

Total acid-soluble purine N
(mg./100 g. fresh tissue)
A

r = Ty
Tissue Embryo Adult

Liver 24-4, 28-6, 28-0 359, 36-4
Heart 30-9, 20-0, 21-7  37-5, 48-3, 45-9, 43-8
Muscle 24.2, 254, 25-3 53-9, 40-6, 57-1
Spleen 30-8 41-5, 29-8, 37-8, 35-0
Brain: -

Whole 20-9, 21-6, 18-:6  24:6, 32:6

Grey matter 20-0, 28-0, 17-5

White matter 23-8, 23:1, 19:6
Kidney 22:3, 17:5, 17:5- ,25:3, 31-6
Lung 24.2, 13-3, 15:4 -30:5, 26:7
Cartilage 15-6, 19-6, 15-4 —

In the case of the fowl tissues (Table 4), the con-
ditions of the experiments minimized the chances
of hydrolysis of nucleotide to nucleoside, and figures
for nucleotide and nucleoside are quoted separately.
Adult muscle has the highest total nucleotide con-
tent. In muscle, however, the amount of nucleoside
relative to nucleotide is low; in heart, and especially
in liver, nucleoside and free purine form a much
more significant proportion of the total acid-soluble
purine. In the chick embryo both fractions are low
and the total acid soluble purine N content is of
the same low order as in the case of the sheep
embryo. .

Our results are expressed in terms of fresh tissue.
Owing to the higher water content of embryonic
tissue, much smaller differences between embryo
and adult are apparent if the results are expressed
in terms of dry weight.

Preliminary results on tumour tissues suggest
that the total soluble purine N is low. Figures for
the Rous sarcoma are shown in Table 4.

DISCUSSION

Estimations of the nucleic acid content of sheep
tissues have not, as far as we are aware, been pre-
viously recorded. Kossel (1882) quotes only one
figure for sheep tissue (brain) and his figure (99 mg./
100 g. of fresh tissue) in this case, as in the case of
other tissues from other species, is rather higher
than ours. Our figures are, however, very much of
the same order as those of Javillier & Allaire (1926)
for the horse, Jorpes (1928) for the ox and Grund
(1910) for the dog and hen.

On a dry-weight basis embryonic tissues are
richer in nueleic acid than the corresponding adulb
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Table 4. Nucleotide, nucleoside, and free purine content of the adult and embryo fowl

Adult birds fasted 24 hr. before use. All figures are in mg. N/100 g. fresh tissue.

Exp.

no.

204* Adult liver
208 T

209 5

212 "

219 o

203* Adult heart
207 5

210 T

201%* Adult muscle (breast)
205 ”

4021’ 1

404+ »

4067 »

202
206 2
4081 »

301* Whole chick embryo (9 day)
308 7 (9 day)
1E 5 (10 day)
2K 5 (10 day)
302* = (13 day)
303% " (13 day)
305 Chick embryo muscle (16 day)
9E Chick-embryo viscera (16 day)
8E Chick embryo minus viscera (16 day)
401F Rous sarcoma
403 i

* Tissues frozen in solid CO,.

Tissue

tissues. No extensive comparison of the tissues of
any one species is to be found in the literature, but
fizures have been quoted for individual tissues.
- Masing (1911) has shown that the NPP of whole-
rabbit embryo and of embryo rabbit liver diminishes
progressively as the age of the embryo increases,
while Dumm (1943) has recorded a fall in the NPP
of embryo rat liver with age. Le Breton & Shaeffer
(1923), using pig and mouse embryos, have found
a fall in purine N concentration as gestation ad-
vances. IKossel (1882) quotes a higher figure for
cattle embryo muscle than for adult muscle.

Liver tissue is of special interest. Kosterlitz &
Cramb (1943) have shown that in rats fasted
24-48 hr. there is a fall in liver NPP in terms of the
original body weight, although the NPP/100 g. of
liver rises. We have confirmed this rise in NPP in
the liver of fasting rat. It would appear, therefore,
that in the liver at least, the NPP is conditioned to
some extent by the nutritional condition of the
animal. Embryo liver differs from adult in con-
taining numerous erythropoietie cells, and chemical
tomparison of embryo and adult liver must be made
with this reservation in mind.

The procedure which we have deseribed must not
be regarded as an accurate quantitative estimation
of the ribonueleie acid content of tissues. It serves,

Nucleoside N Total soluble

Nucleotide N (free purine N) purine N
21-6 14-1 357
30:0 16:5 46-5
20-3 13-6 33-9
26-6 23-8 50-4
27-3 14-3 41-6
2001 12-0 39-6
20:1 154 44-5
234 15:0 384
52:4 59 583
42-3 10-2 52:5
40-0 11-2 51-2
31-1 137 44:8
41-8 11-6 53-4
346 7:3 41-9
26-3 77 340
28-7 9-1 37-8
14-1 6-0 20-1
10-8 6-0 16-8
11-2 56 16:8
12-6 7-0 19-6
148 36 184
14-4 41 18:5
15-8 70 22-8
16-8 9-8 26-6
17:5 70 245
11-9 7-0 18-9

77 7-0 14-7

1 From birds with Rous sarcoma.

however, to demonstrate the presence of ribonucleice
acids in all the tissues examined and to give an
indication of the relative. amounts of ribo- and
desoxyribonucleic acids.

If erystalline ribonuclease attacks ribonucleic
acids only, and if it is uncontaminated by traces
of other enzymes (and there appears to be no reason
to doubt the validity of these assumptions), then
the NaCl extract of the tissue powder contains a
substrate for ribonuclease, presumably therefore a
ribonucleic acid. Moreover, in the precipitate of
lanthanum salts obtained from the NaCl extract,
a certain proportion.of the P present can be aec-
counted for in terms of pentose. Finally, the amount
of pentose-containing material and the amount of
substrate for ribonuclease show a definite corfela-
tion. There seems to be no doubt, therefore, that
we are dealing with some type of ribonucleic acid.
Whether all tissues contain the same ribonucleic
acid and whether in that case it is similar to the
ribonueleic acid of the pancreas or of yeast or to
neither, is of course unknown, but preliminary
observations on the ribonucleie acid which we have
isolated from liver suggest that it is similar to yeast
nucleic acid.

The amounts of ribonucleic acid in many tissues
are high. Where the same organs have been ex-



148 J. N. DAVIDSON AND C. WAYMOUTH

amined by Jorpes (1928) there is agreement between
his results and our own. Jorpes estimated both
NPP and total pentose in the fresh tissue. For
thymus he found a total NPP of 0-441 9%, and a pen-
tose content of 0-152 9, corresponding to 0:063 9%,
pentose nucleic acid phosphorus (if all pentose
comes from ribonucleic acid). 14-2 9; of the NPP
could therefore be accounted for as RNAP. Simi-
larly, in pancreas 84:3 %, of the NPP is RNAP. If
the remainder of the NPP is all DNAP these figures
would give ratios RNAP/DNAP of 0-2 for thymus
and 5-4 for pancreas. From Jorpes’s data the
ratios can similarly also be calculated to be 2-1
for ox liver, 3-2 for rabbit liver, and 0:5 for ox
spleen. The ratios calculated from the results of
Jorpes, therefore, are of the same order as our
own.

In the case of liver nucleoprotein, Brues, Tracy
& Cohn (1942), using the radioactive' phosphorus
isotope P32, found that only about 509% of the
residual P after extraction of acid-soluble and
lipoid P could be accounted for in terms of des-
oxyribonucleic acid. The remainder had a higher
specific activity. These authors point out that they
do not distinguish eytoplasmiec from nuclear nucleic
acids but that they have obtained some evidence
that ‘the former have a higher rate of phosphorus
turnover than the latter’. Somewhat similar results
were obtained with P32 by Hevesy & Ottesen (1943),
who have shown that after very exhaustive ex-
traction of muscle and other tissue of the frog with
trichloroacetic acid and ethanol-ether, the specific
activity of the residual P was much higher than
that of the P in purified (desoxyribo-) nucleic acid
‘prepared from the same material. These results
might be due in part to the presence of ribonucleic
acids with a high specific activity.

Fischer (1939, 1940, 1942) has claimed that the
growth-promoting substances of embryo juice are
associated with the nucleoprotein fraction and has
suggested that the activity may lie in ribonucleo-
proteins. Our results show that of this fraction
some 809 is in fact ribonucleoprotein, but its
relationship to the growth-promoting properties of
the extract is not fully established.

The acid-soluble nucleotide content varies con-
siderably from tissue to tissue and even, in contrast
to total nucleic acid, in different specimens of the

same tissue. For comparison there are few refer-

ences in the literature to the nucleotide content of
tissues and none to sheep tissues. Our results,
however, are of the same order as those quoted by
Kerr (1940, 1942) for the brain, muscle and liver of
the dog, and by Barrenscheen & Peham (1941) for a
number of tissues from a variety of different sources
including fowl muscle. The figures of Dell’Aqua
(1935) for rabbit liver are appreciably higher than
our values for sheep or fowl liver.

1044

From our results it is apparent that in embryonic
tissues which are growing rapidly there is no high
concentration of acid-soluble purine nucleotides.
On the other hand, the total nucleic acid of an
embryonic tissue is higher than that of the corre-
sponding adult tissue and since the ratio of ribo-
nueleic acid to desoxyribonucleic acid is of the
same order in the embryo as in the adult, a high
concentration of eytoplasmie ribopolynucleotides is
to be expected in the embryonic tissue. This might
explain the high power to absorb light of wave-
length 2600A found by Caspersson and his col-
leagues “in the cytoplasm of rapidly growing
tissues.

Data so far obtained from neoplasms suggest
that tumour tissue resembles embryo tissue in pos-
sessing a low soluble nucleotide content and a high
polynucleotide content. Barrenscheen & Peham
(1941) quote figures for a number of miscellaneous
tumours in which the total soluble purine is almost
invariably low, while the total purine (including
nucleic acids) is high.

These results tend to show that rapidly growing
tissues have in general a low concentration of total
soluble purine (including nucleotides) and that the
high concentration of cytoplasmic ‘nucleotides’ re-
ported by Caspersson is not due to the presence of
acid-soluble nucleotides.

It is of interest to note that Stedman & Stedman
(1943b) have recently reported that the nueclei of
rapidly growing tissues, such as chick embryo and
mouse and rat carcinoma, are characterized by a
much lower histone content than is found in non-
proliferating tissues. It is probable that the high
content of both desoxyribo- and ribonucleic acid in
rapidly growing tissues is intimately connected with
the process of cell division. As the result of experi-
ments on tissue cultures growing in embryo extract,
Willmer (1942) has ‘suggested that a rise in total
nucleic acid may precede cellular division by some
hours, and our own (unpublished) observations
support this view.

The relationship between nucleotides and nucleic
acids in tissues is uncertain. Although the function
of many of the nucleotides is well known, that of
the nucleic acids is obscure. Ostern, Terszakowec
& Hubl (1938) have brought forward evidence that,
in yeast, ribonucleic acid may act as a reservoir
from which nucleotides including adenosine tri-
phosphate are obtained, while Brachet (1937) has
claimed that, in the development of the sea urchin
egg, ribonucleic acid is converted into desoxyribo-
nucleic acid. The synthesis of desoxyribonucleic
acid from ribonucleotides by rapidly proliferating
cells is, according to Mitchell (1942), inhibited by
X- and y-radiation, with consequent accumulation
of eytoplasmic ribonucleotides or more probably of
ribonucleic acids. Whether or not nucleotides are

(e[
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actively concerned in the protein synthesis of the
growing cell (¢f. Needham, 1942; Loofbourow, 1942)
is still an open question.

SUMMARY

1. The total nucleic acid content of embryo and
adult sheep tissues has been estimated. In most
organs the embryonic tissue has a higher nucleic
acid and water content than the corresponding
adult tissue.

2. Ribonucleic acids as well as desoxyribonucleic
acid are present in both embryonic and adult tissue.
Their presence has been proved by extracting the
nucleic acids with 109, sodium chloride solution,
precipitating them as lanthanum salts, and esti-
~ mating pentose and desoxypentose after decom-
position of the lanthanum precipitate.

3. The presence of ribonucleic acids in the tissue
extracts has been confirmed enzymatically by the
use of crystalline ribonuclease.

4. The relative amounts of ribonucleic acid and
desoxyrlbonuclem acid have been approximately
assessed. The ratio of ribonucleic acid to desoxyribo-
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nucleic acid is of the same order in the embryo as
in the corresponding adult tissue, or may be slightly
higher in the latter, but varies widely from tissue
to tissue, being high in pancreas, liver, testis, brain
and heart and low in spleen, lung and thymus.

5. The results obtained support the view that
desoxyribonucleic acid is located in the nucleus and
ribonucleic acids mainly in the cytoplasm.

6. Rapidly growing tissues such as embryonic
tissue tend therefore to be characterized by a high
concentration of desoxyribonucleic acid in .the
nueleus and of ribonucleic acids in the cytoplasm.

7. Acid-soluble purine nucleotides are present in
lower concentration in embryonic (and tumour)
tissues than in the corresponding adult tissues.

8. These results are discussed in relation to
tissue growth.
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