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INIRODUCTI ON
Most biologits, at some time during their career, must have
seen the brightly stained rod-like Chromatoid bodies in preparations
of .Entamoebae histolytica, and been told that it was storage
material.
During a discussion with Professor M.M. Swarm and Or. J.M.
Mitehison, in 1957, the author was shown some electron micrographs
of crystalline masses found in the cysts of Zntamoeba invadens.
These bodies could be seen to be made up of small 200A particles,
which, .frrofessor Swarm remarked, looked like "aggregations of
micro somal particles".
In the ensuing discussion, it was decided that the present
author should explore the possibility that these Chromatoid bodies
could prove interesting from a cell biology point of view.

The

preliminary findings of my final Honours year suggested that a
prolonged series of studies would be necessary, if a better
understanding of the nature and function of these sub-cellular
particles was to be obtained. Under the direction of Professor
Swarm the. prcent author undertook these studies, the results of
which are reported in this thesis.
Chromatoid body literally means a body which forms colour.
This definition has led to the name being used for any body, extra
or intra-cellular, which takes up stain regardless of the stain
used. or the structure, function, or composition of the body.
A short historical review of the literature on chromatoid and.
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.

related bodies will perhaps give some insight into the reasons for
the lines of study attempted in this thesis.
Inclusions in Protozoa
Particularly during the first thirty years of this century, the
very richness of the granular complex of Protozoan cells led to
attempts to classify all cytoplasmic inclusions as permanent selfperpetuating cytoplasmic organelles. At first empirical reactions
such as osmic reduction, the segregation of Janus green, and
staining by iiaematoxylin or neutral red were used. However,
dissatisfaction with the specificity of those methods resulted in
other workers searching for new ways of classifying granules, using
functional criteria. This passion for classifying by the two
groups led to a hopeless confusion in terms.
IacLennan (1941) reviewed the early literature on cytoplasmic
inclusions in Protozoan cells in general. iie concluded that the
great variation in specific structure and composition, and the
resulting differences in staining reaction of these granules, had
given rise to a complicated nomenclature through the usage of terms
proposed by each author.
Undoubtedly many granules described in early cytological
studies of Protozoa were actually mitochondria, but their status
as a separate group of cytoplasmic constituents in uni-cellular
organisms was not recognised until the publication of the monograph
of Faure-Fremiet (1910).
Again many granules mostly of a storage or digested food
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nature, such as "segregation" and "digestive" bodies, all gave the
neutral red. reaction.

These were classified as "neutral red bodies'

and assigned a lipo-protein nature by MacLennan (1941)9 who brought
in a new classification. The concept of the Golgi body took many
of the old names away, lumping them together under a new blanket
term for bodies which impregnate specifically with the classical
reduction methods.
The "Reserve" bodies are perhaps the most relevant, as the
Chromatoid body in Entamoebae has long been regarded as a reserve
(Dobell, 1919).

Reserves of carbohydrate and lipid are usually

readily identified, but it is in the class of "Protein reserve"
that many interesting bodies may be found.
ihe function of "Protein sore" has been given at various
times to bodies containing proteins, lipo-proteins, carbohydrates,
amino-acids, crtop1sinic nucleic acids, etc.

These so-called

reserves have been described under a variety of names, such as
chromidia, volutin, metachromatic bodies, chromatoid.al and
chromatoid bodies, many of which suggest the staining properties
and are securely embedded in the literature.
The term Chromidia was originally used to designate bodies
extruded from the nucleus (dertwig, 1902) or for excess chromatin
from divisions (Calkins, 1930).

Other authors, Meyers (1935),

Campbell (1926), used the term loosely to designate basophilic
and meta-chromatic bodies. With the improvement of cytological
methods the nuclear origin of chromidia was thought to be disproved
in both Protozoan and Metazoan. cells (Meyers, 1935; Wilson, 1920).
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Despite this, the term still retained an association with nucleic
acid, but was also used for storage protein. Thus the Feulgon
positive material in Patellina is called a Chromidial net, but is
shown to contain "volutin" and glycogen (Meyers, 1935).
The terms
volutin and chromidia over the years have become associated with a
nucleic acid component. Daniels (1938) found that chromidia and
volutin bodies are similar in shape, distribution, etc., and she
concludes Uhat there is a close relationship between the two
granules.
iiae correlation of volutin with nucleic acid goes back as far
as 1904, when Meyer concluded from certain micro-chemical tests
that "vo1utiz' was related to nucleic acid.

i1inchin (1909) named

similar granules "Chromatoid grains" mainly because of their basophilic staining reactions. Reichenow (1910) stated that volutin
was nucleic acid, and concluded that it must be a specific reserve
for the formation of nucleo-protein. Minchin (1912) accepts
Reicimow's findings and states that his"Giromatoid grains" are
probably "volutin" bodies which have a definite cycle within the

cell and this is closely correlated to the life cycle.
Despite this evidence on the nucleic acid nature of volutin,
chromidia and chromatoid grains, these terms are repeatedly used
rather loosely for nitrogenous reserves.

(For original references

see Maciennan (1941).) Reichnow (1928) showed that volutin grains,
although Feulgen negative, gave a positive reaction when hydrolysis
is omitted, which he thinks is characteristic of free nucleic acid.
He also found that in various Phytoflagellatea, division stops when
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volutin is lost, thus indicating a nuclear reserve.

It appears

that, although the -term volutin has no standard usage, whenever
micro-chemical tests have been made, volutin has been found to
contain protein and nucleic acid.
Berghe (194) was able to show that volutin disappears in
Trypanosomes and 1aemogregarmnes after digestion with RIAse and
claims that volutin granules are therefore accumulations of RNA.
Such granules are resorbed in old cultures, and in induced
starvation of Poytoma uvella and accumulated during feeding of
Oxyinonas diraorpha.

Lwoff (1951), however, thinks that in some

cases volutin is meta-phosphate which is used up and replaced
during starvation and feeding.
In general it seems from these earlier works that volutin,
chrornidia and chroniatoid grains contain nucleic acid, and, if we
accept Borghe's findings, are in some cases accumulations of RNA
which have a cycle related to that of the cell.

The Chromatoid. Body in Eutamoebae
The terni Chromatoidal or Chroniatoid body, although similar
to those already mentioned, has not been given the same meaning
in the nntamoebae. Quineke and Roos (1893) seem to have been the
first people to show that Entazaoeba histolytica cysts contained
chromatoid bodies, as Dobell (1919) observes that their figures
showed indications of chromatoid material. Schaudinn (1903)
stated that in E. coli the nuclei are made up from extra-nuclear
idiochromid.ia or chrouiidia.

Calkins (1909) tried to clear up the confusion in the literaturE
on the Entamoebae, by proposing t;:iat the term idiochroniidia should
be reserved for the material formed by nuclear fragmentation
(probably chromosomes) and that chromidia be reserved for extra
nuclear functionless chromatin and parts of the vegetative
"trophonucleus", Craig (1911) showed the formation of both
idiochroraidia and chrouiidia in E. histolyttea.

Dobell (1919)

really cleared up the nomenclature in Entamoebae. dc gives
Huber (1903) the credit for having been the first to really see
masses or blocks of chromatin in J. tijstajZtica cysts, and he
obviously admires Walker's (1911) report in which the presence of
chromnatoids in E. iüstolytioa and E. coli are demonstrated.
Dobell (1919), page 45, called the blocks of extra-nuclear
chromatin, which lad been previously known as chromidia,
crystalloids, inclusions, and other such general terms, "Ckiromatoid
bodies", and his description is the most often quoted; "Of variable
shape but usually seen as rods or thick bars of substantial mass,
which stain deeply with the chromatin stains, and are found in a
variable proportion of the cysts of B. histolytica g and certain
other Entamoebae." After this time the term seems to have been
confined to the Entamoebae in Protozoology, although the bodies
were thought to have the same origin as the chromidia and volutin
of other Protozoa
As early as 1912 Hartrnann noted that the ch.romatoid bodies
of E. histolytica are consumed during development of the cysts,
and held that they have their origin in the nucleus.

however,
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James (1914.), after a prolonged study of their staining reaction
and morphological characteristics, came to the conclusion that
although chromatin-like, they have nothing to do with nuclear
chromatin, but are derived from the cytoplasm by "a process of
condensation".
Dobell (1919) confirmed that the bodies are consumed during
development of the cyst, at or after the quadrin.ucleate stage.
is did not find, that their staining reaction proved their cytoplasmic origin. whether or not they are formed from the chromatin
of the nucleus, he considers doubtful, and all he would say with
certainty was that they appeared in the cytoplasm, and disappeared
in the older cysts. He tiought it probable that this indicated
that the chromatoid bodies were a food store of protein, which,
together with the glycogen mass, enabled the cyst to remain alive
outside the host.
So great was the influence of Clifford Dobell, that the mere
fact that he thought it probable that chromatoid bodies were food
stores made his interpretation generally accepted, despite the
evidence from other Protozoa indicating the nucleic acid nature
of volutin and chrornidia, and despite the earlier papers on
chromatoid bodies. Dobell's views have been repeated year after
year without being challenged.
Warner and dopkins (1946) found that the Obromatoid bodies
are formed by a coalescence of clear vacuoles containing food
stuffs, but disagree with Dobell in finding bodies in the cytoplasm
before the secretion of the cyst wall. Hoare (1949) states that

the chromatoid bodies are a store of protein containing nutrient
material, but whether this is a personal observation or a
repetition of Dohell's view, he does not make clear.

aduittedly

Craig and. Faust (1951) go back to iiartmann's original view that
the bodies consist of excess chromatin thrown off during nuclear
division, but do not state on what evidence they base this view.
The little known paper of kiakansson (1956) has not been
mentioned in the text books (Belding, Craig and Faust, etc.)
although in the author's opinion this is an important paper.
Briefly, ne has shown, from a study of a prodigious quantity of
material, that the chromatoid matter in E. histolytica cysts
apparently occurs in two forms, latent and manifest. He has
shown that the early cysts contain the greatest amount of manifest
material viich, as the cyst matures, is turned into latent material.
This latent material can however be made manifest again by osmotic
shocks. This point will be dealt with in the Discussion.
In a guarded statement Hakaneson thinks the generally
accepted theory, that chromatoid bodies constitute a food reserve,
appears rather doubtful in view of some of his observations, lie
indicated a fruitful line of investigation by his remark that,
"Further studies on the transition of manifest chromatoid matter
into latent and its return to the manifest form may reveal its
significance in the metabolism of the cysts.'
Nothing further seems to have been published on chromatoid
bodies until the rapers of Ray and Sen Gupta (1954a, b, o).

In

a series of papers on the histochemistry of E. histolytica and
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L. coli, these workers claim that the ebromatoid bodies in both
species are made of RNA and DNA. As far as can be seen, their
results are based on i"eulgon, and. Methyl Green Pyronin staining,
and as they do not give any indication of the detailed procedures
used, it is difficult to judge the merit of their work.
CD

They have found dust-like particles of DiA seattered all over
the endoplasm. They claim that the outside of the bodies is
Feulgen and Methyl Green positive, and that the inner core is
pyronin positive. Furthermore they state that the proportions
of the body which stain with the one dye varies in different stages
of the cysts, i.e. the body would sometimes stain predominantly
Methyl Green positive and sometimes pyronin positive. They take
this as an indication of DNA to RNA changeover in the bodies.
They have observed the fragmentation of the bodies as the cyst
matures, until the bodies are arranged in a single row just below
the cyst wall. They take this as suggesting that the bodies
play an important role in the development of the cyst wall, but
do not say at what stage this takes place. The findings of these
workers in relation to the results given in this thesis will be
discussed later.

Ihe Chromatoid. Body in. Sperm Cells
In the classical cytology of higher animal cells, perhaps the
best known 'cb.romatoid boar is the one found in the spermatocytes
and spermatids of a wide variety of animals.
Benda (1891) first used the name "der chromatoide Nebonkorper',
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to distinguish safraaine staining bodies which appeared to be
derived from the nucleus, in tae sperrnatocytes of various mainals,
e.g. Rat, Jouse, Hedgehog, etc.

dowever Von J3runn's (1876)

iilustrations of the spermatids of a rat show bodies in them.
Rermann (1839) also describes a small basic staining body called
a "Knopf cheY1

,

in a complex called Nebeikorper, in the spermatocyt(

of a mouse. Moore Is "Chromatic body", which stained deeply with
the basic dyes, and is formed by an aggregation of particles
derived from the nucleus in the rat spermatids (âoore, 1893), is
probably the same body.
.ihe Chromatoid body was soon recorded in the spermatids of
various animals, and the terminology did not become as confused
as in the case of similar bodies in the otozoa. The German
workers, iiessing (1897) (Guinea pig), Korfi' (1902) (Marsupial),
and. Bosenberg (1905) (Spider), all used Benda's term, while the
French used a literal translation of Benda's term, i.e. "corps
chromatoide" (Schoenfeld (1900) (Bull)
Regaud. (1901a, b) (Rat)).

Van Molle (1906) (Squirrel)

The last author described the fraientin

of the body in the later stages of spermatogenesis, and observed the
fragments reunite in the residual body.
Schreiuer and Schreiner (1905, 1908) dropped part of Benda's
term and simply used. "der chromatoide Korper" for bodies in the
spormatocytes of Myxine and Mellostoma. Their description will
do as a suary of the findings of the earlier workers. They
describe te body as of irregular form, but often dumb-bell shaped,
or a series of small spheres (one to four), which may be inter-
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connected. They thought that the body was formed by the aggregatior
of small basophilic bodies coming from the nucleus.

tains
The body, stain,-

deeply with liasmatoxylin, but becomes loss sharply defined during
deeply
meiotic division.

It appears again in Che daughter spermaticis and

eventually passes into the nucleus.
Ebner (1899), &ischer (1899), Scn.afer (1907), and i)uesberg (190
1909) claimed that the Chromatoid bodies are derived from the
nucleolus. Duesberg found that although the chromatoid body
appears in the sperinatocyte, it divides at the second meiotic
division and then gradually dissolves in the cytoplasm. Regaud
(1910) and iiuesberg (1911) reported that the chroraatoids stain with
Haeinatoxylin and Safranine the same colour as the nucleolus.
Wilson (191) used the inglish term "hromatoid body for the
klaematoxylin staining bodies in the sperinatocytes of some insects.
lie claims that they arise from the ground cytoplasm, are independent
of other cytoplasmic organelles, and are discarded With the residual
cytoplasm, as Korff (1902) and Schafer (1907) had also found.
Plough (1917) carried out a careful study of the ckiromatoids
in the grasshopper Rhomaleum male germ cells. de confirmed and
condensed the findings of earlier workers. Briefly he showed that
the practically invisible body in unstained, cells stains deeply
with the basic dyes (Salranine, iiaematoxylin).

lie reports

staining of the bodies by enda's alizarin/crystal violet method,
acid fucasine, and Auerbacb's rubin (acid fucnsine)/niethyl green
mixture, where the body stains bright red as opposed to the deep
green, of the nuclei. lie believed that the body is formed from a
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specific substance which is a normal inclusion of the cytoplasm
in spermatogonia. This substance increases during growth, and

is accumulated into one body in the sperinatocytes, then disintegrates
and disappears in the spermatid.

Plough's findings have been

confirmed into the generally accepted picture by Follister (1930) 9
$obias (1956 and Sud (1961b).

M

The earlier workers nearly all found a clear space round the
chromatoid, but this is probably an acetic acid fixation artifact,
as other cytoplasmic inclusions show this space. The only real
point of disagreement regarding the cycle within the cell is
whether the body is sloughed off with the residual cytoplasm
(Vilson, 1913;

Schafer, 1907; Smith and Lacy, 1959) or fragments

and disappears in the cytoplasm of the late spermatid. (Duesberg,
1909;

Regaud, 1901; Plough, 1917; Sud, 1961).
Some confusion arose by the use of the name "accessory bode'

by Gresson and Zlotnik (1945, 1948) for inclusions in spermatocytes.
However Tobias (1956) claims that Gresson and Ziotnik (1945) have
applied the name "accessory body' to a complex containing the Golgi
elements and a residual body. lie identifies the Golgi body with
the accessory body of Gatenby and. Beams (1935), and states that

Gresson. and Ziotnik's "residual body" is the same as the Haematoxylii

staining chromatoid body found by Regaud. (1910) in the same material'
Tobias (1956 ) seems to have misinterpreted this paper slightly,
as Gresson and Ziotnik (1945) described, a crescent shaped mitocondrial body, Golgi elements, and an accessory body which is
present in the Golgi mass (cf. Yasuzuxn.i's (1958) finding, by the
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1ectron i:[icroscope, of chrornatoids covered by the Golgi, which is
discussed later). They distinguish their accessory body from
that of Gatenby and. Beams (195) by saying that it is evident that
more than one body is present in the spermatids and that their
residual body is identical to the 'Corps cromatoide' of Duesberg.
In a series of papers on general characteristics of the
chromatoid bodies in various reptiles, 3ud (1955, 1956, 1957) and
on the cytocheiuical and histochernical nature of these bodies (Sud,
1958, 1911a, b) this author confirms most of the older findings of
Plough et al. (1917) on basic staining. ke reports staining of
the chroinatoidis by aqueous basic fucheine and pyronma in methyl
green/pyronin.

He finds no evidence for lipid, carbohydrate,

alkaline phospb.atase, calciuni, or DNA, but confirms Daoust and
Cleruaont's (1955) recording that the intense basophilia of the
chromatoid bodies is due to RNA.

Sud thinks the basophilia is

also partly due to acidic groups in the protein, which may be
protein bound arginine (Sud, 1951b). A negative result with
fast green indicated an absence of histories, and suggested
protamines.

Sud believes that the body is an independent cell

structure having a direct origin from the ground cytoplasm. This
organelle acts as a centre for protein synthesis to provide basic
proteins for the final maturation of chromatin in the nucleus of
late spermatids (Sud, 1961a, b).
It seems clear that the chromatoid bodies found in the
spermatids and spertnatocyts of certain reptiles, birds, mammals,
cyclostonies, insects, crustacea, etc., are intensely basophilic
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bodies wriich may contain RNA.
In general the cftromatoid bodies are formed from the ground
cytoplasm, but may have different cycles within the cells of
different animals. Their exact function seems doubtful at the
present time.
The Chromatoid. Body in Plant Cells
While the earlier cytologists were dealing with the chromatoid
bodies in male germ cells of animals, the botanists were studying a
similar body in spermatogenesis of plants.

Schottlander (1892),

Bolleter (1905), Jumphrey (1906), Arena (1907) and. Ikeno (1903) all
describe "clor chromatoide Nebenkorpex' bodies in spermatogenesis of
liverworts and mosses. These bodies were found to stain red with
acid fuctisine/methylene blue, and were named by Ikeno, as he thought
they were the same as the bodies Benda (1891) had named similarly in
animal coils.

Allen (1917) suggested that the "corps spheriques'

found by iijraee (1898) in the first generative cell of Ginko biloba,
a Gymnosperm, was the same as the " der chroinatoide Nebenkorper" of
liverworts and mosses. He believed that the body described in the
spermatids of animals differs from the one in plants, and therefore
called the plant body "limosphere", a term used by Wilson (1911)
for inclusions in plant cells.

However, the only seaming tests

which would indicate a difference between plant and animal cbroinatoi
bodies are those of Hirase where he finds that the "corps spheriquet'
stains yellow with Haematoxylin, whereas the "liinasphere" in moss,
stains a characteristic dark blue with liaeinatoxylin (Allen, 1917).
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It is therefore doubtful if Allen is justified in claiming that
the Corps spherique is the same as the liniaspkiere and. 'der
chromatoid Aebenkorper" of mosses and liverworts.
A search of the botanical literature carried, out with the
kind, help of Drs. {eyes and 2ulett of Edinburgh University Botany
Department, has failed to produce any further papers on the plant

chromaoid.s.

A111 we can say is that the chromatoid body of mosses

and liverworts may be similar to the body in animal cells, but
there is insufficient evidence for a definite statement to be made.
The "corps spterique' of dirase probably differs significantly
from both plant and animal c}womatoids.

.Leotron ivlicruscopy of Inclusions in Protozoa
The adven-t 01 Electron microscopy save protozoologists a new
basis for classification, that of ultra-structural morphology.
ileetron microscopy of the i. ozoa did not receive much attention
at first, and it was as late as 1952 before the well known electron

microscopists made a start on the study of this phylum (Wolken and.
Palade, 1952; Rudinska and Porter, 1953; Kruger and WohlfarthGrimstone (1961) has recentl
Botterman, 1952; Bertenieder, 1952).
published an excellent review on the fine structure of Protozoa.
He classifies the wealth of cellular inclusions into easily
recognisable classes:
I. iucleus and nucleolus.
Cilia and associated basal bodies.
Fibrillar organelles (myonemes, skebetal, trichocysts).
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Ceutrioles.
Cytoplasmic membranes (dictyosom(ls, Golgi, parabasal
bodies, food vacuoles, etc.).
Contractile vacuoles.
Chlorop].asts, eyespots and. pyrenoids.
Mitochondria.
Miscellaneous cytoplasmic structures containing nucleic
acid.
Inorganic inclusions.
It is in roup 9 that we find the inclusions which were known
to the older cytologists as volutin and cnrom.idia.

For example,

the kineboplast has been identified as separate from the basal body,

and in Strigomas is about 1,,u in diameter, of a fine granular texture
similar to the nuclear contents.

It is .eu1gen positive, and its

staining reaction is abolished by DNAse (Cosgrove and Anderson, 1954;
Barron, 1954; Stoinert et al., 1958).

There are also many Feu1gen

positive bodies, which may be bacteria (Fauro-Fremiet, 1952), found
in the cytoplasm of Protozoa.
In StriomonaQnOoOela, a trypanosomid flagellate, Newton
and. Home (1957) have described a basophilic body, which is made up
of RNA and protein. Although they claim it is not the same as the
volutin granules described in flagellates by otner workers, it has
a composition very similar to the chromidia and volutin bodies of

Breghe (1946) and. Reichenow (1910)9 but not to the metaphosphate
Itlrolutjn** of Lwoff (1951).
The other nucleic acid containing bodies mentioned by Grimstone
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are the kappa particles of Paramecium, and the Chromatoid bodies
of .hitamoeba.

his last observation is based entirely on the

prellninary findings reported in the present investigation which
were published during the first year of study (barker and Deutsch,
1958) (see Appendix).
rinistone (1960) sta;es "ii; is clear that the commonly occurrin
organelles in

tulle

£roiooa, are essentially similar in u1trastructur'

to those found in higher plants and aniiiial6-11

In view 01 this

remark it will be of importance to examine the published work on
the ultra-structure of the Chroxaatoid body of higher cells.
Electron Iicroscopy of Chromatoid bodies in Sperm Cells
In tC first publication on the electron microscopy of

sperinatids, Watson (1952) reported that the crArouiatoid of the rat
spermatid was an irregular opaque body, associated with a congregatic
of mitochondria.

'ihe advance of thin sectioning technique enabled

more detailed studies to be made. Burgos and Fawcett (1955)9 who,
like most of the other workers in this field, were primarily
interested in the development of the acrosome, found that the
"Gmromatic body" was an irregular mass of aggregated, dense,
oszophilic granules. They identify their chromatic body with
part of the accessory body of Gresson and.1otnik (191 5).

Palade

(1955) described arrays of lamellae, consisting of parallel rows
of elongated circular or oval profiles, with a condensaion of
dense material' around eacm profile , tie distinguishes these bodies,
in rat spermatids, from the Golgi apparatus, but does not mention
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the chromatoici body.

Swift (1956) identified the chroniatoid body

in ti-i.e rat spermatid as small or large arrays of annulate lamellae".
He introduced the term "annulate lamellae" for sheets of parallel
membranous elements, each of wiiich closely resembles the nuclear
RutiaLuann (1956) found the chromatoid in crayfish

membrane.

spermat.ids to be composed of "annulate" and tubu1ate" lamellaeBeams, LahmisiEai, .evine, Anderson, Powers, Roth, and. Gatouby,
working as a group, mainly at the .rgonne kational iaboratory,
have produced a series of papers on spermatoenesis in various
animals. ihey again are mainly interested in the Golgi and
acrosorne region, but have made a genoral survey of the bodies
found in the speriaatid.s.

They have classified the inclusions

into well defined groups:
Golgi (idozonies, dictyosoies, acroblasts, etc.), all Of
which are identified by groups of small granules, tight
rows of lamellae and. vacuoles. Lacy and Challice (1957)
have helped to clear up the termino1o, by demonstrating
and describing the Golgi apparatus as a single inorphologically well defined type of cell organelle in vertebrate
somatic and male germ cells.
iitocnondria, etc., includixi the £ebenkern body first
named by Butsekili (1871), and since found to be made up
OIL'

packed masses of mitochondria (ahinisian et ala, 1956;

Qe Robertis and. Rafto, 1957).
1 granules (Beams et al., 1956;

resson and. Zlotnik, 1945)

inc1op1asi1ic reticulum, centrioles, etc.
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5.

Cb.romatoid bodies, which they describe as faintly electron
opaque

De tiobertis and Raffo (1956) also distinguish"spheric" masses
of basophilic material from the Neberkern and other bodies. Later
discussion will be confined to those authors who definitely state
that the chromatoid is distinct from these other organelles.
Yasuzuini et al. (1957, 1958) have described chroinatoids in both
in ovaries triere
ovaries and testes of Drosophila and the Cricket.
seem to be two such bodies, one light aM the other a dark mass of
granules, which become engulfed by the Golgi elements and then help
to make yolk granules. In sperm cells, the chromatoids are made up
of dense concentric lamellae, and these authors think that the bodie
may be specialised parts of the basic cytoplasm, in which there is
a lot of ribonucleoprotein. They quote Caspersson (1950) as findin
by micro-spectro-photometry tiat tae criromatoidal substance is RNA.
Ito (1960) has found essentially the same structure in Drosophila
virilis, but states that the great density of the curomatoid body
may obscure the underlying lamellae.
Smith and Lacy (1959) found that tnere is a decrease in the

number and size of the basopb.ilic granules, during the late stages
of spermatogenesis.

The residual cytoplasm contains a large

eccentrically placed mass, of strongly basophilic RNA-containing
material, which is particulate in the Electron Microscope, and is
eventually phagocytosed by the Sertoli cells. This Curomatoid
body plays a part in the maturation of the sperm (Lacy, 1959,
personal communication).
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Geoffrey Meek has very kindly sent the present author some
of the Electron micrographs that he has taken of Sud's material.
These snow a regular mass of particles which are of uniform size,
and are very similar to those seen in Lacy's published Electron
micrographs.

In arald.i t e-permanganat e preparations, the chromat old

is only faintly electron opaque. The body has a ribonucleoprotein
composition (Meek, 190, personal communication).
Conclusions on Chromatoid and Related Bodies
If a broad survey is taken of the previous literature in
Protozoan and higher cells some general trends emerge.

The

earliest workers tended to postulate a nucleic acid nature for
chromidia, volutin, and chromatoid bodies. These they named
according to the staining reaction, and thought they arose from
the nucleus. Later authors came to the conclusion that these
bodies had a storage or reserve function. Although most of the
bodies were later found to have a ribonueleoprotein composition,
and a cytoplasmic origin, they were still thought to have a reserve
function. It must be recognised that a storage function is the
one most easily identified by morphological methods (chiefly by
demonstrating a cycle within the cell), but that this does not
preclude other functions being investigated.
With the increase in the application of the Electron microscope
to cellular inclusions, new classifications have been employed.
Thus well defined organelles such as the Endoplasmic Reticulum,
Golgi bodies, Centrioles, Mitochondria, are essentially similar
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in ultra-structure, in both the Protozoa and higher animal and
plant cells.
Unfortunately the same cannot be said for nucleic acid
containing bodies in the cytoplasm. Even the Electron microscope
descriptions of the chromatoid body in spermatogenesis vary a
great deal. However three main groups emerge, tiose who find
the body to be an aggregated mass of particles (Burgos and Fawcett,
Lacy, 1959;

1955;

Meek, 1960) 9 those who find arrays of 'annulate

lamellae' or similar structures (Swift, 1956;

Rutbmann, 1958;

Palado, 1955) and lastly authors who report merely a faint electron
opacity (Beams et al., 1956, etc.; Watson, 1952; Do Robertie et al
1956).
In the case of nucleic acid containing bodies in Protozoa very
little has been published. Apart from the well defined DNA Kappa
particles, and. the Feulgon positive kinetoplast, the only adequately
described body is the bipolar body of Newton and Horne (1957)
This body may be the 'volutin!' RNA body of Berge (1946).
The crudity of our knowledge of cytoplasmic granules of this
sort is well illustrated by the fact that no suggestion has been
made of the significance of these RNA bodies, so widespread in
occurrence and so diverse in structure.
Returning to tiie problem of the Chrom.toid body in Entamoebae t
it can be seen that the same general trend has occurred. firstly
a basophilic body with a nuclear origin is found by the early
workers.

This is followed by the postulation of a storage

function for a body of cytoplasmic origin. But the trend has
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stopped at that point, apart from one rather doubtful report of
a DNA/RNA turnover in the Chromatoid body.
In the course of experiments on an immobilisation reaction
in the genus Entamoeba, Dr. Zaman of this department, found it
desirable to initiate an Electron microscope study of normal and
anti-serum treated cells.

Dr. Deutsch and. Dr. Zaman took some

electron micrographs of Entamoeba invadene, in which they found
numerous dense 200A particles either free, or in small clusters
in the tropkiozoites, and arrayed in crystalline masses in the
cysts. As mentioned already, these results were communicated
to the author who embarked on the investiatione reported in
this thesis.

Central Hypothesis of the Problem
In his "iote on the Scientific Metbo&' Medawar (1957) states
that '1t seems that no attempt to solve a scientific problem can
ever be ebgun without the subsidy of some hypothesis, however
dimly formulated or however vague." In this thesis the central
hypothesis takes shape from the observation of Professor LM. Swann,
quoted on the first page of this introduction, that these Chromatoid
bodies look like "aggregations of microsomal particles". The
usefulness of the hypothesis that the Chromatoid bodies are
aggregated tmicrosomal particles", is that it enables us to make
certain predictions about the nature and composition of the
Chromatoid body, and to design experiments to test the validity
of these predictions. Thus, if what the hypothesis says is true,
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then we should find particles of a definite size and characteristic
shape in the Electron micrographs.

turthermore the particles

should have a ribonucleoprotein composition. Those predictions
taken together with the previous literature suggested several
lines of study.
distoenemical and classical staining techniques were used,
primarily to find out what substances were present in the body,
and in particular to see if their composition was similar to that
of the

'1

microsomal particles", but also in an attempt to clarify

the unsatisfactory state of the literature on these bodies, by a
comparison of the results found by modern techniques, with those
found by the classical cytological methods.
By an analysis of the clanges in the Chromatoid bodies in
relation to the cell cycle, by quantitative methods in the light
microscope, representative samples in. the Electron microscope,
and by estimations of total RNA at different stages, it was hoped
to gain some insight into the origin, and perhaps function of
these bodies.
Electron microscopy would also lead to a better understanding
of the ultra-structure of the body. In particular it could show
whether the particles found were of a structure consistent with
the hypothesis that they are aggregated microsomal particles.
die results obtained in these sections, led to attempts to
isolate the body, and to subsequent studios on the homogenate
fractions obtained, from these experiments by analytical centrifugation., ultra violet absorption, biochemical tests and electron
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microscopy.
Publications arising from some of the results reported in
this thesis, are contained in an appendix at the end. However
as much of the work published has been repeated and extended,
this thesis will contain all relevant infoxation, regardless of
previous publication.

11

MATERIAL

AS

only one piece of information can be found in the literature

on tn.e conatoid bodies in E. invadens, a simple statement that the
bodies have been seen in the cysts of this animal (Getman and
Ratcliffe, 1936), some explanation of the onoice of experimental
material is necessary.

Che most appropriate material for this

study would have been ntamoeba hisoiyioa, the pathogen in man,
as any knowledge gained in the study might have been of use
medically, and all the previous literature has been concerned
with this animal. The selection of J&ntamoeba invadens, however,
is advantageous from several points of view.
In a laboratory, with several people working in confined
conditions, the danger of infection arising from the use of a
human pathogen, would be great.

If an .gntamoeba species could

be found which was not pathogenic to man, but which was at the
same time closely related, to E. bistoiyica. he need for strict
safet:! precautions, which tend to use up a lot of time, would be
eliminated.

The closer the relationship the easier and more

convincing would be the task of relating the results found inn
the experimental animal with the medically and economically
important species. ±°ntaiaoeba invadens fulfils the requirements
very well.
Historical
The historical details of the discovery and classification
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of

invadens have been discussed at length by McConnachie (1955)

B.

and we need only concern ourselves with a few relevant points.
A disease of reptiles, comparable with amoebiasis in man, and
associated with a species of Entamoeba closely resembling
.I. hisoltica, was first described by Ratcliffe and Geirnan (193),
who hesitated to confer specific status on the reptilian Entamoeba
until they had investigated its morphology and physiology more fully,
Rodham

(1934) described an infection associated with an BntaeBoeba

in reptiles dying in captivity, and to this organism he assigned
the maine B. nvadens, considering that on both morphological and
physiological grounds it could be distinguisb.ed. from E. histolytica.
All he seems to have been able to show was:
Extreme delicacy of the peripheral ckomatin of the
nucleus of B. invadens.
A difference in the appearance of the karyosome after
fixation in Baum's solution.
.Later Geiman and Ratcliffe (1936) questioned the validity of
these differences, and put forward other criteria for speciation,
namely:
A thicker cyst wall and a greaer cytoplasmic density in
B. invadens.
A difference, which they consider to be significant, in
the nucleocytoplasmic ratios of the two organisms; 0.295
for B. invadens and 0.246 for B. histolytica.
Morphologically, the amoeba and the cysts of B. invadens are
almost identical with those of E. histolytica. The resemblance
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also extends to their life cycles.

91n all details of encystation,

excystation, and inetacystic development, B. invadens and E. hietolytica are identical, and a description of these processes in one
species applies equally well to the other-" (iVicConnacb.ie , 1955.)
As a result of the striking morphological resemblance between
E. invadens and E. histolytica and the marked similarity in the
effects which these parasites produce in their respective hosts,
the question has arisen whether these are, in fact, different
MeConnachie (1955) has built up a very convincing
argument to substantiate her view that these are actually biological
species.

races of the same species.

In the light of these considerations

it seems permissible to argue that the results found in the one
species will apply equally to the other.
Geiman and Ratcliffe (193) have given a classical description
of this animal.
tntamoebae invadens (Rodham, 1934) resembles E. histolytica,
and parasitises various reptiles.

rophooies measure 15.9 u in

average diameter, show active locomotion, feed on leucocytes, liver
cells, epithelial cells, debris and. bacteria.

Ihe nucleus is

similar to I. histolytica. Cysts average 13.9 u in diamster,
with 1-4 nuclei, a z jycogen vacuole and chromatoid bodies which
are circular, rod-like or cylindrical.
For a complete description of this animal's life cycle,
history, and classification, I would refer the reader to
MeConnachie's (1955) paper which has been mentioned many times
already, as it is the only paper dealing with this animal that
I have been able to find in recent literature.
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Method of Culture
The amoebae were cultured using the media produced by Jones
(19I6) which is now standard, and only a few details need be given.
Formula:

,3terile Horse ;erum

0.5 cc.

1% Marmite Solution

l.0 Cc.

Buffer Saline Solution (j11 7.2)

8.5 cc.

Rice Starch

30 m.

Buffered Saline: Na2HPO4 (9.476 g,'l)

375 cc.

24 (9.078 gIl)

125 cc.

NaC1
Procedure:

(0.9% soln.)

2,250

CCe

Add Marmite to Buffered Saline, autoclave at
15 lbs per sq. inch, at 160°C. for 10 minutes, and
allow to cool.

the rice sGarcil is sterilised in a

dry test tube plugged with cotton wool.

The tube

should be horizontal, heated &y at L5°C. for an aour.
The temperature is raised to 100C. for an hour. Add
.eiie horse serum to autoclaved solution, and add the
13

rice starch. Using this medium, amoeba and

cysts were grown in sterilized 5/8th test tubes fitted
with "oxold" caps, or in sterilized 50 ml. conical
flasks p1uged with non-absorbent cotton wool. me
amoebae were sub-cultured every seven clays into fresh
media, usin the standard protozoo1o3cal sterile

Precautions.

A mixed culture of bacteria was present

in all cultures as recommended by ivicConnachie (1955)
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for large numbers of amoebae. The cultures were kept
in a 25°C. incubator, or in a water bath controlled, at
25°C.

The outstanding difference between B. invadens and
L. bistolytica, which has been demonstrated by McConnacbie (1955),
is the rate at which they ow. Cultures of E. histolyica attain
maximum numbers at approximately

2-3 clays after inoculation, and by

tno 5th day or earlier have reached the phase of accelerated death.
Maximal multiplication of . invadens was not reached until 6-10
days. These differences may be correlated with their different
optimum temperatures, E. histolytica growing only between

32-410C,

and E. invadens between 16-30 00. (Dobell and Laidiaw, 192).
Mass oncystation occurred only under conditions which favoured
the development of amoebae.

k'ARI1 I
dl ScOCHiI Si
A summary of the results is Given in tables I and. II, but a
critical discussion of the methods used is essential for a proper
evaluation of these results.

is a negative result in histocb.emistr

must always be open to doubt, those which proved negative for the
Ch.romatoid bodies are only briefly treated, whereas any positive
result is dealt with at some length.
Formulae which differ from one another were sometimes found
to bear the same name, and many published procedures are of
doubtful validity and usefulness.

The formulae and details of

procedures used in tis study are therefore included in Appendix I.
In the main the standard works of Glick (1949), Gozuori (1952),

ianielii (1953), and Lison (1936, 1953), were relied upon for most
of the procedures and formulae.
Methods of handling amoebae for histocliemical procedures have
become standardised since the publication of the classical papers
of Kassel and Kopac in 1953-

Kopac's (1955) review article on

the methods used in the study of cell inclusions supplied further
details.

Fixation
Unfortunately Entamoebae are rather more difficult to fix
than the free living amoebae. The normal practice was to take
a random sample from the bottom of the test tube or flask, where
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the maximum numbers can be expected., and transfer one drop to a
slide or coverelip. Iiis was then smeared wtb another slide or
coverelip, or the tip of a Pasteur pipette.

It was essential to

get a thin, even film whtch was not so fluid that it would float
off during fixation, nor so viscous that it would dry before it
could be fixed. Drying caused a good deal of disruption in the
trophozoites, and the best results were obtained only after some
experience.
Schaudinnts fluid was used almost exclusively as it is an
excellent general Protozoological fixative, and is recommended
by most authorities, such as McClung, Belding, Lwoff.

LTnfortunatel

it forms an insoluble precipitate with nucleic acids, as do all
other fixatives containing mercuric chloride (Brachet, 1953)
his renders the nucleic acids difficult to attack with digestive
enzymes. It was therefore necessary to employ other fixatives
for ribonuclease digestion techniques.
Venrich (1941) gives a good general account of the effects
of various fixatives on the Protozoa. In the main, the results
of this present study confirm his findings, and only a few
particular observations need be added..
Garnoy's fluids 1 and 2 proved to be destructive to the
it
general shape of the cells, and gave cytoplasmic distortion.
Unfortunately
was, however, excellent for ribonuclease digestion.
distilled water also removed the basophilia from cells fixed in
this way.

Ohainpy's fluid and Flemming's "weak!' solution both

gave good cytoplasmic detail but slow penetration.
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Zenker's and. Serra's solutions were tried with ribonu.ciease
digestion, as recommended by Brachet (1953).

Both were found to

give good fixation, but Zenker's forms an insoluble precipitate
with the nucleic acids, e

I

the formalin in Serra's has an effect

on the ribonucleic acid, and on the chromatoid bodies as is shown
in the section dealing with the Electron Ji.croscope.
Bouin's solution was found to be useless for this material,
although it is recommended as a good general fixative.

Osinic

acid was generally used for the Electron vdcroscope work, but
because of its slow penetration, and its reputed ambiguous action
histochemically (see Danielli, 1953)9 it was not used extensively.
Formalin was used for fat staining and glycogen detection tests,
but has been shown to have an effect on the nucleic acids. None
of these nine other fixatives tried had any visible advantage over
Schaudinn's and some were not so good.

Unless otherwise stated,

gehaudinn's fixative was used.
Specific Tests
1. Basic Stains

Most of the classical cytologists (mentioned in the introductior
used a basic stain, either daematoxylin or Safrariin, for the demonstration of the basophilic Chrornatoici bodies.

These classical

stains were therefore used to get a general idea of the distribution
and gross nature of Chromatoid bodies, before specific tests were
tried.
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;ILayer'S

malurn.

This basic stain, ias been found by

previous workers to give poor results with intestinal parasitic
amoebae (Dobell, 1920). In view or its rapid action it might
have been of use for the quick detection of Chromatoid bodies in

the cultures. The stain, however, gave a very poor cytological
pictus and led to confusion of the nuclei with the smaller
Chromatoid bodies

kieid.erain's iron, iiaexnttoxy1tn.

This proved to be an

excellent stain for the Chromatoid bodies, as well as giving a
clear picture of the nucleus as a peripheral ring of chromatin
with a central nucleolus, when the smear was properly differentiated
The bodies appear as rods and ovoids in the cysts.
It was also demonstrated that, in the late trophozoito and
precystic stages, the Chromatoid bodies were clearly visible.
Even in the early stages numerous small bodies were detected in
the cytoplasm. £)oboll' s modification of this stain proved very
effective for quick detection of the bodies in any culture.
afranix. The nuclei and the Chromatoid bodies both stained
a bright red. With this stain, confirming the reports of early
workers. Bodies in the trophozoites were also seen wih this
stain. The stain did not give as good a cytological picture as
Uaematoxylin and was used very little.
2

Glycogenetection Tests
It has been reported previously by several workers that the

cysts of the intestinal protozoa contain a large glycogen mass
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(Craig and Faust, 1951).

Several authors have noticed that the

Chromatoid bodies are arranged in groups around this glycogen mass
(Doboll, 1920; Craig, 1948).

As these authors do not mention

whether or not it was the lycogen stain which made the bodies
visible, it was necessary to test for the presence of glycogen.
Bauer Feulgen.

Bensley (1939) concluded, in a comparison

of the methods of 3.emonstratin glycogen microscopically, that
the Bauer Feulgen (Bauer, 1933) method, which depends on the
reaction of the aldehyde groups in the carbohydrate with the
Feulgen reagent, was by far the best, if the smear is fixed in
alcoholic formalin solution.

dale (1957), in his review of the

histocheraistry of the Polysaccharides, agrees in general with
Bensley, and explains the chemical basis for several polysaccnaride
stains.
All the smears for this stain were fixed in either neutral
formalin, or in alcohol formalin mixture.
The glycogen mass in the centre of the cysts showed up a
bright red, as did smaller spots of glycogen in the tropb.ozoites.
The Chroinatoid bodies did not stain unless the preparation was
counterstain.ed with daematoxylin. Controls with the glycogen
removed with fresh saliva showed only a very faint pink colouration.
Best's Carmine.

As a double check, several smears were

stained with Best's Carmine, a very commonly used glycogen stain,
and these confirmed what has been reported for the Bauer Feulgen
techniques.
(C)

Periodic Acid Schiff's.

A general reaction for the micro-
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scopic visualisation of PolysaccLarides has been described by
dotchkiss (194), and simultaneously and independently by McManus
(194).

The reaction involves the oxidation of the adjacent

hydroxyl groups to aldehydes by means of periodate, and the
colouration of the aldehyde with Schiff's reagent.

!he oxidation

takes place according to the equation:
-Ci1OH-.CE0Ii + H5IO
-CHO.iiCO. + H103 + 3H0
ihe pentoses of the nucleic acids are so substituted that
they will not give the reaction.

Glycogen, mucoproteins, and

presumably hyaluronic acid will show the stain (Glick, 1949).
It was hoped to show that, if there were any polysacciiarides
present in the bodies, they were pentoses of the nucleic acids,
and therefore would not show the stain. unfortunately the cell
membrane took up the stain so well that the visualisation of the
cytoplasm and the bodies was made very difficult. In those places
where the membrane had been ruptured the folds in the membrane were
clearly visible. As far as could be seen the Onromatoid bodies
did not stain. This result cannot be regarded as satisfactory
and must remain in doubt, until soecific polysacetiaride enzyme
digestion techniques can be carried out. As will be seen from
the results of the other tests, it seems unlikely that it will
prove positive for the bodies.

3€;
3. Protein TesLs
Niuhydrin. Less soluble peptides and proteins containing
amino-acids may be demonstrated at their loci, by either the
Alloxan or Ninhydrin reac ons,,

Glick (1949) has reported a

tendency for the colour to diffuse in the Alloxan reaction.
Furthermore, the doubtful specificity of this reaction necessitates
confirmatory tests.

hence only the Ninb.ydrin of Berg (192€;) was

tried. As the colour given in this reaction fades very rapidly,
it is difficult to get definite results with this procedure.
The cytoplasm could be imagined to be a faint blue, and the
bodies a slightly deeper blue-violet. No great confidence is
expressed in this result.
i3romo2henol Blue. Because of the unsatisfactory nature of
the last test, it was decided to try a more definite if less
specific stain.

iviazia et a].. (1953) have described the adaptation

of Bromophenol Blue, used for protein tests in paper chromatography,
to cytochoinistry.

Basic proteins will stain without the mercuric

chloride, but other proteins bind the dye by coupling through the
Hg group. Structures containing basic protein show enhanced
staining after removal of nucleic acids by hot trichloroacetic
acid. Mazia has worked out that the average dye binding capacity
of various proteins is one dye-binding group per 10 amino-acid
residues.
J?b.iS stain is easy to use and was tried with and without
mercuric chloride.

In both cases the bodies took up the stain

very well. After trichioracetic acid extraction it was difficult
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to say whether or not the staining was enhanced4,

if at all

different I would consider it less well stained.

The cytoplasm

in all cases was a bright blue and the nuclei dark blue.
If 1azia's findings r'-'e acceptable (no general criticism of
this procedure has been found.), then it can be stated with some
certainty that the Chrornatoici bodies contain, a sijnificant amount
of basic protein and perhaps other proteins as well.

4. iipid Tests
Sudan Black.

The Chroniatoid bodies have been considered as

a food store of one kind and another (Craig, 1948;

Dobell, 1920),

but they have never been regarded as a fat store. The very fact
that they are still present after treatment with fat solvents in
common histological practice, would indicate that they are not
composed of fat. However, to complete the histochemical picture
a fat stain was tried after fixation in formalin.
Burdon (194) nas gone into the details of the specificity
of Sudan Black staining and has concluded that it is very good
for neutral fat, such as would be found in a fat store.
The Chromatoid bodies did not stain, but there was evidence
that globules of fat are distributed throughout the cytoplasm.
Neutral Red..

Ray and Sen Gupta (1954 ) used this stain on

E. histolytica and MeLennan's (1941) classification includes
neutral red bodies in Protozoa. This test could also show that
the bodies had no connection with the Go1@ substance, therefore
Neutral Red was used supra vitally.
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The results confirm the findings of Ray and Sen Gupta (1954)
that small spherical bodies are distributed throughout the cytoplasm in much the same way as the sudan. Black staining material.
The Chromatoid, bodies did =t stainCytopla.91ftic Detection of tu.e NUC121.is this promised to be tae most interesting and important part
of the histocemic&L section of this thesis, and some major
inferences Will be drawn from the results, it is felt that a rather
more detailed discussion of the validity of the methods used would
not be out of place. The ayGrunwald Giemsa stain has been used
extensively for the study of the distribution of desoxyribonuc1eo
protein and riboie1eoprotoin, but not for free nucleic acid
(Jacobson and Webb, 1952).

The best method for detection of the

nucleic acids are ultra-violet absorption studies. Other than
this kurnick (1955), in his review of the histochemistry of the
nucleic acids, recommends Feulgen, Toluidine Blue and Jethyl Green
Pyronin as stains, combined with extraction as follows s Hot tri
chioracetic acid for both RNA and. DNA; 1O perchloric acid at 4°(.
for RNA; T.HO1 at 600C. for RNA and specific digestion with the
AS no ultra-violet
enzymes ribonuoleaso and dosoxyribomicleaso.
apparatus for the examination of the Obromatoid bodies in situ
was available at the time, this technique was not tried, but all
the other tests apart from desoxyribonuclease digestion were
attempted.
(a) eulen ieaction. Since the publishing of the now classic
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Paper of Feulgen and Rosenbeck in 19249 a vast amount has been
written about this reaction.

i1i1ovidov (1938) published a

complete bibliography of 450 papers dealing with the procedure up
to that time, and many me }1ave been published, since.

Di Stephano

(1948) reviewed the subject thoroughly and came to the conclusion
that this method was so generally admitted that it had been
repeatedly applied in quantitative cytochemistry. The views put
forward by Stedmans at the S.E.B. symposium on the nucleic acids,
threw a lot of doubt on the specificity of the Feulgen reaction,
apart from their wider implications. .dowever, the evidence
collected to show the validity of the reaction, by Barber and
Callan (1944), Mazia and Jaeger, and many others, together with
the confirmation of the cytological picture given by the Feulgen
reaction by Gaspersson's (1950) ultra-violet work, and by the
rnicroincineration experiments of Norberg (1942) 9 helped to build
up an argument which puts the technique beyond reasonable doubt.
For a full discussion of the Feulgen technique see Lessler's (1953)
review on the nature and specificity of the Feulgen nuclear reaction
Venrich (1941) has found that a standard Feulgen procedure
which results in a typical colouring of nuclear chromatin in the
metazoan nuclei, stows only a very weak colouring, or none at all
in the nuclei of intestinal Protozoa. The same results were found
in this study.
Using identical reagents, and taking the slides through
identical procedures at the same time (using adequate controls at
eacn stage), resulted in almost perfect staining of liver sections

and, testes smears, but no staining of the nuclei in the tropb,o
zoites and only occasionally could nuclei be distinguished in the
cysts.
In no preparation of the 50 or so examined did the Chrornatoid
bodies stain in the cysts, or in the troptiozoites.

Even the use

of iafalko's (1946) modification of the Feulgen procedure for
diffuse chromatin failed to give any reaction for the Chromatoid
bodies, although nuclei could be seen in a few cases.

lLbere is

nothing in the above results to show that the Obromatoid bodies
are otherwise than Feulgen negative.
(b)

oluidine Blue. in a competent discussion of the combination

of the basic dyes, and the nucleic acids, Micftaelis (197) states
that toluidjne blue combines stoicb,ometrically with the nucleic
acids.

Lindegren (1951) places more confidence in this method

than in methyl greea pyronin, or the Feulgen reaction. Thluidine
blue has the great advantage of being easy to use, the basic dye
alone being utilised. It gives very accurate images when the
cytoplasmic RNA is not concentrated, but Brachet (1953) does not
think it is adequate in cases where the tissues contain much ribonucleic acid.

It also has the disadvantage that it does not

enable any distinction to be made between the two types of nucleic
acids.
No serious criticism of this method has been found in the
literature.

the method proved ideal for this study.

The bodieS showed up a dark blue colour, and in a properly
differentiated smear, appeared as a strong royal blue. The nuclei
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the classical picture of the peripheral ring of chromatin,

and a central nucleolus. In some cases the nucleus had a waggon
wheel structure, with bars leadinG from the nucleolus to the
periphery.

There was no uiestion of metacbroinasia in the bodies,

although bacteria in the food vacuoles appeared as purple or dull
red rods.

It is likely therefore that the Chromaioid bodies have

a high percentage of nucleic acid in. them.
(c) blethjl Green ironin Method (tlnna Pappenhein).

The difforenti

staining of nuclei, nucleoli, and cytoplasm, by an aqueous mixture
of methyl green and pyronin at a sensitive pH is well known.
Bracb.et (1950) stained with the mixture material both treated and
untreated with ribonuclease, to demonstrate the localisation of
ribonucleic acid.

In fact this method has become so well known

that it has been called the Brachet Pappenheixa cytocheiical method
for RNA (Abolius, 1952).
Kurnick (1949) showed that, when a mixture of methyl green
and Pyronin is used to stain polymerised DNA, the methyl green
stains selectively, while if used to stain depolymerised DNA or
It was believed
RNA, it is the pyronin which stains selectively.
that when the mixture was used to stain cells, a similar selective
staining occurred, the methyl green selecting the DNA and the
pyronin the RNA. Kurnick and i1irsky (1949) and Kurnick (1950)
have shown that this method is based on a stoichiometric reaction
between the dye and polymerised DNA in the case of methyl green.
Discussion can be found in the literature on the specificity of
this bistochemical test.

In particular Taft (1951a, b) gives a
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competent discussion on this subject, although his views have
been modified slightly by Kurnick (1952). A review by the same
author (±c.urnick, 1955), previously mentioned, concludes that,
although methyl green staining can be taken as specific for DNA,
the pyronin under some circumstances does stain other cytoplasmic
structures, but when combined with extraction procedures and
adequate controls it is specific for RNA.

This is in agreement

with the views of Brachet (1953) and Chayen (1952), two workers
with, a groat deal of experience with the technique.
The staining procedures resulted in Chromatoid bodies staining
red, the cytoplasm and nuclei green. Only occasionally were the
nuclei seen clearly, but there was always a faint green colour to
be seen in them. No green staining was ever found in or around
the bodies which in all cases studied (over 2011) preparations in
different fixatives) invariably stained a characteristic dull rod..
As Jacobson and. Webb (1952) found that methyl green always
masks pyronin staining in structure containing DNA and RNA, it can
therefore be stated that the Chromatoid bodies are methyl green
negative and if we accept Kurnick's and Jacobson and ebb's
findings, this means there is no j2olymerised

in the bodies, or

desoxyribonucleoprotein. It can also be stated that they are
pyronin positive and this indicates that there may be a considerable
amount of RNA present.
(d) MayGrunwa1d. Giemsa.

Jacobson and Webb (1952) reported a

differential staining of nuclei, nucleoli, and basophilic cytoplasm,
by using the procedure of staining by iIay-Grunwald, followed by
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staininG with Giemsa. They managed to snow by this tecb.nique
changes in the amounts of c1esoxyribonucleoproteia and ribonucleoprotein on chromosomes during mitosis. On comparing their results
with this technique with iose obtained by the i?eulgen method, a
striking parallelism was noted between the purple red coloured
material, and Feulgexi positive material.

Ihey also confirmed

the findings of Brachet (1942) and. White (1947) that the blue

staining material is ribonucleoprotein, as it stains red with
pyronin. They claim that the May-unwald Giomsa technique is
much more sersitive than methyl green pyronin. ihey found that
if a structure has both D1'A and. £tNA in it then the red, of pyronin
is masked by the green of the methyl green, wueieas with their
technique there is a combination of the blue and red coiours.
In a series of experiments on isolated DNA, RNA, desoxyribonucleoprotein and ribonucleoprotein, they showed that the colours
obtained in cells are due to tthe protein as well as the nucleic
acid. They concluded that the purple red staia indicates
desoxyribonucleoprot-ein in cells and tae blue stained material is
ribonucleoprotein. These observations have been confirmed by
digestion with specific nucleases. No serious criticism of this
method has yet appeared in the literature. It has been used by
a number of workers for the demonstration of desoxyribonucleoprotein
and ribonucleoprotein, for example, Newton and ilorne (1957).
The use of this staining technique resulted in the periphery
of the nucleus staining red, the nucleoli purple black, and the
Chrornatod bodies a dark blue. The cytoplasm of the trophozoites
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also had a blue colouration, but this was not so evident in the
cysts.

These findings sugest that the Chroibatoid bodies doiio

contain any DNA and that there is a large araouxit of ribonucicoprotein in the bodies.
5. Florescent iticroscopy
The use of fluorochrome dyes has been discussed in recent
reviews of fluorescence microscopy (Armstrong, 1956).

Some

fluorescent derivatives of acrid-the have a strong affinity for
certain tissues with a high nucleic acid content (De Bruyn et al.,
1950).

Armstrong (1955) gives the basic procedures for the

differential staining of the nucleic acid with acrid-me orange
at p1-i 3.5 - 5.2.

Nuclear material stains u yeiiowisii-green,

and. cytoplasmic

-containing material a flame-red colour. He

He checked his results with Feulgen and Methyl Green Jyronin, and
proved them to be quite specific.

De J3ruyn at al. (1955) have

used the di-ainino-acridines for the differential staining of the
nucleic acids, and their procedures have been used for this study.
(a) Acrid.ine Orange.

The best results were obtained at pH 4.4.

The nucleus showed up as a yellowish-green waggon wheel structure,
and the Chromatoid bodies as bright orange spots.

When the cell

was lysed, the bodies turned a flame-red before disintegrating.
A. difference was noted between dead and living cells.

In dead

or dying cells the cytoplasm turned green, but a different green

from the nuclear colour. The bodies became darker and more red
in apjerance. In living cells the cytoplasm is a pale yelloworange.
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(b) Trypaflavin

(3

-i)iamino-lO-methyl-acridiniuin chloride).

This dye has been reported as failing to stain cytoplasmic RNA
(Morthiand et al., 1954).

owever, the bodies stained up a

beautiful orange colour, d the nuclei ye1low-reen but not as
clearly as with the acridine orange.
Conclusion.

If the specificity of these dyes is considered

proven (orthland et al., 1954;

Armstrong, 1956)9 then this is

further evidence that the Chromatoid bodies contain ribonucleic
acid..
Extraction of the Nucleic Acids
7. Hot Trichioracetic Acid.
Treatment of cells with hot 10% trichioracetic acid (TCA)
has been used for a long time by biochemists as an everyday
procedure for the extraction of the total nucleic acid, from cells.
Kurnick (1955) states that it can be used histochemically,
for the sane purpose, when combined with basic stains. There is
some doubt as to the specificity of this procedure, but it is
convenient for a quick detection of structures containing nucleic
acid (Pollister and Ris, 1947).
The usual procedure was to immerse fixed identical smears
for 10 minutes:
In TCA at 9000.
In IQCA at 40C.
In distilled water at 900C.
(k) In distilled water at 400.
then to take all the slides through the same stain technique at
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the same time.

oluidine Blue and aletdjI Green yronin were he

stains used.

Slides treated with hot CA showed no staining at all.
Slides in cold i0A iwed the Curoiatoid bodies normally
stained.

In the slides in hot distilled water, however, there

was a reduction in the staining of the bodies. At; a rough
estimation the basophilia of the bodies was reduced by approximately
one quarter. In slides in cold distilled water the bodies stained
up very well.
Perchioric Acid
rachot (1957) comments that, although the specificity is less
than in the case where the enzyme ribonuelease is used, perenloric
Di tefano (1952 )
acid can be used to extract; RNA, but not DNA.
has used 10% perchiorc acid at 4°C. quite succesfu11y, and this
identical slides were
method i6 used for total iÜA estimations.
treated with 10 perchioric acid and distilled water respectively,
inese toeti'ier witn an untreated
eacxi at 400. for 18 hours.
slide were stained with ioluidine Blue or iothyl Green ironin.
JrLoebae treated with porc1oric acid showed no stainin' of
the bodies, wereas tiioe treated with cold distilled water and
untreated amoebae showed the usual intee staining of the bodies.
hot Normal 4c1roeh1oric Acid
An integral part of the Feulgen procedure is the depolynieri-

sation of DNA and extraction of RNA with normal H01 at 6000.

Vend.ro1jandavaJ. (1949) has modified tnis procedure by 6absuibuting
post-treatment staining with basic dyes, for ieulen stai.w.Lig.
Identical slides were treated eac.1 for 10 minutes, with
(1) 14.iCl at 60°C., (2) .d01 at 4°C., () distilled, water at 6000.
arid (24.) distilled water at 4°C.
These together with an untreated
slide were stained, with Toluidine Blue or Methyl Green .tyronin.
In the smears treated with hot Li01 t.ie bodies did noL stain.
A peculiarity of staining was noted iii a few slides, namely that
the nucleus stained pink. This is probably due to depo1yierisation
of DNA.

Slides treated wtd hot distilled water showed a slight

reduction in the staining of the bodies. In the case of amoebae
treated with cold distilled water, or cJ.d I,i!C1, and in those on
the untreated slide, the bodies stained in the norna.L ianner.
10. Eiboxxaclease A)igestioxi on Fixed iiaberial
.ae si.ecific enzyJie ribonucleas3 has been used extensively
to extract RNA from tieues to permit localisation by a change
induced in the staining reactions.

.Danielli (1947) has dismissed

its use as too uncertain, because of possible lack of specificity,
contanination wita other enzymes, and interference by proteins in
the tissue h.aring access to the nucleic acid substrate.

iO these

reasons may be added the fact that even in pure systems, there is
a "core" of kiNk which is not qttacked by the enzymes (Loring,
Carpenter and. ltoll,, 1947).
however, the preparation of crystalline enzymes (unitz, 1940)
has reduced the objection of non-specificity. In fixed material
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the protein interference is neg1iib1e as the fixing appears to
'uncove' the substrate to the action of the enzyme.

In fixed

materid the aasd "oorell of RNA would supposedly be rendered
accessib1 to .e action .' the enzyme.
Erachet (1950, 1953), whose methods have been followed in
this study, recommended Zenker's, Serra's, and Carnoy's fixation,
followed, by digestion with crystalline RITAse at a concentration
of 0.1 mgm. per ml. of glass distilled water (adjusted to pH 6).
Most authors, including Brachet, recommend digestion for 1-2 hours
at 3700. and emphasise the importance of a distilled water control.
The most commonly used Jres with this technique are Methyl Green
Pyronin and Toluidine Blue. There have been some doubts expressed
about the specificity of certain commercial samples of rihonuclease.
Brachet and Shaver (1948) have established that the proteolytic
impurities are so inactive, and so small in the samples taken,

tnat they could not affect to any extent the proteins of the tissues
treated. Brachet (1957) and Kurnick (1955) have both concluded
that there does not seem to be any serious reasons for doubting
the value of the localisation found.
I'he techniouc generally used was only slightly different
from that given by Brachet (1953).
Fixation: Schaudinn's, Zenker's, and iorra's solution
were chiefly used.

Others tested included Osniie Acid, Carnoy's

1 and. 2, Sublimate acetic, F1emmin.3's and Champy's.
Identical smears A B, C were hydrated in the usual way.
A.

Slides were stained immediately.
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Slides were placed for 1, 2, 3 and 4 hour periods at 37 0C.
or

250C.

in distilled water pH 6, then stained.

Slides were placed in a solution of crystalline ribonuclease
(iAght and Son) containing 0.1 mom- or 1 mn. enzyme per ml.
of distilled water austed to pH 6.0, for 1, 2 9
at 3700. or

25°C.,

3

and

4

hours

then stained..

(c) Staining was done in Methyl Green Pyronin (G. 11 '. Gurr as
recommended by t.urnick, 1955) or Woluidine Blue (G.. Gurr as above)
;oLae inconsistencies in the first results were found to be due
to the inhibition of the enzyme by heavy metal ions (Allen, 1955).
This inhibition was finally prevented by the use of plastic weighing
capsules rather than metal foil bags for weighing out the crystallin
enzyme.
The results snowed a significant reduction in the

asophi1ia

in the bodies after 2 hourstreatrnent, and almost complete loss of
basophilia from the bodies after 4 nours treatment with the enzyme.
The corresponding distilled water treated slide showed only a slight
loss after 2 hours and a little more reduction of basophilia after
'4 hours.

Zenker's and. Sublimate Acetic gave similar results.

Slides fixed by Serra's and Garnoy's methods both showed a loss of
basophilia in the distilled water and treated slides.
One smear was treated under identical conditions, one half
with ribonuclease solution and the other half with distilled water.
this can be done by the use of a sellotape wall putting enzyme on
one side and distilled water on the other* eor short periods of
digestion the seilotape acts as a barrier to the enzyme molecules.
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On slides treated in this way and then stained, it was possible
to see with the naked eye the difference in staining, and under
the microscope it required only a slight shift of the position
In all

of the slide to see the treated and control animals.

cases studied some of the cysts showed, by staining of the bodies,
that the enzyme had not penetrated although the dye molecules had.
This is thought to be connected with a difference in sizes of the
enzyme and dye molecules in relation to the thick cyst wall.

11. id.bonuciease Treatment of the Living Amoeba
Brachet (1955, 1955) has reported that treatment of imoeba
pteus with ribonuclease for 90 minutes results in the amoeba
picking up the enzyme, after which a reduction of 55% in the
cytoplasmic basophilia can be demonstrated. This treatment
inhibits the incorporation of labelled amino-acids.

In view of

this it was decided to try the technique on these intestinal
amoebae.
By a process of alternate centrifugation and drawing off
excess supernatant the amoebae collected from several tubes or
flasks were concentrated into a suitable volume in 10 ml. of medium.
When the amoeba had settled down, I ml. of RNAse solution
containing 1.0 Ingm. of crystalline ribonuclease was added to give
a final concentration of approximately 0.1 mz. per ml.

ihe tube

was put in a water bath at 300C. which is a compromise between the
optimum temperature for growth of the amoeba (25°C.) and the
optimum temperature for enzyme digestion (37e0.).

Other tubes
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were treated at 3700. and 25°C,
distilled water treatment.

Controls were set up with

Treatment was continued for 1, 2 9

.

or 8 hours. One tube was treated for 24 hours.
The amoeba were made into smears, fixed on slides, and
stained with Methyl Green Pyronin or io1uidie Blue.
The different temperatures did not seem to make any visible
difference. The one iour treatment had very little effect.

The

two hour treatment resulted in a noticeable loss of basophilia
and the four hour treatment resulted in a substantial loss of
basophilia. The basophilia,as measured by eye, never seemed to
go below a half to a quarter of normal, even in the eight and
twenty-four hour treated amoebae. The distilled water controls
showed no loss of basophilia at all. In most cysts the bodies
were not affected by the enzyme.

conclusion
It may be concluded from the staining tests carried out in
this histochemical study, that the Chromatoid bodies contain a
considerable amount of ribonucleic acid, which may be combined
with protein. There is no evidence to suggest that there is any
dosoxyribonucleic acid, lipid, glycogen, neutral fat, or metaphosphate present.

ABL
staining Reaction
Reaction of
chromatoid bodies
T% r,T

.1.
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Test

1. Basic stain
Heidenhain's iron
haematoxylin
iafranin
2. Glycogen detection tests
Bauer ieu1gen
Best's carmine
(e) Periodic acid)
ichiff's
3. Protein tests
Berg's Ninhydriia
Bromophenol Blue
4. Lipid tests
Sudan Black
Neutral Red

Reference

,asu1 observation

Dobell (1921)

Deeply stained

LcClung (1951)

Deeply stained

Hale (1957)

Negative
Negative
Stained membrane
prevents definite
statement, but
probably negative

Glycogen mass ILL cysts and
staining spots in trophozoites.
Deeply stained membrane
prevents visualisation of
contents.

Glick (1949)
Masia et al.
(1953)

Doubtfully positive
Deeply stained

Rest ot the cytoplasm lightly
stained.
Rest of the cytoplasm stained.

Burdon (1946)
hay and Sen
Gupta (1954)

Negative
Negative

Pat droplets in the cytoplasm.

Negative
Deeply stained
Pyronin positive
Methyl Green negative
Dark blue

Nucleus only very poorly
stained.
Nucleus as in (1).
Nucleus Methyl Green positive.
Pyronin negative.
Nuclei red, nucleoli purple
black.

Bright orange
Orange

Nucleus green-yellow.
Nucleus yellowish-green.

Bensley (1939)
Lotchkis (1946)
Icyanus (1946)

5. Nucleic acid tests
Peulgen Nuclear
Wenrick (1941)
reaction
hafalko (1946)
Toluidine Blue
iiehaelis (1947)
Methyl Green
Kurnick (1955)
pyronin
Lay-Grunwald Giemsa Jacobson and
Webb (1952)
6. 2luorescent Microscopy
..cridine Orange
Armstrong (1956)
Trypaflavin
ie Bruyn et al.
(3,6-Diamino-10(1953)
methy-acridiriium
chloride)

Nucleus as a periphera ring
of chromatin with a central
nucleolus.

Table 2
xtraction of nucleic acids followed by staining wiLh Toluidixie Blue or ethyl Green Pyronin
Test

Reference

Reaction of body
after extraction

Hot Trichloracetic
acid

Po1liter and

Unstained

Hot 1120

lQ6 perchioric acid
at 4°C.

Di Otephano,

Unstained

1120 at

Hot normal Hydrochloric
acid

Vendrely.iandava1
(19 49)

Unstained

1120

.0. Ribonuclease digestion
on fixed material

His

(1947)

(1952)

Brachet (1955)
(1956)
of

Controls
(1120 = Distilled water)
- slight reduction
in basophilia of bodies.
uold 1120 - stained normally.
Cold TC - stained normally.

4°C. - bodies
normally stained.
at 600 C. - alight
reduction in basophilia.
Cold 1120 and HCl - bodies
stained in the normal way.

Substantial loss
in bsophilia in
trophozoite
bodies but not in
cyst

No loss of basophilia with
1120.
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QUAiiIiATI ANAUSIS OF TilE CYCLIC CHANQES IN THE CHROMATOID
BODIES IN RELATION TO THE LIFI CCLE
During the distochornical study, it became increasingly obvious
that the Chromatoid bodies were not confined to the cysts in
Entamooba invadens, as had been previously thought by most workers.
Dobell (1921) in particular, had stated that bodies in the trophozoites were rare and indicated abnormality. Gieman and Ratcliffe
(1936) n.ad found Chromatoids in the trophozoites of E. invadens, as
had Hopkins and Warner (194E) in the cytoplasm of E. histolyticg
before the secretion of the cyst wall. The first electron micrographs of Deutsch and Zanian (1959) had shown Chroniatoid bodies in
the trophozoites. From our hypothesis, we would expect an
aggregation of particles to occur at some stage of the life cycle.
A quantitative analysis was therefore undertaken, combined with an
Electron Microscope study of different stages in the life cycle.

Light Microscopy
A. Growta Characteristics of Populations
Before beginning the quantitative analysis, it was first
necessary to find out the growth characteristics of a typical
culture.

McConnachie (1955, 1958 ) has found that the growth

curve of a population of E. invadens is similar to a typical
bacterial growth curve. Her methods were used to obtain growth
curves and estimations of the relative numbers of cysts present
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in identical cultures to those used in this study. Amoebae were
generally grown on hem + S (horse serum, marmite, Ringer + tarch),
medium of Jones (194), but a number of cultures were used which
had been grown by Dr. Zaman on HSre + S (diphasic horse serum,
Ringer egg white), medium of Dobell and Laid.law (192)9 or on
Cleveland's medium, using an agar slope. These cultures were used
because of the high percentage of cysts produced.
Four samples per culture per day of thoroughly mixed medium
plus amoebae were removed, and each sample counted on a haemocytometer.

Immediately after samples had been taken, the amoebae were

lightly centrifuged, thus ensuring that the,anaerobic conditions
were re-established as soon as possible. Excess oxygen has been
found to destroy the trophozoites after approximately 1 hour
exposure (McCoirnachie, 1955).
The accelerated death stage which follows maximum stationary
growth did not occur until after the 28th day. As no cultures
were used after the 25th day, this accelerated death stage is not
shown on the graph. A typical growth curve is given in Fig. I,
tae points given being the mean of four counts per sample.
It is thought that the mass production of cysts can be
correlated with the depletion of starch for cultures of E. invaden
(idcConnachie, 1955).

An experimentally determined amount of starch

which is used up by approximately the 8th day was therefore added
to each culture.

This procedure ensured that all the free starch

was used up just before the maximum number of amoebae are obtained.
ihis would theoretically give maximum numbers of precystic and
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cystic amoebae, which have the largest Chroxn.atoids.
cystic

In practice

a small percentage of cysts was always found even before the
depletion of starch. Although McConnachie (1955) gtves very
convincing graphs of. cyst production, it was felt that repetition
of her work would not be amiss. Fig. II represents the total
number of trophozoites and cysts (i.e. all animals) in the culture
plotted against days after inoculation, with the percentage of
cysts plotted on the same base line.

Both graphs were calculated

from the mean of four counts, by haemocytometer of amoebae and
cysts. It is common to find 50% cysts in culture, but occasionally
the percentage rose to EO%.
These studies on total populations give the background against
which the cyclic changes in the Chromatoid bodies can be understood.

B. Estimations of the number and size of the Cbromaoid bodies
Der cell in each day of culture
Random samples of animals were taken from culture tubes using
the tip of a sterile Pasteur pipette pushed dovm to the bottom of
the tube or flask, and draining off a sample of mixed amoebae and
medium. Another method of collecting random samples for each day
was to inoculate a number of tubes, and use the entire population
from one tube for each day's sample.
favour of and against both methods.

ihere are arguments in
in the first method all the

samples are taken from the one population under constant conditions,
but there is no quick method of testing whether the physical act of
taking a sample actually upsets the population studied. This is
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unlikely as no evidence was found for this during growth curve
studies.

In the second method it could be argued that the tubes,

and therefore the populations were not exactly identical, although
they are as near as experimentally possible. In practice both
methods were used and, samples counted and measured for each method
for each day. Samples were taken at 24 dour intervals from the
middle of the third day after inoculation, up to the middle of the
12th day after inoculation, giving 10 lots of samples in. all.
Smears were made of all the samples which were fixed in. Scfaaudinn's
and stored in 70% alcohol (not more than 14 days) before being
stained with Jaematoxylin, Toluidine Blue, or Methyl Green Iyronin,
dehydrated and mounted.
ihø slides were examined under an oil immersion objective with
a total magnification of 1000.

By moving the slides always in one

direction, to make sure that the same cell was not counted twice,
and examining from two to four slides for each day, the first 100
cells seen were counted; the number of bodies bigger than 0.5 u
in each cell was also counted, and the length of each body within
each cell was measured (i.e. the longest axis) With a micrometer
eye piece, which had been previously calibrated in the conventional
way. Because the numbers of bodies increased so much the number
of cells which could be counted and measured with unbiased accuracy
dropped to 50 per day.
Of course the best method for this study would be to get a
synchronously dividing culture, but at present this is not possible.
Although a mixture of cysts and trophozoites will be present in
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every sample, the numbers of precystic and cystic amoebae increase
with the age of the culture, see Fig 2. From the measurements
taken one should be able to get an idea of the changes occurring
in each cell as it approaches the precystic and cystic stages of
the life cycle.
Results are given in Tables I and II and. Figs. 3 and. 4.
An attempt was made, by using the same joced.ure, to count
only the cysts from the 10th day after inoculation onwards. It
was hoped to show that as the cyst matured the bodies fragmented.
From observation this seemed to be the ease, and it has been
reported for E. histolytica (Dobell, 1920).

However, this method

failed to give consistent results for a number of reasons.

In a

whole culture there are always a number of trophozoites turning
into cysts, thus the bodies appeared large, and in a random sample
there would always be a number of these young cysts. Again, in a
whole culture some of the cysts were excysting and would not appear
as late cysts, but as trophozoites and would not be counted.
An attempt to estimate the ago of cysts by the number of nuclei
did not prove fruitful, as even although an early cyst might be
detected by being uni- or bi-nucleate, the age of the quad.rinucleate cyst could not be determined.
Some method had to be found of maintaining cysts in a state
where they could mature and the bodies could be counted and measured
witriout changes occurring in the samples, due to loss or gain of
cysts from or to trophozoites. Ideally a medium which would
support the maturing of cysts and kill all trophozoites, as well
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as preventing excystation, is necessary.
At first cultures were harvested and treated with distilled

water for 24 hours, then put into fresh medium. However, this
inetnod was superseded by a more effective method.

iVlcConnacb.ie

(1955) found that, although amoebae of E. invadens were destroyed
after 10-30 minutes in. N110 HCl, cysts remain viable even after
6 days treatment. In view of this, it was decided to experiment
with hydrochloric acid treatment to see if any procedure could be
adapted to counting the number and size of the Chromatoids in
maturing cysts. From the growth curves of cysts and amoebae in
a culture where starch had been lost at the 7th or 8th day it can
be seen that about 40-50% cysts are present in the 10th, 11th and
12th day of culture.

Joreover, if the cultures at 9 9, 10 9 11 and

12 days are harvested and pooled, then less than a quarter of the
cysts will be older than three days, and the majority will be newly
formed.
Accordingly cultures at the 9th, 10th, 11th and 12th day after
inoculation were harvested and pooled. The resultant mass of
trophozoites and cysts were treated with 1/10 or N/20 1-101 for 1 aour

This ensured that all the trophozoites were destroyed, although late
precystic amoebae continued development into cysts if returned to
fresh niediu minus starch. A number of experiments were done to
test the viability of cysts after the treatments mentioned. In
every case viability was measured by the ability to form fresh
cultures on inoculation into fresh medium after treatment (i.e.
subculture).

In different experiments after N110 ii1 treatment for 1 hour
the cysts were treated as follows:
Kept in 1,1/10 1101 for 7 days.

Random samples taken at

LI., l, 24 hours and daily thereafter for fixing, staining, and.

counting. Samples also taken for viability tests and. Electron
Microscopy.
Kept in N/ic) uci for 14 days.

Samples taken after 7 and

iLl- days for viability tests and Electron Microscopy.

Kept in N/20 HOl for 7 days.

Samples as in D.

Kept in N/20 HOl for 16 days, after which samples were
taken for viability and Electron Microscopy.
0
Kept in .N/20 HC1 for 28 days at 4 C., after wbich samples

were taken for viability and. Electron iicroscopy.
Transferred to fresh medium minus starch.

this was done

to let the cysts mature under normal osmotic conditions • Lack of

starch keeps the number of trophozoites which hatch out to a minimum
Random samples were taken after 24, 16 and. 24 nours, and daily thereafter up to 7 days, for fixing, staining, and. counting.

Samples

were also taken for Electron Microscopy.
By adding starch after 7 days the remaining cysts could be
tested for viability.
Results of viability tests:
iiealttiy subcultures after 7 days N110 HC1 treatment in
every case.
One sample gave a subculture after 14 days N110 HCI treatment and it took a long time to establish countable numbers of
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amoebae. After 20 days subculture, the culture contained, only
4000 amoebae/10 ml. Four samples did not give subcultures.
iealthy subcultures were obtained after 7 days N/20 £1C1
treatment in every case.
B, Four out of five subcultures established countable numbers
in 16-20 days after 1. days treatment with N/20 HCl.
No subcultures were ever formed after 28 days treatment
with N/20 HG1 at

'4-°C.

Healthy subcultures were obtained in every case after
addition of starch.
Results of counts and measurements of random samples of A. and
F. are given in the Tables III, IV, V and VI and graphs Figs. 5, 6
and 7.

Conclusions; Light licrosoopy
quantitative analysis of the numbers and size of the caromatoid
bodies suggests that there is a progressive aggregation of small
bodies, with increasing age of the cultures, to a point of maximum

aggreation in the early cysts. This is followed by a fragmentatio
of these large aggregates as the cyst matures. It has been shown
that, at one stage when not more than 50% of the cells are cysts,
over 90% of the cells have bodies greater than 0.5

U.

These results are compatible with the hypothesis that the
chromatoicl bodies are aggregated microsomal particles.
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Text: Tables I, III cuid IV
These Tables are self-explanatory, except for the data wider
"Total number of bodies" in the last two columns.

The figures

have been obtained, by multiplying in each case, tae figure given
under % of cells containing "ne' bodies by the appropriate value
of "n".

The figures under 'Average number of bodies per cell"

are obtained by dividing the total number of bodies by the number
of cells which have bodies over 0.5 u in each day.
Text: :tables II t V and 1I
These Tables are also self-elanatory, apart from the figures
in the column 'Total aggregate length".

i1b.e figures are obtained

by the addiion of the figures (given ia the second line of each
day) marked (-.L.) which are the resultants of the multiplication
of the number of bodies of size "z3', by the appropriate value of
vZt

in each case.

TAU.& I
Data relating to the numbers of bodies in the total population

Day

No. of
cells
counted

ISlo. of
cells
with
bodies

% of
cells
with
bodies

3

100

8

8

4

200

24

12

5

100

7

6

100

7

of cells containing "n" bodies
"n"l

2

Total
number of
bodies
(over
0.5/u)

Average
number of
bodies
per
cell

3

4

5

6

7

8

9

10

1

1

2

0

1

0

0

3

54

6.8

0

0

0

1

3.5

62.5

5.2

32

4.6

0

0

2.5

1.5 1.5 1.5 0.5

7

2

0

1

0

2

0

1

0

0

1

25

25

2

2

2

5

3

1

2

3

1

4

140

5.6

75

39

52

0

1

5

3

7

95

4

4

13

351

6.7

8

75

42

56

5

54

3

1

919313

334

6

9

50

27

54

10

10

8

0

14

0

4

0

2

6

230

4.3

10

50

40

80

14

10

10

10

16

8

0

4

4

4

330

2.7

11

50

47

94

38

20

6

10

8

0

6

2

0

4

274

3

12

50

48

96

44

18

10

10

0

4

0

2

4

6

286

3

iJ•BLE II
Data relating to the size of the bodies in the total population
Number of bodies of size ""
where "z is _exrese!i 1i/i±

Da
"z" 1
3

2

3

4

5

34
34

25
50

1
3

0
0

1
5

90
90

22

4
12

23
92

5
25

44

6

7
8

10
11
12

Total
aggregate:rage
t b
length

7

8

9

30
18
0

0
0

0
0

64
A.L.

110

C)
0

0

145
A.L.

269

1
-- 6

0
0

20
12
6
3
0
0
0
1
0
20 6 36 0 30 0 0 0 9
6

Tote1
no. of
odies

65
MI

35
70

27
8].

24
96

4
20

1

95
95

109
218

85
255

33
132

2
10

53
53

99
198

57
171

50
200

12
60

16
16

67
134

15
5

10
40

7
35

29
29

35
0

53
159

48
19

24
120

18
10

16
16

22
44

36
108

13
52

16
60

9

24

33

16

31

24

66

48

124

42
101

1
7

741

0
0

1
7

0
0

0
0

325
A.L.

717

6
36

2
14

0
0

7
63

286
i.L.

795

0
0

4
36

127

5
35

0
0

15
15

_A.L,

54

8
56

2
16

21
189

143
.L.

11

5

15

8

18

55

30

105

64

162

1 - -- 7
-------6
49

0

0

1.67
1.8
2.4

157
345

361
2'7

848

2.8
C.0 • c
7

4.3

161
A.L.

2.2

42

678

TABLE III
Data relating to number of bodies in cysts treated witL N/10 1101 for 1 hour
and transferred to fresh medium minus starch (Experilkent p)
No. of

and
Days

No. of
cells
counted

4

Hours

9 of

3

4

5

6

7

8

Total Avera~-,e
No. of bodies
10
bodies per cell
9

1410

4

0

0

0

0

0

% of cells contain ing "n" bodies

cells

c°el
ls

bodis

bodies

50

47

94

60

16

50

41

82

30 2016 6 4 0 2 0 2 2 214. 2.6

1

50

40

2

50

41

82

38

3

50

40

80

12

4

50

35

70

4

5

50

29

58

6

50

19

38

7

50

7

80

14

44

1

2

12

6

8

6
6

0

4

0

0

0

0

134

1.4

176

2.2

6

2

4

0

2

0

212

2.6

8 16 12

4

8

2

0 10

368

4.6

84

6

8

6

6

6

418

438

6.3

4

6

6

610

4

4

4

212

330

6.0

1

3

0

1

2

7

0

3

714

290

7.6

1

1

2

2

0

1

1

96

7.0

0

10 14
6

2

4

TABLE IV
Data relating to the number 01 bodies in cysts treated with N/10 HCl-for--7 days
(Experiment A)
Hours
and
Days

No. of
cells
counted

No. Of
cells
with
bodies

01
cells
with
bi

"n" 1

4

50

45

90

58

1414 2 0 0 1 0 1 0 152

16

50

44

88

50

15

12

11

0

0

0

0

0

0

150

1.9

1

50

40

80

46

10

8

6

4

0

6

0

0

0

176

2.2

2

50

38

76

44

1014

2

0

2

1

1

0

2

161

2.1

3

50

39

78

26

16

8

6

4

2

4

0

5

7

281

3.6

4

50

32

64

12

4

6

4

0

6

2

9

318

303

6.0

5

50

25

50

6

9

3

4

7

2

3

3

3

10

268

5.4

6

50

20

40

0

2

0

4

6

3

0

4

6

15

314

7.8

7

50

14

28

0

1

1

2

1

5

0

6

2

10

208

7.5

2

4

5

6

7

8

9

10

Total
No. of
bodies

Average
No. of
bodi:s
per cell
1.6

TABLE V
Data relating to the size of bodies in the cysts treated with ic/la E01 for 1 hour,
then transferred to fresh medium minus starch (Experiment F)

Hour
and
Days

Number of bodies of size "zt
where A Z" IS e--caressed in /i±

--

Total
No. of
bodies

Total
areate £vere
length
length

2 3 4 5 6 7 8 9 10
4
16
1
2

T.
2 10 9 7 6 6 12
7
11 73
2 20 27 28 30 36 84 56 27 110
.L.

8 18 15 3 17 9 7 6 8 8 99
8 36 45 12 85 54 49 48 72 80 A.L. 489
5 31 18 4 6 5 10 2 6 5 92
5 62 54 16 30 30 70 16 54 50
ik.i.

387

18 16 22 10 11 4 5 7 4 10 107
18 32 66 40 55 24 35 56 36 100
.L.

462

42 55 25 20 4 3 10 4 3 4 170
42 110 75 80 20 18 70 32 27 40 &.L. 514
84 101 37 19 11 6 1 4 0 1 264
84 202 111 79 55 36 7 32 0 10 A.L.

6

5.75

420

613

4.9
- 4.2
4.3

1

3.0
2

85 60
20 12 11 2 2 0 2 1 195
85 120 60 48 55 12 14 0 18 10 A.L. 422

2.1

72 58 30 8 4 6 3 1 0 1 183
72 116 90 32 20 36 21 8 0 10 A.L. 405

2.2

25 24 12 0 2 1 1 0 1 0 66
A.L.
25 48 360 10 6 7 0 9 0

141

ThBLE VI
Data relating to the size of bodies in the cyste treated with N/10 HU for 7 days
(Experiment A)
Hours
and
Days

16
1
2

6

Number of bodies of SIZe "Z"
1
L
iires
where nn i6

Total
Io. Of
boaies

-

2

3

4

5

6

7

8

9

10

6
6

5
10

1
3

7
23

5
25

5
30

11

8

4

12

77

64

36

6
6

8
16

8
24

10
40

11
55

7
42

8
56

5
40

10
10

7
14

14
42

3
12

17
85

10
60

8
56

18

13

13

5

16

9

8

18

26

39

20

80

54

56

30
30

18

24

36

72

12
48

13
65

6
36

7
49

42
42

60
120

33
99

16
64

3
15

4

13

24

91

64
64

36
72

21
63

0
0

0
0

4
24

3
21

75
75

52
104

27

81

7
28

3
15

1
6

0
0

50
50

30
60

14
42

1
4

3
15

2
12

0
0

Total
aregate
length

120

64
A.L.

399

6
54

10
100

79
A.L.

433

5
40

4
36

4
40

82
A.L.

395

7
56

3
27

3
30

95
A.L.

406

9

6
54

12
120

137
A.L.

550

5

4

5

40

36

50

0
0

5
45

3
30

136
A.L.

319

2

16

2
18

1
10

170
K.L.

353

1
8

1
9

0
0

102
A.L.

200

72

6.0

-).
4.8
OD
C
4

185

A.L.

Aerae
eL th

615

3

4.2
3.1

2.4
2.1
2.0

GROWTH CURVE OF AMOEBAE

AND °/. CYST.

I 2

:3

DAYS.
FIG. 1.
jnvada is
type with
axis

-J

4 5 6 7 8 9

-

The growth curve of Entamoeba
of the typical microorganism
lag, log, stationaryphases.
amoebae x 10- /10 ml.

IN CULTURES

I 2 345 6 789 loll 12 U 14156 l7

DAYS.
The % cysts in a culture is
FIG. 2.
plotted with the growth curve of all cells
The % of cysts
(trophozoites and cysts).
rarely exceeds 50% until the late tationary
phase ( axis left - amoebae x 10-01/10 ml.,
axis right - % cysts)

days

FIG. 3.
Drawn from data in the last columns of Tables I and II.
The graph shows the increase in length simultaneously with a decrease
in the number of bodies per cell as time after innoculation increases.
This is interpreted as showing an aggregation of a large number of
small bodies to form a small number of large bodies.

CYSTS

TOTAL POPtJI ATIC)M

CYSTS

I3

4

4

5

6

7

days

8

9
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Ii
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FIG. 4.
Drawn from data in Table 1
The graph shows that the %
column 3.
number of cells containing bodies increases
to over %P/o of the total population,

HCL/MEDRJM EXY F

.- I
CYSTS 10 HCL

UP A --------

-

4

i6

2

3

days

FIG. 7.
Drawn from data in Tables III, IV,
V and VI columns 3.
The graph shows the
decrease in the % cysts containing bodies as
the cysts mature indicating a fragmentation
into particles too small to be counted.

D

5.5

5.
C

I

FIG. 5.
shows the
bodies as
few large

DAYS.

4

5

-

-

6

7

Drawn from data in Tables III and V last columns.
The graph
decrease in length simultaneously with the increase in numbers of
the cysts mature.
This is interpreted as a fragmentation of a
bodies to form a large number of small bodies.

i
W

a

IV

a

4

ID

I

- days

-i

FIG. 6.
Drawn from data in Tables IV and VI last columns.
The graph
shows the same as Fig. 5., but cells were treated with HC1 and put into
medium to mature.
The same fragmentation occurs.
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con icroscopy of the G clic Ux'es
ir

the Ch.romatoid Body

Unfortunately it is not feasible to do a similar quantitative
survey of the changes in the chromatoids using Electron microscope
techniques. In order to count the number of small particles or
bodies in one amoeba, say 25,,&i in diameter, cutting sections at a
nominal thickness of 500 A. we would have to cut approximately
500 perfect sections of this animal.

In order to get even a

vague idea of the numbers and size of bodies in a statistically
significant sample from each day of culture it would take some
years and a prodigious number of electron micrographs.
N1et hod

ijowever, the electron microscope can be of some help in this
problem. The procedure used was to take representative samples
from different stages of the life cycle, including samples from
the maturing cysts in various treatments, fix them in buffered
osmium and embed the sediment, after centrifugation of the fixed
cells in methacrylate mixture.

he resultant blocks were sectioned

and the sectionsscanned in the Electron microscope. A full
discussion of the methods used in Electron microscopy is given in
the Ultra structure section.
In the. sections cells were chosen which were thought to
resemble the picture shown in the light microscope.

It is possible

at 1000, 2600 and 8000 magnifications to get a fairly close
correlation between light and electron microscopy especially if
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the sections are first observed under phase contrast.

Results
In this way it was possible to make additions to the results
obtained in the quantitative study. It can be seen from the
electron and light micrographs that in young, actively feeding
trophozoites snail particles of " 200-300 At' are present, either
loose in the cytoplasm or in very snail aggregates not visible in
the light microscope (Plates E 19 29

3).

These small aggregates

sometimes appear as linear parallel rows (Plate E

).

In the late

trophozoites these small aggregates coalesce to form large crystals
which can also be seen in the light microscope (Plates E 5, 6).
In the precystic and early cyst stages the crystals unite to form
the typical chromatoid bar in the light microscope (i:.ilate E 7).
ihis is represented in the Electron micrograpbs as a poly-crystallin
mass or a single large crystal (Plate E 8 and Frontispiece).
As the cyst iitures the crystalline masses fragment to form
small crystals L a ring aijacent to the cyst wall (Plates 9 9 10).
These small crystals further fragment to give a dark mass of their
component particles under the cyst wall (Plate 1S 12).

This mass

is represented in the light microscope by a ring of denser cytoplasm
under the cyst all but chroinatoids can no longer be demonstrated
(Plate E 11).
Finally the particles making up the body disperse and are no
longer visible in the light microscope but can be seen as 200-300 A
particles throughout the cytoplasm of the cyst (Plate .0

13).

From

71the viability tests we now know that cysts with dispersed particles
and no visible chromatoids can form healthy sub-cultures. It is
unfortunate that no hatching cysts have been found either in the
light or electron microscope observations although several experiments were carried out in an attempt to demonstrate this stage.
El

,Flates

1 and

(x 5,000).
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In young,

actively-feed1n trophooite8, with starch LrainE and rood vacuoles,
50 A particles are free in the cytoplasm (1) or in very small
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Plate E 3 (x 16,000).

Electron micrograph.

The sa11 aggregates

of chroinatoid body particles found in young trophozoites are some—
times damaged by Methacrylate embedding.

Both linear and

particulate aggregates can be seen in this damaged cell which also
shows flattened particles around the vesicles in the nucleus.

Plate E4 (x 16,000).

Electron micrograph.
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crystal forming between food vacuoles in a trophozoite.

Plate E5 (x 19,c;00).
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Estiationsof the relative amounts of RNA present
at different sta.Ees--of the life C,.Yci
From te results given in the two preceding sections of this
part of the thesis, it can be stated that in te cultures we can
get a definite correlation between aggregation of particles to
form crystalline masses, and days after inoculation. It can also
be stated tnat as the age of cysts increases so there is a corresponding disinteation of the crystalline masses to form isolated
particles.

As the hitocnouiiCal study had shown that the

Gliromatoids were composed of RNA it would be of value to know if
the iotal RNA oi the cell changed during the life cycle.

Metnod
everai meods of estimating the total RNA are available,
but those of Schneider (19145) and Scnmidt and Thannhauser (1955)
A modified method
are mostly used for large quantities Of hi:A.
of Ogar and Rosen (1950) has been recommended for small amounts
of RNA (Ohargaff and Davidson, 1955).

Valker and i.obbs (190)

(personal communication) have used this method successfully for
other micro-organisms.
Cultures, or samples from cysts in Lc/.i0 iiCl, were harvested
in the usual way, and the number of cells present in 10 mis. of
medium calculated by counting on a h.aemocytometier. The cells
were sedimented by centrifugation. Samples containing 0.5 mis
of packed cells were each resuspended in 5 mis. of cold 2%
perchioric acid (ECA).

After 20 minutes the cells were
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sedinien-eed by centrifugation at 15009. 9 and washed with 2% RA.
The supernatant containing the acid, soluble nucleotides was
discarded. To tde sediments 10 mis. of cold 10% VA was added,
and, the tubes loft for 42 hours at 4°C. The samples were again
spun at 1500 g. and the sediments washed witb. 1 ml. of cold. 10%
RA. The supernatants were pooled, and, absorption measurements
carried out on a Unicam spectrophotometer model. The measurements
were all corrected to give absorjtion values for a constant number
of cells per 10 mis. (i.e. 7x1O' cells per 10

mis.).

ltie results

are given as graphs (Figs. 814).
All these results purport to show is triat the amount of RNA

per 78X10' cells rises as the cultures get older, and reaches a
CO1rI

level in the cysts.

it is not claimed that the same

results would be obtained if measurements were made on a single
cell but calculations of the average amount of RIA present in
single cells were made from these measurements in the following
way: It was first assumed that the absorptiviy of RiJA is 30%
less than the sum or the absorptivities oi its component nucleotides, (wnich have been measured in this study).

According to

Beavan et al. (1955) this is a valid assumption and they gave a
value of 31.9 for absorptivity of nucleotides, and 24.6 for
polymerised RNA from certain micro-organisms.
ihe standard equation A = Kcl was used in these calculations
(Beava.n et al., 1955), where A = absorbance (extinction), K
absorptivity, 1 curvette length in ems., e concentration in
grns./litre.
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Results of istjrnates of the average amounts of RNA in Celia
Da

Total iopulation
0p
x
Density
./cell

Day

Optical
Density

RNA x 10r9
./cell

6

1.1

44

1

1.7

69

8

0.95

38

2

1.5

60

10

1.6

65

3

1.6

65

14

1.55

63

4

63

20

1.6

f;5

5

1.55
1.14

57

6

1.3

53

7

1.4

57

Conclusions
Waking the average size of a chromatoid body at the point of
maximum aggregation to be 14.5 x 2

X

2/.l

and knowing that 75io is

the closest packing possible in hexagonally arranged crystals,
then the total volume of te particles in such a body will be
13.5 cubic/i.

Wie particles are of the order of 250 .i. diameter,

with a calculated volume of 8,1849524 cubic A. The total number
of particles in a body will therefore be 1.68 x
average there are two such bodies per cyst.

n the

By measureient on

electron microgDapha the estimated number of particles per cubic,u
is 64,000 which is approximately half of the calculated number.
Ihis discrepancy indicates that the particles are not in a state
of maximal packing but may be held apart by a shell of less
electron-dense material or are joined up at specific sites on the
particles. However, these calculations and the calculations of
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the amount of RNA present in cysts reveal that, at the point of
maximum aggregation of the chrornatoid bodies, there is both a
greater number of particles, and a higher RNA content than is
usually found in normal cells.
General Conclusion of Part U
These quantitative studies on the cyclic changes in the
chrornatoid bodies in relation to the eell cye.Le have revealed
that there is a progressive aggregation or multiplication, of 250 A
particles, into small crystals Which coalesce to form the
characteristic polycrystalline bodies in the early cysts which,
as the cyst matures, fraginert into free particles.

Simultaneous

with, the aggregation there is a rise in the RNA content of the
cells to a high level which is inaiiained in the cysts.
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PART Iii.
JL'UA$tRUCi1JRE Or hiE CIR011-AAi.0ID BODIES
A considerable time was spent learning the basic techniques
of maintaining and operating the Seimens £iskop I and its
associated equipment. Operation conditions naturally vary with
the type of object and the method of its preparation but, in
general, the operational procedures, such as aligning lenses,
focussing, the use of apertures, etc., are now so at;andardised,
it is felt that any discussion of these routine methods would be
superfluous. The illumination conditions, necessary for the
production of the minimum amount of artifacts in embedded material,
have also become a matter of well known routine (Wyekoff, 1949;
Cosslett, A., 190).

A short word must be said about the

correction of astigmatism. The method used was to select a small
bole in the carbon film on a grid, and observe the nature of the
fringes in a through focal series, using the fine focus control.
Improvements to the instrument made it possible to use the microscope at a resolution of less than 10 A as measured by the fringes.
Such a high resolution is not necessary for every routine section
looked at but it does become necessary for thin sections of the
chroinatoid body or the examination of negatively-stained
preparations of particles.

Specimen?reparation Teeliniques used in Liectron icroscopy
Although much has been written in reviews and books on this
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subject, individual tissues require slight modification of general
techniques.

Grids of the Athene, new 200, liexagone or A.J.I.

type, with a thin film of Formvar or Collodion made in the usual
way with an evaporated film of carbon deposited on top were used.
In some cases the plastic film was dissolved off to leave a very
thin carbon film for high resolution work.
Fixation and. ±xabin
o attempt will be made to give an exhaustive review of
fixation and embedding for Electron microscopy in general. This
has already been done by experienced workers in many fields and
the reader is referred to the works of Palade, Porter, Sjostrand,
Bertshneider, Dalton, Pease and others in the journals of Ultrastructure, iiolecular Biology and Biophysioai. and DioC1emicaJ.
Cytology. Remarks will be made only wiere the procedures directly
affect the particular tissue under study.

is Urimstone (1961)

points out, there cannot be a perfect fixative or embedding
material but the current procedures can undoubtedly yield an
accurate picture of at least the macro-molecular skeleton of cells.

The standard procedure used. was as follows:
Cultures were harvested by centrifugation at 400 g. in the
usual way. The sediment was washed several times with isotonic
buffer until a final pellet, almost free from bacteria, starch
grains and extraneous material, had been obtained. The amoebae
were then fixed with the fixative of choice, usually veronal

acetate buffered 1% or 2% osmium totroxide at pH 7.4 (Falade, 1952).
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Other fixatives used included forrnalin, 2% osmium tetroxide in
phosphate buffers isotonic with 0.9% Na)]. and 1.5% potassium
permanganate.
Rae cells were dehydrated by alternate centrifugation and
resuspension in increasing concentrations of ethanol or acetone
according to the embedding media.
The cells were embedded by the same process of ceztrifugation
and resuspension in various media, according to the specific
procedure required by each. Those are given in Appendix I. A
mixture of 7% niothylmethacrylato, 92 butylmettiacrylato with
1% benzoyl peroxide as a catalyst was normally used..
Polymerisation was carried out in glycerine capsules at kS°C.,
5800. and. 6800. for 24 hours.

Jtlner embedding media used were

Araidite (Glauert and. Glauert, 1958), Ceemar (Bradley et al.,
personal communication), Vestop.l (Kellonburgor et al., 1958) and.
Glycol metliacrylate (l3artyl, 1960).
The blocks were trimmed in the conventional way and sections
out using glass or diamond knives on a Porter Blum Serrall U1Lra
microtome or, more recently, on an. A.F. ktuxJ.Oy pattern u.Ltramierotome.

.he knives were made by a number of methods but

preference was given to a slight modification of the techniques
described in the Huxley Microtome Instruction Book. The modification involves the first crack in the glass. It was found
undesirable to have a diamond score right across. Only a small
score was made in the middle of the strip of glass at one end.
The glass was broken by using one pair of pliers with three pieces
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elastoplast, one on the one jaw, in tire centre, and two on tne

obner jaw apart by tae width of the one strip on the other jaw.
i'n.e pliers were applied to the glass with the one strip directly
under tas score and the two strips on either side of the score on
tne top surface.

dhen. pssure is applied the glass will break

ii a straight line usually giving a suitable edge for making knives.
ections were floated on the knife into a metal trough with.
hrtirs - Lute ;
ILn Is , is Lii. s
20% alcohol Lol is hi
L.)L

It takes considerable experience to get good sections on the
older ultra-microtome but on the more modern instrument it was
possible to obtain several sections of -a silver or a gold colour
with great regularity. It was also possible to obtain grey
coloured sections if extra trouble was taken in setting up the
knife and block on the A.F. Huxley pattern Ultra-microtome.
3eótions were mounted on collodion carbon-coated grids and
could be selected by examining under phase contrast. Selected
sections were used or stained with LTranyl acetate, Potassium
permanganate, lead hydroxide or a mixture Uranyl acetate and
Potassium permanganate before being used.
Results
Pixation.

Fixation of Entamoebae is difficult. Normally

the fixative chosen for studies on animal cells is buffered osmium
tetroxide (a1ade, 1952).
with inethacrylate embedding.

This usually gives very goad results

80.
A glance at Plate U 1, which is a low power picture of cysts
of E. iwadeus, fixed in Falade's osmium and embedded in 93/7
mixture metixacrylate, will give an idea of how difficult fixation
is.

ib.e cyst in the centre has two nuclei with nucleoli which

have shrunk away from tn. 3ytoplasxn and the cytoplasm has shrunk
away from the cyst wall. All the contents are condensed and the
chromatoid body almost destroyed.

In the same picture a nucleus

in the adjacent broken cell has swollen considerably, showing a
granular nucleolus. The cell walls are unoroken, usually a
criterion of good fixation. The other two cysts show swelling
and explosion rather than contraction. In other eases &ne same
fixation, on embedding, gave very good presenation (Plate P 1).
.4fixation using Potassium permanganate has been recommended
for visualisation of membranes.
with metnacrylate embedding.

:lnjc

gave rather poor results

Plate U 2 shows a nucleus with

nucleolus and well preserved membranes but the cytoplasm is not
well preserved.. The cbronmatoid body shows the linear structure
which is characteristic whenever damage is done to the cell (of.
Plate 3). Here some of the bodies next to the point of damage
are linear whereas others have a particulate appearance. In

other cases of Potassium permanganate fixation the double nuclear
eiubrane is well preserved and shows a porous structure (elate U 3).
Permanganate fixation followed by araldite embedding, although
showing clear membranes, did not give satisfactory preservation
of the cytoplasm (Plate U )#).

Pormalili fixation resulted in

great distortion of the chromatoid body and was not used after a
preliulnary investigation (Barker and. J.)eutsch, 1958).
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Embedding. Claims have been made that Araldite is a
superior embedding material for electron microscopy of tissues
(Glauert and Glauert, 1958).

This material was tried but the

extremely viscous nature of the resin makes it difficult to get
small Entamoebae centrifuged down into a pellet for embedding.
With high speed centrifugation of homogenate fractions it was
possible to treat the material as a tissue block. Those controls
of the homogenate which were spun at high speed certainly indicated
that Araldite gave good preservation of the 1ntamoebae. When

combined with permanganate it gave excellent unbroken cell membranes
as a rule but the cytoplasm was not well preserved (Plate LI k).
When fixation was done in Palade's osmium before embedding
in ii.raldite preservation was very good but the contrast of the
sections was so low that staining procedures tiad to be carried out
(Plates U 24, LI 25).

For routine examination of sections, however,

for the study of the cyclic changes (see Part II) this technique
was not applicable because of the difficulty of getting the amoebae
into a pellet in Araldite. Occasionally Araldite embedding caused
damage, similar to that in a body in mothacrylato exploded cells
(Plate U

5).

Dr. J. Gall (personal communication) recommended the use of
Vestopl for the preservation of newt eggs, nucleoli, etc. This
technique, introduced by Kellenburger et al. (1958)9 has been used
with success on various tissues. Again it proved difficult to
get the amoebae into a pellet in this mixture, but the preservation
of the cytoplasmic membrane was very encouraging. Plate U 6 shows
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that the membranes in Palade's osmium fixed, Vestopol embedded,
actively feeding trophozoites are very well preserved. This
tecanique has the advantage over permaxiganate fixation, aralditeembedding, in that the contrast is good and the particles of the
cytoplasm are very well iserved.

but, the nuclear membrane

is visualised as a dense area rather than the typical membrane
(Plate J 8).

Particles can be seen with great clarity on either

side of the nuclear membrane.
In thick E-;ections the amoebae tend to contras away from the
Veaopal (Plate U 8) but this is known for metkiacryiate and
araidite as well (Gossieti, A., 1960).

This teernaique has been

tried only recently but the structure of the crromatoid, as revealed
is identical in. VeetopJ. with structure shown in methacrylate
(Plates U 8 and 9).
The technique of embedding amoebae growing on a flat surface
was tried using Vestopi in an attempt to see if the pseudopodia
of the Entamoebae were of the same cytoplasmic material as the
rest of the cell contents.

Plate J 10 shows in a thick section

that, in fact, the cytoplasm is the same in the pseudopod as in
the rest of the cell.
Ceemar is an embedding material mainly used to embed insects
and plants whole, as museum specimens, and it was decided to embed
some Entamoebac to see whether this could be a good embedding
material for electron microscopy.

£'he results are promising.

Although the picture obtained does not, in its fine details,
resemble the picture obtained wita other embeddinG materials, the
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Gross structures are unchanged. Plate U 11 shows a nucleus and
a chromatoid body embedded. in Ceeinar after fixation in Palad,e's
osmium. The body shows the same linear type of damage seen in
methacrylate and araldite damaged cells. Part of the body is
well preserved and shows the substructure of the particles. The
particles round tae vesicles in the nucleus, reported elsewhere
(i3arker, 1960), are particular clear.
Plate U 12 is a higher magnification of the chromatoid body
in Ceexaar. It can be seen from the picture how the line type of
damage is made up of damaged particles rather than a different
orientation of the same particles. Even in. Geemar the enroinatoid
body is similar in its basic essentials to the picture given in
methacrylate-'embedded cells.
Recently Bartyl (1960) introduced a new water-soluble
embedding material, Glycolinethacrylate.

Imnis can be obtained

from Ohemopol, Prague. It proved extremely difficult to
polymerise this substance.

As a. result, it has not been used.

extensively. Only one micrograph of intamoebae in Glycolmethacry
late was obtained and this shows extremely dense cytoplasm but the
nuclear membrane looks promising (Plate U 15). This picture has
astigmatism and is out of focus, but it is the only one available
showing this technique and is, therefore, included with apologies.
The most suitable embedding material for all sections of this
study was the mixture of 93/7 Methyl. Butyl ethacry1ate. ihis
gave very good preservation in the majority of cases (Plato [J land all E Plates).

.
M
In Entamoebae h.istolytiea the same structure of chromatoid
can be seen in osmium-fixed, methacrylate-embed.ded material
(Plate U 151'.
Where the cells are exploded, as in £lates U 16 and 17 9 it
can be seen that the chromatoid body changes from its characteristi'
pattern of dots or particles to a more linear arrangewent. At
the points least damaged or furthest from the point of damage the
particle arrangement can be seen (Plate (5 16). At first it was
thought that this picture represented the same body cut in difforen
orientations.

The great majority of sections, however, show a

particle composition for the body, whereas if cylinders are cut,
chance would lead us to expect half the number at least to show
a linear structure..
it is, however, obvious tiat there must be some underlying
organisation which keeps the periodicity in one direction even
after damage. This will be dealt with in detail in the general
discussion, but two interpretations can be advanced. Either
tnere is an underlying lamellar structure or the particles are
more strongly bonded in one direction than in others.

-

Lu aining of ;octions.

The best results were obtained where

Psiade's ozmium-fixed cells, embedded in araldite, were stained
with Uranyl acetate (Plates (5 24 and 25).

These will be discussed

with reference to the ultrastructure of the body.
When the same material is stained With 1% Potassium permangaaa
for 12 minutes (Lawn, 1960), the cell membranes are distinct
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(Plate [5 18) 9 but the particles of the cytoplasm and the ctiromatoid
body are not. In material fixed in Palade's ozmium and embedded
in methacrylate then stained, with permangauate for 30 minutes
(Plato U 19), clear double cell membranes can be seen but the
small particles of the cytoplasm are not shown clearly, although
small vesicles are visible.

When the same material is stained in a mixture of 1% permanganate and lJranyl acetate, contrast of the whole amoebae is greatly
enhanced.

The cell membranes (Plate U 20) are almost as clear as

in permanganate alone, but the cytoplasmic particles are very
clearly stained, as is the chromatin of the nucleus (Plate U 21).
It seems clear that the permanganate dos cause some damage
to certain parts of the cell and probably 11 di.ssolves1' away
surrounding tissue, leaving membranes clean. Using [Jranyl acetate
with it, however, seems to stain the nucleic acids before the
permanganate has acted. Thus the best of both stains is obtained.

Shadow Castin. Shadowing techniques were not extensively
used. It had been hoped, in the isolation experiments, that
shadowing With Flatinum, or simultaneous platinum/carbon, shadowing
would reveal the fine structure of the edromatoid bodies. For
high resolution shadowing, a very clean solution is required and
it was found that the chromatoid bodies absorbed soluble protein
on to their surfaces, thus obscuring fine details of the structure.
Carbon replicas although showing periodicity in the isolated
ciaromatoid body, could not reveal fine detail due to the absorption
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of protein.

Ideally, shadowed preparations should be made up

in volatile buffers such as ammonium acetate, but this breaks up
the isolated bodies. Shadowing of the niicrosomal and chromatoid
body fractions by techniques similar to those used on microsomal
particles by Hall and Slayter (1959) was attempted with very
mediocre results.

Negative Staining. The principle of all negative staining
is that particles or objects to be examined are embedded in a
dense material so that electrons are scattered more by the
embedding material than by the particles. This gives a transparent
body in a dense matrix.
.his technique has been used by hall (1955) and huxley (1957)

and recently renner and Liorne (1959) have made extensive studios
of its uses on biological material.

Bradley (191) has examined

the pa changes in various negative stains and has found that with
thosphotungstic acid and sodium tungstate violent changes iiA pi'I
are not encountered by the particles during drying.
Negative staining is of no value in the study of large,
electron-dense bodies such as the ebromatoid bodies. The body
seems to be even more electron-dense than the matrix. The use
of a clean volatile buffer is also an essential feature and, as
has been pointed out, this destroys the ebromatoid body. JNegative
stains, when phosphate, NaCi and other salt buffers are used,
results in crystals 02 salt interfering with the negative stain.
With sucrose and Tris the spreading of the negative stain is
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adversely affected.
For microsoriial particles and the isolated particles of the
chromatoid body, resuspended in ammonium acetate, negative staining
can give a reasonable picture. Carboncoated grids, rinsed in
enloroform, are used. Huxley and Zubay (1960) and Bradley (1960)
have found that it is unnecessary to use extremely hydrophilic
grids as recommended by Brenner and jiorne (1959).
The noative stain to be used is made up in animonium acetate.
qua1 volumes of negative stain solution and Suspensions of
particles in ammonium acetate are mixed together. The grids are
touched on to the surface of the mixture and, a drop is taken up
on to the grid.

All but a thin film of liquid is removed from

the grid by touching with a filter paper.

ihe grid is then

allowed to dry before being examined.
Positive staining with Uranyl acetate (duxley and zubay,
1960a, b) which acts as a preferential stain for the nucleic acids,
was attempted but resulted in black areas rather than stained
particles.
For the examination of negatively stained preparations the
microscope has to be cleaned and maintained to a high degree,
before the really high resolution necessary can be achieved

On

the Siemens it was found preferable to have new clean apertures,
both fixed and movable, of various sizes for the maximum resolution
The astigmatism must be corrected accurately with a 30 iu. objoctiv
and. 100 iiy. or 200 iru. condenser apertures in place, at 80 KV using
double condensers. It was not found possible to get focussing

better than 2 or 3 clicks of the fine focus control and there
are, therefore, visible imperfections on the pictures but the
general pattern of the particles can be seen. Although films
containing holes were used, at no time could a satisfactory
preparation be observed across a hole, as recommefld3d. by Huxley
and Zubay (1960b).
li proved extremely difficult - o get preparations of either
ebromatoid or microsoinal particles but as the presence of particles
was known from the centrifugation experiments this technique was
tried numerous times.

:ventually satisfactory preparations were

obtained. (see part IV).

Ultrastructure
It can be seen from a glance at any of the Electroa micrographs of the chromatoid body that it is essentially crystalline.
Plate F 1 and Plate U 22 show that in the early cysts the polycrystalline nature of the body is plainly visible. The sections
are taken in such an orientation that there is a phase change
visible in the body where there is a phase boundary between
component crystals. The particle sizes vary from 200 to 300 A
and the periodicity of the crystal from centre to centre is of
tne order of 400 A. In Plate U 22 the particles are packed in
nexagonal array and the sides of the crystal may form angles of
1200 , or, the whole may be a single crystal of six aides such as
in Plate L 6.

it is well known in crystallography that practicall

any kind, of regular particle will pack in hexaona1 array and. this

89.
cannot tell us anything about the nature of the particles.

From Plates 22 and 23 it can be seen that each of the particles

is composed of several subunits which may be irregularly arranged or
exist as an array of five surrounding a single centre particle.
This can, of course, only be seen in the case of those particles

cut on a favourable orientation through the centre.
The periodicity is, however, stronger in one direction as is
particularly shown by the crystal on one side of the phase boundary
in Plate F 1. In Plate U 23 there is some indication that the
particles are very slightly longer than they are broad. The
particles, being out at different levels, give different sizes,
whereas, if cylinders are out at right angles, the particles would
all be of the same size. The subunits are clearly visible but
this could perhaps be interpreted as a "fenestrated!' appearance
rather than subunits. The units are not as regular as those seen
in small spherical viruses but are not so disoriented as those
seen in negative•positive stained ribosomes (Huxley and Zubay, 190
Plate U 24 is of a Palade's osmium-fixed, araldite-embedded
section which has been preferentially stained with lJranyl acetate.
This has been printed on low contrast paper to bring out the subunit structure of the body and of the associated particles free
in the cytoplasm. It can be seen from this plate and from Plate
U 25, which is a group of separate particles, that each of the
particles of varying sizes is preferentially stained and that the
cytoplasm is crowded with these particles. The particles all
have subunits but in varying numbers in different cases. The
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ultrastructure of these particles is identical with those in the
chromatoid body but the body in this case is very linear. It
would seen that the periodicity in one direction has been increased
and in the other direction decreased as occurs in damaged cells.
Individual particles can still be distinguished in the body and
it may be that this is a manifestation of the stage where the
chromatoid body loses its crystalline form to become separate
particles.
An extensive study of the treatment of the living amoebae
with ribonuclease gave very disappointing results.

Initially it

was observed that, where the living amoebae were treated with
RNAse the basophilia of the chromatoid bodies is considerably
reduced in the light microscope, and in the Electron microscope
this is represented by a change in the altrastructure of the body
into the linear arrangement. Crystallograpiaers have assured the
author that this showed a definite chemical change in the crystals
(Plate U 2).

It proved extremely difficult, however, to get

reproducible results. Either no effect was observed, or the body
was totally destroyed. Only in a few cases could the intermediate
stage be visualised.
It mayte that in these chance pictures this is a visualisation
of recondensed protein after the RNA has been digested. On the
other hand it may be a completely nonspecific effect due to damage.
As a linear arrangement is obtained in damaged cells, this is
possible, but a comparison of the RKAse-treated body, Plate U 26 9
with Plate U 16 w1ere the damage is due to methacrylate explosion,

Additional Note-to
The ultrastructure of the chromatoid body has been interpreted as
a polycrystalline, hexagonally packed array of particles. However

hexagonal packing can only be obtained in certain planes of section,
therefore other planes of section should give sqare or rectangular
packing. As these types of packing are seen only rrely some doubt
must be cast on the interpretation given.

:1

An alternative interpretation, which would fit the evidence give_,,
is that the body is composed of rod-like particles or cylinders
hexagonally packed in one plane. Under this interpretation the
cells which have been said to show damaged particles would have to
interpreted as showing rods cut in another plane of section.
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would indicate that two different effects, giving the same general
picture of change but differing in detail, are visible. There is
a flattening of the subunits in the RNAse-treated body, and the
whole body is less electron-dense than is usual. This would
indicate, that some part of the particle has been digested away.

Conclusion
The chrornatoid body seems to be made up of 200-300 A particles
packed in a hexagonal array, making up single or polycrystalline
masses. These particles may have an underlying lamellar structure
to which they are attached or are joined together more strongly in
one direction. This is more apparent when the cells are damaged
in any way. £iie particles seem to be made up of subunits of
50-70 A which may be regularly arranged or may give a "fenestrated"
appearance. In araldite and certain metbacryiate-embedded cells
the particles become preferentially stained with llranyl acetate
and can be changed by treatment with. RNAse.

In arald.ite a more

linear arrangement of the particles is found but there is some
evidence from methacrylateembedded cells that the particles have
a long axis.

In Vestopal and Ceezuar-embedded cells the particles

appear identical with those found in niethacrcylate.

In Oeexnar,

linear arrangements can be seen to be made up of damaged particles.
It is concluded that, although forming crystals, these
particles have an internal structure more like microsoma].
particles than spherical viruses.

Plate U 1 (x 7,800).
of E. invadens.

!feet of Palade's

08iUnA

fixative on cysts

In one cyst there is a substantial contraction

of thu cytoplasm and nuclei; the chromatoid body is alrnost
Qtroyed.
Another cell has swollen and burst, ejecting an
enlarged nucleus with graxu1ar nucleolus.

hate U 2 (x 16,000).
fixation.

Destructive effect

01

Potassium pormxaat

41thOuh the nucleus and nucleolus are fairly well

preserved the cytoplasm is not.

The chromatoid body shows the

linear arraneent typical in daiaed cells.

kiatU 3 (x 36,000).

The nuclear membrane in Potassium ermngans

fixed cells is usually well preserved, as here, where the double,
porous nature is distinctly illustrated.

i:late U 4 (x 5,000).

When combined with Araldite embedding,

Potassium permanganate fixation gives very good membrane
preservation, but the cytoplasm is distorted.

Plate U 5 (x 70,000).

occasionally Palade's osmium-fixed,

raldite-embedded cells show damage to the chromatoid body.
It is not known whether this is fixation or embeddinL, damage but
the linear lamellar appearance is very evident.

Plate U 6 (x 20,000).

In Palade'e oemiuui-fixed, Vestopal-embedded

cells the membranes are particularly well preserved in the food
vacuoles.

L:orJtrst is very good and the free particles in the

cytoplasm are shown with superior clarity.

plate U 7 (x 32,000).

In Vestopal-embedded cells the nuclear

membrane sometimes appears as a diffuse area but particles on
either side of it are clearly visible.

Elate 8 (x 20,000).

In thick sections, Vestopal—embedded amoebae

tend to contract away from the embedding matrix when exposed to
the electron beam.

The chromatoid body is, however, well

preserved.

Plate 9 (x 39000).

The chromatoid body, embedded in Vestopal,

has the same ultrastructure as those embedded in Methacrylate.
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.['lite U 10 (x 16,000).

Thick sections of a Lseudopod of B. invaden

embedded on a flat surface with Vestopal.

The cytoplasm is of the

same composition as the rest of the cell.

Hate U 11 (x 35,000).

Nucleus and chroitoid body fixed in

Palade's Osmium, dehydrated in Acetone, anu embedded in Ceemar.
The same type 01 damage is seen as occurs in Methacryiate-exploded
cells,

The particles in one half of the body are well preserved

anu show identical structure with those embedded in kethacry1ate.

The particle-encircled vesicles of the nucleus are well illustrateu.

Plate U 12 (x 40,000).

The

Chromatoid body embedded in Qeemar.

linear structure, typical of daraed cells, can be seen in this plat
to have arisen from the loss of individuality of single particles.
The

€TOSS

structure is identical with that of cells embedded in

other materials.

Plate U13 (x 8,000).
Lcethacrylate.

Entamoebae. invadens eabcdded in 1ycoi-

The technique is promisinb but this particular

electron micrograph shows astigmatism and is out of focus.

It

is, however, the only one available to demonstrate the technique.
The nuclear membranes and the particles in the cytoplasm have good
internal contrast.

Plate U 14 (x 100,000).

The ultrastructure of the chrornatoid body

in I. invadexs is clearly visible in the majority of these cells,
fixed in Palade's Osvium and embedded in £ethacrylate.

The 250 A

prtic1es, arranged in hexagonal pattern, have sub—units and a few
particles of the same order of size and structure are seen in the
cytoplasm.

Plate U 15 (x 64,000),

cyst of E. hstoltica showing a chrornatoi

body of ultrastructure identical with those of E. izivadens.
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Plate U 16 (x 10,000).
explosion.

eyst of E. invadens showing Methacrylate

Cho damage is most severe where the cyst wall is broker

The two lur6v chroniatoid bodies show the typicallineaT structure
seen in all damaged cells, but at the point furthest from damage
there is a normal particle—type body.

Plate U 17 (x 24,000).

A higher magnification of Plate U 16.

The linear structure of these etbacry1ate—damaged bodies should
be compared with Plate U 26.
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1lte U 18 (x 27,000).

l.de's 0siijuIii-1ixed, ia1dite—ebedded,

thin sections, stained with 1% PotaabiuiL pu!!LL-06axlate Lor 12 ininutei
The cell nemAbrne lu clear but the adjacent cytoplan is adversely
affected.

Plate U 19 (x 72,000).

a in Plate U 18 but Methacrylate—embedded

and stained for 30 minutes,

The cell's double membranes are seen

with great clarity but the particles in the cytOplasm are not.

Plate U 20 (x 48,000).

Thin sectiors, f1.:ec.

Xi

Palade's Osmium,

embedded in 5et1acry1ate, and stained with Uranyl acetate/potassium
permanganate mixture.

Plate U 21 (x 11,000).

The double, cell—membranes are very clear.

As in Plate U 20.

Although there is some

damage to the membranes, they are clearly visible.

The particles

in the cytoplasm and the nuclear chromatin are deeply stained.

Plate U 22 (x 100,000).

The early cysts of E. invauens, Palade's

Oeznium-fixed and iethacry1ate-embedded, contain a hexaona1ly-arraye
polycrystalline mass of 200 - 300 A particles.

The periodicity of

the crystals from centre to centre is of the order of 400 A.

The

sub-units of 50 A are regularly arranged in groups of five round a
central one in fvourably-sectioned cases.

Plate U 23 (x 1479 000),

The chromatoid body shown here contains

a range of particle., average 250 A, indicating that the section
has passed through particles at different levels.

The particles

are made up of sub—units of the order of 50 A, sometimes regularly
arranged; at other times they give a "fenestrated" appearance.
Some particles appear to be more long than broad.

Plate U 24 (x 120,000).

Ealade's Osmium-fixed, ra1dite-embedded

section of a cyst, in which the particles have been preferentially
stained with Uranyl acetate.

This micrograph is printed on low

contrast paper to bring out the sub-unit structure of the free
particles in the cytoplasm.

These particles are made up of sub-

unite of the same order of size as those in the chromatid body.
It is possible that this cyst has a chromatoid body which is losing
its crystalline form to become separate particles.

(See Part II.)

Plate

25 (x 120, 000).

As In Plate U 24 the particles in the

cytoplasm of this cyst can be seen, preferentially stained and
composed of a varyinL number of sub—units,

Plate U 26 (x 120,000).

i chromatoid body treated in the living

cell with B,NAse, then fixed in Palade's Osmium and embedded in
Nethacrylate.

There is a definite change in the ultrastructure.

The linear arrangement revealed in damaged cells is visible in this
electron micrograph.

A comparison with Plate U 16 shows that,

although there is similar general picture, the detail change is
different

A flattening of the sub—units with a reduction in the

electron density of the body suggests that some portion of the
particles has been digested away.
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PART IV
ISOL&TIWJ OF THE CxI i.)MAIOlD BODY A1D iXiERLVthi, is ON
Td1

RESULTANT i OMOGiNAi 1±.AC iIO. S

All the studies reported so far in this thesis have been
concerned with the chromatojd bodies in. situ. These studies
have given a reasonable picture of the chemical nature and the
ultrastructure of the bodies at different stages of the life
cycle. The next logical step in the characterisation of the
body and its particles was to try to isolate the bodies and study
them in vitro.

As .hogeboom et al. (1957) emphasised, the

ultimate aim of the cell fractionation technique depends on the
cytological identification of the structural components present
in the cell fractions and the assignment of specific biochemical
properties to each of the intra-cellular elements that can be
cytologically identified within the intact cell. The two
important techniques that have been applied to this problem with
some success are the examination of isolated structures in the
electron microscope after appropriate fixation, embedding and
cutting of ultra-thin sections, and the use of methods of
preparative aad analytical centrifugation.
Since Claude (1945) established the principle of separating
the cytoplasmic constituents into tnree fractions, large granules,
small granules and soluble proteins, many papers and reviews have
been published on the isolation of various cellular constituents.
In recent years most of the techniques applied have been based on
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the

complete scheme of fractionation in 0.88 M sucrose of doeboom,

Schneider and Palade (1948).

In general it has been possible to

differentiate four main fractions, which can be refined into subfractions by more delicate techniques.
The four main fractions are (1) Nuclei, (2) large granules
(mitochondria), (3) microsoxne (ribosomes + raem.branes) and (14.)
soluble unsodimented. material.
Criteria for the identification of the isolated
Chromatoid body
In all studies of cell isolates it is important to select
the most suitable procedure for isolation. For example, in
analytical problems non-aqueous solutions can be used for the
isolation of nuclei, but for enzymatic studies sucrose solutions
are generally recommended.
The most important point in this study
was to isolate the Chromatoid bodies in such a way that the
crystalline ultrastructure of the particles at the point of
IIAaximum aggregation was preserved.

It was also desired to

retain the nucleo-protein in such an intact state that crystallographic experiments could be attempted.

T±iis last criterion was

necessary in view of the interest of Crick (1959, personal communication) and Bernal (1959, personal communication) in obtaining
diffraction patterns of these bodies.
Criteria for the examination of the isolated bodies had
therefore to be developed. It would have been very helpful to
have available some property, as a measure of biochemical function,
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comparable with the infectivity of virus particles or the tightly
coupled oxidative phosphorylation and respiration which is
characteristic of undamaged preparations of mitochondria.
However, since nothing is known of the biochemistry of the
Chromatoid body, no enzymatic tests were available, and as tiere
is no species, closely related to Entamcobae invadens, which does
not form chromatoid bodies, normal infectivity tests could not be
carried out, though a completely unsuccessful attempt was made to
infect the membrane of chick eggs with isolated material. With
no suitable tests of biochemical function available one must fall
back on such properties as morphological appearance and specific
staining or on U.V. absorption. As was suspected from the known
size and nuoleo-protein nature of the bodies, any isolation which
succeeded, showed the chromatoid bodies to be located in the
nuclear fraction. Thus U.V. absorption criteria were inappliaablo

and specific staining tended to be very confused. It was therefore
necessary to fall back solely on the submicroscopic appearance of
the chromatoids in fixed, embedded and sectioned fractions.
Palade and. F$eikevitz (1956) emphasised the importance of Using
the medium, in which the particles were suspended prior to fixation,
for making up the osmium. This was done throughout, but, in
addition, a control with veronal acetate buffered osmium fixation
was carried out at the same time. As explained in the discussion

on electron microscopy methods, negative staining and shadow casting
are not much help in identification of such large electron-dense
bodies. Besides this, the ultrastructure of the body tends to
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become masked with soluble protein in shadowed preparations and
the suspending media are riot usually compatible with optimum
spreading of the negative stain.

Method for disrupting cells
The method of disrupting coils is of particular importance
whatever solutions are Used to suspend them; since the chromatoid
bodies are large and fragile and are contained within a very tough
cyst wall, there is a tendency for greater destruction of the
bodies to occur than is normal with soft membrane bound tissue
cells or amoebae. Again, some methods are destructive of nuclei
and large granules although they are perfeótly suited to isolation
of small components. For example, the !aring Blendor type of
homogoniser, with rapidly rotating blades, is completely unsuitable,
as it leaves a number of cysts intact yet destroys the chroinatoid
bodies. ihe best homogeniser is similar to the one described by
Siebert and Smeilie (195 7) in which it is possible to grind the
cells by hand in a very gentle manner. It is of course necessary
with this type of bomogeniser to work as fast as possible and to
make sure that the heat of the hand does not raise the temperature
of the homogenate in the homogeniser above the heat of the
surrounding freezing mixture.

Choice of v1edla
The choice of media proved to be by far the most difficult
part of the whole project and since most of the results obtained

9
were negative ones, only a brief discussion of this group is given.
The early cysts of the Entamoeba invadep.s are particularly

unsuitable for homogenisation because of the very tough cyst wall
and the hetrogeneous cellular content. Do Duve and. Borthet (1954)
have found that it is desirable to have as low a'ycogeu content
as possible in liver cells for the best conditions for homogenisation. Unfortunately the early cysts have a large glycogen store
but these also contain the chrornatoid bodies at the maximum point
of aggregation.

It is also difficult to keep the contents of the

precystic and trophozoite forms intact during the extra grinding
time required to break up the cysts.

These are basic difficulties

no matter what media is used.

Attems to find a suitable medium resembling the
intra-'.cellular environment
It had been, rioted under the Fluorescent Microscope that
chromatoids can be observed in the medium surrounding broken
cells. It therefore seemed logical to try the simplest
suspension media, namely a physiological isotonic buffer solution
similar to that used to grow the amoebae. Although previous
workers had not found these solutions to be entirely suitable

because of agglutination of small partici Cs,(Rogeboom et al. (1948))
it was triought that the very process of agglutination might help
to preserve the crystals. It was found that although the
ciiomatoids can be observed in the nuclear fraction in a fresh
preparation they were completely destroyed after 15 minutes in a
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phosphate buffered saline solution.
The same results were obtained Using the suggested intracellular media of Barnes and Rothschild (Swaim, 1959, personal
communication).
It was then decided to try to use the cell's own environment
rather than releasing the bodies into an unaccustomed one.
Professor AWU and the author performed a series of experiments
which involved high speed centrifugation of packed cells. It
was hoped that the late trophozoites and pro-cystic amoebae would

burst and the cell contents stratify with prolonged centrifugation.
Cysts could not be used because of the tough cyst wall. The
anaerobic nature of the Entamoebae with the known lack of mitochondria and characteristic endoplasmic reticulum would indicate
that the animal would be favourable to experiments of this kind.
The cell membranes, however, proved to he too tough to allow
breakage. Gentle grinding of a solid mass of packed cells without
any suspension medium was tried but with no success.
Methods of isolating nuclei applied to isolating
the chromatoid
The only positive result of the previous experiments was that
the obromatoids were observed to be in the nuclear fraction. It
was, therefore, thought that methods successful in isolating
nuclei could be expected to give a fraction containing both
nuclei and intact chromatoids.
Three main methods have been used for the isolation of nuclei:

Non-aqueous solvents after complete drying of trio tissue
(Dounce et al., 1950).

The advantage of this method is that it

ensures a reduced loss of water soluble material. The chromatoid

body is, however, seriously damaged by ice crystals and by treatment
with carbon tetrachloride, etc
Isolation by treatment with dilute acids, e.g. citric acid
(Dounce, 1955).

This metnod is known to extract at least a part

of the RNA from the nucleus and materially affects cytoplasmic
organisation (âllfrey et ale, 1952)

In addition it is not

possible to study all particulate components of the cytoplasm at
the same time, and, tiieref ore, this method was not used.
Isolation of nuclei in sucrose solutions.

This is usually

regarded as the best way of isolating nuclei. it also had the

advantage that complete fractionation can be performed in conjunctic
with nuclear isolation thus enabling a comparison of the criromatoid
particles with the microsomal fraction.

Attempts at isolat1onusing sucrose solutions

Sucrose solutions for domogenisation of cells, first introduced

by tiogeboom, Schneider and. Palade (1948) 9 has been used extensively,
and a number of variations have been proposed for different
conditions of cells.
Uriina1iy Ho;eboom et al. (1948) produced a complete
fractionation scheme based on 0.88 j sucrose hypertonic solution
but this dense viscous medium has many practical disadvantages.
It was found that cell debris, chromatoids and nuclei could. not
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be separated satisfactorily in this solution and that the chromatoi
quickly disintegrated. This may be due to the progressive fall
in pH. The prime disadvantage is that the ultrastructure of tie
particles is masked completely by the absorption of soluble protein
on to the surface of the granules.
By the addition of 0.00018 M CaC1., Hogeboom, Schneider and.
Striebeck (1957) succeeded in isolating nuclei, uncontaminated by

cytoplasmic material. As this also causes aggregation of cytoplasii
material it was felt that this might keep the bodies intact. No
positive result could be detected, thus justifying the claim of
Do .Duve and i3erthet (1955) that the conditions suitable for the

successful isolation of one type of cellular component may influence
unfavourably the separation of another. They recommend salt-free
solutions for complete fractionation.
3chneider (1948) proposed the use of 0.25 .M sucrose for the
isolation of large granules.

¶Nith both 0.88 Vi sucrose and. 0.25 M

sucrose Schneider and Hogeboom's (195 2) scheme for nuclei, free
from cell debris, was tried.

The cells were homogenised in a very

small quantity of fluid then centrifuged at a speed a little higher
than necessary for complete sedimentation of the nuclei and the
supernatant decanted.
Qne sediment was rehomogenised in new fluid, recentrifugod
at the speed required for nuclei (600 g. for 10 minutes), the
supernatant decanted and so on. When the fraction was examined
the nuclei were almost perfect but no chromatoid.s remained intact.

A promising development has been the addition of high-m.oieculax
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weight polymers to fractionation media. Woods (1954) found that
the addition of 10% polyvinyl-pyrrolidine (PVP) to a medium
containing 2016 sucrose helped to preserve the morphological
aspects of mitochondria.

liogeboom (1955) observed that the

addition of % d.extran to sucrose homogenates preserved initociondri
yet does not cause aggregation of particles. The addition of
dextran could possibly prevent the breakdown of the chromatoids.
Although some whole bodies were found the ultrastructure was
altered considerably.
he use of density gradients for the isolation of

8fl1a11

particles has been the subject of many investigations in recent
years. Hogeboom et al. (1957) reviewed the literature up to
that time and separated two main groups of workers.

Both groups

used sucrose as the basis but Kuff and Schneider (1954) used a
discontinuous gradient and Hogehoom recommended a continuous
gradient. It was hoped that the chronatoids would be layered
out apart from the nuclei and other granules but, with both
continuous and discontinuous gradients ranging from 0,25 M to
1.5 M sucrose, nuclei, chromatoids and cell debris appeared
together, and the chromatoids rapidly disintegrated.
Otterson and Weber (1955) recommended a continuous sucrose
"diodon' gradient but this also proved to be ineffective for the
isolation of chromatoid bodies.
Seikevitz and Palade (1958) had used 0.88 M sucrose successfully for the isolation of the microsomal fraction containing RNArich particles.

As has been stated before, 0.88 M sucrose is
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unsuitable for the isolation of whole chroinatoid bodies0 By using
Seikevitz and. Palade's (1958) procedure it was found possible to
obtain a characteristic ribonucleoprotein particle fraction at
105000 g. for 30 minutes.
In a later paper, namely Seikevitz and Palade (190), these
authors shoed that the RNP particles had enzymes bound to them
by vIagnesium ions

They also found that the granules are held

together with Mg. + +, as with ATP and other Ag. + + chelating
agents most of the RNA and some protein is lost. Taere is also
a considerable alteration in the ultrastructure of these particles.
They are of greater size and although they appear in rows the
individuality of each is lost, giving branching cylindrical bodies
of variable diameters.
The lack of Mg. + + in the media used for the isolation of
the ch.roinatoid bodies might explain the failure to retain unaltered.
ultrastructure.

It was known previously that Mg. + + was necessary

for stabilising the RNP particles for sedimentation analyses
The addition of 0.01 M magnesium,
(Gillchriest and. Bock, 1958).
however, did not give adequate isolation of the chromatoid in any
sucrose solution.
Isolation in 1rjs Buffer
Because of the success of other workers in achieving complete
fractionation of cells in sucrose solutions, a considerable time
was spent in attempted isolation in these solutions, but it
gradually became obvious that such solutions were inapplicable to
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the problem of isolating chromatoid. bodies.

In recent years two

other solutions have been used for the isolation of ribonueleoprotein particles, namely This buffer (tris hdroymetiiyl amino
methane) and Cesium chloride.
Tissieres and atson (1958) used 0.001 iW iris With 0.01 JW
magnesium for the extraction of RNA particles in E. coli. They
found that the sedimentation constants of the particles could be

altered by the addition or extraction of magnesium. As the Mg. + +
content of the medium was lowered the 100 S particles broke up into
smaller sub—units of 50 5 and 30 S. Brenner (1960) used both
Cesium chloride and. This plus Mg. + + for studies of the 100 S and.
60 S ribonucleoprotein particles.
A preliminary homogenisation indicated that chromatoid bodies
could be permarently isolated, together with cell debris and
nuclei, in the nuclear fraction. As this medium gave a positive
result, detailed procedures will be given.
Mixed cultures of amoebae and cysts, at the 10t1i - 14th day
of culture, were harvested in the usual manner but anaerobic
conditions were maintained.

Balarnuth (1951) had found that the

addition of Cysteine or 0.0325 M Sodium formaldehyde suiphoxylate
aided growth o± Intamoehae by acting as a reducing agent limiting
the supply of oxygen. Geiman and. Becker (1951) had found that
the addition of 0.062 S. per litre of ascorbic acid to the medium
used to grow E. histolytica helped to keep the oxidation of the
medium at a low level. They recoiended this procedure for
helping to keep the amoebae in a healthy condition.
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Although the addition of ascorbic acid to the media used to
harvest the amoebae for lectron microscopy did not appear to
improve the general condition of the ultrastructuro of the amoebae,
it was felt that, as the amoebae were exposed for longer periods
to oxygen in the homogenisation experiments, the addition of
ascorbic acid might reduce damage.

Accordingly, 0.05

./litre

ascorbic acid was added to the medium while the amoebae were
harvested.
The packed cells were resuspended in 10 2 M Tris, with
varying amounts of fg. + + and homogenised by hand in a ground
glass homogeniser kept at 4°C.

0.05 gn./1itre ascorbic acid

were added to the homogenising media. Centrifugation was carried
out with a Spinco, Model L, preparative ultra-centrifuge using
lusteroid tubes at 4°C.

The following fractions were obtained:

Nuclear fraction sedimented by centrlfu:ation at 1000 g. for
10 minutes
Large granules fraction sedimented by centrifuging the
supernatant of 1 at 24000 g. for 30 minutes.
Microsomal fraction sedimented by centrifuging the supernatant of 2 at 105000 g. for 60 minutes.
It was necessary to add. 3 x 102 !a magnesium acetate to
10-2 M Tris in order to retain the Cbz'omatoiö- bodies in the nuclear
fraction in a substantially unaltered state. The fractions were
fixed in 1% osmic acid, made up in 102 M Tris With x i0 2 M
magnesium but without ascorbic acid as osmic acid, being a strong
oxidiser, is incompatible with a strong reducer. The fractions

were embedded, sectioned and. examined.
A number of chromatoid bodies could be found in the nuclear
fraction.the ultrastructure of the bodies is materially
unaltered (Platie IJ 1)

The large gr6Lnules fraction contained an

amorphous mass of membranes, granules, etc. ('Plate LI 2).

The

microsomal fraction contained a number of small particles which
were arranged in oups or appeared to be made up of subunits,
similar to those particles found in the cysts, and tropwzoites
separate from the chrome;oi3. bodies, (Plate H 3, cf. Plate U 25).
Some of the particles showed an arrangement of subunits similar
to those seen in the chromatoid body particles.
The use of Cesium chloride necessitates prolonged centrifugation using the Spi.nco ultracentrifuge.

As the time available

for the use of the preparative Spinco was limited, it was decided
to leave attempts using Cesium chloride to a later date.
Attempts to separate the nuclei, debris and ebromatoils
resulted in the break-up of the bodies.

It was, therefore,

decided to use trae 'isolated bodies to obtain particles rather than
stud,-,r the body as a whole.

The chromatoids were isolated into a

nuclear fraction as indicated above and the micro somal fraction
of the same homogenisation was collected. The nuclear fraction
was resuspended and -homogenised in 10 —2 This with 0.01 M Mg. or
0.001 M Mg. The resultant homogenate was spun at 24000 g. which

resulted in the sedimentation of the nuclei-, cell debris, membranes,
etc., but the chramatoid bodies were broken up into constituent
particles by the reduction of the amount of Mg. ions present.

Elate H 1 (x 8O,COO).

Nuclear fraction.

d ethacry1ctc-embedded.

Ialade'e Qiun-fixed

Subtaxtia1iy undamaged chroivatoid

bodies In crystalline form can be observed.

Plate H ? (x 40,000).

Large granules fraction, treated as in H J,
shows a mixture of membranes and particles of various sizes.

IA

t

rate 1L3 (x 50 9 000).

Mierusouial fraction, fixed in Palade's 0srni

and embedded in Araldite.

Thin sections stained with Uanyl acetat

cont.in a rance of particles of different sizes composed of varied
numbers of sub-units,

(cf. Plate U 25.)

Plate H 4 (x 50,000).

Iicrosomal fraction, resuspended in Ammonium

acetate, negatively stained with sodium tungstat€.
Of particles as in

II

3 can be seen.

particles is plainly visible.

The sali.e range

The sub-unit composition of th
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The supernatant from the mixed fraction was spun at 105.000 g. for

60 minutes, which resulted in a pellet of chromatoid body particles.
From these procedures two pellets, one containing the coil
particles which were originally free in the cytoplasm,

i.e.

the

microsomal fraction, and the second containing particles from the
chromatoid bodies, i.e. the chromatoid body fraction, could be
regularly obtained.
A number of different experiments were carried out with a
view to comparing these two particle fractions.

xperiments on Ohromatoii b4y particles LOB/F)
and Microsornal parti cies(M/P)
Ultraviolet absorption
The pellets were resuspended in iris buffer plus 0.01 NI Mg.
and ultraviolet absorption measurements made with. a Unicam spectro
photometer.

In all cases the peak was observed at 260 mu. A

typical curve for the Chromatoid body, isolated in 10 2 M 'iris
and 3 x 10 2 Mg., resuspended in 10 2 Mg., iris 10 2 M, centrifuged at 105.000 g. after the removal of nuclei, etc., at 24.000 S.
and finally resuspended in 10 2 M I'ris with l02 M Mg. is given
in Graph H 1. Also on the graph are the absorption measurements
taken of the microsomal fraction of the same homogenisation
experiment.
The only point of difference in these fractions is that the
microsomal fraction measurements consistently showed a smoulder
to the 260

T

peak at 280 nu, indicating that there is a considerab]
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amount of protein attached to the free particles, which is absent
from the chromatoid body granules.
This type of shoulder is often seen in microsomal particle
fractions.

It is thought to represent enzymes present in the

particles by some authors (ilogeboom et a].., 1958) and "nascent"
protein meanino newly synthesised protein by others (Roberts et al.
1960).
ihe speculation that the lack of a shoulder in the caromatoid
body fraction suggests that the particles are inactive is useful
only as a basis for future investigations.

Orcinol Tests (Chargaif and. Davidson, 1955)
Estimations of the relative amounts of RNA in eacu pellet
were determined by the orcinol method (see Appendix 1).

All

figures given below are in Mg. of RNA per gram of packed cells
(wet weight) at the beginning of homogenisation.
Exp.

Mierosomal Fraction

Chromatoid body fraction

1

0.5

1.05

2

0.72

0.95

3

0.82

1.02

4

0.54

1.01

5

0.64

0.86

These results indicate that more of the cells RNA is present
in the chromatoid body than in free particles at the time of
maximum agrogation. As no protein estimations were carried out,
no estimation of the % RNA in each particle can be given.

rie
255

265

-
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Graph H. 1.

Absorption curves of ENA in the Chrornatoid Body fraction
(CB/P) and the Microsornal fraction isolated in Tris
I

uffer plus Mg++ . These types of curves always showed

the Microsornal fraction (NIP) with a shoulder at 20rnu
which is not present in the Chromatoid Body fraction
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HleetronUiorosp
Particles from both kinds of pellets were resuspended in
ammonium acetate buffer. Samples were taken and mixed with an
equal amount of PTh (phosphotungstic acid) or sodium tungstate.
Carbon-coated grids, rinsed in chloroform, were touched immediately
on to the surface of the mixture of particles and, negative stain.
All but a thin film of liquid was removed from the grid by touching
with a filter paper. The grid was allowed to dry and, was examined
in the Electron microscope.

The absence of a supporting: film has

been recommended by Huxley and Zubay (190) for superior contrast
and clarity.

It proved difficult to get good preparations at all

and at no time was a satisfactory film obtained across a hole in
the carbon grid.

(For a general discussion of the technique see

Part III.)
Huxley and. Zubay (1960) obtained good preparations of microsomal particles from E. coli by the use of formalin fixation of
the particles prior to negative staining. The chromatoid bodies,
however, are considerably affected by foruialin fixation. (Barker
and. Deutsch, 1958) and It was felt inadvisable to use forrualin
fixation in their case. Other details of Huxley and Zubay's
(1960) techniques were followed but it proved extremely difficult
to obtain satisfactory preparations of the particles.
Negatively stained preparations of particles were at last
obtained in a few cases from both the microsomal pellet and the
chromatoid body pellet. Both pellets gave the sane type of
negatively stained particles.

Plates H 4 and

5 show a variety
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of particle sizes of a compact nature. Close examination of
these plates will reveal that this diversity is duo to the
aggregation of basic particles or components,

inere is in all

probability more than one type of component as the sizes range
from lOu - 200 A.
The composite particles are made of numbers of these subunits. Diners are found with two components, either of equal
size or with one slightly smaller. These diners form into large
composites with up to four arranged in a ring. 'this gives the
largest particles visible with eight subunits.

All intermediates

between a single subunit and these large particles can be found.
ihe diversity of particles can also be seen in Plates ri 3 and
6 which is of a thin section of an osmium fixed araldite embedded
microsomal pellet, stained with uranyl acetate.
Plate ii 7 shows the identical arrangement of particles from
the chroniatoici body pellet.

Plates ii 8 and 9 are higher magnifi-

cations of preparations from the two pellets. Diners of unequal
and equal subunits are prominent. Close packing occurs so that
instead of forming long thin particles, the composites tend towards
the spherical arrangement.

Tiis is particularly clear in composite

made of three or four diners where the smaller of the subunits are
in the centre.
In all the preparations large particles were found with a high
number of smaller subunits. It is not clear whether these
represent a further manifestation of diversity of the same particle
or are due to contamination.

Plate H 5(x 70,000),

Yierosomal fraction, resuspended in Ammonium

acetate, negatively stained with PTA.

The sub-unit component

particles form into diners of equal or unequal halves.
snake up composite particles of up to eight sub-units.
particles with many more sub-units occur.

These dinier

Occasionally

(cf. Plate H 6.)

Plate 11 6 (x 70000),

Microsomal fraction, fixed in Palade's

Osmium, embedded in Araldite, thin sections stained with Urariyi
acetate.

A range of particles with same type of sub—unit

arreiiJefent, as acen in negatively stained preparations are present.

Plate H 7 (x 70,000).

Chrornatoid body fraction, resuspended in

Ammonium acetate and negatively stained with PTA.

Theb—unit

component particles form dimers of equal or unequal halves, identica
with those found in the microsomal fraction.
are also identical.

The composite partici

Plate II 8 (x 120,000).

Microsomal fraction, negatively stained

with Sodium tuné;state.

Dimere made of sub—units, raring from

150 to 200 A, ana which may be of more than one type, are closely
Packed to give approximately spherical particles.
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Plate H9 (x 120,000).

Chrorntoid body fraction, negatively

stained with Sodiuz tuegstate.

The particles are identical in

u1trtructure with those seen in Plate H 8.
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The size of all the particles is greater than in tissue
sections but this is to be expected with this technique. For
example, the usual ribosome seen in tissue sections is of the
order of 150 A whereas huxley and Zubay's (1960) 100 S particles
are 400 A in length.

AalyticalCentrifuatjori
The discovery of great variations in particle size prompted
the employment of centrifugation techniques to determine the

sedimentation constants of these particles. These techniques
could also be of value in determining whether the chromatoid
bodies could be xnicrosomal particles or a virus, as both have
characteristic sedimentation rates.
With the co-operation of Dr. C.I. Greenwood of the Chemistry
Department, University of Edinburgh, and Dr. Lark, a visiting
research associate at this laboratory, particles were examined
in a Spinco, ode1 Ji.', analytical centrifuge at 2.O00Lbi: and
50.740PM using Schieren optics.

When chromatoid body particles

are examined in 10 2 vi Iris + 3 x 102 M Xg. at 50.740iia series
of very small peaks are observed, which raise the base line but
are too indefinite for sedimentation constants to be calculated
(Plate A C I).

When spun at 2L4.000 RPM however, three peaks were

observed (Plate A C II) with sedimentation rates of 180 S, 165 S
and 100 S with a fourth peak, travelling slowly, of 'a considerably
lower S rate.
When these particles are treated with citrate, or the magnesiui
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content of the iris is lowered, then three peaks are again
observed in centrifugation at 50.740 P1I, namely, 83 8, 65 S and
47 S (Plate A C III).

Conclusions from Isolation Studies
It can be concluded, however, from the results obtained so
far on the isolated particle fraction, that the chromatoid body
particles are identical with the particles ithich are free in the

cytoplasm of intamoebaeinvadens. Both have considerable amounts
of RNA in them.
From the negative staining of the particles it is possible
to say that they are found to be aggregates of small particles
which appear to be of the order of 150 A. It is not clear whether
there is more than one typo of basic unit as is suggested by the
sedimentation constants of the particles in a low Mg. + + medium.
The sedimentation figures would indicate that there are three
commonly found aggregates containing a specific number of subunits.
Analysis of these subunits will have to be done by combining
analytical centrifugation and negative staining of the 40 8 9 60 S
and 80 S particles before definite conclusions on the composition
of the aggregates can be drawn.
Although viruses retain their sedimentation rate when treated
with citrate, ribosomes break down to their component subunits
(Brenner, 1961, personal communication).

It therefore seems

probable that the chromatoid body particles have characteristics
more like ribosomes than viruses.

DlCiJSSI0N

Before any attempt can be made to relate the results reported
in this thesis with the previous literature, or to the general
picture of biochemical cytology, the results of each section must
be drawn together into a coherent whole.
The interpretation of some of the results is difficult but
the general picture seems to be as follows. The enromatoid in
t.moeba invaderis is a large polycrystalline mass of ribonucieoprotein particles packed in hexagonal array to give the
characteristic basophilic chromatoid body known to the earlier
parasitologists. The particles which go to make up the body are
200 300 A. In diameter and can be found free in the cytoplasm
of mature cysts and actively-feeding trophozoites.

in late

trophozoites and pre-cystic forms these free particles aggregate
or multiply to form small crystals which then coalesce to give
polycrystalline masses.

These masses break down into fine

particles again before excystation.

At the same time as the

formation, of crystals is taking place, there is a rise in the RNA
content of the cells to a constant level which is maintained in
the cysts.

k'here is some evidence, mainly revealed in treated

or damaged cells, that the bonds holding tue crystals together
are stronger Ii one direction.

The .polycrystalline masses are not stable and are broken up
in the normal course of development of the cysts. Any interference with, the internal environment results In the breakdown
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of the crystals to their component particles. This labile
condition makes isolation and fixation of whole crystals very
difficult.
Both the free particles in the cytoplasm and the aggregated
particles are composed of small subunits of 50 70 A, which may
be regularly packed. The free particles and those obtained from
isolated chromatoid bodies can be shown to be identical in having
the same arrangement of subunits and to give identical sedimentation
constants. The sedimentation rates for untreated particles of
180 S, 15 S and. 100 S indicate that there are three main sizes,
all of which break down on treatment with low magnesium media or
with citrate.

Both sets of particles have U. V. absorption and

biochemical properties of ribonucleoproteixi.
.ow far are these results in agreement with previous literature
If it is assumed that the chromatoid body in p. histoirtica
and E. invad.ens are identical, which seems to be the case, at least
at the ultrastructural level, and taking into account the evidence
of similarity of the two species, it is permissible to argue that
the results reported here will apply equally to E. histoca.
It will be remembered from tae introduction that, although
the earliest workers, Schaudinn (1903), Calkins (1909) and Craig
(1911), all thought of the chromatoid as extra-nuclear, functionless chromatin and. James (1914) had found that the bodies arose
by a "process of condensation of the cytoplasm", Dobell's influence
had been so great that since 1921 the bodies had been regarded as
food stores of protein. The author finds his results resemble
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those of the earlier workers more than the official text-book view.
Perhaps the closest agreement is with 1karisson (1936).

ke

rejected the theory of food storage on tue grounds of his observa-

tion of latent and manifest material in the cysts. dis experiments
which showed that the chromatoid body could be made to reappear by
osmotic shocks, could be interpreted as a reaggregation of free
particles due to an upset in the delicate balance existing in the
cysts.

this balance might, for instance, be due to an effect

between two high.molocular substances, i.e. glycogen and. ribonucleoprotein. This type of balance can be shown to occur in
the separation of a mixture of high polymers in the test-tube
(Abertson, 1960).
the findings of Oeiinan and. hatoliffe (1936) and of Varner and
nopkins (1940) of chromatoids in tue tropaozoites of i.invadene
and

histolytica respectively is fully borne out by the results

reported in Part II, which are in direct opposition to the
established view that cbromatoid bodies in trophooites are a rare
or abnormal occurrence.
Due to the dearth of cytocheinical information on the chrornatoid
bodies in Entamoeba sp. it is difficult to judge the merit of the
only other papers dealing with the subject. Ray and. Sen Gupta's
(1954a, b, c) papers are a little confusing.

It is agreed that

there is RNA in the chromatoids. Whereas they have found DNA in
both the chroxaatoids and the particles throughout the cytoplasm,
there is nothing in this thesis to suggest that the bodies are
other than Feulgen and Methyl-green negative and. no DNA could be

demonstrated in the cytoplasrn, apart from digested bacteria in
food vacuoles. Until the experiments are repeated and the results
confirmed in other laboratories any discussion of the possible
reasons for this discrepancy would be pointless.
Ray and Sen Gupta (1954) observed a ring of chromatoid bodies

under the cyst wall and assumed that the body played a part in
laying down the cyst wall.

This stage has been fouxid to occur

in maturing cysts preparing to oxcyst and it seems more likely
that the particles are producing enzymes to digest away part of
the cyst wall to allow hatching, rather t;han laying down the wall.
Enzymes for this purpose must be produced within the cyst as oxcystation occurs in media devoid of enzymes.

Iiie ribonucleojroteir

nature of the particles would equip them for such a role.
ihe only resemblance boween the

chromatoid body" under study

and nucleic acid-containing bodies of other iQtozoa d.iscused in
the introduction is that tnese bodies usually have a cytoplasmic
origin and are regarded as .RNA. The bodies known as volutin and
chromidia may be very similar but not enough evidence is available
in most cases for a comparison to be made.

2he 'Vo.Lutih" body of

Berghe (1946), waich is an accumulation of R1, has been renamed
by .owton and i{orne (1957) - a bipolar body.

i'aese last authors

have shown it to be composed of particulate RNA but in no other
way does it resemble the chromatoid body.
The evidence reviewed in the introduction showed that the
chromatoid body of spermatogenesis was a highly basophilic RNA
body which had a definite cycle within the ce-Li (Schreiner and
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ihe

earliest authors, Ebner (1899) 9 Fischer (1899), Schaffer (1907)
and Duesberg (1908), all postulated a nucleolar origin for the
body.

It is interesting to note that, with vastly improved

techniques, it is now possible, according to some theories of
protein synthesis (Casperseon, 1950, and Brachet, 1955), that
these early workers were correct in their assumption that cytoplasmic RNA came from the nucleolus.
ihe chroiaatoid body of spermatogenesis has been found to be
particulate RNA (Burgos and Fawcett, 1955; Lacy, 1959; Meek,
1960), but although all these authors have described a 200 A
particle within the body, no form of crystallisation has been
found. Other authors, Palade (1955), Swift (1956) and Ruthmann
I.,
Ii
(1958), have found the body to be composed of annulate lameliae.
Although some evidence has been put forward (Barker, 1960) for
the formation of rrnulate lamellae"coming from the nucleus in
Lntamoebae invad.ens no evidence could be found of a connection
between these lamellae and. the Chromatoid bodies (see Appendix II).
Ruthmanns (1958) paper deserves some detailed discussion.
By a combination of hjstochernical procedures with phase and electron
microscopy, Rutthnann identified an intensely basophilic body in
the spermocytes of a crayfish, seemingly composed of two types of
lamellar systems. He has shown that the body develops from a
straight set of "annulate lamella& in meiotic prophase to an
ellipsoidal lamellar set which intersects with a number of
"tubulate lamellae".

those break up into small tubules of 150 A

diameter.

All these lamellae were proved to contain RNA.

±Uthman.nts e1ectrormicrographs show a three dimensional lattice
of almost crystalline re;ularity.

with a wall thickness of 50 A.

The tubules are 150 180 A
They may have a core or plug of

dense material such as Watson (1955) found in the annuli of
nuclear membrane. from kuthmann.'s paper it seems likely that a
combination of lamellar growth and simple geometrical transformation is sufficient to effect a transition from open lamellar
stacks to bhe tubulae lamellae system of the basophilic body.
Ruthmann could not find any particulate material except where
stray lamellaett have a cluster of particles around thei2.

Gall

(1954) and iebhn (195) have both found particulate material in
PO

close association with 'annulate lamellae systems.
known (Garfinkel, 1958;

It is also

Seikevitz and. Palade, 190) that, in

certain forms the 1tribosomes' can appear tubular.

It is obvious

that there is a close similarity in some respects between the
body described by Ruthmanxi (1958) and the body described by the
present author.
Before discussing the similarity further, it must be considered
whether there is anything in other cells which, in any way, resemble
the particles of the thromatoid. bodies. The hypothesis that the
chroraatoid bodies are "aggregated microsomal particles" will give
the clue to the way these bodies can be related to normal cell
Constituents.
Iirst i'u is necessary to define the term *Imicro somai particles"
as considerable confusion is apparent in recent literature due to
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the use of this term.

Claude (19243) chose the term microsomes

for the pellet of small 20200 mp phospho1ipide-ribonucieoprotein
complexes which he had described from his earlier work on the
differential centrifuatjon of cell homogenates. Claude's
discovery led to a period of intensive biochemical researcA, after
which it becaiie obvious that the microsome fraction can be obtained
from practiczlly 11 cells (liogeboom, kuff and Schneider, 1957).
Peterman and riamilton (1955, 1957) found even smaller particles
which they called "u1trasomes.
1hese they described as true
nucleoproteins containing 50% RNA.

Furthermore the ultrasomes

had several, well defined, sedimentation oups but tey concluded
that some of these groups were probably a'regates of the smaller
ones.

Palade and Siekovitz (1956) separated the phospholipid

from most of the ribonucleoprotein with sodium deoxycnolate and
found the ribonuclooprotein was in the form of particles, 150 200 A in diameter, and that these particles contained 80 - 90%
of the RNA present in the original microsomes.

Because these

particles are sed.imented with the microsomal fraction, Crick (1957)
called them "microsomal particles".
s these developments were proceeding in ne biocnemical
laboratories, the work of Caspersson (1950) and ±rachet (1955)
had accumulated a large body of circumstantial evidence indicating
the role of RNA in protein synthesis.
philic substance in cell

Ibis evidence on the baso-

was rel.aed tote L1lcrosoinOs, ,vtiicja

were shown Uo be by far tte most active cell fraction in the
incorporation of labelled amino-acids into proteins (Zaxnecnik and

Keller. 19514).
In recent years our knowlec1e of te structure of the cytoplasm has enormously increased, duo mainly to the technique of
cutting thin sections for the electron microscope.

The cytoplasm

of many cells contains an endoplasmic reticulum (Jalade, 1956) or
ergastop1asit (Brachet, 1957) consisting mainly of protein and
lipid (see review of Palado, 1956).

Parts of this endoplasm

proved to have small electron-dense particles, 100
diameter.

200 A in

These are often called Palade's small granules.

In

addition, it was discovered that similar particles occur,
apparently free, in tne cytoplasm. Frequently the elements of

the endoplasmic reticulum showed a preferred orientation and
formed stacks or piles of various sizes (Palade, 1958),

The

basophilia of the cell did not always correspond with the gross
amount of endoplasmic reticulum but could be correlated with the
numbers of 200 A particles in the cytoplasm.

lu 1953 ;Palado

advanced the hypotiiesis that these small particles, rather than
the membranous material, contained most of the RNA of the cytoplasm. Ihis idea had direct support from the findings of
Scbacmnan et al. (1952) and Peternian et al. (1952) who had
iiolated particles, in the same magnitude range, and with high
RNA content, from yeast, bacteria, liver and spleen.

The combination of biochemical, histociemical and electron
microscopy studies resulted in conclusive proof that the ultrasome, Falade's small granule, and the micro somel particle are
all one and the same RNA-rich particle. Further characterisation
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of these small ribonucleoprotein particles has been the concern
of many biologists over the past seven years.
pecimoris of the same order of size have been recorded from
all animal cells so far examined (Pa-lade, 1953), from plant cells
(As'o t; a?., 195), and from yeast and. bacteria (Speigelman, 1957
review). The character of the particle has been investigated in
terms of sedimentation constants, gross oienistry, biochemical
activities, and physiochemical properties (Peterman and. damilton,
1957; Ohao and Schachrnan, 1956; Ts'o, Bonner and Vinograd, 1956;
uff, Hogeboom and Dalton, 195; Littlefield and Keller, 1957).
Reviews and symposia, stressing the importance of RNA and. ribosomes in protein synthesis, have appeared in quick succession
(Crick, 1957; Roberts, 1958; Brachet, 1957; the British Biophysical Society Symposium, 1960, and. Jacob and. .t4onod, 1961).
No attempt will be made to compare and contrast critically
the various theories on protein syiithesis.

illost authors agree

that the 'microsoma1 particles" are intimately concerned in the
process, no matter whether messenger RNA, soluble RNA, template
RNA, etc., are or are not involved..

The present author's main

interest is in the structural aspects of the 'microscmai particle.
From the Proceedings of the Symposium on L%Jicrosoulal Particles
and Protein Synthasis (1958) it is interesting to note that it was
still debatable whether the membranes of the microsomes contained
large amounts of EIVA as suggested by Kuff et al. (1956) (ef.
Rutlmann, 1958).

At the same symposium Roberts (1958) suggested

tiat tae name "Ribosomes9 should be used for the ribonucleoprotein
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Particles witrijn the sedimentation rates of 20 100 5, corresponding to particles of the size 100
electron microscopy scales.

200 A, in terms of the

This name iias found general

acceptance and will, accordingly, be used in future.
Ina recent paper Aanzon et al. (1959) cast doubt on the
existence of ribosomes in untreated cells •

This doubt is based

on the failure of the autxiors to demonstrate the presence of
particj.es by electron microscopy after fixation by freeze-drying.
they suggested that the riborxucleootein is not organised into
150 A particles in ttie living cell but is changed by procedures
like enenical fixation and homogenisation. in view of the almost
universal occurrence and functional significance of those particles,
this isolated report should 'be treated witn some reserve.
.reliminary reports froni this and other laboratories indicate
that ribosomes can be demonstrated by freeze-drying.
me sediaexitation constants of ribosomes would seem to vary
wjtii the different conditions of cell growth and function.

In

.eoU oacteria 'ne relative numbers of component subunits are
found to vary with the composition of 'the growth media (Dagley
and Byk, 1958).
4ade and iorgan (1957) found different
components to be present in greater amounts in dividing cells
than in stationary cells.

Petermann (1958) also disclosed that

the sedimentation pattern varies with the physiological state of

the tissues.

Perhaps, tiowever, the most important finding has

been the realisation of the importance of the magnesium concentration for the maintenance of the integrity of the larger
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particles. If the concentration falls below a certain level
reversible dissociation into small particles occurs (Ghoa and
ehachnan, 1956; Gillchreist and Book, 1958i ulall
1959; and Huxley and Zubay, 1950).

LieY

z7uid

61eqter,

ji jatson (1953)

The last mentioned have combined the techniques of
analytical centrifugation with negative staining and electron
microscopy.

Ihey have structurally characterised the 100 8,

70 8, 50 S. and 30 8 particles of E. coli in. foialin fixation.
i3riefly, they find that the 100 S particles are composed of two
70 S particles, which are, in turn, composed of a 50 S and a 30 S.
Two 50 8 form an 81 S particle in the 100 S stable conditions.
With Uranyl acetate they found a 'fenestrated' appearance in the
100 S particles. Hull and Slayter (1959) have reported similar
results, using shadowcasting techniques.
Seikevitz and Palade (1950), using conventional osmium
fixation aiid inethacrylabe embedding, have also studied the effect
of magnesium concentration on the structure of the particles.
£hey found that the use of Mg. + + chelating agents in treatin
particles produced specimens of greater size, 250 320 A, and
that these may have a core of lesser density. Untreated cells
can appear in rows but treated particles lose their individuality,
giving cylindrical bodies of variable diameter. They state that
the

ribosomes line up, end to end, and suggest a protein coat and.

RNA core as the structure of pancreatic ribosomes. Huxley and.
Zubay (1950), however, can find no evidence of a snell and do not
consider ribosomes to resemble small spherical viruses.

Recently,
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Lock (1961) has demonstrated ribosomee tnat do look like small
spherical viruses of 42 subunits by using the Anderson critical
point technique. He and his coworkers claim that ribosomes
always join up in one direction only, forming an unbranched
cylinder.
A very recent study by Brenner (1960-1961) has revealed, by
simultaneous "1ab11in' with several radioactive tracers, that
when a phage particle enters a bacterial cell all synthesis of
bacterial protein stops and no new ribosomes are made.

jtccording

to his theory of synthesis, the old ribosomes of the bacterial cell
receive "ticker-tape messenger" otlage RNA and, start to make phage
protein.
In tb.e sane study he shows tiit only a few of the ribosomes of the 70 S type are active at any on time which means that
the majority of ribosorues are inactive and must receive messenger
RNA before commencing synthesis.

Wbon this investiation on the

Cromatoid bodies was initiated the hypothesis, that these call
organdies were aggregated microsonal particles, was formulated
with the then limited knowledge on their nature in mind. At that
time microsomal particles were simply small 100 - 200 Al electrondense RNA-rich particles of definite structure which were found
in most cells.
ihe results presented have shown that the cbroatoid body
is composed of 200 - 300 A, electron-dense, RiA-rich particles
of definite structure which are found in Lxitamoebae species.
ithe relevant facts from the evidence accumulated in te last
few years from studies on the characteristion of "microsomal
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particles" or"ribosomes" have just been discussed.

his new

evidence makes it necessary to re-examine the results in order
to further test the validity of the hypothesis.
Ihe histocherajeal and biological properties of the chromatoid
body indicate a ribonucleoprotein nature similar to that of the
ribosomes.
In thin tissue section electron microscopy has revealed that
the particles found in the polycrystalline masses and free in the
cytoplasm are of tie order of 250 A which is slightly larger than
Palade's small 'anules.

The analytical centrifugation data

could be interpreted as representing particles with a specific
number of components.

ihe sedimentation constants of untreated

preparations indicate larger types of particles than are usually
found in ribosomal fractions.

-Ureatmerrt with citrate or low

magnesium concentration results in the dissociation of these large
particles into components of characteristic sedimentation rates.
This type of behaviour is typical of ribosomes but no virus has
been reported wiicu shows this dissociation into subunits (Brenner,
1961, personal communication).

The components, yielded by treat-

ment of the chromatoid body particles with citrate, are also
larger, 83 S, 55 5, 47 5, than those released from ribosomes by
the same treatment, 70 S, 50 S, and 30 S.
Structurally the isolated particles of the chromatoid body
resemble the osmium fixed ribosomes described by Palade and
Siekevitz (1960) and the Anderson critical point prepared ribosomes described by Bock (1951).

All three types of particles
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described have a structure similar to small spaerical RNA viruses.
Anotuer feature, common to the three groups, is revealed by the
tendency of damaged or treated particles to join up preferentiaLLy,
giving cylindrical bodies.
The difference between ribosomes described by these autuors
and those described by huxley and Zubay (190) may, in part, be
due to the effect of fornialjn fixation.

.traenkel Conrat (1951+),

uavies (1954), and Grossmann (191) have all shown that forrnalin
fixation has an effect on the nucleic acids.

Davies (1954)

states that 1+O o± the cytoplasmic matter, as measured by U. V.
absorption, is lost after formalin fixation. This type of
discrepancy always arises when different fixatives are used by
different authors.
The criromatoid bodies change with respect to the cell cycle
but there is increasing evidence that ribosomes also change with
the conditions prevailing in the cells (Petermann et al., 1958).
£here is, however, one obvious difference: ribosomes have
not so far been reported in crystalline form. There are on the
otn.er hand many published accounts of crystalline RNA viruses
(Stewart and iogh, 1959; Steere, 1957, and many others).

If a

hypothesis that the chromatoid body is a virus crystal were
advanced, how valid would it be in view of the results reported?

Points in favour of the virus hypothesis would be that:
I. The body is a polycrystal like a virus crystal.
Tile particles look like small sphericaI viruses.
Subunits in a regular array are observed in some cases.
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Etie evidence of aregation could apply to virus

multiplication.
Points against such a hypothesis are:
No virus has been demonstrated whicti dissociates into
smaller components on treatment with citrate or low
magnesium concentrations.
The observation that 98% of the cells in a culture
contain chromatoid bodies and the demonstration that
cysts wiich have contained these bodies can form viable
cultures would indicate that no detrimental effects are
associated with their presence.
The virus would have to be a symbiotic one with a cycle
closely related to the cell cycle.
It would be the first RNA virus known in otozoa.
Davies (1960) has given theoretical reasons why no such
virus will be found in Protozoa based on the DNA composition of the chromosomes.
As there is no known Entainoeba species which does not
form chromatoids,(even in axenic cultures, iLcGonnachie
(1958) has demonstrated chromatoid formation) infectivity
tests canot be carried out.
.. No 200 A particles of a different ultrastructure from
those in the chromatoid body crystals can be demonstrated
to be present in the cytoplasm at any stage of the life
cycle.

If present theories on protein syntaesis are

correct then all synthesis must take place within those
particles.
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Unere are therefore several reasons for doubting the
Validity of a hypothesis which would postulate a virus nature
for the chromatoid bodies. On the other hand taking into
account the now evidence on the nature of ribosomes, the hypo
tesis that the chroinatojd bodies are aggregated ribosomes is
still valid.

The only observed discrepancy relates to

crystailisation.
The following hypothesis takes into account the observed
Crystallisation and the similarity to ribosomes and is postulated
as the initial principle on which further research will be based.
The c.romatoid body in tie crystalline state is a rnmifsjg
of a specialpfarasxte-host at.ve mechanism.

this mec:ianism would ensure

in operation

tt ic :nt amoebae, excysting in a

new host, were equipped wit) pr evil ouely synthesised ribosomes to
enable a period of rapid growth to take place.
these ribosomes are made in favourable conditions and stored
as polycrystalline masses in the resistant cyst stage.

Such a

mecia.isin would avoid the need for synthesis at a critical stage
in the life cycle. This hypothesis receives some support from
tae experiments of Brenner (1951) who showed that a number of
ribosomes can be inactive at any one time.
3uch a hypothesis leads to the prediction tuat other
Criromatoid and particulate RNA-contairxing bodies will have a
corresponding storage function.

The similarity of the claroinatoid

bodies, described by Ruthmaan (1958), and the author, has already
44

been stressed. Although no connection between the annulate
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lamellae, known to be formed from the nuclear membrane (Barker,
1960), and the cbroinatoid body has been established, an investigation into such a connection could be useful in elucidating the
course of events leading to the formation of the specialised.
particles. The sequence envisaged by a combination of Ruthann's
and the author's observations would be; "annulate lamellae' from
the nuclear membrane form special RNA crystalline bodies which at
a la&er stage produce the free RA particle of the cytoplasm.
This sequence, however, is incompatible with the mode of
synthesis of ribosome found by Roberts (1960) and iis co-workers
at the (arnegio Institute of Washington.

Lueir deduction ttit

the ribosomes are built up by the agregation of small units of
RNA together with protein is very close to the author's views,
based

OU

tue evidence given in this thesis.

By the use of labelled RNA precursors it should be possible
to trace the sequence of events leading to the formation of the
chromatoid bodies and to determine the stage at which RNA synthesis
takes place.
The hypothesis predicts that during the crystalline stage
the particles would be quiescent.

Radioactive tracer studies

on the in vivo and in vitro incorporation of labelled amino acids
would test the validity of this prediction.
Isolation studies, using Cesium chloride gradients, combined
with characterisation by analytical centrifugation and negative
staixiiná electron niicroscopy of the subunits released by low
magnesiuiu treatment, could provide pertinent evidence on the

128.
ultrastructure of the particles. Since both the analytical and
preparative Spinco ultracentrifuges were not available for a more
detailed study, it is hoped that the author will be able to undertake such a study along with the radioactive tracer research when
he can take up an invitation to work, for a year, at the Argonne
1ationaI Laboratory, Chicago, U.S.A.
If these chromatoid bodies are ribosomes the experimental
removal of the large crystals by micro-manipulation tecaniques
could be the basis of a prolonged study of the effects on growth
and division.

Conclusion
These studies have revealed that the chromatoid body of
Entamoebae irivadens is composed of a polycrystalline mass of
particles, which have many characteristics in common with ribosonies.

The results have led to the postulation of a new hypo-

thesis, on which an investigation can be based into the function
of these bodies.
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APPEDIX 1
Formulary and Procedure for Fixatives Stains, Embedding, Estimations
and other solutions.
Fixatives.
1, Shaudin's Fluid,
Preparation. Mercuric chloride.

(Saturated). - 100 mis.

Absolute alcohol,
Glacial acetic acid,

50 mis.
1 ml.

Procedure. Float smeared slide on coverslip upside down on the
surface of the fluid in a Petre dish. After one minute transfer
to a staining pot full of the fluid for a further 9 minutes.
Alcoholic iodine.
70 Alcohol.
1% Iodine solution.

25 mls,
1 ml.

To remove the sublimate place smear in this solutio for 10
minutes.
Carnoy fluid.
3. Glacial acetic acid.

1 part.

Absolute alcohol,

6 parts.

Chloroform.

3 parts.

2 Glacial acetic acid.

3. part.

Absolute alcohol.

3 parts.

Fix for one hour at room temperature.
Champy fluid.
Preparation.

3% Potassium dichromate.

7 parts.

1% Chronic acid.

7 parts.

21
0o Osmic acid.

4 parts.

ii.
Pro cedurc • Films fixed for 10 minutes or more • Wash one hour
in running water. If preparations are to be stained in iron
haematoxylin, they should be first brought to 70 alcohol, and
left for several hours.

5, Flemming fluid.
Weak.
25 cc,

0 , Chromic acid.
1%
)$ Glacial acetic acid.

10 cc.

5 ôø,

2% Osmic acid.

60 cc.
Distilled water.
Fix for 10 minutes. Wash out in running water 1 hour.
Sublimate acetic acid.
Saturated. Aqueous mercuric chloride.
Glacial acetic acid.

95 cc.
S cc.

Fix 10 minutes remove iijth iodine in 70''alcohol.
Zenkers fluid.
Potassium dichromate.

2,5 gins.
5 gins.

Mercuric chloride,
Distilled water.
Glacial acetic acid,

100 cc.
-

5 cc.

Glacial acetic acid is not added until just before use. Fix for
1 hour. Remove with iodine alcohol and wash in running water 1
hour.

3

4

Bouin.
Picric acid (saturated).
Formal.
Glacial acetic acid.

75 parts.
15 parts.
10 parts.

Serra solution,

Absolute alcohol.
Formalin.
Acetic acid.

6 parts.
3 parts.
1 part.

Osmic acid.
3$ Solution of 0s4c acid.
Formalin. 40 Formaldehyde.
or 10

1.

neutral Formaldehyde.

Mayer's Haemalum. Dobell (1920)
1 gin.
Preparation. Haematoxylin
C.2 gins.
Sodium Iodate*
50 gins.
Pot. Alum.
1000 mis.
Distilled water.
Shako frequently for some hours when the colour changes fro
blue to violet then add.

Chloral Hydrate.
Citric acid crystals.
Solution then turns tD red-violet.
Pi ocedure.

50 gins.
1 gm.

iv.
1 Bring to water
2 Stain Haemaium. 10 minutes,
3 Blue nuclei under tap water about 10 minutes.
4 Dehydrate to 70% alcohol.
5 Stain Eosin 1 minute.
6 70% Alcohol minute.
7 96% Alcohol minute,
8 Benzyl Alcohol. 2 minutes,
9 Mount in Canada Balsam,
2. Heldenhain's Iron Haematozyiin. Dobell (1920).
Preparation, 1

Haematoxyiin in 96% alcohol 100 mis.

Distilled 1120
900 mis.
2 Light gieen (Alcoholic) 0.25% light green
in 9&A alcohol,
Procedure.

1 Wash out fixative in iodine solution.
2 Hydrate.
3 Mordant In 4% aqueous Iron alum for 10
minutes at 60% C.
4 4

Wash in tap water for 15 minutes.

S 0.5% aqueous haematoxylin 10 minutes at 600C.
4 6 Wash in tap water 15 minutes.
7 Differentiate in 2% iron alum.
4 8 Wash in tap water 15 :inutes.
9 Dehydrate to 9&, alcohol.

V.

10 Counter stain light green 30 seconds.
11 Absolute alcohol. 2 minutes.
12 Clear in Zylol.
13 Howit In

:or;

2

minutes.

Pe X.

I am gratefti. to M::. Rooney o)i' the Paraito1oy sub dopartrient
for this suggested modification which

gave

better results than

the standard washing in distilled a2o.
For better details of the nuclei stages 3 and 5 were modified to
24 hours at 180c.
3. Safranin MoClung (1951).
Preparation. 1gm. Safranin 0 in 100cc of 50% ethyl alcohol Fi1t
Procedure

1 Hydrate
2 Stain Safranin 10 minutes.
3 Drip 50% alcohol until differentiated
4 dehydrate to 961 alcohol
5 Counter stain Light Green
Abs. alcohol Quickly three times
7 Xylol 2 minutes
8bountDe Pe X.

4. Toluidin E. Blue. Kurnick (1955)
Preparation. 1% aqueous solution of Toluidin B. Slue (G.T.Gurr).
Procedure.

1 Hydrate.
2 Stain Toluidin B. Blue. 1 hour.
3. Dehydrate to 96% alcohol.

vi.
4 Differentiate in 9 alcohol.

5 Absolute alcohol
6 Clear in Xylol.
7 Mount in De.Po.X,
5. Methyl Green Pyronin, Brachet (1953)
Preparation.
Solution. A.

5% Aqueous Pyronin.

17.5 mis.

2% Aqueous Methyl Green

10.0 mis.

Distilled water.

250.0 mis.

Solulon B.
2 parts MJ5 acetic acid.
3 parts iV5 sod, acetate.
Dilute with equal volumes of 112 0.
For use mix equsi parts of A and

The resultant keeps for

1 week.
Buffers.

12 cc 11 A in 1000 mis 1120
17.2 gms. Sod. Acetate in 1000 mis.

2 gins. Methyl green (G.T. Gurr) were purified by chloroform
extraction and were dissolved in 100 c.c. distilled 1120s
The solution was again roa;od1y :rcted with chloroform
until methyl violet was completely eliminated.
Pyronin B. (G.T. Gurr).

5 aqueous solution distilled
-

Final pH

4.5 -4.7.

1120

vi. A
Procedure.

1 Hydrate.
2 Stain Methyl Green-Pyronin for 15-.20 minutes.
3 Rinse in distilled water.

4 Blot smears gently
Dehydrate in absolute alcohol 1 minutes,
(or in Butyl alcbhol or in isopropyl alchbol to
prevent the stain coming out).

6
6.

Clear and mount.

Feu1en. Di Stophano (1948)
1 gm. basic fushin in 200 ils. of boiling water. Stir
well, cool to 500C, filter, add 20 ml N/1C1. Cool to
2 0C, add 1 gm. Sod. blsulphlte (anhyd). Use after 24
hours. Keeps 23 weeks.
Sulphurous Acid,
1

Sod. Bisuiphlte

N/HC1..
H20

10 ml.
10 ml.
100 ml,

Rafalko (194) IodificatIon of Feulgen.
Bubbled 602 through o.% basic fushin solution for 1
hour. The yellow dye may be removed by adding 1 gm. o
activated charcoal to each 200 ml. of solution, gently
agitating, and filtering.
Sulph'urous acid. Bubble 602 through distilled H.0 for
2 hours.

vii.

Procedure.

Lessler (1953).

1. Hydrate,
2

c.

Hydrolyse 812 minutes in /i1, at 600

The best hydrolyti

time is determined by testing.
3

Rinse in cold N/HC1 solution 2 minutes.,

4

2 changes of distilled H20-

5

Expose to Feulgen reagent l hours.

6

Pass though three changes of Sulphurous acid 15 minutes each

7

2 changes Distilled 1120,

8

Dehydrate, clear, mount.

Control missing out acid hydrolysis.
7, Best's Carmine.

Carmine

Glick (1949)
2 gm.

Pot, carbonate I gin.
Pot, chloride 5 gins,
Distilled 1190 60 cc,
Mixture is boiled quietly until the colour darkens.

After cooling

20 cc. of conc, ammonia is added. It should stand for 24 hours
before using. Control with saliva digestion.
Procedure. I Alcohol fixed.

2 Water. 3 Stain over night Best's

5 Differentiate in Methanol.
6 Dehydrate acetone. 7 Clears mount.
Carmine,

4 Water.

viii,
8. Bauor..Feulgen. Bensley (1939).
Feulgon reagent, As for Feulgon 5,
Procedure,
3. Fix smears in formalin (pH 7.0). 2 Hydrate.

3
5
6

Place in 4$ chronic acid 3. hours 4 Wash running water 5 mi
Stain in Schiff's for 1015 minutes.
Rinse in three changes of sulphurous acid, 2 minutes each.

7
8

Wash running water.

9

Dehydrate, clear, mount.

Optional. Counterstain Haematoxyiin.

Control. Remove glycogen by adding fresh saliva to smears.
9. Periodic Acid Schiffs. Hotchkiss, 14cManus (1946).

A Periodic Acid Solution, 1.5 gms periodic acid in 150 cc. Distill(
H20 add 5 ml 1,/5 sodium acetate.
B Schiffs as for Feulgen (5).
C Sulphurous acid. "
D Iodide-Thiosuiphate:- Dissolve I gm pot. iodide and 1 gm sod.
thiosuiphate in 20 ml distilled H20, and add 30 ml 95 alcOhol
+ 0.5 ml 2N/HC1.
Procedure,
1 Hydrate.
2 Place in periodic acid solution 5 minutes.

3 Rinse distilled 1120.
4 Iodide-.thiosiflphate 2 minutes,

5 Stain in Feulgen for 15 minutes.

A.
6 3 changes of sulphurous acid - 2. minutes.
7 Wash running water,
8 Optional, stain Haematozylin.
9 Dehydrate, clear, mount.
10. Bergis Ninhydrin, Berg (1926).
0.2% ninhydrin.
Procedure.
I Fix in 10% f'ormalin, 2 Wash water. 3 Boil in 2 ml. of
ninhydrin 1 minute. 4 Wash water. 5' Mount in glycerine.
Fades rapidly.
U. Bromophenci Blue. Mazia et al (1953)
10 gms. HgC12 + 100 milligrams I3romphenol Blue per 100 mis.
diat. }120
Procedure,
1 Hydrate.
2 Stain Bromophenol Blue for 15 minutes.
3 Distilled 1120, 15 minutes,
4 Tap water
2 minutes.
5 Dehydrate, clear, mount Do Pe X.
12, Sudan Black. Burden (1946)
Preparation.
Ifsolution of Sudan Black,
Procedure,
1 Fix 4

formalin vapour 10 minutes
2 Wash running water
3 minutes

3 5'1 alcohol, 20 sees.
4 7Q# alcohol, 20 sees.

X0

5, Sudan Black 7 minutes. Let slide rest obliquely
down to avoud collecting precipitate.
Pass through three successive lots of 50% alcohol,
20 seconds in each.
Wash in running water throe minutes.
Mount in Apathy's medium.
Neutral Red. Ray and Son Gupta (1954)
1% Solution Neutral Red.
Procedure,
Add a few drops of Nutra1 Rod to the culture medium
and leave for an hour. Examine living amoebae on a
s1ideoovorslip preparation sealed with wax.

Itcridine Orange. Armstrong (1956) Revector. fl. Batch rio.8/11178
1
792. Hopkins and Williams 20000 solution of Acridine Orange Oran
in veronal acetate buffers. pH 3.6, 4.0, 4.4.
Procedure, Bortalanfy and Bichis (1956).
Put living amoebae on to a slide, and mix one drop of solution
into the culture. Mount on a slide..coverslip preparation sealed

with wax, Examine using, High Pressure Mercury Vapour lamp, with
a Blue Corning 5113 filter and a yellow filter in the eye piece
CT 5/71638.

xi.
Trypaflavin. Debruyn et a)- 1950. (Bayers). Batch 5 FEA.
3, 6'..Dian,ini- 10.methy1 acridinium chloride,
1
Preparation, 10.01000 solution in verona)- buffers.
Procedure. As for acridine orange.
May-Grunwald Gleinsa, Jacobson and Wobb (1952)
Preparation,
0.3g May-Grumwald (Gurrts) add4d to 100 cc. abs. ale, at 50 C
shaking vigorously. Filter after standinc for 24 hours.
Giemsa 1/10 in Dist. water,
1 fix in methanol.
2 Stain May Grunwalds 10 minutes
3 Drain off stain
4 Giernsa 15 minutes
5 Wash water.
6 Dry mount or dehydrate, clear,mount.
17 Tris Buffer
Tn s-'hydroxymethaznino-.inethane NI2C (CH20H3)
2..Amino-2-.hydroxy-niethy1 1.3 propanodial
Mol. Wt. 121.14
10.2 M Tris made up to pH 7,2 with acid 11C1
M Magnesium acetate added = 0.0114 Mg.
3X

14

it

U

101.3 14

it

it

= 0.0314 Mg.
It= 0.00114 Mg4
If

all at pH 8.2 -.8.8
( CHC00)

Mg 4 1120 1401, Wt, 214.48

18. Electron Microscopy.
Stains.
Potassium Pernanganato Lawzi (1960)
3$ scm, of Pot. Permanganate is made up the day
previous and some soln, taken from below the surface to
avoid the scum which forms on tie surtcz.
Citric acid. I drop of 5% citric acid in 1 rnl Dist* H20
Procedure.
F1ot grid on Stain for 30 iainutes,
Rinse in large volume ci.' wtcr.
Agitate for 30 sees, in citric acid.
Leave to dry.
Uranyl acetate, Watso:1L (1958)
1 g. uran3rl acetate In 100 cc. Dist. 1120
Procedure as in a.

o. Uran.yl acetate. Huxley and Zubay (1960)
uranyl acetate in dist, 1120.
PH 5.0 with NaOH,
Procedure as in a, but stain for 4 hours,
d. Potassium Permangarxate/uranyi acetate 2 cc
0.05 g.uranyl acetate.
Procedure as in a.

3$ Pot.Per,

Fixatives.
Palade (1952)
Buffer Sod. verona]. 14.79.
Sod, acetate
9,79.
Dist. 1120
500 cc.
Fixative.
Buffer 5 cc.
5 cc.
Dist 11 2 0 2,5 cc.
2% osmic acid 12.5 cc.
PH 74 but for Protozoa 8.
Luft (1956)
Pot. permanganate 1.2
use with Palade's buffer in equal parts.
0.IN HCl

PH 7,4 adjust.
Embedding
i4ethacrylate. Newman et a]. (1949)
Dehydrate in increasing strength of ethyl alcohol
Soak in mixture
93 Butyl methacrylate
Methyl
]'

tt

J3enzoy]. Peroxide.

Polymerise at 48C or 68c,
Araldide Glauert and Glauert (1958)
Dehydrate in increasing strengths of ethyl alcohol
Soak in mixture for 4 hours,
2 parts abs. ale.
1 part casting resin

xiv.

Soak in mixture of 1 part casing resin /1 part Hardener
Soak in three changes in final mixture
Casting Resin 10 cc.
10 Co.
Hardener
Dibutyl 1phthalate 1 cc.
0.5 e.
Accierator
Polymerise at 48C for 48 hours.
Vestopal W. Keilenberger et al (1958)
Dehydrate in acetone.
Pass through a graded series of Acetone Vestopal.
i.e. I part Vest! 3 Acet.
1
3

it/ lit
U

/ 1

it

Embed in Vestopal with 1 initiator and O.% activator.
Polymerose at 60c for 24 hours.
Qly'comethaurylate Bartyl (1960), Still experimental.
Ceomar Bradley (1961) Still experimental.
Estimations. Orcinol
To 1,5 cc. of Exp. soin. Add
3 cc, of reagent. (100g. FeC1 611 0 in 100 cc. of lid)
Add 3.5 cc. of Wo orcinol in ethanol.
Heat 30 minutes. Optical Density measured at 665 me
Blank of Ii 0 and reagent.
Standard of RNA 40 mg/cc treated simultaneously.
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BRIEF NOTES
THE CHROMATOID BODY OF E]VTAMOEBA INV4DENS
I). C. BARKER and K. DEUTSC1l
Department

of

Zoology, University of Edinburgh, Scotland
Received August 4, 1958

C LIIIOMATOII) bodies are found in (lie cysts of nearly all Rota moeba. They are rod
or bar shaped cellular inclusions, up to IN p long, winch slain deeply with basic stains.
i)eutsch and Zaman, using the electron microscope, Found that in Rtitwiioeba in vadens
they consist of small particles (about 200 A in (lianicter) arranged in a cryslalline
pattern. There is some indication that these particles are composed of smaller units.
Chromatoid bodies have also been observed in the trophozoite of in(amoeba uwadens,
where they are smaller and more n unierous than ill the cyst 131 and in Eiitamoeha
histolijtica W . Bay and Sen Gupta 124report that in Entamoeba liislolijiica the bodies
contain varying amounts of DNA and RNA_ The bodies have been regarded as
excess chromatin thrown off during division 141, or as food stores 11Dj4I According
to Ray and Sell Gupta. they play a part in the deposition of the cyst wall. We have
attempted a more comprehensive histochemical study of these interesting inclusions
and an analysis of their changes in relation to the life cycle of the organism
Material and Methods. - - The organisms were cult tired in Jones' inediuni at 25G
161. Fixation was mainly carried out in Scliaudinn's fluid, but also Carnov's 1 and 2,
Clianipy's, Hemming's, Zenker's, Serra's fixatives, osmium tetroxide, formalin and
sublimate acetic acid were used
Table I contains a list of the histocheniical
tests carried on I.
Trophozoites treated with ribonuclease in the living state (see Table I, B, col. 5)
were studied also in the electron microscope. They were first mixed in osmium tetroxide, dehydrated, embedded in a meihacrvlate mixture according to standard procedure and sectioned at 250 A.
For investigation of the cyclic changes of the bodies in the trophozoite, samples were
taken in intervals starting from the third day after inoculation. In each sample the
number of bodies larger than 0.5 s was counted and the length of the longest axis
was determined. The cysts were studied in a similar way, but the whole culture was
treated with distilled water for 24 hours to get rid of the trophozoites and to avoid
the formation of new cysts.
Results and Discussions.— The histochemical tests (see Table 1) indicate that the
bodies consist mainly of large amounts of ribonucleic acid and some unspecified
proteins. \Ve could not demonstrate the presence of desox rihonucleic acid as in
En/amoeba histohijtica. RibonLiclease apparently did not affect the cyst (Table I,
B, col. 5), as presumably the large enzyme molecules could not penetrate through the
cyst wall. A preliminary electron microscope study shows that the globular particles
which form the bodies, appear to he flattened after treatment with the enzyme (comExja'rirnental Cell Research 15
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Fig. 1.—Chromatoid body. Fixation osmium.
Fig. 2.-Chroinatoid body. Treated with ribonuclease. Fixation osmium.
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pare Figs. 1 and 2). They consist now of lineally arranged subunits which are represented in the electron microscope as electron transparent clots (diameter about 70 A)
With electron transparent centres (diameter about 30 A) (Fig. :3). It is interesting to
note that in fornialiu fixed, hut untreated cysts, the particles appear also to he flattened (Fig. 4).
TABLE 11. Average number

(111(1

size of bodies (larger than 0.5y) in lropliozoile
and cyst.

l'rophozoite
Average
length

Day

Number of
bodies
per cell

3
4
5
6
7
S
9
10
11
12

0.5
0.6
0.3
1.5
3.5
3.3
2.3
4.4
2.9
3.0

1.7
1.8
2.4
2.2
2.2
2.8
2.8
3.2
4.3
4.2

1-Tour

Cyst
Number of
bodies
per cell

Average
length
It

1
16
24
48
72
96
120

1.4
2.1
1.7
2.1
3.7
4.4
3.3

4.8
4.9
4.2
4.3
3.0
2.3
2.1

Analysis of the changes of the bodies larger than 0.5 /2 in relation to the life cycle
shows an increase of their number and their size with increasing age of the culture
(Table II). The point or maximum size is reached in the late trophozoi e and the early
cyst. The number, however, drops during encystinent. With increasing age of the
cyst, the number increases again and the size decreases. Electronmicrograplis show
that the early trop]iozoite contains a great number of bodies smaller than 0.5 /1, and
it appears likely that the larger bodies are formed by aggregation of the smaller ones,
and that the total number of bodies actually decreases in the trophozoite until encystmeut, as no small bodies were detected in the early cyst [. The size and the chemical
composition of the particles indicates that they could have a function similar to the
RNA particles in other cells ], but there is also a certain resemblance between the
particles and viruses, and we shall try to clarify by further investigations the significance of these peculiar cellular inclusions.
Summarij.-i-Iistochemical studies have shown that the chromatoid bodies consist
mainly of ribonucleic acid and some unspecified proteins.
A preliminary electron-microscope study has shown that the globular particles
which form the bodies are flattened after treatment with rihonuclease.
The average size of the bodies over 0.5 /2 increases with the age of the culture in
the Trophozoite and decreases again in the cyst.
Experinenlal Cell Research 15
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The authors wish to express their gratitude to Professor M. M. Swann for helpful
discussions, and also to the Melville Trust for Cancer Research who equipped the electron microscopy laboratory in which part of the iii vestigations were carried out.
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The reference numbers in the text do not correspond to
those listed under BE,FEPUCE1S at the end of the paper.
The text reference numbers are therefore amended as follows:
1 should read 3
It
11
10
2
liii
U
11
3
u
U
13
U
fl
14
11
U
6
16
U
21
7
U
U
21+
8
if
27
9
The reference numbers in the tables are correct except
for:
Table I. 5. (a) Wenrick [25] should read L26.
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N UCLEO-CYTOPLASMIC CONNECTIONS IN ENTAMOEBA INVADENS
D. C. BARKER
Deparl,necl of Zoology, University

of Edinburgh, Scotland

Interest in the problem of the transfer of nuclear material into the cytoplasm has
revived in recent years with the publication by electron microscopists of evidence
indicating the passage of relatively large amounts of nuclear substances into the
cytoplasm. Clark (1960) has demonstrated this transfer by means of very large blebs
and Gay (1955, 1956) has described nuclear blebbing in Drosophila salivary gland
cells. Swift (1956), Merriam (1959) and others have demonstrated the occurrence of
'annulate lamellae' in the cytoplasm which appear to have their origin in the nucleus.
The present paper presents evidence which would be interpreted as demonstrating
both mechanisms acting simultaneously in the same nucleus.
In the course of experiments designed to study the fine structure of the chromatoid
body of E. invade,is (preliminary note Barker and Deutsch 1958) serial sections were
obtained through several nuclei which reveal some interesting features. The fine
structure of the nuclei does not differ in its essentials from those described by Deutsch
and Zaman (1958) for E. invaclens and Osada (1959) for E. histo/vtica. However, there
are important differences which may provide further evidence of nucleo-cytoplasmic
transfer. Deutsch and Zaman showed that the dense area near the nuclear membrane
in the nucleus contained 'minute spaces' surrounded by dark granules. This has been
confirmed but further study has revealed that these encircled vesicles are present all
through the nucleus and are not necessarily associated with the nuclear membrane
(fig. 1). The nuclear membrane itself is a honey-comb structure (fig. 1, inset), similar
to that described for other amoebae (Bairati and Lehmann 1952, Beams et al.
1959). Serial sections have shown that the nucleus sometimes contains large vesicles
up to 0.25 but usually about 500-1000 A in diameter which are encircled by particles
of 100-150 A (fig. 2). Vesicles of this nature are also found in the cytoplasm where
they appear as densely ringed structures (fig. 3).
At fairly infrequent intervals nuclei have been observed in which the nuclear membrane seems to have become detached over a considerable area of the surface of the
nucleus in the form of a sheet (fig. 4). The micrographs could also be interpreted as
showing nuclear protrusion encircling a piece of cytoplasm.
Sections were obtained through a nucleus in which the membrane has become
detached over a large area of surface but remains attached, at one side of the sheet,
to the nucleus. The detached sheet appears to be made of two layers of the nuclear
membrane. At the end of the sheet furthest from the attachment to the nucleus is a
large bleb of material of the same density and structure as the material in the nucleus
(fig. 5). Inside the nucleus the dark ringed vesicles can be seen. Just outside the nucleus, lying parallel to it and between the detached membrane and nucleus, is a sheet
of annulate membrane structures of the same ultrastructure as the nuclear membrane
which appears to be very similar to the annulate lamellae described by Swift (1956).
Further away from the nucleus in the cytoplasm annulated vesicles can be seen which
are similar to those seen in the nucleus and at the nuclear membrane (figs. 6 and 7).
If all these annulated structures are to be taken as different forms of the same thing
then it seems that they are formed as vesicles in the nucleus, are then passed to the
734

GENERAL CYTOLOGY

nuclear membrane which breaks down to allow sheets of similar structures, joined
together to form annulate lamellae, to pass into the cytoplasm, where the lamellae
disorganise to form the ringed vesicles of the cytoplasm. The observation of a greater
number of these vesicles near the nucleus than elsewhere in the cytoplasm is suggestive.
Grimstone (1959) mentions that in addition to the granules lying around the margins of the pores in the nuclear membrane of the parasitic flagellate Tric/ioinmpha.
others appear in rings and whorls in the cytoplasm immediately outside the nuclear
membrane and also occassionally appear inside the nucleus. Osada's 1959 micro-

graphs also show darkly ringed vesicles inside the nucleus of E. histolytica. It would
be interesting to know if this form of nuclear structure is confined to parasitic protozoa or is present in higher cells. The point becomes important when trying to
correlate the nucleo-cytoplasmic transfer reported in this paper with other examples
which come mostly from studies on rat tissue and ova. Swift 1956 introduced the
term annulate lamellae' to describe sheets of parallel, membranous elements,
each of which closely resembles the nuclear membrane. They have numerous dense
circles or annuli of the same appearance as those of the nuclear envelope. He considered the annulate lamellae as specialised forms of the endoplasmic reticulum which
because of the basophilia and infrequently observed attachment to the reticulum,
transfer specific information to the cytoplasm from the nucleus. Bernhard (1958)
in his review called for further investigations before this interpretation could he
evaluated.
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Fig. 2 NL[CICuS Wit] large sesicics U[) to 0.251).,
surrounded by particles of 100-150 A. 13 000

Afzelius (1956, 1957) and Rcbhum (1956) have described annulate lamellae which
appear to have their origin in the nuclear membrane. Merriam (1959) states that the
nuclear envelope itself may become disorganised at the time when fully formed annulate lamellae appear on the cytoplasmic side of the membrane and parallel to it.
Lehmann (1958) also mentions vesicular material in the cytoplasm which has passed
the nuclear membrane. Gay (1955, 1956) has described nuclear b1ebbing' in the
salivary glands of Drosophila and Wischnitzer (1958) has demonstrated nuclear
membrane invagination. The ultrastructural evidence for the transfer of nuclear
material into the cytoplasm has been reviewed by Bernhard (1958), Haguenau (1959)
and Hertl (1957).
Clark (1960) in a very recent paper on nuclear blebbing reviews the literature on
nuclear transfer and comes to the conclusion that most morphological studies of
nucleocytoplasmic inter-relationships indicate that some substance is transferred
from the nucleus to the cytoplasm. He gives three mechanisms for this transfer:
1 Nuclear vesicles (blebs. pockets etc.) which form at the nuclear membrane, then
rupture into the cytoplasm (Hsu and Lous 1959, Gay 1958).
2 Nuclear membrane opens up or disrupts (Altmann 1955) and I would include
the annulate lamellae of Afzelius, Merriam and Swift.
3 Nuclear material diffusing across the membrane which is the classical view (Brachet
1957, Hertl 1957).
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Fig. 4 Nucleus With ZI Sheet of nuclear
membrane detached from the nucleus over
a fairly lame area. 8 000

One ol the serial suenons of his
nucleus which show: the particle encircled
vesicles inside the nucleus: a sheet of nuclear
membrane detached over most of its area
from the nucleus; a bleb' of nuclear material
on the end of the sheet; annulate lamellae'
between the detached membrane and the
nucleus. 10000
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From the evidence presented in this paper it is possible that transfer of nuclear material
is taking place by two of Clark's three methods simultaneously. Ringed vesicles are
demonstrated in the nucleus. The bag or column of nuclear material could easily
be a bleb in the process of passing into the cytoplasm. The attachment of the bleb is
certainly nuclear membrane which has detached itself over a considerable area of
the surface of the nucleus. in the cytoplasm in close proximity to the membrane
there appears to be a sheet of densely ringed structures which resemble annulate
lamellae. At a greater distance from the nucleus ringed vesicles can be seen in the
cytoplasm. In fact there seems to be a gradient of these structures from the nucleus
outwards. No endoplasmic reticulum, as it is commonly described, has ever been
demonstrated in this animal but the evidence presented is suggestive of some sort of
membrane structurc originating in the nucleus being present in the cytoplasm. Porter
(1955) has found that the endoplasmic reticulum may exist as a reticulum or as a
system of separate vesicles. investigations are proceeding into the ultrastructure of
this animal, in particular into the chromatoid body which appears to be composed
of a dense crystalline mass of particles similar in size to Palades small granules, but
at present no evidence can be given that would demonstrate the participation of the
annulate lamellae in this structure as has been demonstrated for the chromatoid
body of crayfish spermatocytes (Ruthmann 1958).
I am indebted to Mr. F. Collier and Mr. D. Cremer for their skilful technical assistance and to the Melville Trust for Cancer Research who provided the electron
microscope.
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Ext amoeba invadems is a parasite living in the intestine of reptiles. The cyst and the trophowite
contain rod- or bar-shaped inclusions which are up to 10 i long. They are also found in other
Entamoebae and are often called chromatoid bodies.
We have studied the morphology of Entamoeba invadems in the electron microscope (Fixative:
osmium tetroxide, in one case also formalin). The micrograplis show that the bodies consist of
small particles which are arranged in a crystalline pattern. The diameter of the particles is about
200 A. High magnification pictures reveal a fine structure of the particles (Fig. 1). The bodies are

The ultiastritet we of the ehroniatoid bottles in Enlitnioeha inva(k'ns
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VIO
Fig. I. (Ii romatoid body. Arrow indicates par! ides
showing fine structure. Fixative: OsO.

Fig. 2. ( 'luomatoid body after treatment of the
living organism with i'iboimncloase. Arrows indicate
particles showing fine structure. Fixative: OsI)

smaller and more numerous in the trophozoite than in the cyst, and in the trophozoite a number of particles have been found which have not aggregated vet to form bodies.
A histoeliemical study has shown that the bodies
consist mainly of ribonucleic acid and some unspecified proteins. One of the tests which we have
*
I
*
'
carried out is of particular interest as it involved
0
the use of the electron microscope. The living organ,
.
. -.
isms were treated for four hours with ribouclease
n
j...
•'
.(10mg ribonuelease in 10 C1,13 water). They were
. .then fixed in osmium tetroxide and prepared for
- -,,.
sectioning by standard procedure. Preliminary re.
--*
a
suits show that in the trophozoite originally the
--7
d,
globular particles appear to be flattened as a result
of the treatment with the enzyme (Fig. 2). The
enzyme has apparently decomposed the nucleic acid
•y
contained in the particles. This tallies very well with
'
results of histochemical tests which have demonemon
strated
strated a substantial loss of ribonucleic acid in the
_..:,
bodies after treatment of the living organism with
.
ribonuelease. It is interesting to note that in for- . ..
'....
maim-fixed, untreated organisms, the particles appear also to be flattened (Fig. 3). High magnification pictures of enzyme-treated organisms reveal
also a fine structure of the particles: they consist
Fj. :i (Ii ni;)tnj,l 1)0(11. lix))tiv,-: furtualin
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of linearly arranged subunits which in the electromnicrographs are represented as electron dense
rings (diameter about 70 A) with electron transparent centres (diameter about 30 A) (Fig. 2). In
the cyst after treatment with ribonuclease no changes were observed, presumably the comparatively large enzyme molecules could not penetrate the cyst wall. We shall try to clarify by
further investigations the significance of these peculiar inclusions.

Druck: Bruhlsche UniversitStsdruckerei Giel3en

Iiilialtsübersicht Band II
Biologisch-medizinischer Teil

Festvortrag: Electron microscopy in morphology and molecular biology. By Francis 0. Schmitt
Elektronenmikroskopischo Präparationstechnik in der Biologic*:
1. Fixieren und Einbetten - 2. Schneiden und Mikrotome
Ilistochomic urn! Biochemie
Ordnungsprinzipieii in tier Biologic
Membranen und Membranmodello
F. IErgebnisse der Elektronenmikroskopie in der Zeilmorphologie:
1. Zelikern, Chromosom und Centriol - 2. Cytoplasma und Zellorganellen
iErgebnisse tier Elektronenmikroskopie in der Anatomic:
1. Epithelgewcbe —2. Muskelgewebe —3. Kollagen —4. Hartgewebe - 5. Exokrinc Drusen
6. Endokrine Drdsen - 7. Exkretionsorgane - 8. Respirationsorgane - 9. Reproduktionsorgane - 10. Nervengewebe - 11. Sinnesorgane
Ergebnisse tier Elektronenmikroskopie in der Pathologic:
1. Tumorgewebe - 2. Strahlenwirkungen
Ergobnisso tier Elektronenmikroskopie in tier Botanik
J. Ergebnisse der Elektronenmikroskopie in tier Mikrobiologie:
1. Protozoologie - 2. Bakteriologie - 3. Virologie

* 1brige Präparationstechnik siehe Band I.

SPRINGER- VERLAG

BERLIN

GOTTINGEN

HEIDELBERG

In zweisprachiger Ausgabe erschien im Dezember 1959

Die submikroskopische Ancitomie und Pathologie der Lunge
The Submicroscopic Anatomy and Pathology of the Lung
Von Dr. med. HERIBERT ScnuLz, Assistent am Pathologischen Tnstitut der Medizinisehen Akademie in DOsseldorf. Englische TYbersetzung von Dr. F. DALLENBACII
Mit 95 Abbildungen in 205 Einzeldarstellungen. IX, 199 Seiten 4°. 1959. Ganzleinen DM 178,—
Inhaltsiibersicht
Material nut! Methode
Die siibinikroskopische Anatomic der Lunge
Die Lungenalveole. Die vergleiehcnde submikroskopische Anatomic der Lungen und des
Blut-Luft-Weges. Die LungcngefaBe. Das LungengerUst. Die Tracheal- und Bronchialsclileimhaut. Die embryonale Lunge.
Die submikroskopische Pathologic der Lunge
Die Pathologic der Mitochondrien. Die Pathologic der Cytosomen in den Alveolarmakrophagen der Lunge. Das experimentelle Lungenodem. Die pulmonalen hyalinen Membranen.
Die plasrnacellulare und eosinophile Entzundung des Alveolarseptums. Die leukocytäre
Alveolitis. Die Lunge bei extrakorporalem Kreislauf. Thrombocyten und Thrombose. Die
Lunge bei Mitraistenose. Die Ultrastruktur der nichtdurchstromten Lungencapillare. Die
Lunge im Winterschlaf. Die Atelektase der Lunge. Die experimentelle akute Uberbliihung
der Lunge. Transport und Ablagerung von Schwermetallen sowie von Tusche in der Lunge.
Die Ablagerung von Ferritin und Hämosiderin in Alveolarmakrophagen. Die Pneumokoniosen. Die Ultrastruktur der Pneumocystis Carinii. Die Lungentuberkulose. Die Ultrastruktur und Entwicklung von lungenpatliogenen Viren. - Literaturverzeichnis. Namenverzeichnis. Sachverzeichnis.
Table of Contents
Material and Methods
The Submicroscopic Anatomy of the Lung
The Pulmonary Alveolus. The Comparative Submicroscopic Anatomy of the Lung and of
the Blood-Air-Pathway. The Pulmonary Vessels. The Pulmonary Stroma. The Tracheal
and Bronchial Mucous Epithelium. The Embryonal Lung.
The Submicroscopic Pathology of the Lung
The Pathology of the Mitocliondria. The Pathology of the Cytosomes in the Alveolar
Macrophages of the Lung. The Experimental Lung Edema. The Pulmonary Hyaline Membranes. Inflammatory Infiltrates of the Alveolar Septum by Plasma Cells and Eosinophilic
Leucocytes. The Polymorphonu clear Leucocytic Alveolitis. The Lung during Extracorporeal Circulation. Thrombocytes and Thrombosis. The Lung in Mitral Stenosis. The
TJltrastructure of the Non-perfused Resting Pulmonary Capillary. The Lung during
Hibernation. Atelectasis of the Lung. Experimental Acute Hyperinflation of the Lung.
Traoport and Deposition of Heavy Metals and India Ink in the Lung. The Deposition of
Fcrritin and Hemosiderin in Alveolar Macrophages. The Pneumoconioses. The Ultrastructure of the Pneumocystis Carinii. Pulmonary Tuberculosis. The Ultrastructure and
Development of Pathogenic Viruses of the Lung. - Bibliography. Author Index. Subject
Index.

Elektronenmikroskopische Untersuchungs- und
Pröpa ration smethoden
Von Dr. Luuwio REIMER, Dozent für Physik an der IJniversitht Munster i. Westf.
Mit 135 Abbildungen und 20 Bildtafeln. VIII, 300 Seiten Gr.-8°. 1959.
InhaltsUbersicht

Ganzleinen DM 58,—

Untersuchungsmethoden
Elektronenoptische Grundlagen des Durchstrahlungsmikroskopes. Andere Abbildungsverfahren. Messung wichtiger optischer Konstanten. Stereoabbildungen. Entstehung des
Bildkontrastes. Elektronenbeugung. Schoinstrukturen durch lnterferenzcffekte. Praparatveranderungeu unter Elcktronenbeschull. Bildaufzeichnung und Intensitatsmcssungen.
Präparalionsmethoden
Objektbleiiden und Tragernetze. Herstcllung mid Eigenschaften von Tragerfolien. Grundlagen der Hochvakuum- und Aufdampftechnik. Oberflächenabclrücke. Schragbeschattung.
Zielprbparation. Herstellung durchstrahl barer Metallfolien. Anorganisehe disperse Systeme.
Organische disperse Systeine. Fixierung und Kontrastierung. Gefriertrocknung. Entwässerung und Einbettung, Ultra niikrotornie. - Bezugsquellen für apparative und prhparative Hillkmittcl. Bildanhang. Sachverzeichnis.

