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The importance of a combined genetiecal and f
embryological approach in the causal snalysis of
development has been stressed by Waddington (1540b),
Drogophila, in view of our detailed knowledge of 1
its genetics, should be the besgt material for such
analysis, With these points in mind, the present |
work has been undertaken with the hope of acquiring
more. information about the development of the fly,

Experimental ecmbryology, like other branches
of the experimental biological seciences, seems to

have reached a stage at which further advancement
is limited by the lack of chemical knowledge at
the cellular level, It is for this reason that
the current development of ecytochemistry and
the application of cytochemical methods to
embryological studies have received wide attention,
Danielli (1947) has put it clearly that, in the
realm of cytochemistry, the distribution of
various chemical species should first be known ;
|

before further arproach at the physicochenical
level can be made possible, The present study is,
therefore, mainly concerned with the localization
of certain particular chemical substances during
These substances
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ineclude chiefly the protein sulphhydryl groups

(or fixed -8H groups), ribonucleic acid and
phosphomonoesterases, The reason for which the
first two substances have been chosen for study is,
among others, their significence in connection with
the determination of the embryo axlis in vertebrates
(Brachet, 1947), The distribution of phosphatases
is studied becsuse of their suggested relation to

| the chemistry of differentiation (Moog, 1944),

On the other hand, the Drosophils egg, as that
of a holometabolous insect, is necessarily endowed
with a double orgsnization, involving both the
larval and imaginal developmental patterns, This
has actually been borne out by Geigy's (1931b),
irradiation experiments, Since the processes
through which these two patterns are realiged are
fundementally the same, cytochemical observations
have been extended to post-embryonic stages of
Drosophila, in an attempt to find some gemeral
similarities between embryonic development and
metamorphosis,




Wild=-type Oregon 8 stock of Drogophils
melanogastor was used and cultured by the usual
technique at 2510, 2°C, Ooeytes in various
developmentai phases were obtained from one day old
females which contained practically all successive
stages, For the collection of fertilized eggs,
virgin femsles were kept separate from the males
for two days, They were then mated and the males
removed after one hour, I Bgg collection was made
from such females on a yeasted simple medium
containing 2§ ethyl alcohol and 1% acetic acid in
2% agaw, After disearding the first two or three
lots (which may contain some eggs with advanced
embryos), eggs were collected at ten minute inter-
vale, timed and incubated. The enbryos for study
were first dechorionated free~hand as described by
Poulson (1937) and then carefully punctured in the
fixativé with & very fine tungsten needle,

In order to colleect larvae of known age,
30~50 rapidly laying females were allowed %0 ley
eggs in a fresh food bottle for one hourn Larval
age was computed from the time of egg laying, the
total duration of embryonic life being 18-19 hours
at/=
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at 25x0,29C, The limit of age difference within
such a group of larvae is approximately £ 1 hourw,
‘To obtain the requisite stages of prepupae and

!pupae, mature larvae prior to puparium formation

|

Inra transfered to agar plates in Petri dishes,
Pollowing Robertson (1936), the moment when the
Ianterior spiracles ceased to move was carefully
recorded for a group of individuals and taken as
zero hour, Due to the impermeability of cuticle,

pricking with tungsten needlesg in the fixative is

also necessary for the larvae, prepupae and pupae,

Formal~-alechol-scetic acid mixture (Huettner,
1923) was used as fixative for the following
'erhemioal tests: fixed -8 groups, ribo-

'and desoxyribo-nucleic acids,  80% aleohol was used
for alkaline phosphatase, and chilled acetone for
acid phosphatase, The materials were embedded in
the usual way and sectioned at 104,

For the detection of fixed -~8H groups the method
devised by (Ih;vmont and Fr;dério (1943) wae employed,
Control sections were treated with saturated
mercuric chloride for one hour to block the —gH
Eroups, Ribonuecleic acid distribution was
'studied by the method of Brachet (1942): crude

‘ribonuclease was isolated from calf pancreas:
‘sections were incubated in enzyme solution (in
aistilled/- |




distilled water) for 1-g hours at 87, 5°G

controls for the same period in pure distilled
waten, besoxyribonucleic acid was demonstrated by
the standard Feulgen technigue (Stowell, 1945),

For the domonstration of slkaline phosphatase,
Danielli's (1946) schedule wes generally adhered to,
Certain minoy modifications in timing were, however,
found to be necessary for the present material,
because of its relatively low engyme content, The
duration of the steps between fization and incuba-
tion was therefore deliberately shortened (espeecially
that in the paraffin bath (m p, 52°C,,1-1% hr, at
56°¢C, )) so that the enzyme loss can be reduced to a
minimum, Sodium glyeerophosphate (B, DI, ),
consisting of almost pure beta-salt, was used as
substrate, Magnesium chloride was added to the
incubation mixture at a final eoncentration of 0,01
B, The pH of the mixture was 9, 40, The duration
of incubation was 4 hours et 57, 5°C, For post=
embryonic stages, this was extended to 12 hours in
order to get the maximum possible reaction in
tissues of low phosphatase content, In several
cases, negative results were checked by a 24~ oY

even/-
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even 48~hour incubation,
In posteenbryonic development, alkaline

phosphatase activity shows a considerable difference
in degree between different organs and hetween
different morphological stages, In order to eX=
press such differences as truly as possible, enzyme
setivity has been classified into three grades:

these are by no means satisfactory but they are

sufficient to describe some important chemges of
enzyme activity, A "strong" resction refers to a
tissue or a part of a tissue which appears so

black that its internsl structure is often difficult
to identify. A "moderate® reaction describes
Material showing derk brown precipitates in the
nueleus and diffuse, brownish to grayish colours in
the cytoplasm, Histological details can easlly be
made out in these, A tissue is referred %o as

"weakly" reactive when the nuelel only contained

brownish precipitates, |
Gomori's technique for the demonsiration of l

acid phosphatage has recently been questioned on |
certain grounds (Bartelmez and Bensley, 1947), i
i

The problem of non=-specific a_bsarpt:lan was thereforT
|

studied, using Drosophila ovaries, by superimpos=
ing active sections on inactivated sections and

ineubating/~
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incubating them together for various lengths of time
(6, 12, 24, 45 and 72 hours), It was found that ,
after short incubation (8, 12 hours) the inactivated
sections were practiecally unstained, HNonespecifie, |
diffuse yellowish staining in these sections became
evident in 24~hour series and more so after 406 and
72 hour's incubation, From this result, it appears
hat incubation requires very critiecal timing, Horo=
over, I was unable to confirm the inctabllity of lead
phosphate as clalmed by Bartelmez and Densley,
ther, the distribution of acid phosphatase in the
sophila ovary has been confirmed by incubating
resh unfixed material: +this will be described later,
renting that acid phosphatase technigue is not guite
o satisfactory as the method for alkaline phosphatase,
ormation sabout its gemeral activity cen, neverthe-
less, be obtained, if the conditions of experiment
are carefully controlled,
In this work, Moog's (1944) modified Gomori's
technique for betaglycerophosphate was used, The pH.
of the incubation mixture was 4, '?0. The duration of
cubation was 16 hours at 87, 5°C, Control sections
re incubated either without substrate or in the

resence of 0,01 M, fluoride,
Lp In order to get some information sbout the mature

erm, most cytochemical tests were repeated on

B
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Drosophila testes from one day old males,  These
results will be briefly dealt with under the section
on ooeyte development,




A, Morphological observations on coecyte
development:

Since the development of the Drogophila
ooccyte has not been adequately described, it must
first be sumarized here, The whole ovarian his-
tory can be divided arbitrarily into eight stages,
based on the size of the cocyte and other morpho-
logiecal characters of the nurse cells and follicular
epithelial cells, These steges are shown in the
figure 1 and a brief description of them is given
below: (the median croes sectional area (A) of the
oocyte was measured by a planimeter under o linear
magnification of 160; the diameter (d) of the

largest nurse cell nucleus was measured by an

ocular micrometer)

i A=25 mn®, d=153, The ooeyte can be
distinguished from the nurse eells by its
emaller-gized nucleus end weaker cytoplasmic
basophily,

2e A=160 m, d=20 1. The whole follicle
elongates and the follicular cells become
flattened out at the nurse cell end, Nurse
ecell cytoplasm develops strong basophily,

5, /=
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. cogyte, Foilicular cells concentrate around

. full swing, The nurse cell oytoplasm is high-

- 10 »

A=310 mn®, @=27n. Deposition of yolk
granules starts at the peripheral region of the

the egg: a very thin envelope consisting of a
few squemous cells is all that enecireles the
whole set of murse cells, Nursge cells and
follicular cells show strong cytoplasmic
basophily, Intracellular vacuoles appear in
the nurse cells,

A=560 um®, @=40p, Secretory activities of
the nurse cells end follicular cells are in

1y vecuolated and its contents begin to pour
into the egm Net infrequently, whole nurse
e¢ell nuclei cem be found inside ooplasm,

A=1080 mmn®, iSn. The general
Peatures of this stage are similar to those of
the preeceding stage, The physiological
activity of the nurse 3ells has probably passed

its peak as evidenced by the deeline of cyto=
plasmic basophily, The foilicular cells show
no signs of degeneration,

A=2030 mm®, The nurse cells show a st

deecrease of cytoplasmic volume and basophlly, 1
l

Their nuclei become pyenotic, those adjoining
the ooeyte often being the first affected, A

great number of vacuoles can be seen in the
oocyte/=-
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ococyte cytoplasm, They are derived from the
nurse cells and are observable under living

- eonditions,

A=2600 mm®, The cytoplasmic contehts of
the fifteen nurse cells are emplgtely abgorbed.
The follicular cells become flattened, but
their eytoplasm is still moderately basophilic,
The whole egg cortex is covered by a thin,
homogenous, yellowish and refractile structure
w——— the vitelllne membrans,

This stage corresponds to a mature oooyte
and is not shown in the figure, Folliocular
cells degenerate and the chorion with filaments
is well formed, No pycnotic nurse cell nuclel
remain vigible, The volume of the ooeyte
increases slightly and a further synthesis of
yolk grenules occurs,

B, Fixed -85H groups:

Pixed ~8H groups c¢an be demonstrated in both

nucleus and cytoplasm of the ooccyte, nurse cells
and follicular cells, In the nucleus, they are
mainly concentrated in the chromatin substanses and

in the nucleclus, The nuclear sap is negative,
In the cytoplasm, certain diserete granules always

stain/-
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stain more intensely,

In the ooeyte the intensity of the =3H re-
action increases alter stage 3, espeeially in the
cortical ooplasm which staine deep blue as compared
with the greenigheblue of the central coplasm, As
maturation proceeds, the distribution of fixed ~3H
groups becomus more em're:;., but & waiform and higher
concentration is etill evident in t.ho' egg cortex,

In the nmurse cells fixed -§H groups are very
abundant in the cyioplasm in stages 1-5,
Particularly reactive are those areas near the
nucleay and vacuolar meumbranes,

Like the nurse celle, the follicular cells are
very rich in fixed -8l groups, In certain stages
(3 and 4 an intracellular gradient of -~8H reaction
can be geen, with deep blue granules accumulated
mostly in the proximal half of the cell facing the
ege surface, The follicular cells still give a
strong «8H reaction in stage 7,

Control sections gave no reaction in most cases,
Occasionally, the structures containing o high cone
centration of fixed ~SH groups such as the egg
cortex or chromatin materials in nuclei remain
faintly positive after mercuric chloride treatment,

The adult testes are equally rich in fixed ~8H
groups, S8perm heads are extremely reactive,

G /-




G, Ribenueclelc aeid

In stage 1, nurse cells contain more
ribonucleic acid than either the oceyte or follicular
cells, In the next three stages (8-4), an enormous
increase of aytoplasmie ribonucleic acid occurs in
the nurse cells, They now stain deep red with pyro-
nin, The scid content starts to deeresse in stage B,

The follicular epithelial cells give as intense
a staining as do the nurse cells in stages P
They rotain most of their ribonuclelc acid in stages
6 and 7, a fact which is possibly related %o the
Pormation of the chorion end filaments of the egg,
In general the oocyte cytoplasm takes less
pyronin than the nurse cells or follicular cells
in most developmental stages, gomparing oocytes of
different stages, the ooplasm of younger oocytes
(berore stoge 2) often contains relatively more.
ribonucleic acid then that of older cocytes (stages
5 and 4). Mevertheless, in these latter stages,
cytoplasmic materials at the end of the oocyte
adjacent to the nurse cells take pyronin as strongly
as do the nurge eell's cytoplasm,  This indicates
the begimning of the murse cell absorption, In
stages 5-7, the ribonucleie acid content of the egg
chows a definite increase as a result of the direct
incorporation/-
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incorporation of all nurse cells, The acid content
of mature cocytes decreases very sharply again,

This is probably cocnnected with further gynthesis

of yolk materials before maturation (Pasteels (1948)
recently found that in Ascerig ovogenesis the
decrease of cytoplasmic basophily ie correlated
with yolk formation), Brachet (1942) has mentioned
that ribonusleic aeld decressss CGaring the oogenesie
In the light of pmémt evidence,
his statement is true only when the comparison 1s
made between certain definite developmental stages,

Ribonueleic acid is not demonstraeble in the
ooecyte nucleus at any developmental stage,

Treatment with ribonuclease completely abolishes
the eytoplasmic affinity towards pyronin, Pyenotic
nuclei of the nurse cells (in stages 6 end 7) show
various shades of colour (green, purple, red ete, )
both in the conirol and enzyme treated sections,
This probably indicates that depolymerization of
:iesomibmlaic acid oceurs during the anuclear
degeneration, sinee pyronin will stain desoxy-
rivonueleic acid only in the depolymerized form.
(Kurnick, 1947),

The testes from freshly emerged or adult males
contain 2 negligible amount of ribonucleic aeid in

comparison/=
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comparison with the ovaries, liature sperm take up
practically no pyronin,

D, Desoxyribonucleic acid

Using the Feulgen reaction, Painter and

Reindorp (1939) have made a detailed study of
nomenan in the nurse cells of Drosc

ovaries, Anslysis of the very early follicles of
our preparations has confirmed their findings of the
general phenomenon of endomitotie growth in the nurse
cells, A few points which are related to the
| develgopment of the oceyte as e whole will be men-
tioned here, In the first place, there seems to
be some relation between the vhysiological aectivity
of the nurse cells and their degree of polyteny,
lorphologieal evidence and ribonucleic acid content
both indicate that the nurse cells ars physio- |
logically most esctive in stage 4  The nuclear 'l
diameter of the largest nurse cell at this stage has
already reached 40n which is at least 5l2-ploid
according to Painter and Reindorp, Secondly, the
reactivity of the nurse cell nuclous as a whole
towards the Schiff's reagent and the number of the
Fmﬂg&n—posiﬁve granules around the nuclear
membrane/=
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merbrane decregse sharply in the stage 5 follleles,
This is then followed by pyencels and reasswiption
of Feulgen positivity, Lastly it may be mentioned
that there is no demonstreble change in the Feulgen
reaction of nueclei of either the cocytes or follicu-
lar celle theoughout the ovardian history,

B, Alkaline phosphatase

Alksline phosphatese is not demenstrable in
Drogophils ovaries taken from one day old females,
Bven when the incubation was extended to 24 or 48
hours, only & very feeble reaction eould be noticed
in the nucleolar materials of the nurse cells and
follicular cells, Both experimental and control
sectione appear grayish due possibly to the presence
of preformed phosphates,  The epithelium of the
oviducts gives, however, a moderate alkaline
phosphatage reaction (fig 2).

Testes from one day old males also show no
histochemical trace of the enzyme,

B, Aeld phosphatass

Acid phosphatase has a wide distribution in the
Drogophila ovary, It is present in both the nuclel

and eytoplasm of the ococytes, nurse cells and
follicular eells (fig, 3). The nuclear reaction

ig/e
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is gmerélly stronger than the cytoplasmie one,
which, especially in the nurse cells, varies between
different developmental stages,

In the case of follicular cells there seems
to be very little change of acid phosphatase
activity as the oocyte grows, Their nuelei stain
as heavily as those oi' the nurse c2lls and oocytes,
but their cytoplesmic activity is slightly weaker,

In the very young folllele, nuvee cells are
undergoing endomitosis and the resulting mutiple
chromatide show a strong tendency to remain together
in definite groupe (Painter and Reindorp, 1989),
Thege polytene chromosomee glve a very intense acid
phosphatase resetion, Cytoplasmic activity of the |
nurse ecells in these young follicles is comparative-
ly low, It increases substantislly in the older
follicles (stages 4 and 5), especially around the
the intrasellulsr vacudles and the cell bordern
The setivity falls off at stage 6, but the pysmotic
nuelei remain very reactive,

As is evident fron figuve 5, the cocyte is
very rich in acid phosphatase, both in the nucleus
and cytoplasm, In the latter, the concentration
of enzyms near the peripheral part of the e¢gg is a
distinet feature in follicles of stages 4-6, The

yolk/=
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yolk grenules as they are formed in this peripheral
region are likewise endowed with high acid phospha=-
tase actbivity, A similar concentration of enzyme is
also noticeable arcund the vacuoles prosent in the
ooplasm in stage 6, In mature oocytes cortical
localization of acid phosphatase hecomes less evie
dent, but ingtoad the vitelline membranc sppears to
be positive,

The dietridvution of secid phosphatase in

hila ovaries has also been studied by
incubating directly fresh material in lead-glycerce

phosphate reagent, After half en hour of ineubation,
the nuelear roascticn 1z already evident in the peri-
| pheral follicles of the ovaries, chisfly in the
follicular cells and nurse cells, The sliower
reaction in the cocyte is perhaps duve to the
limitation set by the rete of peaetration of the
reagents, The whole reaction becomes more intense
and definite as the duration of incubation increases,
Figures 4 and 5 prescat the diiferences found between
a group of experimental and conbtrol follicles after
two hour's incubation, If one couwpares figure 4
with figure 3, it is obvious that relative distribue-
tion of acid phosphatase is precisely the same in

both cases,
Agid/~




Acid phosphatase is also demonstreble in the
oviduet epithelium, '

Like the ovariecs, Drosophila testes are rich in
ecid phosphatase, Sperm heads and the whole matrix
in which sperm are embedded seem to contain the

enzyme,

G, Sumery

It is evident from the above acoount that the

}s 22 2 type of so called mosaic ogg,
does not show any differential distzibution of the
chemical substances (sc¢ far studled) in dirfevent
parte of the eogg whoss gpatial axes are probably
determined very early during its development,

Mature oveytes are very rich in fixed -8H
groups, A definite, but general, concentration of
thege groups in cortical coplasm hap been obaerved,
Sperm hesds ars equally rich in Pixed -8H groups,

Mature occytes (and in particular immeture ones)
contain a considerable amount of ribmueieic acid
which is diffusely distributed,

Acid phosphatase is demeonsirsble in both
mature ooccytes and sperms, The conceantration of
this enzyme in the egg cortex in the early stages
of f
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of cogenesin seems to be connected with yolk
synthesis, since such localization is no longer
distinguishable after maturation,

Poth adult ovaries and testes, and consequently
the mabture germ cells, contain no histeochemical
trace of alkaline phesphatace,

(2) Bubryc

A, Pixed ~Sil groups:

A gortical concentration of fixed -3 groupe
is elearly visible in the early cleavage and blasto=
derm steges which agrees with the distribution al-
ready found in mature cocytes, Mitesis is always
gyuchronic in these olages, If the nuclei of an
early ewbryo happened to be in the course of
mitosis &t the time of fixation, the eytoplesmic
-8 peacticn is far more intense Bhen That of a
corvesponding eubryo wiose nuclel were not in
division, This fact is in asgeordance with the
general view concerning the relation between fixed
-8 groups and mitesis (of. Heedham, 1948), Like
the shromatin substances in a non-dividing aucleus,
mitotic chrowoscmes invariably show a vivid blue
reaction,

As/w
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As gastrulation and germ layer formation proceed
the ectoderm which formg the future hypodermis
cbtaing a greater chare of fixed -8H groups than
the endoderm and mesoderm, This ectodermal
localization is traceable in all parts of the
ectoderm of the embryo, It is still noticeable
before the contraction of the gemn band which takes
place at about the 9th hour after laying at 2510, 29C,

Apart from this differential distribution, no
difference in the intensity of -SH reaction has been
noticed between the mesoderm and nervous tissue
rudiment or endoderm,

In later embryos (12 hours or older), an increase
of -m reaction has been cbeerved in certain organs,
such as gut epithelia, salivary glands, gonads and
cuticle, Wwith the exception of cuticle, the in-
ereage in fixed -~SH groups seems to be correlated
with the increase of ribonucleic acid,

B, Rivonugleic aecid

In the newly laid eggs the distribution of
ribonuecleic aeid is diffuse, As soon as the
cleavage nuelei begin their migration to the egg
periphery, there occurs a gimultaneous segrégatinn

of /=
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of ribonueleic acid, Thus, in the incipient or
single blastoderm stagé, the whole surface blasto-
derm is so heavily stained by pyronin that it gives
one the impression that the ribonucleic acid content
is increased, Especially noticeable is the hi@er‘
conecentration of the acid in the so called "innere
blastema" which is later to be partially incorporated
;lith the blastoderm cells, No ribonucleic acid is
now left in the yolk exeept in the thin protoplasmiec
areas surrounding the yolk nuecleil,

Between gastrulation and the contraction of the
germ band (%=-90 hours embryos), most principal organ
rudiments have been laid down, During this
interval no comspicuous difference in ribonucleic
acid content between different germ layers and thelr
derivatives has been observed, Within the ectoderm
itself, however, a differential distribution exists,
The half of the eell faeing the yolk always contains
more ribonucleic acid than the other half, 8ince
this condition was found in the ventral lateral and
dorsal octoderm as well as in the invaginating
stomodasum and proctodasum, it is possibly a mere
consequence of the concentration of ribonucleic

acid in the "innere blastema" in the blastoderm

stage,
In/-




In older embryos (1215 hours) a differential
| aistribution of ribonueleic acid due to differential

1 acquigition of synthetic activity arises, For
example the mid-gut seems to acquire this ability
soon after the coiling of the intestine has taken
place (between 1llth and 12th hour), Other orgeans
wvhose ribonucleic acid content is comparable to
that of the mid-gut are the pmbntrieulua, gastric
caeca, salivary glands, trachea buds and the hiand-gut,
'IOrgans such as stomodaeum, Malpighlan tubes, muscles,
fat eells and hypodermis contain less ribonucleie
acid, 8till, the cytoplasmic basophily of these
latter organs is not very much dmei-ent from that
of the cells of a gastrula, Nerve cells possess the
least amount of ribonucleie acid at most stages:

the nerve fibre region is devold of it,

Comparing the pyronin stainability between
embryos of various developmental stages (from
‘eleavage to sbout 15th hour after egg laying), it
was found that there seemg to be very little, if any,
decrease of ribonueleic acid throughout the most part
of Drogophila embryonic development, Between the
15th and 18-19th (hatching of the larva) hours,
:'ribonuoleic acid content is maintained in the gut
epithelia and salivary glands, In other organs a
decrease of the'ac:l.d. content is noticeable,

Treatment/-
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Preatment with ribonuclease removed the

| pyronin stainability of the embryonic cells, There
is, however, a tendency for the yolk to take some
pyronin in both control and treated sections,

¢, Desoxyribonuecleic acld:

The Feulgen reaction of Drogophila embryos has

been studied with a view to getting some information

about the time of the synthesis of desoxyribonucleic
acid, Tt was found that mitosis occurs most fre-
quently between the 5th and 8th hour after egg
laying at 2540, 2°C, After the contraction of the
germ band (9th hour) eell division can be seen only
in the brain, mesenchyme eells (?) and occasionally
in the ventral ganglion; but not in other tissues,
This pesult is in entire agreement with the findings
of Poulson (1945).

Since the growth of the larval tissues in
Drosophila takes plage almost exclusively by the
process of endomitosis (Cooper, 1938), it would
be interesting to know whether or not endomitotic
| growth starts early in later embryonic development,
The nuclear size of the eells of mid-gut and salie-
vary glends has thus been coma red between the

stages/-




stages immediately after the contraction of the
germ band and just prior to hatching, Although
the nuclear size in the latter stage is definitely
larger than that in the former, the total increase
in nuelesr volume smounts to less than 50% (from
about 28u° to 40n°® in the case of the salivary
gland cells), If the relation between the nuclear
division ecyele and doubling of nuclear volume holds
true, this would suggest that endomitosis does not
ocour during embryonic life,

D, Alksline phosphatase

Following on the negative reaction of mature
coeyte and sperm, alkaeline phosphatase is not
detectable, even in the nuelei, in fertilized eggs
nor in embryos up to a stage Just prior to the
contraction of the germ band, The enzyme arises
suddenly in the embryo during, or more likely
immediately after, that morphogenetic stage, and
makes its first appearance in the ventral part of
the embryo near the future thorax, The exact
centre of origin is rather difficult to locate,
It lies probably in the latero-ventral ectoderm
(opposite the ventral nerve cord) of the

metathoracic/-




metathoracic and first two abdominal segments,
Topographically, these segmenits oceupy almost a
central position along the antero-posterior axis of
the embryo and they alwaeys show & stronger alkaline
phosphatase reaction than do other segments in the
period soon sfter the appearance of enzyme activity
(fig. 6)s In most cases, only one such centre is
found on the one side of the median embryo axls,

In a few cases, two centres, one on either side of
the median axis, are found,

From the centre (or centres) the enzyue activity
gpreads to the neighbouring ectoderm and to the
interior orgens in a quite characteristic manner,
for definite gradients of alkaline phosphatase
reaction are always obsgervable in embryos fixed
between the 9th and 12th hour after laying, At
least two such gradients are noticeable:

(a) Extero-interior gradieht e—w=- Thig is indicated
by (i) the surface ectoderm always shows more enzyme
activity than internal organs; (ii) the ventral
nerve cord is active only in its ventral part at
firgt, later to be followed by a distinet gradlent
showing a strong reaction in the veatral part but a
moderate (to weak) one in the dorsal pertion (a

.ventrodorsal gradient might be involved in this case)}

[ and/-
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and (1ii) the mesodermal components of the
intestine invariably respond to the wave of enzyme
| 8preading eariier than do the intestinsl ecells
themselves,

(b) Antero-posterior gradient wwwe The posterior

part of the embryo is more resctive than the
!a.nterior part, a characteristic which can be very
[well seen in 10-1l hour embryos, This gradation
|

also manifests iteelf within the surface ectoderm,
In the case of the proctodasum, the highest enzyme
getivity is found near the anal opening, gradually
fading awey towards the mid-gut, These two gra=
?dia_ats of slkaline phosphatase reaction can be
i't_z'mmf:l in the figure 7,

The possibility that gradient sctivities might
be artifacts of some kind has been ruled out by the
following experiment: a part of the enzyme activity
it:t:lf' a2 number of fixed 11-12 hour embryocs was destroyed
individually by the loeal application of heat from a
miecro-gautery needle before embedding: the inactive
areas in such embryos always gave a negative reaction
irrespective of the positive reaction of the une=

injured regions and of the duration of incubation,

%‘I‘ho resulte indicate that. diffusion which might other-
wise be the distrubing factor does not take place i
!rdthin the sections under experimental eonditions,
?moquantly, the observed gradients must be
attributed/-




' - 28 =
iattribu‘bed to differential rates of spreading of
enzyme activity, |

Further spreading takes place between the 12th
‘end 14th hour, mainly in the anterior and central
parts of the embryo, At this time the gradients
'of alkaline phosphatase reaction are no longer very
‘distinet, In fact, it was often found that, |
;:ln 12~13 hour embryos, the anterior part is more
'reaat:we than the posterior part, Thig is
apparently due to the fact that organs in the
anterior region (such as the brain, stomodaeum,
cephalopharyngeal apparatus and head mesoderm) have
reached their maximal enzyme activity, whereas the
activity in the posterior part of the embryo has
possibly already passed its peak, Because the
highest enzyme activity of a particular organ seems
to be maintained for only a short period, it is
Lﬂ.fﬂoult to say at which stage the Rrosophila eme
Lryo, es a whole, has its maximal alkaline phosphataae!.
%antont. It mey be atated that all embryonic tiasues;

a positive reaction in 12-15 hour embryos
fig, 8),

i
Alkaline phosphatase is more concentrated in
tuelel, presumably in the chromatin material, In

| .
'Ihhe eytoplasm, a diffuse and moderate reaction is |

demongstrable in every organ between the 19th and 15th
|
hour/=
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|
hour, When a eell begins to acquire phosphatase

activity, the nucleus secems to be the first region

to become active, Aotivity in the eytoplasm comes
later,

| At about the 15th hour enzyme activity starts

‘to decrease in most tissues, especially in the
cytoplasm, However, the cells of the tracheal tubes,
hypodermis and eephalopharyngesl apparatus still
retain their full setivity, with perhaps even more
sotivity in their cytoplasm, It is noteworthy that

| these three orgens have a common physiological

‘function 4, e, the secretion of cuticle,

By the time of hatching, elkeline phosphatase
remaine active in the salivary glands, mid~ and
hind~guts and the posterior branches of Malpighian
tubes (fig 9). In other organs such as the

‘nervous system, fore-gut, proventriculus, gastriec

' eaeca, muscles, fat bodies, tracheae, cephalopharyn-
Egeal apparatus snd hypodermis, only some residual
inualm astivity can be demonstrated after 24~hour

‘ incubation,

i No alkaline phosphatase activity has been found
in the yolk during most of the embryonic period,

In older embryos (16-~18 hour) the disintegrating
!:rolk granules in certain sections of mide-gut show a
:poaitiva reaction, Since in thesge ecases the gut
'epithelia/-




dections as controle are always colourless,

ﬁm-

epithelia and their striated borders have a very
high phosphatase content, the enzyme activity
found in the yolk is probably not of intrinsic

origin, Yolk nuclei, on the other hand, show
moderate activity in most stages,

E, Acid phosphatase:

Acid phosphatase can be dmstxjated in the
developing Drosophila embryo from cleavage up to
the hatehing of the larvs, No apparent change
in enzyme activity occurs during the whole embryonic
development, although irregular results have often
been encountered due to the destructive effects of
nistologieal prececdures on the enzyme (Stafford
and Atkinson, 1948),

Generslly speaking, the most active site of acld
phosphatase is the yolk which stains dark brown to
black, Huclei of the embryo eells are the next most
active structures, giving a gelden brown appearance,
Cytoplasm is the site of the weakest activity, showing
a light yellow to yellowish brown colour, Alternate

In eleavage stages acid phosphetase is mogtly
concentrated in the subeortical plasm and in the

yolk/-
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yolk; whereas the egg cortex appears to be free from
the enzyme, In dividing cells, chromosomes and
gpindle area are found to be moderately positive,
1 In the single blastoderm ftage, acld
phosphatase is most active in the nuclel of blasto-
deym cells and in the yolk (fig, 10), In this
same figure a stronger reaction in the "imnere
blastema® which more or less corresponds to the
subecortical plasma in the cleavage stage can be
also seen, Throughout the gastrulation stage,
| the situation remains the same: a stronger reaction
l‘in’the yolk and cell nuclei (fig, 11), No differ=
ence hag been found between the eells of the three
gern layers, nor is there any differential intensity
of reaction in different parts of an eunbryo at this
or in any other later stages,

Pigure 12 is taken from a 12% hour embryo,
The nuclear acid phosphatase reaction in the nervous
gvstem, proventriculus, aéphalophamtseal apparatus
and hindegut (es are shown in the figure) is still
comparable %o that of the early embryonic cells,
'The nide-gut with its enclosed yolk forme the most
}act.‘we centre of activity, Comparing this
 Aistribution with the alkaline phosphatase reaction
of /=
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Lot‘ an epbryo of the same sge, a wmest noticeable
difference 1s that the yolk and nerve fibree give a
strong to moderate acid phosphatase reaction, but

give no trace of (yolk) or very week (nerve fibres)
taline phogphatase activity,

Purther differences between the activity of

he two kinde of phosphatase during progsopihlls

mbryogenesis are found in embryos prior to hatching,

mlike alkeline phogphatase, no decline in acid

shosphatese activity has been noticed (fig 18),

Both nuclear and cytoplasmic reactions are still

demonstrable in every tissus, In the case of gut

spithelia (ineluding proventriculus end gastric caeca)

| salivary glands, it is even possible that there is

s incerease in cytoplasmlc activity,

pue to the extreme impermeabllity of the

ritelline membrane, it was not possible to check the

acid phosphatase distribution in Drosophila embryos

by using fresh unfixed material,

¥, Sumary:

As & consequence of the cortical loealization

of fixed -gH groups during oogenesis, a concentration
these groups in the ectoderm of the developing

embryo has been observed, Sinilarly, a
gher concentration of ribonucleic acid in the

innere blastema" in the blastoderm stage has led to
e/~
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the differential distribution of the acid within

the ectoderm in older embryos, These two
differential properties are, however, of general
occurrence in the sense that they are restricted to
the ectodermal layer but not to a particular region
of an embryo,

The ribonueleic seid content of the
Drogophila embryo does mot show a eonspileuwous
decrease during the first three~quarters of
embryonic life, The increase of ribonucleic aeid
content through synthetic activity is very oro-
nounced in the case of sallivary glands and gut
epithelia,

Judging from the frequency of mitosis,
synthesls of desoxyribonucleic acid during
Drogophila embryogenesis takes place mostly before
the stege of the contraction of the germ band,

Endomitotlie growth probably dees not occur in
the later half of embyyonic life,

A histochemical study of the distribution of
phogphatases reveals twe different patterns of
enzyme activity: aeld phosphatase is active
throughout the whole embryonic development with no

detectable changes in its activity; alkaline
phosphatase/=-
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phosphatase only arises after the stage of the
contraction of the germ band, increases its
activity and recedes (in most tissues),

The evidence that alkaline phogphatase originates
in the ventral aetn&em near the future thorax
demongtrates again the importance of the ventral
reglon of an embryo in insect development,

The ceincidence In time between the cessation
of mitosis and the appearance of alkaline
phosphatase activity seems to suggest that the
latter enzyme is related to histo-differentiation,

The high aeid phosphatase activity of the
yolk in developing embryos, together with a
gimilar activity in the eytoplasm of the nurse
cells and oocyte during ocogensis, indicates that
this enzyme plays some role both in the synthesis
and in the degradation of the yollk,

A, Alksline phosphatase:

The localization of alkeline phosphatase has
larvae from

been studied in a series of Drogophila
hatching up to puparium formation with an age
interval of about & hours, The following general

results/-
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results are noteworthy:

(1) during most of the lst instar larval peried,
enzyme activity is very weak and is similar to that
of a larva before hatching; it increases in the
later mrt of 1lst instar life (between the 16th and
24th hour after hatching):

(ii) in 2nd instaer larva (approximately between
the 24th and 48th hour), alkaline phosphatase
activity is more easlly demonstrable and

(iii) the activity in early Srd instar larvae
(from the 48th to 64th hour) is still not very
different from that of 2nd instar larva, but larvae
which had ceased to feed and which were crawling
gbout on the sides of the culture bottle (generally
between 72th and 80th hour) give quite & different
picture of enzyme distribution,

In general, nuclear alkaline phosphatase is
demonstrable in every tiscue, but eytoplasmic
phosphatase shows a strict organ speclficity, The
differential high enzyme activity in the gut,
salivary glands and Malpighian tubes, as has been
found in the larva before hatching, is maintained
during the larval life,

The fellowing aceount of enzyme distribution is
based on the cbservations made on larvae aged

between/-




between 16 and 64 hours,

NERVOUS SYSTEM === Horve cells are moderately
reactive, lMitoses were found during the larval
period, especially among the giant ganglion cells,
The phosphatase reaction of the nerve fibres ls weak,

DIGESTIVE SYSTEM ~=w= The phosgphatase reactlion of
the pharynx, proventriculus, gastric caeca and hind-
‘gut is weak, 8o is the reaction of the
cephalopharyngeal apparatus, In the mid-gut, the
nuclei are moderately positive and the striated
border strongly positive (fig, 14,mg), In the
cytoplasm of mid-gut cells, the engyme is more
concentrated between the nueleus and the striated
border as if it is secreting into the intestinal
lumen, Salivary glands are the most actlive organs
(fig, 15,81)s The engyme is present in both the
nueleus and cytoplasm as well as in the contents of
the lumen, The activity is often so high after
12 hours of incubation that its neighbouring tlssues
are affected by a contamination reaction, The
presence of alkaline phosphatase in salivary glands
has been previously reported (Danielli and Catcheside,
1945; Kruglis, 1945, 1946),

MALPIGHIAN TUBES e-== Moderate activity is roimd
in the nucleus and some intracellular granules, The

brush/=-
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brush border and sometimes the whole luwmen are
gtrongly positive (figs, 14,33.,%;13_}. . ghe lumen
of the anterior branches of the mmghim tubes
are much wider than that of the corresponding
posterior branches and its width increases as the
larva grows, The eontents in such dilated lumens
stain in both experimental and control gections,
Evidently, this is due to the presence of preformed
calecium salts (Bastham, 1926),

ARMIE == The phosgphatase reaction vax;iea
from weak to moderate (figa, 15,16,h), It is
possible that those hypodermal cells which are
engaged in cuticle secretion show more phosphatase
activity than those m‘m, are not so engaged,
Oenoeytes lying beneath the lhypodermis glve a
moderate nuclear reaction only,

TRACHEAR weee The epithelium ag well as the
cuticular intima are strongly reasctive at the time
of moulting (fig. 16,tr,tl), @he strong positive
reaction of the shel euticle of the previous instar
is eclearly shown in the figure, Otherwise, the
phogphatase reaction of the trachea is moderate,

MUSCLES === In a fully developed muscle fibre,

nuclei and myofibrils ghow a moderate reaction,
whereas the sarcoplasm is almost negative, The

anisotropic/=
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anigotropic dises of the myofibils are far more
reactive than the isotropic dises, giving thus a
typical banded struecture (fig, 17).

FAT BODIES w=== Fat cells give a weak to moderate
nuelear reaction, but their cytoplasm is negative
(figey 15,16,27a), The stronger reaction of those
fat cells situated near to a very active organ (in
fig, 15) is due to contamination,

GONADS === Both ovaries and testes are weakly
positive throughout the whole larvel life,

IMAGINAL DISCS == All imaginal discs give a
moderate alkaline phosphatase reaction which is
constant throughout the first and second larval
instars and the early phase of the third instar,

In general, the phosphatase reaction of imaginsl
dises is comparable to that of the nerve cells and is
stronger than that of the hypodermis from which they
are mostly derived, This higher activiity is
evidently linked to the proliferative growth of the
dises, Some of these dises are shown in the figures
15a and ® (¥Fr;W), It should be pointed out that the
difference in reaection intensity between the salivary
glands and imaginal dises, while distinct in actual
preparations, is not evident from the photographs,
The alkaline phosphatase reaction of imaginal disce

declines almost to zero in larvae preparing for

puparium/-
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puparium formation (fig, 18),

RING GLAND w=—e From the embryologlecal study of
Poulson (1945), it is certain that the ring gland of
Drogophila constitutes a fusion between paired
corpora cardiaca and a single corpus allatum, The
alkaline phosphatase reaction of this organ is very
weak in the lst instar 1aw;ae. It becomes
moderately active in 2nd instar larvae (fig, 15b,Rg),
the enzyme activity being mostly confined to the

more active than the smsller nuelei of the corpus
ellatum,  Parellel to the phenomenon obgerved in
the case of imaginal discs, the enzyme activity of |
the ring gland is again very weak in the 3rd instar
larvae (60, 72 snd 60 hours old),

HEART AND RELATED STRUCTURES ee== A moderate
reaction is visible in the nuclei of the heart cells,
Their cross-striated contractile fibrils react only
weakly, Paired lyxph glands are moderately positive,

There are two groups of pericardial cells in
the iwa of Drogophila,  About 16 pairs of large
pericardial cells are situated on either side of the
heart, The small pericardial cells, about 32 in
nunber are binucleate and are located between the
brain and proventriculus, Although these latter
bear no direct relationship to the heart, thelr

phosphatase/«=
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phogphatase activity, intracellular ribonucleic
acid distribution and their behaviour during meta-
morphosis point to their similarity to the large
pericardial cellé. Both types of pericardial cells:
give a moderate alkaline phogphatase reactlon
during the larval period: =a concentration of the
engzyme around the cell membrane e¢an often be
noticed (figs, 15¢,8p, 29,Lp).

Tt wae stated at the begirming of this section
that the distribution of alkaline phosphatase in
the late 3rd instar larvae (72 - 60 hours after
hatching at 2540, 2°C, ) differs from that in young
larvae, The most significant differences are the
general decrease of alkaline phosphatase activity
in the internal orgens and the simultaneous increase
in the hypodemmis (fig. 18,Pm+h) and possibly also
in the museles below, For example, nervous system,
imaginal dises and ring gland which show moderate
activity in the 2nd and early 3rd inster life ave
now only weakly positive in their nueled, Some 5

. ;
decrease of enzyme activity probably also cecurs in
the salivary glands, mid-gut, Malpighlan tubes and
pericardial cellp, although they are still the
most active organs at this stage, The cause of
this change of alkaline phoaphataae activity is not

known/=
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pupation, it is only natural to connect the high
alkaline phosphatese activity of the hypodermis with
the formation of the pupearium, How elose such a
connection may be can only be answered by trange
plantation of the ring gland,

B, Aecid phosphatase

Acid phosphatase is very difficult to
demonstrate in the firet and early second instar
larvee: organs such as the salivary glands, gonads,
gut epithelia, Malpighian tubes and nervous systen
show moderate reaction, while the rest ap;pears negas=
tive, gince it has been shown that only a amall
fraction of the original aecid phosphatase activity
is preserved in the embedded tissue sections
(stefford and Atkinson, 1948), the negative maetwﬂ
of an organ does not necessarily mean the intringiec
absence of the engyme in that organ, However, the[

acid phosphatase reaction becomes more intense and f
move easy to demonstrete in late second (86-50 ' I
hours after hatehing) and third instar larvae,
probably due to an increase of the enzyme content,
The following sumearigzed account refers to these
older larvae,

Like/=
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 decreasing grade of activity: salivary glands, gonads

' negligible,

present in the nuclel of every tissue, The whole |
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Like alkaline phosphatase, acid phosphatasce is

nueleus often stains dark brown or black without

any internal differentiation, Occasionally, if the
reaction is not so intense, a distinet active
nucleolus and active polytene chromosome structures
can be seen within the nucleus of such lavval tissue
as gut epithelia end fat bodies, On the other
hand, cytoplasmic aclid phosphatase shows a much wider

distribution than does the eytoplasmic alkaline !
phosphatase, The strongest cytoplasmic reaction is |

found in the following organs, arranged in order of

Melpighian tubes, mld-gut, proventriculus and gastric
caecsa, Moderate eytoplasmic reaction is present

in the ring gland, oenocytes and nerve fibre region,
The cytoplasmic activity of all imaginal dises,

nerve c¢ells, hind-gut, muscles and fat cells is
rather week; and that of the tracheal epithelium,
pericardial cells and hypodermal cells is almost

Comparing the cytoplasmic dist»ibution of
alkaline and aeid phosphatases in the larval organs
of Drosophila, it seems that the latter can be

classified into three groups:
(1) /=
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(1) two enzymes of similar sctivity, either very
active or very weak: sealivary glands, Malpighian
tubes, mide-gut, nerve cells, imaginal dises, muscles
and fat bodles:

(ii) alkaline phosphatase predominates: perie
cardial cells, iracheae and hypoderils:

(ii1) acid phosphatase predominetes: gonads,
proventriculus, gastric caeea, ring gland and
oenocytes,

Figure 19 is taken from two 72=hour larvae,
showing the strong aeid phosphatase reaction of the
salivary glands, proventriculus, gastric caeca, ring
gland, nerve fibres, mid-gut and testes,

Apart from the difference in distribution
‘among different organs, aeid phosphatase differs
from alkaline phosphatase in another important
respect;: no decline of aeid phogphatase activity in
internal organs prior to puparium formation, nor any
increase of activity in the hypodermis,

G Ribonucleic aeid:

The distribution of ribonucleic aeid is more or
!leas the same in the larvae of different instars,
l"zhe differentials of the distribution found in the
larva before hatching are still maintained, Thus,
the /-
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the following organs are the most rich in ribonuclele
acid and stein deep red with pyronin: salivary glands
proventriculus, gastric caeca, midegut, all imaginal
dises, lymph glands, some nerve cells and gonads,

The other orgens, inecluding Malpighian tubes,
trachese, fore- and hind-guts, ring gland, most
nerve cells, pericardial cells and fat bodles, are
comparatively poor in ribonucleic acid and stain pink
to red, The staining of the hypodermal celle

varies from deep red to pink among different indivie
duals of certain definite age, ¢, g 20«30 hour
larvae, It is possible that this variation is
related to the growth eyele of the hypodermal cells
secompanying each moulting process, Pully developed
mugele fibres of the 2nd end 3rd instar larvae seem
to contain very little ribonucleic acid,

The imeginal buds of the intestine are very
easy to pieck out from the larval gut eells by virtue
of their higher content of ribonusleic aeid, The
difference becomes extremely striking in late 3rd
instar larvae due to a reduction of cytoplasmic
basophily of the larvael gut cells themselves, The
imaginal buds now stain purplish red, whereas the
larval gut eells appear pink, Similar results
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have previously been noted by using absorption
(Caspersson and Sehultz, 1939) and staining (Brachet,
1942) techniques,

In the nervous system, high ribonueclelc acid
content is confined to some four patches of nerve
cells in the brain (Bauer's (1904) outer and imner
"Bildungsherd? which later organize into optiec |
ganglia) and meny solitary giant ganglion cells %
("Riesenzelle" of Hertweeck, 1951), both in the brain |
and ventral ganglion, |

In the ring gland, a difference in ribonucleic ;
acld content also exists between the eorpora eards.aoai
and corpus a_.uatmx, the foruer being the richen, |
Moreover, the degree of basophily of the corpora }
cardlace changes with the age of the larvae: those
of 80« hour larvae definitely stain more weakly than
those of 55-60 hour larvae,

Fat cells are characterized by their red
nueleolus and pink cytonlasmic meshworks separated by |
empty spaces previously oceupied by fat substences,
Just prior to puparium formation, changes take place
within these fat cells which lead to the breskdown’ of
the fat vacueles and the formation of globules of

unknown nature, especially around the nucleus,
These globules are stainable by pyronin in both

control and enzyme treated sections (Brachet (1942)
had/=
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had the same expericnce), Furthermore, there is
evidence that sueh intracellular changes start at
the anterior end of the larva and advance in an
antero-posterior direction,

Another point worthy of mention is the intra-
cellular distribution of ribonucleiec aeid in the two
groups of perilcardial ceells which seems to be quite
wnique, Ribonucleic acid is consentrated in ons ov
two irregular bloecks around the nueclesus or nuclei
(in the swall pericardisl celis), while the rest of
‘the cytoplasm is practically free from the aciq, |

D, Sumary:

The distribution of elkaline and seid phose
phatases and ribonucleic acid in the larvae of
ila has been studled,

Both alkeline end acid phogphatases are
demonstrable in the nuclel of every larval tilssue,
Cytoplasmic phosphatase, on the other hand, shows
a definite orgen specificity: in some organs such as
tho sslivary giands, Nalpighien tubes and midegut,
~ both phosphatases are extremely active; in fat cells
i their activity is very weak; alkaiine phosphatase
| activity predominates in the pericardial cells.
tmeheae and hypodermis; while only an acid phoge
phatase/-
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phatape reaction is deteectable in the gonads,
proventriculus, gastric cescs, ring gland and oeno-
cytes,

Imaginal dincé possess both alkeline snd aeild
phosphatases and are very rieh in ribonuclele acid,
The moderate alkeline phosphatase activity decreases
in the late 3rd instar larvee to an extant which ig
almost beyond the limit of histochemieal detection,
Their ahzl.d phosphatase activity remains wmchanged
duving the saine period,

The formation of the puparium cass is pro-
ceeded by a tremendous increase of alkaline
phosphatase in the hypodemuis,

With the exeception of the imaginal dises and
the nerve fibre region, there exists a positive
correlation between the acid phosphatase activity
and the ribonueleic acid content of an organ,

8ince the processges of metamorphosis which
involve histolysis and histogensesis start in mid~-
prepupal 1ife, it seems to be more appropriate te
treat together the results cbtained frem the
eytochemical studies made on the prepupae and pupae,
A /-
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A, Alkaline phosphatase:

Within the first few hours after the anterior
spiracles cease to move, the alkaline phosphatase
reaction of a prepupa is rather weak, just like

that found in a larva prior to puparium formation
| (rig, 20, compare with fig, 18), Salivary glande, I
hypodermis, muscles, midegut, Malpighian tubes, I
pericardial celis and lymph glands are among the ‘
relatively active organs, The reaction of the l
nervous system, ring glend and ail im&gmﬁl dlsce
is still execeedingly weak, However, from the 5th !
hour onwards, there begins a definite increase in |
' reaction intensity, This is especially noticeable {|
in the organs having weak enzyme activity such as
the nerve ¢ells, ring gland and imaginal tissues,
In prepupae prior to the head eversion (fig, 21)
the relative distribution of alkaline phosphatase
activity is this: salivary glands, yellow body,
larval hypodermis; anterior portions of the tracheae,
vericardial cells, lymph glands and histolyzing
structures (detached head and thoracic muscles and i
detached hypodermal c¢ells) all show a moderate to \
strong reaction; fat bodles, asbdominal museles, hind-
gut, posterior parts of the larval tracheae and gonads

react/~
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react very weakly, Becauge of this differential
activity, the antericr part of the prepupa is
definitely more reactive than the posterior part,
This also ip clearly indieated in the same figure,
ithen the larval and imaginal components of an

- organ are lying side by side as for example in the

case of the hypoderuis, mid~gut or salivary giands,
it is generally true that the larval cells are much
richer in alksline phosphatase content than do the
imaginel celle (seé fig, 26),

If the a.naremd alkaline phesphatase
activity due to histolysis in the late prepupuac is
not taken into aceount, the enzyme activity of
the prepupae is similar to that of the larvae
rather than to that of the pupas,

.Pupatim occurs between the 1lth and 12th hour
aftor the larva has become guieseent at 2520, 2°C,
The visible morphological chenges which mark lte
beginning are the sudden eversion of the whole
eephalic complex, the breakdown of a part of the
fat bodies into individual eells and the pouring
of the latter into the newly formed head, A

- eomparative study of the alkaline phosphatase

reaction of the prepupae just before the head
eversion and of that of the pupae immediately
after/=




-50&

after it has revealed a definite and sudden in-
crease of enzyme activity accoupanying pupation,
S8ince a moderate nuclear reaction is present in
every tissue before pupation, the moet noticeable
inerease is found in the cytoplasm,

Just af'ter the head eversion, the phosphatase
reaction in the head and thorax is very strong
(fig, 22), but comparatively weak in the abdomen
except in those parts adjoining the thorax, A few
hours later, the reaction in the abdomen increases,
due to advaneing histolysis of the abdominal
museles, posterior larval tracheae and hypodermis,
as well as fat bodies, Such high phosphatase
activity is maintained for the Pirst 24 hours or
so after the head eversion (fig, 24), during whiech
period histogenesis and histolysis are progressing
actively, Then the enzyme activity begins to
decline, first in the head and thorax, In pupae

older than 48 hours and in newly emerged flies,
phosphatase reaction is vary weak in the head and
thorax, with nerve cells as an exception, The
reaction in the abdomen is, however, still moderate
to strong (fig, 25). This relatively high enzyme
activity in the abdomen of a late pupa is probably

connected with:

(1)/-




(1) the late histogenesis of the abdominal muscles

(i1i) the descending of phosphatase-sctive mid-gut
and yellow body into the abdomen;

(114) the delayed decline of enzyme activity of the
gonads and possibly

(iv) the slow histolysis of the abdominal fat bodiel.

The following is an account of the change of

the alkaline phosphatase activity in different organ
systems during metamorphosis:
(2) NERVOUS SYSTEM - The phosphatase reaction is
very weak in the early, and moderate in the late
prepupal periods, It is greatly enhanced after
pupation (compare figs, 21 and 22; figs, 23a and 23b),
The nerve fibre region now also becomes moderately
positive, Such moderate activity remains unchanged
until sbout the 48th hour after puperium formatlon,
The reaction is again very weak in pupae aged betw
ween 52 and 68 hours, After the 72nd hour, a
secondary inerease of alkaline phosphatase activity
%oceura in the nerve system, The nerve cells of the
brain proper and ventral ganglion give a moderate
reaction; the middle and inner optic ganglia a week
to moderate one; and the outer optic ganglia a very
weak, or even negative one, This condition persists
in the pupae prior to emergence and in the 24~hour
old adult flies,

(b)/-
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(b) ANTENNAE ARD COMPOUND EYE === Both antennal
and eye dises are almost negative in the young
prepupae (fig, 20,Fr); but they are moderately active
in 5 to 11% hour prepupse, After pupation, the
phosphatase reaction is intensified Just as the rest
of the head ectoderm (fig, 22,0d4), At this time
entennal dises are in the form of two thickened
ectodermal plates, In a few hours, the two major
antennal joints appear by processes of folding and \
extension, Antennge are well defined in a 26-~hour
pupa, During this period, alkaline phosphatase
reaction is moderate to strong, It declines after—
wards and becomes almost negative in 44~hour pupae,
Johnston's organs are recognizsble in 72~hour pupa,
but they show only a weak nuclear reaction,
‘_ Similerly, eye dises are also represented by two
thickened ectodermal plates, each consisting of
several rows of cells, Unlike the antennae, no very
striking histological changes oceur during the first
16 to 20 hours after the head eversion, except an
obvious increase of the width and a concomitant
decrease of the thickness of the eye rudiments,
Between the 30th and 52nd hour, histological
differentiation of the compound eyees is in full swing,
and individual ommatidium and optic lobes are very
well formed, The compound eye of a Te~hour pupa

resembles/=
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regembles in every respect the structure of an
imaginal eye, Moderate to strong phosphatase
reaction of the eye rudiments is a constant feature
in pupae aged between 12 and 42 hours, The enzyme
activity then drops and only a weak nuclear reaction
is demonstrable in 60-, 72« and 80-~hour pupae and

in the freshly emerged flies,

(¢) WINGS AND LEGS === These organ dises show very
weak phosphatase reaction in early prepupal period
(fig, 20,W,L). They become moderately reactive
after their eversion in mide-prepupal stage,
Accompanying with pupation, there is an increase of
both nuclear and cytoplasmic phosphatase in these
organs (compare figs, 21 and 22; 28a and 28b),

This high phosphatase activity prevails in both
orgens up to about 36-hour pupae (fig, 24,L).
Inactivation or rather destruction of the enzyue
then begine, leading first to a moderate (48-hour
pupa) and finally to a weak reaction (72 hour pupa,
fig, 25). Waddington (1940a) has made an extensive
gtudy of the development of the normal and mutant
rogophile From his description, it is
evident that the most important morphogenetic events
in normal wing development occur during the
"definite wing stage" (stage P2 (18~45 hour) in his
paper), The obsgerved strong alkaline phosphatase
sctivity /= :
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activity of the wings in 12-36 hour pupae and a
moderate sctivity in 36«48 hour pupae therefore
strongly suggest that the enzyme is partieularly
concerned with histo-differentiation,

During the transition period (56-72 hour), it
88 been noticed that the distal parts of these organs
often lose thelr enzyme activity earlier than the
corregponding proi:i.mal parts; and that the wings lose
their enzyme activity earlier than the legs,

Residusl nuclear phosphatase activity is still
present in the wings and legs of the newly emerged
flies,

Trichogenic cells are very difficult to recoge
nize in phogphatase reaction slldes,

The development of leg wuscles follows the same

temporal course as the development of most thoracic

cles and will be discussed in the section on
cles,

(&) HYPODERMIS === Following the strong phosphatase
action before the pupariun formation, hypodermis is
ways - an active site of phosphatase activity

in prepupae (figs. 20,pm+h;21,h), During the 12

ours of prepupal life, all larval thoracic
ermis is replaced by an imaginal one, whereas
the abdomen hypodermis remains mostly larval, with l‘

only a few scattered groups of imaginal cells, The
phosphataso/«
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phosphatase reaction is very strong in the larval
cells, but only moderate in the imaginal cells,

Soon af'ter pupation, the phosphatase reaction
of the head and thoracic hypodermis becomes very
strong and remains so until about the 36th hour
(figs, 22,28b,24), The reaction gradually fades
away and becomes negative in 60-hour pupae,

On the other hand, no change in the enzyme
activity has been observed in the abdominal hypoder-
mis shortly after pupation, The contrast between
the activity of the larval and imaginal cells can
still be seen (fig, 26), ~ 8ix hours later, this
differential reaction becomes less and less striking
due to the increasing enzyme activity in the imaginal
oelia. When the abdominal hypodermis is conpletely
renewed, its phosphatase reasction is very strong |
(fig, 24), PFolding of the hypodermis to foru temr
gites and sternites heppens between 36« and 48-hour
pupae, The phosphatase reaction is strong during
this period, It becomes moderate after the 48th
hour and weak after the 60th hour,

Trichogeniec cells or the histoblasts of the
hairs and bristles in the head and thorax can be
easily distinguished from the rest of the hypodermal
cells by their larger size and stronger nuclear
phosphatase reaction, In the abdomen, they are
smaller and henee are hard to diseriminate from the

ordinary /-
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ordinary hypodermal cells,

(e) MUSCLES wee= Larval muscles are completely
destroyed during metamorphosis, They give a weak
to moderate phosphatase reaction in the early pre-
pupae, As soon as they are detached and undergo
histolysis, the sarcolytes show moderate to strong
reaction, Those sarcolytes derived from the head
and thbmeiu mugeles can be seen in the anterior
Part of an old prepupa (figs, 21,23a), The
abdominal museles, however, undergo histolysis a
few hours after pupation, Thus, strongly reactive
sarcclytes can be found in the abdomen of 15-24
hour pupae, A similer increase of alkaline
phosphatase activity occurs in the muscular coats
of the gut when they are undergoing histolysis,
Myocytes in the thorax of a late prepupa are
moderately active (fig, 21,My). After the head
eversion, intense proliferation goes on and the

phosphatase reaetion beecomes very strong (fis, 2%b,

ly). The resulting mass of myocytes is more or less

in the form of a gyncytium, In 20-24 hour pupa,
the first sign of muscle differentiation -~ the
formation of myofibrils and the arrangement of the
nuelei into parallel rows -- becomes visible,
Further differentiation between 24- and 4&-hour
|pupae involves the growth of the musele fibre as a
whole/-
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whole and the continuous formation of myofibrils,
As a rule, the phosphatase reaction of a developing
musele is very strong in 12-36 hour pupae, but
moderate in 3&-~52 hour pupae, Furthemaoore, the
deyelopment of the dorsal thorasecic muscles proceeds
several houres ahead of that of the other thoracie,
head and leg muscles, In 54~56 hour pupae, the
dorsal thoracic museles almost reach their final
length and their phosphatasb reaction is very weak,
lyofibrils give a positive phosphatase ree |
action, When the isotropic end anisotropic dises
become differentiatedy a slightly stronger reaction
is found in the anisotropic dises, The cross
striation appears in the dorsal thoracic muscles
in 48«52 hour pupae; in other museles it develops
Somewhat later,

The development of the abdominal muscles oceurs
much later, Definite myocytes, each regularly
gpaced, can be readily seen in 48-hour pupae,

The myofibrils first appear in 54~56 hour pupae,
When the phosphatase activity of the thoracic, head
and leg museles is already in decline, abdominal
museles show very strong reaction in 48-72 hour
pupae, They are still moderately active in 80-hour
pupae,

In the newly emerged flies, residual phospha-
tage activity ean still be demonstrated in the

nuelei /-
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nuclei and myofibrils of all muscles,

(f) DIGESTIVE SYSTEM === The phosphatase reaction
of the fore-gut is rather weak in the prepupal
stages, Unlike the hypodermis, the larval and
imaginal components show no difference in enzyme
activity, The fore~-gut gives a strong reaction in
the first dey after pupation (fis, 24,Ph), The
reaction is weak to moderate in the second and third
days of pupation, The crop which is entirely an
imaginal organ is strongly reactive before the 38th
hour and moderately so after that,

Because of the high phosphatase activity of the
salivary glands in prepupae, it is not sure whether
their enzyme activity is also enmhanced affter pupation.
Nevertheless, the fragments of the glands afier
their disintegration in l6-hour pupae show a very
strong reaction (fig, 28a,sl), until finally they
disappear, The imaginal salivary glands are very
difficult to trace in young pupae in view of the
strong phosphatase reaction of the thorax as a
Whole, They are found to be strongly positive in
28-48 hour pupae, loderate reaction is retained
in late pupae and in the adult flies,

The imaginal mid-gut formed in the early phase
of prepupal life gives a weak alkaline phosphatase
reaction in comparison with the strong reaction of
the/~
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the yellow body (fig 21,Mg and y). In the latter
structure, the higher enzymne activity in the striated
border of the larval gut cells ies still recognizable,
Pupation brings about a marked increase of phos-
phatase activity in both the imaginal mid-gut snd
yellow bedy (fig, 22), Being different from most
other organs, the mid-gut does not show any
appreciable decrease of enzyme activity in the
second and third days after the head eversion,

The moderate reaction of the larval hind-gut
in prepupse changes into a stronger one in 16-32
hour pupae, as histogenesis and histolysis set in,
lioderate phosphatase activity is found in the hind-
gut and rectal papillae at the time of emergence,
(g) MALPIGHIAW TUBES see- Agcording to Robertson
(1986), the larval organ transforms directly into
the adult one without any visible morphological
fahangea. In correspondance with this, it was
| found that the phosphatase reaction of the
| Malpighian tubes of prepupae and pupae is the same
as that of the larvae, The nuclear reaction is
modeprate, whereas the brush border and many cyto=-
plasmie¢ granules react very strongly.  However,
variations have also been found as, for example,

gegments of the tubes showing no reaction in the
brush/-
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brugh border or segments free from the positive
cytoplasmic granules,

The contents of the dilated anterior branches
show positive reaction in both experimental and
Control sections,

(h) FAT BODIES ===~ Since fat is the main energy
source required for the morphogenetic processes
during metamorphosis, fat bodies are mostly broken
down af'ter pupation, In the larval and prepupal
periods, fat eells are arranged into definite
sheets and their phosphatase reaction is moderate
in the nuelei, but almost nil in the ecytoplasm
(fig, 27a)s Accompanying the head eversion, therc
is a sudden dissolution of the fat bodies and a
concomitant inecrease of alkaline phosphatase
activity in the isolated fat cells (fig, 27b),

The increase is mostly confined to the cytoplasm,
where the enzyme is localized in the protoplasmie
mesh-work separating the numerous globules, These
individual fat cells soon undergo histolysis and dis-
solve away,

On the whole, the histolysis of the fat bodies
is a graded process, for the thoracic fat bodies
are slways first attacked and the most posterior
abdominal fat bodies the last, Thus, the abdominal
fat bodies of a pupa shortly after pupation main-
tain their layered structure and show no increase
of /=
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of phosphatase activity, A similar gradient of
the histolysis of the fat bodies has been observed
during wetamorphosis of Calliphora (Perez, 1910),

At the end of the first day after the head
eversion, the layered structure of the fat bodies
in the abdomen has mainly vanighed, However, not
all larval fat cells are destroyed during the pupal
stage, Those partislly changed fat cells left
behind in the abdomen still give a moderate
phosphatase reaction at the time of emergence,
Further histolysis of these cells takes place in
the adultl life,

The imsginal fat bodies can readily be recoge
nized in 60~hour pupae, They appear as groups
of small cells situated beneath the hypodermis and
give a moderate nuclear yeaction,
(1) TRACHEAR ~w=e The imaginal buds of the tracheae
can be traced to the early second instar larvae,
They are located near the anterior spiracles and
show a moderate nuclear phosphatase reaction,
During the prepupal stages, proliferation of the
imaginal tracheal cells and histolysis of the larval
tracheae are the main features, .In 5 hour or older
pmp@e. the anterior portions of the tracheae
give a very strong phosphatase reaction
(figs, 21,23a;tr,Tr), but the posterior trunks
(approximately/-




(approximately one third of the total length)

ghow invarisbly a very weak reaction,

Just after pupation the prothoracic spiracles,
main trunks in the thorax and the prineipal
branches to the head are all composed of imaginal
cells, The anterior commissure and the main trunks
in the anterior part of the abdomen are still
larval, Both the imaginal asnd larval tracheae are
strongly reactive (fig, 22,Tr). The posterior
larval trunks in the abdomen first become solid
cords and then undergo histolysis in 14-24 hour
pupae, with en accompanying rise in phosphatase
activity,

The lateral spiracles as seen in the prepupsae
give a weak to moderate nuclear reaction,  They
become strongly positive after pupation,

The phosphatase activity of the tracheae and
trachecles, very active the first day after the
head eversion, decreases in the second day, In
7o-hour or older pupae the tracheae of the head and
thorax are only weakly reactive, whereas thoge in
the abdomen, in keeping with the activity of other
abdominal organs, are moderately active,

(j) RING GLAND === As in the imsginal dises and
nervous system, the phosphatase reaction of the
ring gland is almost negative in O~5 hour prepupac,
After/-
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After the Bth hour enzyme activity is increased,

The corpora cardiace now give a moderate reaction,
but the corpus allatum is only weakly positive
(fig, ©8), This is exactly the same situation as
was met in 'I;he second instar larvas,

Within the first few hours after the head
eversion, there is no change of phosphatase activity
of the ring gland, However, the whole gland be- ]
gomes very reactive in 18-38 hour pupse, no longer

showing a difference in activity between the

corpora cardiaca and corpus allatum, The ring
glands of 46, 54, 62, 66 and 72 hour pupae ghow
moderate activity, At the time of emergence, the

nucleayr phosphatage reaction is still demonstrable

in the gland,
In SO-hour or oider pupae, the cells of the \

larval corpora cardiaca show a reduction of the
nuclear size and cytoplasmic sontent, In sone I
cases the begirming of nuclear pyencsis has been :
observed, These are probably the preludes to their
actual histolysis which takes place after the |
emergence (Vogt, 1941, 1942a).

(k) HEART AND RELATED STRUCTURES e The larval

heart transforms directly into that of the adult

with a change of form (iobertson, 1856), The |
phosphatage reactlon of the heart in prepupal stagena

is/=- |
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|
’is the same as that of the larvae, The enzyme
{ activity, as in other organs, is increased after
, pupat’ien. Both the nuclei of the cardiac cells
l and the muscle fibres ave positive (fig, 29,Dv).
| The lymph glands or the "blood forming organ" :
| of Stark and Marshsll (1830) give a moderate

phosphatase reaction in the prepupal peried, In
' pupae shortly after the head eversion, two palrs
‘ (one pair according to Robertson) of such glands

|
| are found (fig, 29, 1lg). They do not show any |
|
|
|
|
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i inerease of phosphatase activity and d.:laappoa:'

‘ before the 18th hour,

]| The two groups of pericardial cells persist
| throughout metamorphosis and are present in the |
adult flies, During the prepupal peried, thelr
phoéphatase reaction is moderate, Accompanying
pupation, the inerease of eytoplasmic phesphatase ;
in these pericardisl ecells is very marked (fig gshp),
In the case of the large pericardial cells, this |
increase is especially clear in 18-~32 hour pupae, ‘
for they sppear as solid black bedics (fiz 24,Lp). }
Both the large and small pericardisl cells show a |
moderate phosphatase activity in the mid-pupal |
 peried, In later pupal stages, the phosphatase

' peaction becomes rather weak and remains so in the

| emerged flies,

@)/
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(1) GONADS === During metamorphosis, the ovary and
testie show similar behaviour in phosphatase
activity, Like those in the larvae, they react
very weakly in the prepupal stages and exhibit a
delayed response to the genersl increase of phose
phatase activity after pupation, Together with
the abdominal fat bodies, they thus constitute
those structures which give a relatively weaker re-
action in the early pupse, A very definite ine
erease of phosphatase activity is, however, noticew~
able in the 32-hour pupae, when the gonads are
found to be already Joined by the genital ducts,
From this stage enward, the ovary and testis always
give a mocderate to strong phosphatase reaction until
the time of emergenco,

Pigure 30 is taken from a 32-hour male pupsa
showing the enzyme distribution in the testis and
vas efferens, It ie evident from the figure that
alkaline phosphatase is more concentrated in the
nucleus than in the cytoplasm of the spermatocytes,
Consequently, the sperm heads are strongly positive,

In the ovary, the enzyme is present in the ova-
rian cords and the surrounding somatic tissues in
the early developmental stage (fig, 31)., Vvhen the
egg follicles begin to differentiate ar‘ﬁer the 72nd
hour, phosphatase is also found tc be mostly
localized/=
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localized in the nuelei of the follicular cells,
nurge cells and oocytes (fig 32),

The development of the external genitalia and
Other accessory organs has not been followed in
detail, The phosphatase reaction of the abdominal
dise which gives rise ito these structures is very
weak in the prepupal peried (fig 21,a2d), It
inereases at about six hours after the head eversion,
paralliel to the general increase of enzyme activity
in the imaginal hypodemmis of the abdomin, In
32 hour pupae the well formed genital ducts are as
reactlive as the gonads,

B, Aeid phosphatage

During metamorphosis, aeid phosphatase differs
from alkaline phosphatase in the followlng respects:
(1) i% 4is active in the early as well as late
prepupae, with a relative distribution smong various
organs the same as in the 3rd instar larvae;

(i) it does not show any increased activity after
the head eversion, possibly even a glight decrease;
(iii) it beecomes very active in 52-68 hour pupae,
withent showing any difference in asctivity between
the head, thorax and abdomen;

(iv) its asctivity also decreases after the 72nd houn

but to a much lesser extent than does the alkaline
phoephatase/~
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phosphatase activity. Perhaps, in both cases, the
disappearence of the engymatically active histo-
lyzing fragments is alra.ctoz- which, with others,
determines the relatively low phosphatase activity
of the old pupae,

Aclid phosphatase reaction is very weak in the
freshly emerged flies, It inereases slightly in
the 24~hour old adults and is demonstrable in the
nervous system, proventriculus, mid- and hind-guts,
Malpighian tubes, gonads, salivary glends, muscles
end fat bodies,

The following is a brief account of the aecid
phosphatase activity in various organ systems during
metamorphosis:

(a) NERVOUS SYSTEM =—= Both the brain and ventral
ganglion give a moderate reaction in the prepupal
and early pupal (12-28 hour) periods, They become
strongly reactive in 32-70 hour pupae (fig, 83,6).
Comparing figure 33 with figure 25, it is evident
that the nerve fibre region shows as strong an acid
phosphatase reaction as dc the nerve cells, More-
over, the outer optic ganglia contain a high content
of acid phosphatase, but apparently no alkaline
phogphatase, In pupae older than 72 hours and in
adult flies, the nerve system as a whole still gives
moderate acid phosphatase reaction,

(b)/-
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(b) EYES AND ANTENUAE weee Following their moderate
activity in the larvae prior to puparium formation,
eye and antennsal discs show a siwmilar activity
throughout the prepupal period, with perhaps some
inerease of activity in late prepupse, In young
pupae their aeid phosphatase activity appears very
low (their exposed positicn might render them more
vulnerable to enzyme inactivation), Nevertheless,
they are strongly reactive after the 32nd hour
after the culescence of the larva and remsin
moderately so at the time of emergence, In the
case of the compound eye, retinsl cells show a very
strong nuclear and cytoplesmic aecid phosphatase
reaction (fig, ¥3,0d; compare with fig, 25),

() WINGS AND LEGS www= Their aeid phosphatase
reaction is coumparable tc that of the eyes and
antennae, except that they appear negative in pupae
older than 72 hours,

(d) HYPODERMIS ~==e In prepupae and eariy pupae,
only nuelear activity is deuonsitrable in the hypo~
dermal cells, Sometimes they give an eatirely
negative reaction, Difference of activitly between
the imaginal and lavrval hypodermal cells (which has
been observed in the alkaline phosphatase reaction)
was not found for acid phosphatase, Although the
enzyme /-
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enzyme activity is more ¢asy to demonsirate in

32-68 hour pupae, it is still moetly confined to the
nuelei, The hypodermal cells are again weakly
reactive or negative in the old pupae, The cenooytes
situated beneath the hypodermis show, however, a
Lairly strong aeid phosphstase reaction; both in the
nucleus and in the cytoplasm,

(e) MUSCLES =w== The lawval musgeles give e rather
weak acid phesphatase reaciion, When they become
detached end ere undergoing histelysis, the veaction
is intensilied,

Myocytes usually show only a nuclear reaction in
the prepupal and early pupal stages, When they be~

in to differentiate in 24~hour pupae, acid phosg=
tase starts to inerenass, The enzyme reaction
f the developing muscles is extremely gtrong in
2«56 hour pupae, Unlike alkaline phosphatase, the
cld enzyme of the lmaginsl muscles is still
oderately active in pupse older then 72 hours,
ugcles of the adult flies give a2 weak acid phos=
tase reaction, '
£) DIGESTIVE SYSTEM ===~ The larval proventriculus,
stric caeca and mid-gut are all very rich in acid
%:honphataao. They later form the so called yellow
ody, which retains a correspondingly high enzyme

etivity, However, the imaginel mid-gut epithelium
ieh/~ -
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which shows very weak alkaline phosphatase reaction
is moderately active in aecid phosphatase, The
imaginal fore-gut and larval hind-gut give a similap
moderate reaction in later prepupal period,

Shortly after the head eversion, the acid
Phosphatase activity of the digestive system does not
show any appreciable inerease, except that of the
yellow body, The activity is definitely inereased
after the 32nd hour, and the fore-~gut, proventriculus,
crop and mide and hind-guts are sll strongly reactive,
Thege organsg still possess a good deal of acid
phosphatase in the late pupae (fig, 33) and even in
the emerged flies,

The larval salivary glands are highly active
during the prepupal period, vhen they are broken
down into fragments soon after pupation snd are
undergoing histolysis, acid phosphatase activity
remains very high, The imaginal salivary glands
also give a strong positive resction (fig, 53,81),
(g) MALPIGHIAN TUBES =~——= Very sirong nuclear and
eytoplasmic agid phosphatase reactions heve been
obgerved in the Malpighian tubes throughout the
period of metamorphosis,  Their brush border and the
contents of the lumen are alsoc reagtive, but, as in
the alkaline phosphatase reaction, the contents in
the anterior branches give a positive reaction in

both/-
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both the experimental and control sections,
(h) PAT BODIES we=—= In prepupae only a nuelear re-
action is demonstirable in the fat cells, This is
gtill true for the pupae ghortly after the head
eversion, Gradually the cytoplasmic activity be-
comes vigible in pupee older than 24 hours, In 50m
hour pupee, all iarval fat cells show very strong
nuclear and mederate ¢ytoplasmic agid phosphatase
reactions, The latter appears more integaar around
the nusleus, This condition is maintsined up to
the time of emergence, although the fat cells ere
found only in the abdomen in the pupse ¢lder than
72 hours,

Imaginel fat cells give a moderate nueclear
reaction,
(1) TRACHEAR —~e= A moderate reaction is the general
feature in later prepupal stages when the histolysis
of the larval tracheal epithelium and the prolifera-
tion of the imaginal cells are in progress, After
pupation, the reaection is rather weak in 12-28 hour
bupae, it becomes moderate to strong in 352-G8 hour
pupae (fig, 33,Tr), Priocr to emergence, only a weak
nuclear reaction is demonstrable,
(§) RING GLAND ===—e Differing from slkaline phos=
phatase, acid phosphatase is moderately active in
young/~
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‘young and old prepupae and in pupae aged between
!.12 and 24 hours, No difference in enzyme activity
‘has been found between the corpora cardiacs and
corpue allatum, Aeld phosphatase is very active
in the ring glend in %2-56 hour pupse, ° Its activity
decreages after the 72nd hour,

(k) LYMPH GLANDS AND PERTCARDIAL CELLS ~—mee Lymph
|glands show streng acid phosphatase reaction
throughout prepupal life, On the other hand, only
nuclear acid phosphatase resction is deteetadle in
the large and small perieardial ecells in most pre-
pupal and pupal stages. 39‘“9 eytoplasmic activity
has been observed in the small pericardial cells

in 32«56 hour pupae, but it is very weak,

(1) GOWADS e—-= Ovary and testis give an unbroken
record of high acid phosphatase activity throughout
Lnetamorphosi_n. The whole orgen slways stains

| lack without showing any internal differentiastion
Erxg. 53,0). In the developing testis, it was found
%that spermatogonia eontain lese acid phosphatase
!lthan the spermatocytes which are, in turn, less re~

active then the spermatids snd spermg,

G/~
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C. Ribonuecleic aecid:

(2) NERVOUS SYSTEM we~- The differentiasl distribution
of ribonucleic aecid in the prepupae is essentially
the same as that found in the larvae, Soon after
pupation, the "Bildungsherde" start to organize
into optic ganglia, with a concomitant decrease of
ribonucleic aecid content in these ecells, Apart
from this, there seems tc be very little change
during metamorphosis, The solitary giant ganglion
cells are still very riech in ribonucleie acid at

the time of emergence,

(b) ANTENNAE AND COMPOUND HEYES =~--= Eye and antennal
dises stain deep red with pyronin in the prepupal
stages, . After the head eversion, these organ rudi-
ments are still very basophilie, Decreage in
staining eapacity oceurs in later pupal life, as

the organs become well formed, However, the hypo-
dermis, muscles and Jolmston's organs of the antennae
retain some ribonucleic acid even in newly emerged
flies,

In the compound eyes of pupae older than 60
hours, the localization of ribonucleiec acid in the
retinal and corneal cells is very characteristic,
indicating a close correlation between the acid
phosphatase activity and ribonucleic acid content,

(e)/-
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(e) WINGS AND LEGS ~-=-= The high ribonucleie acid
content of the wing and leg dises shows no perceptible
change after their eversion during prepupal life; !
nor ie there any decrease in the early pupal stages,

day after the head eversion, Thus, the wings of
48-hour pupae contain very little ribonucleic acid,
except in those cells near the blood lacunae, Both
the wings and the legs lose all theilr ribonucleic

acid before emergence,

Trichogenic cells, being themselves rich in
ribonucleic acid, can be readily picked out among
the other hypodermal cells of the wings and legs
which are relatively poor in the acid content,
They have been found in 24, 32 and 48 hour pupae,
Bven in 60-hour pupae, many pairs of trichogenic
cells can be geen in close proximity to certain leg
bristles,
(4) HYPODERMIS ==== In prepupae and young pupae,
larval and imaginal hypodermal cells are both rich in
ribonucleic acids (like other imaginal structures),
a fact which is quite in contrast to their
differential activity in alkaline phosphatase,
When all imaginal hypodermis is completed (58-36 hour)
a slight decrease of basophily takes place, ‘

Nevertheless/=
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Nevertheless, the basophily of the trichogenic cells
appears to be increased, which is possibly due to
their own capacity to synthesize ribonucleic aecid,
(e) MUSCLES w==- The larval muscles contain very
little ribonucleic acid, During histolysis, the
aaroélytea often take some pyronin, both in the
Control and ribonuclease treated sections,

In the prepupal and early pupal periods,
myocytes have a ribonucleic acid content similar
to that of the other imaginal organs, When the
imaginal differentiation of these myocytes begins
in 24 hour pupae, & concomitant increase of
ribonueleic acid has been observed in them,
Furthermore, there seems to be a direct correlation
between the ribonucleic acid content of a developing
miscle and its state of differentiation, Por
ingtance, the dorsal thoracic muscles whose
development is several hours shead of the other
muscles always stain more heavily with pyronin than
the other musecles in the second day after the head
eversion, This difference becomes, however, less
distinet in the third day when most head and
thoracie museles have gained their maximal ribo-
nueleic acid content,

logt/-
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Most ribonucleie aeid is localized in the
sarcoplasm around the nuelei which ig especially
elear in the cross sections, The verlpheral region
of a muscle fibre, where wyofibriles ere being formed,
staine very lightly with pyronin, As differentia~
tion goes further, the myofidbril containing portion

grows at the expense of the imner sarcoplasm which

becomes greatly reduced in its veolume snd loses
most of ite ribonuveleic acid content st the time of
emergence,
A similar incresse of ribonuecleic aeid has been
observed during the development of the leg museles,
burlag the development of the abdominsl muscles,
the anisotropic dises of the myofibrils stain far
more intensely than the isotropic dises, giving a
banded appearance whieh is also very distinet in
alkaline and acid phosphetase preparations, This

feature cen readily be seen in 60~72 hour pupae,
(f) DIGESTIVE SYSTEM e=e= In prepunae the imaginal
fore- and mid-guts are 28 basophilic as the other
imaginal structures, The hind-gut, which remsins
larval, stains lightly with pyronin,

The crop conteinsg an amount of ribonucleic acid
similar to that of the fore-gut as it ariges from the
latter/~
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latter, flowever, it loses most of its acid content
in a 45«~hour pupa and it becomes practically un-
gtained in a 72«hour nups,

About twenty-four hours after the head eversion,
there begins an accumulation of ribonucleie acid
in the mid-gut (ineluding the proventriculus) and
gsalivary glands, Their strong bascophilic character
is very well seen in 72<hour pupae, There is no
increase whatsosver in the fore-~ and hind-guts,
possibly even some decrease in late pupal life,

High ribonucleic aeid content in the salivary glands
and mid~gut persists in the adult fliecs,

The yelleow body is composed mainly of larval
gut cells; it stains at first pink in the eyloplasmic
areas and green in the nuclel, In pupaeé older than
20 hours, the degenerating nuclei stain, besides
green, various shades of blue, violet and reddish
violet in both control and ribonuclease treated
sections, As in the nuclear pycnosis of the nurse
Celle during oocytie development, this suggests the
depolymerization of desoxyribonucleic asid in eell
degeneration, In 80 hour pupae, the yeliow body
no longer tskes any stain, either pyronin or methyl
green,

(e)/-
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(g) MALPIGHIAN TUBES =-w= The ribonuecleic acid content
| 48 relatively low end shows no changes throughout
metamorphosis, The lumen of the swollen anterior
branches sppears empty in pyronin-methyl green glides,
(h) FAT BODIES «=w== It has been mentioned before
that at the time of puparium formation, globules of |
unknown nature appear in the fat cells, The ag@e
cumulation of such globules continues in the prepupal
stages and advanees in the antero-posterior direction
until all the fat cells bhave been so transformed
(a few hours after the head eversion),  Although
these globules have a special affinity towards pyronin,
it has nothing to do with ribonueleic aeld and
probably indicates the presence of phospholipides,
These globules greduelly disappear in the course of
histolysis, but few of them are still present in the
sbdominal fat cells at the time of amergence,
Compareble to the mid-gut, the imsginal fat
bodies are very rich in ribonuclelc acid,
(1) TRACHEAR m—w— The imaginal tracheal epithellum
is very rich in ribonucleic acid, This strong
eytoplasmic basophily maintaines for the first day
after the head eversion, but it decreases stesdily
af'terwards,
(3)/-
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!(3) RING GLAND ==—= In prepupae and early pupae the

|
|

Icox’pox'a cardiaca contain more eytoplasmic ribonucleic
iaoid than the corpus .allatm In pupae older than
}twenty hours, the difference is no longer very dis-
\tinct, due probably to the inerease of ribonueleile
acid in the corpus allatum, Secretion vacuoles
‘have been found in the cellis of corpora cardiasca in
ipx‘-apu;pal and most pupal stages, but not in the corpus
‘a.llattm.

(k) HEART AND RELATED STRUCTURES === The ribonucleic
acid content of the heart is negligible, The lymph

glands are rich in the acid owing to their prolifera—i

tive funetion in producing = large number of leucocyt%a
(phagoeytes) engaging in histolyeis, The intra- !
cellular distribution of ribonucleic acid in the two
groups of pericardial cells does not show any

change throughout metamorphosis, Like thoge in

the larvae, the acid afi:a concentrated in one or two
blocks around the nucleus,

(1) GONADS ===e The basophily of the larval and
prepupal ovaries is similar to that of the other
imaginal organs, In the first two days after the
head eversion, the condition remains unchanged, By |
the third day, the differentiation of the egg foll:lc-'[
'fles begine and a sudden increase of ribonucleic aecld r

f: hag/=~

|
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has been noticed in those cells which are destined
to become the oceytes and nurse cells, The pyronine
steined preparation at this stage is comparable to

the figure 34 of Strasburger's (1935) paper, At
the time of emergence, stages 2 follicles can be |
advanced follicles that a similar inerease of ribo- |

i
|
found in the pupal ovary, It is in these more i
|
nucleic acid has been observed in the follicular cells
The development of the testis proceeds at a :|
mich quicker pace than does that of the ovary,
S permatogenesis oceurs early in prepupal life and
fully matured sperm cen be found in the young pupae
| (about 30 hour old). It has been noticed that only
lthe young spermatogonium eells located at the
anterior end of the testis retain their high ribo-
nueleic acid content, The spermatocytes, spermatids
and mature sperms lose their ribonucleic aeid in

successive degrees until the mature sperm are

| practically eolourless to pyronin, gince ribonucleic

| seid is responsible for the cytoplesmic basophily,

|
| the pyronin-methyl green stained testis sections

| pesemble in every respect the pictures given by
Strasburger (1935, figs, 52a,83)., A similar

| phenomenon of the progressive decrease of basophily

during spermatogenesis has been reported in
amphibians (Brachet, 1942),
D, /-
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D, Summary:

The distribution of alkaline and acid phoge
phatases and ribonucleic acid during Drosophila
metamorphosis has been described, 80 fé.r as
these three cytochemical reactions are concerned,
the prepupa bears a general resemblance to the
larva rather than to the pupa, This fact therefore
supports the conclusion derived from purely morpho-
logical evidence that the prepupa is actuslly an
intrapuparial larval instar (snedgrass, 1924;
Robertson, 1936), |

Pupation is accompanied by a general and sudden
increase of alkaline phosphatase, notsbly in the
eytoplasm, This high alkaline phogphatase activity
is maintained almost for the £irst day and a half
after the head eversion, Then it declines, first
in the head and thorax, but much later in the
abdomen, Weak to moderate engyme activity is pre-
sent in the nervous system, mid-gut, salivary glands
and Malpighian tubes of the adult flies,

Analysis of the change of alkaline phosphatase
activity in various organs during metamorphosis
reveals again the importance of this enzyme to
histo~differentiation, This is especially true
during the development of imaginal organs such as
eyes, antennae, wings, legs, muscles, digestive

organs/-
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organs, hypodermis and trachease, In the case of }
gonads, the relation is not so elear, for ‘
spermatogenesis takes place in the prepupal and |
early pupel periods when the alkaline phosphatase :
reaction is very weak end oogenesis proceeds mainly \
after smergence when the enzyme esctivily is incap- :
able of demonstration by the hia'toéhemioal method, i

Aeid phosphatase does not show any increase ‘
efter pupation, On the contrary, there lis |
probably & slight decrease, However, the enzyme 131"
very active in 352~36 hour pupase, Sinee during thiai
period histogenesis is still going om, 1t seems thaﬂ
acid phogphataee may, as well, has something to do |
with differentiation, Although acid phosphatase
activity shows a decrease in the later pupal
period similar to that of alkaline phosphatase, the

extent of this deecrease is much legser for acid

phosphatase, espeeially smong the head and thoracic
. | |

A strong acid phosphatase reaction seems to ba‘
a characteristic of Drogophila gonads, The maine- !
tenance of this high enzyme activity throughout |
post~-embryonic development explains the particular |
riechness of this enzyme in the mature germ cells,

Both acid and alkaline phosphatase partieipate!
in the processes of histolysis, for the histolysing
fpagments elways give strong phosphatase reaction,

The/- |
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The imaginal organ rudiments in the prepupal
and early pupal stages are characterized by their
high ribonueleic acid content, As histoe-differensw ]

tiation goes on, there is generally a decrease of
acid content, In certain partiocular organs, an
accumulation of ribonucleie acid, however, occurs in
the course of differentiation, In the developing
museles, this phenomenon is evidently connected with
the formation of myofibrile, In the case of '
salivary glands, mid-gut and ovary, this is possibly
related to the normal physiological function of
these organs and may well be the result of histo-
differentistion, For these latter organs and for
the muscles, the increase of cytoplasmic basophily
is always aceociated with an inerease of acid ’
phosphatase activity, Nevertheless, it should be
pointed out that high acid phosphatase activity
does not necessitate the presence of ribonucleic aeid,
This is particularly true for the nerve fibres and

the advanced stages in spermatogenesis,




(1)

The importance of fixed -~SH groups and ribo=-
nueleie acid in the determination of the embryo axis
in vertebrate development has been particularly
emphasized by Brachet (1947), From the results

of the present study, there is no resson to suppose
that such substances also play a prominent role in
Drosophila embryogenesis, Some concentration of
fixed «~8H groups and a differential distribution of
ribonucleic acid have been found in the ectoderm of
Drogophila ewbryos, However, owing to the general
!oeeurmca of these properties, it is diffiecult to .
attach any morphogenetic implications to them,

Raven (1948) found a similar situation in Limmaes,
Histochemical evidence indicates that there is
very little decrease of the basophily of the embryo
cells during most of embryonic development (from O
to about 15th hour), This maintenance of a relatives
1y high content of ribonucleic scid must be due to
some simultaneous synthesis of the acid, for othere
wise one would expect a gradual decrease of basophily
parallel to the inerease in cell nwiber and the secale

|of organization of the embryo as in the case of the
sea~urchin (Brachet, 1947), In fact, an increase of
gribonuc-leic eeid through synthetic activity in organs
like/-
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like gut epithelia and salivary glands is beyond
doubt, However, since the techmique used is not
sensitive enouch to detect a small change of ribo-

nueleic acid content, the possibility of the conver-
i: slon of ribonucleic acid into desoxyribonucleic acid
'in the early embryonic period is not excluded by the
pregent observation, Therefore, the resemblance

between the nuelein metabolism of the

Cmbryo and that of the chick embryo, as seems to
be the case; must await direct confirmation,

The very fact that mitosis is of rare occurrence
after the contraction of the germ band and the lack
lof evidence for endomitotic growth during the later
‘half of embryonic development leads me to suggest
!that the stage of "germ band contraction" marks the

transition from a growth vhage of embryonic
developuent into a differentiation phase, The term
differentiation used here refers more to histo-
differentiation rather than to the invisible or
chemo~-differentiation, The latter probably occurs
well before that stage, as indicated by Geigy's
i(l%la,b) works,

- (2)/-
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(2)

During Drosophila embryogenesis, acid phos=
vhatase gshows no change of activity, at least
eytochemically; whereas alkaline phosphatase arises
only after the contraction of the germ band, in-
creages in activity and then decreases again, The

demonstration of the existence of these two different
patterns of enzyme activity is itself cuite sugges-
tive, Perhaps the contraction of the germ band
represents a very important morphogenetic stage

and further investigation could reveal a good deal
of biochemical differences between embryos before
and after that stege, Quite recently, some pre-
liminary data concerning the pllaonphataae activity
in the early development of Arbgscia has become
available (Mazia et al, 1948), They found that in
the unfertilized eggs, acld phosphatase predominates
and ite activity remains constant during early
developuent, 0n the other hand, alkaline phos-
phatase keeps constant until before gastrulation,
but inc‘maaea very sharply after that, Obviously,
the general pattern of phosphatase activity in the
embryonic develapmezx£ of Drogophila and of Arbacis
is very much the same, In chick embryogenesis, |
the situation is slightly different because the |
concentration of alkaline phosphatase is much
greater/-
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greater than that of acid phosphatase from the very
beginning (Moog, 1944, 1946), Nevertheless, the
trend of the change of acid phosphatase activity
between 2 and 12 days old chick embryos is far less
‘marked than that of alkaline phosphatase in the

'same period (Moog, 1946), From the above facts,

it seems quite safe to say thai acid and alkaline
jphomphataaes are two different enzymes and play
!dirremt physiological roles, even though they may
ibe'pmeent simultanecusly within the same gell,

| The factors which detemmine the origin (or
‘ectivation?) of alkaline phosphatase in the ventral
'ectodenﬁ after the contraction of the germ band as
well as the differential rates of spresding after
ite first appearance are not clear, The fact that
the spreading of enzyme activity is a gradual process
geems to suggest that the primary process involved
in such spreading is actually a direct contact bet-

ween the active and inactive cells, If this is true,

|the cbserved extero-interior gradient of alkaline
| phosphatase reaction can, probably, be partly

!aecomted for, Thus, the closer contact between
ectodermal cells theuselves than between an ecto-

‘plain a quicker spreading within the surface ectoderm

dermal cell and for example a nerve cell would ex-

than spreading from the surface to the interior parts
of/~
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of an embryo, In this conneetion, it is interesting
to mention that the salivary glands which sre still

| directly connected with the ventro-lateral ectoderm
(after the germ band contraction stage) show a strong
alkaline phosphatase reaction earlier than other.
internal organs do,

That the contact is not 1'.1;1@ sole factor is
indicated by the presence of an antero-posterior
gradient which is also ocbservable within the surface
ectoderm itself, Tvidently, there must exist with- |
in the embryo same physioclogical differences between
the anterior snd posterior parts snd poesibly such
difference controls the differential rate of
spreading along the antero-posterior axis, The
presencé of such a hypothetical physiological gradient
is algo shown by Geigy's (1931b) irradiation experi-
ments, in which he discovered that the sensitlization
and de-gensitization of ventral ectoderm towards
ultraviolet light exhibit a quite distinet "thoraco-
abdominal"® gradation,

Since Seidel's classical work on Platycnemis,
it iz generally admitted in experimental embryology
that the organized development of insects invelves
the operation of two centres of organization; namely
the activation centre and the differentiation centre,
The presence of these centres in Drogophils has not
hitherto been dmnatraﬁod, although Geigy's work
| Just /=
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Just referred to has already hinted at thelr exise
tence, Whether or not the centre of the origin
of alkaline phosphatase in the ventral ectoderm
near the future thorax represents sctnally the
differentiation centre in Drosophila can not yet be
fully ascertained; but that it is so appears very

likely,

(8)

The interesting correlation between the phoge
phatage activity and the growth and differentiation
is first demonstrated in chick eubryogenesis by
Moog (1944), Since then similar evidence has been
briefly presented in the early development of
amphibia (Brachet, 1946) and sea-urchin (Mazia et al,
1948), The present observation on Drosophila
supports and strengthens this general correlation,
However, the different behavicur of slkaline and
‘aeid phosphateses merite their separate discussion,

buring enmbryogenesis alkaline phosphatase
appeares immediately after the contraction of the gzerm

band and diseppears in most tissues before the
hatching of the larve, This fact tends to indicate
that the enzyme is primarily concerned with histo~
differentiation, In post-enbryonic development,
the/-
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the alkeline phosphatase activity of the imaginal
dises illustrates the same prineciple, In the
larval and prepupal periods, their moderate enzyme
activity is obviously linked te their proliferative
growth, Then the activity suddenly increases at
the time of pupation snd maintains itself at this
high level for the next day and a half, After that,L
alkaline phosphatase decreases in most organs, but
remaing at a high level in certain others, Cons-
sidering now the developmental status of the
imaginal organs at the time of pupation, the results
of transplentation work on the organ dises
(Bodenstein, 1943; Vogt, 1943) certainly indicates
that they have already passed their stage of
invisible or chemo-differentiation, Consequently,
the increased alkaline phosphatase activity must be
concerned with histo-differentiation, In this
connection, the observed fact that the increased
fraction is mainly cytoplasmic phosphatase is
important, since differentistion is primarily a

cytoplasmic process,

The similar behaviour of alkaline phosphatase
during embryogenesis and metamorphosis not only
suggests the basic identity between the processes
underlying the realization of the larval and
imaginal /-
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imeginal developmental pattems, but also lends
gupport to the general belief that the larval period
is a period of growth and that of metamorphosis a
period of differentiation (see Bodenstein, 1942),

On the other hand, the relation of acid
phogphatase to histo-differentiation is not so
obvious in view of its constant activity during
embryogenesis and its low activity during the first
day after pupation, Nevertheless, since acid
phosphatase activity increases in the mid-pupal
period (32«68 hour pupae, during which time histo-
genic differentiation of the imaginal organs is
not yet completed), the enzyme may also serve o
a:lm.tlar. function, = Apart from this, acid phosphatase
activity in Drogophila development shows a rather
general correlation to the ribonucleic acid meta-
bolism, This is chiefly indicated by the following

facts:

!| (2) high enzyme activity in the nurse cells and
| ooeytes during the synthesis of ribonucleic acildy
| and yolk during oogenesis;

(b) a constant enzyme activity during embryoniec
development and the maintenance of a relatively high

ribonucleic acid content in the embryo cells;
(e)/-
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(¢) a moderate activity in all imaginal discs
throughout the whole larval and prepupal periods and
(d) the accumulation of ribonucleic acid during

the development of the lmaginal muscles, sallvary
glands, mid-gut and ovary being paralleled by a
similar inerease of acld phosphatase activity,

Furthermore, there seems to be some com=
plementarity between the aetivity of the two kinds of
phosphatases, At the cellular level, this lis shown
by the relative distribution of the two enzymes in
various larval and imaginal organs (page 43), For
the body as a whole, it is evident in the decrease
of alkaline phogphatase but the maintenance of asecid
phosphatase in late 3rd instar larvae and early
prepupse; and by the high alkaline phosphatase
activity in early pupae and a weak one in late pupae,
with & reverse situation for acid phosphatase
activity,

(4)

The relation between the phosphatase activity
end cellular degeneration has so far not been fully
recognized, The nearest example in the existing
literature (to my knowledge) is perhaps the facts
discovered by Bodian and Mellors (1944) in nerve

degeneration/-
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degeneration, Even then, the increased acid
phosphatase activity is attributed to the resynthesis
of Nissl bodies rather than to thelr destruction
(Bodian, 1947), In the present study it was

found that the inerease of phogphatase activity is
almogt concomitant with the actual progress of
histolysis, This happens in every larval organ
that is going to be destroyed, but it is especially
clear in the case of fat bodies, muscles, hypodermis
and tracheae,

As higtolysie of fat cells sets in after
pupation, the inerease of eytoplasmic slkaline
phosphatase is so sudden and so marked that one
is inclined to think that the inereased portion is
due to the activation of the pre-existing enzyme
molecules, vhether this represents the general |
mechanism by which the increase of alkaline phose
phatase after pupation can be accounted for, and ‘
whether there ccurs at the same time some “de novo"
synthesis of the enzyme or not, are questions very
hard to answer at the present stage,

(8)

Another agpect of phosphatase activity in i
Drogophila development which I would like to discuss |
is/= -
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is their normal physiological function, Thus,
the concentration of alkaline phosphatase in the
striated border of the mid-gut and in the brush
border of the Malpighian tubes is of some compara=
tive interest, since snalogous localization in the
mammalian intestinal epithelium and kidney tubules
is well known, Whether or not this means that a
similar transport function is played by this enzyme
in DProgophila is difficult to say in view of our
limited knowledge about insect digestion and ex-
cretion, Nevertheless the similar enzyme
localization does indicate such a possibllity,

One component of the insect cuticle is a
nitrogenous polysaccharide called chitin, As &
corollary to the current coneception of bibsynthesis
(Lipmenn, 1941), the synthesis and breakdown of
chitin may well involve phosphorylative processes
es in the case of glycogen, The strong alkaline
phosphatase resction of the tracheal epithelium
and its cuticular intima is therefore whait one
would expect in considering the complementary
function of phosphatage in the complex phosphory-
lative processes, 8imilarly, the high alkaline
phosphatase activity o the hypodermis during the
formation of the puparium in the larvae and that of
exoskeleton in the pupae can be interpreted on the
same basis,

The /-




The high alkeline phosphatase activity of the
pericardial eells during prepupal and early pupal
pericds and the persistence of these cells throughe
cut metamorphosis suggest that they are probably
the ineretory organs, This contention is supported
by the following facts:

(a) they show definite cycles of change of cell
size in the course of wetamorphosis;

(b) sescretion vacuoles have been cbgerved in them
in the larvae prior to pupariunm formation, and in
prepupae and pupae

(¢) a distinet sexual dimorphisu has been found
in the large periecardial celis, both during
metemorphosis and in the adult flies, In this
connection, it is interesting to note that
Bodenstein (1943) (in the course of his extensive
study of the physiology of the Drosophila ring
gland) came to the econclusion that ring gland
hormone does not act directly but, rather, indirectly
through the intervention of some factors in the host,
Therefore, it occurs to me that the perieardial cells
are the most likely organs which cause such inter-
action complication, In fact, an interaction among
different endocrine glands in Orthoptera has been
reported (Pflugfelder, 1939). However, it is not
possible/-




possible at present to compare these pericardial
cells in ]

gophila with the pericardial glend in
Dixippus (Pflugfelder, 1988), It can only be
stated that the pericardial cells are pimilar to the
pericardial gland in showing gexual dimorphisms

but differ from the latter by their pergistence in
the adult flies,

From the transplantation work of Hadorn (1937),
Nyst (1941), Bodemstein (1943, 1944) and Vogt
(1942b,1943), it ie certain that the ring gland in
1a produces both moulting and metamorphosis

hoxXuones, The individual reoles played respectively
by the corpora cardlaca and corpus allatum are,
however, not clear, Based upon morphological (1942H
and experimentel (1943) evidences, Vogt is of the
opinion that the corpora cardiaca ("grosse Ring=-
drussenzelle® in her paper) is more concerned with
metamorphosis than the corpus allatum, The data
presented in this paper seen to support her con=
clusion, if the higher alkaline phosphatase activity
and ribonucleic acid content of the corpora cardiaeca
in the larval and prepupal perleds can be congidered
as indices of a higher level of physiological func-
tion, On the other hand, the present data also
indicate that the corpus allatum becomes more active
gix/-
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gix hours after the head eversion, if the sbove
agsumption is correct, However, the presence of
acid phosphatase activity in the ring gland makes
the situation even more complicated, The enzyme
is moderately active during the larval; prepupal
and early pupal periods, but gtrengly active in
mid-pupal stage, But differing from the alksline
phosphatase reactlon, no differential activity
between the corpora cardiac and corpus allatum has
been observed, Obviouely, further study is needed
before these facts can be correlated with the physiow-
logical activity of the ring gland,




loeslization of the chemical substances so far
ptudied: a definite, but general, cortical con-
sentration of fixed ~SH groups has been observed;
ribonucleic acid is diffusely distributed; alkaline
phosphatase is histochemically not demonstrable; i I
but seid phosphatase ie very active,
Dros 1a sperm is also rich in fixed |
-8 groups and acid phosphatase, but containe no 1
ribonucleic acid and alkaline phosphatase, |
(3) Pixed -8H groups and ribonuclelc acid do not
seem to play an important morphogenetic role during
Drogophils embryogenesis, |
(4) Cytochemical evidence suggests that the nuclein [
metsbolism of Drosophila is probably similar to that Ir
of chick embryo, in the sense that both desoxyribo- .

and ribo-nucleic seids are synthesized during early
embryonic development,

(5) It is sugsested that the stage of the 'contmctialr
of the germ band marks the division between the |
growth phase of Drosophila embryonic development
and its differentiation phase, |
(6) Aeid phosphatase shows constant activity during
embryogenesis; whereas slksline phosphatase appears |
only after the contraction of the germ band,

inereases/=
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increases its activity and then decreases in lﬁoat
tissues before hatching,

(7) The centre of the origin of alkaline phosphatasce
in the ventral ectodemrm: near the future thorax is
congidered as the "differentiation centre" of the
Drogophila embryo, The enzyme activity spreads
from this centre to all parts of the embryo in
characteristic patterns, The pogsibla mechanism
of spreading is discusced,

(8) Nuelear alkaline and acid phosphatase is
demonstrable in all larval tissue of Drogophila,
Cytoplasmic phosphatases, however, show a striect
organ specificity,

(9) All imaginal discs possess a moderate amount of
alkaline and acid phosphatases and they are very
rich in ribonucleic acid,

(10) Larvae prior to puparium formation ave
characterized by an enormous inerease of alkesline
rhosphatase in the hypodermis and simultencous
decrease of it in the internal organs, No such
change has been found in the case of acid phose
phatase,

(11) The result of cytochemical study confirms the
contention that the prepupa is actually an intra-
puparial larval instar,

(12)/-
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i (12) Pupation is accompanied by a general and

! sudden inerease of alkaline phosphatase activity
which is mainly confined to the cytoplasm,  This

' high enzyme activity is maintained for the firet day
| and a half after the head eversion, It declines
afterwards untll finelly it disappears from most
organg at the time of emergence, but is retained in
i certain others,

! (13) The behaviour of alkaline phosphatase during
gmtamorphos:ls is exactly similar to ite behaviour
id.urﬂ.ng embryogenesis, In both cases, the possible
'bearing of alkaline phosphatase on histo-differen-
tiation is suggested,

(14) Aeid phosphatase does not show any increased
activity shortly after pupation, but its activity
inereases in the mid pupal period (52~68 hour pupae),
' In the later pupal period, a decline of engyme actis-
'vity has also been found, although to a much lesser
!aegree as alkaline phosphatase activity does,

|
\ (15) A general correlation between acid phosphatase

'activity and ribonucleic acid metsbolism has been
:found. Otherwise, the function of acid phosphatase

' in Drogophila development is less readily explieable,

a8y
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| (16) Alkaline snd acid phosphatases actively

| participates in the processes of histolysis or cellu-
._ lar degeneration, g

l (17) Histochemical evidence suggests that alkaline
Phosphatase in Drosophila is probably playing a part
in the carriage of organic substances across the

" | membrane barrier,

(18) Alkaline phosphatase activity of the periecardial
I..eelln, together with other morphological evidences,
Eindieatee that these cells are endoorine organs
iend play important role in Dros
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abdominal disc
antennal disc
cuticle

eorpus allatum

corpora ecardiaca

heart or dorsal vessel

layvel fat body

histolysing fat cell

Frontal sac

cerebral ganglion or brain
gastric caecun

larval hypodermis

imaginal hypodermis

imaginal bud of haltere

larval hind gut

section of leg

imaginal dise of prothoracic leg
imaginal disc of mesothoracic leg
imaginal disc of metathoracic leg
lymph gland

large pericardial cell

leucocyte or phagocyte

larval muscle

Imaginal muscle

lMa, Malpighian tube
Hap/—




liey
mg,
lig,
My,

od,

Oes,

B8C,

8lys

81,
8p,
Te,
4,
tr,
Tr,
Ve,
Vg,
Wy

Vs
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mesenchyme cell
larvel mid gut
imaginal mid gut
myocyte

ovary

optic disc or compound eye
oesophagus
oviduct
proveatriculus
pharynx

puga rium

ring gland
rectal papillae
mature sperm
sarcolyte

larval salivary gland or its
histolysing fragment

imaginal salivary gland

gmall pericardial eell

testis

chitinous intima of itrachea

larval trachea

imsaginal trachea

vas effecrens
ventral ganglion or ventral nerve cord
wing or its 1magina1 dise

yellow body |




1, Camers lucida sketches of the different stages
of the oocyte development of Drosophila
melanogaster, from iron hematoxylin prepara-
tions, f,e, 6, follicular epithelial ecell;

n, ¢, » nurge cell; oc,, ooecyte, Descriptions
in the text,

2, 69, 14=18, 20=~32 ==—= alkaline phosphatase
BBy 10=13; 19, B3 wewwwe acld phosphatase

2, Section of ovary taken from a 24~hour female,
Note the positive reaction of the ovidust,

X 7o,

3, Section of ovary showing the intense nuclear
and eytoplasmic acid phosphatase reaction of
the follicular eells, nurse cells and ococytles,
X 986,

4, Acid phogphatase reaction of the fresh ovarian
follicles incubated for two hours in lead-
glycerophosphate reagent, X 82,

5, Same as figure 4, but incubated in the presence
of 0,01 M fluoride, X 82,

6, An obligue sagittsl section of a 9 hour embryo,
The arrow head indicates approximately the
centre of the origin of alkaline phosphatasge
activity, X 120,

N /-




(e

Sagittal section of a 10~10% hour eubryo showing

the spreading of enzyme activity towards the
interior and posterior parts of the embryo,
X 120,

8, Longitudinal section of a 14 hour embryeo, X 120,

10,

12,
13,
14,

15,

186,

Sagittal seetion of an embryo Just prior to
hatehing, Note the positive reaction of
the salivary gland and gut epithelia, X 120,
Longitudinal sectlion of an early emwbryo in
single blastoderm stage, X 120,
Sagittal seetion of a 4% hour embryo in advanced
stage of gastrulatien, X 120,
Sagittel section of a 12} hour embrye, X 120;
Sagittal section of a 17% hour embryo, X 120,
Portion of the sections of the mid-gut and
Malpighian tube taken from a 24-hour larva,
X 340,
Cross sections of the head region of a 32~hour
larva: X 130,
(a) Taken at the level of the frontal sac,
(b) Teken at the level of the ring gland,

(¢) Taken at the level of the small
pericardial cells,

Longitudinal section of the posterior part of a
24~hour larva (Just after the first moulting)
showing the high enzyme sctivity of both the

new/=

5




new and the shed tracheas, The arrow indieates
the point of puncture during fixation, X 120,

17, Thoracic musele fibres taken from a I2-hour

| larva showing the concentration of enzyme in the

anisotropic dises of the myofibrils, X 340,

;E. Crogs gection through the head region of a larva

| prior to puparium formation showing the contrast
between the strong phosphatase reaction of the
hypodermis and salivary glands and the negative
reaction of the imaginal dises, X 95,

19, Lateral sagittal seetion of a 72~hour larva
showing the high acid phosphatesc zctivity of

| the salivary glend, proventriculus, mid-gut,

| ring gland and eye and antenna dlses, The

arrow indiecates the point of punciure during
fixation, The high enzyme activity of testes

ean be seen in another larva of the same age
but in longitudinal section, X 30,
Cross section of a 2-hour prepupa at a correspond-
ing body level as that of the figure 18, X 98,
Sagittal section of an old prepupa Just before
the head eversion, The head region is slightly
everted through manipulation during fixation,
X 382,
29, Longitudinal section of a 12-hour pupe, X 40,
28, /=

—————




- 313w

23, Cross sections at the level of the wings and
legs showing the general inerease of alkaline
phosphatase after pupation: X 70,

(a) 10=hour prepupa (b) 15~hour pupa

24, Sagittsl section of a S2-hour pupa, X 40,

28, Longitudinal section of a 72~hour pupsa, The
actual intensity of the phosphatase reaction
of the nerve cells and proventriculus is
much weaker than that can be Judged from the
photograph, X 40,

26, Portion of the abdominal hypodermls teken £rom
a pupa Jjust after the head eversion showing
the relative phosphatase activity of' the
larvel end imaginel hypodermal cells, X 340,

27, Alkaline phosphatase reaction of fat bedy: X
340,

(2) & group of fat cells (in sheet structure)
taken from a 10=-hour prepupa represent-
ing the characteric reaction of the
larval and prepupal fat body,

(b) a group of detached individual fat
ecells taken from a 12% hour pupa
showing the tremendous increase of
eytoplasmic phosphatase accompanying
histolysis,

28, /=




28, Seetion of the ring gland of a T-~hour prepupa

| schowing the difference in phosphatase activity
between the corpora cardiaca end the corpus
allatum, This condition is entirely compar-
sbis to that found in the 2nd instar larva
(fig, 15b), X 340,

| 29, Section through the large pericardial cells,
heart and lymph glands of a pupa just after
the head eversion, X 100,

. 80, Portion of a testis from a 32-hour male pupsa,

| Note the strong enzyme reaction of the sperm l

hesds end the nuclei of the cells of vas

| efferens, X 280,

| 31, Bection through the ovaries and oviduct of a

| 46~hour pups, X 100,

| B8, Section through the ovary of a female pupa
shortly before the emergence, The enzyme is
mostly localized in the nuelel of the
folidcular cells and of the undifferentiated
nurse cells and oocytes, X 280,

33, Aeid phosphatase resction of a 68«~hour pupa in

I longitudinal section, Note the positive

reaction of the nerve fibre region, compound

‘ eyes and trachease as compared with those
| strustures shown in the figure 25, X %0,
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