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I. DITRODUCTION  

The importance of a combined genetical and 

embryological approach in the causal analysis of 

development has been stressed by Waddington (1940b), 

________ 	in view of our detailed knowledge of 

its genetics, should be the best 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 embryology, like other branches 

of the experimental biological sciences, 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 oytochemietry and 

the application of cytoehexnical 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 knoai 

before further approach at the physiocohemical 

level can be made possible. The present study is, 

therefore, mainly concerned, with the localization 

of certain particular chemical substances during 

the development of Drosophila. These substances 

include/u- 



include chiefly the protein sulpithydryl groups 

(or fixed -SH groups), ribonuoleic acid and. 

phosphomonoesterases. The reason for which the 

first two substances have been chosen for study is, 

among others, their siifioance in connection with 

the determination of the embryo,  axis in vertebrates 

(Brachet, 19417). 	The distribution of phoephatases 

is studied because of their suggested relation to 

the chemistry of differentiation (Moog, 1944). 

On the other hand, the Droso1i1a egg, as that 

of a holometabolou.V insect, is necessarily endowed 

with a double organization, 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 realized are 

fundamentally the same, cytochexn.tcal observations 

have been extended to post-embryonic stages of 

Dro in an attempt to find some general 

similarities between embryonic development and. 

metamorphosis. 
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IL 	cIAL 

hid-type Oregon S stock of 	ohila 

meianoga6t r was used and cultured by the usual 

technique at 25+0.2' 	Oocytes in various 

develomentaL phases wore obtained from one day old 

females which contained practically all successive 

stages. For the collection of fertilized eggs, 

virgin females were kept separate from the males 

for two days, Thar were then mated and the males 

removed after one hour, Egg collection was made 

from such females on a ysasted simple medium 

containing 2% ethyl alcohol and 1% acetic acid in 

2% agar. After discarding 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 embryos for study 

were first decthorionated free-hand as described by 

Poulson (1937) and then carefully punctured in the 

fixative with a very fine tungsten needle. 

In order to collect larvae of known age, 

30-50 rapidly laying females were allowed to lay 

eggsin a fresh food bottle for one hour. Larval 

age was computed from the time of egg laying, the 

total duration of embryonic life being 18-19 hours 

at/ii 
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at 2&. 200 	The limit of age difference within 

such a group of larvae is approximately j i hour. 

To obtain the requisite stages of prepupae and 

pupae, mature larvae prior to puparium formation 

were transfered to agar plates in Petri dishes. 

Following Robertson (:L936), the moment when the 

anterior 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 needles in the fixative is 

also necessary for the larvae, prepupae and pupae. 

Forznal—aloohol.-acetic acid mixture (Huettner, 

1923) was used as fixative for the following 

cyteLcal teats: fixed - groups, ribo 

and deaozyribo.-nucleic  acids, 50% alcohol was used 

for alkaline phosphatase, and chilled acetone for 

acid phosphatase. The materials were embedded in 

the usual way and sectioned at 10 u. 

For the detection of fixed '—WI groups the method 

devised by Ohevremont and Frederic (1943) was omployed. 

Control sections were treated with saturated 

me.uric chloride for one hour to block the -SH  

groups, Ribonucleic acid distribution was 

studied by the method of Brachet (1942): crude 

ribonuclease was isolated from calf pancreas: 

sections were incubated in enzyme solution (in 

distilledj'. 



distilled wat r) for 1.2 hours at 37,50C, : 

controls for the same period in pure distilled 

water, iesoxyribonuoleic acid was demonstrated by 

the standard Peulgen technique (Stowell, 1945), 

Per t1e demonstration of elkaline phosphatase,, 

Dari11i's (1946) schedule ws generally adhered to. 

CT.rtain iiiinor modifications in timing were, however, 

found to be necessary for the present material, 

because of its relatively low enzyme content. The 

duration of the steps between fixation and incuba-

tion was therefore deliberately shortened. (especiall 

that in the paraffin bath (rn. p. 520. , l.-1 hr, at 

560C,)) so that the enyme lose can be reduced to a 

minimum, 	Sodium glycerophosphate (B, Do  B,), 
consisting of almost pure beta...salt, was used as 

substrate. Magnesium chloride was added to the 

incubation mixture at a final concentration of 0,01 

M. The pH of the mixture was 9.40. The duration 

of incubation was 4 hours at 37, 50C, per post. 

embryonic stages, this was extended to 12 hours in 

order to get the maximum 7os5ib1e reaction in 

tissues of low phosphatase content. In several 

cases, negative results were chocked by a 24- or 

even/- 



even 48u'.bOX incubation. 

In post.-ezxryonio development, alkaline 

phoephatase activity shows a considerable difference 

in degree between different organs and between 

different morphological stages. In order to ex 

press such differences as truly as possible, enzyme  

activity has been classified, into three grades: 

these are by no means satisfactory but they are 

sufficient to describe some important ohai.ges of 

enzyme activity. A "strong" reaction refers to a 

tissue or a part of a tissue which appears so 

black that its internal structure is often diffiou1t 

to identify. A "moderate" reaction describes 

material showing dark brown precipitates in the 

nucleus and diffuse, brownish to grayish colours in 

the cytoplafl. Histological details can easily be 

made out in these. A tissue is referred to as 

"weakly" reactive when the nuclei only contained 

brownish precIpitates. 

Gomori's technique for the demonstration of 

acid phosphatase has recently been questioned on 

certain grounds (Bartel'nez and Bens].ey, 1947). 

The problem of non.-secifiC absorption was therefcr 

studied, using Drosophila ovaries, by superimpos-

ing active sections on inactivated sections and 

incubating/— 



incubating theta together for various lengths of time 

(., 	12, 	24, 48' and 72 hours). It was found that 

r short incubation (, 12 hours) the inactivated 

tions were practically unstained, In-specific, 

fuse yellowish staining in those sections became 

ident in 24-hour series and more so after 416 and 

hour's incubation, From this result, it appears 

at intation requires very critical timing. 	11ore 

er, I was unable to confimii the in;thbility of lead 

ephate as claimed by Bartelmes and Bensley, 

urther, the distribution of acid phosphatase in the 

iDrocophila ovary has been confirmed by incubating 

rosh unfixed material: this will be described later. 

ranting that acid phosphatase technique is not quite 

o satisfactory as the method for alkaline phosphatase 

riformation about its general activity can, nevorthe-

.ess, be obtained, if the conditions of experiment 

re carefully controlled,. 

In this work, Moog's (1944) modified Gomori' 

eehnig.ue for betaglycerohosphate was used, The pH 

of the incubation mixture was 4. 70, The duration of 

kcubation was 16 hours at 37, 50C. 	Control sections 

vere incubated either without substrate or in the 

rosenee of 0,01 LA, fluoride, 

In order to get some information about the mature 

pernn, most cytochomical tests were repeated on 

pro sophil, is- 



Drosophila testes from one day old males. These 

results will be briefly dealt with under the section 

on oocyto  development. 



(1) Oooyte eye1oie 

A Morphological observations on oocyte 
development; 

Since the development of the 

oocyte has not been adequately described, it must 

first be surmnarized here. The whole ovarian his-

tory can be divided arbitrarily into eight stages, 

based on the size of the oocyte and other morho-

logical characters of the nurse colic and follicular 

epithelial cells. These stages are shown in the 

figure 1 and a brief description of them is given 

below: (the media. cross sectional area (A) of the 

oocyte was measured by a planimeter under a linear 

magnification of 160; the diameter (d) of the 

largest nurse cell nucleus was measured by an 

ocular mioreetcr) 

A25 mm ct=15p, The socyte can be 

distinguished from the nurse cells by its 

a1ler-sized nucleus and weaker cytoplasmic 

basophuly. 

A160 flL, d20p.. 	The whole follicle 

elongates and the follicular cells become 

flattened out at the nurse cell end, Nurse 

cell cytoplasm develops strong basophily. 



A310 nid. d27p. 	Deposition of yolk 

granules starts at the peripheral region of the 

ooeyte. Pollicular cells concentrate around 

the egg a v.-.,zrj thin envelope consisting of a 

few squamous óells is all that encircles the 

whole sot of nurse coils. Nurse coils and 

follicular cells show strong cytoplasmic 

basophily. Intraelluaar vacuoles appear in 

the nurse cells. 

	

4. 	,A60 nm 2. d40 i. secretory activities of 

the nurse cells and follicular cello are in 

full swing. The nurse cell cytoplasm is high- 

ly vacuolated and its contents begin to pour 

Into the og. Not infrequently, whole nurse 

cell nuclei can be found inside ooplasxn. 

AIO8O E1fl. d4042)1m The general 

features of this stage are similar to thoc of 

the preceding stage. The physiological 

activity of the nurse 3ells has probably passed'  

its peak as evidenced by the decline of cyto.-

plasinic basophily. The follicular cells show 

no signs of degeneration. 

	

6 	A2030 nm 2. The nurse cells show a stead 

decrease of cytoplasmic volume and basophily. 

Their nuclei becode pycotio, those adjoining 

the 000yte often being the first affected. A 

great number of vacuoles can be seen in the 

oocyte/-. 



oocyte cytoplan, They are derived from the 

nurse cells and are observable wider living 

conditions, 

7. 	A=2600 rum2. 	The cytoplasmic contehta of 

the fifteen nurse cells are cuupletely absorbed. 

The follicular cells become flattene but 

their cytoplasm is still moderately baophilic. 

The whole egg cortex is eovered by a thin, 

hornogenoua, yellowish and refract is stri.icture 

--- the vitelline ueiibram 

This stage corresponds to a mature,  oocyte 

and is not shown in the figures  Pollicular 

cells degenerate and the ohorion with filaments 

is well formed. No pyonotic flurse cell nuclei 

remain visible, The volume or the 000yte 

increases slightly and a further synthesis of 

Yolk granules occurs. 

B. Fixed - groups: 

Fixed -U groups can be demonstrated in both 

nucleus and cytoplasm of the ocyte, nurse cells 

and follicular cells. 	In the nueleu, they are 

mainly concentrated in the chromatin substances and 

in the nuc1eclus 	The nuclear sap is negative. 

In the cytoplasm, certain discrete granules always 

stain/. 
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stain more intensely. 

In the oocyte the intensity of the -SH re-

action increase after ctnge 3, especially in the 

cortical ooplaszn venich. stains deep blue as compared 

with the greenish.-blue of the central ooplasin, 	As 

matuzation proceeds, the diatribttion of fixoi -211 

groups beoom,s ire evei., but a 'nifrn and higher 

ooncentation is still evidnt in the egg cortex. 

In the nurse cells fixed -SH groups are very 

abundant in the cytoplasm  in stages 1-5. 

Partioularlr reactive are those areas near the 

nuclear and vacuolar membranes. 

Like the nurse cells, the follicular cells are 

very zilch in fixed -S1 groups. 	In certain stages 

(3 and 4 an intracellular gradient of -Sii reaction 

can he seen, with deep blue ;ranules accumulated 

mostly in the proximal half of the cell facing the 

egg surfac 0  The follicular cells still give a 

strong 2H reaction in stage 7. 

Control sections gave no reactiou in most cases 

Occasionally, the structures containing a high con 

centration of fixed -1 groups such as the egg 

cortex or chromatin matrials in nuclei remain 

faintly positive after mercuric chloride treatments  
The adult testes are equally rich in fixed -811 

groups. 	Spen heads are extremely reactive. 



C, Riboflucl3iC acid 

In stage 1, nurse cells contain more 

ribonucleic acid than either the oocrte or foUioular 

cells* 	in the next three stages (-4), an enormous 

increas. of oytoplasmic. ribonuleic acid occurs in 

the nurse cells. They now stain deep red with pyro 

nm. The acid ecntent starts to decrease in stage ( 

The follicular  epithelial cells give as intense 

a staining as do the nurse cells in stages 2.-4. 

They retain most of their iibønucieiC acid. in stageKr  

6 and 7, a fact which is possibly related to the 

formation of the chorion and ±1.laznents of the  egg. 

In general the oocyte cytoplasm takes lees 

pyronin than the nurse cells or follicular cells 

in most developmental stages. Comparing oocytes of 

different stages, the ooplasm of youngr oocytea 

(before stage ) often contains relativelzr MOM 

ribonucleic acid than that of older ooeytes (tagee 

3 and 4), 	i.rovertheless in these latter stages, 

cytoplasmic materials at the end of the oocytc 

adjacent to the nurse cells take pyronin as strongly 

as 0.0 the nurse cell's eytoplaa. 	This indicates 

the beginning of the nurse cell absorption. In 

stages 5.-7, the ribonucleic acid content of the egg 

shows a definite increase as a result of the direct 

incorporation/.- 



incorporation of all nurse cello. The acid content 

of mature cocytes decreases veiT sharply again. 

This is probably eozmeotOd iith further synthesis 

of yolk materials before maturation (Paateelo (1948) 

recently found that in Uroarip, ovogenesie the 

decrease of cytoplasmic basophily is correlated 

with yo1 formation). Brachet (1942) has mentioned 

that rihon13ic acid decreases ring the cogenosis 

or Drogphi1a 	In the light of present evidence, 

his statement is true only when the comparison is 

made between certain definite developmental stages. 

Ribonucleic acid is not demonstrable in the 

cocyte nucleus at any developmental stage. 

Treatment with ribonuclease completely aboli 

the cytoplasmic affinity tom.rds pyronin. Pyonotic 

nuclei of the nurse cells (Jr. stage 6 and 7) show 

various shades of colour (green, purple, red etc.) 

both in the control and enzyme treated sections. 

This robab1y indicates that depolnuerization of 

desoxyrihonucleic acid occurs dming the ia3.cloar 

degeneration, since pyronin will stain desor' 

ribonucleic acid only in the d.epoirierized foxTL 

(Kurniok, 1947). 

The testes from freshly emerged or adult melee 

contain a negligible amount of ribonucleic acid in 

comparison/— 
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comparison with the ovaries. kinture sperm  take up 

practically no pyronin 

D. Desoyribonuc.Leio acid 

Using the Foulgen reaction, Painter and 

Roindorp (1939) have made a detailed study of 

nuclear phenomenan in the nurse cells of 	9DI1±1a 

ovaries 	Pysis of the very early follicles of 

our preparations has confirmed their findings of the 

general phenomenon of endomitotic growth in the nure 

cells 	A few points which are related to the 

develgpmeut of the occyte  as a whole will be men- 

tioned hore 	In the first place, there seems to 

be some relation between the piysiological activity 

of the nurse cells and their degree of polyteny, 

Morpho1ogict1 evidence and ribonuelete acid content 

both indicate that the nurse oellg arj phrsLo 

logically rost active in stage 49  The nuclear 

diameter of the largest nurse cell at this stage has 

already reached 40; which is at least 512.ploict 

accordinp to Painter and Reindorp 	Secondly, the 

reactivity of the nse cell nucleus as a whole 

towards the Sohffs reagent and the number of the 

Peulgen-positive granules around the nuclear 

membrane/-. 
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rnbr3ne cieoreaae shax'ply in the stage 5 follicles. 

This is then followed by p,onosie and ieasution 

of Fci3.gen positiv.t'. 	Lastly it may be mentioned 

that thoze. i no demonstrable olange in the Peulgen 

reaction of zuc1ei of either the oocytes ox' folliou-

lap cells throughout the ovarian history. 

]i. Alkaline phoGphataso 

Alkaline phcsphataao is not demonstrable in 

Drorovaries taken from one clay old females, 

3ven when the incubation was oxended to 24 or 4 

, only a very feeble reaction eoud be noticed 

in the nuoleolar nat.rials of the nurse cells Find 

follicular cells. Both epri2nontal and control 

sections appear grayish due possibly to the presence 

of preformed phosphates 	The epithelium of the 

oviducts gives, hoever a moderate alkaline 

phosphatase roation (fig. 2). 

Testes from one day old tales also show no 

istoohemical trace of the enzo, 

F, Acid ohoopnatase 

Acid phosphatase has a wide distribution in the 

Drosoihila ovary. 	It is present in both the nuclei 

and cytoplasm of the ooc;ytes, nurse cells and 

follioular cells (fig. 3). 	The nuclear reaction 



is generally stronger than the cytoplasmic one, 

which, especially in the nurse cells, varies between 

different d.eirelonental stages. 

In the case of follicular cells there seems 

to be very little change of acid phosphatase 

activity,  as the 000yte grows. Their nuclei stain 

as heavily as those of the nurse cells and ocoytea, 

but their cytoplasmic activity is slightly weaker. 

In the very yowg follicle, nurse cells are 

undergoing andomitosis and the resulting mutiplo 

chrornatid.e show a strong tendency to remain together  

in definite groups (Painter and Ieindop, 1939). 

These polytene chromosomes give a very intense acid 

phosphatase reaction. Cytoplasmic activity of the 

nurse cells in those young follicles is eornparative- 

ly low, 	It Increases substantially, in the older 

follicles (stages 4 and 5), especially around the 

the intracellular vacuoles and the cell border. 

The aotvity falls off at stage 6, but the pynotic 

nuclei rein very reactive. 

As is evident frau figure 5, the oocyta is 

very rich in acid phosphatase, both in the nucleus 

and cytopla4 In the latter, the conoentratioli 

of enzie near the peripheral part of the egg is a 

distinct feature in follicles of stages 4t3. 	The 



yolk granule as they .re foxned in this peripheral 

region are likewise endowed with high amid phoepha- 

tase activity, 	A similar conoentration of enziiiie is 

also noticeable around the vaouo.ieo prosent in the 

ooplasm in stage 	In mature oacytec cortical 

localization of acid phosphatase becomes less evi-

dent, but tusteal the vitelline merrbranc appearc to 

be positive. 

The dtribution 01 a4d jhosphatase in 

ppso 	ovaries has also been studied by 

incubating directly fresh material in lead-glyceiO' 

phospiia1e reagent. 	After half an hour of incuh&tio 

the nuclear reaction i already evident in the pen-

pheral follicles of the ovaries, chiefly in the 

follicular ells 	nurse oe11s 	he slower 

reaction in the 000yte is perhaps due to the 

limtatiQn set by the rate of penetration of the 

reagents 	The whole reaction becomes more intense 

and definite as the duration of incubation inreases. 

Figures 4 and. 5 present the diffsrenos I ound betweenj 

a group of experimental and control follicles after 

two hour's incubatioi 	If one coipas fige 4 

with figure 3, it Is obvious that relative distribu-

tion of acid phosphatase is precisely the same in 

both oases. 

Acid!- 



Acid phosphatase is also demonstrable in the 

oviduct epitheliurn. 

Like the ovaries, 2rovqXhija testes are rich in 

acid. pho8phatase 	Spenat heads and the whole matrix 

In which sperm are embedded seen to contain the 

enzyme. 

G. Sunznary 

is enriciwt from the above account tt the 

egg of Turosonhila. a a type of so esUe' iosaic egg, 

does not show uiy differential dstiibution of the 

ohemtel sub taxLcee (so far stu(llea) in different 

:pats of the egg whose spatial axes are probably 

determined ve:'ks  r early during its develojient. 

Maturs oocytee are very rich in fixed -SH  

groups A definitc, but general, concentration of 

those  oupo in cortical ooplam Lac been obeed. 

Sperzn beads are equally rich in fixed -SR 

ture ooc. tes (rnd in a rtica immature ones) 

contain a :onsidera'ble amount of Unucieic acid 

which is diffisely distribute& 

AcLt phosphatase is deiuonstrable in both 

mature oocytes and. aperlas. 	2he concentatioii O 

this enzyme in the egg cortex in the early stages 

of,".- 
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of oogenesio seems to be connected with yolk 

sin.thesis, sinee such localization is ro longer 

dietiuiible after -,;iatur--AJ%.Orj.  

Doth adult oyariOs eii testes., and cøOfltiY 

the atu'e germ c.l:ts, contain no hietochetiCa2-

trace of 11aline phcphatae, 

(2) 

A. jiCd -ii groups: 

A cortia2. 	aonti'ation of fza3. 	oups 

is clearly v1sb1e it the earlr cleava and blasto- 

der 	tegt3s v.thi& greoe with the igtitution al-s 

zea 	ioimd it aturo oocrtes. 	Mitois Is always 

	

ctuoiO in th€ee ;taez1 	Zf thc' nuclei of m 

early embryo hpne3. to be in the coui. of 

mitosis at tho time of fiXatiOn, th O cytclasic 

SET reaction i ea oro intense tm that of a 

corresponding bryQ thoe nuclei jere xob in 

àivisio 	Ti fact i. in 	oIaiee 	the  

general view couCerr1rS the reio1a 	sn fixed 

	

groups and tois (of, 	edam j)42). 	Like 

the chromatin ubtances it a 110n-tiv4ing :ucew3, 

mitotic chromOsOrieS V.ahly show a v 	blue 

reactiox 

As,'- 
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As gastrulation and germ layer forxnat ion roceeci 

the ectoderm which forms the future hcmod i-jis 

obtains a greater share of fixed 8H groups than 

the endoderm and iieeodernn, 	This octodenial 

localization is traceable in all parts of the 

ectoderm of the embryo. 	It is still noticeable 

before the contraction of the gemi band which takes 

place at about the 9th hour after laying at 25±0.20C. 

Apart from this differential distribution, no 

difference in the intensity of . reaction has been 

noticed between the mesoderm and nervous tissue 

rudiment or endodein, 

In later embryos (12 hours or older), an 

of -SH reaction has been observed in certain organs, 

such as t epithelia, salivary glands, gonads and 

cuticle. With the exception of cuticle, the in 

crease in fixed 	groups seems to be correlated 

with the increase of ribonucleic acid, 

B. Ribonuloic acid 

In the newly laid eggs the distribution of 

ribonuoleic acid is diffuse. As soon as the 

cleavage nuclei begin their migration to the egg 

periphery, there occurs a simultaneous segregation 

Of /— 
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of ribonuoleic acid. Thus, in the incipient or 

single blastoderm stage, the vthole surface blastos 

derm is so heavily stained by :2yronin that it gives 

one the impression that the ribonucleic acid content 

is increased. 	Especially noticeable is the higher 

concentration of the acid in the so called "innere 

blaateme.' which is later to be partially inoorporated 

with the blaatodoii cells. 	No ribonucleic acid is 

now left in the yolk except in the thin protoplasmic 

areas surrounding the yolk nuclei. 

]Between gastrulation and the contraction of the 

germ band (3'.-9 hours embryos), most principal organ 

rudiments have been laid down. During this 

interval no conspicuous difference in ribonucleic 

acid content between different germ layers and their 

derivatives has been observed. Within the octodenii  

itself, however, a differential distribution exists. 

The half of the cell facing the yolk always containS 

more ribonucleic acid than the other half. 	Since 

this condition was found in the ventral lateral and 

dorsal ectoderm as well as in the invaginating 

atomodaeum and proctodaoum, it is possibly a more 

consequence of the concentration of ribonucleic 

acid in the "innere blastema" in the blastod.Crm 

stage. 

mi- 
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In older embryos (12-15-Tours) a differential 

distribution of ribonucleic acid due to differential 

acquisition of synthetic activity arises. 	Por 

example the mid-gut seems to acquire this ability 

soon. after the coiling of the intestine has taken 

place (between 11th and 12th hour). Other organs 

whose ribonucleic acid content is eomrax'able to 

that of the mid-gut are the proventrioulus, gastric 

eaeoa, salivary glands, trachea buds and the hind'gut 

Organs such as otomodaown, Malpighian tubes, muscles, 

fat cells and hodezlmis contain less ribonucleic 

acid, 	Fitill, the cytoplasmic basophily of these 

latter organs is not very much different from that 

of the cells of a gastrula. Nerve cells possess the 

least amount of ribonucleic acid at most stages: 

the nerve fibre region is devoid of it. 

Comparing the pyronin stainability between 

embryos of various developmental stages (from 

cleavage to about 15th hour after egg laying), it 

was found that there seems to be very little, if any, 

decrease of ribonucleic acid throughout the most part 

of Drogo-,')h4_a embryonic development. Between the 

15th and. 15-19th (hatching of the larva) hours, 

ribonuoleic acid content is maintained in the gut 

,epithelia and salivary glands. 	In other organs a 

decrease of the aøid content is noticeable. 

Treatment!- 



Treatment 'with xLbonuclea8e removed the 

pyronin stainability of the embryonic cello. There 

is, however, a tendency for the yolk to te.IlZe,  some 

pyronin in both control and treated sections. 

C. DeSoxyribOflUOløiO acid: 

The Feulgen reaction of Drosophila embryos has 

been studied with a view to getting some infoxnation 

about the time of the synthesis of desorribOfluOl0i0 

acid. 	It was found that mitosis occurs most fre 

quently between the 5th and 8th hour after egg 

laying at 25e0 2°C. After the contraction of the 

germ band (9th hour) ecU division can be seen only 

in the brain, znesenobyme cells (?) and occasionally 

in the ventral ganglion; but not in other tissues. 

This result is in entire agreement with the findings 

of Poulson (1945). 

Since the growth of the larval tissues in 

Drosophila takes place almost exclusively by the 

process of endomitosis (cooper, 1930), it would 

be interesting to know whether or not ondomitotic 

growth starts early in later embryonic development. 

The nuclear size of the cells of mid'-gut and sal'-

vary glands has thus been comi red. between the 

stages/-  



stages iilmlediately after the contraction of the 

germ band end just prior to hatching 	Although 

the nuclear size in the latter stare is definitely 

larger than that in the forui,er, the total increase 

in nuclear voluiio amounts to less than 50 (from 

about 28 3  to 4opP in the case of the salivary 

gland cells). If the relation between the nuclear 

division cycle and doubling of nuclear volume holds 

true, this would suggest that ondoznitosis does not 

occur during embryonic life. 

D. Alkaline phosphatase 

Following on the negative reaction of mature 

000yte and sperm, alkaline phosphatase is not 

detectable, oven in the nuclei, in fertilized eggs 

nor in embryos up to a stage just prior to the 

contraction of the germ band, The enzie arises 

suddenly in the embryo during, or more likely 

iamediately 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 co) of the 

metathorac id.- 



-26-- 

metathoraoic and firit two abdominal senents. 

Topographically, those segments occupy almost a 

central position along the antero-posterior axis of 

the embryo and they always show a stronger alkaline 

phosphatase reaction than do other segments in the 

period soon after the appearance of enzyme activity 

(fig0  6. 	In most cases, only one such centre is 

found on the one side of the median embryo axis. 

In a few cases, two centres, one on either side of 

the hLedian axis, are found, 

From the centre (ox' centres) the enzye activity 

spreads to the neighbouring ectoderm and to the 

interior organs in a quite characteristic maxrnor, 

for definite gradients of aihaline phosphatase 

reaction are always observable in embryos fixed 

between the 9th and 12th hour after laying 	At 

least two such gradients are noticeable: 

(a) xtero-interior gradieht -- Th-is 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 

first, later to be followed by a distinct gradient 

showing a strong reaction in the ventral part but a 

moderate (to weak) one in the dorsal portion (a 

vontrod.orsal gradient might be involved in this case);  

and/ 



and (iii) the mesodermal OOMPOnents of the 
intestine invariably respond to the wave of enrme 

spreading earlier than do the intestinal cells 
therasalves.  

(b) Antero..postorjor gradient - The posterior 

part of the embryo is more reactive than the 

anterior part, a charactristje which can be very 

well seen in 10.-11 hour embryos, This gradation 

also manifests itself within the surface eotodemn, 

In the case of the prootod,aoum, the highest en,rne 
activity is found near the anal opening, gradually 

fading away totax*de the mid—gut, These two gra-

dients of alkaline phosphatase reaction can be 
tx'ace, ir the figure 7. 

The possibility that gradient activities might 

be artifacts of soillie kind has been ruled out by the 

following experiment: a part of the enzyme activity 

of a number of fixed 11-12 hour embryos was destroyed 

individually by the local apilication of heat from a 

nicro.-cautery needle before embedding: the inactive 

areas in such embryos always gave a negative reaction 

irrespective of the positive reaction of the u.n.-
injured regions and of the duration of incubation 

The results indicate that diffusion which might other.- 
wise be the diatrubing factor does not take place 
within the sections under experimental conditions, 

øonaequent].y, the observed, gradients must be 
attriL utecl/.- - 
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attributed, to differential rates of spreading of 

enzyme activity, 

Further apread.ing takes place between the 12th 

and 14tI hour, mainly in the anterior and central 

Parts of the embryo. At this time the gradients 

of alkaline phosphataso reaction are no longer very 

distinct, 	In fact, it was often found that, 

In 12"-13 hour embryos, the anterior part is more 

reactive than the posterior part. This is 

apparently due to the fact that organs in the 

anterior region (such as the brain, etomodaeum, 

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 

4 fficult to say at which stage the Drosophila em-

bryo, as a whole, has its maximal alkaline phosphatase 

content. 	It may be itated that all embryonic tissuesi  

show a positive reaction in 121E hour embryos 

Alkaline phosphatase is more ooncentrate1 in 

uclei, presumably in the chromatin material, In 

the cytoplasm, a diffuse and moderate reaction is 

ternonstrablo in every organ between the 12th and 15th 

hour/.- 



hour, When a cell begins to acquire phosphataso 

activity, the nucleus seems to be the first region 

to become active, 	Activity in the cytoplasm cornea 

later 

At about the 15th hour enzine activity starts 

to decrease in most tissues, especially in the 

cytoplasm, However, the cells of the tracheal tubes, 

hypodernis and oephalophar'ngea1 apparatus still 

retain their full activity, with perhaps even more 

activity in their cytop1asz 	It is noteworthy that 

these three organs have a common physiological 

function i.e. the secretion of cutc1e. 

By the time of hatching, alkaline phosphataso 

remains 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, gastric 

caeca, muscles, fat bodies, tracheae, cepha2ophal9n-

goal apparatus and hypodexis, only some residual 

nuclear activity can be demonstrated after 24-hour 

incubation. 

No alkaline phosphatase activity has been found 

in the yolk during most of the embryonic period, 

In older embryos (16-16 hour) the disintegrating 

yolk granules in certain Bections of mid-gut show a 

positive reaction. 	8inoe in those eases the gut 

epithelia/- 
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epithelia and their striated borders have a very 

hih 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.- hoaphatase: 

Acid Acid jihosphatase can be demonstrated in the 

developing Drosophila embryo from cleavage up to 

the hatching of the larva, 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 

histological proeeedu.res on the enzyme (Stafford 

and Atkinson, 1948). 

Generally speaking, the most active site of acid'  

phosphatase is the yolk which stains dark brown to 

black 	Nuclei of the embryo cells are the nest most 

active structures, giv:ng a golden brown appearance. 

Cytoplasm is the site of the weakest activity, showing  

a light yellow to yellowish broin colour, Alternate 

Bections as controls are always colourless. 

In cleavage stages acid phosphatase is mostly 

concentrated in the subcort teal plasm and in the 

yolk/s- 
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yolk; whereas the egg cortex appears to be free from 

the enzyme, 	In dividing celle, chromosomes and 

spindle area are found to be moderately positive. 

In the single blastoderm tage, acid 

phosphatase is most active in the nuclei of b1asto 

dexm cells and in the yolk (fig, 10), 	In this 

same figure a stronger reaction in the fiJmer*e 

blastem&' which more or less corresponds to the 

suboortioal plasma in the cleavage stage can be 

also aeon, Throughout the gastrulation stage, 

the situation remains the same: a stronger reaction 

in the yolk and cell nuclei (fig, 11). No differ-

ence has been found between the cells of the three 

gez'tIi layers, nor is there any differential intensity 

of reaction in different parts of an embryo at this 

or in any other later stages. 

Figure 12 is taken from a 12 hour embryo. 

The nuclear acid phasphataso reaction in the nervous 

system, prventrioulUS, cophaloparg)al apparatus 

and hinds—gut (as are shown in the figure) is still 

comparable to that of the early embryonic cells. 

The mid—gut with its enclosed yolk fozis the most 

active centre of activity. Comparing this 

iistribution with the alkaline phosphatase reaction 

of /— 
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an embryo of the same age, a most noticeable 

e is that the yolk and nerve filwee give a 

trong to moderate acid phosphatase reaction, but 

vc no trace of (yolk) or very weak (nerve fibres) 

inc phosphatass activity. 

Further differences between the activity of 

two kind of Dhosphatase d.U2iJ 	5Q1a 

ryogenesis are found in embryos prior to hatchinif 

ike alkaline phosphatase, no c1in.e in acid 

sphatase activity has been noticed (fig. 13) 

3oth nuclear and cytoplasmic react ions are etill 

;P

emons,trablein everytissue. 	in the case of gut 

ithelia (including oventrioulus and gastrie caeca) 

salivary glands, it is even. possible that there is 

some increase in cytop1aatio activity. 

Duo to the extreme itapeivieWbility of the 

yitelline merane, it was not possible to check the 

acid phosphatase distribution in Dpsh 	enbryos 

using fresh unfixed material,. 

F, 8unary; 

As a consequence of the cortical localization 

fixed -SH groups during oogenesis, a concentration 

those groups in the ectoderm of the developing 

embryo has been observed. 	Similarly, a 

concentration of ribonuc].eio acid in the 

innere blasterna" in the blastodenn stage has led to 
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the differential distribution of the, acid within 

the cotodex in older embryos 	These two 

differential properties are, however, of general 

occurrence in the senie that they are restricted to 

the ectoder'nial layer but not to a particular region 

of an embryo, 

The ribonucleic acid content of the 

LgI4la embryo does not show a conspieuout 

decrease during the first three—quartero,  of 

embryonic life, 	The increase of r11'onuoleio acid 

content through synthetic activity is vr prom- 

noujiced in the case of salivary gland,._-, 	gut 

epithelia. 

Judging from the frequency of mitosis, 

synthesis of desoxZrribonuoleic acid during 

Do4p embryogenosis takes place mostly before 

the stage of the contraction of the germ band, 

Endoiitotio growth pobab2y does not occur in 

the later half of embryonic life. 

A histooheiical study of the distribution of 

phoslhata8ee reveals two different patterns of 

enne activity: acid phosphatase is active 

throuphout the whole embryonic development with no 

detectable changes in its activity; alkaline 

phosphatase/.- 



phosphatase only arises after the stage of the 

contraction of the gexii band, increases its 

activity and recedes (in most tissues). 

The evidence that alkaline phosphatase originatós 

in the ventral eotodexu near the future thorax 

demonstrates again the imortence of the ventral, 

region of an embryo in insect development, 

The coincidence in time between the cessation 

of iaitosis ad the appearance of alkaline 

phosphatase activity seems to suggest that the 

latter enzyme  is related to histo.-ditferentiatioxa. 

The high acid phosphatase activity of the 

yolk in developing embryos, together with a 

similar activity in the cytoplasm of the nurse 

cells and 000yte during oogenais, indicates that 

this enzyme plays  some role both in the synthesis 

and in the degradation of the yolk. 

(3) Larval d2ve!2L)iaont 

A. Alkaline phosphatase: 

The localization of alkaline phosphatase has 

been studied in a series of Droe2pl4la larvae from 

hatching up to puparin formation with an age 

intorval of about 8 hours, The following general 

results/u- 



results are noteworthy: 

during most of the let instar larval period, 

enzyme activity is very weak and is similar to that 

of a larva before hatching; it increases in the 

later part of let instar life (between the 16th and 

24th hour after hatching): 

in 2nd instar larva (approximately between 

the 24th and 48th hour), alkaline phosphatase 

activity is more easily demonstrable and 

i41i) the activity in early 3rd instar larvae 

(from the 4bth to 64th hour) is still not very 

different from that of 2nd instar larva, but larvae 

which had ceased to teed and which were crawling 

about on the sides of the culture bottle (generally 

between 72th and 80th hour) give qaite a different 

picture of enzyme distribution. 

In general, nuclear alkaline phosphataso is 

demonstrable in every tis:ue, but cytoplasmic 

phosphatase shows a strict organ specificity, The 

differential high enZYMS activJty in the gut, 

salivary glands and klpighian tubes, as has been 

found in the larva before hatching, is maintained 

during the larval life, 

The following account of enzyme distribution is 

based on the observations made on larvae aged 

between/s. 
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between 16 and 64 hours. 

NERVOUS SYSTEM 	Nerve cells are moderately 

reactive, Mitoses were fow.d during the larval 

period, especially among the giant ganglion cells. 

The phosphatase reaction of the nerve fibres is weak. 

DIGESTXV"E 8YSTM - The phosphatass reaction of 

the pharyn.x, pxboventriculus, gastric oaeoa and hind. 

gat is weak. 	So is the reaction of the 

cephalopharyngeal apparatus. In the mid-gut, the 

nucl'i are moderately positive and the striated 

border strongly positive (fig. 14,mg). 	In the 

cytoplasm of mid-gut coils, the enzyio  is more 

concentrated between the nucleus and the striated 

border as if it is secreting into the intestinal 

lumen, Salivary glands are the most active organs 

(rig. 150  el), The enzyme  is present in both the 

nucleus 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 tisuee 

are affected by a contamination reaction, The 

presence of aB:aline phosphatase in salivary glands 

s bean previously reported (Danielli and Catchesid.e 

1945; Eruglis, 1945, 1946), 

MALPIGHLAN TUBES 	Moderate activity is found 

in the nucleus and some intracellular granules. The 



brush border and sometimes the whole lumen are 

strongly positive (figs.l4,2la). 	The lnen 

of the anterior branches of the klalpighian tubes 

are much wider than that of the corre3poncthg 

posterior branches and its width increases as the 

larva grows. The contents in such dilated lumens 

stain in both experimental 	control sect ions 

Evidently, this is due to the presneo of prefortueci 

calcium salts (1asthai), 1925). 

HYiODERMi3 -- The Phouphatace reaction varies 

from weak to moderate (figs. 1516,h). 	It is 

possible that thosi bjpoi1ermal celie Whiolt arc 

engaged in cuticle secretion show more phosphataso 

activity than those which are not so engaged, 

Oenocytes lying beneath the podo1is give a 

moderate nuclear reaction only, 

TRACHEAE - The epithelium as well ai the 

cuticular intima are strongly reactive at the time 

!of moulting (fig. l6,tr,ti),. 	The strong,  positive 

reaction of the she-,! cuticle of the previous instar 

is clearly shown in the figure. Otherwise, the 

phosphatase reaction of the trachea is moderate. 

MUSCLES ---- In a fully developed muscle fihro, 

nuclei and inyofibrils show a moderate reaction, 

whereas the sarooplasm is almost negative. The 

anisotropic/"- 
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anisotropic discs of the myofibils are far more 

reactive than the isotropic discs, giving thus a 

typical banded structure (fig, 17). 

PAT BODIES --- Fat coils give a weak to moderate 

nuclear reaction, but their cytoplasm is negative 

(figs. 13,16,27a). 	The stronger reaction of those 

tat cells situated near to a very active organ (in 

fig, U) is due to contamination, 

GONADS - Both ovaries and testes are weakly 

positive throughout the whole larval 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 thirJ inatar. 

In general, the phosphatase reaction of imaginal 

discs is comparable to that of the nerve cells and i 

stronger than that of the hrpodeznie from which they 

are mostly derived, This higher activity is 

evidently linked to the proliferative growth of the 

discs. 	Some of these discs are shown in the figure 

15a and b (Pr,w). 	It should be pointed out that th 

difference in reaction intensity between the ealivar 

glands and imaginal discs, while distinct in actual 

prearatione, is not evident from the 	186  

The alkaline phosphatase reaction of imaginal discs 

declines almost to zero in larvae preparmnr for 

pupa:ium/- 
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puparium formation (f 1,,-7, lu). 

RING GLAIL) -- Froi-- L the embryological study of 

Poulson (l94), it is certain that the ring gland of 

Drosophij,a onstitutes a fusion between paired 

corpora cardiaca and a single corpus allatum. The 

alkaline phosplzatase reaction of this organ is very 

weak in the let instar larvae. 	It becomes 

moderately active in 2nd instar larvae (fig. 15b,Rg1 

the enzyme  activity being mostly confined to the 

nucleus: nuclei of the corpora cardiaca are much 

more active than the smaller nuclei of the corpus 

allatu!n. Parallel to the phenomenon observed in 

the case of iimaginal discs, the enzyme activity of 

the ring gland is again very weak in th 3rd instar 

larvae (60, 72 and 60 hours old). 

H1ART MW 1ELAT1) ST3rUCTU!E3 --- A moderate 

reaction is visible in the nuclei of the heart celleJ 

Their cross-striated contractile fibrils react only 

weakly9 	?aired 1yih gland are moderately poitivG. 

There are tvio groups of pericardial cells in 

the larva of Drohil 	About 16 pairs of large 

perioard.ial cells are situated on either side of the 

I 
	 heart. The wall pericardial cells, about 32 in 

number are binuoleate and are located between the 

brain and proventriculus. Although these latter 

bear no direct relationship to the heart, their 

phoQphata.e/- 
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phop1aataso activity, intracellular riLonucleic 

acid dstribution and their bohaviur during meta-

morphosis point to their r. imiltrity to the large 

pericardial cells. Both ty7es of pericardial cell 

give a moderate alkaline phosphatase reaction 

during the larval period: a concentration of the 

enze around the cell riembrane can often be 

noticed (figs. 16c,Sp2  YL,Lp), 

It wap r3tated at the begirning of this section 11 

that the distribution of alkaline posphatase in 

the late 3rd inetar larvae (72 60 hours after 

hatching at 2.*O, 2°C.) differs from that in young 

larvae. The most significant differences are the 

general decrease of alkaline phosphtaee activity 

In the internal organs and the simultaneous increase  

in the hypoderinie (fig, 18, Pm+h) and possibly also 

in the muscles below, For example, nervous systein, 

iivaginal discs and ring gland which sho'i moderate 

activity in the 2nd and early 3rd instar life are 

now only weakly positive in their nuclei, some 

decrease of enzyme activity probably also occurs in 

the salivary glands, mid-gut, Malpghian tubes and 

pericardial cells, although they are still the 

most active organs at this stage. The cause of 

this change of alkaline pho ephatase activity is not 

_i !•1Lf:r 



known, But since the larvae are preparing for 

pupation, it is only natural to connect the high 

alkaline phosphatase activity of the hpoderniis with 

the formation of the puariurn. How close such a 

connection may be can only be answered by trans-

plantation 

rans- 

p1antation of the ring gland, 

BO  Acid phoephatase 

Acid phosphatase is very difficult to 

demonstrate in the first and early second instar 

larvae: organs such as the salivary glands, gonads, 

gut epithelia,, Malpighian tubes and nervous system 

show moderate reaction, while the rest appears nega 

tive, Since it has been shown that only a na11 

I  fraction of the original acid phosphe.taao activity 

is preserved in the embedded tissue sections 

(Stafford and Atkinson, 1948), the negative reaction'  

of an organ does not neoescari1y mean the intrinsic 

absence of the enznae in that ori, However, the 

acid phoephatase reaction becomes more intense and 

more easy to demonstrate in late second (3850 

hours after hatching) and third izistar larvae, 

probably due to en increase of the enzyme content. 

The folloviin; summarized account refers to these 

older larvae. 

Like/- 
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Like alkaline phoaphatase, acid phoophatase is 

present in the nuclei of every tissue. The whole 

nucleus often stains dark brown or black without 

any internal differentiatior,. Oceasionally, if the 

reaction is not so intense, a distinct active 

nucleolus and active polytene chromosome structures 

can be seen within the nucleus of such larval tissue 

as gut epithelia and tat bodies. On the other 

hand, cytoplasmic acid I)hophataoe shows a much widex 

distribution than does the cytoplasmic alkaline 

phosphatase, The strongest cytoplaamic reaction is 

found in the following organs, arranged in order of 

decreasing grade of activity: salivary glands, gonad 

)Lalpighian tubes, mid.-.gut, proventriculus and gastric 

oaoca, Moderate eytoplaaic reaction is present 

in the ring gland, oenoeytes and nerve fibre region, 

The cytoplasmic activity of all imaginal discs, 

nerve cells, h.rid'-g'ut, muscles and tat cells is 

rather weak; and that of the tracheal epithelium, 

pericardial cells and hypodermal cells is almost 

negligible, 

Comparing the cytoplasmic distribution of 

alkaline and acid phosphatases in the larval organs 

of pro soila, it seems that the latter can be 

classified into three groups: 

(i)/.. 
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two &tjrnes of similar activity, either very 

active or very weak: salivary glands, Malpighian 

tubes, mid-gut, nerve cells, imaginal discs, muscles 

and fat bodies: 

alkaline phosphatase predominates: pen.-

carcilal cefle, tracheae and hrpodermis: 

acid phophataee predominates: gonads, 

proventz'ioulus, gastric eaeca, ring gland and 

oonocytos0  

Figure 19 is taken from two 72.-hour larvae, 

showing the strong acid phosphatase reaction of the 

salivary glands, proventnioulus, gastric caeca, ring 

gland, nerve fibres, mid-gut and testes. 

Apart from the difference in distribution 

among different organs, acid phosphatase differs 

from alkaline phosphatase in another important 

respect: no decline of acid phosphatase activity in 

internal organs prior to puparium formation, nor any 

increase of activity in the bypodermis. 

Ribonucleic acid: 

The distribution of nibonuoleic acid is more or 

lose the same in the larvae of different instars, 

The differentials of the distribution found in the 

larva before hatching are still maintained. Thus, 

the/. 

a 
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the following organs are the most rich in ribonucleic 

acid and stain deep red with pyronin: salivary glaA4 

proventrioulus, gastric caeca, mid-gut, all ziaginal 

discs, lymph glands, soine nerve cells and gonads. 

The other organs, including Malpighian tubes, 

tracheae, fore- and hind-guts, ring gland, most 

nerve cells, )ericardiai cells and fat bodies, are 

comparatively poor in ribonueleic acid and stain pink 

to red, The staining of the hypodermal oellr 

varies drom deep red to pink among different indivi-

duals of certain definite age, e. g. 20-30 hour 

larvae, 	It is possible that this variation is 

related to the growth cycle of the hypodexvmj cells 

accompanying each moulting process. Puily developed 

muscle fibres of the 2nd and 3rd instar larvae seem 

to contain very little ribonucleic acid. 

The imaginal buds of the intestine are very 

easy to pick out from the larval gut cells by virtue 

of their higher content oi ribouuloio acid, The 

difference becomes extremely striking in late 3rd 

instar larvae due to a reduction of cytoplasmic,  

basophily of the larval gut cells themselves. The 

imaginal buds now stain purplish red,, whereas the 

larval gut cells appear pink. Similar results 

hay1/ 



have previously been noted by using absorption 

(Gasperagon and Schultz, 1939) and staining (Brachet, 

1942) techniques, 

In the nervous eystei, high ribonucleic acid 

content is confined to some four patches of nerve 

cells in the brain (Bauer'c (1904) outer and. inner 

"i3i1dungsherd' which later organize into optic 

gan1ia) and many solitary giant ganglion cells 

("Riesenze11e of Hertweok, 1931), both in the brain 

and ventral gang.ion, 

In the ring gland, a difference in ribonuoleic 

acid content also exists between the corpora cardiaca 

and corpus allatum, the toxer being the richer. 

Moreover, the degree of basophily of the corpora 

cardiaca changes with the age of the larvae: those 

of 80- hour larvae definitely stain more weakly than 

those of 55-60 hour larvae, 

Pat cells are characterized by their red 

us and j.iuk oytorlasmic meshworka separated by 

empty spaces Previously occupied by fat substances. 

Just prior to puparum foiaation, changes take place 

within these fat cells which lead to the breahdown of 

the Pit vacuoles and the foxiation of globules of 

uniovni nature, especially around the nucleus, 

These globules are stainable by pyronin in both 

control and enzyme treated. sections (Brachet (1942) 
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the same exerionce). Furthermore, there is 

evidence that such intracellular changes start at- t 

the the anterior end of the larva and advance in an 

tero.-Posterior direction, 

Another point worthy of mention is the intra-

cellular distribution of ribonucleic acid in the two 

groups of pricardial cells which cc-ems to be quite 

unique. Ribonucleic acid is concentrated in one or 

two irregular blocks around the nucleus or nuclei 

(in the small pericardial cells), while the rest of 

the cytoplasm is practically free from the acid. 

The distribution of alkaline and acid phoe 

hatases and ribonucleic acid in the larvae of 

Di1a bas been studied. 

3oth alkaline and acid phosphatases are 

demonstrable in the nuclei of every larval tissue, 

;Cytoplasmic phoephatase, on the other hand, shows 

a definite organ specificity: in some organs such as 

the salivary glands, Malpighian tubes and mic1gut, 

both phosphatasas are extremely active; in fat cells 

their activity is very weak; alkaline phoophatase 

activity predominates in the pericardial cells, 

tracheae and. 1iypodermis; while only an acid phos- 

phatase/- 
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phataae reaction Is detectable in the gronadoo, 

proventriculua, aatric oaeoa, ring gland and otrnou-

cytec 

Imaginal discs possess both alkaline and acid 

phospb.atases and are very rich in ribonuoleic acid, 

The moderate alkaline phouphatase activity decreases 

in the late 3rd instar larvae to an extarit which is 

almost beyond the 1tLt of histochenical detection 

iieir acid phoaphataso activity reinains i.mchanged 

during the sairte period. 

The formation of the pupari= case is pre. 

ceeded by a tremendous increase of alkaline 

phQsphatase in the bypodermis 

With the exception of the imaginal discs ad 

the nerve fibre region, there exists a pocitive 

correlation between the acid phosphatase activity 

and the rhonucleio acid content of an organ, 

(4) 

Since the pooeeses of ziratwiiorphosis i9hich 

involve histolysis and histoeneais start in mid 

T+repupal life, it seems to be more appropiiato to 

treat together the results obtained from the 

cytocheinical studies male on the prepupac and pupae. 



A. Alkaline pho&3phataee: 

Within the first few hours after the anterior 

spiracles cease to move, the alkaline phoophatase 

reaction of a xrepupa is rather weak, just like 

that found in a larva prior to puparium foruat ion 

(fig. 20, compare with fig. 18). 	salivary glands, 

hjodermis, 	scles, mid..gui, Malpighian tubes, 

pericardial cells and lymph glands are among the 

relatively active organs. The reaction of the 

nervous system, ring gland and all imaginal dic 

is still exceedingly weak, 	iIoever, fron tho 5th 

hour onwards,, there begins a definite increase in 

reaction intensity. 	This 12 espooally noticeable 

in the organs having weak enzyme activity ouch as 

the nerve cells, ring gland and imaginal tissues, 

In prepupae prior to the head eversion (fig 21) 

the relative distribution of alkaline phoephatase 

activity is this: salivary glands, yellow body, 

larval bjodermis, anterior portions of the traoheae, 

pericardial cells, lynph Llands and histolyzing 

structures (detached head and thoracic nuselee and 

detached hodemal ceLLs) all show a moderate to 

strong reaction; fat bodies, abdominal muscles, hind-

gut, poterior parts of the larval tracheae and gonad8 

react/- 
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react very wsaLy, Becaaz4,  of this differential 

activity, the anterior part of the propupa is 

definitely iore reactive than the potrior part, 

This also is clearly indicated in thp same figure, 

hen the larval and imaginal componennts of an 

ou:l are lyiz; side by side as for example in the 

case of the hypodenAsp mid—gut or salivary glands, 

it is generally true that the larval cells are much 

richer in alkaline phoaphatase content than do the 

Imaginal cells (see fig, 26), 

If the increased alkaline phosihatase 

activity due to histolysis  in the late prepupae is 

not taken into account, the enzyme activity of 

the prepupac is similar to that of the larvae 

rather than to that of the pupae. 

Pupation ocurs between the 11th and 12th hour 

after the larva has become quiescent at 2±D. 2°C. 

The visible morphological changes Which iark its 

bogixrning are the sudden eversion of the whole 

cephalic complex, the breekdo'n of a part of the 

fat bodies into individual cells and the iourin 

of the latter into the newly formed bead, A 

comparative study of the alkaline phosphatase 

react ioi of the prepupae just before the head 

eversion and of that of the pupae immediately 

after/.- 
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after it has revealed a definite and sudden in.-

crease of enzyme activity accompanying pupation, 

Since a moderate nuclear reaction is present in 

every tissue before pupation, the most noticeable 

increase is found in the cytoplasm 

Just after 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 advancing histolysis of the abdominal 

muscles, posterior larval tracheae and hypoderiiiis, 

as well as fat bodies. 	Such high phosphatase 

activity is maintained for the first 24 hours or 

so after the bead eversion (fig. 24), during which 

perio. 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 vry weak in the head and 

thorax, with nerve cells as an exception. 	The 

reaction in the abdomen is, iowevr, still moderate 

to sLrong (fig, 25). 	This relatively high enzyme 

activity in the abdomen of a late pupa is probably 

connected with: 



the late hietogenesis of the abdominal muscles 

the descending of phosphatase-active iid-gut 

and yellow body into the abdomen-.  

the delayed decline of enie activity of the 

gonads and possibly 

the slow histolysis  of the abdominal fat bodie 

The following is an account of the change of 

the alkaline phosphatase activity in different organ 

systems during metamorphosis: 

(a) NERVOUS SY$TM -- The phosphatase reaction is 

very weak in the early, and moderate in the late 

px'epupal 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 about the 48th hour after pupariiun formation, 

The reaction is again very weak in pupae aged bet-

ween 52 and. 68 hours. After the 72nd hour, a 

secondary increase of alkaline phosphatase activity 

Occurs 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 weak 

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. tov 
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(b) ANTENNAE AND COMPOUND im ---. Both antennal 

and eye discs are almost negative in the young 

prepupas (fig. 20, Fr); but they are riiodrately active 

in 5 to ii4 hour propupae. After pupation, the 

phosphatase reaction is intensified just as the rest 

of the head ectoderm (fig, 22,0d). 	At this time 

antennal discs are in the form of two thickened 

ectoderinal plates. 	In a few hours, the two major 

antennal joints appear by processes of folding and 

extension. Antennae 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 recognizable in 72-hour pupa, 

but they show only a weak nuclear reaction. 

Similarly, eye discs are also represented by two  

thickened ectodermal plates, each consisting of 

several rows of cells. 	Unlike the antennae, no very 

striking histological changes occur 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 eyes is in full swing, 

and individual oninatidium and optic lobes are very 

well formed. The compound eye of a 72-hour pupa 

re zombie s,/.- 
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resembles 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 30—hour pupae and 

In the freshly emerged flies. 

(a) 

 

WINGS AND LEGS -- These organ discs show very 

weak phosphatase reaction in early prepupal period 

(fig, 20,W,L). 	They become moderately reactive 

after their eversion in mid.'.prepupal stage. 

Accompanying with pupation, there is an increase of 

both nuclear and cytoplasmic phosphatase in those 

organs (compare figs. 21 and 22; 23a and. 23b). 

This high phosphatase activity prevails in both 

organs up to about 36—hour pupae (fig, 24,L). 

Inactivation or rather destruction of the enzyme 

then begins, loading first to a moderate (48—hour 

pupa) and finally to a weak reaction (72 hour pupa, 

fig 25), Waddington (1940s) has made an extensive 

Study of the development of the normal and mutant 

wings of Drosphi1a. From his description, it is 

evident that the most important morphogonetic events 

in normal wing development occur during the 

"definite wing stage" (stage P2 (13-45 hour) in his 

paper), The observed strong alkaline phosphatase 

aotvity/— 
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activity of the wings in 2.2-36 hour pupae and a 

moderate activity in 36-48 hour pupae therefore 

strongly sugTest that the snzye is rarticularly 

concerned with histo-differeniat1 on. 

During the transition period (36-72 hour), it 

been noticed that the distal parts of these organs 

often lose their enzyme activity earlier than the 

corresponding proximal parts; and that the wings lose 

their enzyme activity earlier than the legs. 

Residual nuclear 1)hosphatase activity is still 

present in the wings and logs of the newly emerged 

flies. 

Triohogenic cells are very difficult to rocog-

nize in phosphatase reaction slides. 

The development of leg muscles follown the same 

temporal course as the development of most thoracic 

iusoles and will be discussed in the section on 

nuE cbs. 

(d) HrpoiwMIs - Following the strong phosphatase 

reaction before the pupari 	 1i formation*  'podermis is 

l
always an active site of phosphatase activity 

in prepupae (figs. 203,pin+h; 21,b). 	During the 12 

.ours of prepupal life, all larval thoracic 

ypodoinis is replaced by an imaginal one, whereas 

the abdomen hypoderuis remains mostly larval, 

only a few scattered groups of imaginal cells. 

ho sphataeo/ 

with 

The 



phosphatase reaction is very strong in the larval 

cells, but only moderate in the imagina2. cells, 

Soon after pupation, the phosphataso reaction 

Of the head and thoracic hypodex'mis becomes very 

strong and remains so until about the 38th hour 

(figs, 22,23b,24), 	The reaction gradually fades 

away and becomes negative in 60-hour pupae. 

On the other band, 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 iniaginal coils can 

still be seen (fig. 26). 	Six hours later, this 

lifferential reaction becomes ieee and less striking 

.ue to the increasing enzyme activity in the imaginal 

elis. When the abdominal hrpodermis is completely 

onewod, its phosphatase reaction is very strong 

fig, 24). 	Folding of the hypodemnie to fox t(.,,kr- 

,,,ites and sternite happens between $6- and 48-hour 

upae, The phosphatase reaction is strong during 

this period, 	it becomes moderate after the 46th 

LOUP and weak after the 60th hour. 

Trichogenio cells or the hiotoblasts of the 

.airs and bristles in the head and thorax can be 

asily distinguished from the rest of the hypodezrial 

ells by their larger size and stronger nuclear 

hosphatase reaction. 	In the abdomen, they are 

mailer and hence are hard to discriminate from the 

rdinary/ 
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ordinary hypodermal cells. 

(e) MUSCLES --- Larval muscles are completely 

destroyed during metamorphosis, They give a weak 

to moderate phos:hatase reaction in the early pre-

pupae. As soon as they are detached and undergo 

histolysis, the sarcolytes  show moderate to strong 

reaction. Those earcolytes derived from the bead 

and thoracic muscles can be seen in the anti'io•r 

Part of an ol5. prepupa (figs, 21,23a). 	The 

abdominal muscles, however, undergo histolysis a 

few hours after pupation, Thus, strongly reactive 

earcolytos can be found in the abdomen of 15-24 

hour pupae, A similar 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 pz'epupa are 

moderately active (fig. 21,1y). 	After the head 

eversion, intense proliferation goes on and the 

phosphatase reaction becomes very strong (fin, 23b, 

My), The resulting mass of myocytes is more or less 

in the fori:. of a syncytium. 	In 20-24 hour pupa, 

the first sign of muscle differentiation - the 

formation of myofibrils and the arrangement of the 

nuclei into parallel rows 	becomes visible. 

Further differentiation between 24- and 4hour 

pupae involves the growth of the muscle fibre as a 

whole/- 



whole and the continuous formation of myofibrils. 

As a rub, the phosphatase reaction of a developing 

muscle is very strong in 12-36 hour pupae, but 

moderate in 3t-52 hour pupae. Furthermore, the 

development of the dorsal thoracic muscles proceeds 

several hours ahead of that of the other thoracic, 

head and leg muscles. 	In 54-56 hour pupae, the 

dorsal thoracic muscles almost reach their final 

length and their phoaphatase reaction is very weak. 

Myofibrils give a positive phosphatase re- 

action. 	When the isotropic and anisotropic discs 

become differentiated & slightly stronger reaction 

is found in the aniso..ropic discs. 	The cross 

striation appears in the dorsal thoracic muscles 

in 48-52 hour pupae; in other muscles it develops 

somewhat later. 

The development of the abdominal muscles 

£uch later, 	Definite rnyoytae, each regularly 

spaced, can be readily seen in 45-hour pupae, 

The myofibrils first appear in 54-56 hour pupae. 

When the phosphatase activity of the thoracic, head 

and leg muscles is airea y in decline, abdominal 

muscles show very strong reaction in 45-72 hour 

pupae. They are still moderately active in 5O-h0u. 

pupae. 

In the newly emerged flies, residual phospha-

tase activity can still be demonstrated in the 

nuclei/- 
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nuclei and riyofibrils of all muscles, 

(r) DIGESTIVE SYSTEM -.-- The phosphatase reaction 

of the fore.-gut is rather weak in the pz'epupal 

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 day after pupation (fig, 24,Ph), 	The 

reaction is weak to moderate in the second and third 

days of pupation. The crop which is entirely an 

imaginal oran is strongly reactive before the 38th 

hour and moderately so after that. 

Because of the high phosphatase activity of the 

salivary glands in prepupac, it is not sure whether 

their enzyme activity is also enhanced after pupati 

Nevertheless, the fragments of the glands after 

their disintegration in 15.-hour pupae show a very 

strong reaction (fig. 23a, el) , 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. Moderate 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, big and y). 	In the lattr 

structure, the higher enze activity in the striated 

border of the larval gut cells is still recognizable. 

Pupation brings about a marked increase of phos-

phatase activity in both the imaginal mid.-gut and 

yellow body (fig. 22). Being different from most 

other organs, the mid-gut does not show any 

appreciable decrease of enzyie activity in the 

second and third days  after the head eversion. 

The moderate reaction of the larval hind-gut 

in preupae changes into a stronger one in 16..32 

hour pupae, as histogenesis and histolysis set in, 

Moderate phosphatase activity is found in the hind-

gut and rectal papillae at the time of emergence. 

(g) MALPIGHI.AN TUBES - According to Robertson 

(1936), the larval organ transforms directly into 

the adult one without any visible morphological 

chawmSo  In correspondance with this, it was 

found that the phosphatase reaction of the 

Malpighian tubes of nrepupae and pupae is the same 

as that of the larvae. The nuclear reaction is 

moderate, whereas the brush border and many cyto-

plasmic granules react very strongly. However, 

variations have also been found as, for example, 

segments of the tubes showing no reaction in the 

brush/-  



brush 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. 

(ii) PAT BODIES 	Since fat is the main energy 

source required for the mox'phogenetic processes 

during metamorphosis, fat bodies are mostly broken 

down after pupation. In the larval and prepupal 

periods, fat cells are arranged into definite 

sheets and their phosphatase reaction is moderate 

In the nuclei, but almost nil in the cytoplasm 

(fig, 27a), 	&ccotmanying the head aversion, there 

is a sudden diBsolution of the tat bodies and a 

concomitant increase of alkaline phosphatase 

activity in the isolated fat calls (fig. 27b), 

The increase Is mostly confined to th cytoplasm, 

where the enzyme is localized in the protoplasmic 

mesh-work separatInr the numerous globules. These 

individual tat 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 always 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 &otivity. A similar gradient of 

the histolysis of the fat bodies has been observed 

during metamorphosis of Cal1iphor, (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 vanished. However, not 

all larval rat cells are destroyed during the pupal 

stage. Those partially changed fat cells loft 

behind in the abdomen still give a moderate 

phosphatase reaction at the time of emergence, 

Further histolysis of these cells takes place in 

the adult 1iie. 

The iiagina1 tat bodies can readily be reoog 

nized in 60-hour pupae. They appear as groups 

of small cells situated beneath the hypodermis and 

give a moderate nuclear reaction. 

(i) TRAIAB - 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 propupal stages, proliferation of the 

imaginal tracheal cells and histolysis of the larv1 

tracheae are the main features. 	In 5 hour or older 

prepupee, the anterior portions of the tracheae 

give a very strong phosphatase reaction 

(figs, 21,23a;tr,Tr), but the posterior trunks 

(approximately/- 
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(approximately one third of the total length) 

show irwriably a very weak react ion, 

mist after pupation the prothoracic spiracles, 

main trunks in the thorax and the principal 

ranches to the head are all composed of imaginal 

ells, 	The anterior cormiasuz'e and the main trunks 

in the anterior part of the abdomen are etill 

arval. Both the imaginal and larval tracheae are 

strongly reactive (fig. 22, Tr). 	The posterior 

trunks in the abdomen first become solid 

ords and then undergo histolysis in 14-24 hour 

, with an accompanying rise in phosphatase 

t ivit3r, 

The lateral spiracles as seen in the prepu.pae 

$ve a weak to moderate nuclear reaction, They 

become strongly positive after pupation. 

The phosphatase activity of the tracheae and 

tracheoles, very active the first day after the 

iead eversion, decreases in the second day. 	In 

2-hour or older pupae the tracheae of the head and 

thorax are only weakly reactive, whereas those in 

the abdomen, in keeping with the activity of other 

abdominal organs, are moderately active. 

(j) RING GLAND - As in the imaginal discs and 

nervous system, the phosphatase reaction of the 

ring gland is almost negative in 0-5 hour prepupae. 

After/- 



After the 5th hour enzjme activity is increased. 

The corpora oardiaca now give a moderate react ion, 

but the corpus allatum is only weakly positive 

(f ig. 28). 	This is exactly the saie situation as 

was met in the second instar larvae. 

Within the first few hours after' the head 

eversion, there is no change of phosphatase activity 

of the rL--ig gland. B:evcz', the whole gland be—

comes very reactive in 18-38 hour pupae, no longer 

showing a difference in activity bctwoen the 

corpora eardiaca and corpus allatun. The ring 

glands of 46, 54, 621, 66 and 72 hour pupae show 

modrrate activity. At the time of emergence, the 

nuclear phosphataze reactior, is ctill demonstrable 

in the gland. 

In SO—hour or older pupae, the cells of the 

larval corpora oardiaca show a reduction of the 

nuclear size ana cytoplasinic content. 	In soxte 

cases the begirnins of nuclear pjOno.-lic has been 

observed. These are probably the preludto to their 

actual histolysis which takes place after the 

emergence (Vogt, 19419  194.2a). 

(k) 1ThART AND JELATI1)  STRUCTURES -- The larval 

heart transforms directly into that of the adult 

with a change of forzii (1crtLWfl, 1936). 	The 

phosphatase reaction of the heart in prepupal stago[3 
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is the same as that of the lairae. The enzyme 

activity, as in other organs, is increased after 

pupation, Both the nuclei of the cardiac cells 

and the muscle fibres are positive (fig. 29,Dr). 

The lymph glands or the "blood forming organ" 

of Stark and Marshall (1930) give a moderate 

phosphatase reaction in the prepupal period 	Zn 

' pupae shortly after the head aversion, two pairs 

(one pair according to Robertson) of such glands 

are found. (fig. 29, ig). 	They do not show any 

Increase of phosphatase activity and disappear 

before the 18th hour. 

The two groups of pericardial cells persist 

throughout metamorphosis and are present in the 

adult flies, During the prepupal period, their 

phosphatase reaction is moderate. Accompanying 

pupation, the increase of cytoplasnilo phosphatase 

in these pericardial cells Is very marked (fig, 2Lp), 

In the case of the large pericardial cells, this 

increase is especially clear in 1e.-32 hor pupae, 

for they appear as solid black bod 	(fig, 24,Lp). 

Both the large and small pericardial cells show a 

moderate phosphatase activity in the mid—pupal 

period, 	In later pupal stages, the phosphatase 

reaction becomes rather weak and remains so in the 

emerged flies, 

(l)/.- 
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(1) GONADS - During metamorphosis, the ovary and 

testis show similai behaviour in phosphatase 

activity. Like those in the larvae, they react 

very weakly in the rePupa1 stages eni exhibit a 

delayed zesponee to the general increase of phos-

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 pupae, A very definite in-

crease of phosphatase activity is, however, notice-

able in the 32-hour pupae, when th-gonads are 

founci to be already joined by the genital ducts. 

Prom this stage onward, the ovary and testis always 

give a moderate to strong phosphatase reaction until 

the time of emergence. 

Figure 30 is taken frorri a 32-hour male pupa 

showing the enzyme distribution in the testis and 

vas efferens. 	It is 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-

ran cords and the surrounding somatic tissues in 

the early developmental stage (rig, 31). 	VTh.en the 

egg follicles begin to differentiate after the 72nd 

hour, phosphatase is also found to be mostly 

iocalized/-. 
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localized in the nuclei of the follicular cells, 

nurse cells and 000ytes (fig. 32). 

The development of the external genitalia and 

Other accessory organs has not been followed in 

detail. The phosphatase reaction of the abdominal 

Which gives rise to these structures is very 

in the prepuiial  period (fig. 21,ad). 	It 

increases at about six hours after the head eversion, 

lel to the general increase of enzyme activity 

in the imaginal 1ypodernis of the abdomin. In 

32 hour pupae the well formed genital ducts are as 

tive as the gonads. 

B. AOiu phosphatase 

During metairLorpboeis, acid phoophataso differs 

alkaline :ohoupbataoe in the following respects: 

it is active in the early as v,ell as late 

, with a relative distribution among various 

the same as in the 3rd inatar larvae; 

it does not show any increased activity after 

e head eversion, possibly even a slight decrease; 

it becomes very active in 2-68 hour pl.ipae, 

thout showing any difference in activity between 

the head, thorax and abdomen; 

its activity also decreases after the 72nd hour,  

but to a much lesser extent than does the alkaline 

phosphatase/- 
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phoshatase activity. 	Perhaps, in both cases, the 

disappearenee of the enzymatically active histo-

lysing fragments is a factor which, with others, 

determines the relatively low phosphatase activity 

of the old pupae, 

Acid phosphatase reaction is very weak in the 

freshly emerged flies, 	It increases slightly in 

the 24-hour old adults and is demonstrable in the 

nervous system, proventriculus, mid- and hind-guts, 

1alpighian tubes, gonads, salivary glands, muscles 

and fat bodies. 

The following is a brief account of the acid 

phosphatase activity in various organ systems during 

metamorphosis: 

(a) NERVOUS 8Y$TPM - 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, 33,G). 
Comparing figure 33 with figure 25, it is evident 

that the nerve fibre region shows as strong an acid 

phosphatase reaction as do the nerve cells, More-

over, the outer optic ganglia contain a high content 

of acid phosphatase, but apparently no alkaline 

phosphatase. In pupae older than 72 hours and in 

adult flies, the nerve system as a whole still gives 

moderate acid phosphatase reaction, 



EYES AND ANTIViiAR - - Follcwir4g their moderate 

activity in the larvae prior to puparm forition, 

eye and antennal discs 8110w a altailar activity 

throughout the prepupal period, with perhaps scie 

increase of activity in late prepupae 	In young 

pupae their acid phophataae activity appears Very 

low (their exposed position might render them more 

vulnerable to enznae. inactivation). Nevertheless, 

they are strongi..y reactive after the 32nd hour 

after the quieence of the larva and remain 

moderately so at the time of ecr.ence, 	In th 

case of the compoun.i eye, retinal cells hcir a very 

strong nuclear arni cytoplasmic acid phosphatase 

reaction (fig, 	od; oornpar with fig. 23). 

WINGS AN!) 14G8 - Their acid phoshataae 

reaction is comparable to that of the eyes and 

antennae, except that they appear negative in pupae 

older than 72 hours, 

(ri) 11MDERMIS - In epupae and earl ,  pupae, 

only nuclear activity is demonstrable in the hypo- 

dermal cells, 	Soiaetiies they give an entirely 

negative reaction,, Difference of activity between 

the thiaginal and larval hypodermal cells (;Thich has 

been observed in the alkaline phospliatace reaction) 

was not found for acid phosphatase. Although the 

enzyme/- 
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enzyme activity is more easy to demonstx'ate in 

hou:., pupae, it is till mostly coined to the 

auolei. 	The poxal cells are again weakly 

eactive or negative in the old pupae. The oenocyte8 

situated beneath the hypoiemiis cshort hwever, a 

fairly strong aoid hosphatase reaction, both in th 

uc1eus aad in the eytopLaeu, 

(e) MUSCLES -rn- Tie larval muscles give a rather 

weak acid phosphatase reaction, When they become 

.etacbed and are undergoing histolysis, the reaction 
7 

mt ens iried 

Uyocyl-es usually show only a nuoler reaction in 

he prepupal and early pupal stages. When they ho.-

in to differentiate in 4-hour pup, acid phos.- 

tase starts to 	 T.i 	nyni reaction 

the ctevelopinr rnw3c:iei is otrely strong in 

56 hour pupae, 	thilike alkaline phosphatase, the 

id enzyme of the imaginal muclee is still 

taly active in pupae older than 72 hours,, 

doe of the adult flies give a weak acid phos.'. 

tase reaction,, 

r) DIGF*STM 8YST7M -- The larval proventricu1w3, 

gastric caa anti mid-gut are all YerJ rich in acid 

hosphataee 	They later fo the so called yellow 

~odyo whi.h retains a correspondingly high enzyme 

otivity'. However, the imaginal mid.-gut epithelium 



which shows very weak alkaline phosphatase reaction 

is moderately active in acid phosphatase. 	The 

imaginal fore-gut and larval hind-gut give a similar 

moderate reaction in later prepupal period, 

Shortly after the head eversion, the acid 

Phosphatase activity of the digestive aysteia does 

how any apreoiablo increase, except that of the 

yellow body. The activity is definitely increased 

after the 32nd hour, and the fore-gut, proventriotti 

crop and mid- and hind-guts are all strongly react 1 

These organs 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. 'when they are broken 

down into fragments soon after pupation and are 

undergoing histolysis, acid phosphatase activity 

remains very high, The imaginal salivary glands 

also give a strong positive reaction (fig 330 21). 

(g) MALPIGHIAN TUI;] ---- Very strong nuclear and 

cytoplasmic acid phosphatase reactions have been 

observed in the kalpighian tubes throughout the 

period of metamorphosis. Their brush bodsr and 

contents of the lumen are also roative, 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 e rinntai 'id 3oltro1 sections, 

PAT3OOI8 -'--- I r upae onJy a nuclear re- 

action is donstzable in the fat ceLLs. 	This is 

still true for the iupa shortly after the head. 

overs:Lon 	Gradually the eytoplaEgo activity bo- 

coinos viib1e in pupae older than 24 hour, 	In 3 - 

pupae, all larval fat cells show very strong 

ruo 	and moc1rate cytoplwxaic aa.dhosphata.se  

reactions, The latter appears ire intenser around 

fluc3leU4 	Thu; condition is maintained up to 

the tiire of ezmrgenee, althoug. the tt ells are 

only in the bioraen in the pupae older than 

rj bourn. 

Irnaginl fat ceLLs give a moderate imel ear 

reaction. 

TRACHEAE - A mc.4ierate eaotion is the general 

feature in later prepuaml stagea whei the hi8tolysir.  

of thc larval tracheal epithelium and the prolifera-

tion of the imagiml .e1ls are in progress. After 

pupation the reaction is rather weak in 12.-2e hour 

pupae, 	it becomes moderate to strong in 32-Ge hour 

pupae (fig. 33,Tr), 	Prior to emergence, only a week 

nuclear reaction i demonstrable. 

RING GLAND - Differing from alkaline phos-

phatase, ac±:I phohatase is iuoderately active in 

young/- 
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young, and old prepupee and in pupae aged between 

: 12  and 24 hours. No difference in enzyme activity 

has been found between the corpora cardiaca and 

corpus allatun% 	ioid phosphatase is very active 

in the ring gland in 32.-56 hour pupae. 	Its activity 

decreases after the ?2nd hour, 

(k) LXPH GLANDS AND ?1RI'ARDIAL CILLfl 	Lymph 

glands show strong acid phosphatase reaction 

throughout prepupal 11Th. On the other hend, only 

nuclear acid phosphatase reaction is detectable in 

the large and small pericardial cells in most pre. 

pupal and pupal stages. 	Some cytoplasmic activity 

has been observed in the small pericardial cells 

in 32.-56 hour pupae, but it is very weak. 

(1) GONADS -- Ovary and testis give an unbroken 

record of high acid phoophatme activity throughout 

etamoiphosis. The whole oran always stains 

black without showing any internal differentiation 

(fig, z'53,0), 	In the developing testis, it wan found 

that spexnatogonia contain less acid phosphatase 

than the spemitoytes which are, In turn, less re-

active than the spermatids and spern4, 
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C. Ribonucleic acid.- cid: 

(a) NERVOUS SYSTIM --- The differential distributi 

~-
cf ribonucleic acid in the prepupae is essentially 

the same as that found in the larvae. 	Soon after 

pupation, the "Bildungaherde" start to organize 

into optic ganglia, with a concomitant decrease of 

ribonucleic acid, content in these cello. 	Apart 

from this, there seems to be very little change 

during metamorphosis. The solitary giant ganglion 

cells are still very rich in ribonucleic acid at 

the time of emergence, 

ANTTNNAF AND COMPOUND EYES ---- Pje and antennal 

discs stain deep red with pyronin in the prepupal 

stages. After the head eversion, those organ rudi- 

ments are still very basophilic. 	Decrease in 

staining capacity occurs in later pupal life, as 

the organs become well fon'ie, However, the hypo-

dermis, muscles and Jointon'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 ribonucleic acid in the 

retinal and corneal cells is very characteristic, 

indicating a close correlation between the acid 

phosphatase activity and ribonucleic acid, content, 

(0)1- 
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(a) WINGS AND LEES - The high ri.bonucleio acid 

content of the wing and leg disco shows no percoptibl 

change after their eversion during prepupal life; 

nor is there any decrease in the early pupal stages. 

Decrease of hasophily is noticeable after the first 

day aftc'r the head eversion. 	Thus, th wings of 

46-hour pupae contain very little ribonucleic acid, 

except in those cells near the blood lacunae. Both 

the wings and the logs lose all their 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, 

Even in 60-hour pupae, many pairs of trichogenie 

cells can be aeon in close proximity to certain log 

bristles. 

(d.) HYP0DRMIS - In prepupae and young pupae, 

larval an imaginal bypodnLal ccl s are both rich in 

ribonucleic acids (like other imaginal structures), ii  

a fact which is quite in contrast to their 

differential activity in alkaline phosphatase. 

When all imaginal hypodemiis is completed (32-36 hour 

a slight decrease of basophily takes place. 

Nevertheless!- 



Nevertheless, the basophily of the trichogenic cells 

appears to be increased, which is possibly due to 

their own capacity to synthesize ribonucleic acid. 

(e) MUSCLES - The larval muscles contain very 

little ribonucleic acid. 	During histolysis*  the 

sarcolytes 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 riyooytes begins 

in 24 hour pupae, a concomitant increase of 

ribonucleic acid has been observed in them. 

Furthermore, there seems to be a direct correlation 

between the ribonucleic acid content of a developin2 

muscle and its state of differentiation, Per 

instance, the dorsal thoracic muscles whose 

development is several hours ahead of the other 

muscles always stain more heavily with pyronin than 

the other muscles in the second day after the head 

evorsiolu 	This difference becomes, however, lees 

distinct in the third day when most head and 

thoracic muscles have gained their maximal ribo-

nucleic acid content. 

Most/- 
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Most ribonucleic aci1 is localized in the 

saxoolaem aroimd the nuclei which Ic especially 

clear in the cross setIon 	The peripheral region 

Of a LLwcIe fitr:., where wrofibrils are being formed, 

stains very lightly with p:yronin 	As diffrentja- 

tioi goes further, the nWofihril containing portion 

grows at the expense of the inner iarcoplasm which 

becomes greatly race in tts vol'ume and loses 

most of its ribonucleic acii:I content qt the time of 

emergence. 

A similar Increase of ribonucleic acid has been 

observed durin the development of the leg muscles.  

iuring the development of the qbdoMinal muscles, 

the anisotropic discs of th wof ibXwils stain far 

more intensely than the isotropic €Ucs, giving a 

banded appearance which is also very distinct in 

alkaline and acid phosphatase prarrtions. This 

feature can readily be seen in 60-72 hour pupae, 

(f) DIGE3T1VE YSTM '--- In prepwae the imaginal 

:Lore- and mid-guts Cre as basophilic as the other,  

inaginal structures. 	The hind-gut, which remains 

larval, stains lightlr with ryroni, 

The crop contains an anoint of ribonuoleic acid 

similar to that of the tore-gut as it arises from the 

latt sri.-. 



latter. However, it loses most of its acid content 

in a 48-hour pupa and It becomes practically un-

stained in a 72.-hour pupa. 

About twenty-four hours after the head eversion, 

there begins an accumulation of ribonuoleic acid 

in the mid-gut (including the proventriculus) and 

salivary glands. Their strong basophilic character 

is very well seen in 72.-hour pupae, 	There is no 

increase whatsoever in the fore- and hind-guts, 

possibly even some decrease in late pal life. 

High ribonucleic acid content in the salivary glands 

and mid-gut persists in the adult flies. 

The yeLLow body is composed mainly of larval 

gut ceLLs; it stains at first pink in the cytaplasmi 

areas and green in the nuclei. 	In p:Lpae older than 

20 hours, the degenerating nuclei stain, besides 

,reon, various shades of blue, violet and reddish 

violet in both control and ribonuclease treated 

sections, As in the nuclear pyonosis of the nurse 

cells during oocyte development, this suggests the 

depoinuerizat ion of desoxyribonucleic acid, in cell 

degeneration. 	In 80 hour pupae, the yellow body 

no longer takes any stain, either pyx'onin or methyl 

green, 

(g),- 
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(g)ALALPIMITAIR TUBES .--- The ribonueleic acid content  

is relatively low and shows no changes throughout 

metariorphosic 	The lumen of the swollen antorlor 

branches appears empty in pyron.in.-methrl green slides 

(ii) FAT BOl:R -- It has been mentioned before 

that at the time of pupari'um forvixtion, globules of 

im3rnown nature appear in the fat cells. The ac.-  - 

cuxuulation of such gloluJ.eo continues in the prepupal 

stages and advances in the antoro-posterior direction 

until all the tat cells have boon eo transformed 

(a few hcure after the head eversion) 	Although 

these globules have a special affinity towards pyronii, 

it has nothing to do with ribonuoleic acid ond 

probably indicates the presence of phospholipide, 

These globules gradually disapear in the course of 

histolyaio, but few of them are still present in the 

abdominal fat cells at the time of eergence 

Cotmoarable to the mid-gut, the Imaginal fat 

bodies are very rich in ribonucleic acid. 

(i) TRACHM -- The imaginal tracheal epitheliurn 

is 'v'err rich in ribonucleic acid 	This strong 

oytoplasmic basopb.ily maintains for the first day 

after the head eversion, but it decreases steadily 

afterwards 
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RING GLAND ---- In prepupas and early pupae the 

corpora carcUaca contain more cytoplasirtic ribonucleic 

acid than the corpus aflatum. 	In pupae old,-,r than 

twenty hours, the difference is no longer very dis-

tinet, due probably to the increase of ribonuoleic 

acid in the corpus allatuxn. 	Secretion vacuoles 

have been found in the cells of corpora cardiaca in 

prepupal and most pupal stages, but not in the corpus 

allating.  

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-

tive function in producing a large number of leucocyta 

(phagocytes) engaging in histolysis. The intra-

cellular distribution of ribonuc].eie acid in the two 

groups of poricardial cells does not show any 

change throughout metamorphosis. Like those in 

the larvae, the acid 	concentrated in one or two 

blocks around the nucleus. 

(i) GONADS -.- 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 clay, the differentiation of the egg follic-

les begins and a sudden increase of ribonucleic acid 

has/- 



ha been noticed in those cells which are detined 

to become the oocytes  and nurse cells. The pyronin-

stained preparatin at this stage is comparable to 

the figure 34 of Strasburger's (1935) paper. 	At 

the time of emergence, stages 2 follicles can be 

found in the pupal ovary. It is in these more 

advanced follicles that a similar increase of ribo-

nucleic acid has been observed in the follicular cell 

The development of the testis proceeds at a 

much quicker pace than does that of the ovary. 

Spermatogenesis occurs early in prepupal life and 

fully matured sperm can be found in the young pupae 

(about 30 hour old). 	It has been noticed that only 

the young sperrnatogonium cells located at the 

anterior end of the testis retain their high ribo- 

nucleic acid. content, 	The spermatocytea, spermatids 

and mature sperms lose their ribonucleic acid in 

successive degrees until the mature sperm are 

practically,  colourless to pyronin, 	Since ribonuclei 

acid is responsible for the cytoplasmic basophily, 

the pyronin-methyl green stained testis sections 

resemble in every respect th pictures given by 

stra8burger (1935, figs. 32a,33). 	A similar 

phenomenon of the progressive decrease of basophily 

during sez'matogonesis has been reported in 

amphibians (Brachet, 1942). 



B, Swiaz'y: 

The distribution of alkaline and acid phos-

phatasos and ribonucleic acid during pop1ila 

metamorphosis has been described. 	So far 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 to prepupa is actually an 

~ intrapuparial larval instar (Snodgrass, 1924; 

Robertson, 1936), 

Pupation is accompanied by a general and sudden 

increase of alkaline phoephatase, notably in the 

cytoplasm, This high alkaline phoephatase activity 

is maintained almost for the first day and a half 

after the head evorsion. 	Then it declines, first 

in the head and thorax, but mach later in the 

abdomen, ieak to moderate enzyme activity is pre-

sent in the nervous syteni, 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 especi2ly true 

during the development of imaginal organs such as 

eyes, antennae, wings, legs, muscles, digestive 

organs/_ 
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organs, hrpod.orm.ts and tracheae. 	Xn the case of 

gonads, the relation is not so clear, for 

spermatogenesis takes place in the prepupal and 

early pupal periods when the alkaline phosphatase 

reaction is very week and oogeneais proceeds mainly 

after emergence wbrt the enzyme activity is incap-

able of demonstration by the bistoohemical method, 

Acid phosphatase does not show any increase 

after pupation. On the contrary, there is 

probably a slight decrease, however, the enzyme is 

very active in 32-36 hour pupae, Since during this 

period histogenesie is still going on, it seems that 

acid phosphatase may, as well, has something to do 

with differentiation. Athough acid phosphatase 

activity shows a decrease in the later pupal 

period similar to that of alkaline phosphatase, the 

extent - of this decrease is much lesser for acid 

phosphatase, especially among the head and thoracic 

organs, 

A strong acid phosphatase reaction seems to be 

a characteristic of poiila gonads. The main-

tenance of this high enrme activity throughout 

poet-.embryonic development explains the particular 

richness of this enzyme in the mature germ cells. 

Both acid and alkaline phosphatase participate 

in the processes of histolysis, for the histolysing 

fragments always give strong phosphatase reaction. 

The,'- 



The imaginal organ rudiments in the prepupal 

and early pupal stages are characterized by theii.  

high ribonucleic acid content. As hitodiffore 

tiation goes on, there is generally a decrease of 

acid content. 	In eeztain particular organs, an 

accumulation of ribonucleic acid, however, occurs in 

the course of differentiatioz4 	In the develoning 

muscles, this phenomenon is evidently connected with 

the formatiQn of myofibrila 	In the case of 

salivary glands, mid-gat and ovary, this is possibly 

related to the normal physiological function of 

those organs and may well be the result of histo-

differentiation. For these latter organs and for 

the muscles, the increase of cytoplasmic basophily 

is always associated with an increase of acid 

phosphatase activity. 	Nevertheless, it should be 

pointed out that high acid phosphatase activity 

does not necessitate the Drosence of ribonucleic acid, 

This is particularly true for the nerve fibres and 

the advanced, stages in spermatogenesis. 



IV. MMMM -DISCUSSION 

(1) 

The importance of fixed -8H groups and ribo-

nucleic acid in the dotexninatjon of the embryo axis 
in vertebrate development has been particularly 

emphasized by Brachot (1947), 	From the results 

of the present study, there is no reason to suppose 

that such substances also play a prominent role in 

.Drospj)hil2 embryogenesis. 	Some concentration of 

fixed. 8H groups and a differential distribution of 

ribonucleic acid have been found in the ectoderm of 

Drosophila Pabryos. However, owing to the general 

occurrence of these properties, it is difficult to 

attach any rnorphogenetic implications to them. 

Raven (1946) found a similar situation in Le% 

Histochomical evidence indicates that there is 

very little decrease of the baaophily of the embryo 

cells during most of embryonic development (from 0 

to about 15th hour). This iaintenance of a relativH 

ly high content of ribonucleic acid must be due to 

some simultaneous synthesis of the acid, for other-

wise one wotld expect a gradual decrease of basophily 

paal1el to the increase in cell nu;1ber and the scale 

of organization of the embryo as in the case of the 

sea-urchin (Brachet, 1947). 	In fact, an increase 	of 

ribonucleic acid through synthetic activity in organs 

like/- 
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like gut epithelia and salivary glands is beyond 

doubt. 	However, since the tocl2nique used is not 

sensitive enough to detect a small change of ribo-

nucleic acid content, the possibility of the oonver-

sion of ribonucleic acid into deaoxyribonucleic acid 

in the early embryonic period is not excluded by the 

present observation, Therefore, the resemblance 

between the nuclein metabolism of the DrQsoiil4La 

;°rnbryo 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 

of evidence for endomitotic growth during the later 

half of embryonic development loads ins to suggest 

that the stage of "germ band contraction" marks the 

transition from a growth phase of embryonic 

developent into a differentiation phase. The term 

differentiation used here refers more to hleto.-

differentiation rather than to the invisible or 

ohemos-differentiation. The latter probably occurs 

well before that stage, as indicated by Geigy's 

(1931a,b) works. 
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(2) 

During Drosophila embryogenesis, acid phos-. 

phatase shows no change of activity, at least 

cytocheraic ally; whereas alkaline phosphatase arises 

only after the contraction of the germ band, in-

creases in activity and then decreases again. The 

demonstration of the existence of these two different  

patterns of enzyme activity is itself quite sugges 

tive, Perhaps the contraction of the gcrm band 

represents a 'very important morphogenetio stage 

and further investigation could reveal a good deal 

of biochemical differences between embryos before 

and after that stage. 	Quite recently, some pre- 

liminary 

i's

liminary data concerning the phosphatase activity 

in the early develoaent of Azbacia has become 

available (Mazia et al, 1948). They found that in 

the unfertilized eggs, acid phosphatase predominates 

and its activity remains constant during early 

development. On the other hand, alkaline phos-

phatase keeps constant until before gastrulation, 

but increases very sharply after that. Obviously, 

the general pattern of phosphatase activity in the 

embryonic development of D emhila and of bacia 

is very much the same. 	In chick ernbryogenesis, 

the situation is slightly different because the 

concentration of alkaline phosphatase is much 

greater/ 



greater than that of acid phosphatase from the very 

beginning (Moog, 1944, 1946). 	Nevertheless, the 
Ii trend of the change of acid phosphatase activity 

between 2 and 12 days  old chick embryos is far less 

marked than that of alkaline Dhoa)batase in the 

same period (Moog, 1946). From tho above facts, 

it seems quite safe to say that acid and alkaline 

phosphatasea are two different enzymes  and play 

different physiological roles, even though they may 

be present simultaneously w: thin the same cell. 

The factors which determine the origin (or 

activation?) of alkaline phosphatase in the ventral 

ectodern after the contraction of the germ band as 

well as the differential rates of spreading after 

its first appearance are not clear, The fact that 

the spreading of enzyme activity is a gradual process 

seems to suggest that the primary process involved 

Ln such spreading is actually a direct contact bet- 

wean the active and inactive cells. 	if this is true 

the observed extero-interior gradient of alkaline 

phosphatase reaction can, probably, be partly 

accounted for. 	Thus, the closer contact between 

eotod.ermal cells theisolves than between an ecto-

derl cei1 and for example a nerve cell would ex-

plain a quicker spreading within the surface ectoderm 

than spreading from the surface to the interior parts 
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of an embryo. 	In this cc.nnection, it is interesting 

to iention that the salivary lands which are still 

directly connected with the ventio.-lateral ectoerin 

(after the germ band contraction stage) thow a strong 

alkalne phosphatase reaction earlier than other. 

internal organs do, 

That the contact is not the scic fact is 

Indicated by the presence of an antoro-.posterior 

gradient which is also observable within the surface 

ectoderm itself. 	Evidently, there must exist with- 

in the embryo suue physiological differences between 

the anterior and posterior parts and possibly such 

difference controls the differential rate of 

spreading along the antero-posterior axis. 	The 

presence of such a hypothetical physiolotcal gradien 

is also shown by Geigy's (131b) irradiation experi-

ments, in whiob. he discovered that the sensitization 

and de.-sensitization of ventral ectoderm towards 

ultraviolet light exhibit a qiite distinct thoraao-

abdominal 4' gradation. 

Since Sc idol' s classical work on Platyce4 

it is ge14.eally admitted in experimental embryology 

that the organized development of insects involves 

the oDeration of two centres of organization, namely 

the activation centre and the differentiation centre. 

The presence of these centres in Dro$ophiia has not 

hitherto been demonstrated, although Geigy' s work 



just referred to has already hinted at their exit-u.  
tence. Whether or not the centre of the origin 

of alkaline phoaphatase in the ventral ectoderm 

near the future thorax roprosent actually the 

differentiation centre in Droo6h11a an not yet be 

fu:Uy ascertained; but that it Is so appears very 

likely, 

(3) 

The interesting correlation between the phos 

phatase activity and the growth and differentiation 

is first demonstrated in chick exibryogenoaie by 

Moog (1944), 	Since then similar evidence has been 

briefly presented in the early development of 

amphibie. (Brachet, 1946) and sea—urchin (tazia et el, 

1948). The present observation on Drosophila 

supports and strengthens this general correlation. 

However, the different behaviour of alkaline and 

acid phosphatasec merits their separate diouwion. 

During enbryogenesis alkaline phoephatase 

appears immediately after tht contraction of the zermi  

band an:' Jippears in most tissues before the 

batching of the larva. This fact tends to indicate 

that the enme is primarily concerned with hicto— 

differentiation. 	In posternbryonic development,, 

the/-. 



the alkaline phosphatase activity of the imaginal 

discs illustrates the same principles 	In the 

larval and epupal periods, their moderate enzyme 

activity is obviously linked to their proliferative 

growth 	Then the activity su&züy increases at 

the time of pupatit andmaintains itself at this 

high level for the next day and a ha1f. After that, 

alkaline phosphatase decreases in most organs, but 

remains at a high level in certain others. Con-

sidering now the developmental status of the 

imaginal organs at the time of pupation, the results 

of tran lentation work on the organ discs 

(ocienstein, 1943; Vogt, 1943) certainly indicates 

that they have already passed their stage of 

invisible or chemo-.diffexentiation. 	Conseouently, 

the increased alkaline phosphatase activity must be 

concerned with histofffez'entiation. 	In this 

connection, the observed fact that the increased 

fraction is asinly oytoplas$o phosphatase is 

important, ainee differentiation is primarily a 

cytoplasniic process. 

The similar behaviour of alkaline phosphatase 

durin:' ernhryogenesi.s and metamorphosis not only 

suggests the basic identity between the processes 

underlying the realization of the larval and 

inzaginal/.. 
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imaginal developmental patterns, but also lends 

support 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 

phosphatase 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.m.68 hour pupae, during which time histO-. 

genie differentiation of the imaginal organs is 

not yet completed), the enzyme may also serve a 

similar function, Apart from this, acid phosphatase 

activity in Drosophila development shows a rather 

general correlation to the ribonuoleic acid meta- 

,bolimT4 	This is chiefly indicated by the following 

facts: 

high enzyme activity in the nurse cells and 

oocytes during the synthesis of ribonucleic acid 

and you, during oogenesis; 

a constant enzyme activity during embryonic 

development and the maintenance of a relatively high 

ribonucleic acid content in the embryo cells; 



(o) 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 imaginal muscles, salivary 

glands, mid-gut and ovary being paralleled by a 

similar increase of acid phosphatase activity. 

Purtbomore, there seems to be some com 

plementarity between the activity of the two kinds o 

phoephatasee. At the cellular level, this is shown 

by the relative distribution of the two enzmes in 

' various larval and imaginal organs (page 43). For 

the body as a whole, it is evident in the decrease 

of alkaline phosphatase but the maintenance of acid 

phosphatase in late 3rd instar larvae and early 

prepupae; and by the high alkaline phosphatase 

activity in early pupae and a weak one in late pupae, 

with a reverse situation for acid phosphatase 

activity, 

(4) 

The relation between the phosphatase activity 

and 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/.- 



degeneration 	ven then, the increased acid 

phosphatase activity-  is attributed to the resynthesis  

of Nisel bodie rather than to their destruction 

(BocUan, 1947). 	In the present study it was 

found that the increase of phosphatase activity is 

almost 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 histolysis  of fat cells sets in after 

pupation, the increase of cytoplasmic alkaline 

phosphatase is so sudden and so marked that one 

is inclined to think that the increased portion is 

due to the activation of the preexisting enzyme 

molecules, Whether this represents the general 

mechanism by which the increase of alkaline phos.. 

phatase after pupation can be accounted for, and 

whether there aDcurs at the same time soae "do novo' 

synthesis of the enzyme or not, are questions very 

hard to answer at the present stage. 

(5) 

Another as -ect of phosphatase activity in 

DroeoDhila development which I would like to discuss 
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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 analogous localization in the 

insximialian intestinal epithelium and kidney tubules 

is well known. Whether or not this means that a 

similar transport function is played by this enzyme 

in Drogophila is difficult to say in view of our 

limited knowledge about insect digestion and ex-

cretion. Nevertheless the similar enzyme 

localization does indicate suôh a possibility, 

One coirpouent of the insect cuticle is a 

nitrogenous polysaccharide called chitin. As a 

corolla to the current conception of biosynthesis 

(Lipmann, 1943.) 0  the synthesis and breakdown of 

ohitin may well involve phosphorylative processes 

as in the case of glycogon. 	The strong alkaline 

phosphatase reaction of the tracheal epithelium 

and its cuticular intima is therefore what one 

would expect in considering the complementary 

function of phosphatas in the complex phosphory- 

lative processes. 	Similarly, the high alkaline 

phosphatase activity of 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/- 
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The high alkaline phos:phatase activity of the 

pericardial cells during prepupal and early pupal 

periods and the persistence of these coils through-

out metamorphosis suggest that they are probably 

the inoretor' organs. 	This contention is supported 

by the following facts: 

they show definite cycles of change of cell 

size in the course of aetamorphosis; 

secretion vacuoles have been observed in them 

in the larvae prior to pupariw fornatio, and in 

prepupse and pupae 

a distinct sexual dimorphishi has been found 

in the large pericardial coils, both during 

metamorphosis and in the adult flies. 	in this 

onnection, it is interesting to note that 

Bodenstein (194) (in the course of his extensive 

study of the physiology of the DrosophiLa ring 

gland) CSlliS to the conclusion 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 pericardial cells 

are the most likely organs which cause such inter- 

action couplicatioi, 	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 heso pericardial 

cells in esophil with the pericardial gland in 

cppui. (Pflufeldr, 1936), 	It can only be 

stated that the perioax'dial cells are similar to the 

pericardial gland in showing sexual dimorphism, 

but differ from the latter by their persistence in 

the adult flies. 

From the transplantation work of Hadorn (1937), 

Nyst (1941), Bod.enstein (194301944) and. Vogt 

(1942b,1943)9 it is OCX't9J.rL that the ring gland in 

rosohi1a produces both moulting and metamorphosis 

hoxitonea. 	The individual roles played respectively  

by the corpora cardiaca and corpus alL ttwi are, 

however, not clear, Based upon morphological (194 ) 

and experimental (1943) evidences, Vogt is of the 

opinion that the corpora cardiaca ("grosse Ring-

drussenzo11e' in her paper) is more concerned with 

metamorphosis than the corpus a11atuxi. 	The data 

presented in this paper seem to support her con-

clusion, if the higher alkaline phosphatase activity 

and ribonucleic acid content of the corpora cardiaoa 

in the larval and prepupal periods can be considered'  

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 

six!- 
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six hours after the head eversion, if the above 

assumption 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 )eriods, but strongly active in 

mid-pupal stage, But differing from the alkaline 

phoephatase reaction, no differential activity 

between the oorora cardiac and corpus ailatuui has 

been observed. Obviously, further study is needed 

before these facts can be correlated with the physio—

logical activity of the ring gland, 



V. IMU 

(I) The poaohila egg does not shoyl any regional 

localization of the chemical substances so far 

studied: a definite, but general, cortical con-

centration of fixed -SH  groups has been observed; 

ribonueleic acid is diffusely distributed; alkaline 

phosphatase is hi.stochernicaUy not demonstrable; 

but acid phosphatase is very active, 

Mature jD-ro&Mhjjj sperm is also rich in fixed 

-rni groups and acid phosphatase, but contains no 

ribonuàieic acid. and alkaline phosphatase. 

Fixed. -SH  groups and ribonucloic acid do not 

to 'Play  an important morphogenotic role during 

embryogenesis. 

Cytoohemical evidence suggests that the nuclein 

metabolism of flrgsoDhil is p:obably similar to that 

of chick embryo, in the sense that both decorribO-

and ribonucleic acids are sthesized during early 

embryonic development. 

It is suggested that the stage of the contract 

of the germ band marks the division between the 

growth phase of Droçphila embryonic development 

and its differentiation phase. 

Acid phosphatase shows constant activitY during 

embryogenesis; whereas alkaline phosphatase appears 

only after the contraction of the germ band, 

increases,'- 
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increases its activity and then decreases in most 

tissues before hatching, 

The centre of the origin of alkaline phosphatase 

in the ventral ectoderti near the future thorax is 

considered as the "differentiation centre" of the 

Drosophila embryo, The enzyme activity spreads 

from this centre to all parts of the embryo in 

characteristic patterns. The possible mechanism 

of spreading is discussed. 

Nuclear alkaline and acid phosphatase is 

demonstrable in all larval tissue of Drosophila,. 

Cytoplasmic phosphatasee, however, show a strict 

organ specificity. 

All imaginal discs possess a moderate amount of 

alkaline and acid phoephatasos and they are very 

rich in ribonucleic acid. 

Larvae i)rior to pupariuxu formation are 

oharacteri!ed by an enormous increase of alkaline 

phosphatase in the h3rpocIeiiis and simultaneous 

decrease ct It in the internal organs, No such 

change has been found in the case of acid. phos—

phatase, 

The result of cytochemical study confirms the 

contention that the prepupa is actually an intra.-

puparial larva]. instar. 

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

sudden increase of alkaline phosphatase activity 

which is mainly confined to the cytoplasm, This 

high enzyme activity is maintained for the first day 

and, a half after the head ever'eion. 	It declines 

afterwards until finally it disappears from most 

organs at the time of emergence, but is retained in 

certain others, 

The behaviour of alkaline phosphatase during 

metamorphosis is exactly similar to its behaviour 

during embryogenesis. In both oases, the possible 

bearing of alkaline phosphatase on histo4s.d,ifferen.. 

tiation is suggested, 

Acid phosphatase does not show any increased 

activity shortly after pupation, but its activity 

increases in the mid pupal period (32'-68 hour pupae). 

In the later pupal period, a decline of enme acti-

vity has also been found, although to a much lesser 

degree as alkaline phosphatase activity does, 

A general correlation between acid phosphatase 

activity and ribonucleic acid metabolism has been 

found, Otherwise, the function of acid phosphatase 

in Droaophla development is loss readily explicable. 

(16)/_ 



Alkaline and acid phoaphatases actively 

participates in the processes of histolysis or cel1u 

lar degeneration 

Histochemical evidence suggests that alkaline 

Phosphatase in Drosophila is probably playing a part 

in the carriage of organic substances across the 

membrane barrier.  

(1€3) Alkaline phoaphatase activity of the perieardia1 

cells, together with other morphological evidences, 

indicates that these cells are endocrine organs 

and play important role in Drosophila metamorphosis, 
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VIII. A1IO$ 

ad, abdominal disc 

An, antennal disc 

of 	cuticle 

Ca, corpus allata 

cc, corpora cardiaca 

v, heart or dorsal vessel 

f, larval fat body 

fo, hiatolysing fat cell 

Pr, Frontal sac 

(19  cerebral ganglion or brain 

go, gastric caecum 

h, larval hypodermis 

H, imaginal hypodermis 

Ha, ir.ginal bud of haltere 

hg, larval hind gut 

L, 	section of leg 

Li, iiaginal disc of prothoracic leg 

magma], disc of mesothoracic leg 

imaginal disc of metathoracic leg 

ig, lymph gland 

Lp, large pericardial cell 

lu, leucocyte or phagocyte 

In, larval muscle 

M, Imaginal muscle 

Ma, Malpighian tube 

Mc,!- 
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Mc, mesenohymo cell 

mg, larval mid. gut 

Mg, imw;inal mid gut 

My, inyooyte 

0, ovary 

Od, optic disc or compound eye 

Oes, oesophagua 

Ov, oviduct 

P, proventx'iculus 

Ph, pharynx 

pin, puiarium 

Rg, ring gland. 

Rp, rectal papillae 

8, mature sperm 

Sc, sarcolyte 

si,, larval salivary gland or its 
histolysing fragment 

Si, imaginal salivary gland 

Sp, small perioardiaJ. coil 

To, testis 

ti, chitinous intimna of trachea 

tr, larval trachea 

Ti', imaginal trachea 

Ye, vas off crens 

Vg, ventral ganglion or ventral nerve cord 

W, wing or its imaginal disc 

y, yellow body 
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U. FIGURE FXPLAIAT ION 

1 Camera lucida sketches of the different stages 

of the occyte development of Drosophila 

melanogaster, from iron hexnatoxylin  prepara- 

tions. 	f, e. a., follicular epithelial cell; 

n, o., nurse cell; oc., 000yte. 	Descriptions 

in the text. 

2, 6-9, 14-18, 20-32 - alkaline phosphatase 

3-59  10-13, 19, 33 ----- acid phosphatase 

2, Section of ovary taken from a 24-hour female, 

Note the positive reaction of the oviduct, 

X7O, 

Section of ovary showing the intense nuclear 

and cytoplasmic acid phosphatase reaction of 

the folliu"Iav cells, nurse cells and oocytes. 

X 95. 

Acid phosphatase reaction of the fresh ovarian 

follicles incubated for two hours in lead-

glycerophosphate reagent. X 82.  

B. Same as figure 4, but incubated in the plesence 

of 0, 01 M fi ac .-,,ide. 	X 82. 

6. An oblique sagittal section of a 9 how embryo. 

The arrow head indicates approximately the 

centre of the origin of alkaline phosphatase 

activity. 	X 120. 
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7, Sagittal section of a 10-10- hour exyo showing 

the spreading of enzyme activity towards the 

interior and posterior parts of the embryo. 

X120. 

5. Longitudinal section of a 14 hour exnbz7o. X 120. 

Sagittal section of an embryo just prior to 

hatching. Note the positive reaction of 

the salivary gland and gut epithe1ia. X 120. 

Longitudinal section of an early embryo in 

single blastodorm stage. 	X 120. 

U. Sagittal section of a 4 hour embryo in advanced 

stage of gastrulation. 	X 120. 

Sagittal section of a 121 hour embryo. X 120; 

Sagittal section of a 17 hour embryo. X 120. 

144 Portion of the sections of the mid.-gut and 

Maipighian tube taken from a 24-hcur larva. 

X340. 

15. Cross sections of the head region of a 32-hour 

larva: 	X 130. 

Taken at the level of the frontal sac. 

Taken at the level f the ring gland, 

Taken at the level of the snail 
pericardial cells, 

16, Longitudinal section of the posterior part of a 

24--hOUP larva (just after the first moulting) 

showing the high enrrne activity of both the 

new/.- 
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new and the shed tracheae. The arrow indicate 

the point of puncture during fixation, X 120. 

17. Thoracic iriusole fibres taken froa a 32-hour 

larva showing the concentratio-a of enzyme in 

anisotropic discs of the myofibrils. X W. 

18, Cross section through the head rego.of a larva 

prior to puarium formation showing the contra 

between the strong phosphatase reaction of the 

hypodez!nie and salivary glands and the negative 

reaction of the imagina). discs. 	X 95, 

L9. Lateral sagittal section of a 72-hour larva 

showing the high acid phosphate- 	ctivity of 

the salivary gland, proventriculus, mid-gut, 

ring gland and eye and antenna discs. The 

arrow indicates the point of puncture during 

i'ixation. The high enzyme activity of testes 

can be seen in another larva of the same age 

but in longitudinal section. X 30, 

0. Cross section of a 2-hour prepupa at a correspond-

ing body level as that of the figure 18. X 95. 

L. Sagittal section of an old prepupa just before 

the head eversion. The head region is slightly 

everted through manipulation during fixation, 

X32. 

22. Longitudinal section of a 12-hour pupa, X 40. 

3. I.- 
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23, Cross sections at the level of the wings and 

legs showing the general inoreas of alkaline 

phoephatase after pupation: X 70. 

(a) 10-hour prepupa (b) 15-hour pupa 

sagittal section of a 32-hour pupa. X 40. 

Longitudinal section of a 72-hour pupa. The 

actual intensity of the phoephatase reaction 

of the nerve cells and proventriculus is 

much weaker than that can be judged from the 

p1otograph4 X 40. 

Portion of the abdominal hypodennis taken from 

a pupa just after the head eversion showing 

the relative phoephatase activity of the 

larval and imaginal hypodermal cells. X W. 

27, Alkaline phosphatase reaction of fat body: X 

340. 

a group of fat cells (in sheet structure 

taken from a 10-hour prepupa represent1 

ing the oharacteric reaction of the 

larval and prepupal fat body, 

a group of detached individual fat 

cells taken from a 121  hour pupa 

showing the tremendous increase czt 

cytoplasmic phosphatase accompanying 

histolysis. 

28./- 
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Section of the ring gland of a 7-hour prepupa 

showing the difference in phosphatase activity 

between the corpora cardiaca and the corpus 

aUatun 	This condition is entirely compar- 

able to that found in the 2nd inetax' larva 

(fig. ib), X W. 

Section through the large pericardial cells, 

heart and lymph glands of a pupa just after 

the head eversion. X 100, 

Portion of a testis from a 32-hour male pupa. 

Note the strong enzyme reaction of the sperm 

heads and the nuclei of the cells of vas 

efferens. X 280. 
Section through the ovaries and oviduct of a 

48-hour pupa, X 100. 

32, Seot ion through the ovary of a female pupa 

shortly before the emergence. 	The enzyi'e i 8 

mostly localized in the nuclei of the 

follicular cells and of the undifferentiated 

nurse cells and oocytes. X 280, 

33. Acid phosphatase reaction of a 68-hour pupa in 

longitudinal section. Note the positive 

reaction of the nee fibre region, compound 

eyes and tracheae as compared with those 

structures shown in the figure 25. X 30. 
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