
THE LOCALI7JTIOi 0F ALKALINE PHOSPHATASES 
IN THE DEVELOPING RAT OVARY 

by 

ROBERT WILLIAM MERRIAM 

A THESIS 

submitted to 

OREGON STATE COLLEGE 

in partial fulfilinient of 
the requireaent8 for the 

degree of 

MASTER OF SCIENCE 

May 1949 



APPìOVED: 

Associate "roí'esor of Zoo1or 

Lì Charge of Major 

Chairirian of Department of Zoolo 

Chairwan of School Graduate CoinnÀittee 

Dean of raduate School 



.;XNL)(iENT 

The author would like to tender sincere thanks to 

Dr. Ernst J. Dornfeici for the constant help and stimulating 

encouragement which he has so freely and intimately given 

during the course of this study. Thanks, too, must go to 

Mr. Robert C. von Borstel for the interest and critical 

cooperation he has shown. 



TABLE O? CONTENTS 

Pags 

i 

Materials and Methods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Tiseuefixationandexabedding... .............. ... 3 
Staining technique............................... 4 

Data. . . . . . . . . a a e . . . t t . t t t t . t . s * S t t S S S S t t t t S t S 5 5 

Tablee of relative coneentrtions................ 7 
Table of' variance of total concentrations........ 12 

Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

Phoephatase action............... ........... 15 
Postulated functions of alkaline phosphatases.... 19 
Discuesion of rat ovarian phosphataaeD........... 2]. 

suninlary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S S 24 

Literature Cited...................................... 26 

&olanation of Figures . . . . . . . . . . . . . . . . . . . a s e s t . t e t 28 

Figures.............................................. 30 



THE LOCALIZATION OF ALKALINE PHOSPHATASES 

IN THE DEVELOPING RAT OVARY 

INTRODUCTION 

Investigations into the biochemical and hysio1ogicai aspects 

of cellular biology have taken a great diversity of approach within 

the past decade. Spectrum analysis, ultracentrifugation, tissue 

culture, and many more methods have been explored in the attacks 

upon the problems involved. One of the most promising methods of 

study was initiated by Gomori and Takamatsu (1939) when they 

independently devised cytochemical tests for the localization of 

specific enzymes within the cells of tissues mounted for microscopic 

use. The enzymes in this case were hosphatases capable of acting 

within p11 optima of 5.0 to 9.5 respectively. 

The action of the phosphatase enzymes is, essentially, to 

split off primary phosphate groups from a variety of intra- and 

possibly Intercellular substrates. The question as to the general 

or specific nature of the enzymes is an absorbing problem in itself 

on which some data is incidentally offered in the present work. 

The principal goal of this study, however, is of a more strictly 

biological nature. 

It is known that the ova in xnanunalian ovaries are differen- 

tiated from rapidly proliferating germinal epithelial cells. These 

cells descend into the ovary as cords, becoming separated from the 

surface ejithelium and from other similar cords by connective tissue. 



From the cells of these enclosed cords or similar small nests cells 

become enlarged to form the ova while the rest become follicular 

epithoiluin. 

Vork In this laboratory (Dornfeld and hit1ock, 1948) has shown 

that in young albino rats the greatest proliferation of the gerinai. 

cells takes piace in area3 near the oviduct-supportIng suspensory 

ligament. A crt,ochemical approach (Vincent and Dornfeld, 1948) 

suggested by the work of Caspersson (1947) and of Brachet (1947, 

a and b) confirmed the observation of Dornfeld and hitiock and 

showed that the ostlurn and other oviducai. areas were rich in ribon- 

ucleic acid (RNA). Frani the work of Brachet and from their own 

observations Vincent and Don-if oid concluded that the relatively 

unspecific stinnilation of germinal proliferation might be due to the 

..NA, or components of it, diffusing from the oviducal tissues. 

The present work was suggested by the observations (islocki 

and Dempsey, 1948; Krugelis, 1946; Zittle, 1946 etc.) that the 

ribonucleic acid content is usually associated with phosphatase 

content in animal tissues and that the enzne acts as a depolymerase 

on the ribonucleic acid (NA). A metabolic relationship between 

alkaline phosphatase and :NA thus seems indicated. This study has 

been undertaken to throw light, if possible, upon the hypothesis 

that hNA or its ccuzponents are evocators for unspecific proliferation 

of germinal epithelium. if phoaphatase can be shown to be present 

at the sites of known nucleic acid concentration, the hypothesis 

would be thereby strengthened. 
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IAATERIAIS AN1J ]'TIO1)S 

The ovarieß used in this study were &aken from the progeny of 

twenty-to feaie albino rats of the SpLague-Dawley strain. ature 

animals of good apiearance were selected and vaginal sïuears were 

made daily to follow the estrous cycle. Matings were made at proes- 

trus. For the postpartum young, the tiae after actual. birth was the 

ba8is OX' age computation. For the prepartuin material, the riour of 

coitus was noted tu the neaest two hours and the young removed at 

the desired tiiaie, aUovin 528 hours to represent the tern of 

gestation (average for the colony), this serving as the basis for 

age deteriination. Animals were studied through the period of two 

days pre- to four days postpartwìi. 

A balanced diet, established in previoud years for this rat 

colony, was used and supplemented during gestation by greens and 

fresh liver at least twice a week. 

The young animals were k.Lïled by decapitation and the ovaries 

immediately dissected out and fixed. The fixative used was 80% 

alconol chilled to -2°u. Twenty-four hours of chilled alcohol gave 

fair fixation with a minimum amount of cell distortion. 

Paraffin embedding was done under reduced pressure at 55570C 

for ten minutes. This cut down the inactivation of enzymes which 

occur at the temperature anct duration of the usual embedding 

procedures (Stafford and Atkïnson, 1948). The paraffin blocks 

were then kept in a refrigerator and sectioned as ßOOfl as possible. 

Blocks kept in tnìs fashion showed little inactivation after a month 
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of storage. 

The ovaries were 3eriallj sctind at eight micra and iiountod, 

just before incubation, every two section8 8ucoessively on each of 

six slidoa. Deparaífinization wu done to iiinuto5 in x4oï and the 

uua1 a1coh.d gradtion8 were used to diatilied water. The ectioní 

were thezi incubated for four to five hours at 37CC in a solution made 

up as f o1lows 

30 cc distilled water 
12 cc 2% solution of substrate 
6 cc 2% solution calciui nitrate 
6.4 cc 2% solution MgSO1 

The total solution was buffered to pH 9.5 by the use of an 

electric pH meter using barbituric acid and sodIum barbital rein- 

forced with NaOH as the buffering solutions. Any precIpitate was 

reraoved by filtration just before use. 

The substrates used were (1) desoxyrîbonucleic acid (DNA) from 

salmon sperm (Krishell Laboratories), (2) ribonncïeic acid (IÌM) 

fron yeast (Krishell Laboratores), (3) sodium g1ycerophophate 

(Jiastman), and (4) lecithin (Pfansteh1). The solutions were made 

up by weight. 

The DNA and I1A were found to be aLost insoluble in distilled 

water at room temperature, but gentle heating In a water bath for 

five ïinutes with much shaking brought them into solution. Heating 

to 80°C was found to have no destructive effect. 

Since straight DNA was found to give only negative results when 

used as a substrate, it was depolymeried with desoxyribomc1ese. 

This was done by adding 3 ng. of the enzyrae to a solution of 600 mg. 
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of DNA in 10 ml. of distilled water. The mixture was then put into 

a dializin sac prepared by coating a test tube with a 3% solution 

of parlodion in ether-alcohol. The sac, containing the enzyme 

treated solution, was then suspended in 15 cc. of distilled water and 

incubated at 37°C for 24 hours or longer. The dialysate w&s used 

jthout dilution as the substrate. 

After incubation the slides were treated successively with the 

following reagents: 

0.5% solution CaC12 
2.0% solution CoC12 

Distilled water 
1.0% solution amnonium sulfide 
Tap water 
Grtded alcohols thrcuLh xylol 
luounted in balsam 

2 min. 
2 min. 

3 changes, 2 min. esch 
i min. 
2 min. 

No counter stain was deerued necessary because the deposits gave 

a clear picture and a stain was found only to lessen its sharpness. 

DATA 

The technique as a whole gave excellent results, showing 

gradations in intensity of deposits, that under identical conditions 

of íncubation, have been interpreted as variations of enzyme con- 

centration at different ages. After inspection of all the slides 

under low power it became evident that the deposits could be 

summarized generally under six headings (see figures 1 to 6). 

The data is far from quantitative but relative concentrations can 

be assigned and trends can be seen. The charts in figures 1 to 6 

have been developed through the use of an arbitrary assignment of 



numbers: O negative, i = very faint, 2 definite but light, 

3 moderately heavy, 4 heavy. 

ith ail of the substrates the saine generai pattern of 

deposition is essentially found tiirougnout the age periods studied, 

with a gradual overall increase (fIg. 7) from two days preptrtum 

untìl three thays postpartum, when a slight drop occurs. The capsule 

and germinal epithelium show very little deposition. 

RELATIVE CONCENTRATIONS OF PHOSPT-LÀTASES 

Abbreviations: NA - ribonucleic acid 
DNA - desoxyribonucleic acid 
DNA (E) - depolyiiierized DNA 
S - sodium glycerophoaphate 

L - lecithIn 
O - distilled water control 
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DNA 

DNA (E) 
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L 

O 

Table i 

Two Day Prepartum 

Capillary Germinal c. t. 

Capsule walls epithelium septa 

2 1 3 

O O O 

Germinal 
nest 
celle Oviduct 

3 3 

O O 

O O O i O 

3 0 3 3 4 

O O O O O 

O O O O O 

r, 



RNA 

DNA 

DNA (E) 

L 

o 

Table 2 

One Day Prartum 

Capillary Germinal c. t. 

Capsule wafle eithe1ium septa 

1 3 

O O 

7a 

Germinal 
nest 
cells Oviduct 

3 3 

O O 

o 2 2 2 

J. 4 4 4 

o o o o 

o o o o 
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DNA 

DNA (E) 

s 

L 

Table 3 

One Day Postpartum 

Germinal 
Capillary Germinal c. t. nest 

Cap aule walls epithelium septa cella Oviduct 
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DNA 

INA (E 

s 

L 

o 

Table 4 

Two Days Postpartum 

Capillary Germinal e. t. 

Capsule walls epithelium septa 

i 

O 

O 

O 

Germinal 
nest 
celle Oviduct 

3 3 

o o 

2 2 

4 4 

o o 

O o 

4 

O 

3 

4 

O 

o 



HNA 

DN 

DNA (E) 

s 

I 

lo 

Table 5 

Three tys Poatosrta 

Germinal 
Capillary Germinal o. t. neat 

Capsule walls epithelïumsepta cells Oviduct 

1 3 3 4 

o o o o 

1 3 3 4 

1 4 4 4 

o o o o 

o o o o 



RNA 

DNA 

DNA (E 

s 

L 

o 

11 

Table 6 

Four Days Postpartum 

Germinal 
Capiflary Germinal e. t. nest 

Capaule walls epithelium aepta celle Oviduct 

o 3 1 3 3 4 

o o o o o o 

o 2 1 3 3 3 

o 4 1 4 4 4 

o o o o o o 

o o 

To indicate a comparative developmental relationship between 

the deposits in the ovary and capsule as a whole, relative total 

concentration for RNA, depolymerized DNA, and sodium glycerophosphate 

has been plotted against the ages studied. The total concentration 

has been determined by a simple addition of the concentration 

numbers in the various regions. 



Table 7 

VAtIATIONS IN TOTAL CONCENTRATIONS OF PHOSPHATASES 

IN THE OVARY, OVIDUCT, AND CAPSULE 'JTH AGE 

15 
Total 

relative 

concentration 

of phosphatases 

in ovary and 

capsule 

rl 

12 

___ &. 
s 

s-eS ___-___ 
------ 

i- -- 

w. 

I. 
____ 

.,:_1-I 
.. ________ i- 

. 
. 

-- _ 
Sti.i< 

Ils 

. 
. 

___.iiii___ 

211234 
Day! Prepartu Days Poetpartuz 

- .- u RNA DNA (E) . . . . . s 
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Localizations within the cell have been undertaken &8 ndriutely 

as possible. Generally, it can be said that phosphatases acting 

in the alkaline range are much more concentrated in cell nuclei 

than in the cytoplasm. It has been stated by many authors that there 

is not just one enyùe acting in many uetabolic reactions and mani- 

fest with many substrates, but several or many enzymes specific for 

certain substrates nd with different cellùlar and organ localiza- 
tions. This contention has been disputed by others, notably by- 

Gontori. An analysis of the data in this study indicates that there 

are, in fact, at least three different enzymes with discrete 

localizations in the developing rat ovary. With the three substrates 

giving positive reactions there have been noted three histological 

pictures. Since no counter stain was used the pictures obtained are 

the result of enzyme action alone. 

When enzyme treated DNA was used as a substrate, for instance, 

it was noted that the connective tissue septa that surround the 

germinal nests and follicles anci underlie the germinal epitheliuni 

have only light deposits of the enzyme (fig. 1). In the sodium 

glycerophosphate and hNA treated slides the septa are much more 

marked (figs. 2 and 3). The egg cell nuclei of the DNA sections 

(fig. 10) have about the same intensity of enzyme concentration as 

the sodium gly-cerophosphate eg nuclei (fig. 12) but the nuclear 

membrane is more distinct in the former. The nucleoli in the egg 

cell nuclei of the DNA sections have about the sanie concentration 

as the nucleoli of the RNA sections (fig. 11) but the total nuclear 
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depo8it8 in the latter are much rtore marked. The follicle cells 

oÍ the DNt slides show distinct nueieolr deposits which neither 

the RNA nor the sodium glycerophosphate slides show with the same 

intensity or uniforndty. In the slides the connective tissue 

septa are distinct and mark bu the circunfol1ici.1ar strands are 

much more dist:Lnct than in the sodium glycerophos7hate slides. 

Too, the RNA treated egg nuclei show heavier nuclear staining 

than the sodium glycerophosphate treated ones, with the nucleoli 

of the RNA slides showing distinct rings of concentration which 

are not evident in the sodiuiu glycerophosphate egg nucleoli. Also 

striking are the deposits in the follicle cell nuclear membranes 

of the RNA treated slides as corfiparod with the other two (compare 

figures 1, 2, and 3). 

One might inquire whether 8light differences in pH, substrate 

concentration, or incubation time would account for the differences 

observed. Undoubtedly ud.nute differences do occur but under such 

varying conditions they would be reflected in total reactivity, 

not in differences of Iocliation. To recunize one enzyme only 

one would be forced to assume different pH optima in different 

tissue cells or differential enzyme availability in different cells, 

assumptions which have as yet no basis in cytochemical fact. 

DISCUSSION 

Some information has accumulated in the literature on the 

physical prooerties of the "alkaline phosphatase" enzyme which has 
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been 30 widely found in animal ti3ue3. Although direct evidence 

as to its modo of action and specific metabolic functions is still 

1are1y unavailable, data has acciìrnulted 'hich throws soie light 
on the subject. 

Kabat (1941) has found the molecular weight to be relatively 

low; the enzme has been found to be insoluble in water arid soluble 

in salt solution, making it probably of tie ¿io'oulin class of 

proteins ('erlmann and Ferry, 1941). It gives positive biuret and 

Molisch tests and has been found to contain 10.1% nitrogen and 

21.2 glucose. Whether the glucose is a part of the molecule or 

merely adsorbed is unknown. That the molecule may contain a neta3. 

has been indicated by the facts that prrophosphate is inhibiting, 

possibly forming an insoluble complex, and that cyanide also 

inhibits its action. 

Since both formaldehyde and ;iercuric chloride fixation 

inactivate the enzyme, it is indicated that free amino gxoups and 

free carboxyi groups ar available. Formaldehyde is known to 

combine with amino groups and mercuric chloride is a reactor with 

carbol groups. 

GOUld (i9) found evidence that unaltered tyrosine and free 

amino groups of lysine are both tied up with phoaphatase activity. 

Also, reduction with hydrogen dec'reased the activity by ten times, 

reoxidation causing resumption of the full activity. thcidatìon 

alone caused no change. 

Several agents have been found to be activators and, althout;h 
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the meohanins involved have not as yet been deterined, the data 

have been of use in experimental procedures. Glycine, for instance 

in .006 M concentration, Mg onz at .01 concentration, and Ln 

ions at .0001 concentration have all given definite activation 

of the enzyiiie. Zn ions, on the other hcrid, re inhibitory. 

The technique used in this 'work is dependent on the moricesterase 

activity of alkaline phosphatases in splitting off primary phosphate 

Toups. However, since the metabolism of the nucleic acids Is the 

focal interest and ribonucleic acid and desoxyribonueleic acid 

ivere used as substretes, monoesterase activity could not be the 

only type of action involved. It has been shown by many authors 

that DNA, in the highly polyrnerized state of cotnercia1ly prepared 

crystals, cannot be acted upon by alkaline phosphatase to release 

-PO4 groups in detectable amounts. FNA, on the other hand, can be 

acted upon by the enzynic to produce first mononucleotldes and then 

nucleosides )lu5 _PO4 groupe. These facts have been born ot in 

the present work. 

DNA, when used in the po].ymerized state, has given negative 

reactions. kfter hydrolysis by the depolynierase, desoxyribonuclease, 

the phosphatase has been active upon the snafler fragrìents to split 

off -Po4 groups in sufficient quantity to become evident with thIs 

technique. The action then of alkaline phosphatase is twofold; it 
acts as a diesterase on INÀ to split the polyraerized molecule into 

mononucleotides or at least very small fractions, and it acts as 

a monoesterase on both RNA and PNA to form nucleos ides and free 
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phoephato ions. (Could lt be that the selectIvity shown for 

oter DN in dieterse activity :Ls d'ie to its attack on the uracil 

nucleotide of which is not present in DNA; or might the 

selectivity be due to the additional bydrcxy group of the RNA ribose 

fraction?) 

The dlesterase activity has been shoii (Schnidt and Thannhauser, 

1943) to be 170 tiries slower than the monoesterase activity. Vthether 

the diesterase activitr is physio1oical1y significant or not or 

whether the actIon on the living tissue !tNi is faster is a moot 

question. The action on sodium glyceropliosphate Is a relatively 

straight forward one (see table ). 

iucleotidase 

9H 
OP-O-C!i2 

OH hÇ-1 HI-ÇO___ HÇ-1 HNC:O 
HCOH O H2N-C C-N-.. i+ H2O--HC0H O H2N-C C-N -+}yu HCOJ Ñ_ÔCH HCOhj Hé_____________ 

guanylic acid guanine riboside Dhosphoric acid 

e roo ho8at as e 

Fi2COi H2ÇOH 
HCOH OH HCOH 

H2 -O -!' OH + iO -r H2COH 4- H3PO4 
O 

glycerophosphoric glycerol phosphoric 
acid acid 

Table 3 

After the work of hepsey and Oeano (1946), oog (1944), and 



others, one hesitates to think of the phosphatase enzymes acting in 

given ph range as being necessarily the same enzyme. The different 

phosphatase patteis seen when different substrates are used, when 

various p1s are used, or when the incubation time is varied in the 

same organ argues fr the fact that there are at least several 

different phosphatase enzmos within a given cell. In view of the 

observed facts it is precarious to compare cytological locations of 

"ana alkaline phosphatase enzyme. In a general way, however, such 

comparisons rkay be permissible when the techniques have been similar. 

Alkaline phosphatase activity has been localized in the '3oigi 

apparatus of the intestinal epitheliun cells and a phosphatase 

capable of splitting terminal -POd groupa from adenosinotriphoophate 

(A'r..) has been localized in the rdcrosomes and mitochondria of 

chick embryos. Too, small vessel and capillary walls in iaany organs 

and in the choroid pieu. have been widey found to contain alkaline 

phosphatase deposits. 3enerally, the literature has been uniform 

in reporting greater concentrations of the enzyue in the nucleus 

than in the cytoplasm of all cells. In the nucleus the concentra- 

tiona have localized especially in the nuclear membrane, the 

chromosomes, and tne nucleoli. Krugelis (1946) has oven found the 

enzyme in the transverse bands of dipteran salivary gland chromo8omes. 

In the present study, the greatest preponderance of phosphatase 

concentration has also been found in the nuclei, especially in the 

chromosomes and nuclear meìubrane. Any intracellular localizations 

must be made with extree caution, however, because the alcohol 
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fixation causes a great deal of distortion and cellular shrinkage. 

Interpretations as to the physiological functions of "alkaline 

phosphatase" have been many. For instance the role of the enzyme 

in bone formation, where heaviest concentrations are found, has 

been that of a phosphate provider for bone deposition. The enzyme 

is thought to 5plit free _104 groups from an available source to 

be used in inorganic deposition. 

In the kidney tubules and the gills of Fundulus heteroclitus 

a rise in phosphatase concentration was noted when osniotic work 

was experimentally increased. The enzyme has here been attributed 

with a role in osmotic work, possibly tied up with release of the 

necessary energy through freeing of phosphate bonds. 

Deane and Denipsey (1945), after localizing the enzyme in the 

subcuticular cytoplasm and Golgi regione of intestinal epithelial 

cells, have postulated a role as a dephoaphorylating agent for 

absorbed 11pid. Tauber (1937), with yeast and duodenal phosphatase, 

has found an ability to catalyze the union of thiandn and phosphate 

to form the coenzyme cocarboxylase. Cocarboxylase plus its apo- 

enzyme is active in the metabolism of pyruvic acid in intermediate 

carbohydrate metabolism. 

An investigation (Stafford, MeShan, and Meyer, 1947) on the 

phosphatase in mature rat ovaries during the estrous cycle led the 

authors to postulate a role in hormone production or possibly in 

secretion of steroids, since it is believed that phosphate esteri- 

f ication is necessary for steroid transport across cell membranes. 
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The rat liver, too, has provided information as to the physiological 

funct:Lons of alkaline phosphatases. Both in fasted animals anì in 

regeneration of excised portions, the liver cells show parallel 

concentrations and trends in nucleic acids and the phosphatase 

enzyne. It is striking that many authors, after investigation of 

widely divergent cytochemical problems, have suggested a metabolic 

relationship between nucleic acids and phosphatases. 

Protein synthesis and the presence of nucleic acid have been 

almost universally correlated. In protein producing oeils the 

oroteins are often laid doim in lamellar fashion just outside the 

nuclear ¡ie:abrane. In view of the suspected chromosomal or nuclear 

rule in protein synthesis the findings of other investigators and 

the findings in this study regarding enzyae deposition, especially 

prominent and unifori in the nucleoli and nuclear membrane, may have 

significance in correlating protein synthesis, nucleic acids, and 

phosuhatase enzymes. 

The gene bei on the chromosome threads having been identified 

as DNA, it is interesting that alkaline phosphatase has been local- 

ized (Krugelis, 1946) in the transverse bands of Drosophila salivary 

chromosomes. The authors proposed several idees as to the role there 

of the enzyme. Since, during mitosis, there is an increase of DNA 

at the expense of the RNA the enzriie may have some role in the 

conversion or synthesis. Or possibly the enzyme catalizes the 

building up of chains of nucleic acid, the diesterase building small 

fragments and the desoxyribonuclease bnilding complex chains in 

chromosome autoduplication. 
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A role of nucleic acid components in embryonic evocation hs 

been a1vanced by i3rachet (1947 a and b). He found that RNA synthesis 

increased during enibryoenesis and that nucleic acid fragments, 

introduced experimentally, caused evocation of neural tissue. Several 

lines of approach by this author indicated the irniortance of mono- 

nucleotides in neural tube evocation. In view of the depolymerase 

activity of alkaline phosphatase for A, mentioned earlier, it was 

with interest that Moog's work (1944) was noted. She found in the 

chick embryo, that all embryonic tissue contains alkaline and acid 

phosphatases. The concentrations, highest in the early embryo, 

decrease in inverse relation to evocation and differentiation. 

Interpretation of the data of this study is not without dif fi- 

culties. A possible role of the phosphatases in the oviduct could 

be in the metabolism of the nucleic acids known to be concentrated 

there. Such a function is in keepìn with many observations in the 

literature, especially since the oviduct is rapidly growing during 

the period studied. Oviducal nucleic acids have been suggested as 

stimulating agents for germinal proliferation (Vincent and Dorufeld, 

194E), the active evocating substances beIng possibly the mono- 

nucleotides or mononucleosides of ANA. Phosphatase concentrations 

at the oviducal site would tend to bear out this hypothesis since 

the enzymes are known to be active in depolymerizing sal1 RN4 

fragments and dephosphorylating ÌiNA and DNA mononucleotides to 

niononucle os ides. 

Possible roles of the phosphatases in the ovary itself presents 
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a more com?lex problem. The germinal epitheliuiit in all cases is 

relatively free of alkaline enzyme deposits as are the cells of 

eg nests. The observations of Dornfeld and hitlock (1MB) that 

areas of the germinal epitheliurn nearest the ostiurn and oviduct 

show the greatest eg nest proliferation nave een confirmed in 

tuis study (figs. 3, 4, and f3). If cell division and protein 

synthesis are dependent on nucleic acid metabolism and if nucleic 

acid metabolisii is concurrent with phoshatase concentrations, one 

would expect to find the enzyiiìe at these points. Acid hosohatases 

may, indeed, occur here, as has been reported for mature ovaries 

in work of i'.00g (1944), but these have not been investigated in the 

present study. However, the aLkaline enzymes do increase in 

concentration as the eg nest cells becoie older (figs. 3 and 4). 

To consider the latter phenomenon more fully, let us recall 

the method of eg nest foration. Connective tissue septa grow 

around and into Pflugers cords to separate discrete groups of three 

to a dozen cells (rig. 9) which eventually become the follicles. 

The differentiation of the ovum itself froia one of the nest cells 

and the subsejuent formation of follicle cells from the remainder, 

takes place only later. 

It has been noted (figs. 3, 4, and ) that concurrent with 

egg differentiation and follicle proliferation, ohosphatase 

concentrations, depending on iNA substrate, become accentuated. 

it is possible that the growth of follicle cells and possibly egg 

differentiation itself my wait upon the synthesis or diffusion 
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from out6ide sources of the phosphatase enznnea. 

it ha3 been noticed (Moog, 1944) that alkaline pho8phatasee, 

initially high in the very early chick embryo, decrease in relation 

to differentiation with sodium 1ycerophosphate substrate. Vith 

the saiie sub8trate the srne observation has been made in this study. 

The newly proliferated eg nests contain little of this phosphatase 

and then acquire heavy nuclear dej.oits (fig. 7), only to have the 

ovum itself lose such phosphatase abain upon differentiation (f i. 12). 

It roay be possible then to propose a function in differentiation for 

the specific phosphatase deposited with a sodium glycerophosphate 

substrate. The particular nature of this mechanism is, of course, 

as yet unknown. 

The general presence of ohosphtase enzymes in the nuclear 

membrane may be concerned with the breakdown of nucleic acid frag- 

raents prior to transfers into the cytoplsxn, in agreement with 

Caspersson's (1939) hypothesis of nuclear control of cy1.oplasndc 

synthesis. A phosphorylation mechanism of nucleosides for transfere 

across the nerLbrane could also be possible as could a role in re- 

synthesis of nucleotides or nucleosides into larger complexes for 

use in the cytoplasm. 

Especiafly oroinent are the phosphatase deposits in the 

nucleoli of cells when depolymerized DNA ìs used as a substrate 

(fig. 1°). Often appearing as a ring structure, the deposits are 

interesting in view of the fact (Vincent and Dorrifeld, 1943) that 

a shell of DNA is known to exist in the nucleoli of egg cells in 
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the developing rat ovary. It will be recalled that the D loci 

in Drosophila salivary chromosomes and nucleoli also were found 

to contain alkaline phoaphatase (Krugelis, 1946) under the same 

substrate conditions. 

The origin of the enzymes is a problem in itself. Little 

has been done upon the problem but several things found in thin 

study are suggestive. One of two sources are possible, either an 

intracellular synthesis or an extracellular diffusion. The 

connective tissue septa are sc unifor:nly heavy with the enzyme, 

especially with the sodiimi glycerophosphate substrate, that they 

would appear to provide a source for neighboring tissues. 

However, the adjacent nest cells are relatively free of the 

enzymes. Likewise, the germinal epithelium lacks the enzyme 

whereas the underlying tunica propria possesses it in high con- 

centration. One must conclude that the enzyme is not transferred 

across cell membranes, but is synthesized intracellularly. 

Consider similarly the nali blood vessels in the hilar area 

which have been found (figs. 3 and 8) te contain enzyme deposits 

in the walls when RW and sodium glycerophosphate have been used 

as substrates. Diffusion would lead to a gradient picture with 

the blood vesels as centers. Such is not the case. NegatIve 

evidence sees here also to suggest an intracellular synthesis of 

the enymea. 

The cytochesilcal approach to the correlation of localization 

and physiological role of intracellular enzymes has only been boun. 
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Little has been done to determine specific differences in the 

enzymes involved. The field is newly opened and, with the advent 

of new techniques, rìore and more complete inloríaation with regard 

to the metabolism and synthesis of cells will become available. 

Further work in this field is now in progress in this laboratory. 

SUMMARY 

1. The ovaries of young rats, ranging in age frou two days pre- 

partum to four days postpathm were cytochemically analyzed for 

the presence of alkaline phosphatase, using the ('amori technique. 

The substrates enoloyed were ribenucleic acid, desoxyribonucleic 

acid, enzyme depolymerized desoxyribonucleic acid, sodium glycer.-. 

ophosphate, lecithin, and a distilled water control. 

2. Different histological and cytological pictures were obtained 

with each substrate and three separate enzymes are postulated. 

3. Generally, the connective tissue septe, the older follicle 

cells, blood vessel walls, and oviduct were heavy in enzyme 

concentration. 

4. The relatIon of the enzyme to the possible evocating role of 

ribonucleic acid is discussed, and other functions in intracellular 

metabolism are considered. 

5. The phosphatases appear to originate intracellularly and to 

be confined by cell membranes. 
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APPENDIX 

EXPLANATION 0F FIGURES 

The following figures aro photomicrographs of developing rat 

ovaries. Pictures were taken without a filter with panchromatie 

filin. Standard 16 mm., 4 mm., and 1.8 mm. objectives were used 

with the apropriate Bausch and Lomb ampliplan oculars. The 

staining in all cases is the result of the phosphatase action 

no counter stain being used. 

c.t.s. -- connective tissue septa 
f.c. - follicle cells 
g.e. - germinal epithelium 
nue. - nucleolus 
ost. - ostium 
d. - oviduct 
0v. - ovum 
per. cap. -perovarial capsule 
p.c. - Pfluger's cords 
s.b.v. - small blood vessels 
s.l. - suspensory ligament 
t.a. -- tunica albuginea 
un.f. -- unilaminar follicles 

Figure 1. Ovary of rat 1 day prepartum. Substrate is depoly- 
merized desoxyribonucleic acid. Dark deposita 
represent phosphatase locations. Times 130 

Figure 2. Ovary of rat i day prepartuxn. Substrate is ribo- 
nucleic acid. Dark deposits retresent phosphatase 
locations. Times 130 

Figure 3. Ovary of rat i day prepartum. Substrate is sodium 
glycerophosphate. Dark deposits represent phosphatase 
locations. Times 130 

Figure 4. Ovary of rat 4 days postpartum. Substrate is ribo- 
nucleic acid. Note lack of phosphatase iii newly 
ingrown nest cella near oviduct. Times 115 



Figure 5. Ovary of rat i day prepartuxn. Substrate is depoly- 
iuerlzed desoxyribonucleic acid. A higher power of 
gerininal epithelium and nest egg area in same section 
as fig. 1. Times 490 

Figure 6. Ovary of rat i day preparturn. Substrate is ribo- 
nucleic acid. A higher power of germinal epithelium and 
nest egg area in same section as fig. 2. Times 490 

Figure 7. Ovary of rat i day prepartuni. Substrate is sodiwn 
glycerophosphate. Â higher power of germinal epitheliwn 
and nest egg area in same section as fig. 3. Times 490 

Figure 8. Ovary of rat 3 days postpartum. Substrate is ribo- 
nucleic acid. Note effect of ostiuni upon adjacent 
ovary area. Lack of phosphatases denotes area of 
newly ingrown nest cells. Times 75 

Figure 9. Ovary of rat 3 days postpartum. Substrate is ribo- 
nucleic acid. A higher power of the ostial area of 
the ovary of fig. 8. Times 648 

Figure 10. Ovary of rat 3 days postpartum. Substrate is depoly- 
merized desoxyribonucleic acid. A follicle in the 
interior of the same ovary shown in fig. 8. Times 1300 

Figure 11. Ovary of rat 3 days postpartum. Substrate is ribo- 
nucleic acid. A follicle in the interior of the sanie 
ovary shown in fig. 8. Times 1300 

Figure 12. Ovary of rat 3 days postpartum. Substrate is sodium 
glycerophosphate. A follicle in the interior of the 
sante ovary shown in fig. 8. Times 1300 
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