
SYSTHESIS O F  YOLK IS OOCYTES O F  RANA 
PIPIEXS AFTER INDUCED OmTLATIOS 

FOCXTEEK FIGCJRES 

ISTRDDUCTIOS 

The general sequence of deposition of yolk platelets in grom- 
ing amphibian oocytes lias been studied by a number of in- 
vestigators, including King ( 'OS), Jorgenben ( '13) ' Hibbard 
( '28), Fischer ( '32)'  Rrachet ('<XI) and T i t t ek  ( ' 3 2 )  ; and the 
distribution of platelets in tlie mature primary oocyte lias been 
described by Daniel and Parwood ( '39), Pasteels ( '46) and 
Wittek ( '32). Immediately after ovulation in an adult female 
of Raiia pipiens, the ovaries are devoid of enlarged pigmented 
oocptes but possess numerous small oocytes, some of which 
within a few days begin to synthesize yolk and to grow. Yolk 
first appears at the periphery of the oocyte a id  accumulates 
centripetally until about three-fourths of tlie cytosome is filled 
with platelets. A narrow cortical zone still remains free of 
platelets arid only a few scattered platelets are found in the 
basophilic perinuclear zoncl. Pigment now appears a t  the pe- 
riphery, at first only in the animal lieniispliere. Active feed- 
ing provides tlie nutrition necessary for continued synthesis 
of yolk, pigment and lipocliondria (Efoltfreter, '46) until the 
oocyte reaches matnrity, at which time yolk platelets fill the 
cytosome. In  nature R a m  pipiens breeds in April o r  May 
and by Seyteniber or October (Rugh, '37, '48 ; Ryan and Grant, 
'40) oocytes destined to be laid the following spring have 
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reached full size and may be caused to ovulate artificially 
by injection of pituitary glands. 

Speculation on the mechanism of synthesis of yolk in -4m- 
phibia has gone hand in hand with accumulating cytological 
information. King (’08) reviews the earlier literature and 
credits Henneguy with being the first to theorize (in 1893) 
that nucleolar substances give rise to the “yolk nucleus,” a 
cytoplasmic mass believed homologous to the nucleus of Ral- 
biani in mammalian oocytes and considered responsible for 
the synthesis of yolk. She gives Will credit for the statement 
(in 1884) that nucleolar substance migrates from the nucleus 
to  the periphery of the oocyte and there fragments to  form 
platelets. Lams (’07) surmised that the yolk nuclei (“masse 
vitellog8ne”) in Rana temporaria were derived from archo- 
plasm, which includes the centrosome, because of their polar- 
ized accumulation on one side of the germinal vesicle. He con- 
sidered that the yolk nuclei were actually mitochondria and 
that by enlargement they gave rise to the yolk platelets first 
appearing a t  the periphery. King (’08) describes the appear- 
ance of cytoplasmic “vitelline bodies” in early oocytes of 
Bufo lentiginosus, the enlargement of these to form “yolk 
nuclei,” and the subsequent breakup of the latter to form 
yolk platelets. She was unable to  decide whether the vitelline 
bodies were derived from nucleoli, chromatin, follicle cells or 
directly from ground cytoplasm. Gatenby and Woodger ( ,20) 
favor the theory of origin of yolk from the mitochondria or 
Golgi apparatus. Hibbard (’28) proposes that the platelets 
are probably of compound origin - from Golgi apparatus, 
ground cytoplasm and substances of nuclear origin. The in- 
teresting findings of Worley (’43, ’44) on the close relation- 
ship between Golgi bodies and turnover of both albuminous 
and fatty yolk, studied in vitally or supravitally stained living 
eggs and developing embryos of molluscs, suggest the possi- 
bility that the Golgi apparatus is more important in the 
metabolism of deutoplasm than is commonly realized. More 
recently, Panijel (’50) has advanced the idea that cytoplas- 
mic microsomes may enlarge to form visible granules which, 
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in turn, grow directly into yolk platelets. Wittek ('52) sub- 
scribes to the theory that nucleoli play an important role in 
the synthesis of cytoplasmic proteins, possibly, as Brachet 
has suggested, by controlling the synthesis or multiplication 
of microsomes, which then intervene directly in synthesis of 
proteins. 

I t  can be seen from the above that the exact origin of yolk 
in amphibians is still an open problem. Theoretically, the use 
of radioactive tracer elements would be a valuable new 
technique for following the synthesis of yolk. Friedberg and 
Eakin ('49) and Eakin, Kutsky and Berg ('51) have demon- 
strated uptake of glycine and methionine containing (2-14 in 
cut halves of embryos of Hyla regilla or Rana pipiens. al- 
though there was apparently no uptake in the yolk platelets 
of their specimens, it is logical to  anticipate that amino acids 
would easily be incorporated into the yolk platelets during 
their active synthesis in the oocyte. For the success of ex- 
periments with tracers, however, precise information is needed 
on the time required for oocytes to complete various stages 
of vitellogenesis. A search of the literature has failed to re- 
veal any quantitative data on this subject; hence the present 
paper deals with an attempt to follow temporally the deposi- 
tion of yolk in adult female frogs maintained in the labora- 
tory subsequent to artificially induced ovulation. 

MATERIALS AND METHODS 

Large, mature females of Rana pipiens purchased from a 
dealer in Wisconsin and stored in a cold room at 4°C. were 
induced to ovulate by injecting fresh pituitary glands. A to- 
tal of 108 animals were injected at  various times from Janu- 
ary to May, 1951 and 19.52. Of these, 20 in the 19.51 series 
and 11 in the 1952 series ovulated well and survived long 
enough to be included in an experimental series of individu- 
als sacrificed at  approximately 5- or 10-day intervals up to 
120 days after ovulation. In addition to the animals main- 
tained f o r  definite periods after ovulation, 36 animals re- 
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ceived during the last weeks of July, August and September, 
1952, were sacrificed without prior pituitary injection in or- 
der to compare the natural rate of growth of oocytes with 
that achieved in laboratory-fed animals. 

Experimental animals were kept at room temperature and 
stripped as completely as possible one or  two days after 
injection. Nany of the earlier experimental animals died be- 
fore it was recognized that it was necessarj7 to feed females 
soon after stripping. Animals stored for long periods in the 
cold room and then brought to  room temperature evidently 
developed severe malnutrition. Very few died after it be- 
caiiie routine procedure to start feeding them right after 
stripping and daily thereafter until the time of sacrifice. 
Since the animals had to be force-fed, it was convenient to 
serve them canned dog food or a mixture of dog food and 
strained spinach, foods which kept well in a refrigerator op- 
erating at about 10°C. Aninials were kept separately in in- 
dividual containers, the most satisfactory of which was a 
screw-capped gallon ja r  containing about an  inch of water. 
A petri dish covered with paper toweling was placed in the 
bottom of the j a r  to provide a platform should the frog de- 
sire to exercise its amphibious urge to be out of water. Every 
two or  three days the water was changed to eliminate accuniu- 
lated wastes. On the day of sacrifice, pieces of ovary were 
fixed in Bouin’s fluid containing 1% urea o r  in cold acetone. 
Routine staining was accomplished with Harris’  hematosylin 
and eosin, since this gave excellent contrast between the acido- 
philic platelets and the basophilic components of the cell. The 
triple stain of Slater and Dornfeld (’39) proved valuable fo r  
differentiating nucleoli, “yolk nuclei” and yolk platelets. Kor- 
son’s (’51) technique was used to reveal localization of ribo- 
nucleoprotcin, which stained blue with toluidiii blue as  con- 
trasted with the yolk platelets, which stained yellow with 
Orange G. Taft’s ( ’51) modification of Unna’s combination 
of pyronin and methyl green gave results similar to those ob- 
tained with Korson’s technique with respect to the distribu- 
tion of ribonucleoprotein. Acetone-fixed material was used for 
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locating sites of localization of alkaline phosphatase by the Go- 
mori technique. Slides were made froni each ovary with about 
20 adjacent sections mounted beneath long coverslips, These 
slides were scaiiiied rapidly and the largest oocyte which ap- 
peared to be cut through the germinal vesicle was selected 
for measurement with a filar micronieter ocular. Because very 
few oocytes were exactly spherical, measurenients were niade 
of both tlie longest and shortest diameter. The results of the 
measurements made by this method of sampling a re  recorded 
in tables 1 aiid 2. Photographs were niade with a Spencer 
photoiiiicrograpliic camera utilizing 35 nini filni. 

I &dr to acknowledge my appreciation for tlie painstak- 
ing assistaiice rendered by Miss Barbara L. Quinii in the tech- 
nical aspects of this project. 

RESTXTS 

3. N o m u 1  stuges i i t ,  clepositioiz of yolk 

Sienwkoop ( ’49) adduces evidence which seems to support 
tlie view that the “primary” primordial germ cells in Am- 
phibia a re  segregated early in embryonic development aiid 
that these cells through division give rise to all the repro- 
ductive cells of the adult. According to Gatenby (’16), how- 
ever, all generations of oocytes in the amphibian ovary sub- 
sequent to the first arise by enlargement of cells derived 
directly froni the germinal epithelium. The appearanye of 
an  ovary in an  adult feniale sacrificed 23 days after ovulation 
is seen in figure 1. Three stages in enlargement of young 
oocytes a re  shown in figure 2. Chromatin in all of these 
cells is arranged in R network of fine strands ~ l 1 i c h  obviously 
elongate as the iiucleus enlarges. I n  the nuclei of the three 
larger cells, several large nucleoli a re  visihlc hmeatli the nu- 
clear membrane. Snialler nucleoli, probably still attached to 
chromosomes, are  scattered throughout the iiucleus. (’yto- 
plasm in the smaller cells is only yliglitly Ina.;opliilie with 
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hematoxylin, but there is increased basophilia in the larger 
cells. Irregular, basophilic bodies, the so-called ‘ ‘ yolk nu- 
clei,” are also present in the cytoplasm of these larger cells. 
Preparations stained with Korson’s or Unna’s technique re- 
veal that cells of similar size (40 p)  stain lightly with toludin 
blue or pyronin, indicating the accumulation of ribonucleic 
acid. 

Duryee ( ’50) has published a valuable study on the normal 
growth of nuclei in oocytes of Rana pipiens. He distinguishes 
6 stages as follows: (1) the smallest follicles containing ger- 
minal vesicles with visible chromosomes ; (2) chromosomes 
paired in cells measuring less than 200 p ;  (3)  beginning of 
lateral loop production in cells 200 to 500 p in diameter; (4) 
yellow-brown color indicating deposition of yolk and pigment 
in oocytes of 500 to 700 p ;  ( 5 )  chromosome frame begins to 
contract, cells attaining 750 to 850 p ;  (6) chromosome frame 
contracted to about one-thousandth of nuclear volume in ma- 
ture oocytes measuring about 1.8 mm. 

A pair of oocytes corresponding in age to Duryee’s stage 
1 are shown in figure 3. These cells, the larger of which meas- 
ured 90 x 118 p, protrude into the interior of the ovary and 
are surrounded by a follicular epithelium and theca interna. 
Both the number of nucleoli and the number and size of the 
“yolk nuclei’’ have noticeably increased from the values re- 
corded for the cells in figure 2. The granular ground cyto- 
plasm now stains deeply with hematoxylin or toluidin blue, 
indicating still further accumulation of ribonucleic acid. This 
intense basophilia continues through Duryee-stage 2 (fig. 4) 
when chromosomes have become paired. Nucleoli are still more 
abundant than in the previous stage, unquestionably because 
new ones have been synthesized and probably also because 
of fragmentation of older ones. “Yolk nuclei” are by now 
scattered throughout the cytoplasm. 

By Duryee-stage 3, lateral loop production has begun on 
the chromosomes and the nucleus has begun to sacculate. Na- 
cleoli are abundant, both peripherally and throughout the 
nucleus. An important observation for this stage is that the 
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“yolk nuclei’’ now seem concentrated toward the outside of 
the cytoplasm (fig. 5). The large cell in figure 5, measuring 
175 X 192 p falls slightly short of Duryee’s estimate of 200 p 
for the beginning of stage 3, but my measurements have been 
made on fixed material which has undoubtedly undergone some 
shrinkage. 

S t a g e  Yo. A somewhat later stage (fig. 6),  which would 
still be included in Duryee’s stage 3 is classified as stage Yo 
in the present study; it is just prior to the deposition of 
yolk. One of the largest cells in this stage measured 286 x 
352 p. Cytoplasmic basophilia has now decreased and the 
“yolk bodies” appear to be concentrated in a ring around 
the nucleus. Of particular interest is the asymmetrical dis- 
tribution of this ring, the basophilic bodies being obviously 
more abundant on one side of the nucleus. Peripheral to the 
perinuclear ring the ground cytoplasm is finely granular. Nu- 
cleoli by this stage appear to  have decreased in number from 
the previous stage and are larger. Most of them are coil- 
spicuously located just beneath the nuclear membrane. 

S t a g e  Y,. Yolk first appears at  the periphery of an oocyte 
in the form of fine granules (figs. 7, 8). Coincidentally, a thin, 
striated layer, the “zona radiata,” appears on the outer mar- 
gin of the cell external to  the ring of platelets; and shortly 
after deposition of yolk begins, the chorion can be detected, 
staining green with Korson’s stain, as an exceedingly thin 
layer between the zona radiata and the follicular cells. Just  
inside the striated layer is a layer containing basophilic gran- 
ules beautifully demonstrated with Korson’s stain (fig. 9). 
Yolk platelets, staining yellow, evidently first appear within 
the blue basophilic layer and are pushed nuclead as new 
ones are formed. In  later stages the thin basophilic layer 
persists external to  the ring of yolk platelets. Brachet (’47a) 
first called attention to the basophilic cortex of amphibian 
oocytes and described a gradient of ribonucleic acid from ani- 
mal to vegetative pole. It is clearly shown in figme 9 that 
this gradient becomes manifest from the time of earliest ap- 
pearance of the basophilic cortex. Examination from sec- 
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tions of several animals failed to show any correlation between 
this cortical zone and the thickness of the ring of yolk plate- 
lets, for the latter was approximately uniform all around the 
cell. It is highly probable, however, that the gradient is closely 
related to deposition of pigment, which does not s tar t  until 
after stage Y, has been passed. 

iStage Yp.  As mentioned above, new yolk platelets are  
formed a t  the periphery of the cell and those earlier formed 
are  pushed inward toward the iiucleus. Four specimens (table 
1) mere in stage Y ,  (fig. lo), i.e. with platelets extending 
inward approximately half the distance to the nuclear mein- 
brane. In  figure 11 (also fig. 13) it can be seen that the older 
platelets increase in size as they move toward tlie nucleus. 
Once formed, platelets evidently serve as  a center about wliich 
further material is added h ~ -  accretion. Until approximately 
halfway in their inward march, the platelets reniain closely 
packed in a ring. After this, however, individual platelets 
begin to move out ahead of the advancing ring and become 
widely dispersed throughout the perinuclear cvtoplasn Al- 
though most of these dispersed platelets are  large and ninst 
have been pushed inward, a few small ones present suggest 
that new vitellogenesis may be starting in the interior cyto- 
plasm. Throughout stage Y ,  there are  many large nucleoli 
around the inside of the nuclear menibrane, a s  well as many 
small ones scattered through the nucleoplasm. 

S tage  Y,. Peripheral synthesis of yolk continues until plate- 
lets fill roughly three-fourths of tlie cytoplasni (figs. 12, 13).  
By this stage the largest platelets measure about 6 p in diame- 
ter, the smallest about 0.8 p. As in stage T,, scattered plate- 
lets may be seen in the perinuclear cytoplasm. The nuniber 
of small, scattered platelets appears to have increased, lencl- 
iiig furtliei- weight to the supposition that tiicy ivei*e lo- 
cally syiithesizcd. The appearance of the nucleoli remains 
innThanpx~. During stage T,, fine pigment granules first ap- 
pear at the periphery. From tlie start thcy are more abun- 
dant in the fu tme aninial heniisphcrc and are  tlic first ester- 
iially visible evidence of polarity. That t h e ~  nieidy reflect 
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a preexisting polarity, however, seems evident f r o m  the 
observation mentioned above that granules containing ribo- 
nucleic acid a re  distributed apparently in animal-vegetative 
polarity even earlier. 

Stages Y ,  and Y,. Stage Y, is reached when yolk platelets 
fill virtually all of the cytoplasm, with the exception of the 
cortical zone previously mentioned. Data available indicate 
that oocytes reach a diameter of approximately 850 11 before 
attaining stage 4. Considerable growth ensues after this size 
is reached until the oocyte becomes full-grown, after which it 
may be classified in stage Y, (fig. 14). It will be noted that 
stage Y,, as described here, corresponds to a stage inter- 
mediate between Duryee’s stages 5 and 6, while stage Yj  in 
the present study is the same as Duryec’s stage 6. Five ex- 
perimental specimens (table 1) reached stage Th and most of 
the animals developing in nature until the eiid of J ~ i l y ,  August 
or September had reached stage 4; one in August and  sev- 
eral in September had even reached stage T,. TTTittek ( 5 3 )  
distinguishes between priniary and late vitellogenesis, the for- 
mer referring to the early centripetal deposition of platelets 
as a result of peripheral synthesis, the latter to a centrifugal 
accumulation of platelets around the nucleus. The period from 
our stage Y, to stage IT5 would ~ . ~ n g h l y  enibrace Wittek’s “vi- 
tellogAii8se tardive.” 

Refore the investigation actually got under way, it was 
anticipated that tlicre would be a fair degree of uniformity of 
rate of synthesis of yolk subsequent to ovulation in animals 
kept under nearly-identical laboratory conditions. L4s it tnrned 
out, there was indeed a general correlation between amount of 
yolk deposited and post-ovulatory age, but tinie to reach par- 
ticaular stages varied considerably. Data on size of oocytes, 
post-ovulatory age, and deposition of yolk and pigment a re  
assembled in table 1. Because synthesis of yolk was much 
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faster in the animals of the 1952 series, they are distinguished 
from those of the 1951 series by asterisks. 

From table 1 it is readily seen that three specimens of the 
1951 series, respectively 9, 23 and 40 days in post-ovulatory 

TABLE 1 

Deposition of yolk and pigment in growing oocytes of Rana pipiens 
at various ages after ovzilation 

DIAMETER I N  PROTOCOL DAYS AFTER 
STAGE NUMBER OVULATTON MICRONS 

17 9 279 X 290 
24 23 290 X 334 

40 366 X 437 80 

1 370 X 486 *lo8 
67 30 356 X 515 

Yl 8'7 30 393 X 462 
65 58 409 X 467 

"98 28 485 X 567 
39 518 X 566 

76 40 438 X 570 
52 601 X 706 

64 59 510 X 648 
23 90 485 X 590 

*lo4 19 606 X 700 
74 29 500 X 621 

+96 32 486 X 678 
Y3 *lo3 44 550 X 552 

72 55 735 X 820 
85 60 658 X 719 

*lo6 25 740 X 851 
'107 25 1120 X 1235 

YO 

"101 

Y, 77 

Y,, plus 
pigment 

88 
90 
78 
33 
70 

53  
60 
60 
66 
75 

661 X 810 
848 X 952 
751 X 926 
800 X 849 
850 X 865 

34 90 907 X 1019 
38 90 995 X 962 

Y4 *94 118 1150 X 1260 
*loo 118 1290 X 1322 
* lo2  118 1233 X 1280 

y 5  1390 X 1675 

Yo - NO yolk. 
Y, - Thin ring of yolk at periphery. 
Y ,  -Yolk half way from periphery of cell to nucleus. 
Y, - Yolk three-quarter way from periphery of cell to nucleus. 
Y, -Yolk completely filling cytoplasm. 
Y5 - Mature primary oocyte (from a noii-ovulated control in May, 1952). 
* -  Specimens marked with asterisk in 1952 series; rest in 1951 series. 
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age, possessed no yolk whatsoever. Three specimens of the 
1951 series, two aged 30 days and one of 58 days, had reached 
stage Y,; but one animal of the 1952 series examined only 
one day after stripping had also reached stage Y,. Presuma- 
bly it had already started to deposit yolk in young oocytes 
even before ovulation. The most plausible explanation for 
such variability is the state of nutrition of individual fe- 
males. It was noted that females of the 1952 series looked 
particularly vigorous and healthy when received from the sup- 
plier. It is possible too that as an animal gets closer to the 
breeding season it might take less time for yolk to appear 
than in an animal earlier in the year. Specimen 108, which 
showed precocious deposition of yolk, however. ovulated in 
February, whereas some other animals ( '51 series), which 
took longer to deposit yolk, ovulated in April or May. 

Six specimens were classified in stage Y,. These included 
4 from the 1951 and 2 from the 1952 group, ranging from 
28 to 90 days in post-ovulatory age. Six more, 3 froin the 
1951 series and 3 from 1952, had reached stage Y,. a g e s  varied 
from 19 to 60 days. Although the yolk was in stage Y, in 
7 additional specimens, they are classified separately because 
pigment was also present. Five specimeiis, varying from 53 
to 75 days of post-ovulatory age, reached this condition in 
the 1951 group; 2 of the 1952 group, however, had reached 
it only 25 days after ovulation. Five specimens, 2 fed for 
90 days and 3 for 118 days after ovulation, are classified in 
stage Y,. By this time pigment had increased and the oocytes 
grown so that animal and vegetative hemisphere were clearly 
distinguishable. None of these animals reached the size of 
a mature oocyte (stage Y,, table I), but it is probable that 
they would have with longer feeding. 

C. Comparat ive  rate of deposi t ion of yolk in 
a ~ i m u l s  collected froin nafure 

In order to compare rate of deposition of yolk in laboratory- 
fed animals with that in animals feeding in the wild, a dozen 
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large, mature female frogs were ordered from the supplier 
in each of the months of July, August and September, 1952, 
with the stipulation that they be collected from nature after 
receipt of tlie order or have had an  opportunity to feed natu- 
rally since the spring breeding season. These animals were 
sacrificed on July 28, August 28, and September 29, 1952, 
shortly after receipt in the laboratory. Data on stages a id  
sizes of the largest oocytes observed in these animals are  
shown in table 2. 

TABLE 2 

Deposition of yolk in frogs collected frona natrire in July,  Augzcst and September 

J U L Y  AUGUST SEPTEMBER 

Stage Diameter in Stage Diameter in Stage Diameter in 
microns microns microns 

486 X 486 
615 X 714 
850 X 870 
880 X 900 
933 X 980 
648 X 1000 
835 X 1000 

1050 x 1050 
1019 X 1130 
1080 X 1175 
1090 X 1185 
1165 X 1260 

Y ,  1132 X 1132 
Y, 1213 X 1260 
Y ,  1100 X 1295 
Y4 1255 X 1325 
Y ,  1135 x 1330 
Y4 1332 x 1332 
Y, 1330 X 1352 
Y ,  1150 X 1380 
Y4 1293 X 1390 
Y4 1370 X 1410 
Y j  1241 x 1422 
Y4 1245 x 1440 

YO 263 X 344 
y o  324 X 324 
Y, 1038 X 1100 
Y4 1130 X 1168 
Y4 1176 X 1392 
Y, 1440 X 1440 
Yj 1457 X 1457 
Y5 1443 X 1475 
Y, 1488 X 1536 
Y, 1438 X 1538 
Y, 1535 X 1620 
Y ,  1540 X 1620 

The table shows that 10 of the 12 frogs received in July 
had reached stage Y, and that representative oocytes in these 
specimens varied in size from 850 X 870 I.I to 1165 X 1260 p 
(average, 955 x 1055 p ) .  By the end of August there was no- 
ticeable additional growth with oocytes in individual speci- 
niens ranging froni 1132 X 1132 p to 1245 X 1440 11 (average, 
1233 X 1339 p ) .  One specimen, measuring 1241 X 1422 p, was 
classified in stage Y, because of the advanced state of con- 
traction of the chromosome frame. The rest, rated in stage 
P,, had onlp partially contracted chromosome frames. By 
tlie end of September, 7 specimens had well-contracted chro- 



SYNTHESIS O F  YOLK 499 

mosome frames and were therefore classified in stage Y,. Dis- 
regarding the two specimens in stage Yo, we now find oocytes 
from 1038 x 1100 p to 15.10 X 1620 p (average, 1370 x 1435 p). 
From these measurements it seems safe to conclude that oo- 
cytes which have reached a size in the vicinity of 1400 p could 
be classified in stage Yj. It should be noted that these fig- 
ures apply only to fixed and sectioned material. On this basis, 
we may consider specinien 100 (table 1)) maintained for  120 
days in the laboratory, to have attained thirteeii-fourteeiitlis 
(approximately 93%) of full growth. 

DISCCSSIOS 

In  the present study it has been shown that deposition of 
yolk in the oocytes of adult females of Rana pipiens is initiated 
when tiny platelets appear just beneath the cortical cytoplasm. 
The time of appearance of yolk varies (cf. specimens in stages 
Y, and TI, table l), probably depending on the nutritive 
state of the particular animal a t  the time of ovulation. If 
the female is well-fed and healthy, synthesis of yolk appar- 
ently may begin even before ovulation (specimen 108, table 
1). In  less robust animals, however, synthesis of yolk map 
be delayed. Subsequent to  their initial deposition, platelets 
continue to form at the periphery, while those earlier forined 
increase in size and move inward toward the nucleus. By 
this means an increasingly broad peripheral ring of yolk is 
deposited. After this ring extends approximately half of the 
distance toward the nucleus, scattered platelets appear in the 
perinnclear cytoplasm, including some tiny ones evidently 
newly synthesized in this region. Pigment now7 appears in 
the form of tiny granules deposited just beneath the cortical 
cytoplasni. This stage was not attained in aninials of the 
1951 series until 53 days after ovulation (specimen 88, table 
1). In the 1952 series, however, pigment was present by 25 
days (specimens 106 and 107, table 1). It is important to real- 
ize that from the time of its first appearance pigment is more 
abundant a t  one pole, henceforth distinguished as the animal 
pole, than at  the other. As the oocytes enlarge further, yolk 
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comes to fill the previously yolk-free perinuclear cytoplasm 
so that eventually the entire cytoplast, except for the cortex, 
is filled. Daniel and Yarwood ('39) have reported a gradient 
in average size of platelets from animal toward the vegeta- 
tive pole in fully grown oocytes of Triturus torosus, and Bragg 
('39) has described a similar gradient in the cells of cleav- 
ing embryos of Rana pipiens. VC'ittek ('52) reports that in 
Rana temporaria, Triturus helveticus, Triturus alpestris, and 
Xenopus laevis at the end of vitellogenesis one may distin- 
guish three main regions with respect to size of platelets- 
a zone of small platelets capping the animal hemisphere, a 
cup-shaped mass in the vegetative hemisphere containing large 
platelets, and a central region containing the nucleus and filled 
with medium-sized platelets. Pasteels ( '46) describes these 
three regions also in the axolotl but adds the region of the 
maturation spindle as a 4th zone of the egg. 

One of the great unsolved mysteries of oogenesis is the 
origin of polarity. Even if we accept Child's well-known ex- 
planation of metabolic gradients to account for the first visible 
polarity, we are still faced with ignorance of the nature of 
the metabolites involved. In the frog's egg differential depo- 
sition of pigment is the first external indication of polarity, 
although the displacement of the germinal vesicle toward one 
pole, seen in sectioned material, constitutes a polarity estab- 
lished earlier. Wittek ('52) finds that the axis determined 
by nuclear displacement does not necessarily coincide with 
that established by pigment-deposition. He holds, therefore, 
that bilateral symmetry may already be apparent when pig- 
ment is first deposited. Brachet ('47a) has demonstrated a 
cortical gradient of ribonucleoprotein in amphibian oocytes. 
This gradient, easily visualized with toluidin blue or pyronin, 
has been shown in the present study to  appear even prior to  
the deposition of pigment. Wittek ('52, p. 146) describes a 
similar gradient of distribution of pyronin-positive cytoplasm 
in a young oocyte of Triturus alpestris. There is considerable 
evidence that cytoplasmic ribonucleoproteins are the products 
of nucleolar substance which is in some manner transferred 
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through the nuclear membrane. A number of authors (discus- 
sion by Wittek, '52) claim to have histological preparations 
showing the passage of intact nucleoli through the membrane, 
but the majority of workers have seen nothing which convinc- 
ingly proves the direct transfer of nucleoli through the nu- 
clear membrane. In  the present study it has been observed 
that early stages in growth of the oocytes show first an in- 
crease in number of nucleoli and their concentration just be- 
neath the nuclear membrane (figs. 2-5). While this increase 
continues, basophilic cytoplasmic masses appear and become 
concentrated around the periphery of the cell. These bodies 
in no way resemble the nucleoli except in staining properties. 
Subsequently, the basophilic bodies take up a position in a 
perinuclear ring deep within the cytoplasm (fig. 6). Shortly 
after this stage is reached, yolk is first deposited and the 
cortical zone, already polarized in its staining reaction with 
toluidin blue or pyronin, appears. Assuming that the cortical 
ribonucleoproteins are derived from migrating nucleolar sub- 
stance, we must explain their polarized distribution, (1) as 
the result of an intrinsic polarity already present in the cor- 
tical cytoplasm before the cortical basophilic layer appears, 
or (2 )  the result of a polarizing influence in the follicle. I n  
favor of the first explanation is the observation recorded by 
Wittek ('52) that the nucleus early becomes eccentric in posi- 
tion, since this indicates that the cytoplasm has developed po- 
larity. 

It is well established from the work of Caspersson ('41) 
and Brachet ( '41, '47a) that ribonucleoprotein accumulates in 
cells undergoing active synthesis of protein. Just  how ribo- 
nucleoproteins function in the synthesis of yolk platelets re- 
mains to be determined. According to Brachet ('50, p. 333), 
amphibian yolk is chiefly protein, probably associated with 
lipids. It contains both phosphoprotein and nucleoprotein. 
Harris ( '46) discovered an enzyme, phosphoprotein phospha- 
tase (PPPase), associated with the yolk platelets and Pani- 
jel ( '50) has demonstrated that small platelets have more 
PPPase activity than large ones. It might be expected from 
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the observation that the larger yolk platelets are  the oldest 
and have reached their size by gradual growth, that  they would 
have a different cliemical composition from the snialler and 
younger platelets. An important agent in synthesis of yolk, 
apparently, is the enzyme dipeptidase described by Duspiva 
('42). This enzyme was shown to increase rapidly at about 
the time of beginning deposition of yolk and to decrease as 
yolk accumulated. Pickford ( '43) believes that this same en- 
zyme is also iiivolved in the finer phases of intracellular di- 
gestion of yolk during embrpogenesis. Brachet ('47b) has 
suggested that alkaline phosphatase in the nucleus might be 
inr-olved in the synthesis of yolk, but Osawa ('51) on the 
basis of histochemical studies has obtained evidence which, 
he believes, casts some doubt on this hypothesis. If one tests 
sections of developing oocytes by the usual Gomori technique 
for alkaline phosphatase, it  is found that nuclei of follicle 
cells, nucleoli of oocytes, aiid yolk platelets from the time of 
their earliest appearance (personal observation) are  black- 
ened. According to Osawa ( '5l) ,  however, the staining ob- 
served in nucleoli, nuclear sap and yolk granules is merely 
an  artifact due to diffusion. He also points out that  the use 
of cobalt in the Croniori technique is inappropriate for am- 
phibian embryos because of the specific affinity of nucleoli and 
yolk platelets for this element. He used Van Kossa's proce- 
dure fo r  visualization of calcium phosphate, which involves 
treatment with silver nitrate and exposure to light after incu- 
bation, followed by treatment with sodium thiosulfate (hypo). 
Further work needs to be done to clarify the role (if any) 
of alkaline phospliatase in  synthesis of yolk. 

Ultimately we should like to understand all of the cheniical 
reactions involved in synthesis of yolk, as well as  its utiliza- 
tion during embryonic development. Brachet ( '50, p. 57) em- 
phasizes the need f o r  the development of ncw methods iii 
stating that "cytochemical studies can teach us nothing of the 
chemical mechanisni of these syntheses, tlicy show us only 
the topographical localization of the substances determined. ) )  

T5'e agree heartily that new methods are needed but would 
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recommend to investigators in this field that they be fore- 
armed with all known or  determinable cytological details con- 
cerning the sequence and rate of deposition of yolk. 

SUMMARY 

1. Stages in the growth of oocytes of Rana pipiens both 
prior to and during deposition of yolk a re  described. Be- 
fore vitellogeiiesis begins, nucleoli increase in number and 
concentrate beneath the nuclear membrane. While this is go- 
ing on, basophilic bodies called “yolk nudei” appear in the 
cytoplasm, move to the periphery, then become concentrated 
in a perinuclear ring at stage Yo. 

2. Shortly after induced ovulation, yolk is first deposited 
in a thin peripheral ring (stage Y,) in some of the small 
oocytes remaining in the ovary. Deposition of yolk may al- 
ready have started by the time of ovulation (one case) or  it 
may be delayed for over a month, probably depending on the 
nutritive state of the particular animal. Coincident with the 
deposition of yolk, a cortical zone exhibiting polarity in dis- 
tribution of ribonucleic acid appears. 

3. Yolk continues to form peripherally while platelets ear- 
lier formed enlarge as  they are pushed inward toward the nu- 
cleus. Stage Y2 is reached when the peripheral ring of yolk 
occupies about one-half of the cytosome. Scattered platelets 
may be seen between the peripheral ring and the nucleus. 

4. Stage Y, is reached when the peripheral ring of plate- 
lets fills three-fourths of the cytosome. Shortly thereafter 
pigment granules first appear at the periphery of the animal 
pole. 

5. Stage P, is characterized by filling of the entire cyto- 
some with yolk. This stage was attained in laboratory-fed 
frogs after 90 days and in 10 out of 1 2  animals collected 
from nature late in July. 

6. Oocytes, though still in  stage Y,, showed increased 
growth in two animals maintained in the laboratory for 118 
days after ovulation. Stage P, (the mature oocyte) was 
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reached in one animal collected in nature late in August and 
in 7 of 12 animals toward the end of September. 

7. The origin of polarity in the oocyte and the mechanism 
of synthesis of yolk are discussed. 
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PLATE 1 

EXPLANATION OF FIGCRES 

1 Low power Tiew of section of ovaiy of specimen Ov-24, fixed 23 days after 
ovulation. Oocytes are in pre-yolk stages. Black masses a re  sites of retrogres- 
sion of follicles nhich matured in previous cycle. Slater and Dornfeld’s triple 
stain. X 50. 

2 Enlarging oocytes in specimen Ov 24. Xucleoli are conspicuous beneath 
nuclear membrane in three larger cells, the largest of mliich measured 40.4 p 

in i ts  longest diameter. Xuelei of t x o  smaller stages are seen in cells to the 
l ight of the upper two in the row of larger cells. Slater and Dornfeld’s triple 
stain. X 500. 

3 Tno oocytes from specimen Ov-24 in Duryee stage 1, now surrounded by 
follicle cells and protiuding into lumen of ovary. Larger cell measured 90 X 
1 1 8 ~ .  Slater and Dornfeld’s triple stain. X 230. 

4 Two oocytes from specimen Ov-24 in Duryee stage 2. Note increase in num- 
ber of nucleoli beneath nuclear membrane. Larger cell measured 126 X li6 P. 

Slater and Dornfeld’s triple stain. X 230. 

5 Two oocytes from specimen Ov-24 in Duiyee-stage 3. Chromosomes have 
started to form lateral loops and nuclear membiane has begun to sacculate. “Yolk 
nuclei” are concentrated peripherally in the cell. Larger cell measured 175 X 
192 p. Slater and Dornfeld’s triple stain. X 170. 
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PLATE 2 

EXPLANBTIOW OF FIGURES 

6 Stage Yo, just prior to deposition of yolk in specimen Ov-24. Note large 
nucleoli next to  nuclear membrane and asymmetrical accumulation of “yolk nu- 
clei” around the nucleus. Cell measured 286 X 3 5 2 ~ .  Slater and Dornfeld’s 
triple stain. X 195. 

7 Stage Y, in specimen Or-108 (fixed one day after ovulation) just  sub- 
sequent to initial deposition of yolk at the periphery. Note ring of “yolk 
nuclei” just  outside the light periiiuclear cytoplasm. Size, 322 X 4 3 6 ~ .  Hema- 
toxylin and eosin. X 85. 

8 Enlargement of adjacent surfaces of oocytes shown in figure 7. Follicle 
cells are in direct contact. Jus t  beneath these is the light chorion (c.), which 
is closely applied against the “zona radiata” (r .) ,  the striated layer on the 
surface of the oocyte. The dark layer internal t o  this (y.) is composed of 
tiny yolk platelets. Hematoxylin and eosin. X 850. 

9 Specimen Ov 67 (fixed 30 days after ovulation) a t  stage Y ,  shows early 
polarity in  distribution of ribonucleic acid in cortical layer n hich is toluidin- 
blue positive. Region where concentration of ribonucleic acid diminishes (fol- 
lowing from left to  right in upper cell) probably indicates boundary between 
animal and regetatire poles. Korsoii ’s stain. X 850. 

1 0  Stage Y, from specimen Ov-74 fixed 29 days after ovulation. Polk plate- 
lets extend approximately one-half of the distance from cortex to nucleus. Cell 
measured 454 X 567p. Hematovylin and eosin. X 85. 
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PLATE 3 

ESPLANATIOX O F  FIGURES 

11 Eiilargemeiit of section of cocyte from specimen Ov-i4 in stage Y,. Growth 
of platelets as they inole toward the nucleus is evident. A few scattered platelcts 
may be seen in the xanguard of the advaiicing peripheral ring. Hematosylin and 
eosia. X 850. 

12 Stage Y ,  from specimen Ov-72, .55 days after ovulation. Yolk platelets 
extend approximately three-fourths of the distance from cortex to nucleus. Size, 
648 x 710 p. Hematoxyljn and eosin. X 85. 

13 Enlargement of periphery of oocyte from specimen 017-72 in  stage Y,. 
Growth of yolk platelets from the periphery toward the interior is obvious. Hema- 
toxylin and eosin. X 850. 

14 Stage Y2, measuring 12'75 X 1400p, from an  unovulated ovary fixed in 
May, 1952. Yolk fills entire cytoplasm and nucleoli are clustered about the con- 
tracted chromosome frame. Space between nucleus and yolk is an art ifact  due 
to shrinkage. Hematoxylin and eosin. X 42.5. 
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