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In keeping with the newly accepted re~ations 

for thesis style wbich have been authorized by the Graduate 

Training Committee of the Biology Department at McGill, the 

main body of tbis thesis has been wri tten in a fom. sui table 

for publication. It will be sübnitted to DEVELOlMEN'TAL BIOLOGY. 

The text includes a more extensive citation of literature tban 

is required for pUblication and supplementary infor.mation ie 

also preeented in Materials and Methode. 
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CLAIM OF ORIGINAL RESEARCH 

The studies reported in this dissertation are based 

on orig:in.al. research and contribute to knowledge in 

the fields of Cell and Developmental Biology. 
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I. INTRODUCTION 

The chang:ing patterns of RN'A s;ynthesis during early amphibian 

deve10pment have been well established. There is li ttle nuclear RN'A syn-

thesis at the beg:innjng of c1eavage, but before blastula there is a'marked 

increase in the s;ynthesis of RN'A which has been sb.Qwn to be infonnatîonal, 

i.e. DNA-1ike. Transf'er RNA synthe sis commences soon thereafter, but 

ribosomal BN'A is not synthesized until gastrula, at which time nucleoli 

first appear (Brown, 1964; Brown and Li ttna, 1964 and 1966; Bachvarova 

and Davidson, 1966; Bachvarova~ . .!l., 1966; Gurdon and Ford, 1967; 

Landesman and Gross, 1968 and 1969; Crippa and Gross, 1969). 

This basic pattern is remarkably simi1ar in ecbinoder.ms eVen 

thougb. the course of morphogenesis is very different. A small amount of 

infonnational RNA synthesis can be detected be"tween the 4- and 16-ce11 

stages (Kedes and Gross, 1969a and 1969b; Slater and Speigelman, 1970), 

but the activation of large amounts of DNA-1ike RNA synthesis occurs at 

blastu1.a. Transfer RNA synthesis :initiates at gastrula, and ribosomal 

RNA synthesis ini tiates soon thereafter (Aronson and Wil t, 1969; Har"bnan 

and Comb; 1969; Giudice and Vincenzo, 1969; Ter.man, 1970; Sconzo ~ .!l., 

1970a and 1970b). 

In these organisms, normal development, at 1east until blastula 

occurs in the presence of actinomycin D (Gross and Cousineau, 1963; 

Keif'er ~.!l., 1969; Stavy and Gross, 1969; de Vincentiis and Lancieri 

II, 1970). Although concentrations of actinomycin D sufficient to b10ck 



more tb.an 90% of RNA synthesis were used in these experiments, protein 

synthesis was li ttle affected. Development of embryos obtained from 

lethal species hybrids in frogs (e.g. ~ pipiens X ~.Sylvatica) 

arrest at gastrula, and the letbal nuclear transplant hybrids of ~ 

pipiens X ~ Sylvatica arrest at blastula (Hennen, 1963). These 

studies of letbal hybrids, and of transcription blocked development, 

indicate that the onset of functional genomio control of the embryo 

takes plaoe at or near blastula. Infomational RNA synthesis before 

blastula must be required only for post blastular development. 

Emerson and Humphreys (1970) consider the apparent regulation 
, 

of ribosamal RNA synthesis as artifacts of periodio accumulation and 

turnover of different species of RNA at different stages of development. 

Contrary to this point of view, however, is the bulk of experimental 

2 

evidence cited above,plus the faot that the observed patterns of transcription 

are not artifaots of differential. uptake of precursors into acid soluble 

pools, or differential pool specifie aotivities (Gurdon and Woodland, 

1969; Wil t, 1970). Furthermore, the development of anucleolate mutant 

embryos of Xenopus, which are characterized by a deletion of the nucleolar 

organizers and an inabili ty to synthesize new ribosomal RNA, are nomally 

arrested well beyond gastrula (Brown and Gurdon, 1964). 

The patterns of RNA synthesis during early development described 

above appear to be common for all organisms studied so far, wi th the 

possible exception of mammaJs (Davidson, 1968). 

'-
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The techn:i..que of nuclear transplantation in Xenopus has led 

to an understanding of some cytoplasnic controls of nuclear acti vi ty in 

early development. Nuclei obtained t'rom. neurula and awimming tadpole 

stages,and intestinal epithelia of adult t'rogs, When transplanted to 

enucleated t'rog eggs, are capable of promoting normal development of 

the embryos to fertile adul t t'rogs (Gurdon and Brown, 1965; Gurdon, 1966; 

Gurdon and Laskey, 1970; Laskeyand Gurdon, 1970), althougb. the t'requency 

of suc cess is rarely more tban 35% and generally 1-2% (Gurdon, 1966). RNA 

synthesis in transplanted nuclei, inferred t'rom sucrose gradient analysis 

of 32-P ortho-phosphate and 14-002 labelled material (Gurdon and Brown, 

1965), followed the normal patterns, i.e. no labelled ribosomal RNA could 

be detected in ear1y cleavage, whereas mA-like RNA synthesis was evident. 

Since the nuclei used for transplantation were previouslyactive in ribo-

somal RNA synthesis, this obviously represents a suppression of transcrip-

tion of ribosomal DNA cistrons. This suppression of RNA synthesis was 

correlated with a 30-fold increase in nuclear volume within 40 minutes, 

and the disappearance of visible nucleoli. It has been shown. by using 

MAK-chromatography and sephadex G-J.OO filtration that the sequence o:f rein-

i tiation of llNA-like, ribosomal and transfer RNA in transplanted nuclei is 

e:xactly the same as the temporal sequence in nom.ally fertilized embryos 

(Gurdon and Woodland, 1969). This implies the existence in the egg cyto-

plasn of components Which are responsible for the repression of synthesis 

in previously competent nuclei and of other factors which are responsible 

:for the independent sequential reactivation of transcription of the major 
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classes of RNA in these nuclei. 

The pattern of BlfA s,ynthesis in pre-implantation mouse embr.ros 

is in some respects dissimilar to amphibians and echinodems. In these 

embr.ros ENA synthesis can be detected at all stages of cleavage division 

(Mintz, 1964a; Monesi and Salfi, 1967; Hil1man and Tasca, 1969; V/ood1and 

and Graham, 1969; Tasca and Hillman, 1970; Daentl and Epstein, 1971), 

4 

al thougb. li ttle ENA is synthesized by 1- and 2-ce1l embr.ros •. Cytological 

and autoradiographie studies have shown that nucleo1ar ENA synthesis 

begins during the 4-ce11 stage (Mintz, 1964a; Hillman and Tasca, 1969). 

Data obtained !rom experiments using sucrose gradient centri:f'ugation and 

11AK chromatography indicalie the presence of newly made ribosomal. and 

transfer RNA at this stage (Wood1and and Graham, 1969; Piko, 1970; 

El1em and Gwatkin, 1968). A11 of these workers bave reported an increase 

in exogenous precursor incorporation into RNA as mouse cleavage deve1op-

ment proceeds. Su.ch observations bave been interpreted as an increase in 

the net rate of synthesis of RNA, even though the final specifie activi ties 

of the precursor pools have not yet been deteImined in mouse embryos at 

any pre-implantation stages. Daentl and Epstein (1971) have shown a 

parallel increase in uptake of precursor into acid soluble fractions by 

the embr.ros, but suggest that increased uptake alone probably does not 

account for their observed increases in incorporation of H3-uridine into 

:mrA. Wood1and and Graham. (1969) bave demonstrated a 5 to 10-fold increase 

in H3-uridine incorporation into RNA between the 2- and 4-ce11 stages 

in spi te of the fact that no great di:.é'ferences exist ei ther in uptake of 

H3-uridine into acid soluble pools, or its conversion ta H3-UTP (see also 

Daentl and Epstein, 1971). 

,-_ ... _-_._--.---
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All the work in mouse embryos reported ab ove correlates well 

wi th the data obtained through the use of' actinomycin D. Low concentra

tions of' the drug (10-f\r) did not inhibi t RNA s;ynthesis by 2-cell embryos 

but this concentration inhibited nucleolar labelling at the 4- and 8-cell 

stages. Higher concentrations (10-5M) of' actinomycin D inhibi ted the 

s;ynthesis of' all types of' RNA (Mintz, 1964a). Similar data were obtained 

by Tasca and Hillman (1970). A concentration of' 0.0008 lJ.g/ml, which 

inhibited only rRNA s;ynthesis allowed embryos ta grow to blastocysts 

regardless of' the stage at which the actinomycin treaiment was applied. 

A higher concentration (O.llJ.g/ml) which inhibited all RNA s;ynthesis, also 

inhibi ted cell division (see also Silagi, 1963; Thomson and Biggers, 1966; 

Shalko and Morse, 1969; Monesi.!1!l., 1970). Such data indicate that 

inf'o:rma.tional mrA s;ynthesis essential f'or further division may be required 

at the 2- and 4-cell stages, but that ribosomal RNA s;ynthesis is note This 

is in contrast to the situation in amphibia and echinodeIms in which no 

RNA s;ynthesis is required f'or cleavage. 

Thus the temporal sequence of' initiation of' higb. molecular 

weight and ribosomal RNA in mouse pre-implantation em.bryos is similar to 

the other organisns discussed, but their extreme sensi tivi ty to actinomycin 

D and precocioUB s;ynthesis of' ribosomal RNA are major points of' dif'f'erence. 

Shiokawa and Yamana (1967) bave demonstrated the existence of' a 

ribosomal RNA s,r.nthesis suppressor secreted by Xenopus laevis cleaving blastula 

embryos into their surrounding medium, by co-cul turing such em.bryos wi th 

Xenopus neurula cells. In SUcJl cultures, ribosomal RNA synthesis was 

'-
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repressed in the neurula cells, which nor.mally synthesize ribosomal 

RNA. The inhibi tor bas the cha.racteristics of a small, non-proteina

ceous molecule; is dialysable and heat stable (Shiokawa and Yamana, 

1967). It is specific for ribosomal RNA and does not affect 4s 

RNA synthesis. A later study (Shiokawa and Yamana, 1969) bas shown 

that the action of this factor is not species specific, since Xenopus 

laevis blastulae are capable of inhibi ting rRNA synthesis in co-cul tured 

~ japonica tailbud embryo cells. 

6 

The nature of the cytoplaElllic controls of nucleic acid metabolism 

in preimplantation mammalian embryos was not explored the way i t bas been 

done in amphibia and echinode:cns. This was primarily due to the difficul-

ties involved in nuclear transplantation in mamma1ian eggs. !Ihe purpose 

of the present c()lll!Jllmication is to report for the tirst time, some studies 

on the influence of early embryonic cytoplasm on differentiated adul t 

sœnatic cell nuclei of various origins, uaing Sendai virus mediated mouse 

blastomerejsomatic cell heterokaryons. The use of this technique ia pre

dicated on the fact that the somatic cella used in tbis study were bet

ween 200 and 400 lL3 (as judged in a Coul ter cOUD."!ïer) whereas the volume 

of a single blastamere of a 2-cell em.bryo is about 75,000 lL3 (Lewis and 

Wright, 1935). Thus i t was expected tba t the bulk of the cytoplasmic 

regulatory factors in the heterokaryons would be embryonic in origine 

The techniques for the efficient production of such heterokaryons, which 

are analogous to nuclear transplantation teclmiques in amphibia, were 

developed during the tenure of this study. 

,-
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II. MATERIALS AND MEiliODS 

A. General Techniques 

1. CeU Types 

A9 cells (kindly donated by Drs. Asi t Mukherjee and O. J. 

Miller, Deparimen t of Obstetrics and Gynecology, Columbia Uni versi ty, 

New York) were originaJly derived by Littlefield tram the ilL" line of 

mouse fibroblasts by selection for resistance to 8-azaguanine (Little

field, 1966), and are not higbJ.y malignant (Harris, .ll&., 1969). 

Growth medium consisted of: Medium 199 supplem.en ted wi th 10% calf 

serum and 0.5% extra glutamine (called A9 medium). 

Human diploid foreskin cells (kindly donated by Dr. L. Pinsky 

and E. Powell, Jewish General Ho spi tal., Montreal) were explanted tram 

normal male tissue and were used in the present studies when they were 

at the 5th to 10th passages. Growtb. medium. consisted of Eagle t s minimal 

essential medium. wi th 10% fetal calf serum. 

A31 and SVT2 cells (kindly dona ted by Dr. G. Todaro, N.I.H., 

Bethesda, Maryland) are established lines derived fram Balb/c mice. 

A31 is higbly sensitive to contact inhibition and is not maligoant. 

SVT2 is an SV40 transfom.ed line derived trom. A3l. It is no longer 

sensitive to contact inhibition. and is higbJ.y malignant (Grimes, 1970). 

Growth medium. consisted of Dulbecco' s modified Eagle t s medium supple-

mented wi th 10% calf serum. 

.. __ . ___ :l-
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2. Isolation of Dnbryos 

Six to 12-week-old Swiss albino fema1.e mice were superovulated 

(Mintz, 1967) by intraperi toneal injections of 5 lU' s of pregnant mare 

serum gonadotrophin (Gestyl, Organon) followed 48 hours later by 7.5 lU' s 

of human chorionic gonadotrophin (Pregnyl, Organon) and mated. Pregnant 

femal.es were identified by the presence of a copulation plug. Fourty

two hours after the second injection, the pregnant females were sacri

ficed and the 2-cell embryos were flushed wi th phosphate buffered saline 

(Whi tten, personal communication) :from. the oviducts. Four-celi embryos 

were obtained 55.5 hours after the second injection. Al thougb. 40% of 

these em.bryos were still at late 2-cell stage, only the 4-celi embryos 

were selected. After flushing t'rom the oviducts, the em.bryos were 

treated wi th 0.5% pronase in Hanks' balanced salt solution at 370 0 to 

rem.ove the zona pellucida. They were then transferred to 1~intz' medium 

before using for further experimentation (Mintz, 1964b). Approx:i.mately 

200 embryos :from 10 mothers were obtained for each experiment. 

3. TeChniques for growing and inactivating viruses 

Sendai virus (kindly donated by Professor Henry Harris, Oxford 

Uni versi ty, England) was propagated in the allantoic cavi ties of 10-day

old embryonated chick eggs according to the method used by Harris (1965a). 

Half a hem.agglutination unit (HAU) of viruses suspended in O.lml of Hanks' 

balanced salt solution (used wi thout glucose, sodium bicarbonate or 

phenol red) was injected into each egg, which was then incubated at 370 0 

for 72 hours. After fuis incubation period the eggs were kept at 0_40 0 
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oVernight, and the allantoic fluid collected. Pooled aJJ.antoic fluid 

from six eggs was centrifuged at 300g to remove debris and the hemagglu-

tination titre of the supernatant was dete:mined. The supernatant \Vas 

then centrifuged at 3O,000g for 30 minutes and the resul ting pellet was 

suspended in sufficient volume of Hanks' solution to produce a concen-

tration of 2000-4000 hemagglutination uni ts per ml. Hemagglutination 

ti tre was dete:mined accurately and aliquots of this suspension were 

stored at _750 0 until needed. Hemagglutination titrations were perfomed 

in round bottom test tubes wi th an inside diameter of O.8cm.. Serial 1:1 

dilutions of virus were made with Dulbecco' s phosphate buffered saline 

and approximately 2.5 X 107 guinea-pig erythrocytes suspended in 0.05ml 

of Al sever , s solution \Vere added to each tube. One HAU was detined as 

the smallest amount of virus capable of producing complete hemagglutina-

tion after two hours at room temperature. It bas been the experience 

of this investigator, and that of others (Guggenheim, ~ ,&., 1968), 

that virus stored at _750 0 loses much of its fusion activity without 

noticable loss of hemagglu tination titre. Accordingly, fresh virus was 

grown from. stock once each month. Virus used for fusion studies wi th 

mouse embryos was diluted just before use to a concentration of 200 

HAU' s per ml in A9 medium, and inactivated by a 5-minute exposure to 

a 15 watt, 18 inch ultraviolet gemicidal. light (G.E. #G15T8) at a 

distance of 3 inches. 

4. Isotopes 

H3-5-uridine was obtained from Amersham-Searle at a specific 
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activ:i. ty of 19.4Ci;Mm. and was always used along wi th a 750 fold excess 

unlabelled deoxycy.tidine to prevent i ts incorporation into DNA (Comings, 

1966). 

H3-6-~dine was obtained :from New England Nuclear at a 

specific activ:i.ty of 20Ci,lMm. Concentrations of these isotopes in the 

medium varied in different exper:i.ments and will be indicated for each 

experiment. 

5. Ftlsion Techniques 

Two fUsion teChniques were developed for the present studies 

and the technique used will be indicated separately for each exper:i.ment. 

a. Ftlsion of embr;yos wi th cells forming a monolayer 

Cells were grown in Leighton tubes until just approaching 

monolayer. Just before fUsion, the growth medium in the culture was 

replaced wi th inactiva ted Sendai v:i.rus suspended in A9 medium. The 

embryos were then placed gently on top of the monolayer by a long drawn 

10 

Pasteur pipette and the Leighton tube cont.a;ning cells and embryos was 

tr.ansferred to a refrigerator set at 40 C and 1eft for 2 minutes. Follow

ing this, the culture was incubated wi thout agitation at 370C for 30 

minutes. This is a modification of the technique of Coon & Weiss (1969). 

The 10% serum content of the medium used is particular1y advantageous 

because :Lt'·prevented lysis of the cells, caused by the virus. Since 

the embryos even after fUsion do not remain attached to the monolayer 

for an extended period, the v:Lrus containlllg medium wi th suspended em.bryos 

was gently pipetted into a cavity slide and the em.bryos were then picked 
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up by a f:ineJ.y dravlIl pipette and transferred to a screw-cap tube contain

ing 0.5ml of Mintz' medium at 370 C (Mintz, 1964b). 

b. Fusion of embr,yos wi th cells in suspension 

Embryos appeared to remain attached to a monola;yer of 

some cell types and when this problem was encountered, a different fusion 

procedure was employed. Just prior to fusion, cells were trypsinized and 

anS% cell suspension (by packed cell volume) in A9 medium was prepared. 

Embryos were added in a small volume of Mintz' medium to 0.03ml of cell 

suspension. One ml of virus in A9 medium was added and the fusion pro cess 

repeated as before. The embryos were then washed in phosphate buffered 

saline to free them of the majority of suspended cells, and transferred 

as before to 0.5ml of Vdntz' medium in a screw-cap tube at 370C. 

Three types of cells can be obtained from each of these procedures-

unfused samatic cells (used as controls), unfused embryos (also used as 

controls) and somatic cell/embryo heterokaryons. 

Mintz' medium was used for hybridization experiments for a 

variety of reasons. High concentrations of serum sequester the action 

of the virus (Graham, 1969), and addition of the embryos to a medium con

taining 50% serum. prevents further fusion from occurring. Also, Woodland 

and Graham (1969) have found increased uptake of H3-uridine into acid 

soluble fractions of the embryos using this medium as opposed to tbat of 

Brinster (1963). Finally, Mintz' medium is exceedingly wall buffered 

and retains physiological pH throughout the open air manipulations. 
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The present fusion procedures were an improvement on those 

reported by Graham (1969) and BaranSka and Koprowski (1970) in both 

the yield of heterokar,yons and the ease wi th which large numbers of embr.vos 

could be manipulated at one time. In the present experiments fusion fre-

quency ranged from 30 to 70% and the heterokaryons fonned by the fusion 

of A9 cells with 2-cell embr,yos could be found morphologically normal and 

synthetiClally active for up to 72 hours af'ter fusion, although division 

of the heterokaryons was rare within that periode Graham (1969), and 

Baranska and Koprowski (1970), however, found heterokaryons formed by 

the fusion of mouse diploid cells with 1-8 cell embr,yos to undergo cleavage 

division. However, the above workers also reported that cells of differ-

ent somatic origins responded different~ as regards nuclear division to 

embryonic cytoplasm. In the present study, nuclear division in some 

heterokaryons could be observed (Plate 1). 

Samatic nuclei derived from different cells in this study also 

reacted differently, morphologically, as well as wi th respect to their 

ability to cleave in embryoni.c cytoplasm. For exemple, the A9 nuclei 

showed only small changes in morphology after fusion (Plate 2). Occasion-

ally, loss of nucleolar structure could be observed. By contrast, A31, 

SVT2 and human foreSkin nuclei showed marked changes after fusion to 2-

cell embryos, characterized by swelling, loss of heterocbromatic structure, 

loss of nucleoli, and rearrangement of chromatin in a more diffuse, embr.vonic 

manner (Plates 3-5). Such changes occurred within 2 hours of fusion. 

"--\ 



6. Techniques for barvesting cells and autoradiograph.Y 

At the ccmpletion of an experiment, embryos, heterokaryons, 

and somatic cells were harvested for autoradiograpLw in the fOllowing 

way. Microscope slides were dipped in a solution of 10% albumin fixa

tive and allowed to dr,r. Coverslips were dipped in a solution of 0.1% 

silicone in :xylene and also allowed to dr,r. Twenty to 50 embryos were 

pipetted onto a slide in 2 drops of medium fram a micropipette, and a 

coverslip placed gently over them. This procedure immobilizes the 
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embr,ros and flattens them a1..ightly without distortion. Freshly filtered 

acetic orcein (1.2.% orcein in 45% acetic acid) was then placed along one 

edge of the caverslip and drawn underneath with filter paper. The stain 

causes the embryos to soften and flatten, and application of slight 

pressure, or drawing the stain tbrough until only a minimum remains, 

flattens the embrtJos sufficiently for autoradiograpLw. The embryos on 

slides were then frozen on dry ice and the coverslips were flipped with a 

sharp scalpel. The slides were immediately immersed in 70% ethanol for 

10 minutes, rinsed in fresh 70% ethanol, and fixed in 1:3 mixture of 

glacial acetic acid: absolute ethanol, for 15 minutes and dried. The 

cells were restained with acetic orcein under coverslips and examined 

and photographed under the microscope. Prior to autoradiograpLw, the 

coverslips were removed, the slides were washed in 70% ethanol to remove 

the st ain , and the cells were treated for 20 minutes wi th ice cold 10% 

trichloroacetic acid to remove all traces of unincorporated precursors. 

The slides were then washed in running water for 30 minutes, rinsed in 

'-
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distilled water, and allowed to dry. Autoradiography was perfonned 

using Kodak NTB3 liquid emulsion. Autoradiograms were exposed in the 

dark for variable periods of time, depending on the experiment. At 

the end of the exposure time, the emulsion was developed in fresh 

Kodak D19 developer for 2 minutes at 2000 and fixed in Kodak fixer for 

5 minutes. The cells were then restained with 0.04% azure B in 1% po

tassium bipthalate (Taylor, 1960),examined and photograPhed. 

B. Experimental Designs 
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1. Influence of embryonic cytoplasm on BNA s;ynthesis in s;ynthetically 
active nuclei 

a. Influence on homospecific nuclei 

The questions were asked: Wby does each cell of the 2-

cell mouse embryo synthesize 5-10 fold (Woodland and Graham, ,1969; see 

introduction) less RNA than 4-cell blastomeres? Are inbibi tors of RNA 

synthesis (which may be s:imilar to the inhibitors lmown in Xenopus) 

present :in the 2-cell cytoplasm? These questions were answered in the 

following way. A9 cells which were acti vely synthesiz:iIlg RNAwere fused 

with 2- and 4-cell embryos, and the levels of incorporation of H3-uridine 

by A9 nuclei in 2-cell cytoplasm were compared wi th the levels of 

incorporation by A9 nuclei in 4-cell cytoplasm. At the same time, 

levels of incorporation of H3-uridine into embryo nuclei of control 

blastomeres (not fused with A9 cells), and embryo nuclei of heterokaryons, 

were mani tored. Incorporation wes determined by grain counts in auto-

radiograms. A9 cells were chosen because they are convenient to maintain 

"--_. 
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F.I:GURE 1 

Experimental design for detemining the influence of 

mouse embryonic cytop1asn on BN'A s;ynthesis in s;ynt.b.e-

ticall.y' active mouse somatic nuc1ei. 

.. , ...... -
°

1 
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FIGURE 1 

Experimen. t l 

2-cell embryos which synthesize li ttle ENA 
+ 

A9 cella actively synthesizing ENA 

1 
fIlsed on a monolayer 

l . 
control 2-cell embryoa (not f'u.aed with Ag cella) 

control A9 cella (not fIlsed with embryoa) 

2-cell/A9 heterokaryona 

1 
labelled for 2 houra wi th ~i/ml H3-u:ridine 

1 
harveated and emulaified 

1 
autoradiograma expoaed :for 96 houra in the dark 

1 
graina counted and nuclear volume meaau:red 

Exper:lment II 

~ctly the same as exper:lment I, but 4-cell embryoa 

(which ayntheaize 5-10 timea more RNA tban 2-cell 

embryoa) were uaed. 
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F.I:GURE 2 

Experim.en tal design for determ:ining the influence of 

mouse embryonic cytop1asm. on RNA synthesis in synthe

tically active heterospecific (human) somatic mtclei. 

'--··· .. · ...... ····_·-1 

) 
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FIGURE 2 

Experimen t III 

2-cell embryos which s;ynthesize li ttle mu 
+ 

Immsn <lipl.o1d foreskiJl CiS aot:l.vely s;ynthes1zing RliA 

:fu.sed in suspension 

l 
control 2-cell embryos (not fused wi th human cells) 

control hum.an cells (not fused wi th embryos) 

2-cell/human diploid heterokaryons 

labelled for 2 hours L th 2OJICl/ml H3-uridine 
1 

harvested and emulsified 

l 
autoradiograms exposed for 96 hours in the dark 

gra:ins counted olllllClei and cytoplaSll 

Experiment IV 

Emctly the same as experiment III, but 4-cell embryos 

(which s;ynthesize 5-10 times more RNA tban 2-cell 

embryos) were used. 
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FIGUBE :3 

Experimental desigu for detemining the in:fluence 01' 

mouse embryonic cytop1asn on ImA synthe sis in synthe-

tically active mouse malignant somatic nuc1ei. 

) 



F.J:GUBE 3 

Experiment V 

2-cell embryos which synthesize ~i ttle RNA 
+ 

higbly malignant SVT2 cells actively synthesizing RNA 

1 
:f'u.sed in suspension 

1 
contro~ 2-cell embryos (not :f'u.sed with SVT2 cells) 

contro~ SVT2 cells (not :f'u.sed with embryos) 

2-cell/SVT2 heterokaryons 

1 
~abelled for 2 hours wi th 2OJiCi/mJ. H3-uridine 

1 
harvested and emulsified 

l 
autoradiograms exposed for 96 hours in the dark 

"-- -----~-- 1 
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in culture, are not malignant, and are derived fram mouse tissue. 

Figure l denonstrates the exact experimental paradigm :including labelliDg 

time, concentration of precursor, and exposure time of autoradiograms. 

b. Influence an heterospecific nuclei 

In order to detennine Vlhether embryonic regulatory factors 

are species specifie in their action, the experiments mentianed above 

were repeated using human diploid foreSkin cella instead of mouse A9 

cells. Figure 2 outlines the exact experimental paradigme 

c. Influence on homospecific malignant nuclei 

It was also considered of interest to know if nuclei 

fram highly" malignant cells are capable cxf responding to embryonic stimuli. 

Thus SVT2 cells were fused \Vith 2-cell embzyos. Figure 3 outlines the 

exact experimental paradigme 

d. Grain counts 

The following methods were used to detemine the number 

of silver grains CNer cytoplasm and nuclei. Photomicrographs of hetero-

karyans and cells were magnified to 800 or 2000X. Grains over a nucleus 

of a cell were counted. and where cytoplasmic label ms present (in 4-cell 

embryos and heterakaryons), grain counts over an area of cytoplasm equal 

to the area of tbat IDlcleus were subtracted trom the number over that 

nucleus, and added to the cytoplasnic count. This eliminates bath 

cytoplasmic and background counts fram the nuclear counts. Net number 

of cytoplasnic grains was dete:cnined by counting the number of grains 

over the entire cytoplasm, and adding to i t that number of cytoplasnic 



grains over the nuclei, detemined from the previous step, and finally 

subtracting the grain counts over a background area equal to the area 

of the whole celle In heterokaryans, cytoplasmic grains were divided 

between the various nuclei in proportion to the number of grains over 

tbose nuclei. 

e. Measurement of nuclear volume 

The average diameter of each nucleus was measured in 

photographs of identical magnification (aoox) and the mean diameters 

of A9 and emb:xyonic nuclei were determLned. Mean cross sectional area 

was calculated (area=1I'r2). It was assumed tbat the populations of 2-

and 4-cell em.bryos and heteroka:xyons were flattened equally, in which 

case, mean nuclear area is a reflection of mean nuclear volume. 
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In order to avaid errors inherent in quantitation of silver 

grains and nuclear volume, each of the experiments wi th 2-cell and 4-cell 

embryos was repeated 3 times and at least 3 slides were prepared per 

experiment. The slides fram comparable experiments were emulsified 

and developed together, and grains over a total of at least 100 nuclei 

of each type were counted. Embryos were obtained for each experiment 

at exact times ai'ter the second superovulatory injection, the somatic 

cells that were used were at the same stage of growth, the timing and 

quanti ties of the superovulatory inj ections were kept very precise, and 

the periods of light and dark in the mouse room were Ulliforml.y maintained. 

As a result, data from replica experiments were similar and therefore 

pooled. 



f. RNAase and DNAase digestions and actin0m.ycin D treatment 

To determine if H3-uridine was incorporated into RNA, 

samp1es of harvested embryos, heterokar,yons and somatic ce11s from each 

of the experiments were treated with either DNAase or BNAase. BNAase 

was heated at 6000 for 15 minutes prior to use to free it of residual 
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DNAase activity. Prior to autoradiography RNAase digestion of the cells 

was carried out at a concentration of 15~g of en~e per ml of pH6.7 

phosphate bIlffer at 3700 for 2 bourse DNAase digestion was pertormed 

at a concentration of 100 'IJog of en~e per ml of pH6.7 phosphate buffer 

in the presence of 5mM MgS04 for 2 hours at 3700. (Oomings, 1965). 

Exposure time of autoradiograms in the dark was 96 hours. To detennine 

if H3-uridine was incorporated into DNA-primed RNA, samp1es of cantro1 

embryos, somatic cells and heterokar,rons from the preceding experiments 

were 1abe1ed with 2ÜJ1.0i/m1 of H3-uridine in the presence of 0.3 or 1~g/m1 

actinamycin D for 2 hours, after which they were harvested, and auto

radiograms were prepared. Exposure time of autoradiograms in the dark 

was 96 hours. 

g. Detenninations of acid soluble precursors 

Since, in the previous experiments, canparisons of 2-

and 4-cell materia1s were made with regard to H3-uridine incorporation 

into RNA, the questions were asked: Does H3-uridine enter the acid 

soluble pools of 2- and 4-ce11 embryos in equivalent amounts, and does 

H3-uridine become phosphor,r1ated to H3-uridine triphosphate in equivalent 

amounts? The answers to these questions were provided by the fo1lowing 
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experiments. 

Two- and 4-ce11 embr,yos were isolated and manipulated in 

the usual manner but they were not subjected to vil'Ùs treatment. They 

were labelled vii th H3-uridine in the same wS{{ as in the preceding experi

ments. Strict sterile technique was used throughout. After the incubation 

in the isotope containing medium, the embIYos were washed 10 times in 

cbilled Mintz' medium to rem ove all unincorporated labelled precursors 

adhering to the surf'ace of the embr,yos. A sample of' the medium f'rem the 

f'inal. wasbing was saved and i ts radioacti vi ty was detemined to check the 

ef'f'icacy of' the wasbing procedure. The embryos were then pipetted into 

0.5 ml of' 0.6N HC10
4

, and extracted f'or 20 minutes at OOC with occasianal 

agitation. This mixture was neutralized wi th an equal volume of' 0.6N KOR, 

and the resul tmg precipi tate was pelleted by centrif'ugation at 500g f'or 

10 minutes. The supematant was counted in 10 ml of' Bray' s scmtillation 

f'luid (Bray, 1970) in a BeCkman liquid scintillation spectrameter. ~s 

experiment allowed a camparison of' 2- and 4-cell embr,yos to be made wi th 

respect to their total amounts of' acid soluble radioactive RNA precursors. 

Acid soluble f'ractions were prepared in the seme way as ab ove 

using about 3 times the number of' embr,yos as were used in the previous 

procedure. An aliquot of' the acid soluble material was applied as a 

narrow band, 3 inches f'rom one end of' a 1 X 22.5 inch strip of' DEAE 

cellulose paper (Wbatman #DES1) and allowed to dr,y. This procedure was 

repeated until all the material was applied. Descendmg chranatography 

was carried out in a buf'f'er of 4N fomic acid, O.lM ammonium f'omate, 



without preequilibration of the paper in the vapour phase. Under these 

conditions, UT:!? remains at or near the origin and urid:ine travels with 

the solvent front (Ives, ~!!:l., 196;; Revera, ~.§!!., 1970; Daentl and 

Epstein, 1971). This experiment allowed a comparison of the relative 

amounts of H3-UTP in 2- and 4-ce11 embryos. A similar experiment was 

perfoxmed with A9 cells. 
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2. Influence of' embryonic cytoplasn on ENA s:ynthesis :in s:ynthetically 
inactive nuclei 

Two further que stions can be asked about the cytoplasmic 

regulation of' ENA synthesis in 2- and 4-cell mouse embryos. Since a 

small amount of RNA synthesis can be detected at the 2-cell stage (see 

introduction), is this synthesis maintained by a cytoplasmic activator? 

Furthennore, 18 the :initiation of' large amounts of' synthesis at the 4-cell 

stage induced by cytoplasmic acti vators? These questions were answered 

by fusiDg hen erythrocytes, which synthesize no ENA (Harris, 1965b), 

to 2- and 4-cell anbryos. 

Whole heparinized blood was obta:ined fran the wing vein of' a 

young adult hen and erytbrocytes were purified by repeated centrifugation 

at ;oog aDd washing in f'etal calf serum until snears ahowed no other ceU 

types present (HaJ:Tis, 1965). Fusion of' these erythrocytes to 2- and 4-

cell embryos was caJ:Tied out :in suspension. The embzyos and heterolœryons 

were labelled for 2 hours wi th 50 Ci/ml H;-uridine in Mintz' medium 

beginning immediately af'ter fUsion, ; hours, and 9 bours after fusion. 

As a control, hen ezythrocytes alone, subj ected to the same fusion and 

labelliDg procedures were pelleted, waahed in fetal calf' serum, smeared 

'-... -----. 1 
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F.CGURE 4 

Experimental design for detemining the inf'luence of 

mouse embryonic cy1;oplasm. on RNA s;ynthes1s in s;ynthe-

tically dormant nucle1. 

.J 
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F.J:GtmE 4 

Experiment VI 

2-cel.l. embryos which s;ynthesize snall amounts of RNA 
+ 

hen erythrooytes which s;ynthesize no RNA 

1 
fUsed in suspension 

l 
oon trol 2-oell embryos 

oontrol hen ~throoytes 

2-0el.l./hen erythrooyte heterokaryons 

~ 1 ~ 
labelled wi th 50. labelled wi th 50. labelled wi th 50. 

11Oi/ml H3-uricllile 

for 2 hours :Lmme-

dia tely after fUsion 

11Oi/ml H3-uricllile 

for 2 hours begin

ning i5 hours after 

11Oi/ml H3-uridine 

for 2 hours begin-

ning 9 hours after 

fUsion tusion 

l~"""""""-
harvested and emulsified 

autoracH.ograms oX!)(JOd in the aarJt for 1 month 

Experiment VII 

Exaotly the seme as experllnent VI but 4-oell embryos 

(which had ini tiated 5-10. times the amount of RNA 

s;ynthesis as 2-oell embryos) were used. 
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FIGURE 5 

Experimental design for detemining the intluence of mouse 

enbryonic cytoplasn on the transport of ImA from. nucleus 

to cytoplasm. 

,) 

) 

) 
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FIGURE 5 

gerimen t VIII 

2-oell enbryos preinoubated in ~ml actinomyoin D ~or 30 minutes 
+ 

A9 oells pre-labelled just be~ore fusion w.i th 

2O)J.Ci/ml H3-uridine ~or 15 minutes 

. 1 
fused on a monolayer in the presence o~ 3p.g/ml actinomycin D 

1 
2-cell/A9 heterokaryons 

unfused A9 cells 

~ 
harvested immediately 

ana. emuJ.si~ied 

allowed to grow at 37°0 

in the presence o~ 3lJ.g/ml 

aotinomyc:.n D, then 

harvested and emulsi~ied 

autoradiogœms exposed in the dark 

~or 2 weeks 

'-
l 
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FIGURE 6 

Experimental design :for detennining the in:fl.uence o:f mouse 

embryonic cytoplasm on mA s;vnthesis in synthetically 

inactive nuclei. 

J 
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FIGURE 6 

geriment IX 

2-cell embryos (at S and G2) 

contact iDhibitej A~l cOll. (at Gl) 

:fusad in lpensiOll 

control A31 cells 

control embryos 

2-cell/A31 (i.e. S/G1 and'cWG1) heterokaryons 

~ 
labelled . labelled wi th 1Op.Ci/ml 

10p.Ci/ml H3-tbymidine for H3-tbymidine for 2 

2 hours, harvested and hours beg;nn;ng 1 hour 

emul.sified and 30 lIÛllUtes after 

fIlsion, harvested and 

emul.sified 

autoradiograms exposed in the dark for 2 weeks 

,-_____ . __________ ---L 



>-.......... , .... "" ... , .. "=.,."', ..... , ........ '- .. , .. " .... - .......... "., .... ,---..... .-, ... -----.--.. --- 1 

. in serum. on sJ.ides and allowed to dry. The SIlle8rS were then fixed in . 

absolute methanol and stained with geimsa prior to autoradiograpby. 

limbryos were harvested after labelling as before and autoradiograms 

were exposed in the dark for l month. The exact experimental. paradi€JIl 

is described in Figure 4. 

3. Influence of enbryon:i.c cytoplasm on migration of ENA from a 
somatic nucleus to the cytoplasm of the heterokaryon 

A9 cells wi th prelabelled nuclear RNA were fused wi th 2-cell 
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embryos. Figure 5 outlines the exact experimental. paradigme Actinomycin 

. D was used to prevent 2 ~ RNA synthesis and further incorporation 

of H3-uridine into RNA after fusion. Therefore, the migration of only 

the prelabelled A9 RNA was stu.died. 

thesis in non-llNA 

Bince i t has been shown that em.bryonic cytoplasm of Xenopus 

contains compe»:lents capable of ini tiating mA synthesis in ~thetical.ly 

dormant brain nuclei and in purified DNA (Graham..2! .!!;l., 1966; Gurdon, 

1967; Gurdœ 2.1&., 1969), it would be of considerable interest to 

know whether or not simi1 ar factors are present in mouse embryos. 

Two-cell embryos were fused wi th contact :lnhibi ted A31 cells and 

ini tiation of mA synthesis was determined by cul turing the uniUsed 

A3l cells and heterokaryons in Mintz' medium containing H3-tbymidine. 

Figure 6 describes the exact experimental paradi€JIl. 



III. RESULTS AND DISCUSSION 

1. In:f'l.uence of' embr;yonic cytoplasn. on RNA s:ynthesis in s:ynthetically 
active nuclei 

It was f'irst established that the 2-cell to 4-cell dif'f'erence 

of' 5-10 f'old the amount of' H3-uridine incorporated into RNA per celi 

(observed by Woodland and Graham, 1969) was manif'ested in the embryos 

used in this laboratory (Plates 6 and 7) 

a. In:f'l.uence on homospecif'ic nuclei; 2- and 4-cell embryos fUsed 
wi th A9 cells 

An exam:i.nation of' control embryos (which did not fuse wi th 

A9 cells) obtained from these experiments indicates that a sizable 

dif'f'erence in H3-uridine incorporation existed between 2- and 4-cell 

embryos after trea"bnent wi th Sendai virus (Plates 8-1-1 ). Similarly, 

when 2-cell/A9 heterokaryons were compared wi th 4-cell/A9 heterokaryons, 

a sizable dif'f'erence existed inH3-uridine incorporation into RNA in 

both the embryonic and the A9 nuclei (Plates 12-1S). Concomitant with 

these quantitative changes, there was a qualitative change in synthesis. 

In no case was nucleolar labeliing evident in 2-cell material, even 

when the number of' grains was relatively large. Grains were scattered 

randomly throughout the nucleoplasn.. However, in 4-cell material, 

even wi th relatively f'ew grains, nucleolar synthesis was ev:i.dent in 

both somatic and embryonic nuclei (Plate19a& b). This is in agreement 

with the findings of' \'{oocUand and Graham. (1969), Mintz (19648) and 

others (see introduction). 

Table l demonstrates the quantitative changes in H3-uridine 

,-
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TABLE l 

Mean numbers of grains per nucleus for at least 

100 nuclei + standard error of the mean. -

EXPERIMENT Ratio of 
Tvoe of nucJ.eus 2-cell X A9 4-cell X A9 4-cell: 2-cell 

11mbryo nuclei of 
control embryos 38.2 :!: 2.9 383.8 :!: 36.5 10.0:1 

11mbryo nucle:i. of 
heterokaryons 84.5 :!: 5.3 718.0 :!: 32.7 8.5:1 

A9 nucJ.ei of 
heterokaryons 18.2 + 1.1 189.7 :!: 9.0 10.4:1 -
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incorporation into RNA in experiments in whicb. 2-cell and 4-cell 

embryos were fu.sed wi th A9 cells. ~e average number of grains 

per A9 nucleus in 4-cell cytoplasm was 8.5 times the average number 

of grains per A9 nucleus in 2-cell cytoplaSll. Similarly, the average 

number of grains per embryo nucleus in 4-cell heterokaryons was 10.4 

times the average number of grains per embryo nucleus in 2-cell hetero

karyons. ~e average number of grains per embryo nucleus in 4-cell 

control embryos (not fu.sed with A9 cells) was 10.0 times the average 

number Qf grains per embryo nucleus in 2-cell control embryos (not 
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fu.sed with A9 cells). The ratios of 8.5:1 and 10.4:1 are not significantly 

* <lifferent ei ther from eacb. other or from the control ratio of 10.0:1~ 

These resul ts are in accord wi th those reported by Woodland and Graham 

(1969) using mouse embryos which were not virus treated and which had 

an intact zona pellucida. 

~e resul ts indicate tbat A9 nuclei in embryonic cytoplasm are 

regulated in the same way as embryo nuclei in embryonic cytoplasm. Since 

there was li ttle H3-uridine incorporation into ENA in A9 nuclei in 2-cell 

cytoplasm, and A9 cells were s;ynthesizing large amounts of RNA before 

fu.sion (Plate 20 ), this represents a BIlppression of s;ynthesis in previously 

active nuclei. 

* If the 95% confidence limits of the means are calculated (1.96 X SE), 
then the ratio of 8.5:1 may range fram a minimum of 6.9:1 to a maximum 
of 10.6:1. Similarly, the ratio of 10.4:l.may range fram 8.4:1 to 13.0:1. 
~erefore within the 95% confidence limits, no 2 ratios are statistically 
<lifferent fram each other. This test is vaJ.id only if a small number of 
comparisons is made, and if all ratios overlap. If either of these 
cri teria is not met, an analysis of variance becames necess~ 



A :fu.rther extrapolation of these data (Table I) is that the 

addi tion or A9 !lUclei along wi th A9 cytoplasm, to ei ther 2-cell or 

4-cell blastomeres, stimula tes the embryo nnclei in the heterokaryons 

to incorporate approximately twice the amount of H3-uridine into RNA 

per !lUcleus as embryo !lUclei in control embryos. This relationship 

36 

is further demonstrated in Figures 7 and 8. Figure 7 shows the changes 

in H3-uridine incorporation into ENA per llUcleus in the embryo and A9 

nuclei of 2-ce11 heterokaryons, wi th increasing proportions of A9 nuclei. 

As the proportion of A9 nuclei in 2-ce11 heterokaryons increases, there 

is a con tinuous and linear increase in the amounts of H3-uridine incor

porated into RNA per nucleus in both enbryo and A9 nuclei. In contrast, 

in 4-cell heterokaryons, increasing the proportion of A9 nuclei does 

not result in a continuous increase in H3-uridine incorporation into 

RNA per nucleus in ei ther embryonic or A9 nuclei (Figure 8 ) • Rere, 

incorporation in both nuclei reaches a maxi.mum in heterokaryons wi th a 

ratio of 1 embryo nucleus: 1 A9 nucleus, and remains at this level 

even with the addition of :fu:t'ther stim.uJ.atory A9 cytoplasm. At this 

point, it appears as if th~ limit of the capacity of 4-ce11 cytoplasn 

to support RNA synthesis has been reached. Bince Daentl and Epstein 

(1971) have shown that 4-ce11 embryos contain uridine kinase in excess 

of the amount required to phosphorylate the complete acid soluble 

radioactive pool, such a limitation may be imposed by insufficient 

supply of acid soluble precursors, but not by insufficient levels of 

uridine kinase. 
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F.I:GURE 7 

Changes in H3-ur:idine incorporat:i.on in to RNA wi th increasing 

proportions of A9 nuclei in 2-cell/A9 heterokaryons. 

Ordinate: mean number of grains per nu.cleus 

Abcissa: ratio of A9 nuclei: embryo nu.clei in 4 different 

types of 2-cell/A9 heterokaryons. 

Small circles = A9 nuclei 

Large circles = embryo nuolei 

As the ratio of A9 nuclei: embryo nuclei in 2-cell/A9 

heterokaryons increases, the amount of H3-uridine 

incorporated into HN'A per nucleus increases linearly 

for both types of nuclei. 

-) 
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F.IGURE 8 

Emctly the same as :figure 7, but in 4-cell/A9 

heterokaryons. 

Incorporation o:f H3-uridine into RNA per nucleus 

reaches a maximum in heterokaryons wi th a ratio 

o:f 1 A9 nucleus: 1 embryo nucleus. 
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Since the changes in H3-uridine incorporation into RNA per 

nucleus wi th increasing proportions of A9 nucle1 are similar for both. 

types of nuclei in 2-cell cytoplasm and similar for both types of 

nuclei in 4-cell cytoplasm., tbis provides further strong evidence 

tbat RNA synthesis in 2- and 4-cell em.bryos is influenced by cytoplaemic 

controls. 

In heterokaryons invol ving both 2- and 4-cell blastomeres, 

the magnitude of the increase in H3-uridine incorporation into RNA 

wi th increasing proportions of A9 nuclei is greater in embryo nuclei 

tban in A9 nuclei (Figures 7 and 8). This may indicate a fundamental 

difference between these nuclei in responding t.o changes in cytoplasnic 

stimUli. œhe structure ofA9 nuclei before fUsion and in heterokaryons 

is greatly different from embryo nuclei (Plate 2). A9 nuclei are more 

compact and contain more heterocbromatic areas than the em.bryonic 

nuclei. It is possible, therefore, that more template material 1s 

readily and quickly available in embryo nuclei wbich are Imown to contain 

little heterochramatin as jUdged by amount of late replicating llNA 

(Fraccaro .ll.!l., 1969). 

Since nuclear volume bas been shown ta be intimately related 

ta "the amount of RNA synthesis in HeLa/hen erythrocyte heterokaryons 

(Harris, 1967), and in developing Xenopus laevis embryos (Gurdon, 1968), 

nuclear sizes were measured in 2- and 4-ce11 control embryos and in 

2- and 4-cell/A9 heterolœryons (Tables II & III). It can be seen 

tbat embryo nuclei in 4-cell cytoplasm are approximately' ·two-thirds 
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TABLE II 

Measurements of nuclear size in 2- and 4-cell/A9 heterokaryons. 

Type of nucleus 

2-cel:L control 

Embryo nuclei 
in 2- cel:L 
heterokaryons 

A9 nuclei 
in 2-cel:L 
heterokaryons 

4-cell control 

Embryo nuclei 
in 4-cell 
heterokaryons 

A9nuclei 
in 4-cell 
heterokaryons 

Mean diameter + 
standard error-

5.1* + .38 -
5.3 :!: .39 

1.0 + ·09 -
2.8 + .25 -
2.9 :!: .30 

1.1 + .11 -

* arbi trary uni ts 

Mean area 

20.44* 

22.07 

0.7857 

6.16 

6.61 

0.9507 



TABLE III 

Ratio of' mean nuclear area in 2-cell:mean nuclear area in 4-cell. 

Probabili ty of' null 
Type of' nucleus Ratio hypothesis 

(that there is no change) 

Control 3.3:1 p < .01 

Bnbryo in 
heterokaryons 3.3:1 p < .01 

A9 in 
heterokaryons 0.8:1 p >.05 

., 
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smaller in size than em.bryo nuc~ei in 2-ce~~ cytop~asm.. Such a 

di:fference in size in A9 nuc~ei was not observed in 2- and 4-cell/A9 

heterokaryons. llUrthermore; there was an insignificant change in the 

size of em.bryonic nuc~ei after :fIlaion, even though H3-uridine incorpor-

ation into mrA in these nuc~ei was stimulated 2-fo~d after fusion. 

Therefore, changes in mA synthesis in A9 nu~ei in 2- and 4-cell 

heterolœryons are independent of nuc~ear vo~ume, and changes in RNA 

synthesis in embryo nuc~ei may be only casually and not causally 

related ta vo~ume. The're~tionship of nuc~ear size to RNA.s;ynthesis 

is therefore different :in mouse em.bryos than in Xenopus em.bryos. 

b. Influence on heterospe .. ific nuc~ei; 2- and 4-cell embryos 

fused with human cells 
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An exami nation of autoradiograms of 2- and 4-cel~/hum.an dip~oid 

heterokaryons indicates that buman. nuc~ei in mouse embryonic cytop~sm. 

are regulated in the same way as A9 nuc~ei in mouse embryonic cytop~asm 

(Plates 21 - 23). Li ttl.e BNA synthe sis could be seen in human and 

em.bryonic nuc~ei of heterokaryons invo~ving 2-c~ b~astomeres, wnereas 

.lillA synthesis in heterokaryons with 4-cell b~astomeres RS heavy. As 

has been observed in the previous experiment, nuc~eolar ~abelliIJg cotüd 

be seen :Ln. 4-cell heterokaryons even in the htunan. nuc~ei, which indicates 

tbat human ribosomal BN'A was being synthesized. ~s is in contrast 

to the findings of El.iceiri and Green (~969) and Bramwell and Handmaker 

(~9T.L) in bmnan/mouse somatic cell hybrids. II though sUch hybrids 

contained up to 35 human. chromosomes and human cell surface antigens, 

and therefore certainly contained human. ribosomal RNA genes, human. 28s 

>-
------ 1 
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RNA was not synthesized. Since the 28s and 18s components oi' ribosomal 

RNA are derived :t'rom the seme 45s precursor molecule (Darnell, 1968), 

it is likely that the human 28s ribosomaJ. component was not S\1ppressed 

in the mouse 4-cell embryo/human diploid heterokaryons exami.n.ed in the 

present experiment. 
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Table IV indicates tbat the quantitative patterns oi' H3-uridine 

incorporation into RNA in 2- and 4-cell embryos and 2- and 4-cell/ 

human diploid heterokaryons were virtually identica1 to those observed 

in the previous experiments with A9 cells. The average number oi' grains 

per embryo nucleus oi' control (not fused wi th human cells) 4-cell 

blastomeres was 10.3 times the average number oi' grains per embryo 

nucleus oi' control 2-cell blastomeres. The average number oi' grains 

per human nucleus in 4-cell heterokaryons was 1l.3 times the average 

number oi' grains per human nucleus in 2-cell heterokaryons. Similarly 

the average number oi' grains per embryo nucleus in 4-cell heterokaryons 

was 10.8 times the average number oi' grains per embryo nucleus in 2-cell 

heterokar;vons. The ratios of 1l.3:1 and 10.8:1 are not significantly 

di.i'i'erent ei ther :t'rom each other, or :t'rom the control ratio of 10.3:1. 

The addition oi' human cytoplasm througb. hybridi.zation to 

either 2-'or 4-cell blastomeres did not increase H3-uridine incorporation 

into RNA in the embryo nuclei, even in heterokaryons with a ratio of 3 

human nuclei:l embryo nucleus. It is evident that fusion per se does 

not resul t in increased incorporation oi' H3-uridine. Therei'ore the 

stimulation oi' RNA synthesis in embryonic nuclei oi' A9/embryo heterokaryons 

j 
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TABlJEIV 

Mean numbers of grains per nucleus for at least 

100 nuclei ~ standard error of the mean. 

EXPERIMENT 
2-cell X 4-cell X Ratio of 

Type of nucleus human diploid human diploid 4-cell: 2-cell 

:Embryo nuclei of 
control embryos 35.3 ~ 2.7 362.1 ±. 35.2 10.3: 1 

Embryo nuclei of 
heterokaryons 32.5 ~ 3.5 . 350.7 ±. 32.1 10.8: 1 

Human. diploid 
nuclei of 9.6 ~ 0.7 108.4~ 5.3 11.3:1 
heterokaryons 



,-
...... ,...~_.~,_ .••• __ ..•...• _________ ~ ____ ~ __ ~_1. 

must be due to f'actors con tained in the A9 cytoplasm which are not 

present in the human. cell cytoplasm. This may represent ei ther a 

heterospecif'ic dif'f'erence or a heteroploid - diploid cell dif'f'erence. 

Since the human. cells used in the se experiments were synthe

sizing large amounts of' RNA prior to fusion (Plate 24) the resul ts 

described above denonstrate again a suppression of' RNA synthesis in 

previously active nuclei. 

c. Inf'luence on maliggant (SVT2) nuclei 

When highly malignant SVT2 cells were fused witb. 2-cell 

blastomeres, H;"uridine incorporation into RNA in the SVT2 DUclei was 

repressed in the same way as was observed in 2-cell/A9 and 2-cell/human 

diploid heterokaryons (Plates 25 &.26). !I!hus, these malignant cells 

have not lost the capacity to respond to the regulatory factors present 

in the early embryonic cytoplasm. This is in accord wi th the f'act 
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that nuclei :t'rom the :f'rog renal adenocarcinoma are capable of supporting 

development of' enucleated ova of' ~ pipiens to normal blastulae in 

1-5% of' cases (DiBerardino and King, 1965; King and DiBerardino, 1965). 

d. Oonclusion 

The experiments described above, in which mouse 2- and 4-cell 

embryo blastomeres were fused wi th mouse A9 cella, human. diploid celle, 

and higbly malignant SVT2 cells, indicate that any somatic nucleus in 

2-ce11 cytoplasm is severely represeed with regard to H3-uridine incor

poration into RNA by comparison to incorporation levels in the same 

types of' DUclei in 4-ce11 cytoplasn. This indicatee the presence in 
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the 2-cell cytoplasn of factors responsible for the repression of Bl~A 

synthesis which are not species specifie in their action, and which 

have largely disappeared or become inactivated in the 4-cell cytoplasm. 

The fact that nuclei in 4-cell cytoplasn incorporate 10 times the amount 

of H:3-uridine into ENA than the same nuclei in 2-cell cytoplasm, 

irrespective of the origins of su.ch nuclei, indicates that the ENA 

synthetic behavior of somatic nuclei in embryonic cytoplasn is identical 

to the RNA synthet;Lc bebavior of no:nnal embryonic nuclei in embryonic 

cytoplasn and tbat su.ch behavior must be cytoplasmically controlled. 

These resul ts are directly analogous to those obtained trom nuclear 

transplantation experiments in Xenopus laevis (see introduction). 

2. Validity of Results 

In order to establish the validity of the above conclusions, 

it is necessary to show that the embryos and heterolœ.ryons were alive; 

tbat heterokaryons were indeed formed; that incorporation of H:3-uridine 

occurred primarUy in RNA; and that uridine entered the cells and 

became converted 'to UTP in similar quanti ties in 2- and 4-cell embryos. 

l t would al.so be of importance to know the specifie activi ties of the 

H:3-UTP pools in 2- and 4-cell blastomeres. 

a. Viability of the embryos 

Since both embryonic and somatic nuclei in heterokaryons in 

cul ture incorporated H:3-uridine into their RNA, and the pattems of 

their H:3-uridine incorporation remained uncbanged from the patterns 
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observed by other workers (Woodland and Graham, 1969), it is beyond 

question that the heterokaryons remain alive and synthetically active 

after virus mediated fusion. However, to ensure that spurious resul ts 

would not be obtained, the following precautions were taken. (i) The 

capaci ty of the culture medium to support and sustain growth of un.fu.sed 

enbryos for at 1east one division was checked before use; (ii) minimal 

temperature shock to the cells (2 minutes) was allowed during the fusion 

procedure; (iii) .experiments in which more tban one-third of the embryos 

appeared morphologically unheal thy (cytoplasn of unheal thy embryos becames 

grannular) were discarded and only morphologically he al thy enbryos in 

the remaining experiments were harvested. Farthemore, al1 combinations 

of fusion such as 6 samatic cells fUsed wi th 2 blastameres, produced 

synthetically active cells. Since some blastomeres reached metaphase 

during the tenure of an experiment i t can be assumed that the experimental 

procedures do not lead to immediate developmental arrest. 

b. Proof of heterokaryon. fomation 

That the cells eJœmined in fuis study were indeed heterokaryons 

and not artifacts resulting tram adsorption of cells on the blastamere 

surface was apparent for the following reasons. When no virus, or low 

concentrations of virus were used, no cells wi th more than one nucleus 

were found, using otherwise identical procedures. A change in the mA 

synthetic activity of all somatic nuclei and structure of most samatic 

nuclei was observed after fusion with embryos. llUrthemore, there was 

no indication of somatic nuclei being regulated, as regards their H3-

1 
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uridine incorporation,. independently of em.bryonic cy-éoplasn, and in 

no case did a somatic nucleUs incorporate H3-uridine into RNA wi thout 

parallel incorporation into the blastomere nucleus of the same hetero-

karyon. For these reasons, other methods to check the validity of 

heterokaryon formation, such as serial sectioning of the cells, were 

not considered. 

c. RNAase and DNAase digestions and actinomycin D treatment 

Evidence that H3-uridine was incorporated into ]NA-primed 

RNA comes from two sources. First, the isotopie labelling in all 

control cells and in all heterakaryons was ENAase sensitive but not 

JliIAase sensitive. Second, incorporation of H;-uridine into ENA was 

sensitive to actinomycin D in a dosage dependent manner. Without the 

antibiotic, 61% of control 2-cell embryos, 81% of 2-cell/A9 hetero

karyons, all 4-cell em.bryos and 4-cell/A9 heterokaryons incorporated 

H3-uridine into RNA. At a concentration of O.; lLg,lml of actinomycin 

D, only 20% of the control 2-cell em.bryos, 28% of the 2-cell/A9 

heterokaryons and 50% of the material invol Ving 4-cell blastomeres 

were labelled. At a concentration of 10 lLsm/ml no incorporation 

could be detected in any cells. Furthermore, tbis concentration 

of actinomycin D had a severe effect on the morphology of the embryo 

and somatic nuclei in heterokaryons (Plate 27). The inhibi tian of 

further cleavage division of 2-cell embryos may therefore be due ta 

other effects of the drug unr91ated to DNA-primed RNA synthesis. 

Heterokaryons invol ving human diploid, SVT2 cells and 2- and 4-c91l 

'-_____ ~ _ _L 

em.bryos were sensitive to actinomycin D to the same extent as the control 
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embryos. 

d. Determination of acid soluble precursors 

Table V shows the uptake of H3-uridine into the acid soluble 

fractions of blastomeres :from 2- and 4-oell em.bryos. There was a 1.28 

fold increase in uptake by the blastomeres at the 4-ce11 stage over 
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that of the 2-cell stage. Therefore a sligb. t increase in H3-uridine 

incorporation into ENA by blastomeres from 4-ce11 embryos may be expected 

but such differences in uptake can by no means account for a 10-fold 

difference in H3-uridine incorporation into RNA be1iween 2- and 4-ce11 

blastomeres observed in the present experiments. Tasca and Hillman 

(1970) have also demonstrated little change in H3-uridine uptake at 

these stages. 

Woodland and Graham. (1969) have shown that approximately 

25% of the radioactive acid soluble fraction in both 2- and 8-ce11 

embryos is UTP, but Daentl and Epstein (1971) have shown that 7g!o 

of the radioactive acid soluble fraotion of 2-cell embryos is UTP 

and this proportion was reduced to 50% by the time embryos reached the 

8-16 cell stage. An attempt was made, therefore, to repeat these 

latter experiments, but in order to allow comparisons of this data 

wi th the autoradiographic work, i t was necessary to use the seme 

labelling times and concentrations of isotopes as were used during 

the present experiments for quantitative autoradiography. As a result, 

i t was difficul t ta obtain enough label in a chromatogram. to be detected 

after fractionation. The only fractions in which aignificant label 

(;x backgroWld) could be detected were those of UTP, and al thougb. i t 

~I 
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2-cell 
embryos 

4-cell 
embryos ------

TABLE V 

Uptake of H3-uridine into acid soluble fractions of 
2- and 4-cell embryos. 

Number 
of 

embryos 

250 

150 

Number 
of 

cells 

500 

600 

Total om 
ab ove 

background 

329.8 

506.6 

OPM/100 
cells 

65.96 

84.43 

. 

Experiment was repeated once wi th similar resuJ. ts. 

Ratio of OPM/100 cells 
in 4-cell:0BM/100 
cells in 2-cell 

1.28: 1 

Quenching (as detemined by comparisons to an external standard) was equivalent for all samples. 

__ ~r 
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FIGURE 9 

'-. _.~ ______________ . ____ J 

Fractionation of intracellular acid soluble 

radioactivity of A9 cells which were labelled with 

H3-uridine, by chromatograpby on DEAE-cellulose paper. 
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wes impossible to deter.mine the exact proportion of soluble precursors 

present as UTP, i t represented a majori ty of the total counts in materials 

from. both 2- and 4-cell embryos. 2hese resul ts agree well wi th those of 

Daentl and Epstein (1971). In contrast to the blastomere cells, the pro

portion of H3-UTP in the acid soluble material obtained from. A9 cells, 

8:fter identical labelling condi tians wes only 6% (Figure 9). 

2he specifie activities of the UTP pools have not been estimated 

at any stage of mouse cleavage development, and until theyare deter.mined, 

the results reported herein can only be expressed as an estimation of 

incorporation of uridine into BNA and not as the net rate of RNA synthesis 

in mouse embryos. 2he resul ts obtained t'rom the present experiment are, 

however, ref'l.ections and approximations of the true rates of RNA synthesis 

for the following reasons; (i) As labelling time is increased, the 

effects of the unlabelled endogenous UTP pool on the specifie activi ty 

of H3-uridine in the acid soluble pool decreases. When the labe11ing 

t:ime becomes sufficiently long, the specifie activi ty of the UTP pool 

approaches that of the label :in the medium. Such reasoning was employed 

by Ellem & Gwatkin (1968). These workers decided that a 2 hour labelling 

time was suf1'iciently long to lead to an in"tracellular pool speCifie 

activi ty which approached that of the medium. It follows that if the 

difference in H3-uridine incorporation into RNA between cells t'raIl 2-

and 4-ce11 embryos remaj ne 10 fold wi th different labelling times, 

then the specifie activi ties of the intracellular pools are not the 

de terminant factors in the kinetics of H3-uridine incorporation into RNA 

-" . 
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at those times. Since Wooclland and Graham (1969) f'ound a 5-10 f'old 

dif'f'erence with a 6 hour labelling time, whicb. is in agreement with 

a 10 f'old difierence observed in this study wi th a 2 hour labelling 

time, i t f'ollows that the specif'ic activi. ties of' the H3-uridine pools 

are not responsible f'or the observed patterns of' ENA synthesis in 

cells :t'raD. 2- and 4-cell embryos. (ii) It was observed in this . 

study that embryo nuclei in 2- and 4-cell/A9 heterokaryons were stim

ulated to incorporate more H3-uridine into ENA than embryo nuclei of' 

control cells. The endogenous unlabelled uridine pool in these hetero

karyons :Ls a composite of' the pools :f'rom embryanic and A9 cytoplasns. 

! priori, a decrease in H3-uridine incorporation into RNA would be 

expected in these heterokaryons. Since, in actuel f'act, an increase 

was observed, the specifie acti vi. ty of' the H3-uridine pools cannot be 

the limi ting f'actor in this system. (iii) Daentl and Epstein (1971) 

have reported stage specif'ic dif'f'erences in the incorporation of' H3-

guanine into ENA in the f'ace of' dif'f'erent uptake parameters. (iv) 

The uptake of' label into acid soluble pools in this study was equiva

lent at both stages studied, as was phosphorylation of' H3-uridine to 

H3-UTP. 

e. Conclusion 

The incorporation of' H3-uridine in these experiments was 
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based on mA dependent RNA synthesis. The patterns of' su.ch incorpora

tion in 2- and 4-cell embryos and heterokaryons are not due to pathogenic 

ef'f'ects of' the experimental procedures, nor are they due to changes in 
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uptake of precursors into acid soluble fractions or their phosphorylation 

to immediate RNA precursors. Changes in specifie activi ty of the radio-

active precursor pools are probably net responsible for the observed 

changes in H3-uridine incorporation into RNA. 

3. Influence of embryonic cytoplasm on RNA s:ynthesis in syntheticalll 
inactive nuclei 

a. Observations and discussion 

Hen erythrocytes are inactive in RNA synthesis but it has 

been shown that they are capable of being reactivated in HeLa cytoplasm 

(Harris, 1965). Therefore, in the present experiment erytbrocytes 

were iUsed wi th 2-cell blastomeres to determine if em.bryonic cytoplasm 

contains si.mi1ar activating factors. Care was taken to obtain a pure 

population of hen erytbrocytes for this experiment (Plate 2~, free 

of other cell types which are normally capable of synthesizing RNA la 

1!!2.. Table VI shows that appro:x:i.mately Wo of the 2-cell em.bryo/hen 

erythrocyte heterokaryons (many of these heterokaryons contained more 

than one ben erythrocyte nuclei) had at least one synthesizing erythro

cyte nucleus. In these cells, 50% of the erythrocyte nuclei could be 

seen to be synthesizing RNA (Plate 29). When un:fUsed hen erytbrocytes 

alone were aubjected to the sane experimental procedures as was applied 

to the heterokaryona, autoradiograms showed no detectable incorporation 

in .any erytbrocyte nucleus (Plate2Sb). Thus the experimental procedure 

was net responsible for erythrocyte reactivation. These observations 

suggest, therefore, that the embryonic cytoplasn is capable of inducing 
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TABLE VI 

Reactivation of hen erytb:rocyte nuclei by 2-ce11 cytoplasm 

Time after fusion 
including labelling time 2 hours 5 hours 11 hours TOmS 

a. Number of heterokaryons ...........•...... 38 37 17 92 

Number of heterokaryons 
b. wi th at least 1 ...•.•••.......... 3 3 2 8 

reactivated nucleus 

c. Number of erytb:rocyte 
nuclei in IIb ll ....••••.•........ 5 7 8 20 

d. Number of reactivated 
erythrocyte nuclei in IIbll ................. 4 3 3 10 

Proportion of heterokaryons wi th at least 1 reacti vated erythrocyte nucleus = 9~ = fJ/o 

Proportion of reactivated nuclei in these heterokaryons = ~ = 50% 

Experiment was repeated once wi th similar resul ta. 

Ir' 



59 

RNA synihes:i.s :in hen erythrocyte nuclei. A number of reasons, however, 

can be advanced to expla:i.n the low frequency of reactivation of hen 

erythrocyte nuclei :in these heterokaryons. (i) The thickness of the 

overly1ng cytoplasn may have prevented some beta rays from being recorded 

on the photographie Emulsion, (:i.i) not all hen erythrocyte nuclei ma.y 

be capable of resuming RNA s;ynthesis, and (iii) the length of tme that 

the erythrocyte nuclei were expOSlild to the actions of embryonic cytoplasm 

(li hours :including labelling time) :Ln the present experiment may not 

have been long en.ougb. for react:i.vation of more erythrocyte nuclei to 

have occurred. Harris (1967) has shown that 20 to 40% of all the ery

tbrocyte nuclei :Ln HeLa,/hen erytbrocyte heterokaryons showed eome enlarge

ment after 24 bours :Ln HeLa cytoplasn and o.nJ.y a proportion of theee 

had 1n:i. tiated RNA eyniheais. It ie iherefore possible that react:i.vation 

of a greater proportion of erytbrocytee in 2-cell/hen. erythrocyte 

heterokaryons wouJ.d be seen after longer times :Ln 2-ce11 cytoplasn. The 

o.nJ.y barr:i.er to performing auch e:x:periments ie tbat two-celi embryos 

reach the 4-ce11 stage w:i. thin 12 hours and therefore by allow:ing the 

erythrocytes to be exposed to the embryon:i.c cytoplasm for a longer time, 

no inferences could be made about the control of ENA eynthesie by 

cytoplasnic factors in 2-cell embryoe. 

Platee 31 &: 32 demonstrate the :Lncreaee in eize of hen. ery

throcyte nuclei after fusion to embryonic cytoplasm. The numbere of 

ayniheeizing nuclei (TableVI) were too small to allow a correlation 

study to be ma.de between. RNA synthesis and :Lncreased nuclear volume. 
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Immediately after fusion there was no detectable ,ahange in nuclear 

volume. By 2 hours many stages of' nuclear enlargement could be seen, 

and still greater enlargement was evident 5 and Il heurs after fusion. 

Similar eAperiments were perf'ormed wi th 4-cell em.bryos. 

However, the presence of large amounts of cytoplasmic label after a 

wo hour labelling time eff'ectively obscured any labelling which may 

bave been present over the erythrocyte nuclei. A one hour labelling 

tme was not su.:f'ficient f'or the detection of' reactivation. Out of 

more than 150 heterOkaryons that were examined after one heur of' 

labelling, only one cell contained a reactivated erythrocyte nucleus 

(Plate 30). 

Enlargem.ent of hen erytbrocyte nuclei in 4-cell cytoplasn 

proceded in the same general way as in 2-cell cytoplasn. !L'wo hours 

after fusion, a majori ty of erythrocyte nuclei bad begun enlargement. 

b. Conclusion 

The resul ts stated above imply tbat factors which are 

responsiblefor the initiation of RNA ay.nthesis in inactive nuclei 

coexist in the 2-oell cytoplasn wi th the previoualy dem.onstrated 

inhibi tory factors. Such factors are probably responaible for the 

initiation and perbaps maintenance of BNA s;ynthesis in nomal. untused 

2-cell embryos. These factors are analogOUB to those found in Xenopus 

laevis which are responsible for the independent aequential activation 

of the different classes of transcription (see introduction). 
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If a great increase in RNA stimulating factors had occurred 

at the 4-ceil stage, i t is probable that significant reactivation of 

erythrocyte nuclei would have been detected at ,this time. These 

experiments, however, do not IUle out the possibility that SOOle of the 

increase in ENA synthesis at the 4-cell stage may be attributable to 

a small increase in the amount or concentration of activating factors. 

It is evident that e:nbryonic nuclei, particularly at the 2-

ceil stage are precisely balanced as regards their regulation of RNA 

synthesis. They are :influenced by both inhibitory and stimulatory 

factors at the same time. 

4. Influence of embryonic cytoplasm on migration of BNA :f.'rom a 
somatic nucleus to the cytoplasm.of the heterokary~ 

a. Observa tions and discussion 

Previous studies have demonstrated tbat cytoplaSllic label 

of presumably nuclear origin is detectable in mouse 2-cell embryos 

after a 4 hour incubation wi th H3-uridine, or after a long chase 

wi th unlabelled uridine (Mintz, 1964a). Since 2-cell embryos synthe

size only high molecular weight RNA (Woodland and Graham, 1969), 

migration of only that RNA was studied. The synthe sis of ribosomal 

RNA is normally impaired in 2-cell embryos (see introduction and this 

stu.dy) and.! priori, one might expect tba t transport of ribosomal RNA 

would also be impaired. This was studied by introducing somatic (A9) 

nuclei containing lab81led nuclear RNA into 2-c81l blastomeres. 
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It bas been shown t'bat the majority of RNA synthesized by 

mammaJ ian cells in cuJ. ture is ribosamal RNA precursor, i.e. 45s 

(Werner, ~ ,&., 1966, ci ted by Darnell, 1968). Accordingly A9 cells 

were pulsed with H3-uridine just before fusion for 15 minutes. An 

examination of autoradiograms of these cells just after fusion revealéd 

tl'iat most of the label was nucleolar (Plate 35a). 

Immediately after the fusion of 2-cell blastomeres to A9 

cells containing prelabelled nuclear RNA, there was li ttle labelled 

RNA detectable in the cytoplasn of the heterokaryons. Two hours after 
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fusion, however, much of the label which was present previously in the 

A9 nuclei had migrated into the cytoplasm (Plates 33&;4). As a control, 

A9 cells which bad net fused wi th embryos were also harvested 2. hours 

after fusion. An examination of autoradiograms of sucb. cells revealed 

that labelled RNA migrated to the A9 cell cytoplasm (Plate 35b). The 

conclusion, therefore, may be drawn that there is no immediate impa1r-

ment of transport functions specifically of the nucleoli of somatic 

nuclei in 2-cell cytoplasn. Al. ternatively, the migration of ENA into 

the cyioplasn observed in these heterokaryons may represent a non-

specific spillage of nuclear contents into the cytoplasn concomitant 

wi th the migration of cytoplasnic components in to the nucleus (Mernam, 

1969) • Such activi ty may be necessary for changes in nuclear f'unction, 

i.e. RNA synthesis, to occur. 

b. Conclusion 

These observations suggest strongly that the transportation 

.... ~~ .. ,'-,~ 
. 1 
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of RNA fram. nucleus ta cytoplasm. is regulated independently of RNA 

biosynthesis. This is particularly ili:~erestin:g in view of the imme-

diate and gross impairment of both nuclear RNA synthesis and nucleolar 

RNA synthesis in 2-oell/A9 heterokaryons. 

5. In:f'luence of embronic cytoplasn on INA s;ynthesis in non-DNA 
synthesizing (Gl_ nuclei 

a. Observations and discussion 

VIhan mouse enbryos are obtained 42 hours after the second 

superovulatory injection, most of them are in the latter half of the 

2-cell stage, which has been shown to be a long G2 period (Graham, 
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1969; Gamow and Prescott, 1970). In subsequent developmant fram. the 

4-cell stage to blastocyst a Gl phase is undetectable and mA synthesis 

is virtually continuous except for mi tosis and a brief G2 (Gamow and 

Prescott, 1970). It might be expected, therefore, that factors capable 

of ini tiating DNA synthesis would be present in 2-cell embryos prepara

tory for continuous DNA synthesis at the 4-cell stage. Accordingly, 

contact inhibited A31 cells were fUsed with 2-cell blastomeres (obtained 

42 hours after the second superovulatory injection). VIhan the hetero-

karyons, unfused cells and embryos were labelled wi th H3-tb;ymidine for 

2 hours beginning l hour and 30 minutes after fusion, only 11% of the 

unfused control blastomeres and 2.5% of the control A31 cells in the 

cul "liure ini tiated mA synthesis. By contrast, 30% of the A31 nuclei in 

heterokaryons fram. the same cul "liure had ini tiated IlNA synthesis. This 

represents a 12-fold incresse in the proportion of nuclei initiating 

) 
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TABLE VII 

Activation of mA s;ynthesis in G1 nuclei by 2-cell cy"toplasm. 

Type of nucleus 

A31 nuclei in 
control A31 cells 

Dnbryo nuclei in 
control enbryos 

A31 nuclei in 
em.bryo cytop~asm 

Number of 
nuclei 

of d e xAili Ile 

241 

63 

183 

Number of 
nuclei s;yn-
th .. mA eSl.zlll,g 

6 

7 

55 

% nuclei 
thsi· mA s:vn' e zmg 

2.5% 

11.cY'/o 

30.0% 

"-___________ ...L 



DNA synthesis over control levels (Table VII) • In most of the hetero

lœ.l:yons ob"tained, the anbryo nuclei were not synthesizing MA but the 

A31 nuclei were (Plate 37) • SUch cells were probably composites of . _ 

G2 blastomeres and Gl A31 cells. 

When this experiment was per:fomed by labe.l.ling the cells 

for 2 heurs beginning immediately after fusion, no activation of DNA 

synthesis in A31 nuclei could be observed above the control levels. 
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The length. of time required to detect activation in the present experi

ments is greater than. tbat found by Gurdon (1967) in mature, unfertilized 

Xenopus laevis oocytes but it is consistent with tbat found by Rao an!i 

Johnson (1970) in Gl/s HeLa homo~ns. However, these workers were 

unable te demonstrate a stimula tory effect of G2 HeLa cytoplasm on Gl. 

HeLa nuclei. In this respect, mouse anbryonic cytoplasm is greatly 

different from that of somatic cells. The mA stimulatory factors in 

the 2-cell cytoplasn may be similar to those found in unfertilized 

Xenopus laevis eggs (Graham, ~ &., 1966; Gurdon, 1967; Gurdon.!!.!l., 

1969). 

b. Conclusion 

.The cytoplasm of 2-cell mouse embryos con tains factors 

responsible for the activation of mA synthesis along with factors 

that regulate RNA synthesis. SUch llNA st:l.mlllatory factors remain in 

the cytoplaElll even after the embryonic mA has been replies ted. The 

presence of these factors in late 2-cell stage embryos is probably 

preparatory for continuous mA synthesis in the embryos from the 4-cell 



stage to· blastocyst in the absence of a detectable Gl periode Nuclei 

in which IINA synthesis has already occurred must be insensi tive to 

these factors, but nuclei containing unreplicated DiA are note 
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SUMMARY AND CONCLUSIONS 

The technique of Sendai virus mediated ceJ.l fusion bas 

been employed to elucidate some cytoplasmic controls of nuclear 

activ:l.ty in 2- and 4-cell mouse embryos. Such embryos were fu.sed with 

a. mouse cells actively s:fIlthesizing RNA 

b. human cells actively synthesizing :RNA 

c. malignant cells actively synthesizing RNA 

d. hen erytbrocytes which were synthesizing no RNA 

RNA synthesis in the heterokaryons was monitored by grain counts in 

autoradiograms. A comparison of acid soluble radioactivity in 2- and 

4-cell embryos was made after labelling wi th H3-uridine 

Two-cell embryos were fLtsed wi th cells which contained 

radioactive nuclear RNA and transport of tb:i.s RNA to the cytoplasm of 

the heterokaryons was stlldied by autoradiography. Two-cell embryos 

in the G2 period of their cell cycle were also fLtsed wi th cells in 

the Gl period of the cell cycle and initiation of mA s:fIlthesis was 

moni tored by autoradiography. 
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The fOllowing conclusions were obtained from these experiments: 

1. The cytoplasm of 2-cell embryos appears to contain factors 

which severe1y inbibit RNA synthesis in competent aault somatic nuclei. 

Inhibi tory factors are 1arge1y lost by the 4-cel1 stage. 

2. Such inhibi tory factors are not species specifie as far 

as has been tested. 



3. Malignant cells are capable of' responding to the cyto

plasmic inhibitory f'actors and they also respond to enbryonic stimuli 

which bring about morpholog:i.cal changes in the nuclei. 
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4. The cytoplasm of' 2-cell embryos contains components capable 

of' ini tiating BNA s;ynthesis in previously inactive nuclei. 

5. No nucleolar RNA synthesis can be seen in any nucleus in 

2-cell cytoplasm. 

6. Al though RNA synthesis is repressed, migration of' RNA 

:t'rom a somatic nucleus in 2-cell cytoplasn is not immediately impaired. 

7. Dif'f'erences between DUclei in 4-cell cytoplasn and the 

same nuclei in 2-cell cytoplasn cannot be accounted f'or by dif'f'erences 

in uptake or phosphorylation of' precursor. 

8. RNA synthesis m.a:y not be causally related to nuclear 

volume although it seems to be in other systems. 

9. The cytoplasm of' 2-cell enbryos in the G2 period of' their 

cell cycle contains f'actors capable of' initiating DNA s;ynthesis in 

nuclei derived :t'rom contact illhibited cells. 

The cytoplasnic f'actors shown. in this study to be present 

in 2- and 4-cell mouse embryos have all been demonstrated in Xenopus 

laevis embryos by Gurdon and bis co-workers (see introduction). 

The regulation of' RNA. s;ynthesis in 2- and 4-cell mouse embryos 

can be understood in teDIlS of' an interaction of' stimul.atory and inhibi tory 

f'actors. The f'ollowing model may be presented on the basis of' the 

resul ta of' this paper and others. Inhibi tory f'actors are present in 

· "-



the 2-cell cytoplaSlIl and are not speci:fic in. their action; given the 

opportunity, they wouJ.d a:ffect all cistrons in. mA. The smalJ. amounts 

o:f synthesis seen in 2-cell em.bryos are stimuJ.ated and probably main

tained by factors capable of cistron recogni tion. Initiation of large 

amounts o:f mainly ribosomal RNA synthesis at the 4-cell stage is 
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accompli shed mainly by the loss or inactivation o:f the inhibitors present 

in 2-cell al though some further specific stimuJ.ation may occur. The 

em.bryonic nucleus, there:fore, is in a state of precisely balanced 

regulation. 

The basic scheme o:f regulation of RNA synthesis in preimplanta

tion mouse em.bryos is very similar to that o:f amphibians and other 

organiSlls. In aU cases, the regulation of nuclear activi ty in cleavage 

development is cytoplasnic in nature. 

-
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PLATE 1 

a. Mitoses in 2 nuclei of a 2-cell heterokaryon. 

obtained from an experiment using hum.an. a.400X. 

diploid cells. 

b. EIllargement of one mi totic nucleus of above. 

Arrow points to putative metacentric (possibly b. 2OOOX. 

human) chrcmosome. 

c. Induction of abortive mi tosis in a 4-cell/ 

human diploid heterokaryon labell.ed wi th 

H3-uridine. Embryo nucleus is in well. defined 

metaphase. Note lack of mu. s,nthesis byaJ.l 

but one of the four human nuclei. 

c. 640X. 

.') 
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PLATE 2 

a & b. !l.'wo-cell/ Ag heterokaryons 

obtained 2 hours after fusion. 

c. Ag caus before fusion. 

Note the cbaracteristic diffuse 

structure of the embryo %ll1clei, 

and that J.i ttle morphologLcal 

change occurred in the Ag %ll1clei 

after fusion to embryonic 

cytoplasn.. 

Small nucleus on the left of 

lia"' is a polar body nucleus. 
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a. 400X. 

b. 4OQX. 

c. 400X. 
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PLATE :3 

8 &: b .• Two-oell/human diploid foreskin 

heterokaryons obtained 2 hours after 

fusion. 

o. Buman diploid foreskin oells before 

fusion. 

Note changes in human nuolei after 

fusion, partioul.arily loss of het

eroobromatin. 
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8. 4OOX. 

b. 4QOX. 

o. 4OOX. 
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PLATE 4 

a &: b. œwo-oell/SVT2 heterokaryons 

obtained 2 hours after fusion. 

o. SVT2 oells before fusion. 

Note ohanges in SVT2 nuolei of 

heterokaryons oharaoterized by 

"loosening" of obrana:tin, and 

poorly defined nuoleoli. 

~I 

a. 400X. 

b. 400X. 
) 

o. 400X. 
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PLATE 5 

a & b. Two-cell/A31 heterokaryons 

obtained 2 hours after fusion. 

c. A31 cells before fusion. 

Note changes in A31 nuclei after 

fusion cbaracterized by swelling, 

loss of nucleoli, and rearrangement 

of chromatin in a diffuse, embryonic 

manner. 

J 

a. 400X. 

b. 400X. 

c. 400X. 
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PLATE 6 

Autoradiogram 01' a 2-oel1 control 

embryo 1abelled wi th H3-uridine. 

!I!b.is embryo was obtained :from. a 

cul tu.re in which the zona pellu-

cida was removed prior to 1abelling, 

but the oul tu.re was not exposed to 

virus. Labelling was per1'omed using 

an H3-uridine oonoentration 01' 2Op.Ci/ml 

(speoifio aotiv:Lty, 19.4 ci/mM) with 750 

1'old excess unlabe1ed deo~itidine 

for 2 bourse Ex:posure time 01' auto-

radiograms in the dark was 96 bourSe 

'-
~ ......... ~_._ ... _---_.. 1 

) 

640X. 

) 
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PLATE 1 

Autoradiogram of a 4-oell oontrol embryo 

labelled wi th H3-uridine. 

The zona pelluoida was removed prior to 

labelling but the embryo was not 

exposed to virus. Details of labelling 

and ~torad1ography are the same as for 

plate 6. 

Note the level of labelling and the 

nuoleolar oonoentration of grains. 

64QX. 

) 
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PLATE 8 

a. 400X 

a. .A.utorad:i.ogœm of virus treated 2-

cell contro~ embryo ~abelled witb. 

H3-uridine. 

b. EDlargement of nuclei of "an• 

) 

See explanation plate 9. 

b. 640X. 
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PLA!L'E 9 

Autaradiogram of 'Virus treated 2-

cell control embryo labelled w:L th 

H:>-ur:f.dine. 

Plates 8 and 9. Details of labelling 

and autoradiography are the seme as for 

plate 6. 

These embryos were obtained :erom experi-

. ments des:i.gned ta detemine BN'A synthesis 

in 2-cell/A9 heterokaryons. They were 

treated wi th 'Virus but did not :fuse wi th 

A9 cells. FraIIl 30 ta 7Cf'/o of the embryos in 

the seme cultures did fllse wi th A9 cells. 

Note the variability in the number of 

grains over the dif:ferent nuolei. 

Control embryos obtained in the seme way 

:frClll experim.ents using human diploid or 

SVT2 oells had s1milar mean numbers of 

of grains and s1milar variabili ty. 

640X. 

) 

../' 
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PLATE 10 

Autoradiogram. of virils treated 4-cell 

èontrol em.bryo labelled with H3-ur:l.dine. 

Plates 1·0 and 11. Details of labelling 

and autoradiograpq are the same as for 

plate 6. 

!I!b.ese embryos were obtained fram. experi-

ments designed ta dete:r:m1ne RNA synthesis 

in 4-cell/A9 heterokaryons. !I!b.ey were 

treated with v:Lrus but did not fu.se with 

A9 cells. Fran 30 to 7C1'/o of the em.bryos 

in the same cultures did fu.se with A9 cells. 

Note the variabili ty in the number of 

grains over the different nuclei. 

Control em.bryos obtained in the same 

way fram. exper:lm.ents using buman diploid 

cells had s;mi lar mean numbers of grains 

and similar variabili ty. 

640X. 
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PLATE 11 

-- ------ -----

Autoradiograœof virus treatèd ~cell 

control embryo labelled wi th H3-uridine. 

Bee explanation plate 10. 640X. -) 
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PLATE 12. 

AutoradiogL"8Ill of ~cell/A9 heterolœryons 

labelled wi th H3-uridine. DetaUs of 

labelling and autoradiograph;r are the 

same as for plate 6. 

Note the virtual. absence of grains 

over the A9 nuclei and the snal.l. 

number of grains over the embryo 

nuclei. 

640X. 
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PLATE 12 

a. Autoradiogœm of 2-cell/A9 heterokaryon 

~abel.led wi th H3-uridine. 

b. Enl.argE!llent of embryo Ill1c~ei of "ail. 

c. Eolargem.ent of A9 nuc~ei of lIa". 

Details of ~abellin.g and autoradiograp~ 

are the same as for p~ate 6. 

Note ~evels of BN'A syntheais. 

a. 4QOX. 

b. 640X. 

c. 1600X. 

'--------\ 
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PLATE 14 

a. Autoradiogram of 2-cell/A9 heterokaryon 

labelled with H3-ur:Ldine. 

b. EDJ.argem.ent of em.bryo l'lUcleus of "a". 

c. Er:ü.argem.ent of A9 nuclei of lIall • 

DetaUs of labelling and autoradiograpby 

are the same as for plate 6. 

Note the levels of mA s;ynthesis, and 

that grains are scattered randomly 

througbout the nucleoplasns. 

) 

a. 400X. 

b. 640X. 

c. 1600X. 
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PLATE 1~ 

a. Autorad:Logram of 2-cell/A9 heterokary'on 

labelled w:L th H3-ur1d:ine. 

b. Enlargement of nuclei of "ail. 

Note levels of RNA synthesis. 

a. 400X. 

b. 640X. 

) 
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PLATE 16 

Autoradiogram. of 4-cell/A9 heterokaryons 

labelled wi th H3-uridine. 

Details of labelling and autoradiography 

are the sane as for plate 6. 

Note heavy synthes1s and cy"toplasm1c 

label. 

) 

) 

640X. 
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PLATE 17 

Autoradiogram of two 4-cell./A9 heterokaryons 

and two unfused 4-cell blastoIn.eres labelled , 

wi th H3-uridine. 

Details of label.ling and au.toradiogra,phy 640X. 

are the sam.e as for plate 6. 

Note tbat one of the unfu.sed blastameres 

is in m:i. tos:ls. 
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PLATE 18 

Autoradiogram of a 4-cell/A9 heterokaryon 

and an unfas,ed 4-ce1l blastanere labelled, 

w:L th H3-urid:i.nB. 

Details of labe1ling and autoradiograph;y 

are the same as for plate 6. 

Note leveJ.s of ma s;ynthesis. 

'-------1 

640X. 
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PLATE 19 

a. Autorad:iogram of two A9 nuclei of an 

exceptionaly heav:i.ly labelled 2-cell/ 

A9 heterokaryon. Details of labelling 

and autorad:iogra~ are the same as 

for plate 6. 

N'ote random scattering of gœ:i.ns 

throughout the nucleoplasns. There 

1s no nucleolar concentration of grains. 

b. Autoradiogram. of an A9 nucleus :from 

a relat1vely lightly labelled 4-cell/ 

A9 heterokaryon. Details of labelling 

and autoradiogra~ are the same as 

for plate 6. 

N'ote non-random clustering of grains. 

.) 

a. 1600X. 

b. 1600X. 
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PLATE 20 

a. Autoradiogram o:f A9 cells J.abelled 

wi th H3-uridine in A9 medium. 

Detail.s oi' J.abelling and autoradio-

. grapby are the same as i'or pJ.ate 6. 

Note that A9 cells nomaJ.J.y synthesize 

J.arge amounts oi' BNA. 

b. Autoradiogram oi' A9 cells labelled 

with H3-uridine in Mintz' medium. 

Detail.s oi' J.abelling and autoradio-

graphy are the same as i'or pJ.ate 6. 

These cella were obtained !rom· a 

cul ture in which some A9 celJ.s had 

i'u.sed wi th em.bryos. Note that the 

experimentaJ. procedure did not 

al ter the pattem oi' BNA syn.thesis 

dem.onstrated in "a". 

'-

1 

a. 640X. 

) 

b. 640X. 
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PLATE 21 

a&: b. Autoradiograms of 2-oel.l/human 

diploid foreSkin heterokar,yons 

labelled wi th H3-uridine. 

Details of labelling and auto

radiography are the seme as for 

plate 6. 

Note virtœal absenoe of ENA 

synthesis by the buJnan nuolei. 

____ .l.-. 

) 

a. 640X. 

b. 640X. 

j 
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PLATlL22 ... 

a. Autoradiogram. of 4-cell/human diploid 

foreskin heterokaryon labelled wi th 

H3-uridine. Details of labeJling 

and autoradiograpby are the same as 

for plate 6. œwo em.bryo nuclei are 

in the process of fusion. 

Note levels of HN'A synthesis. 

b. Autoradiogram of 4-cell/human diploid 

foreskin heterokaryon label1ed wi th 

H3-uridine. Details of label1ing and 

autoradiograpby are the same as for 

plate 6. 

Note levels of RNA synthesis. 

,----1 

a. 640X. 

b. 640X. 
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l'LATE 23 

a &: b. Autoradiograms of human nuclei 

in mouse 4-cell embryo cytoplasm. 

Details of labelling and autoradio-

grap~ are the same as for plate 

6. 

Note that nuoleolar label is 

evident, i.e. tbat bmnan 

ribosamal BN'A 1s being s;ynthe-

sized. 

'------1 

a. 1600X. 

b. 1600X. 

, 
j 
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PLATE 24 

Autoradiogram. of human diploid fore-

skin cells labelled before fusion 

wi th H3-uridine. Detail.s of labelling 

and autoradiography are the same 

as for plate 6. 

Note tbat human diploid foresld.n cells 

no:an.ally synthesize large amounts of 

!mA 

!!his pattem of RN'A synthesis ms 

not al tered by the experimental 

procedures. 

64QX. , 
/ 
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PLATE 25 

Autoradiogram of 2-ceU/SVT2 hetero

karyons labelled wi th H3-uridine. 

Details of labeJ.ling and 8lltoradio

graphy are the same as for plate 6. 

Note the virtual absence of RNA synthesis 

by the SVT2 nuclei. 

~I 

) 

640X. 

) 
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PLATE 26 

a. Autorad:l.ogram. of 2-cell/SV!l!2 het

erokaryon l.abelled wi th H3-uridine. 

Detail.s of l.abelling and autorad:l.o

gra~ are the same as for pl.ate 6. 

Note the virtuai absence of EfA 

synthesis by the SVT2 nucl.ei. 

b. Autoradiogram. of SV!l!2 cells l.abelled 

wi th H3-uridine before fusion. 

Detail.s of l.abelling and autoradio

gra~ are the same as for pl.ate 6. 

Note that SVT2 cells nomally 

synthesize l.arge amounts of BNA. 

) 

a. 640X. 

b. 640X. 
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PLATE27 

-- -------------------------- ----------------"-...., 
l 

!LWo-cell/A9 heterokaryon containing 

wo A9 nu~ei. 

This cell was treated with 1~ml 

act1n~c:Ln D for 2 hours. Note 

gross morphologLcal abnomali ties 

of both embryonic and A9 nu~ei as 

compared with pate 2. 

400X. 

) 

J. 
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PLATE 28 

"-.. _ .. _. _______ ._ .... __ ... _" ___ "~_ •. "."'><_.~C·"~~-U"_3 __ .. ___ ,,----......... - .. "'''' ___ ' __ '1 

a. Smear of hen erytbrocytes ai'ter 

purification by centri:fl1gation. 

Only nucleated erytb.rocytes are 

present. Such a preparation 1s 

sui table for iUs10n studies. 

b. Autoradiogram of hen er,rthrocytes 

labelled with H;"uridine (5OlLCi/ml.) 

for 2 bourse Exposure time of auto-

radiograms in the dark was 1 month. 

These cells were obtained :fram a 

population in which some erythrocytes 

had 1'u.sed with embryos. Note tbat 

the experimental procedure did not 

stimulate BNA. s~thes1s by any 

erytbrocyte. 

Erythrocytes labelled in the same 

way before 1'u.s1on did not s~thes1ze 

any SA. 

j 

; 

a. 640X. . : 

) 

1600X. 



,-
1 



126 

PLATE 29 

a. Autoradiogram of 2-cell/hen 

erytbrocyte heterokaryons labelled 

wi th H3-uridine. 

b. :&ll.argement of some erytl:Jrocyte 

nuclei of "a". 

Details of labelling and autoradio

graphy are the same as for plate 28b. 

This embryo was obtained 2 hours after 

fusion (including labelling time). 

Note the incorporation of H3-uridine 

into RNA by 2 of the 5 erythrocyte 

nuclei. 

"-

1 

.J 

a. 400X. 

b. 1600X. 
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PLATE30 

a. Autoradiogram of 4-cell/hen 

erytbrooyte heterokaryons labelled 

wi th H3-ur:I.dine. 

b. Enlargement of some eryt..!:lrocyte 

nuclei of "au. 

œhese cells were labelled for 1 

hour with H3-uridine (~:L/ml) 

beginning 1 hour after fUsion. 

Note RNA synthesis by one of the 5 

erytbrocyte nuclei. Note also the 

heav,r incorporation by the embryo 

nuclei, and the presence of large 

amounts of cytoplasmic label. 

>-
- - -----.-.-- ,.- - - 1 

a. 400X. 

b. 1600X. 
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PLATE 31 

a. Ben. erytbrocyte nucleus af'ter 2 

hours in 2-cell cytoplasm. 

Nucleus bas not enlargrd. 

b. Ben. erythrocyte nucleus af'ter 2 

hours in 2-cell cytoplasm. 

Some enJ.argement bas ocourred. 

c. Ben. erythrocyte nucleus af'ter 2 

hours in 2-cell cytoplaan. 

Still greater enlargement bas 

occurred. 

,-_________ 1 

) 

a. 1600X. 

b. 1600X. 

c. 1600X. 
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PLAœE 32 

a. Hen erytbrooyte nuolei after 5 

hours in 2-oe11 oytoplasm. Sam.e 

nuclei are perpend:i.cular to the 

plane of the photographe Note 

nuclear enlargement greater 

than in plate 31c. 

b • .den erytbrocyte nuclei after 11 

hours in 2-oell cytoplasn. (pbase 

contrast). ecmpare nuclear enlargement 

wi th "a". 

,-
"- .. _ ....•.. ,. 

a. 1600X. 

b. 1600X. 
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PLA~E 33 

Autoradiogram oi' a 2-cell/A9 

heterokaryon. The A9 nucleus was 

labelled wi th H3-uridine immediately 

bei'ore fusion. !l!b.is heterokaryon was 

harvested immediately a:f.'ter fusion. 

Note that very little mfA bas lei't 

the A9 nucleus and entered the cyto

plasn of the heterOkaryon. 

640X. 

l.-

I 
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PLATE 34 

a, b &: c. Autoradiograms of 2-cell/A9 

heterokaryons. A9 nuclei 

were labelled wi th H3-uridine 

:iJDmediatel.y before f'I1si.on and 

heterokaryons were harvested 

2 hours after fusion. Note 

tbat much IlNA bas migrated 

frcm the A9 nuclei into the 

cytoplasns of the heterOkaryons. 

'-
1 

, 
/ 

a. 640X. 

b. 640X. 

c. 640X. 
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PLATE 35 

a. Autoradiogram of Ag oells ·labelled 

wi th H3-uridine immediately prior 

to fusion. Note that very li ttle 

labelled ma is present in the 

oytoplasm., and that much of the 

labelled mTA is nucleolar. 

b. Autoradiogram of Ag cells tram the 

same cul. ture as lia". !Illese oells 

participated in. the fusion teobni.que 

but did not fuse wi th embryos. !Illey 

were barvested 2 hours after fusion. 

Note that much labelled RNA bas 

m:l..grated tram nuoleus to cytoplasn. 

.. -.~--~ ... ~- ...... -
1 

a. 640X. 

) 

b. 640X. 
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PLATE 36 

Autorad:i.ogram of A31 cells 1abelled 

with H3-~dineo !I!lese cells were 

obtained fraD. a contact-inhibited 

culture and were labelled for 2 hours 

beg;nning 2 hours ai'ter trypsinization 

of the culture. Most cells (97.5%) 

did not initiate DiA synthe sis 

during this time. 

"-

1 

640X. 
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PLATE 37 

a. Autoradiogram of 2-cell/A31 hetero

karyon labelled wi th H3-tb;ymidine. 

The A31 nucleus was deri ved from the 

same cul. ture as the cells in plate 36. 

The heterokaryon. was labelled in the 

same way as in plate 36. mA synthe sis 

has begun in the A31 nucleus in the 

cytoplasm. of a blastomere in the S 

periode 

b. Autoradiogram of a heterokaryon 

obtained in the same way as "a". 

mA synthesis has commenced in the 

A31 nucleus in the cytoplasm of 

a blastomere in the G2 periode 

. - J: 

a. 400X. 

) 

b. 640X. 
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