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I. Ultrastrueturd aspects of 
spermatozoal chromatin dispersion 

G a m e t e m e m b r a n e fusion is soon fol lowed 
by t h e rapid loss of t h e spe rma tozoa l 
nuclear m e m b r a n e by a m e c h a n i s m still t o 
be es tabl ished (1) . The loss o f the sperma
tozoa l nuc lear envelope hera lds t h e sper
m a t o z o a l c h r o m a t i c decondensa t i on . 
F a w c e t t (2 ) had suggested t ha t t h e re
d u n d a n t nuc lea r envelope present in 
m a t u r e s p e r m a t o z o a cou ld be associated t o 
the a c c o m o d a t i o n of t h e male p ronuc leus . 
This n o t i o n has, howeve r been a b a n d o n e d 
due t o t h e fast loss of t h e s p e r m a t o z o a l 
nuc lea r enve lope . 

A series of c o m p l e x events are observed 
in recent ly fused gametes pr ior t o o r 
c o n c o m i t a n t wi th spe rma tozoa l c h r o m a t i n 
decondensa t i on . In m a m m a l s , soon after 
gamete fusion it is possible t o observe 
e lec t ron dense bodies of 0.1 t o 0 . 2 / n m i n 
d i ame te r coming o u t f rom t h e pe r iphery 

o f t h e still condensed s p e r m a t o z o a l 
c h r o m a t i n (Fig. 1 and 3 ) . The pers is tance 
o f these bodies as visible s t ruc tu re s is of 
shor t du ra t i on , however , s t ruc tu res of 
similar appea rance can be p u t in evidence 
in la ter stages of fer t i l izat ion and in asso
cia t ion wi th a granular mater ia l . La te r on , 
in t h e midd le par t o f t h e s p e r m a t o z o a l 
nuc leus and f rom t h e pe r iphery t o t h e 
center , it is possible t o observe fine fibrils 
of c h r o m a t i n (4 , 5 and Figs. 2 and 3) . 
The d e c o n d e n s a t i o n progresses f rom t h e 
midd le par t t o w a r d t h e cauda l region of t h e 
s p e r m a t o z o a l head and last t o t h e an te -
r io rmos t region (Fig. 3 ) , where a c o m p l e x 
of m e m b r a n e s (Figs. 2 and 3) , whose origin 
is still deba t ed (see 1,6,1 for discussion o n 
this p o i n t ) , move away f rom the i r close 
apposition" t o t h e s p e r m a t o z o a l nuc leus 
expos ing t h e per inuc lear subac rosomal ma
t e r i a l In t h e area lying b e t w e e n t h e sperma
tozoa l c h r o m a t i n and t h e ex te rna l ly loca ted 
c o m p l e x of m e m b r a n e s appears a finely 
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Mammal ian g a m e t e fusion in n o r m a l fer t i l izat ion is s o o n fol lowed b y t h e d isso lu t ion o f 
t h e nuc lear m e m b r a n e t h a t p receeds t h e d e c o n d e n s a t i o n of t h e s p e r m a t o z o a l c h r o m a t i n . 
Prior t o o r c o n c o m i t a n t wi th this process it is possible t o observe e lec t ron dense bodies in 
close associat ion wi th t h e condensed c h r o m a t i n . Addi t iona l ly , nea r t h e area of c h r o m a t i n 
decondensa t ion appears a fine granular mater ia l t h a t in m o r e advanced stages can be seen 
in close associat ion wi th e lec t ron dense bodies . T h e e lec t ron dense bodies might represen t 
t h e release of D N A associated p ro te ins t h a t mus t be r emoved to al low c h r o m a t i n 
decondensa t i on . Ful l d e c o n d e n s a t i o n is observed a b o u t 1 h o u r after g a m e t e fusion. 
However , t he post-fusion events t ha t exper ience t h e s p e r m a t o z o o n seem t o be associated 
to t h e o o c y t e cell cycle and t o t h e fertil ized egg cell cycle. In vitro s tudies ind ica te t ha t 
spe rma tozoa l c h r o m a t i n decondesa t ion migh t be associated to t h e ac t ion of p ro teases and 
of agents t h a t r educe S-S b o n d s . 
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granular mater ia l o f a b o u t 80 A in d i ame te r 
and g r o u p e d in clusters of 0.2 to 1.2jum 
(Figs. 2 and 3) . The chemical n a t u r e as well 
as t h e funct ional role of t h e dense bodies 
and t h e granular mater ia l are t h u s far 
u n k n o w n . 

We believe t ha t t h e dense bodies might 
represent the release of p ro te ins from t h e 
condensed ch roma t in tha t is requi red for 
i ts decondensa t i on . O u r pos tu la t e is based 
o n t h e following facts. Dur ing spermio-
genesis t he r e is a t rans i t ion of nuclear 
p ro te ins where t h e h i s tones of preesperma-
tid stages are replaced by m o r e basic 
p ro te ins r ich in arginine, tha t remain 
c o m p l e x e d t o DNA at least unt i l fer t i l izat ion. 
Eck lund and Levine (8) labelled m o u s e 
s p e r m a t o z o a wi th 3 H —arginine and 
found t ha t t h e label was associated to a 
specific basic p ro t e in n a m e d muscul ine . 
This p ro te in was present in ep id idymal and 
u te r ine s p e r m a t o z o a b u t barely present in 
tes t icular spe rma tozoa . F u r t h e r m o r e w h e n 
labelled s p e r m a t o z o a were used to fertilize 
eggs and s tudied by au to rad iog raphy it was 
found t ha t s p e r m a t o z o a appeared labelled 
when t hey were ou t s ide t h e egg, at t h e 
zona pel lucida and in c o n t a c t wi th t h e 
vitellus. However , when t h e s p e r m a t o z o a 
had- en te red in to t h e vitellus, t h e label 
r emained associated t o t h e spe rma tozoa l 
nuc leus unt i l t h e t ime when t h e second 
anaphase begins. At la ter stages of fertiliz
a t ion , t ha t is, dur ing p ronuc lea r fo rma t ion 
no label was found associated to t h e m . T h e 
t i m e at which anaphas ic c h r o m o s o m a l 
m o v e m e n t s tar ts , coincides wi th t h e dis-
sapearance of t h e dense bodies . However , 
t h e validity of t h e above p roposed 
hypo thes i s needs to be p roved using 
b iochemica l and high reso lu t ion autora
d iography t echn iques . 

The spe rma tozoa l ch roma t in is fully 
decondensed at a b o u t o n e h o u r after 
gamete fusion and n o nuc lear m e m b r a n e is 
seen a r o u n d it (Figs. 4 and 5). Thus , t h e 
area where t h e male c h r o m a t i n is loca ted 
appears similar t o t h e g r o u n d cy top la sm 
and its l imits are demarca t ed by an array of 
cell organelles (Fig. 5) . The c o m p l e t e 
absence o f nuc lear m e m b r a n e dur ing 
m a m m a l i a n s p e r m a t o z o a l c h r o m a t i n 
d e c o n d e n s a t i o n con t ras t s wi th t ha t found 

in sea u rch in where nuclear envelope 
b r e a k d o w n is i n c o m p l e t e and po r t i ons of 
t h e nuc lea r m e m b r a n e remains over t h e 
apical and caudal regions of t h e head (9) . 

II. The egg cell cycle and spermatozoal 
chromatin decondensation 

Mature m a m m a l i a n s p e r m a t o z o a can fuse 
wi th i m m a t u r e (10 -13 ) , m a t u r e , fertil ized 
( 1 1 , 14) m a m m a l i a n eggs and wi th blas-
t o m e r e s of cleaved eggs (11 ) . However , t h e 
post-fusion process regarding t h e sperma
tozoa l nuc leus is different and seems to be 
re la ted to t h e stage o f t h e cell cycle of t h e 
o o c y t e and of t h e fertil ized egg. 

a. Immature oocyte 

Golden h a m s t e r s p e r m a t o z o a fused wi th 
i m m a t u r e o o c y t e s s h o w a rapid loss of the 
nuc lear enve lope , however , t h e nuc leus 
remains highly c o n d e n s e d ( 1 1 , 15) even 
after t h r e e hou r s after game te fusion. Some 
degree of spe rma tozoa l c h r o m a t i n de
condensa t i on is observed in o o c y t e s t ha t 
have s ta r ted p r o m e t a p h a s e I; at me taphase -
anaphase I mos t o f t h e s p e r m a t o z o a show 
full d e c o n d e n s a t i o n of t h e c h r o m a t i n . T h e 
fastest d e c o n d e n s a t i o n and d e v e l o p m e n t of 
funct ional p ronuc leus occurs w h e n t h e 
m a t u r e o o c y t e s are at t h e s econd me io t i c 
me taphase . Guinea-pig i m m a t u r e o o c y t e s 
can also fuse wi th h o m o l o g o u s and heter -
ologus s p e r m a t o z o a fol lowed by t h e loss 
of t h e nuc lear enve lope , bu t t h e c h r o m a t i n 
remains highly c o n d e n s e d (Figs. 6 and 7) . 
In t h e rabbi t , s p e r m a t o z o a fused wi th 
i m m a t u r e o o c y t e s also s h o w no c h r o m a t i n 
dispersion, bu t in con t ras t t o t h e h a m s t e r 
and guinea-pig t h e nuc lea r m e m b r a n e 
persists a r o u n d t h e c o n d e n s e d c h r o m a t i n 
( 1 , 13). An in teres t ing e x c e p t i o n to t h e 
above s tud ied species is t h e dog whose egg 
is ovu la t ed at t h e G V stage and can be 
fertil ized at any t i m e after ovu la t ion . 
S p e r m a t o z o a en te r ing o o c y t e s at t h e G V 
stage s h o w c h r o m a t i n d e c o n d e n s a t i o n as it 
occurs in fer t i l izat ion of o o c y t e s ovu la ted 
at t h e s econd me io t i c m e t a p h a s e ( 1 6 ) . At 
this po in t of t h e discussion several 
ques t ions are app rop r i a t e such as: Is t h e 
GV b r e a k d o w n requi red for spe rma tozoa l 
c h r o m a t i n d e c o n d e n s a t i o n ? o r Is it nec-
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essary the cy top lasmic m a t u r a t i o n t h e 
only r e q u i r e m e n t for c h r o m a t i n dis
pers ion? Are GV b r e a k d o w n and cy to 
plasmic m a t u r a t i o n two p h e n o m e n a t ha t 
are requ i red for spe rma tozoa l c h r o m a t i n 
d e c o n d e n s a t i o n ? The analysis of s tudies 
d o n e in inver tebra tes and in amphib ians 
might be of use in t h e unde r s t and ing of th is 
p rob lem. 

At t h e t u r n of th is c en tu ry Delage ( 1 7 ) 
work ing wi th starfish oocy t e s found t h a t 
when t hey were cut in t w o at t h e G V stage, 
deve lopmen t was possible on ly in t h e half 
tha t con t a ined the GV, however , if t h e 
o p e r a t i o n was pe r fo rmed after the G V 
b r e a k d o w n , b o t h halves were able t o 
s u p p o r t deve lopmen t after fer t i l izat ion. 
Delage's conc lus ion was t ha t G V break
d o w n was requi red for wha t he called 
" c y t o p l a s m i c m a t u r a t i o n " . Over half a cen
tury later , Detlaff, Niki t ina and Stroeva 
(18 ) work ing wi th a m p h i b i a n o o c y t e s 
s h o w e d t h e i m p o r t a n c e of t h e a d m i x t u r e of 
G V c o n t e n t s wi th the cy top l a sm t o s u p p o r t 
c l e a v a g e . In the i r e x p e r i m e n t s t h e y 
t r ansp lan ted nuclei from blastula in to 
enuc lea ted o o c y t e s . Deve lopmen t was 
no rma l when enuc lea t ion was pe r fo rmed 
after G V b r e a k d o w n , bu t if enuc lea t ion 
was pe r fo rmed before GV b r e a k d o w n , eggs 
failed t o cleave. Subsequen t works s h o w e d 
t ha t oocy t e s enuc lea ted before proges
t e r o n e s t imula t ion and i n c u b a t e d in vitro 
can unde rgo all t h e ma tu ra t i ona l changes 
observed in nuc lea ted con t ro l s , such as 
cort ical granule b r e a k d o w n , e levat ion of 
the vitell ine m e m b r a n e , ro t a t i on wi th in t h e 
perivitel l ine space , increase in egg turgid i ty 
and changes in t h e appea rance of the egg 
surface (19 ) . On t h e o t h e r hand , t h e 
enuc lea ted o o c y t e s loss t h e abil i ty to cleave-
when t hey were injected wi th blas tula 
nucle i . The capaci ty t o cleave was part ial ly 
res tored w h e n G V mater ia l f rom proges
t e rone s t imula ted o r n o n - h o r m o n e t r ea ted 
eggs was injected in to t h e enuc lea ted and 
p roges te rone s t imula ted eggs. It seems t h e n 
tha t cy top la smic m a t u r a t i o n can p roceed in 
the absence of GV, and t h e release of G V 
mater ia l in to the cy top l a sm would be 
necessary to suppor t cleavage ( 1 9 , 20) . A 
fur ther insight i n to o u r discussion can be 
o b t a i n e d from t h e work in which t o a d 

spe rma tozoa l nuclei were injected i n t o t o a d 
oocy te s . Moriya and Katagiri (21 ) s tud ied 
t h e behavior of t oad s p e r m a t o z o a l nuclei 
injected in to m a t u r e and ma tu r ing o o c y t e s . 
When t h e spe rma tozoa , p r e t r e a t e d wi th 
0.025o/o T r i t o n X - 100 t o rid off t h e 
m e m b r a n e s , were injected i n t o t h e 
cy top la sm o r nuc leop lasm before G V 
b r e a k d o w n of i m m a t u r e t o a d o o c y t e s , no 
change in shape was observed. When t h e 
inject ions were pe r fo rmed at different 
t imes after t h e p roges te rone t r e a t m e n t , t h e 
spe rma tozoa l nuclei exper ienced changes 
tha t were in s y n c h r o n y wi th t h e o c c y t e 
nuc leus . It appears t h e n t ha t t h e nu
cleoplasm of the G V does no t have in itself 
t h e p r o p e r t y of dispersing the spe rma tozoa l 
c h r o m a t i n b u t r a the r i ts a d m i x t u r e wi th 
t h e o o c y t e cy top lasm brings abou t this 
p rope r ty . In fact, Katagiri and Moriya ( 2 2 ) 
showed tha t when toad o o c y t e s were enu
cleated u p to six h o u r s after p roges te rone 
s t imula t ion and t h e n insemina ted , t h e 
spe rma tozoa l nuc leus r emained in tac t o r 
slightly swollen, even after 90 m i n u t e s , 
t ime at which t h e nuc lea ted con t ro l s 
s h o w e d a well developed pronuc le i . 
Enuc lea t ions pe r fo rmed 7 — 8 h o u r s after 
p roges te rone s t imula t ion resul ted in a small 
pe rcen tage of o o c y t e s undergo ing cleavage, 
however , enuc lea t ions d o n e at tha t t ime 
t e n d e d to cause r u p t u r e o f t h e GV, pro
ducing a mixing of GV mater ia l wi th 
o o c y t e cy top l a sm. Similar results were 
ob t a ined w h e n spe rma tozoa l nuclei were 
injected in to t h e o o c y t e s . T h e evidence 
s t rongly indica tes t ha t a d m i x t u r e of G V 
mater ia l wi th t h e cy top l a sm is requi red for 
spe rma tozoa l c h r o m a t i n decondensa t i on . 

b . Mature oocyte 

Mammal ian o o c y t e s are cons idered m a t u r e 
when meiosis is at t h e stage of m e t a p h a s e II 
and t h e cort ical granules have reached a 
loca t ion immed ia t e ly b e n e a t h t h e p lasma 
m e m b r a n e . Fer t i l i za t ion occurs at this stage 
a n d s p e r m a t o z o a l c h r o m a t i n decon
densa t ion progresses very rapid ly . Mature 
o o c y t e s have been used to s tudy t h e 
behavior of the spe rma tozoa l nuc leus 
placed in con t ac t wi th t h e o o c y t e cy to 
plasm by artificial means . Using this expe
rimental design it has been found t ha t 
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isolated nuclei from h a m s t e r s p e r m a t o z o a 
injected in to m a t u r e h a m s t e r oocy t e s 
develop i n t o a morphologica l ly no rma l 
male p ronuc leus . Moreover , freeze-dried 
and freeze- thawed h u m a n spe rma tozoa l 
nuclei can also develop in to morphologica l ly 
n o r m a l m a l e p r o n u c l e u s , ( 2 3 ) . 
Later , it was learned tha t for p ronuc lea r 
deve lopmen t it was necessary to act ivate 
the o o c y t e , being t h e morpholog ica l signs 
of ac t ivat ion, cort ical granule b r e a k d o w n 
and r e s u m p t i o n of meiosis (24 ) . A n o t h e r 
po in t of in teres t was the finding tha t sper
m a t o z o a from t h e test is and capu t epidid
ymis could disperse wi th in t h e non-act i 
vated oocy t e s cy top lasm, however , if t hey 
were injected in to t h e act ivated cy top la sm 
only tes t icu lar s p e r m a t o z o a could form 
pronucle i , as do cauda ep id idymal o n e 
(24 ) . 

c. Fertilized and cleaved eggs 

Artificial removal of t h e zona pel lucida of 
fertilized h a m s t e r eggs recovered from 
ma ted females allows t h e m to fuse wi th 
add i t iona l s p e r m a t o z o a of t h e same species 
( 1 1 , 14) and wi th s p e r m a t o z o a of t h e 
mouse and of the guinea-pig ( 2 5 , 26) . After 
fusion, t h e evolu t ion of t h e nuc leus of t h e 
refertil izing s p e r m a t o z o a will d e p e n d o n 
t h e stage of fer t i l izat ion of the egg. Thus , 
h a m s t e r s p e r m a t o z o a fused wi th fertil ized 
eggs before p ronuc lea r fo rma t ion , show full 
spe rma tozoa l c h r o m a t i n d e c o n d e n s a t i o n 
wi th dissolut ion of the nuc lea r envelope . 
As t h e host p ronucle i develops, t h e 
c h r o m a t i n of the refertil izing sperma
t o z o o n stays in the cor t ical cy top l a sm and 
the c h r o m a t i n remains highly condensed . 
A nuclear envelope can be seen a r o u n d t h e 
ch roma t in and it is supposed to be a newly 
fo rmed envelope (11 ) . When refer t i l izat ion 
was done jus t before the first cleavage 
division, the spe rma tozoa l nuc leus de-
condensed fully and fo rmed a well de
ve loped pronucle i . On the o t h e r hand , 
s p e r m a t o z o a fused wi th b las tomeres at t h e 
two and four cell stage were observed t o 
remain in t h e condensed s ta te . Nuclear 
envelope was seen in s o m e s p e r m a t o z o a 
while in o t h e r was absent (Figs. 22 and 23 
of Usui and Yanagimachi , 11). No s tudies 

have been carr ied o u t t h u s far t o find o u t 
w h e t h e r before t h e second and th i rd 
cleavage t h e c y t o p l a s m of t h e b las tomeres 
is e n d o w e d wi th t h e abil i ty t o induce 
spe rma tozoa l c h r o m a t i n decondensa t ion . 

E x p e r i m e n t s carried o u t using m o u s e 
and guinea-pig s p e r m a t o z o a ins tead of 
h a m s t e r s p e r m a t o z o a have shown tha t 
mouse s p e r m a t o z o a can fuse wi th fertil ized 
h a m s t e r eggs for a per iod o f u p to six 
hours . Full d e c o n d e n s a t i o n was observed 
during t h e first t h r ee hours . When t h e hos t 
p ronucle i r eached t h e stage charac ter ized 
by t h e presence of m a n y small nucleol i t he 
mouse s p e r m a t o z o a l c h r o m a t i n displayed 
only part ial dispersion. Guinea-pig sper
m a t o z o a can fuse wi th fertil ized h a m s t e r 
eggs for a per iod of a b o u t 14 h o u r s and full 
decondensa t i on (Fig. 8) was observed for a 
per iod of six hour s , however , when t h e 
hos t p ronuc le i r eached t h e stage charac
ter ized by t h e presence of large and few 
n u c l e o l i , t h e guinea-pig spe rma tozoa l 
c h r o m a t i n r ema ined c o n d e n s e d (Fig. 9) . 
The d isagreement be tween t h e r e p o r t e d 
resul ts of h o m o l o g o u s and he te ro logous 
refer t i l izat ion might be m o r e appa ren t t h a n 
real, since Usui and Yanagimachi ( 1 1 ) 
s t a t ed only t ha t "fer t i l ized eggs at t h e 
pronucle i stage failed t o décondense the 
c h r o m a t i n . . . " , w i t h o u t referring to t h e exact 
stage of t h e hos t p ronuc leus . Moreover , 
since in vivo fer t i l izat ion is a p h e n o m e n o n 
t ha t occurs wi thin a per iod of t w o o r m o r e 
hour s , a given p o p u l a t i o n of ferti l ized eggs 
might inc lude eggs wi th -pronuclei at 
different stages of deve lopmen t , t ha t might 
explain t h e appa ren t d isagreement . 

The behavior of t h e spe rma tozoa l 
nuc leus has also been s tud ied in t h e cy
top la sm of somat i c cells, using inac t iva ted 
Sendai virus t o p r o m o t e cell fusion. Thus , 
r a b b i t s p e r m a t o z o a were fused wi th 
m a m m a l i a n soma t i c cells, such as rabbi t 
e m b r y o n i c k idney and f ibroblast cells and 
W l - 3 8 h u m a n cells and TH-1 tu r t l e cells. 
The m a m m a l i a n cells fo rmed 9 0 % of 
h e t e r o k a r y o n s while t h e tu r t l e cells fo rmed 
on ly 4 to 7 % . However , in n o n e of t h e 
h e t e r o k a r y o n s formed, was observed 
ch roma t in d e c o n d e n s a t i o n o r D N A syn
thesis as measured by H 3 - t h y m i d i n e incor
p o r a t i o n (27 ) . On t h e o t h e r h a n d , h u m a n 
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s p e r m a t o z o a were fused wi th various 
f ibroblast cell lines and 3 0 t o 4 0 ° / o of 
h e t e r o k a r y o n s were ob t a ined . In these 
h e t e r o k a r y o n s t h e ac ro some and nucleus 
appeared swollen bu t on ly 2 % of t h e 
spe rma tozoa l nuclei were d e c o n d e n s e d . 
Nuclei d e c o n d e n s a t i o n was a c c o m p a n i e d 
by a shift f rom a p r o t a m i n e t o h i s tone 
c o n t e n t and i n d u c t i o n of D N A and R N A 
synthes is ( 2 8 ) . S p o n t a n e o u s cell fusion 
b e t w e e n m o u s e s p e r m a t o z o a and Chinese 
h a m s t e r f ibroblast cell lines resul ted in a 
subsequen t t ransfer of D N A from t h e 
s p e r m a t o z o o n to t h e hos t cell nuc leus t ha t 
was de t ec t ed by t h e presence of m o u s e 
cell specific i m m u n o f l u o r e s c e n c e reac t ion 
( 2 9 ) . However , t h e p h o t o m i c r o g r a p h s 
p resen ted by t h e a u t h o r s t o val idate cell 
fusion are no t convincingly enough and it 
seems mere phagoci tos is r a the r t h a n cell 
fusion. The spe rma tozoa l nuc leus r emained 
highly condensed in t h e cell cy top la sm. 

F r o m t h e da ta ana lyzed above, it has 
became evident tha t t h e cond i t ions requi
red for spe rma tozoa l c r o m a t i n dispers ion 
are n o t present at all t imes wi thin t h e 
cy top la sm. These cond i t i ons , wha tever 
t h e y might be , b e c o m e active on ly dur ing 
cer ta in stages of t h e egg cell cycle . T h e 
effect of t h e cy top la sm u p o n nuclear 
activities and its re la t ion wi th t h e cell cycle 
has been extensively s tud ied in somat i c cell 
fusion. Sendai virus med ia t ed cell fusion 
b e t w e e n a hen e r y t h r o c y t e and HeLa cells 
results in t h e fo rmat ion of a h e t e r o k a r y o n 
in which the genet ical ly inact ive e r y t h r o 
cy te nuc leus b e c o m e s ac t ivated as judged 
by 3 H- thymid ine and 3 H-uridine incor
po ra t i on ( 3 0 ) . Moreover , Bo lund , Ringer tz 
and Harris ( 3 1 ) found t h a t 41 to 4 7 h o u r s 
after h e n e r y t h r o c y t e s were fused wi th 
HeLa cells, t h e a m o u n t of D N A present in 
t h e e r y t h r o c y t e nuc leus was similar t o t ha t 
found in G 2 phase of t h e cell cycle. 
F u r t h e r m o r e , it has been es tabl ished t ha t in 
vitro t r e a t m e n t of e r y t h r o c y t e nuclei wi th 
supe rna t an t of h o m o g e n i z e d L, T L T (Taper 
liver t u m o r cells) o r m o u s e liver cells, 
induces an active D N A synthes is . The ra te 
of D N A synthesis was direct ly cor re la ted t o 
t h e t y p e of cells used ; t h u s t u m o r cells t ha t 
are no rma l ly m o r e active in D N A synthes is , 
i nduced a h igher rate of synthes is t h a n 

o t h e r less active cells ( 32 ) . T h e react ivat ion 
of t h e hen e r y t h r o c y t e nuc leus is p receeded 
by t h e swelling of c h r o m a t i n and a massive 
influx of p ro te ins ( 3 3 ) . 

The behavior of t h e nucleus in the 
foreign c y t o p l a s m , d e p e n d s closely o n t h e 
phase of t h e cell cycle of b o t h , t h e nuc leus 
and of t h e cy top l a sm. Thus , a HeLa cell in 
S phase will i nduce t h e S phase in a foreign 
nuc leus in Gi phase . Similarly, a HeLa cell 
in G 2 phase will i nduce t h e S phase in a 
foreign nuc leus in G ! . Moreover , a cell in 
G 2 phase sho r t ens t h e length of t h e S phase 
of t h e foreign nuc leus as well as a cell in S 
phase sho r t ens t h e length of t h e Gi phase 
of the foreign nuc leus . The in i t ia t ion of 
mitosis of a nucleus in G 2 phase can be 
r e t a rded when i n t r o d u c e d in the cy top l a sm 
of a cell in S phase (34 ) . 

III . In vitro studies 

The great t echnica l difficulties of per
forming b iochemica l s tudies w i th m a m 
malian zygotes at t h e stage of spe rma tozoa l 
c h r o m a t i n d e c o n d e n s a t i o n has m a d e it nec
essary t o s t u d y this p h e n o m e n o n u n d e r in 
vitro cond i t i ons wi th t h e h o p e t h a t it might 
he lp in t h e u n d e r s t a n d i n g of such a basic 
and fundamen ta l p h e n o m e n o n . 

T h e spe rma tozoa l nuc leus of eu the r i an 
m a m m a l s and t ha t of s o m e low ver tebra tes 
is highly resis tant t o d i s rup t ion and re
quires very s t rong chemical t r e a t m e n t s t o 
free t h e c h r o m a t i n ( 3 5 ) . However , in vitro 
decondensa t i on can be o b t a i n e d by agents 
t ha t b reak non-covalent b o n d s , such as 
s o d i u m d o d e c y l sulfate and those tha t 
r educe S—S b o n d s , such as d i th io th re i to l , 
m e r c a p t o e t h a n o l o r cys te ine (36 -38 ) . De
condensa t i on can also be i nduced wi th 
inorganic sulphides and s t rong bases, bu t 
n o t wi th s t rong acids ( 3 8 ) . In sea u rch in 
s p e r m a t o z o a it was found t ha t HC1 
t r e a t m e n t of s p e r m a t o z o a did n o t in itself 
i nduce c h r o m a t i n d e c o n d e n s a t i o n , b u t it 
was necessary to r emove basic p ro te ins t ha t 
a l lowed a fur ther t r e a t m e n t wi th egg cy
top l a sm tha t i nduced dispersion ( 3 9 ) . T h e 
th io l i nduced c h r o m a t i n d e c o n d e n s a t i o n 
was t h e base t o suggest t h a t cellular th io ls 
of low molecu la r weight such as r educed 
g lu t a th ione and s o m e specific SH-de-
p e n d e n t e n z y m e s might be involved in 
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d e c o n d e n s a t i o n dur ing fer t i l izat ion ( 3 8 ) . 
Moreover , Yanagimachi (15 ) had suggested 
tha t t h e nuc leo lus of t h e G V of i m m a t u r e 
o o c y t e s could be the s torage place of t h e 
s p e r m a t o z o a l c h r o m a t i n decondens ing 
factor . His suggest ion was based on t h e 
g rounds t ha t t h e nucleolus gives a s t rong 
reac t ion wi th the ferric fer rycyanide re
duc t i on t e c h n i q u e t ha t could be due t o t h e 
presence of su l fhydryl g roups . 

A n o t h e r in teres t ing finding is t h a t sper
ma tozoa l h i s tones are extensively degraded 
when isolated bull spe rma tozoa l c h r o m a t i n 
is i ncuba t ed u n d e r t h e a p p r o p r i a t e d condi
t ions . F u r t h e r m o r e , f rom the spe rma tozoa l 
c h r o m a t i n it was ex t r ac t ed a pro tease of 
t ryps in - type t ha t it was found t o be elec-
t rophore t i ca l ly indis t inguishable from t h e 
acrosomal p ro tease (40 ) . These findings 
have been cor re la ted wi th t h e events t ha t 
o c c u r dur ing fert i l izat ion and it has been 
p roposed t ha t proteolys is of h i s tones cou ld 
play an i m p o r t a n t role in spe rma tozoa l 
c h r o m a t i n dispersion dur ing fert i l izat ion. A 
slightly different v iewpoin t has been sug
gested by Y o u n g (41 ) who could o b t a i n 
rabbi t spe rma tozoa l c r o m a t i n dispers ion 
only when t h e p repa ra t ion inc luded t h e 
acrosomal enzymes , bu t no t w h e n t h e y 
were exc luded from t h e in vitro sys tem. He 
conc luded t ha t dispersion could n o t be due 
to ch roma t in p ro t eo ly t i c act ivi ty , b u t 
ins tead to ac rosomal e n z y m e s b o u n d t o t h e 
inner acrosomal m e m b r a n e . However , t h e 
an t e r io rmos t region of t h e spe rma tozoa l 
head which is covered by t h e inner acro
somal m e m b r a n e is the last t o be incor
po ra t ed i n t o t h e egg cy top l a sm and by t ha t 
t ime c h r o m a t i n dispers ion is a lready well in 
progress (5 ) . A n o t h e r i n t e r p r e t a t i o n for a 
release o f t h e p ro te ins associated t o D N A is 
t ha t p h o s p h o r y l a t e d p ro te ins b ind less 
s t rongly t o D N A ( 4 2 , 4 3 ) . In t h e m o u s e has 
been found t h a t i m m e d i a t e l y after fertil
i za t ion t he re is a high level o f p ro te in 
p h o s p h o r y l a t i o n ( 4 4 ) t h a t could well be 
associated t o t h e unpack ing of t h e sperma
tozoa l c h r o m a t i n . 

D i s rup t ion of t h e p lasma m e m b r a n e 
seems to be also necessary to ob t a in 
c h r o m a t i n dispers ion, since in mos t in vitro 
s tudies agents were used t ha t s t rongly 
a l tered t h e p lasma m e m b r a n e . This idea 

finds s u p p o r t in s tudies of cell fusion, 
because b e t t e r results of c h r o m a t i n dis
pers ion were o b t a i n e d w h e n fusion was 
i nduced wi th lysoleci t in t h a t w h e n Sendai 
virus were used ( 4 5 ) . In t h e e x p e r m e n t s of 
micro in jec t ion of spe rma tozoa l heads in 
o o c y t e s , it is likely t ha t the freeze-thaw 
t r e a t m e n t of t h e s p e r m a t o z o a ( 2 3 ) , might 
have a l tered t h e p lasma m e m b r a n e to allow 
c h r o m a t i n dispers ion. This might be t h e 
reason for t h e lack o f c h r o m a t i n dispers ion 
when s p e r m a t o z o a are phagocy t i zed by 
somat i c cells. 

CONCLUSIONS 

1. G a m e t e fusion is soon fol lowed by t h e 
rapid loss of t h e s p e r m a t o z o a l nuc lear 
m e m b r a n e . 

2. Pr ior t o o r c o n c o m i t a n t wi th t h e beg-
gining of s p e r m a t o z o a l c h r o m a t i n de
c o n d e n s a t i o n is possible t o observe 
e lec t ron dense bodies t ha t emerge from 
t h e highly condensed c h r o m a t i n . It is 
theor ized t ha t the presence o f dense 
bodies migh t represen t t h e release of 
D N A b o u n d p ro te ins . 

3 . Near t h e area o f spe rma tozoa l chro
ma t in d e c o n d e n s a t i o n , is possible t o 
observe a fine granular ma te r i a . In m o r e 
advanced stages of fer t i l izat ion th is ma
terial is seen in associa t ion wi th e lec t ron 
dense bod ies . 

4 . The post-fusion changes t h a t unde rgoes 
t h e s p e r m a t o z o a l nuc leus seem to be 
associated t o t h e oocy te and t o t h e 
fertil ized egg cell cycles. 

5. Thio ls and pro teases are believed to be 
involved in t h e pos t -gamete fusion 
s p e r m a t o z o a l c h r o m a t i o n decon
densa t ion . 

6. Ful l d e c o n d e n s a t i o n is reached a b o u t 
one h o u r after game te fusion. 
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Fig. 1. Spermatozoon recently fused with an oocyte. Electron dense bodies (db) can be seen in close association with 
the spermatozoal chromatin. 

Fig. 2. Spermatozoon within the egg citoplasm. The complex of membranes (arrows) have moved away from their close 
relationship to the nucleus. An accumulus of granular material (gm) can be seen near the decondensing chromatin. 

Fig. 3. A tangential section of a spermatozoon, within the egg cytoplasm, that shows decondensation of the middle part 
of the nucleus (arrows). The granular material (gm) can be seen near the decondensing chromatin. 
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Fig. 4. An advanced stage of decondensation of the spermatozoal chromatin. Note the absence of nuclear membrane 
and that the area where the decondensed male chromatin is located, appears similar to the ground cytoplasm. 

Fig. 5. Fully decondensed male chromatin. Note the absence of nuclear membrane and the array of cell organelles that 
limits the area of dispersion. 

Bars equals ljUm 

Fig. 6. Guinea-pig spermatozoa fused with an immature guinea-pig oocyte. Note the highly condensed chromatin. 

Fig. 7. Hamster spermatozoal fused with an immature guinea-pig oocyte. Note the highly condensed chromatin. 

Fig. 8. Guinea-pig spermatozoa, within a fertilized hamster egg, that shows an advanced degree of decondensation. 

Fig. 9. Guinea-pig spermatozoa, within a fertilized hamster egg, that shows a slight degree of decondensation. 

Bars equals 1/im 


