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of t h e  e m b r y o ;  a n d  a t  t he  end  of a n d  a f t e r  r eve r s ion  s t i l l  
coun te rc lockwise  in r e l a t i on  to  t he  or ig ina l  chor ion  axis,  
b u t  c lockwise in r e l a t i on  to t h e  axis  of t he  e m b r y o  
(Figure  2). D u r i n g  revers ion ,  t h e  p l a n e  of c i l i a ry  move-  
m e n t  in  f ac t  is no t  exac t l y  p e r p e n d i c u l a r  to  t h e  ax is  of 
t h e  cho r ion  (i.e. t h e  axis  of a c t u a l  ro ta t ion) ,  b u t  s l igh t ly  
' p r eced ing '  t h e  p l a n e  of r o t a t i on ,  t h u s  d e m o n s t r a t i n g  a 
c e r t a i n  t ime l ag  due  to  t h e  r e s i s t ance  of t h e  b u l k y  
eggmass .  The  c h a n g e  of d i r ec t ion  of t he  c i l ia ry  b e a t  c an  
also be  fol lowed d i rec t ly  on  one a n d  t he  s ame  e m b r y o  
b y  t r a c k i n g  par t i c les  a t  d i f f e ren t  t i m e s  (Figure  1). 

The  p u l s a t i o n  of t h e  ou t e r  yo lk  sac s t a r t i n g  a t  s tage  I X  
does n o t  in te r fe re  w i t h  t h e  ro t a t i on ,  w h i c h  works  t h r o u g h  
al l  t he  s tages  of ea r ly  a n d  l a t e r  o rganogenes i s  a n d  ceases 
a t  a b o u t  s tage  X V I  w h e n  t h e  c i l ia ry  sur face  in c o n t a c t  
w i t h  t h e  chor ion  becom es  too  smal l  to  m o v e  t h e  t h e n  
large  embryo .  

Discussion. All o b s e r v a t i o n s  t h u s  fa r  r e p o r t e d  in t h e  
l i t e r a t u r e  pe r fec t ly  m a t c h  t he  ' m ode l '  desc r ibed  here.  
E m b r y o s  fa i l ing  in  u n d e r g o i n g  t h e  f i r s t  r eve r s ion  e v i d e n t l y  
s t a r t  c i l i a ry  a c t i v i t y  a t  a s tage  too  la te  for  revers ion ,  t h e  
e m b r y o  h a v i n g  los t  i t s  h i g h  d e f o r m a b i l i t y ;  a t  s t age  X,  
however ,  w h e n  n o r m a l  e m b r y o s  h a v e  c o m p l e t e d  t h e  f i r s t  
revers ion ,  t h e y  also r o t a t e  coun te rc lockwise  t h u s  de-  
m o n s t r a t i n g  t he  a u t o n o m y  of t he  reversa l  of c i l i a ry  bea t .  
I n  species w i t h  v e r y  large  eggs (e.g. Octopus briareus), t h e  
ea r ly  e m b r y o  is v e r y  s m a l l  c o m p a r e d  to  t h e  egg mass  
a n d  is - in  t h e  case of b e l a t e d  r eve r s ion  - d ragged  f o r t h  
b y  t h e  la rge  r o t a t i n g  yo lk  sac 13. E m b r y o s  w i t h  on ly  
p a r t  of t h e  yo lk  mass  enclosed  in t h e  o u t e r  yo lk  sac  
can  also unde rgo  revers ion .  T he  p a r t i a l  r eve r s ion  of 
a b e r r a n t ,  i n v a g i n a t e d  ge rms  9 can  be  e x p l a i n e d  b y  con-  
t r a c t i o n  on ly  of t h e  yo lk  mass  t h a t  forces t h e  u v u l a  of 
e m b r y o n i c  t i ssue  sooner  or  l a t e r  i n to  a curved ,  ob l ique  
pos i t i on ;  i t s  g r a d u a l  d e f o r m a t i o n  is a b o u t  10 t i m e s  
s l o w e r  t h a n  n o r m a l  revers ion .  

The  fac t  t h a t  r o t a t i o n  does n o t  cease a f t e r  c o m p l e t i o n  
of t h e  f i rs t  r eve r s ion  endorses  t he  a s s u m p t i o n  t h a t  ro ta -  
t i on  also fulfi l ls  o t h e r  phys io log ica l  t a sks  such  as accelera-  
t i on  of oxygen  u p t a k e  b y  t he  yo lk  sac a n d  m a i n t a i n a n c e  - 
b y  r evo lv ing  t h e  pe r iv i t e l l i n  f lu id  - of a b a l a n c e d  micro-  
e n v i r o n m e n t .  Th i s  phys io log ica l  v i e w p o i n t  is m e a n i n g f u l  
for  a n y  a t t e m p t  to  e v a l u a t e  t h e  e v o l u t i o n a r y  p a t h w a y  
l ead ing  to  t he  e s t a b l i s h m e n t  of such a revers ion ,  t h e  
s ign i f icance  of w h i c h  is u n k n o w n .  F r o m  a more  bio-  
phys i ca l  p o i n t  of view, however ,  t h e  f i rs t  r eve r s ion  s t a n d s  
o u t  a g a i n s t  o t h e r  f unc t i ons  of t he  c i l ia ry  ac t iv i ty .  
W h e r e a s  processes  such  as r evo lv ing  t h e  pe r iv i t e l l i n  f luid 
can  be  ca r r ied  b y  ci l ia  t h a t  n e v e r  c h a n g e  t he  d i r ec t ion  
of t h e i r  b e a t  1, t he  f i r s t  r eve r s ion  d e m a n d s  a more  
s o p h i s t i c a t e d  c i l ia ry  a p p a r a t u s .  The  p r e s e n t  s t u d y  cop ing  
on ly  w i t h  t he  p e r f o r m a n c e  of t h i s  a p p a r a t u s ,  t h e  p r o b l e m s  
of t he  s t r u c t u r e  of t he  ci l ia  e n v o l v e d  14 a n d  of t h e  con t ro l  
a n d  c o o r d i n a t i o n  s y s t e m  for  t h i s  we l l - t imed  process  a re  
s t i l l  open.  

Zusammen/assung. Cilien des i iusseren D o t t e r s a c k e s  
v e r s e t z e n  O c t o p o d e n - E m b r y o n e n  in  R o t a t i o n  i n n e r h a l b  
ih re r  Eihi i l le .  Die  e r s te  U m d r e h u n g  oder  ~Blastokinese,~ 
i s t  d ie  Folge  e iner  e inmal igen ,  i n n e r t  S t u n d e n  a b l a u f e n d e n  
S c h w e n k u n g  de r  C i l i ensch l ag r i ch tung  u m  180 °. 
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Influences of Cell Cycle on Uptake of SV40-DNA by 

Cells f r o m  a v a r i e t y  of a n i m a l  species c a n  b e  t r a n s -  
fo rmed  in v i t ro  b y  SV40. T he  t r a n s f o r m e d  cells show 
loss of c e r t a i n  r e g u l a t o r y  p r o p e r t i e s  such  as ce l lu lar  
s ens i t i v i t y  to  c o n t a c t  i n h i b i t i o n  a n d  changes  in mor -  
phology .  B o t h  s t r u c t u r a l  a n d  n u m e r i c a l  a b e r r a t i o n s  of 
c h r o m o s o m e s  occur  in  t r a n s f o r m e d  cells x,2. Cells t r a n s -  
fo rmed  b y  SV40 c o n t a i n  v i rus  specif ic  t u m o r  an t i gens  
as well  as messenger  R N A  w h i c h  h y b r i d i z e s  speci f ica l ly  
w i t h  SV40 DNA.  These  o b s e r v a t i o n s  i nd i ca t e  t h a t  t h e  
v i r a l  g e n o m e  i n t e r a c t s  w i t h  t h a t  of t h e  hos t  cell  a n d  t h a t  
al l  or  p a r t  of t h e  gene t ic  i n f o r m a t i o n  of t he  v i ru s  pers i s t s  
in  t h e  t r a n s f o r m e d  cells. I t  h a s  been  d e m o n s t r a t e d  t h a t  
cells t r a n s f o r m e d  b y  D N A  t u m o r  v i ruses  c o n t a i n  a t  l eas t  
p a r t  of t h e  v i rus  g e n o m e  in s t a b l e  a s soc ia t ion  w i t h  t h e  
hos t  cell D N A  3-s. T h e  p r e s e n t  s t u d y  was  u n d e r t a k e n  in 
a n  a t t e m p t  to  ut i l ize  a u t o r a d i o g r a p h i c  m e t h o d s  to  de te r -  
m ine  t he  fa te  of t r i t i u m  labe led  SV40 D N A  fol lowing 
in fec t ion  of s y n c h r o n i z e d  h u m a n  cells b y  t h e  v i rus  a n d  
t h u s  to  get  a n  in s igh t  i n to  t h e  in f luence  of t h e  phys io -  
logical  s t a t e  of t h e  cells on  v i ru s  infect ion.  

Materials and methods. SV40 c lone  307L was  g rown  in 
mono laye r s  of CV-1 cells. F o r  p r e p a r a t i o n  of t r i t i u m  
labeled  SV40, g r o w t h  m e d i u m  (Eagle ' s  m e d i u m  sup-  
p l e m e n t e d  w i t h  10% calf  se rum)  was  r e m o v e d  f rom 
7-day-old  CV-1 m o n o l a y e r  cu l tu re s  a n d  rep laced  w i t h  
m a i n t e n a n c e  m e d i u m  (Eagle ' s  w i t h  2 %  calf  serum).  
I n  a d d i t i o n  t he  m a i n t e n a n c e  m e d i u m  c o n t a i n e d  t r i t i a t e d -  
t h y m i d i n e  (TdR-H3).  24 h l a t e r  t h e  cu l tu re s  were  in fec ted  

Diploid Huma n  Cells 

w i t h  SV40 a t  10 P F U  pe r  cell. Af te r  in fec t ion  t h e  cu l t u r e  
were  i n c u b a t e d  a t  37°C in m a i n t e n a n c e  m e d i u m  con-  
t a i n i n g  T d R - H  8 a t  0.5 ~c/ml .  Cul tu res  were  h a r v e s t e d  
on  t h e  s e v e n t h  d a y  a f t e r  in fec t ion  w h e n  t h e y  were  
ex t ens ive ly  c y t o p a t h i c .  Cells a n d  m a i n t e n a n c e  m e d i u m  
f rom 10 cu l tu res  were  pooled  a n d  t h e  v i rus  was pur i f i ed  
a n d  c o n c e n t r a t e d  b y  a t e c h n i q u e  s imi la r  to  t h a t  of 
LUBORSKY 6. The  i n f e c t i v i t y  t i t e r  of t h e  f ina l  m a t e r i a l  
was  6 . 5 × 1 0  s P F U / m l  a n d  t h e  specif ic  a c t i v i t y  was  
1.5 × 10 -3 c o u n t s / m i n  pe r  P F U .  I t  is i m p o r t a n t  to  p o i n t  
o u t  t h a t  t h e  f ina l  v i ru s  suspens ion  c o n t a i n e d  no  free or  
D N A a s e - s e n s i t i v e  c o u n t s  h i g h e r  t h a n  b a c k g r o u n d .  Th i s  
i nd i ca t e s  t h a t  t h e r e  was no  free T d R - H  s or  ce l lu lar  D N A  
in t h e  p r e p a r a t i o n .  

A h u m a n  dip lo id  cell l ine  deve loped  f rom ske le ta l  
musc le  t i s sue  a t  ou r  l a b o r a t o r y  was used in t h i s  s t u d y  
a n d  g rown  in H a m ' s  F-10 m e d i u m  s u p p l e m e n t e d  w i t h  
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Fig. 1. Accumulation of H 3 labeled SV40 primarily in the cytoplasm 
4 h post infection of cells synchronized at S phase of cell cycle. 

h ighly  s ter i le  20% fetal  calf  se rum (Gray Indus t r ies ,  Inc., 
F o r t  Lauderda le ,  Florida).  A m o d e r a t e  degree  of syn-  
ch ro n y  of cells was  ach ieved  by  single exposure  of t he  
Pe t r i -d i sh  cul tures  to  excess  of unlabeled  t hymid ine .  By 
th is  m e t h o d  cells were blocked a t  t he  beg inn ing  of S 
phase  T. 12 h exposure  of cul tures  to  colcemide  a r res ted  
a m o d e r a t e  n u m b e r  of cells a t  me taphase .  Cul tures  w i th  
conf luen t  g ro w t h  of cells, a r res ted  by  co n t ac t  inhibi t ion,  
had  cells mo s t l y  in t he  G 1 phase  of t he  cell cycle s . 
All cu l tures  were washed  free of synchron iz ing  agen t s  
and  infec ted  wi th  t he  t r i t i u m labeled SV40 follo- 
wing the  s t a n d a r d  infec t ion  t echn ique  as descr ibed  
previous ly  9. 

Af te r  infec t ion  the  cul tures  were freed of n o n a b s o r b e d  
v i r u s  by  r ep ea t ed  wash ing  wi th  saline. One group  of 
cul tures  was ha rves t ed  i m m e d i a t e l y  a f te r  the  comple t io i l  
of infect ion per iod  and  o thers  were  f ixed a f te r  1, 3, 5, 8, 
10, 12, 14, 22, and  24 h f rom the  comple t i on  of 3 h infec- 
t ion  period.  Coversl ips  w i th  in fec ted  cells were  coa ted  
wi th  E a s t m a n  Nuclear  Track Emuls ion  NTB-3  and  s to red  
in the  da rk  for 2 weeks  in a cold, d r y  a tmosphe re .  The  
slides were deve loped  in D-19 and  s ta ined  wi th  modif ied  
Giemsa.  

Fig. 2. Intranuclear accumulation of H a 
labeled SV40-DNA 8 h post infection of cells 
synchronized at S phase of cell cycle. 

Fig. 3. Localization of H a labeled SV40-DNA 
on metaphase chromosomes 10 h post infec- 
tion of cells synchronized at S phase of cell 
cycle. 
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Results. T h e  ob j ec t i ve  was to  d e t e r m i n e  w h e t h e r  cells 
in fec ted  w i t h  t h e  labe led  v i rus  a t  t h e  b e g i n n i n g  of S, 
M a n d  G1 phases  r e t a i n e d  t h e  l abe led  v i ru s  pa r t i c l e s  
w h e n  a l lowed to  p roceed  to  e n t e r  in  o t h e r  phases  of t h e  
cell  cycle. Cells in fec ted  w i t h  labe led  v i rus  a t  M a n d  G 1 
d id  n o t  c o n t a i n  a n y  s ign i f i can t  n u m b e r  of grains .  Cells 
in fec ted  a t  S b u t  h a r v e s t e d  a f t e r  4 a n d  6 h f rom t h e  
onse t  of in fec t ion  pe r iod  r e t a i n e d  gra ins  p r i m a r i l y  in  t h e  
c y t o p l a s m  (Figure  1). Cells w h i c h  were h a r v e s t e d  8 h or  
l a t e r  showed  i n t r a n u c l e a r  a c c u m u l a t i o n  of l abe led  v i ru s  
pa r t i c les  (Figure  2). I t  was  also obse rved  t h a t  cells in fec ted  
b y  labe led  SV40 a t  S p h a s e  a n d  t h e n  a r r e s t ed  a t  m e t a -  
p h a s e  r e t a i n e d  gra ins  p r i m a r i l y  on  t h e  c h r o m o s o m e s  
(Figure  3). 

Discussion. I t  h a s  been  s h o w n  t h a t  t h e  a n t i - v i r a l  a c t i o n  
of i n t e r f e r o n  could  n o t  p r o t e c t  cells f r om t r a n s f o r m a t i o n  
b y  SV40 if a cycle of ce l lu lar  D N A  s y n t h e s i s  h a d  occu r red  
in  t h e  in fec ted  cells p r io r  to  t h e  a d d i t i o n  of i n t e r f e r o n  10. 
I n  a d d i t i o n  i t  h a s  b e e n  sugges ted  t h a t  n o n - d i v i d i n g  cells 
are  r e s i s t a n t  to  v i rus  i nduced  t r a n s f o r m a t i o n  n .  Our  
resu l t s  sugges t  t h a t  cells in  t h e  D N A  s y n t h e t i c  p h a s e  
of t h e  cell  cycle  are  t h e  on ly  ones  w h i c h  i n t e r a c t  w i t h  
v i r a l  D N A  a n d  t h a t  v i r a l  genom es  r e t a i n e d  b y  the se  
cells as t h e y  proceed  f u r t h e r  in  t h e  cell cycle. T he  associa-  
t i on  of g ra ins  w i t h  t h e  m e t a p h a s e  ch romosomes ,  a f t e r  
in fec t ion  of cells a t  S phase ,  i nd ica t e s  t h a t  v i r a l  D N A  
localizes on  t h e  ch romosomes .  I t  shou ld  b e  p o i n t e d  o u t  
t h a t  r e t e n t i o n  of l abe led  v i ra l  D N A  on t h e  c h r o m o s o m e s  
m a y  no t  m e a n  t h a t  t h e  en t i r e  gene t ic  m a t e r i a l  of t h e  
v i rus  is i n t e g r a t e d  i n to  h o s t  DNA.  However ,  i t  h a s  
b e e n  s h o w n  t h a t  a p o r t i o n  of v i r a l  D N A  is i n t e g r a t e d  in 
t h e  hos t  g e n o m e  in  v i r a l  t r a n s f o r m e d  cells 8-s. Local iza-  
t i on  of t r i t i u m - l a b e l e d  a d e n o v i r u s  12 on  m e t a p h a s e  
c h r o m o s o m e s  ha s  b e e n  d e m o n s t r a t e d  us ing  a u t o r a d i o -  
g r aph i c  m e t h o d s  1,-14. I t  h a s  r e c e n t l y  b e e n  d e m o n s t r a t e d  
t h a t  r a t  e m b r y o  cells s yn t he s i z i ng  D N A  are  p r e f e r en t i a l l y  
in fec ted  in v i t r o  b y  r a t  v i rus  15. 

F r o m  these  o b s e r v a t i o n s  i t  h a s  b e c o m e  e v i d e n t  t h a t  
in fec t ion  of cells b y  SV40 is in f luenced  b y  t h e  phys io-  

logical  s t a t e  of t h e  hos t  cell  a n d  t h a t  cells engaged  in  
D N A  syn thes i s  a p p e a r  to  be  t h e  on ly  ones  v u l n e r a b l e  
to  v i r a l  ac t ion .  These  o b s e r v a t i o n s  f u r t h e r  sugges t  t h a t  
c h r o m o s o m e s  are  p r i m a r y  s i tes  of v i r a l  ac t ion .  I t  would  
be  i n t e r e s t i n g  to  see w h e t h e r  se lec t ive  d i s t r i b u t i o n  of 
v i rus  D N A  on  t h e  c h r o m o s o m e s  s y n t h e s i z i n g  D N A  c a n  
be  ach i eved  b y  in fec t ing  cells a t  d i f f e ren t  s tages  in  t h e  
p rogress ion  of D N A  synthesis1% 

Zusammen/assung. A u t o r a d i o g r a p h i s c h e  U n t e r s u c h u n -  
gen a n  mensch l i chen ,  d ip lo iden,  s y n c h r o n i s i e r t e n  Zellen, 
in  de r  S -Phase  m i t  T r i t i u m  m a r k i e r t e m  SV40 inf izier t ,  
ze ig ten  i n t r anuk leAren  E i n b a u  y o n  m a r k i e r t e r  D N S  (in 
M e t a p h a s e  v o r  a l l em C h r o m o s o m e n m a r k i e r u n g ) .  Keiner le i  
K e r n m a r k i e r u n g  w u r d e  b e o b a c h t e t ,  w e n n  die Zel len  in 
a n d e r e n  P h a s e n  ihres  Zyk lus  in f iz ie r t  wurden .  
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T w o  T y p e s  of V i r u s l i k e  P a r t i c l e s  in Drosophila M i d g u t  

The  m i d g u t  of t h e  adu l t ;  wi ld  type ,  C a n t o n - S  s t r a i n  
Drosophila melanogaster was t h e  s u b j e c t  of e l ec t ron  
microscopic  i nves t i ga t i ons  conce rn ing  t h e  n a t u r e  of sub-  
microscopic  a l t e ra t ions ,  s tud ied  a t  g r a d e d  i n t e r v a l s  of 
t ime ,  s u b s e q u e n t  to  e°Co ? - r ad ia t ion .  D u r i n g  these  
i nves t i ga t i ons  hexagona l ,  v i rus l ike  pa r t i c l e s  (VLP)  of 2 
d i f f e ren t  sizes were observed ,  1 in  t h e  nuc l eus  a n d  t h e  
o t h e r  in  t h e  c y t o p l a s m  of some cells (F igure  1). 

L i g h t l y  e the r i zed  flies were  d i ssec ted  in cold, 5 %  
g l u t a r a l d e h y d e ,  a n d  t he  m i d g u t  was  i m m e d i a t e l y  t r a n s -  
fer red  to  a cold, one  pe r  c en t  so lu t ion  of o s m i u m  t e t r o x i d e  1 
buf fe red  a t  a p H  of 7.4. S u b s e q u e n t  to  d e h y d r a t i o n  
p rocedures  in  a g raded  series of a lcohols  a n d  f ina l ly  
p r o p y l e n e  oxide,  t he  t i ssue  was  e m b e d d e d  in  E p o n  812, 
sec t ioned  e i t h e r  on  a P o r t e r  B l u m  h a n d  u l t r a m i c r o t o m e  
or on  a n  L K B  a u t o m a t i c  u l t r a m i c r o t o m e ,  a n d  m o u n t e d  
on  ba re  copper  grids.  T h e  sec t ions  were s t a i ned  w i t h  
u r a n y l  ace t a t e*  for  10 min,  fol lowed b y  lead c i t r a t e  s 
for 6 m i n ,  a n d  t h e n  v iewed  w i t h  a n  RC A  E M U - 3 F  
e lec t ron  microscope.  

The  presence  of s l igh t ly  el l ipt ical4,  ~ a n d  spher ica l  s 
v i rus l ike  par t ic les  of u n i f o r m  size h a v e  a l r eady  been  
r epo r t ed  in l a r v a l  a n d  in a d u l t  t issues,  as wel l  as in  cell  
cu l tu res  of Drosophila. N o n e  of t h e  p r ev ious  r epo r t s  

i n d i c a t e d  poss ib le  size d i f ferences  b e t w e e n  nuc l ea r  a n d  
c y t o p l a s m i c  V L P ,  a n d  al l  3 g roups  of i n v e s t i g a t o r s  
showed  s imi l a r  e l ec t ron  mic rog raphs ,  for  t h e  spher i ca l  
V L P  of one  s were s l i gh t ly  e l l ip t ica l  in  shape.  Such  
v a r i a t i o n s  in  t h e  m o r p h o l o g y  of t he se  pa r t i c les  were  also 
e v i d e n t  in  t h i s  s tudy ,  b u t  were  a t t r i b u t e d  to  t h e  p l a n e  
of sec t ioning,  for  in  some in s t ances  c lear ly  h e x a g o n a l  
shapes  were  o b s e r v a b l e  (Figures  2 a n d  3), each  con-  
t a i n i n g  a dense,  c e n t r a l  core. The  nuc l ea r  V L P  were  
565 q-21 A in d i m e n s i o n  a n d  those  in  t h e  c y t o p l a s m  
were  727 q- 23 A ( P  ,~ 0.001), w h e n  t h e  d i s t ances  b e t w e e n  
oppos ing  s ides were  measured .  The  d i m e n s i o n s  e v i d e n t  
in  t h e  p r e s e n t  m a t e r i a l  are  c o n s i d e r a b l y  l a rger  t h a n  
t hose  p r e v i o u s l y  repor ted4-% The  V L P  m a y  be  found  
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