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cells fo rmed  in t h e  p resence  of insu l in  a n d  h y d r o c o r t i s o n e  
induces  casein syn thes i s  ~,1°, a n d  t h i s  ac t ion  of p r o l a c t i n  
was  n o t  abo l i shed  b y  t h e  p resence  of l i t h i u m  a t  concen-  
t r a t i o n s  w h i c h  p r e v e n t  D N A  syn thes i s .  T h e  ' base l ine '  
level  of case in  syn thes i s ,  as m e a s u r e d  in t h e  in i t ia l  pe r iod  
a n d  m a i n t a i n e d  b y  m e d i u m  c o n t a i n i n g  insu l in  a n d  h y d r o -  
cor t i sone,  a p p e a r s  to  r e p r e s e n t  t h e  b i o s y n t h e t i c  f u n c t i o n  
of d i f f e r en t i a t ed  (and  p r e s u m a b l y  non-d iv id ing )  cells 
fo rmed  in v ivo ,  a n d  t h i s  f u n c t i o n  was  n o t  d imin i shed  b y  
t h e  p resence  of l i t h i u m  ions.  Th i s  i n h i b i t i o n  of cell dif- 
f e r e n t i a t i o n  b y  t h e  i n h i b i t i o n  Of D N A  syn thes i s  a n d  sub-  
s e q u e n t  cell p ro l i f e ra t ion  con f i rms  p rev ious  r e su l t s  indi-  
c a t i n g  t h a t  new  cell f o r m a t i o n  is neces sa ry  for  t h e  ex- 
p ress ion  of n e w  d i f f e r en t i a t ed  func t i on  in  t h i s  sys- 
t e m  s,~,~°. B y  t h e s e  cr i ter ia ,  t h e  effect  of l i t h i u m  ion is n o t  
a non-spec i f ic  tox ic  effect,  b u t  r a t h e r  a p p e a r s  to  r e p r e s e n t  
i n h i b i t i o n  of t h e  i n d u c t i o n  of D N A  s y n t h e s i s  in  cells pre-  
p a r i n g  for  p ro l i fe ra t ion .  

These  s tud ies  d e m o n s t r a t e  t h a t  l i t h i m n  a n d  a m m o n i u m  
ions  c a n  a c t  in  G~ to  de l ay  t h e  onse t  of D N A  s y n t h e s i s  in  
m o u s e  m a m m a r y  ep i the l ia l  cells in  v i t ro .  T h e i r  a c t i o n  
e m p h a s i z e s  t h e  i m p o r t a n c e  of m e c h a n i s m s  w h i c h  m a y  be  
o p e r a t i v e  in  Gx to  r egu l a t e  t he  r a t e  of cell p ro l i f e r a t ion  
a n d  t h u s  g o v e r n  t h e  expres s ion  of  new d i f f e r en t i a t ed  
f u n c t i o n  in  p r o g e n y  cells. G r a i n  c o u n t s  ove r ly ing  labe led  
cells i n d i c a t e d  t h a t  t he  r a t e  of D N A  rep l ica t ion ,  once  

r ep l i ca t i on  was  in i t i a t ed ,  was  n o t  d e t e c t a b l y  a l tered,  
sugges t ing  t h a t  s imi la r  con t ro l  m e c h a n i s m s  m a y  n o t  be  
o p e r a t i v e  d u r i n g  t h e  S phase  n .  

Zusammen/assung. L i t h i u m -  u n d  A m m o n i u m i o n e n  ver-  
h i n d e r n  d e n  A n f a n g  der  D N A - S y n t h e s e  im Milchdr i i sen-  
ep i the l  in  v i t ro .  Die R e p l i k a t i o n  v o n  DNA,  n a c h  d e m  
A n f a n g  d e r  S-Per iode ,  wi rd  j e d o c h  n i c h t  v e r h i n d e r t .  
Diese spezif ische V e r h i n d e r u n g  de r  D a u e r  de r  Gl-l~eriode 
d u t c h  die ionale  U m g e b u n g  zeigt,  dass  Mechan i smen ,  die 
ftir die Regu t i e rung  de r  Z e l l p r o d u k t i o n  wich t ig  sind,  w~h- 
r e n d  de r  G y P e r i o d e  i n t e rven i e r en .  
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T h e  Spec i f i c i ty  of  H i s t o n e s  in N u c l e a t e d  E r y t h r o c y t e s  

Due  to  t h e i r  loca l iza t ion  in t he  cell nuc leus  a n d  due  to  
t h e i r  close assoc ia t ion  w i t h  DNA,  h i s tones  are  r e g a r d e d  
as p o t e n t i a l  repressors  of t h e  gene t ic  loci on  DNA.  F i n d -  
ings  t h a t  h i s t ones  f u n c t i o n  as p o t e n t  i n h i b i t o r s  of t h e  
e n z y m a t i c  syn thes i s  of R N A  in  v i t r o  or  of t he  in  v i t r o  
D N A  rep l i ca t ion  s u p p o r t  t h i s  poss ib i l i ty .  Since h i s tones  
h a v e  b e e n  s h o w n  to lack  t h e  t i ssue  a n d  species specif ic i ty  
once  t h o u g h t  to  be  essent ia l  for t he i r  gene - r egu la to ry  
func t ion ,  o t h e r  m e c h a n i s m s  such  as i n t e r a c t i o n  w i t h  
acidic p ro te ins ,  R N A ,  ho rmones ,  or  d i r ec t  chemica l  
mod i f i c a t i on  of t he  i n d i v i d u a l  h i s t one  f r ac t ions  b y  ace ty-  
la t ion ,  p h o s p h o r y l a t i o n ,  m e t h y l a t i o n ,  or t h i o l a t i o n  were 
sugges ted  to  m o d i f y  t h e  h i s t o n e - D N A  i n t e r a c t i o n  a t  s i tes  
i n v o l v e d  in gene t ic  t r a n s c r i p t i o n  ~-5. 

I f  h i s tones  f u n c t i o n  as gene repressors ,  a s u b s t a n t i a l  
d e v i a t i o n  f rom t h e  r a t h e r  c o n s t a n t  com pos i t i on  of s oma t i c  
h i s t o n e s  in  v e r t e b r a t a  c an  be  expec t ed  in cells w i t h  
p e r m a n e n t l y  a r r e s t ed  D N A  a n d  R N A  syn thes i s .  One  of 
such  changes  c a n  be  seen d u r i n g  t he  s pe r m a t ogenes i s  in  
f ish a n d  o t h e r  an imals .  T h e  t r a n s i t i o n  of h i s t one  to  pro-  
t a m i n e  f i rs t  o b s e r v e d  b y  MIESCHER s a n d  con f i rmed  b y  
m a n y  i n v e s t i g a t o r s  is a n a t u r a l  e x a m p l e  of a m a j o r  in-  
v o l v e m e n t  of h i s t ones  in  ce l lu lar  d i f fe ren t i a t ion .  

A n o t h e r  e x a m p l e  of a p r o f o u n d  c h a n g e  in t h e  composi -  
t i on  of h i s t o n e s  a s soc ia t ed  w i t h  a spec ia l iza t ion  of ce l lu lar  
f u n c t i o n s  a p p e a r s  aga in  in  cells w i t h  p e r m a n e n t l y  
a r r e s t e d  R N A  a n d  D N A  s y n t h e s i s  - in  ch i cken  e r y t h r o -  
cy tes .  Occur rence  of a h i s t one  f r ac t i on  specific for  nucle-  
a t ed  e r y t h r o c y t e s  in  domes t i c  fowl ha s  b e e n  r e p o r t e d  b y  
seve ra l  au thors~-% T h e  h i s t o n e  i so la ted  b y  N ~ L I N  e t  a13 ° 
as  h i s t o n e  f r ac t i on  V a n d  b y  HNILICA n as  h i s t o n e  f r ac t i on  
F2c,  differs  in  i t s  a m i n o  ac id  c o m p o s i t i o n  f rom t h e  o t h e r  
h i s t ones  k n o w n  to  occur  in  t he  v e r t e b r a t a e  nuclei .  I t  is 
r e l a t i ve ly  r ich  in lys ine  (21%),  a l a n i n e  (15%),  ser ine  
(12%),  a n d  a rg in ine  (11%).  I n  s t a r c h  gel e tec t rophores i s  
i t  m i g r a t e s  a s  a h o m o g e n e o u s  b a n d  of  a s l igh t ly  s lower  

m o b i l i t y  t h a n  t h e  v e r y  iys ine- r ich  h i s t o n e  F1.  Because  of 
i t s  absence  in  o t h e r  t i ssues  of t he  chick,  i t  a p p e a r s  t h a t  
t h e  F2c  h i s t one  m a y  serve  as a p e r m a n e n t  genet ic  repres-  
ser. 

To i n v e s t i g a t e  th i s  poss ibi l i ty ,  h i s t ones  f rom t h e  
e r y t h r o c y t e s  of chicken,  bu l l  frog (Rana catesbeiana) a n d  
of t h e  c o m m o n  j ack  (Caranx hippos) were isola ted,  
f r ac t i ona t ed ,  a n d  ana lyzed .  Blood  f rom ti le  sacr i f iced 
a n i m a l s  f resh ly  col lec ted  w i t h  a n t i - c o a g u l a n t  ( sod ium 
c i t ra te )  was  qu ick ly  f rozen over  pu lve r i zed  solid CO 2 
Af te r  t h a w i n g  in a n  ice b a t h  in  t h e  l a b o r a t o r y ,  t h e  
h e m o l y z e d  b lood  cells were w a s h e d  severa l  t imes  in 0.14 M 
NaC1 c o n t a i n i n g  0,01 M t r i s o d i u m  c i t ra te .  Nuclei ,  col lec ted  
b y  d i f fe ren t ia l  cen t r i fuga t ion ,  were  w a s h e d  w i t h  i so tonic  
saline,  0.1 M Tris buf fe r  p H  7.6, a n d  95% e t h a n o l l L  T h e  
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Amino acid Chicken erythrocyte histones F2c histones 

F3 F2a F2b FI Chick Fish Frog 

Lysine 9.0 10.9 15.4 25.1 24.9 23.9 28.7 
Histidine 2.4 1.9 2.5 0.2 1.8 0.9 0.5 
Arginine 12.6 12.6 7.7 2.6 11.4 7.1 9.9 
Aspartie acid 5.9 5.4 5.2 4.0 1.7 3.9 3.1 
Threonine 6.2 5.1 6.4 3.5 3.1 4,9 4.2 
Serine 5.2 4.3 9.4 6.5 13.1 8.8 7.8 
Glutamic acid 10.9 7.4 8.2 4.3 3.7 3.9 1.7 
Proline 4.4 3.0 4.4 7.7 6.9 6.2 7.0 
Glycine 6.1 11.5 6.8 7.7 4.7 5.6 4.7 
Alanine 11.5 10.8 10.3 27.1 15.2 16.2 17.0 
Cystine-halt 0.2 . . . . . .  
Valine 5.0 7.0 7.1 5.4 4.0 6.2 5.8 
Methionine 1,7 0.9 1.3 - 0.5 0.7 0.1 
Isoleucine 4.6 5.0 4.9 1.1 3.0 3.4 2.8 
Leucine 9.2 9.7 6.0 4.3 4.0 5.8 5.3 
Tyrosinc 2.3 2.8 3.2 0.5 1.4 1.5 0.6 
Phenylalanine 3.0 1.7 1.4 0.5 0.5 1.0 0.6 

All values are expressed as % of total moles of amino acids observed, Serine values were corrected (10%) for hydrolytic losses. Fish ~ Caranx 
hippos (common jack). Frog = Rana ca~esbeiana (bullfrog). 

a rg in ine-r ich  h i s tones  were  r e m o v e d  by  3 successive ex- 
t r ac t ions  w i th  a m i x t u r e  of abso lu te  e thanol  and  1 .25N 
HC1 (4: 1, v/v) .  The res idue was t h e n  t r e a t ed  wi th  0 .2N 
HCI to  solubilize t h e  iysine-r ich h i s tones  which  were  
f r ac t iona t ed  b y  c h r o m a t o g r a p h y  on c a r b o x y m e t h y l  cellu- 
lose; t h e  F2c f rac t ion  was  sepa ra t ed  f rom F2b  h i s tone  by  
gel f i l t ra t ion  on S e p h a d e x  G-75n .  Af te r  the  p re l imina ry  
expe r imen t s  es tab l i shed  t h a t  frog and  fish e r y t h r o c y t e s  
lack the  v e r y  lysine-r ich h i s tone  F1, t he  fish and  frog 
lys ine-r ich h i s tones  were I r ac t iona ted  b y  gel f i l t ra t ion  on 
S e p h a d e x  G-75 only.  The  f r ae t iona t ion  was  mon i to r ed  
b y  ana lyz ing  t h e  amino  acid compos i t ion  of t h e  f rac t ions  
a n d  b y  d e t e r m i n i n g  the i r  h o m o g e n e i t y  in s t a r ch  gel 
e lec t rophores is  1~. I n  several  p r e p a r a t i o n s  t he  C- te rmina l  
amino  acid c o n t e n t  of t h e  F2c h i s tones  was  d e t e r m i n e d  
b y  d iges t ion  f i rs t  w i t h  c a r b o x y p e p t i d a s e  t3 fol lowed b y  
addi t iona l  t r e a t m e n t  w i t h  c a r b o x y p e p t i d a s e  A. B o t h  
enzymes  were  W o r t h i n g t o n  D F P - t r e a t e d  p repara t ions .  
A t t e m p t s  to  d e t e r m i n e  t h e  NH~- te rmina l  amino  acids  in 
the  F2c h i s tones  resul ted  in  v e r y  low yields of t h reon ine  
and  o the r  amino  acids, ind ica t ing  t h a t  t h e  NH2- te rmina l  
amino  acid of t he  F2c h i s tones  m a y  be ace ty la ted .  

The  C- te rmina l  amino  acid of t he  F2c h i s tone  is lysine. 
As the  resul ts  of amino  acid analys is  shown  in the  Table  
indicate ,  h i s tones  similar  to  t he  F2c f rac t ion  of chicken 
e r y t h r o c y t e s  are also p r e sen t  in nuc lea ted  e r y t h r o c y t e s  of 
o the r  genera.  Also shown in th is  Table  is t he  amino  acid 
compos i t ion  of the  4 ma jo r  h i s tone  f rac t ions  p r e s e n t  in t he  
chicken e r y t h r o c y t e s  (i.e., F1, F2a,  F3 and  F2b) .  These  4 
f rac t ions  are  p r e s e n t  in all somat ic  t i ssues  of t h e  chicken 
a n d  the i r  compos i t ion  resembles  s t rong ly  t h a t  of t he  
co r respond ing  h i s tone  f rac t ions  in calf  t h y m u s  :-5,13 E v e n  
t h o u g h  t h e  amino  acid compos i t ion  of t he  F2c h i s tones  in 
chick,  frog and  fish is n o t  ident ical ,  t he re  is suff ic ient  
s imi la r i ty  to  jus t i fy  a conclus ion t h a t  th is  f rac t ion  appear s  
in cells w i t h  t h e  s ame  biological funct ion,  i.e. to p roduce  
large quan t i t i e s  of pro te in ,  name ly  hemoglobin .  No F2c- 
like p ro te ins  were found  in t he  bone  mar row  of chickens  
wi th  p h e n y l h y d r a z i n e  p roduced  anemia ,  or in the  livers 
of f ish and  frog. Similarly,  PALAU and  BUTLER who  
ana lyzed  h is tones  f rom the  l ivers of a n o t h e r  species of 
fish, t he  E u r o p e a n  t rout ,  did n o t  r epo r t  a n y  f rac t ions  
resembl ing  the  F2c h i s tone  :4. 

The absence  of  F2c h is tones  in liver, spleen,  k idney  a n d  
o the r  t issues in ch icken  a n d  i ts  p resence  in nuc lea ted  
e r y t h r o c y t e s  of an imals  as d i s t a n t  as chick, frog, and  fish 
indica tes  t h a t  th is  h i s tone  m a y  func t ion  as a p e r m a n e n t  
repressor  t u r n i n g  off the  D N A  repl ica t ion  and  R N A  syn-  
thes is  in m a t u r e  e r y t h r o c y t e s  of species which  re t a in  t he  
nucleus  in the i r  red blood cells. The obse rva t ion  t h a t  F2c 
h is tones  are p o t e n t  inhib i tors  of t he  in v i t ro  R N A  syn-  
thes is  and  D N A  repl ica t ion  fu r the r  suppor t s  th is  possi-  
b i l i ty  :5, le. 

Riassunto. Dagli  er i t roci t i  del  pollo, della Rana cate- 
asbeiana e del  pesce  Caranx hippos sono s taff  isolati  gti 
i s toni  nel la  ipotes i  che gli er i t roci t i  forni t i  di nucleo con- 
t e n g a n o  u n a  f raz ione di  i s tone  funz ionan te  come repres-  
sore p e r m a n e n t e  del la  sintesi  degli  acidi  nucleici.  De t t i  
is toni  sono s t a t i  f raz iona t i  ed anal izza t i  nel la  loro eompo-  
sizione in amino-acidi .  I n  t u l l e  e t re  le speci  su menz iona te  

s t a t a  t r o v a t a  una  Irazione r e l a t i v a m e n t e  ricca in lisina, 
arginina,  a lanina,  e ser ina  che ~ s t a t a  d e n o m i n a t a  F2c. 
L ' a s senza  di  d e l t a  f razione negli al t r i  tessut i  incluso il 
midollo osseo indica c h e l a  frazione F2c pub cost i tu i re  un 
repressore  genet ico p e r m a n e n t e .  
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