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reproducible .  (I t  m a y  be m e n t i o n e d  t h a t  t he  c h r o m a t o -  
g ram deve loped  f rom t h e  homogen ized  unfer t i l ized eggs 
wi th  t he  same solvent ,  gives a m u c h  b e t t e r  resolut ion 
and  shows a d i f ferent  p a t t e rn ,  F igure  1.) The c h r o m a t o -  
grams deve loped  f rom hydro lysed  muscle  t i ssues  gave  a 
clearer  resolut ion of the  spots  (Figure 2). A l though  
specific t es t s  for a m i n o  acids were no t  carr ied out,  com- 
par i son  wi th  s t a n d a r d  amino  acids suggests  t he  presence  
of sarcosine, taur ine,  glycine, and g lu tamic  acid as the  
m o s t  in tense  spots .  Taurine,  glycine,  and  g lu tamic  acid 
were  also compared  in ano the r  so lvent  sys tem,  n a m e l y  
m e t h a n o l : w a t e r  : pyr id ine  (20 : 5 : 1). Two-d imens iona lch ro -  
m a t o g r a m s  (n -bu tano l : ace t i c  a c i d : w a t e r  and  phenol)  of 
the  mater ia l  and the  mate r ia l  plus sarcosine and  t au r ine  
and  only  sarcosine and  taur ine  were compared .  Al though 
resolut ion was poor  there  were enhanced  in tens i t ies  in the  
p roper  places li. 

Z u s a m m e n / a s s u n g .  Nach  den vor l iegenden Befunden  
scheinen Taur in  u n d / ode r  Sarcosin,  Glycin und /ode r  
Glutamins~iure die wesen t l i chen  Aminosguren  der  C i o n a -  
Musku la tu r  zu sein. Das  charak te r i s t i sche  Chromato-  
g r a m m  1/isst sich in nahezu gleicher Intensit~it  auch  in den 

E x t r a k t e n  yon ausgehunge r t en  Versuchs t ie ren  nach-  
weisen. 
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The Fractionation of Arginine-Rich Histones 
from Calf Thymus 

His tones  f rom calf t h y m u s  and  o the r  m a m m a l i a n  tis- 
sues can be d iv ided  in to  two  m a j o r  groups  - arginine-  and  
lysine-r ich his tones.  The arginine-r ich h i s tones  are  he te ro-  
geneous as was  shown b y  JOHNS and  BUTLER 1 who, on 
the  basis  of solubi l i ty  in abso lu te  e thano l  ob t a ined  two 
argin ine-r ich  f rac t ions  coded  as F2a  and  F3 ~. The  F3 
h is tones  are e lec t rophore t ica l ly  slow (in s t a rch  gel electro-  
phoresis)  and  con ta in  a lanine  as t he  sole N H  2 t e rmina l  
amino  acid. The  F2a  h is tones  are  fas t  in s t a rch  gel e lectro-  
phorcs is  and  do n o t  possess  any  def in i te  N t t i  t e rmina l  
amino  acid. Prol ine,  a lanine  and  glycine are  usual ly  re- 
covered  in smal l  amoun t s ,  and  PItlLLIPS a has  shown  
recen t ly  t h a t  t he  NH~ t e rmina l  amino  acids in th i s  frac- 
t ion  are aee ty l a t ed  to a grea t  ex t en t .  Because the  s t a r ch  
e lec t rophores is  of t h e  F2a  and  F3 h i s tones  shows the  
presence  of a t  least  two  d i s t inc t  b a n d s  in each of the  two  
fract ions ,  a t t e m p t s  were  m a d e  to  f rac t iona te  t he  arginine-  
r ich  histories.  

The  arginine-r ich h i s tones  were p repa red  f rom e thano l  
washed  c rude  calf t h y m u s  nuc leohis tone*  by  ex t r ac t ion  
wi th  a m i x t u r e  of abso lu te  e thano l  and  1.25N FtCI 5,~. Ex-  
t r a c t  con ta in ing  the  F2a and  F3 histories was p rec ip i t a t ed  
wi th  6 Vol of cold ace tone  and  the  p rec ip i t a t ed  p ro te in  
was  recovered  by  cent r i fuga t ion ,  washed  wi th  ace tone  and  
w i t h  e the r  and  dr ied in vacuo.  In  ano the r  series of exper i -  
men t s ,  the  ethanol-HC1 ex t r ac t  was e v a p o r a t e d  in dialysis 
bags in a s t r eam of cold air a p p r o x i m a t e l y  to t/~ of t he  
original  vo lume  and  dia lyzed aga ins t  dist i l led water .  The  
small  a m o u n t  of p rec ip i t a t e  which  formed dur ing  evapora-  
t ion  and  dialysis was r e moved  by  cen t r i fuga t ion  and  the  
F2a and  F3 h is tones  were t h e n  p rec ip i t a t ed  wi th  t r ichloro-  
acet ic  acid (5°~o final concent ra t ion) ,  conver t ed  to hyd ro -  
chlor ides  and  dr ied  s. 

The p rec ip i t a t e  fo rmed dur ing  evapora t ion  and  dialysis  
was washed  wi th  cold acetone,  t h e n  by  ether ,  and  dried.  

P a r t  of the  mate r ia l  became  soluble in ace tone  and  af ter  
r emova l  of ace tone  by  flash evapora t ion  a b rown  lipid-like 
mate r ia l  was ob ta ined .  This  mate r ia l  con ta ined  no pro te in  
or amino  acids and  no fu r the r  cha rac te r i za t ion  was  at-  
t e mp t e d .  The pro te in  p a r t  of the  p rec ip i ta te  was hydro ly -  
zed in c o n s t a n t  boil ing HCI (5.7N) and  ana lyzed  for 
amino  acid composi t ion ,  which is shown  in t he  Table  
unde r  ' l ipo ' .  

The  arginine-r ich h i s tones  F2a  and  F3 were sepa ra t ed  
b y  f i l t ra t ion on  S e p h a d e x  G 75 (Fine,  in bead  form) 
columns.  The  swollen gel su spended  in 0 .01N HC1 was 
poured  into co lumns  50 × 1600 ram, 1500 mg  of the  
F2aF3  histories were  dissolved in 15 ml  of 0.01 N HC1 and  
appl ied  to  t he  column.  The  f rac t ions  were  e lu ted  wi th  
0 .01N HCI s a t u r a t e d  wi th  chloroform.  A flow ra te  of 
48 ml /h  was m a i n t a i n e d  a n d  f rac t ions  were col lected eve ry  
10 min.  The  e lu t ion  p a t t e r n  o b t a i n e d  is shown  in  F igure  1. 
The  F3 h is tones  were  e luted f rom the  co lumn first ,  fol- 
lowed by  the  F2a  fract ion.  F rac t ions  compr i s ing  the  peaks  
were pooled  as ind ica ted  by  ar rows in F igure  1, and  the  
p ro te ins  were recovered  b y  dialysis  aga ins t  dist i l led wa te r  
and  by  lyophi l iza t ion.  

The F2a  histories ob ta ined  in th is  way  were f u r t h e r  
f rae t iona ted .  3.0 g of the  F2a  f rac t ion  were  d issolved in 
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1500 ml  of 0.2 N HC1 a n d  d ia lyzed  a g a i n s t  an  equa l  v o l u m e  
of n - p r o p a n o l  o v e rn ig h t .  D u r i n g  dialysis  the  v o l u m e  of 
h i s t o n e  so lu t ion  was  r ed uced  a p p r o x i m a t e l y  by  75 % ~. The  
d ia lys i s  bag s  were t h e n  t r an s f e r r ed  into 4000 ml  of a mix -  
t u r e  of 25% of 2 N  HCI and  75% of n -p ropano l  (2000 ml) 
a n d  96% e t h a n o l  (2000 ml).  Af te r  12 h dialysis  the  diffu- 
s a t e  was  rep laced  b y  4000 mt  of a m i x t u r e  of  96% e thano l  
a n d  n - p r o p a n o l  (3;1,  v /v)  a n d  d ia lyzed  for a n o t h e r  12 h .  
D u r i n g  t h i s  t i m e  a h e a v y  whi t e  p rec ip i t a te  fo rmed  in t he  
b a g s  a n d  was  col lected by  cen t r i fuga t ion ,  w a s h e d  wi th  
ace tone ,  t h e n  w i t h  e ther ,  a n d  dr ied in vacuo  (F2%1). The  
s u p e r n a t a n t  f luid was  m i x e d  wi th  5 Vol of ace tone;  the  
p rec ip i t a t e  w h i c h  f o r m e d  i n s t a n t l y  was  collected by  cen- 
t r i f u g a t i o n  a n d  was  dr ied  w i th  ace tone  and  e ther  (F2%). 
1627.4 m g  of t h e  F 2 a  I a n d  1322.7 m g  of the  F2a  H were re- 
covered .  All p r e p a r a t i v e  work  was  pe r fo rmed  a t  4°C. 

T h e  p r o t e i n  s a m p l e s  were  h y d r o l y z e d  in c o n s t a n t  boil- 
ing HC1 (5 .7N) in sea led  e v a c u a t e d  t u b e s  a n d  ana lyzed  
w i th  t h e  a id  of  a u t o m a t i c  a m i n o  acid ana lyzer .  The  NH 2 
t e r m i n a l  a m i n o  acids  were d e t e r m i n e d  by  reac t ing  the  
s a m p l e s  w i t h  1-Iluoro-2, 4 -d in i t r obenzeneS  The  s t a r ch  gel 
e l ec t rophores i s  was  p e r f o r m e d  in hor izon ta l  a r r a n g e m e n t  
as  d ~ c r i b e d  p r e v i o u s l y  L 

T h e  a m i n o  acid c o m p o s i t i o n  of t he  F2a  a n d  F3 h is tones  
as  s h o w n  in t h e  Table ,  s u g g e s t s  t h a t  a good f rac t iona t ion  
was  a c h i e v e d  b y  c h r o m a t o g r a p h y  on  Sephadex  G 75. 
S t a r c h  gel e l ee t rophore t i c  p a t t e r n s  of t he  recovered pro- 
t e ins  f u r t h e r  p r o v e d  t h a t  t he  f rac t ions  are v i r tua l ly  free of 
c o n t a m i n a t i o n  (Figure  2). To  e l imina te  possible con t ami -  
n a t i o n  c a u s e d  b y  o v e r l a p p i n g  of the  e lu t ion  peaks,  a smal l  
p o r t i o n  of t h e  e f f luen t  ( ind ica ted  in F igure  1 by  the  wid th  of 
t h e  cen t r a l  arrow) was  exc luded .  T h e  a m i n o  acid ana ly t i -  
cal  d a t a  s h o w n  for t h e  F2a  a n d  F3 h i s tones  in the  Table  
are  in good a g r e e m e n t  w i t h  t h e  compos i t ion  of s imi la r  
f r ac t i ons  r ep o r t ed  b y  JOHNS and  BUTLER x. These  a u t h o r s  
u t i l ized  d i f fe ren t ia l  so lub i l i ty  of the  a rg in ine- r ich  h i s tone  
f r ac t i ons  in  ab so lu t e  e t h a n o l  in order  to  s epa ra t e  the  F2a  
a n d  F3 h i s tones .  To ach ieve  a b o u t  t he  s a m e  degree of 
h o m o g e n e i t y  as r epo r t ed  in t h i s  paper ,  severa l  repea ted  
pu r i f i ca t i on  s t ep s  in a b s o l u t e  e t hano l  were required,  re- 
s u l t i n g  in s u b s t a n t i a l  losses d u r i n g  t he  procedure .  The  

Amino acid composition of arginine-rich histones 

The amino acids are expressed as moles per 100 moles of all amino 
acids found. A correction {10%) was made for the hydrolytic losses 
of serine. The values are averages of three to five determinations 
carried out for each fraction. Hydrolysis in 5.7 N HCI was carried out 

at I10°C for 22 h 

Amino acid Histone fraction 

F3 F2a F2a I F2ali 'Lipo' 

Lysine 9.0 11.1 10.6 12,6 8,0 
Histidine 2.8 2.6 2.1 2.8 1.3 
Arginine 12.4 12,1 13,3 10,4 8.9 
Aspartic acid 4.4 5.7 5.1 5.6 5.9 
Threonine 6.5 5.4 6.3 4.8 5.8 
Serine 4.1 3.5 3.2 3.7 t4.9 
Glutamie acid 10.8 8.4 7.0 8.7 9.8 
Proline 4.3 3.2 2.0 4.1 4.5 
Glyeine 6.6 11.6 l 4.0 10.1 8.5 
Alanine 12.5 11.4 9.1 13.4 9.1 
Valine 4.9 6.3 7.4 5,6 5.2 
Methionine 1.2 0.4 0.5 0.1 0.2 
Isoleueine 5.2 4.7 5.2 4.1 4.4 
Leucine 10.1 10.4 8.4 11.3 8.6 
Tyrosine 2.1 2,4 3.2 1.9 1.9 
Phenylalanine 2.5 1.2 2.0 0,7 2.6 

descr ibed  c h r o m a t o g r a p h i c  m e t h o d  is m u c h  s imp le r  a n d  
supe r io r  in t he  a l m o s t  q u a n t i t a t i v e  r e c ove ry  of t he  f rac-  
t i ona t e d  h is tones .  
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Fig. 1, lgAution pattern nf 1.500 nlg of arginine-rich histones F2aF3 
when ehromatographed on Sephadex (; 75 column 50 x 1600 ram. 
Arrows indicate points where the fractions were pt~oled for recovery 

of histones. 
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Fig. 2. Drawing of the calf thymus histmm fractions separated by 
electrophoresis in starch gel. WII is the tmfractionated whole histone 
containing all the Fractions (F3, arginine rich; F1, very lysine rich; 
F2b, moderately lysine rich ; and F2a, arginine rich). The 1;3 is argi- 
nine-rich histone as recovered from the first peak after chromato- 
graphy on Sephadex (; 75, and F2a ix argini,w-rieh histone recovered 
from the second peak of the same chromatographic run (Figure 1 ). 
F2ai! is the precipitate ohtained by dialysis against a mixture of n- 
propanol and etham>l and F2a I is the protein recovered from the, 
supernatant fluid after such dialysis {see text). The proteins were 

stained with Amido Black 10 IL 

It is convenient to open the bags aud pool the contents. To avoid 
losses of the l"2a histones, the emptied bags should be washed with 
the mixture of n-prt)panol-2N llCl-ethmml used for the next 
dialysis (volume approximately eqmd to the anlouIlt o~ removed 
fhfid). If the fraction 2a was eontamilmted with 1:3 histones, these 
will precipitate during dialysis against n-propamR-2N HC1- 
ethanol and must be removed before the dialysis against n-pro- 
panel-ethanol is started. 

s D. M. P, P I I I I . L I P S ,  Bioellem, J. 68, 35 (1958). 
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As was m e n t i o n e d ,  t he  s t a r c h  gel e lec t rophores i s  of b o t h  
F 2 a  a n d  F3 h i s tones  shows  t he  p resence  of a t  l eas t  t wo  
e t ec t rophore t i c  c o m p o n e n t s  in  e a c h  of t h e  f rac t ions .  T he  
descr ibed  dialysis  aga in s t  n - p r o p a n o l  a n d  e t h a n o l  c an  
f r ac t i ona t e  t he  F2a  h i s tones  in to  two c o m p o n e n t s :  t he  
F2a i  which  is e l ec t ropho re t i c a l l y  f a s t e r  a n d  t h e  F2aTI 
w i th  s l igh t ly  lower  e l ec t rophore t i c  m o b i l i t y  in s t a r c h  gel 
(Figure  2). These  two  f r ac t ions  differ  s ign i f i can t ly  in  t h e i r  
c o n t e n t  of severa l  a m i n o  acids (e.g. a rg in ine ,  lysine,  a la-  
nine,  glycine,  etc.). T h e  e l ec t rophore t i ca l l y  s lower  a n d  
st i l l  compos i t e  F2a l i  h i s t one  has ,  in add i t ion ,  a h i g h e r  
ra t io  of leucine to isoleucine (Table) .  

T h e  N H  2 t e r m i n a l  a m i n o  ac id  of t he  F3 his tor ies  is 
a l an ine  (95%) ;  prol ine ,  a l an ine  glycine,  a n d  lys ine  were 
found  in va r ious  a m o u n t s  in  t h e  F2a  f rac t ion.  I n  general ,  
t he  r ecove ry  of D N P  a m i n o  acids was  v e r y  low in t h e  F 2 a  
h i s tones ,  i n d i c a t i n g  t he  inaccess ib i l i ty  of t h e  N H  2 t e rmi -  
na l  for d i n i t r o p h e n y l a t i o n  ~. T h e  s a m e  was f fmnd for t he  
two  s u b f r a c t i o n s  F 2 a  I a n d  F2a l i .  

T h e  d i scove ry  of a l i p i d - bound  h i s t one  f r ac t ion  is n o t  
en t i r e ly  new.  BAKAV et  al. 9 m e n t i o n e d  t h e  p resence  of a 
smal l  a m o u n t  of l ipid- l ike m a t e r i a l  in  nuc leoh i s tone ,  b u t  
no  c o m p o s i t i o n  was r epor ted .  A l ip id  m a t e r i a l  p e r s i s t e n t l y  
a p p e a r e d  in t h e  X - r a y  d i f f rac t ion  p a t t e r n s  of n a t i v e  calf  
t h y m u s  nuc leoh i s tones  amt  cou ld  n o t  be  r e m o v e d  b y  
pu r i f i ca t ion  of t he  nuc l eoh i s tone  b y  d isso lv ing  in w a t e r  
a n d  p r e c i p i t a t i n g  w i t h  0 . 1 4 M  NaC1 ( the 6 0 / k  spot) .  Th i s  
ind ica tes  t h a t  t he  l ipid is f i rmly  a t t a c h e d  to  nucleo-  
h i s t o n e  ~n, a n d  \VILKINS sugges ted  t h e  possible  p resence  of 
s p h i n g o m y e l i n s  in  n u c l e o h i s m n e s  n .  T h e  p h o s p h a t e  
g roups  of such  l ip ids  cou ld  easi ly c o m b i n e  w i t h  t he  seryt  
res idues  f o u n d  in t he  ' l ipo '  h i s t one  (Table) .  WlLKINS, on  
t he  basis  of X - r a y  d i f f rac t ion ,  e s t i m a t e d  t he  a m o u n t  of 

sph ingomye l in - l i ke  l ipid in  calf  t h y m u s  nuc leoh i s tone  as 
3%.  Th i s  v a l u e  is v e r y  close to  t h e  o b s e r v e d  yie ld  of t h e  
' l ipo '  h i s tone  desc r ibed  in t h i s  paper .  T h e  a m o u n t  of t h i s  
m a t e r i a l  va r ies  s ign i f i can t ly  in  nuc l eoh i s tones  of d i f fe ren t  
origin,  w i t h  l iver  be ing  a b o u t  t h e  r i ches t  source  of such  
p r o t e i n  1~. 

Zusammen/assung. Die a rg in in re i che  F r a k t i o n  des 
K a l b s t h y m u s h i s t o n s  ( F r a k t i o n  2a) wurde  in zwei K o m -  
p o n e n t e n  zerlegt.  Z u s a m m e n s e t z u n g  u n d  e l ek t rophore t i -  
sche  T r e n n u n g  de r  K o m p o n e n t e n  (F2a  I u n d  F 2 a n ) ,  
ebenso  die E i g e n s c h a f t e n  eines neuen ,  l i p i d g e b u n d e n e n ,  
se r in re ichen  H i s t o n s  w u r d e n  beschr i eben .  
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Phase Contrast Microscope Observations on the 
Pancreas of Fasting Rats 

The  morpho log ica l  a n d  h i s t ochemica l  changes  obse rved  
in t he  p a n c r e a s  of r a t s  k e p t  u n d e r  cond i t ions  of p ro longed  
fas t ing  h a v e  been  r e p o r t e d  in p rev ious  pape r s  1,2. T h e y  
can  be  s u m m e d  up as severe  cy t op l a s m i c  damage ,  nuc l ea r  
lesions,  swell ing a n d  progress ive  d i s a p p e a r a n c e  of t h e  
m i t o c h o n d r i a ,  t o g e t h e r  w i t h  a s h a r p  r educ t i on  in t he  
D N A  a n d  R N A  c o n t e n t .  

I t  h a s  been  p rev ious ly  ind ica ted ,  however ,  t h a t  these  
changes  are no t  a c c o m p a n i e d  b y  a n o t a b l e  r e d u c t i o n  in 
t he  zymogen  granules ,  w h i c h  are p r e s en t  even  a f t e r  pro-  
longed f a s t i ng  (150-160 h). All these  resu l t s  h a v e  b e e n  
o b t a i n e d  us ing  classic h is to logica l  a n d  h i s t o c h e m i c a t  
me thods ,  such  as H e i d e n h a i n ' s  t e c h n i q u e  w i t h  i ron-  
h e m a t o x i l i n  a n d  B r a c h e t ' s  w i t h  m e t h y l  g reen-pyron ine .  
The  p r e sen t  s t u d y  ha s  been  u n d e r t a k e n  to  t r y  to  resolve  
t h e  p r o b l e m  of t he  pe r s i s t ence  of t he  zym ogen  g ranu le s  
a f t e r  160 h fast .  

U l t r a - t h i n  sec t ions  of r a t  p a n c r e a s  were sub j ec t ed  to  
p h a s e  c o n t r a s t  microscopy,  some of t he  spec imens  be ing  
p rev ious ly  s u b j e c t e d  to  s i lver  i m p r e g n a t i o n .  

Materials and methods. T w e n t y  a lb ino  r a t s  (Sprague-  
Dawley  s t ra in )  we igh ing  a b o u t  200-250 g, were  k e p t  
u n d e r  cond i t i ons  of comple t e  fas t ing,  a p a r t  f rom ad  libi-  
tu rn  ava i l ab i l i t y  ol water ,  for 160 h. 

A n o t h e r  t en  r a t s  were k e p t  on  a s t a n d a r d  d ie t  as con-  
trol .  The  an ima l s  were kil led b y  d e c a p i t a t i o n ,  a n d  smal l  
pieces of t he  p a n c r e a s  were f ixed i m m e d i a t e l y  in  2 %  
o s m i u m  t e t r o x i d e  buf fe red  a t  p H  7.2-7.4 (a f te r  Pa lade ) ,  
d e h y d r a t e d  w i t h  e t h y l  a lcohol  a n d  e m b e d d e d  in b u t y l -  
m e t h y l - m e t a c r i l a t e .  Sect ions  of 1000-2000 ~ t h i c k n e s s  
were cut ,  us ing  a P o r t e r - B l u m  m i c r o t o m e  e q u i p p e d  w i t h  
a glass knife.  The  sect ions ,  d i s t e n d e d  w i t h  ch lo ro fo rm 
vapour s ,  were  p laced  on  cover-s l ips  a n d  o b s e r v e d  in 
p h a s e  c o n t r a s t  u n d e r  a Le i tz  O r t h o l u x  microscope  
equ ipped  w i t h  ob jec t ives  for h igh  con t ras t .  Some speci- 
mens  were s u b j e c t e d  to s i lver  i m p r e g n a t i o n ,  a cco rd ing  to  
JONES' t e c h n i q u e  a as modi f ied  b y  MARINOZZI 4, a n d  fol- 
lowing p r e c a u t i o n s  r epo r t ed  e l sewhere  5. 

Results and discussion. The  use of t h i s  t e c h n i q u e  con-  
f i rms  some d a t a  a l r e ady  p r o v i d e d  b y  morpho log ica l  and  
h i s t o c h e m i c a l  s tud ies  a n d  also gives some new in fo rma-  
t ion.  

Nuc l ea r  d a m a g e  is visible,  w i t h  op t i ca l l y  e m p t y  nuclei .  
T h e  nncleol i  are  o f t en  miss ing  or  v e r y  m u c h  r educed  in 
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