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The Binding of Extra Histone and Protamine to Deoxyribonucleoprotein 

T h e  n a t u r e  of t he  b i n d i n g  of h i s tones  to  D N A  is of 
g r e a t  i n t e r e s t  in  u n d e r s t a n d i n g  t h e  s t r u c t u r e  of c h r o m a t i n  
a n d  t h e  expres s ion  of gene ac t ion .  T h e r e  is no  d o u b t  t h a t  
pos i t ive  g roups  in t h e  h i s tones  are  b o u n d  b y  sa l t  l inkages  
to  p h o s p h a t e  g roups  o n  DNA,  a n d  t h e  s t r u c t u r e  of t he  
n u c l e o p r o t e i n  is he t e rogeneous ,  q u i t e  a p a r t  f r om the  
c o n t i n u o u s  v a r i a t i o n  of nucle ic  ac id  bases  a long  t he  l e n g t h  
of t h e  complex .  I n  cons ide r ing  t h i s  s t ruc tu re ,  t h e  ques t i on  
arose  as  to  w h e t h e r  t h e  nuc l eopro te in ,  as  n o r m a l l y  pre-  
pa red ,  was  s a t u r a t e d  w i t h  h i s t ones  or  w h e t h e r  more  b i n d -  
ing  s i tes  were  sti l l  ava i l ab le .  

T o  s t u d y  this ,  n u c l e o p r o t e i n  f rom calf t h y m u s  was  
p r e p a r e d  b y  r e p e a t e d  cold sa l ine  wash ing .  Such  nuc leo-  
p r o t e i n  h a s  a n  N / P  w e i g h t  r a t i o  of 4 -4 .4 :1 ,  a n d  a b o u t  
90% of t he  p r o t e i n  p r e s e n t  is h i s t one  (DAvlSOI~ a n d  
BUTLER1). On ly  t r aces  of t he se  h i s toncs  are r e m o v e d  b y  
w a s h i n g  w i t h  0 . 1 - 0 . 1 5 M  NaC1. W h e n  th i s  n u c l e o p r o t e i n  
was  m i x e d  w i t h  a so lu t ion  of whole  h i s t one  in 0 . 1 5 M  
NaC1, t h e  e x t r a  h i s t one  was i m m e d i a t e l y  r e m o v e d  f rom 
solut ion,  a n d  a series of e x p e r i m e n t s  showed  t h a t  a n  
a m o u n t  of h i s t one  a t  leas t  equa l  to  t h a t  a l r e ady  n a t u r a l l y  
p r e s e n t  could  be  t a k e n  up.  T h e  e x t r a  h i s tone ,  l ike t he  
original ,  was  n o t  r e m o v e d  b y  f u r t h e r  sa l ine  wash ing .  I f  a 
g rea t  excess was a d d e d  to  t h e  nuc leopro te in ,  t h e n  t h a t  
no t  t a k e n  up  was en r i ched  in t he  v e r y  lys ine- r ich  type ,  F1.  
Th i s  b e h a v i o u r  is s imi la r  to  t h a t  obse rved  b y  J o h N s  a n d  
BUTLER 2 o n  a d d i n g  free D N A  to  a n  excess of whole  
h i s tone .  

A n  i n d i c a t i o n  of t h e  n a t u r e  of t h e  b i n d i n g  of th i s  e x t r a  
p r o t e i n  was  s h o w n  b y  s t r i p p i n g  off t h e  h i s t o n e  a g a i n  w i t h  
acid.  T h e  sa l ine -washed  n u c l e o p r o t e i n - h i s t o n e  c o m p l e x  
was  e x t r a c t e d  b y  s t i r r i ng  in  t h e  cold 3 t i m e s  w i t h  1 m M  
HC1, a n d  t h e n  success ively  in  t h e  s ame  w a y  twice  w i t h  
3.3 m2d,  0 .01M,  0 .033M,  0 . 1 M  a n d  f ina l ly  0.253~ r HC1. 
A s imi la r  e x t r a c t i o n  was  done  w i t h  a s a m p l e  w h i c h  h a d  
n o t  rece ived  e x t r a  h i s tone .  T h e  p r o t e i n s  were  r ecove red  
f rom each  s u p e r n a t a n t ,  weighed,  a n d  t h e  c o m p o n e n t s  
iden t i f i ed  f rom t h e i r  p a t t e r n s  on  s t a r c h  a n d  a c r y l a m i d e  
gel s e lec t rophoreses ,  a n d  in some cases b y  a m i n o  acid 
ana lyses .  T h e  resu l t s  are  s h o w n  in  t h e  Figure .  I n  t he  
n o r m a l  case, no  h i s t o n e  was  r e m o v e d  f rom t he  s y s t e m  
u n t i l  t h e  0 . 0 1 M  IIC1 e x t r a c t i o n  began ,  t h e  s ample  A 
be ing  a l m o s t  en t i r e ly  h i s t one  f r a c t i o n  F1.  W i t h  0 . 0 3 3 M  
HC1, f r ac t i on  F 2 b  was  also r e m o v e d  a n d  so on. W h e r e  
e x t r a  h i s t one  h a d  been  a d d e d  however ,  t h e  F1 f r ac t i on  
( sample  B) a p p e a r e  d w i t h  t he  t h i r d  e x t r a c t i o n  w i t h  1 m2~I 
HC1, a n d  t h e  fol lowing samples  C a n d  D e x t r a c t e d  b y  
3.3 m M  HC1 h a d ' f r a c t i o n s  F 2 a  a n d  F 2 b  in t h e m .  

The  e x t r a  h i s t one  b o u n d  b y  t h e  nuc l eop ro t e in  could  
t h u s  be  r e m o v e d  b y  acid of a b o u t  ~/,0 t h e  c o n c e n t r a t i o n  
r equ i r ed  to  r # m o v e  t h e  s a m e  f rac t ions  f rom n o r m a l  nucleo-  
p ro te in .  T h i s c o r r e s p o n d s  to  b i n d i n g  to  a n  ac id  w i th  a p K  
a b o u t  1 u n i t  Nigher t h a n  usual ,  w h i c h  sugges t s  t h a t  m o s t  
of i t  is b o u n d  to  c a r b o x y l  g roups  r a t h e r  t h a n  to  p h o s p h a t e  
groups .  I n  v iew of t h e  q u a n t i t y  of e x t r a  h i s t one  b o u n d ,  
t h e  c a r b o x y l  g roups  chief ly  i n v o l v e d  m u s t  be  those  of t h e  
his tor ic  a l r e a d y  p re sen t .  A f t e r  a l lowing  for  a m i d e  groups ,  
s ince  t h e r e  a re  on  a v e r a g e  a b o u t  ha l f  as  m a n y  free  c a r b o x y l  
g roups  o n  t h e  h i s t ones  as  t h e r e  are  pos i t ive  charges ,  t h e  
s a t u r a t i o n  v a l u e  for  t h i s  t y p e  of e x t r a  b i n d i n g  wou ld  b e  
a n  a m o u n t  of h i s t one  equM to  t h a t  a l r e ady  presen t ,  w h i c h  
is a p p r o x i m a t e l y  t h e  v a l u e  found .  I t  was  Mso f o u n d  t h a t  
p r o t a m i n e  (salmine)  was  r ead i ly  b o u n d  to  n u c t e o p r o t e i n  
f rom sal ine  solut ion,  a n d  as in  t h e  h i s t one  e x p e r i m e n t ,  
m o s t  of i t  was  easi ly r e m o v e d  b y  HC1 in t h e  r a n g e  10 -~ 
to  10-*M.  However ,  a b o u t  10% of t he  a d d e d  p r o t a m i n e  
was  s t r o n g l y  b o u n d  a n d  was  on ly  r e m o v e d  b y  0.25 N HC1. 

T h e  p r o t a m i n e  could  be  easi ly d i s t i ngu i shed  f rom the  
h i s tones  on  a c r y l a m i d e  gel e lec t rophores i s  a n d  no  h i s t one  
was d i sp laced  f rom t h e  n u c l e o p r o t e i n  b y  th i s  p r o t a m i n e  
b ind ing .  Converse ly ,  t he  n u c l e o p r o t e i n  was found  to  b i n d  
on ly  a sma l l  a m o u n t  of e x t r a  D N A  u n d e r  t he  s ame  con-  
d i t ions .  T h e  l imi t  was  a b o u t  5 %  of t h e  D N A  a l r e a d y  
presen t .  

A l t h o u g h  t h e r e  are  p r e s u m a b l y  some gaps  in  t h e  a r r a y  
of h i s t ones  a r o u n d  D N A  in nuc leopro te in ,  such  t h a t  R N A -  
p o l y m e r a s e  or  D N A - a s e  c a n  a p p r o a c h  t h e  D N A  closely,  

l 
t he se  resu l t s  sugges t  t h a t  t h e r e  are  few si tes  a v a i l a b l e  for  
b ind ing  ca t ion ic  p r o t e i n s  in  t h e  s ame  m a n n e r  as  t h e  
or ig ina l  h i s tones ,  w h i c h  h a v e  mo lecu l a r  we igh t s  of 
10,000-25,000.  T h e  p r o t a m i n e  e x p e r i m e n t  showed  de f in i t e  
s t r o n g  b ind ing ,  p r o b a b l y  to p h o s p h a t e  groups .  I n  t h i s  
case t h e  p r o t e i n  h a s  a molecu la r  w e i g h t  of on ly  4000 (see 
e.g. PHILLIPS 4) a n d  p r e s u m a b l y  could r e a c h  more  re- 
s t r i c t ed  s i tes  on  t he  DNA.  Th i s  does n o t  conf l ic t  w i t h  t he  
r e p o r t s  of cons ide rab le  ca t ion ic  dye  b i n d i n g  to  the  nucleo-  
protein (DAvISON a n d  BUTLER 1; ~V[IURA a n d  OHBA ~) since 
t he  dye  is m u c h  smal ler .  The  m e t h o d s  e m p l o y e d  he re  
however ,  would  no t  d e t e c t  f i rmly  b o u n d  e x t r a  h i s t o n e  if 
i t  was  less t h a n  a b o u t  2 0 0  of t h a t  added .  T h e  para l l e l i sm 
of t he  2 cu rves  in  t h e  F igu re  in  t h e  las t  4 or 5 e x t r a c t i o n  
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Extraclion step 

Removal of added histone from deoxyribonueleoprotein (DNP) 
(o o), compared with removal from normal DNP (x x) by 
successive extractions with ttC1. In this example, the DNP obtained 
from about 5 g of calf thyums (see the text) was used in each case 
and 150 mg of calf thymus whole historic added to one sample. His- 
tone first appeared in the samples marked A and B (very lysine-rich 
historic, type Ft). The normal complement of histories and the extra 
histories were completely removed within the ranges shown by 
horizontal arrows (+---->). There were small losses in the recoveries 
of the 15 precipitates in each case. 
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steps, suggests t h a t  the  propor t ion  of s t rongly  bound 
ex t ra  his tones is in fact  far less t han  this".  

Rdsumd. La d6oxyribonucl6oprot6ine (DNP) du t h y m u s  
de veau  peu t  lier de t 'h is tone suppl4menta i re  en solut ion 
physiologique.  La  p lupar t  de ce t t e  prot6ine est  tr6s 
fa ib lement  li6e et  s 'es t  degag6e par  HC1 de 3,3 m M  ou 
moins.  On  sugg6re ainsi que  l 'h is tone  suppl6menta i re  soit  
combin6e aux  groupes ca rboxyl  des his tones  originales 
du D N P .  N6anmoins,  envi ron  10% de la  pro tamine ,  

a jout6 pare i l lement  au D N P ,  fur li6e fo r t emen t  ce qui  
suggbre qu 'e l le  peu t  a t t e indre  les groupes phospha tes  
libres sur I 'ADN.  La  p ro tamine  a p p a r e m m e n t  n ' a  pas  
deplac6e les his tones lorsqu 'el le  fut  li~e au D N P .  
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T h e  H 2 0 ~ - P r o d u c t i o n  b y  P o l y m o r p h o n u c l e a r  L e u c o c y t e s  D u r i n g  Phagocytosis 

In  guinea-pig x-n as well as in h u m a n  ~ po lymorpho-  
nuclear  (PMN) leucocytes,  an increased ra te  of ox ida t ion  
of N A D P H  2 by a granule  bound  KCN-insens i t ive  oxidase 
has been demons t r a t ed  dur ing phagocytosis .  

A H~O~-production associated wi th  the  s t imula t ion  of 
respira t ion in phagocy tos ing  PMN leucocytes  has been 
argued o n - t h e  basis of an  increased ox ida t ion  of for- 
m a t e  s-~,  which is known to be oxidized by  peroxidase  or  
cata lase  in t he  presence of a H ,O, -p roduc ing  sys tem 13. In  
t he  p resen t  s tudy,  d i rec t  evidences for H,O2-accumula t ion  
dur ing  phagocytos is  have  been  provided .  Guinea-pig  
leucocytes  (95% PMN) were  ob ta ined  f rom per i toneal  
exuda tes  and h u m a n  blood leucocytes  (70% PMN) were 
separa ted  f rom red cells by  dex t r an  sed imenta t ion  x4. 
W h e n  needed the  leucocyte  suspensions were pur i f ied 
f rom residual  e ry th rocy tes  by  means  of a rapid hypoton ic  
haemolysis  15. The  results presented here refer to the  
exper iments  wi th  h u m a n  P M N  leucocytes.  Qui te  s imilar  
resul ts  have  been obta ined  by  using guinea-pig leucocytes.  
Phagocytos is  was per formed by  adding bac ter ia  (Bacillus 
subtilis, f i lamentous  forms, killed by  hea t ing  30 min  a t  
120 °C, opsonized wi th  fresh homologous serum 30 min a t  
37 °C and washed in saline) to a leucocyte  suspension in 
calcium-free Krebs -Ringer  phospha te  solut ion incuba ted  
a t  38 °C in a closed plast ic  chamber  equipped wi th  a Clark 
oxygen  electrode (Yellow Spring Instr .  Co., Ohio, USA).  
Expe r imen t s  of phagocytosis  were also per formed in 
shaken W a r b u r g  vessels a t  38 °C for 15 min  and thereaf te r  
the  leucocyte-bac ter ia  mix tures  were t ransferred into  the  
plast ic chamber .  The  H20  2 has been measured as oxygen  
l ibera ted  af ter  adding catalase  (Sigma). 

The  m e m b r a n e  coat ing  the  p l a t inum surface of t he  
electrode was shown to  be impermeab le  to H202 according 
to  t h e  procedure  described by  RORTH and JENSEN 1~. I t  
has  been pre l iminar i ly  shown t h a t  small  amoun t s  of H~O 2 
were  quan t i t a t i ve ly  recovered  as O~ l ibera ted  by  catalase  
added  in excess (Figure 1) and t h a t  endogenous ca ta lase  
of in t ac t  leucocytes,  measured  as O~-production f rom 
added  H~O~, is a lmos t  comple te ly  inhibi ted  by  2 m M  
K e N  (Figure 1). 

The  addi t ion  of cata lase  to P M N  leucocytes  dur ing  
phagocytos is  in t he  presence of 2 m M  K C N  causes a 
l ibera t ion  of oxygen  and a modif ica t ion  of the  ra te  o5 the  
oxygen  uptake,  indicat ing t h a t  an appreciable  a m o u n t  of 
H20  ~ was accumula ted  (Figure 2 a, b). W h e n  catalase is 

added to PMN leucocytes  dur ing phagocytos is  in the  
absence of K e N ,  the  l ibera t ion  of oxygen  is ha rd ly  
de tec tab le  (Figure 2 do t t ed  traces).  

In  o ther  exper iments  leucocyte-bac te r ia  mix tu res  were 
incubated  15 min  a t  38 °C wi th  or  w i thou t  K C N  and then  
t ransferred to t he  plast ic chambe r  for the  measuremen t s  
of H202 as indica ted  above.  F igure  3 shows t h a t  af ter  
15 min  of phagocytos is  an  accumula t ion  of H202 takes  
place only  when  K C N  is present .  These  findings d i rec t ly  
indicate  t h a t  a H ,O , - fo rming  resp i ra tory  sys tem is in- 
vo lved  in the  s t imula ted  respi ra t ion of phagocy tos ing  
P M N  leucocytes.  

An a p p r o x i m a t e  ca lcula t ion  of the  ra t io  oxygen  
consumed /oxygen  l ibera ted  af ter  catalase,  shows t h a t  in 
t he  ear ly  s tage af ter  add i t ion  of K C N  near ly  all t he  oxygen  
is consumed wi th  s to ichiometr ic  accumula t ion  of H202, 
The  values  f rom the  expe r imen t  of F igure  2b are:  
0.2 p a toms  of oxygen  consumed and 0 .08/ ,moles  of H20  , 
decomposed  by  catalase.  I n  the  long t e r m  exper iments ,  
when the  measure  of H~O~ is per formed several  min  af ter  
add i t ion  of 2 m M  K C N  (Figure 2a) or  af ter  15 rain of 
p re l iminary  incuba t ion  of phagocytos ing  P M N  leucocytes  
a t  38°C (Figure 3), the  a m o u n t  of oxygen  l iberated by  
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