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Unlike his tones ,  which are  res i s t an t  to the action of nitrogen mustard ,  the nonhistone p ro -  
reins o f  chromat in  are  readi ly  alkylated, with the formation of s imple p ro te in -pro te in  
bonds for  the pa r t i cu la r  class  of chromat in  prote ins .  
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The effect  of the c lass ica l  bffunctional alkylating mutagen ni trogen mus ta rd  (mustine, HN2) on the 
e lec t rophore t ic  mobil i ty of histenes and of nonhistone proteins of chromat in  and also of cer ta in  other  p ro -  
reins which, in the i r  amino acid composit ion and molecular  weight, a re  c lose ly  s imi l a r  to ce r ta in  c h r o m -  
atin pro te ins ,  was studied.  

E X P E R I M E N T A L  M E T H O D  

Histones and nonhistone proteins were  isolated f rom calf  thymus which had been f rozen immediate ly  
a f te r  decapitation of the animal  and kept for  more  than 24 h at -700C. Total  histone was isolated by the 
method of Johns [7]. Nonhistone proteins were  obtained by chromatography on calcium hydroxyapati te  [8]. 
Ribonuclease (RNase) and bovine s e rum albumin (BSA) were  f rom Reanal (Hungary) and glutamate de- 
hydrogenase  f rom Serva (Czechoslovakia).  

The samples  were  incubated (1 mg prote in  to 1 ml,  50 mM Tris-HHC1, pH 7.5, 1-10 mM HN2) at 370C 
for  1 h .  Unreacted  HN2 was removed  by dialysis in the cold.  

E lec t rophores i s  at pH 2.8 was c a r r i e d  out by Panyim's  method [9]. Gels containing 10% acrylamide ,  
0 2  M Tris-HC1 buffer ,  0.1% sodium dodecylsulfate (SDS), and 5 M urea  were  used for  e lec t rophores i s  at 
pH 7.5. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

As Fig. 1 shows, t r ea tmen t  of histones and RNase with the HN2 prepara t ion  in a concentra t ion of 
10 -2 M did not change the e lec t rophore t ic  mobili ty of the histene fract ions or  RNase. However,  the mobili ty 
of the BSA was more  than doubled af ter  s imi l a r  t rea tment ;  this could be evidence p r imar i l y  of an increase  
in the total posi t ive charge  on the molecules of this protein,  due to addition of the alkyl radical  to the nega-  
t ively charged carboxyl  groups of the albumin, i .e . ,  to alkylation of the albumin. At the same t ime,  a l -  
though this is less  probable,  the increase  in mobili ty of the BSA could have been due to a dec rease  in its 
molecu la r  weight, i .e . ,  to rupture  of the peptide chain of the protein as, for example,  was descr ibed  in a 
paper  by Alexander  [1]. 

Since HN2 is bifunctional it  might be expected that besides the depolymerizat ion of the protein,  
p ro te in -p ro te in  c ross - l inkages  could be fo rmed .  This could be shown by a change in ' the molecular  weight 
of the prote in  when the conditions in the medium were  such as t o  comple te ly  inhibit nonspeeific aggrega-  
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F ig .  1. E l ec t ropho re s i s  at pH 2.8: 1) 
to ta l  his tone;  2) total  histone + 10 -2 M 
HN2; 3) RNase;  4) RNase + 10 -2 M HN2; 
5) BSA; 6) BSA + 10 -2 M HN2. 
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Fig.  2. E l e e t r o p h o r e s i s  at pH 7.5 in the 
p r e s e n c e  of SDS: 1-6) as in Fig.  1; 7) 
nonhistone pro te ins  ; 8) nonhistone p r o -  
teins + 10  -2 M HN2. 

I t  can accordingly  be concluded that  under  the conditions used, HN2 in te rac ted  only with prote ins  
whose i soe lec t r i c  point lay in the weakly acid reg ion  (BSA, nonhistone ch romat in  prote ins) ,  whereas  p r o -  
teins with w e l l - m a r k e d  bas ic  p r o p e r t i e s  (histones,  RNase) do not i n t e r ac t  with HN2. The r e su l t s  of e l e c t r o -  
phore t ic  inves t iga t ion  of in te rac t ion  between BSA and HN2 indicate a lkylat ion of the ca rboxyl  groups of 
this pro te in  without change in m o l e c u l a r  weight under  the conditions of t r e a t m e n t  used;  this is c o n t r a r y  to 
the resu l t s  obtained e a r l i e r  by Alexander  et al.  [4]. The r e a s o n  could be that  the worke r s  ci ted obse rved  
nonspecif ic  aggregat ion  of the a lkylated BSA molecu le s .  

It  was only in the c a s e  of nonhistone ch romat in  prote ins  that  in te rac t ion  with HN2 was found to lead 
to the fo rma t ion  of s tab le  p ro t e in -p ro tu in  bonds r e s i s t a n t  in the p r e s e n c e  of a high concent ra t ion  of u rea ,  
sod ium dodecylsulfa te ,  and ~ -m ercap t oe t hano l .  It may  be expec ted  that  not only s tab le  DNA-pro te in  
bonds were  f o r m e d  by the act ion of HN2 [3, 5, 6] (and, in pa r t i cu l a r ,  between DNA and the nonhistone f r a c -  
t ion of c h r o m a t i n  pro te ins ) ,  but s tab le  bonds were  also fo rmed  between the nonhistone prote ins  t h e m s e l v e s .  

lion of the prote in  through e l ec t ros t a t i c  or  hydrophobic i n t e r -  
action and format ion  of S-S bonds.  Such conditions a re  provided 
by a solut ion cons is t ing  of 1% SDS, 5 M urea ,  0.01~ ~ - m e r c a p t o -  
ethanol in 0.1 M Tr is -HC1 buffer ,  pH 7.5. It has also been 
shown that  the p r e s e n c e  of SDS in a homogeneous e l e c t r o p h o r -  
eric s y s t e m  can enable pro te in  f rac t ions  to be  s e p a r a t e d  on 
the basis  of the i r  mo lecu l a r  weight,  for  the ef fec t  of the in- 
t r ins ic  cha rge  on the pro te in  molecules  is a lmos t  en t i r e ty  sup-  
p r e s s e d  by the g r e a t  excess  of molecules  of SDS assoc ia t ed  
with one prote in  molecu le  by means  of hydrophobie  bonds [10]. 

Compar i son  of the r e su l t s  of e l e c t ropho re s i s  (Fig. 2) in 
this s y s t e m  shows that  only in the ca se  of the nonhistone p r o -  
teins of ch roma t in  does HN2 induce any s ignif icant  d e c r e a s e  
in e l ec t rophore t i c  mobi l i ty  of many  of the f rac t ions  of these  
p ro te ins ,  whereas  the mobi l i ty  of the h is tones ,  RNase,  and 
BSA was unchanged. Consequently,  the view that  BSA is de -  
po lymer i zed  by HN2 is unl ikely to be  c o r r e c t .  By using p r o -  
teins of known m o l e c u l a r  weight  - g lu tamate  dehydrogenase  
(150,000), BSA (60,000), and RNase  (12,000), subf rac t ions  with 
m o l e c u l a r  weights of 150,000, 150,000-60,000, 60,000-12,000 
and under  12,000, r e spec t ive ly ,  we re  i so la ted  f r o m  the whole 
e l ec t rophore t i e  s p e c t r u m  of nonhistone p ro t e ins .  Af te r  t r e a t -  
men t  with HN2 a red i s t r ibu t ion  of the nonhistone f rac t ions  was 
obse rved ,  with an i nc rea se  in the content  of those with h ighes t  
m o l e c u l a r  weight.  F o r  instance,  the content  of nonhistone 
prote ins  with a mo lecu l a r  weight of ove r  150,000 and of those  
with m o l e c u l a r  weights of 60,000-12,000 was 10 and 47~c r e -  
spec t ive ly ,  c o m p a r e d  with 45 and 23~ r e s p e c t i v e l y  a f te r  t r e a t -  
men t  with n i t rogen m u s t a r d .  
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