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The effect  of sa rco lys in  and must ine on the s t ruc tu re  of total  histone was studied by the 
methods of optical  r o t a to ry  d ispers ion ,  spec t rophotomet ry ,  and v i s c o s i m e t r y .  Bothagents  
caused an inc rease  in v iscosi ty ,  while sa rco lys in  a l te red  the p a r a m e t e r s  of optical  r o t a -  
tory  d i spers ion  of histone.  The w r i t e r s  suggest  that  the obse rved  ef fec ts  a re  due to the 
aggregat ing and, in the case of  sarcolys in ,  the possible  sp i ra l iz ing  action of the agents .  

When mutagens  belonging to the family of alkylating compounds pene t ra te  into the cell  they r e a c t  
with all the components  of the nuclear  chromat in .  The effect  of these  agents  on DNA s t ruc ture  has  been 
adequately invest igated [4], but the w r i t e r s  know of no invest igat ions into the act ion of alkylating compounds 
on the s t ruc tu ra l  organizat ion of the protein components  of chromat in .  At the same t ime,  the pr incipal  
nuclear  pro te ins ,  the histories, have a substant ial  influence on the m a c r o m o l e c u l a r  organizat ion of DNA 
and on its functions in the nucleoprotein complex [2, 7]. These functions of the his tones  a re  evidently d e -  
pendent on the i r  s t ruc tu ra l  state [6, 8]~ 

The object  of the p resen t  investigation was to study the action of two c lass ica l  bifunctional alkylating 
c o m p o u n d s - m u s t i n e  (nitrogen mus ta rd)  and sa rco lys in  (phenylalanine mustard)  [3]--on the s t ruc tu ra l  
organizat ion of total  histone in solution by the methods ot optical  ro ta to ry  d i spers ion ,  spec t rophotomet ry ,  
and v i s c o s i m e t r y .  

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

Total histone f rom the calf  thymus was isolated by ex t rac t ion  with 0.25 N HC1. The resul t ing  p repa -  
ra t ion was f r e e z e - d r i e d .  Amino acid analys is ,  using the Hitachi  ana lyzer ,  showed that  the total  protein 
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Fig. 1. Optical ro t a to ry  dis-  
pers ion  of historic. Absc issa ,  
wavelength (in nm); ordinate,  
specif ic  rotat ion.  
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Fig. 2. Absorpt ion s p e c -  
t r u m  of histone.  Absc is -  
sa, wavelength (in nm); 
ordinate,  optical  density.  
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TABLE I.  Level of Significance (P) of Changes in ([~]sp/C) and b 0 
on Treatment of Historic with Phenylalanine, Mustine, and Sarcolysin 

Incubation time 

Agent 15 rain 18 h I 13o h 
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Fig. 3. Kinetics of changes in reduced viscosity and 
nonspecifie absorption of histone preparations on in- 
cubation with phenylalanine, mustine, and sareolysin: 
1) native histone; 2) histone +phenylalanine; 3) his- 
tone +mustine; 4, 5) histone +sarcolysin~ 1-4) 
Changes in reduced viscosity; 5) changes in nonspe- 
cific absorption at wavelength 340 nm. Abscissa, 
time (in h) of interaction with agents (O represents 
initial measurement after reaction between histone 
and agents for 15 rain); ordinate: on the left--reduced 
viscosity, on the right-nonspecific absorption at 
wavelength 340 nm. 

thus isolated was virtually identical in its amino 
acid composition with that described in the lit- 
erature [8].* A 0.5% solution of the histone was 
incubated with the agent at 25~ The concen- 
tration of the agents and phenylalanine in every 
case was 3 "10 -2 M. Measurements of the op- 
tical rotatory dispersion (ORD) and viscosity 
also were made at 25~ without dilution of the 
preparations. The ionic strength of the incuba- 
tion medium was 0.71 (0~ M NaCI + 0o01 M 
HCI), pH 2. An acid pH was chosen to minimize 
aggregation of the histone, which is unavoidable 
at this high ionic strength. The ORD was mea- 
sured with a Soviet SPU-M spectropolarimeter 
in the wavelength range 600-230 nm in a l -cm 
cell (Fig. 1). To calculate b 0 (a coefficient pro- 
portional to the content of c~-helical structures 
in the protein) by the Moffit-Yang [9] equation, 
)to was taken as 212 nm; b 0 was calculated by 
the method of least squares from the ORD 
curves measured in the range 600-400 nm. The 
viscosity of the preparations was measured on 
a viscosimeter of the Ostwald type with a sol- 

vent flow t ime of 280 see.  Measu remen t s  of the ORD and v i scos i ty  began 15 rain a f te r  equal volumes of 
solut ions of his tone and agents  had been l'nixed. The level  of s ignif icance (P) of the changes in b 0 and 
bT]sp/C on t r e a t m e n t  of the historic with phenylalanine,  must ine ,  and s a r co lys in  was e s t i m a t e d  f rom Stu- 
den t ' s  table f rom a sample  of not l e s s  than 5 expe r imen ta l  m e a s u r e m e n t s .  Spect rophotometry  of the h i s -  
tone p r e p a r a t i o n s  t r e a t e d  with the agents was c a r r i e d  out on a Hitachi  model  356 spec t ropho tome te r  (Fig.  
2). The densi ty  of the solution of the control  histone and agent,  incubated s e pa r a t e l y  for  the cor respond ing  
t ime,  was sub t rac ted  f rom the opt ica l  densi ty  of the expe r imen ta l  solut ions at  340 nm, m e a s u r e d  agains t  
the solvent .  

E X P E R I M E N T A L  RE S U L ] : S  

The v i scos i ty  of the expe r imen t a l  p r ep a r a t i ons  i nc r ea sed  much more  r ap id ly  than the v i scos i ty  of the 
control  (Fig,  3). The s ignif icance of the d i f fe rences  is  shown in Table 1. The d i f ference  was g r e a t e s t  dur-  
ing the f i r s t  42 h of in terac t ion ,  and t he r ea f t e r  the inc rease  in v i scos i ty  took place more  slowly.  The o b -  
se rved  inc rease  in v i scos i ty  of the p r epa ra t i ons  was mos t  probably  due to the aggrega t ing  act ion of the 
agents ,  as is  conf i rmed  by the finding of an i nc rea se  in the nonspecif ic  absorp t ion  at 340 nm of solut ions 
of total  his tone t r e a t ed  with s a r c o l y s i n  (Fig.  3), and it is  in ag reemen t  with the ef fec ts  of bifunctional  

* The w r i t e r s  a re  gra tefu l  to Candidate of Chemica l  Sciences A. E. Vas i l ' ev  for  help with the de te rmina t ion  
of the amino acid composi t ion  of the his tone p r e p a r a t i o n s .  
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alkylating agents on bovine se rum albumin [5]. It is c lear  f rom Fig. 3 that sarcolys in  causes g rea te r  
changes in the viscosi ty of the histone than mustine. The possibility is not ruled out that the more marked 
action of sarcolysin  on the viscosi ty of histone is due to replacement  of the inactive methyl radical  or mus-  
tine by the phenylalaniue radical  of sarcolysin .  

To verify this hypothesis an experiment was car r ied  out with phenylalanine. The viscosi ty of the 
histones in the presence of phenylalanine was found to be the same as the viscosi ty  of the control p repara -  
tions (Fig. 3, Table 1). The higher activity of sarcolys in  than of mustine was therefore  evidently due en- 
t i rely to proper t ies  peculiar to this molecule and not to the additive proper t ies  of its individual components.  
The g rea te r  activity of sarcolys in  on molecules of total histone was also demonstrated by the resul ts  of 
spectrophotometry and ORD. Whereas the value of b 0 for histone preparat ions t reated with mustine was 
virtually indistinguishable f rom the control (-150), the negative value of b0 for histone t reated with sarcoly-  
sin was significantly g rea te r  than b 0 for the control preparat ions  (Table 1) during the f i rs t  hours of the 
react ion (--230). The increase in the negative value of b 0 during the action of sarcolysin  is evidence of a 
change in the native conformation of the histone molecules and, in par t icular ,  of an increase in the content 
of s-helical  segments [9]. The ultraviolet  absorption spect ra  and ORD of the histone preparat ions  t reated 
with mustine likewise were indistinguishable f rom the controls  shown in Figs. 1 and 2. Unfortunately, 
measurements  of the optical charac te r i s t i cs  of histone preparat ions treated with sarcolysin  in the ul t ra-  
violet region are  rendered difficult by absorption of the agents in this region of the spec t rum (E260n m = 
23.1 �9 103) [1]. 

These resul ts  show that the s t ructural  organization of the total histone molecule is sensitive to the 
action of both alkylating agents, although their  sensitivity is different. Clearly sarcolysin , in  this case,  
has the much grea te r  activity. This conclusion is of fundamental interest  for the elucidation and classif i -  
cation of the dis turbances produced by bifunctional alkylating agents in the molecules  of deoxyribonucleo- 
protein, the principal genetic substrate of cells.  
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