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As a resu l t  of the action of n i t rogen m u s t a r d  on deoxyr ibonucleoprote in  (DNP), changes a re  
observed  in the DNA-prote in  bonds. These  changes may  take the fo rm e i ther  of labi l izat ion 
or  of s t rengthening,  and this affects  the s ta te  of the DNA in the DNP-complex.  

P rev ious  exper imen t s  [5] showed tha t the  phenylalanine analog of n i t rogen m u s t a r d  (sarcolysin)  mod-  
if ies the hydrodynamic  p rope r t i e s  of deoxyr ibonucleoprote in  (DNP), and this is cons idered  to be the resu l t  
of changes in the in te rac t ion  between DNA and the pro te in  component  of the DNP complex.  

In the invest igat ion desc r ibed  below, the effect  of ni t rogen m u s t a r d  i t se l f  on the phys icochemiea l  s ta te  
of DNP was studied. The act ion of this compound can be explained only by alkylat ion and the re  is no p o s s i -  
bil i ty of additional in te rac t ion  between DNP and the phenylalanine radical .  In addition, the fact  that n i t rogen 
m u s t a r d  does not absorb  in the UV region essen t ia l ly  faci l i ta tes  the de terminat ion  of the c h a r a c t e r  of the 
changes of DNA-prote in  in te rac t ion  under the influence of the bifunctional alkylating mutagen. 

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

Samples  of DNP were  i so la ted  f r o m  calf  thymus by a modif ied method of Mirsky  and Po l I i s t e r  [2]. 
DNA was isolated f r o m  the DNP by Kay ' s  method [8]. The DNP (DNA) was incubated with ni t rogen mu s t a rd  
at 25~ The working solution (pH 7.0) contained 0.1 m g / m l  DNP (as DNA), 103 M ni t rogen mus t a rd ,  0.7 
M NaC1, and 0.02 M NaHCO 3. In the deprote inizat ion expe r imen t s ,  to stop the reac t ion  and r emove  the un- 
r eac ted  agent, the DNP solutions were  dialyzed at 4~ against  2M NaC1 solution. The dialyzed spec imens  
were  deprote inized as descr ibed  in [3 ]. P ro te in  was de te rmined  by L o w r y ' s  method [11],and DNA by Spir in ' s  
method [4]. The v i s c o s i m e t r i c  spec t ropho tomet r i c  m e a s u r e m e n t s  were  made as descr ibed  e a r l i e r  [5]. The 
method of de te rmin ing  the t rue  absorp t ion  of the solutions at 260 nm,  with allowance for  " turbidi ty,"  is de- 
sc r ibed  in [1]. 

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

Jus t  as when DNP was t r ea t ed  with the phenylalanine analog of n i t rogen m u s t a r d  [5], ni t rogen mu s t a rd  
i t se l f  led to a sudden inc rease  in the c h a r a c t e r i s t i c  v i scos i ty  (Fig. 1 : 2). However ,  this i nc rease  averaged  
24~-4% for  ni t rogen m u s t a r d  c o m p a r e d  with 43=~4% for  the phenylalanine analog. The difference is s t a t i s t i -  
cal ly  significant  (P< 0.01). The second stage of the reac t ion  took place  m o r e  slowly and was marked  by a 
s teady dec rea se  in v i scos i ty  which, by con t ras t  with the action of phenylalanine mus ta rd ,  r eached  much 
lower  values than the cor responding  control .  

The init ial  i nc rea se  in v i scos i ty  could be connected with par t ia l  deproteinizat ion of the spec imen  
through compet i t ive  in te rac t ion  between the n i t rogen m u s t a r d  and the phosphate groups of the DNA p rev ious -  
ly occupied by pro te in  molecules .  P a r t i a l  deprote inizat ion of DNP is known to lead to an inc rease  in the 
degree  of a s y m m e t r y  of the m a c r o m o l e c u l e  [6, 7]. If this is t rue ,  par t ia l  deprote inizat ion of the or iginal  
DNP sample  ought to p revent  the init ial  i nc rea se  in v i scos i ty  of DNP. In fact ,  n i t rogen mus ta rd ,  like its 
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Fig. 1. Effect  of n i t rogen m u s t a r d  on c h a r a c t e r i s t i c  v i scos i ty  of DNP 
in solvents  of different  ionic s t rength  and with different  p ro te in  content 
in the complex.  C i rc les  denote control ,  squa res  DNP + ni t rogen m u s -  
tard.  1, 2) p = 0.7, 60% protein;  3) # = 0.7, 42% prote in;  4) # = 1.0,60% 
prote in .  Ordinate ,  c h a r a c t e r i s t i c  v i scos i ty  (dg/g) ;  absc i s sa ,  incubation 
t ime  (1 h). 

Fig. 2. Effect  of n i t rogen m u s t a r d  on re la t ionship  between c h a r a c t e r -  
is t ic  v i scos i ty  of DNP and t empe ra tu r e :  1) control;  2) DNP + ni t rogen 
m us t a rd ,  incubation for  1 h. Ordinate ,  c h a r a c t e r i s t i c  v i scos i ty  ( indl/g);  
a b s c i s s a ,  t e m p e r a t u r e .  

phenylalanine analog, had no effect  on the v i scos i ty  of DNP p repa ra t ions  in which the pro te in  content in the 
complex  had f i r s t  been reduced e i ther  by par t ia l  deproteinizat ion or  by an inc rease  in the ionic s t rength  of 
the solution [Fig. 1 (3, 4)]. The descending pa r t  of the DNP v i scos i ty  curve  [Fig. i (2)] can be at t r ibuted to 
at l eas t  two p r o c e s s e s :  r e a s s o c i a t i o n  of the d issocia ted  pro te in  with DNA and aggregat ion of the DNP mol -  
ecules .  Both these  p r o c e s s e s  a re  accompanied  by a dec rea se  in the degree  of a s y m m e t r y  of the DNP, lead-  
ing to a d e c r e a s e  in the c h a r a c t e r i s t i c  v iscos i ty .  The aggregat ion  p r o c e s s  evidently p r o g r e s s e s  in t ime ,  as 
is shown by the i nc rea se  in absorp t ion  due to sca t t e r ing  of light on the aggrega tes  in the region in which 
DNP is opt ical ly  empty.  Aggregat ion  of DNP af te r  prolonged incubation with n i t rogen m u s t a r d  (5 h) is also 
demons t r a t ed  by the fact  that  cent r i fugat ion of the solutions for  1 h at 20,000 g prec ip i ta ted  up to 70% of the 
DNP, by con t ras t  with the control .  This  is evidently the significant d i f ference  between the action of ni t rogen 
m u s t a r d  and its phenylalanine analog on DNP. 

The m o l a r  extinct ion coeff icient ,  an index of the degree  of o rde r l i ne s s  of the secondary  s t ruc tu re  of 
the DNP, fell during incubation of DNP with ni t rogen mus ta rd .  This fact  cannot be explained by aggregat ion 
of the DNP, for  E(P)260 was m e a s u r e d  with al lowance for  the sca t t e r ing  of the light. This  index for native 
DNP was r a t h e r  higher  than for  DNA [10], as the r e su l t  of conformat ional  changes in the DNA during c o m -  
plex fo rmat ion  with protein;  the dec r ea s e  in optical  absorpt ion of DNP and, consequently,  r e s to r a t i on  of the 
no rma l  DNA s t ruc tu re  can be explained by weakening of the D N A - p r o t e i n  bond in the r e a s s o c i a t e d  complex.  

Melting curves  were  plotted f r o m  the r e su l t s  of t es t s  of the optical  density of the control  DNP and of 
DNP a f te r  incubation with n i t rogen m u s t a r d  (DNP aggrega tes  were  r emoved  by centr i fugat ion,  see  above). 
The mel t ing  curve  for  the control  DNP is typical  of the native nucleoprotein:  in the zone of r a i s e d  t e m p e r -  
a tu res  p reced ing  melting,  h y p o c h r o m i s m  was observed ,  while the m a x i m a l  inc rease  in optical  densi ty was 
30% of its ini t ial  value. The expe r imen ta l  s amples  mel ted  like pure  DNA and the h y p e r c h r o m i c  effect  of the 
s amp le s  was 37%. The view that the D N A - p r o t e i n  bonds were  weakened is suppor ted  by the c h a r a c t e r  of 
the c h a r a c t e r i s t i c  v i scos i ty  ve r s u s  t e m p e r a t u r e  curve  for  the expe r imen ta l  and control  s amples  (Fig. 2). It 
can be postulated that the d i sp lacement  of the ascending l imb of the v i scos i ty  curve  in the region of lower  
t e m p e r a t u r e s  [Fig. 2 (2)], just  as during the act ion of phenylalanine m u s t a r d  on DNP, is evidence of l abe l -  
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TABLE 1. Effect  of Nitrogen Mus ta rdon  
Deproteinizat ion of DNP by Chloroform 
and Sodium Dodecylsulfate  

Type of 
treatment 

Chloroform 

Chloroform+ 
SDS 

Duration of 
interaction 
with agent 
(in h) 

Control 
1 
5 

Control 
1 
5 

Percentage Percentage of protein 
in combo- of DNApas- 
sition o't DN[~ ~aque- sing into 
ons phase) interphase 

28• 12,5~2,9 
45,7-~4,1 39,8• 
63,8• 77,5-----8,9 

I1• 14,6~2,7 
36-----4,6 57,6+8,1 
71~3,5 89,6-~1,0 

ization of the bond between DNA and the pro te in  [6, 7] which, 
in the control  DNA samples ,  s t a r t s  to d issocia te  at 45~ 

Besides weakening of D N A - p r o t e i n  bond, the a p p e a r -  
ance of c ro s s - l i nkages  of the D N A - p r o t e i n  type would be ex-  
pected,  for  n i t rogen mus t a rd  is a bifunctional agent. To v e r -  
ify this hypo thes i s , exper iments  were  c a r r i e d  out in which 
DNP was deprote inized once with a mixture  of ch lo ro fo rm 
and i soamyl  alcohol (24 : 1) and with the s ame  mix tu re  af ter  
t r e a t m e n t  of the DNP with 0.5% sodium dodecylsulfate  (SDS). 
Whereas  ch lo ro fo rm induces denaturat ion of the f r ee  pro te in  
r emoved  as a resu l t  of an inc rease  in the ionic s t rength ,  and 
p rec ip i t a t e s  this p ro te in  at the c h l o r o f o r m - w a t e r  boundary,  
SDS i tse l f  is a deprote iniz ing agent and is capable of r u p tu r -  
ing both hydrophotic and e lec t ros ta t i c  bonds. The resu l t s  of 
these  expe r imen t s  a r e  given in Table  I 

As Table  1 shows, during in te rac t ion  between DNP and ni t rogen mus t a rd  the pe rcen tage  of pro te in  
bound with DNA in the aqueous phase  is i nc reased  and the effect  of prec ip i ta t ion  of DNA into the in te rphase ,  
which also is the r e su l t  of s t rengthening of the D N A - p r o t e i n  bond, is enhanced. The effects  obse rved  in the 
expe r imen ta l  DNP samples  were  s ignif icant ly (P < 0.02) higher than the cor responding  control  values.  SDS 
does not induce any additional deprote iniz ing effect  on the expe r imen ta l  DNP samples .  The resu l t s  thus 
suggest  that the DNA-prote in  bond is ne i ther  e l ec t ros t a t i c  nor  hydrophobic in c h a r a c t e r  during the action 
of ni t rogen m u s t a r d  on DNP, but is mos t  p robably  covalent.  The effect  of prec ip i ta t ion  of DNA into the in- 
t e rphase  may  occur  during pa r t i a l  denaturat ion of the DNA, which may  happen as a r e su l t  of the action of 
alkylat ing compounds [9]. However ,  as control  exper imen t s  showed, incubation of native DNA with ni t rogen 
m u s t a r d  does not lead to t r a n s f e r  of the expe r imen ta l  DNA samples  into the in terphase .  

The kinet ics  of in te rac t ion  between ni t rogen m u s t a r d  and DNP is thus a complex  p roce s s  involving the 
D N A - p r o t e i n  bond and the leading to both labi l izat ion and s t rengthening of these bonds. 
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