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Anomalous changes in the v i scos imet r i c  charac te r i s t i c s  of DNP when incubated in the p re s -  
ence of sa rco lys in  were discovered.  It is postulated that sarcolys in  affects the sal t- l ike 
bonds between DNA and protein. 

The wr i t e r s  showed previously that during the f i r s t  few hours  of interaction between sarco]ysin  and 
the double-s t randed DNA molecule in vi tro small  doses of the alkylating agent (concentration 10 -3 , 5 �9 10 -~ , 
and 10 "~) induce latent injuries in the macromolecu la r  organization of the DNA. However, DNA in the cell 
nucleus is not in the free state, but in the form of a complex with histones and acid proteins.  It can ac-  
cordingly be expected that the appearance of p r imary  molecular  injuries in the chromosome in vivo is the 
resul t  of interaction between the mutagen and the molecule of the deoxyribonucleoprotein complex (DNP). 
Virtually no investigations into the action of alkylating agents on the s t ructura l  proper t ies  of isolated DNP 
macromolecu les  can be found in the modern l i tera ture .  An object of par t icu lar  interest  in this field of r e -  
search is the action of bifunctional alkylating agents, because this c lass  of compound not only affects the 
s t ructure  of DNA, but can also modify the DNA--protein bond with all the consequences which stem 
the re f rom.  

The action of sa rco lys in  on the v i scos imet r i c  charac te r i s t i c s  of DNP f rom the calf  thymus were 
studied in the investigation descr ibed below. 

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

DNP was isolated f rom the calf thymus by the w r i t e r s '  modification of Mirsky and Po l l i s t e r ' s  method 
in 0.7 M NaC1 [4]. DNA was isolated f rom the tes t  DNP by the detergent method of Kay et al. [3]. DNA and 
DNP were incubated with a commerc ia l  prepara t ion of sarcolys in  without mixing at 25~ in a water  thermo-  
stat. A sample of sarcolys in  hydrochloride,  weighing 20.4 rag, with a molecular  weight of 341, was dis- 
solved at 60~ in 15 ml of 1.4 M NaC1, the solution was cooled and to neutral ize the acid medium, 15 ml of 
0.04 M NaHCO 3 was added, causing the pH of the solution to r i se  to 7.0. The resul t ing sarcolys in  solution 
was  mixed with an equal volume of DNP solution in 0.7 M NaC1 to give a DNA concentrat ion of 0.04 mg/ml.  
The solution, when ready for measurement ,  contained 0.02 mg/ml of DNP (as DNA) and 10 -3 M sarcolysin .  
A DNP solution with corresponding ionic strength, but not containing sarcolysin ,  was used as the control.  
DNA was t rea ted  with sarcolys in  in the same way. The viscosi ty  of the DNA and DNP solutions was mea-  
sured on a glass  three-ba l l  v i scos ime te r  of the Ostwald type with gradients  of 45, 28.5, and 18 sec -~ re la -  
tive to water  under standard conditions. The values of the reduced viscosi ty  were  extrapolated to zero 
gradient  shift. The maximum e r r o r  of the method was • 7%. To measure  the relat ionship between t empe r -  
ature and viscosi ty ,  the v i scos ime te r  was placed in a water  bath and heated for  10-15 min at a par t icular  
t empera ture ,  af ter  which the t ime taken for the solution to flow out at that t empera tu re  was measured .  
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TABLE i. 

of DNP Solutions ( [7 ]f l -  0) 

Expt.  No. 

1 
2 
3 
4 
5 

Effect  of Sarcolys in  on Viscosi ty  

Control Expt.  

42 65 
57 89 
50 67 
39 46 
51 65 

Age  (in %) 

54 
56 
34 
39 
27 
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Fig. 2. Effect of sarcolysin 
on temperature dependence 
of characteristic viscosity 
of DNA and DNP: 1) DNA 
in 0.7 M NRC1; 2) DNA + s a r -  
colysin,  incubation for  35 h; 
3) DNP in 0.7 M NaC1; 4) DNP+ 
sarco lys in ,  incubation 35 h. 
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Fig. 1. Kinet ics  of change in 
c h a r a c t e r i s t i c  v i scos i ty  of DNP 
when incubated with sa rco lys in :  
1) DNP in 0.7 M NaC1; 2) DNP+ 
sarco lys in .  Concentra t ion r a -  
t ions  a r e  given in the sect ion 
"Exper imen ta l  Method." 

EXPERIMENTAL RESULTS 

Several  s tages  can be c lea r ly  dist inguished in the r e su l t s  ob- 
tained.  By con t r a s t  with DNA solutions,  whose v i scos i ty  e i ther  r i s e s  
only v e r y  slightly or  r e m a i n s  unchanged a f t e r  t r ea tmen t  with s a r co ly -  
sin, the v i scos i ty  of the DNP solution immedia te ly  ro se  in a s tepwise 
manner  a f t e r  the addition of sa rco lys in .  It is c l ea r  f r o m  Table 1 that  
the mean  v i scos i ty  i nc reased  by about 50% c o m p a r e d  with the contro l .  
During the f i r s t  5 h of incubation a f t e r  the s tepwise inc rease ,  the 
v i scos i ty  of the DNP fell  to va lues  only slightly higher  than the i r  in- 
i t ial  level .  La te r ,  for  a cons iderable  per iod  of t ime ,  about 55-60 h of 
incubation, the v i scos i ty  of all  the t es ted  solutions without exception 
r em a i n ed  constant  (Fig.  D. 

The v i s c o s i m e t r i c  mel t ing cu rves ,  which di f fered  signif icantly 
f r o m  the cor responding  cu rves  fo r  na tura l  DNP p repa ra t i ons ,  a r e  of 
cons iderable  in te res t .  Invest igat ions  have recen t ly  shown that the 

v i s c o s i m e t r i c  mel t ing curve  of native DNP p repa ra t i ons ,  by con t ra s t  with the analogous curve  for  DNA, 
cons i s t s  of 2 sharp ly  different  segments  [2]. During heat ing at ce r t a in  t e m p e r a t u r e s  the c h a r a c t e r i s t i c  
v i scos i ty  of DNP becomes  approx imate ly  doubled, and in the region of the mel t ing  t e m p e r a t u r e  of the DNA 
hydrogen bonds the v i scos i ty  fal ls  sharply .  The beginning of the r i s e  and the width of the t e m p e r a t u r e  
range  within which the v i scos i ty  i n c r e a s e s  depend on the ionic s t rength of the solvent ,  while the k inet ics  of 
the i nc rea se  in v i scos i ty  evidently depend on the s t rength of in terac t ion  between DNA and his tone [1]. Un- 
l ike the control  solutions,  the v i scos i ty  of DNP p repa ra t i ons  incubated with mutagen begins  to r i s e  i m m e -  
diately on heating,  r e a c h e s  a m a x i m u m  at lower  t e m p e r a t u r e s ,  and begins  to fal l  much sooner .  The fall ing 
b ranch  of the curve  was  m o r e  sloping in the expe r imen ta l  t e s t s  (Fig.  2). 

It can be postula ted that the r e a s on  fo r  the obse rved  anomal ies  in the change in v i scos i ty  and d i s -  
p lacement  of the mel t ing  t e m p e r a t u r e  may  be e i ther  aggrega t ion  or  modif icat ion of the DNA--prote in  bonds.  
If aggregat ion  takes  place,  the obse rved  shift of v i scos i ty  (if this  p r o c e s s  initially begins  with p redomin-  
ance of t e rmina l  in t e rmolecu la r  in terac t ions ,  followed by l a t e ra l  interact ions)  will  be such that  u l t imate ly  
it leads to a d e c r e a s e  in the degree  of a s y m m e t r y  of the aggrega te  and, cor respondingly ,  to a dec r ea se  in 
v i scos i ty .  With elevat ion of the t e m p e r a t u r e ,  under  the conditions of m e a s u r e m e n t  of the mel t ing cu rves  
the opposite p r o c e s s  may  take place,  and during des t ruc t ion  of the l a t e ra l  aggrega tes  the v i s cos i t y  will  in- 
c r e a s e .  Meanwhile, the segment  of dec reas ing  v i scos i ty  (Fig. 2) indicates  substant ia l  weakening of the 
secondary  s t ruc tu re  of the DNA, which cannot be explained on the ba s i s  pure ly  of aggregat ion  p r o c e s s e s .  

Most probably the in te rac t ion  between sa rco lys in  and DNA begins  w h e r e v e r  the pro te in  is  located.  
As a r e su l t ,  t e m p o r a r y  d issoc ia t ion  of the complex,  cha r ac t e r i z ed  by an inc rease  in v i scos i ty ,  may  be ob- 
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served .  Since th is  p r o c e s s  is  based  on sa l t - l ike  in teract ions  with zero  act ivat ion energy  and since it takes  
place v e r y  rap id ly  in t ime ,  the v i scos i ty  may  inc rease  s tepwise.  After  the introduction of sa rco lys in  be-  
tween the DNA and prote in ,  t ransa lky la t ion  of the mutagen may  take place on the bas i s  of the DNA, and this 
may  be followed by nonspecif ic  in te rac t ion  between the histone and DNA. This p r o c e s s  will be c h a r a c t e r -  
ized by a d e c r e a s e  in v i scos i ty ,  and the nonspecif ic complex  will d i ssoc ia te  at lower t e m p e r a t u r e s .  

The poss ibi l i ty  is not ru led  out that  both these  p r o c e s s e s  actual ly take place together .  In any case ,  
the r e su l t s  of the invest igat ions  descr ibed  above indicate a fundamental  d i f ference between the sens i t iv i t ies  
of DNA and DNP to the action of sa rco lys in ,  a typical  m e m b e r  of the c l a s s  of bifunctional alkylating agents  
and one which is widely used  in medica l  p rac t i ce .  Although the r e su l t s  of these  expe r imen t s  do not yet  
provide  a c l e a r  p ic ture  of the in teract ion between sa rco lys in  and DNP, they neve r the le s s  indicate that this 
mutagen h a s  a complex  act ion on the s t ruc tu ra l  organizat ion of DNP and, in all  probabil i ty ,  as well  as  mod-  
ifying the s t ruc tu re  of DNA, it  a l so  influences the D N A - p r o t e i n  bond. ~ r t h e r  expe r imen t s  will show 
which of these  p r o c e s s e s  is  dominant in the development  of injury to DNP. 
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