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High sens i t iv i ty  of the t e m p e r a t u r e  dependence of the c h a r a c t e r i s t i c  v i scos i ty  of DNA to the 
b r i e f  action of sma l l  doses  of s a r co ly s in  has been demons t ra ted .  It is postulated on the 
b a s i s  of these r e su l t s  that the p r i m a r y  act ion of s a r co ly s in  on the mo l e c u l a r  s t ruc tu re  of 
DNA may be expressed  by weakening of the phosphoes ter  bonds with the subsequent  format ion  
of s ingle  b r eaks  in the polynucleot ide chains of DNA. 

Sarco lys in  [2] has been shown to produce depo lymer iza t ion  and c ros s  l inking of the DNA molecu le  [5, 
6]. Kushner  and Khodosova [1] found that the secondary  s t ruc tu re  of DNA is weakened and c r o s s - l i n k a g e s  
are  formed between the complemen ta ry  s t r ands  of the macromolecuIe .  However,  in the inves t iga t ions  cited 
above, concen t ra t ions  of the agent used to demons t ra t e  d i s tu rbance  in the DNA s t ruc tu re  were much h igher  
than those p e r m i s s i b l e  biological ly ,  and incubat ion took place for a long per iod  of t ime  (measured  in tens  
of hours) .  

The object  of the p r e s e n t  inves t iga t ion  was  to study the action of s a r co ly s in  in v i t ro  on double-  
s t randed  and s i n g l e - s t r a n d e d  DNA in nea r -b io log ica l  doses (2 or  3 o rde r s  of magnitude s m a l l e r  than in the 
inves t iga t ions  cited above), dur ing  the f i r s t  few hours  of in teract ion.  

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

Calf  thymus DNA was isolated by the de tergent  method of Kay et  al. [10]. The mola r  coefficient  of 
ext inct ion of the p r e p a r a t i o n s  in a s t andard  s a l t - c i t r a t e  buffer  (SSC 0.15 M NaC1 +0.015 M sodium citrate)  
was 6600-6800, t hehype rch romic  effect was 35-38%, T m = 8 7  °, and the cha rac t e r i s t i c  v i scos i ty  in SSC var ied  
f rom 85 to 160 dl /g,  co r respond ing  to molecu la r  weights of 1.74 × 107-4.4 x 107 daltons [8]. Single-s t randed 
DNA (sDNA) was obtained by heat ing 0.008% solut ions of nat ive DNA (nDNA) in a medium with low ionic 
s t rength  (0.01 as Na +) for 16 rain at 95°C followed by rapid cooling in ice-co ld  water.  Comple teness  of 
separa t ion  of the DNA s t r ands  was de te rmined  by inves t iga t ion  of the f lexibi l i ty  factor  (FF) and the t em-  
p e r a t u r e  of e levat ion of v i scos i ty  (TEV) [3]. DNA was incubated with a c o m m e r c i a l  p repa ra t ion  of s a r c o l y -  
s in in di f ferent  concen t ra t ions  at 37 ° without mixing, and also at 25 ° with slow mixing of the solution. In 
the f i r s t  case  the r eac t ion  was stopped and the agent removed by reprec ip i t a t ion  of DNA with two volumes  
of 96% e thano l  and in the second by di lut ion and d ia lys is  at 4 °. Dia lys is  of nDNA was c a r r i e d  out against  

*The following abbrev ia t ions  and symbols  are used in this paper :  T m) mel t ing t e m p e r a t u r e  (mean t e m -  
pe ra tu re  of the he l ix -co i l  t r a n s f o r m a t i o n  observed f rom m e a s u r e m e n t s  of optical density);  ATm) d i f fe r -  
ence between mel t ing t e m p e r a t u r e  of DNA denatured by Geiduschek ' s  method [9] and Tin; AE%) hype rch ro -  
m i s m  of DNA; AEi%) h y p e r c h r o m i s m  of DNA denatured by Geiduschek ' s  method [9]; [7/]) cha rac t e r i s t i c  
v i scos i ty  of DNA in a zero shear  gradient ;  T[~]/2) the t e m p e r a t u r e  at which the cha rac t e r i s t i c  v i scos i ty  of 
DNA is equal to half  its v i scos i ty  at 25 ° 
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TABLE 1. Spect rophotometr ic  and V i s c o s i m e t r i c  C h a r a c -  
t e r i s t i c s  of nDNA Incubated with Sarco lys in  in Different  
Concent ra t ions  for  5 h in Medium with Ionic Strength 0.2 

Sarcolysin 
concentration rM aT M AE% r~ tn] Tin]/' 

- -  68 
I0 - '  M 68 

5.10 - 4  M 68 
I0 -= M 69 

36 
36 
35 
34 

28 
28 
26 
24 

155 
1 4 0  
145 
140 

85 
81 
78 
70 

TABLE 2. Rela t ionship  between Spect rophotometr ic  and 
V i s c o s i m e t r i c  P a r a m e t e r s  of nDNA and Durat ion of Incu-  
bat-ion with 10 --4 M Sarco lys in  Solution in Medium with 
Ionic Strength 0.01 

Time of incu- 
bation with 
sarc01ysin 

Control 
'/~ h 
l h  
2h 
4 

T M 

68 
68 
68 
69 
69 

A T  M 

1 

z~E~ 

37 
36 
35 
28 
26 

r% 

32 
33 
30 
as 
27 

In] 

158 
160 
158 
I00 
86 

r[n]l, 

83 
76 
69 
62 
59 

1/20 SSC (/~ ~- 0.Ol), and of sDNA agains t  phosphate buffer  (pH 6.9,/~ =O.01). Aqueous or sa l ine  solut ions of 
s a r co ly s in  neu t ra l i zed  by an equal  volume of 0.04 M NaHCO 3 solut ion,  followed by di lut ion to the working 
concen t ra t ion  with phosphate buffer  (/~ =0.01), 1/20 SSC, or NaCl of the r equ i r ed  concent ra t ion ,  were used 
for incubation.  The ionic s t rength  of the incubat ion  mix ture  (as Na +) was e i the r  0.01 (low) or  0.2 (high). 
The pH of the tes t  solut ions ranged  f rom 7.2 to 7.6. The final concen t ra t ion  of doub le - s t r anded  DNA in all 
the exper imen t s  was 0.01%, and that of s i n g l e - s t r a n d e d  DNA 0.004%. DNA solut ion of the co r re spond ing  
ionic s trength,  but not conta in ing sa rco lys in ,  was used as the control .  The re la t ionsh ip  between the opt ical  
densi ty  of the p r epa ra t i ons  at 260 my and t e m p e r a t u r e  was m e a s u r e d  on the SF-I I  spec t ropho tomete r  in  
1 - c m  cuvettes  with cons tant  heating. Rever s ib i l i t y  of DNA dena tura t ion  was studied by Geiduschek ' s  
method [9]. To es t ima te  the abi l i ty  of DNA to r e s t o r e  hydrogen bonds dur ing  rapid cooling, the value r = 
( 1 -  AEi%/AE%) • 100% was calculated.  This value of r {renaturabil i ty)  c h a r a c t e r i z e s  the highest  p e r c e n t -  
age of DNA rena tu ra t ion  after  rapid cooling of the specimen.  The v i scos i ty  of DNA in a concen t ra t ion  of 
0.002% was measu red  on a t h r e e - b a l l  g lass  v i s c o s i m e t e r  of the Ostwald type with water  g rad ien ts  unde r  
s tandard  condit ions of 45, 28.5, and 18 sec -1. Values of the reduced v i scos i ty  were extrapola ted to zero  
shear  gradient .  The max imum e r r o r  of the method was ± 7 % .  To m e a s u r e  the t e m p e r a t u r e  dependence 
of v iscos i ty ,  i .e. ,  [7] = f ( T ) ,  the v i s c o s i m e t e r  was placed in a water  bath and heated for 5-10 min at the 
co r respond ing  t empe ra tu r e ,  af ter  which the t ime  taken for the solut ion to flow out was m e a s u r e d  at  that  
t empera tu re .  

E X P E R I M E N T A L  RESULTS 

One method of qual i ta t ive  de te rmina t ion  of d i s tu rbances  in the p r i m a r y  s t r uc t u r e  of DNA is the 
method of t e m p e r a t u r e  dependence of the c h a r a c t e r i s t i c  v i scos i ty  [4]. To d e t e r m i n e  the appl icabi l i ty  of 
this method to the phenomena examined in the p r e s e n t  invest igat ion,  spec t ropho tomet r i c  and v i scos i ty  p a r a -  
me te r s  of DNA were compared  dur ing  incubat ion  in  a solvent  with ionic s t rength  0.2 and with di f ferent  
concent ra t ions  of s a r co lys in  (10 -3, 5 • 10 -4, 10 -4 M) for 5 h at 37 °. No s igni f icant  d i s tu rbances  in the  secon-  
dary  s t ruc tu re  of DNA, as revea led  by optical  densi ty  and format ion  of c r o s s - l i n k a g e s ,  tes ted  by Geidus -  
chek ' s  method, were observed (Table 1). Meanwhile, the value of T[~]/2 fell appreciably  with an i n c r e a s e  

in dose of the agent. Consequently,  d i s tu rbances  in  the s t ruc tu re  of DNA induced by low sa r co ly s in  concen-  
t r a t ions  mus t  logical ly  be sought at the level  of d i s tu rbances  of the p r i m a r y  s t ruc tu re .  One poss ib le  ap-  
proach to the solut ion of this p rob lem is to inves t iga te  d i s tu rbances  in s i ng l e - s t r a nde d  DNA p r e s e n t  in a 
solvent  with ionic s t rength  0.01, at which the re la t ive  p ropor t ion  of he l ica l  segments  is  ex t r eme ly  low. 
The dura t ion  of incubat ion of sDNA with the agent cor responded  to the t ime  dur ing  which nDNA underwent  
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TABLE 3. Effect of Sarcolysin 
on Viscosity of sRNA in 
Medium with Ionic Strength 

0.01 

Time of 
incubation 
with 
sarcolysin 

Control 97 92 
95 28 
94 20 

t ~-~ 

93 
15 5,3 
1I 7,5 

s t r u c t u r a l  changes pe rmi t t i ng  a s ignif icant  dif ference to be de te rmined  
between the va lues  of T[~?]/2 of the expe r imen ta l  and control  spec imens .  

The sDNA and nDNA were incubated at 25 ° (the dec rea se  of t e m p e r a -  
tu re  was due to the marked  t e m p e r a t u r e  dependence of aggregat ion of 
sDNA [7] in a medium with ionic s t rength  0.01), with mixing. The 
mo lecu l a r  ra t io  between s a r c o l y s i n  and nucleot ide  molecules  for  
nDNA and sDNA was ident ica l  (1:3). 

The r e s u l t s  given in  Table 2 show that  incubat ion for 0.5 h and 
1 h produce no s igni f icant  changes in the spec t rophotomet r ic  c h a r a c -  
t e r i s t i c s  of nDNA. The v i scos i ty  of the spec imens  was unchanged, 
although T[ r7]/2 was appreciably  reduced.  Compar i son  of the r e su l t s  
given in Tables  1 and 2 shows that with r e spec t  to the T[ ~?]/2 p a r a -  
me t e r  DNA in a medium with low ionic s t rength  was subs tan t ia l ly  more  

sens i t ive  to the act ion of s a r c o l y s i n  than DNA in a medium of high ionic s t rength.  The poss ib i l i ty  is  not 
ru led  out that one of the fac to rs  de t e rmin ing  the sens i t iv i ty  of DNA to the act ion of this agent is  the degree  
of s c r een ing  of the phosphate groups of the po lymer ,  which is p ropor t iona l  to the ionic s t rength  of the s u r -  
rounding medium, and another  poss ib i l i ty  is  that in a medium with low ionic s trength,  contact  between 
s a r c o l y s i n  and guanine r e s idues  is  faci l i ta ted because  of the re laxa t ion  of the secondary  s t r uc t u r e  of the 
DNA. After  incubat ion with s a r c o l y s i n  for 30 min  and 1 h the v i scos i ty  of the exper imen ta l  sDNA at 25 ° 
was ind is t inguishable  f rom the control .  M e a s u r e m e n t  of TEV (70 °) of the exper imen ta l  sDNA showed a 
s teady fall in the v i scos i ty  of the spec imens  over  a per iod of 1 h. The v i scos i ty  of the control  sDNA did not 
change with t ime.  After  the p roce s s  of dec rease  in v i scos i ty  of sDNA at 70 ° had reached sa tu ra t ion  point,  
the spec imens  were cooled and v i scos i ty  m e a s u r e d  at 25 ° . The v i scos i ty  of the exper imen ta l  spec imens  of 
sDNA was not res to red ,  indicat ing that  i r r e v e r s i b l e  changes had occur red  in i ts  s t ruc tu re  (Table 3). The 
most  probable  explanat ion is that the observed  dec rease  in v i scos i ty  of sDNA dur ing  heat ing in a medium 
with an ionic s t rength  of 0.01 at 70 ° takes place through the depolymer iza t ion  of the macromolecu le  because  
of c leavages induced by sa rco lys in .  Another  poss ib i l i ty  is that this  depolar iza t ion  also occurs  at 25 °, a l -  
though much more  slowly than at 70 °. The r e su l t s  obtained for sDNA suggest  that  changes in the [77] =f(T) 
cu rves  for nDNA incubated with 10 -4 M sa r co ly s in  for 1 h take place because  of d i s tu rbances  of the p r i m a r y  
s t r u c t u r e  of the nDNA. 
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