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The effect  of KNCO on the s t ruc tu ra l  integri ty of sal t  solutions of DNP was investigated.  The 
use of sedimenta t ion ,  v i s cos i m e t r i c ,  and c i r cu la r  d ich ro i sm methods showed that KNCO does 
not cause degradat ion of the polynucleotide s t rands  of DNA but it weakens the bond between 
DNA and prote in .  
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Chemical  reac t ions  de termining the s t rong  biological  effect  of N - n i t r o s o - N - m e t h y l u r e a  (NMU) and 
other n i t rosoa lky lu reas  (NAU) have not been fully explained. It  is usually cons idered  that the speci f ic i ty  of 
action of NMU, by cont ras t  with that of the typical  alkylat ing mutagen methylmethanesulfonate  (MMS) is due 
to its abil i ty to alkylate  biological  mac romolecu l e s  by an SN I m e c h a n i s m  [10]. However ,  a s tudy of the r e -  
action of 14CO4-NMU with DNA in v i t ro  showed that the rad ioac t ive  label is t r a n s f e r r e d  f r o m  NMU to DNA, 
i .e. ,  ca rbamyla t ion  of DNA takes place  [5]. The authors cited cons idered  that the t rue  ca rbamyla t ing  agent 
in this r eac t ion  is tsocyanic acid fo rmed  by  the breakdown of NMU. Later  work  showed that NMU can c a r -  
bamyla te  bases  in nucleosides [13] and RNA [6], and of the four bases  of RNA, cytosine is mos t  eas i ly  c a r -  
bamylated.  Studies of the b iological  p rope r t i e s  of isocyanic acid and its p o t a s s i u m  sal t  have shown that 
they a lso  p o s s e s s  mutagenic act ivi ty  [1, 2]. Carcinolyt ic  act iv i ty  of the isocyanates  has been desc r ibed  [12]. 
On the bas i s  of these  facts it has been postula ted  that the biological  effect  of NAU is due to two different  
chemical  r eac t ions :  a methylat ion reac t ion  and a ca rbamyla t ton  reac t ion  [4]. 

This pape r  desc r ibes  a f i r s t  a t tempt  to invest igate  the effect  of KNCO on the phys icochemica l  p r o p -  
erties of DNP in vitro. 

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

Prepa ra t i ons  of DNP and DNA were  isolated f r o m  calf  thymus and the solubil i ty of the DNP was s tud-  
ied as desc r ibed  p rev ious ly  [7, 12]. P o t a s s i u m  cyanate was synthes ized  f r o m  urea  and K2CO 3 and r e c r y s -  
ta l l tzed f r o m  ethanol [9]. 

Circular  d i ch ro i sm s p e c t r a  were  r e c o r d e d  on the Rousse l - Jouan  CD-185 d ichrograph at 20~ The 
number  of s ingle b reaks  in DNA was de te rmined  v i s c o s i m e t r i c a l l y  in 0.1 N NaOH [3]. The dependence of 
the reduced  v i scos i ty  of DNA in the composi t ion of DNP on the ionic s t reng th  of the solvent  was de te rmined  
with a s ingle-ba l l  v i s c o s i m e t e r  of the Ostwald type (diameter  of cap i l l a ry  tube 1 ram, volume of ball  1 c m  3, 
H20 gradient  at 25~ 117.9 sec-1).  
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Fig. 1. Kinetics of solubil i ty of DNP in 0.11 M NaC1 + 
0.01 Mphospha te  buffer ,  pH 7.0, on t r ea tmen t  with 0.2 
M KNCO at 37~ 1, 2) DNA and p ro te in ,  respec t ive ly ,  in 
control;  3, 4) DNA and protein,  respec t ive ly ,  o n t r e a t m e n t  
with mutagen. Absc i s sa ,  t ime  (in h); ordinate ,  so lubi l iza-  
tion of p ro te in  and DNA (in %). 

Fig. 2. Solubility of DNP (24 h, 37~ in 0.12 M Na.C1 + 
0.02 M phosphate buffer as a function of KNCO concen-  
t ra t ion.  Absc i s sa ,  log of KNCO concentrat ion (in M); 
ordinate,  solubi l izat ion of p ro te in  (curve 2) and DNA 
(curve i )  ( in %). 
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Fig. 3. Circular  d i ch ro i sm spec t r a :  
1) DNP incubated for 24 h at 37~ 
solvent  0.4 M NaC1 +0.05 M phosphate 
buffer ,  pH 7.0, concentrat ion as DNA 
60 p g / m l ;  2) DNA, solvent  6.14 M NaC1, 
pH 7.0, concentrat ion 60 p g / m l ;  3) f r a c -  
tion of DNP soluble in 0.11 M NaC1 +0.01 
M phosphate buffer ,  pH 7.0, af ter  incuba- 
t ion with 0.2 M KNCO for 24 h at 37~ 
concentrat ion as DNA 60 p g / m l .  Ab-  
sc i s sa ,  wavelength (in ram}; ordinate,  
posi t ive  (+) and negative ( - )  reg ion  of 
d i ch ro i sm (in Ae �9 i0~). 

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

In the course  of the reac t ion  between DNP and KNCO 
a sharpchange  takes p lace  in one of the integral  p r o p e r -  
t ies  of DNP, namely  its solubil i ty in a med ium with an 
ionic s t rength  close to physiological  (0.11 M NaC1 +0.01 M 
phosphate buffer ,  pH 7.0). Whole, uninjured DNP is in- 
soluble under these conditions. During the p r o c e s s  of 
modif icat ion of DNP by KNCO the solubil i ty of the DNP 
r i s e s  ( F i g . l ) .  The data on the change in solubil i ty of DNP 
a f te r  t r e a t m e n t  with KNCO are  evidence of the genera l  
cha rac t e r  of the effects  of NMU [7] and KNCO. However,  
a detai led compar i son  of the effects  of NMU and KNCOalso  
r evea l ed  dif ferences .  Whereas  on incubation with NMU no 
inc rease  in solubil i ty was obse rved  during the f i r s t  5 h, 
in the case  of KNCO solubil i ty inc reased  f r o m  the f i r s t  
hours  of incubation, and all the DNA had gone into solution 
af ter  5 h. The c h a r a c t e r  of the change in solubil i ty of the 
pro te in  component of DNP af te r  modificat ion of the DNP 
by KNCO is unique (Fig. 1). The quantity of pro te in  in the 
soluble f rac t ion  of DNP rose  sha rp ly  to a m a x i m u m  and 
then fel l  sharp ly .  This was evidently because  the pro te in  
d issoc ia ted  f r o m  DNP assoc ia ted  and was sed imented  dur -  
ing centr i fugat ion under mild  conditions (8000 g, 20 rain). 
This  effect  was much weaker  with NMU. The DNP solu-  
bil ization effect  on t r ea tmen t  with mutagen is highly de- 
pendent on the KNCO concentra t ion (Fig. 2). During the 

act ion of low concentrat ions of KNCO (one to five molecules  of mutagen pe r  nucleotide) the solubil i ty of DNP 
in a solution with physiological  ionic s t rength  inc reased  only a i i t t le ,  but it r o se  sha rp ly  with a fu r ther  in- 
c r e a s e  in the concentra t ion of mutagen.  This type of re la t ionship  could indicate that the c r i t i ca l  number  of 
DNP groups must  be modified for  convers  ion into the soluble s ta te .  
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Disturbances  in the s t r u c t u r e  of DNP induced by the act ion of KNCO could be identified f r o m  the c i r -  
cular  d ich ro i sm s p e c t r a  of the "soluble" DNP (Fig. 3). In the pos i t ive  region of d i ch ro i sm AA af ter  incu- 
bat ion of DNP with KNCO in the spec t r a l  region 260-290 nm reached  the values of AA cha rac t e r i s t i c  of f ree  
DNA, evidence of t rans i t ion  of DNA of the soluble f rac t ion  f r o m  the C into the B f o r m  [8]. In the negative 
region of d i ch ro i sm of DNP, because  of modificat ion of its pro te in ,  its contribution to ZkA was negligible 
and ~A was due p r ac t i c a l l y  en t i r e ly  to DNA. 

An inc rease  in the solubi l i ty  of DNP in a med ium with physiological  ionic s t rength  af ter  modificat ion 
by  a mutagen can be produced  in two ways :  by degradat ion of polynucleotidc s t rands  of DNA and by d i s so -  
ciat ion of DNA - p r o t e  in bonds. 

It  was shown by v i s c o s i m e t r y  in an alkaline med ium that KNCO, under all  conditions of t r e a t m e n t  
tes ted ,  does not produce degradat ion of polynucleotide s t rands  of DNA. This conclusion was conf i rmed by 
the s tudy of the effect  of ionic s t reng th  of the med ium on the reduced  v i scos i ty  of the ~soluble" DNP. The 
reduced  v i scos i ty  of "soluble"  DNP in a solvent  consis t ing of 0.11 M NaC1 +0.01 M phosphate  buffer ,  pH 
7.0, was about 90 dl /g ,  and on t r a n s f e r  into 2.6 M NaC1 solution this p a r a m e t e r  fell to 77 dl /g,  i .e. ,  it ap-  
p rox ima ted  to the c h a r a c t e r i s t i c  values for  control  s amples  of DNP at the same ionic s t rength.  

In the w r i t e r s '  opinion the inc rease  in solubil i ty of DNP af te r  t r ea tmen t  with KNCO is due to d i sso-  
ciat ion of DNA - p r o t e i n  bonds. The validi ty of this conclusion is conf i rmed  by the r e su l t s  of centr i fugat ion 
of DNP soluble in 0.11 M NaC1 +0.01 M phosphate buffer  at 180,000 g for  20 h. In this case  all DNA and 
only 40-50% of the soluble p ro te in  were  segmented .  Evidence that the effect  of weakening and dissocia t ion 
of DNA - p r o t e i n  bonds is p r i m a r y  was given by the data p r e s e n t e d  above showing differences  in the kinetics 
of the change in solubi l i ty  of DNA and pro te in  (Figs.  1 and 2). 

The expe r imen ta l  data desc r ibed  above can be in te rp re ted  as follows. During the action of KNCO on 
l y s i n e - r i c h  his tones ,  the e - a m i n o  group of the l a t t e r  is t r a n s f o r m e d  into a u r e a  group and can no 
longer  in terac t  with the phosphate  group of DNA. As a r e s u l t  the DNP loses  its s tabi l i ty .  Since pro te in  in 
DNP plays  a s t ruc tu ra l  and s tabi l iz ing ro le ,  the abi l i ty of KNCO to weaken the d issocia te  the DNA - p r o t e i n  
bonds demons t r a t ed  by the p r e s e n t  exper iments  may  have biological  consequences in the organizat ion and 
function of c h r o m o s o m a l  s t r u c t u r e s .  
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