
The results of the experiments with pronase showed that if pronase almost free from nuclease activity 
was used, the DNA concentration in the samples was unchanged after incubation with the enzyme, but after 
dialysis it was reduced on average by 50%. These results showed that the DNA, in the form of complexes 
with serum proteins, was dialyzed and that, consequently, it was of low molecular weight. This was found in 
the case of both patients and healthy donors. When pronase containing nuclease activity was used in the experi- 
ments the DNA concentration fell immediately after incubation with pronase and remained practically unchanged 
after dialysis (15 and 14.3 vg/Inl  - t h e  initial values for donor and patient with SLE respectively were: 9.1 
and 8.3/~g/ml after hydrolysis and 8.9 and 8 m g / m l  after dialysis). Cryoprecipitins isolated from the blood 
serum of patients with SLE were incubated with pronase subjected to prior autodigestion. 

The DNA content in the samples in this case was unchanged both after incubation with the enzyme and 
after dialysis. Consequently, the DNA contained in immune complexes was nondialyzable. 

It can be concluded from these experiments that the DNA which circulates in the blood plasma of healthy 
persons and patients with SLE is mainly of low molecular weight and exists in the form of complexes with 
serum proteins. Meanwhile, a DNA of higher molecular weight may also be present in the serum of patients 
with SLE. This DNA forms complexes with other serum proteins (immunoglobulins). 

L I T E R A T U R E  C I T E D  

1. N.S.  Kupriyanova and M. Ya. Timofeeva, Mol. Biol., 7, 140 (1973). 
2. G . J .  Fournie, P. H. Lambert, and P. A. Miescher , J. Exp. IVied., 140, 1189 (1974). 
3. R .C .  Kamm and A. G. Smith, Clin. Chem., 18, 519 (1972). 
4. N.S.  Kupriyanova and M. Ya. Timofeeva (M. Ja. Timofeeva), Eur. J. Btochem., 44, 59 (1974). 
5. L. Ladoux and P. Charles, Exp. Cell. Res., 45, 498 (1967). 
6. R .A.  Martin and B. N. Ames, J. Biol. Chem., 236, 1372 (1961). 
7. C . J .  Plescia, W. Braun, and N. C. Palezuk, Prec.  Natl. Acad. Sci. USA, 52, 279 (1964). 
8. A .M.  Poverermy, V. E. Podgoroduichenko, and D. B. Saprygin, Immunochemistry, 10, 577 (1973). 
9. 

10. 
H. V. Vunakis, E. Seaman, et al., Biochemistry (Washington), 5, 3986 (1966). 
J. B. Winfield, D. Koffier, and H. G. Kunkel, J .  Clin. Invest., 56, 563 (1975). 

SPIN PROBE INVESTIGATION OF THE STATE OF BLOOD PLASMA 

A. N. Kuznetsov, S. I. Ogurtsov, 
B. Ebert, and T. I. Tokhovskaya 

UDC 616.15-073.8 

KEY WORDS: atherosclerosis; blood plasma; spin probes; cholesterol. 

Spin probes and labels have recently found wide application in molecular biophysics for the study both 
of relatively simple systems (proteins, nucleic acids, bilayer lipid membranes) and of certain complex supra- 
molecular formations, especially biological membranes, by the use of electron parmnagnetic resonance (E PR) 
[21. 

The object of this investigation was to develop approaches to the use of the EPR method for the study of 
a heterogeneous system such as blood plasma, one of the most frequently tested objects in medicine and experi- 
mental biology. Rabbits with alimentary atherosclerosis were used as the experimental animals, and a hydro- 
phobic probe of the benzocarboline series, binding of which with albumin, the principal plasma protein, has 
been investigated in detail previously [3], was used as the spin probe. 
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Fig.  1. E ~ m p l e s  of E PR s p e c t r a  of 
p r o b e - r a d i c a l  (6" 10-4M) in p l a s m a  of 
no rma l  r abb i t  No. 2 (I) and of rabbi t  No. 4 
with exper imenta l  a t h e r o s c l e r o s i s  (ID. 
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Fig. 2. Adsorption isotherms of probe-radical in rabbit plasma. Nos. of 

isotherms correspond to Nos. of rabbits. C bound and C free) Concentrations 
of bound and free radicals. 

Fig.  3. Splitting of A ' zz  as  a function of p l a s m a  v i scos i ty  U fo r  p r o b e - r a d i -  
cal  adsorbed  in p l a s m a  of no rma l  rabb i t  No. 1 and of r abb i t  No. 4 with ex-  
pe r imenta l  a t h e r o s c l e r o s i s .  

EXPERIMENTAL M E T H O D  

Male Chinchilla rabbits were used. Control rabbits Nos. 1 and 2 received a standard diet. For 140 days, 
rabb i t s  3, 4, and 5 r ece i ved  additional cho les te ro l  daffy by mouth in a dose 200 m g / k g  body weight [1]. P l a s m a  
was obtained by eentr i fugat ion of blood containing EDTA-Na  2 in a concentra t ion  of 1 m g / m l ,  at  800g for  15 
rain. The  p l a sma  cho les te ro l  concentra t ion  was de te rmined  in the p l a sma  with an accu racy  of within 5% by 
m e a n s  of the Technicon A- I I  au tomat ic  ana lyzer .  

The spin probe  2, 2, 4 ,4 - t e t r ame thy l -1 ,  2, 3 ,4 - t e t r ahydro -  5, 6 -benzo-  T -ca rbo l in -3 -oxy l  [4], d isso lved  in 
ethanol, was added to p I a s m a  in a concentra t ion  of 1 .5 .10  -4, 3 . 1 0  -4, and 6 ,10 -4M to study adsorpt ion,  and in 
a concentra t ion of  2 �9 10-4M to study i ts  mobil i ty .  The ethanol concentra t ion in each s e r i e s  of expe r imen t s  was 
kept constant:  at 6% to study adsorpt ion of the rad ica l  and at 4% to study its spin mobi l i ty .  In the l as t  s e r i e s ,  
the  v i scos i ty  of the solution wss  changed by the addition of c rys ta l l ine  suc rose  to concentra t ions  of 15, 30, 45, 
and 60%, and was de te rmined  f rom a nom ogram [5]. 

E PR spec t r a  we re  r e c o r d e d  on the Var ian  E - 4  r a d i o s p e c t r o m e t e r  with the t e m p e r a t u r e  of the sample  
in the r e s o n a t o r  of 20 �9 I~ ampli tude of  modulat ion 2G, and power  10 roW. The ra t io  between the concen t r a -  
t ions of bound and free probe molecules was determined by double integration of different regions of the 
spectra. The constant of hyperfine interaction Azz , depending on the polarity of the environment of the radical, 
was determined as lira A~z. The value of ~, characterizing spin mobility of the immobilized radical, was 

determined by the equation: 
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A'zz )- 1,5 32 
�9 =4.17.10 -so 1----~-zz --~Tzz c- 

The values of r were  conver ted  for  s tandard  conditions cor responding  to the v i scos i ty  of pure  wa te r  at 2WC, 
by obtaining the value of r 2~ All technical  detai ls  concerned  with E P R  spec t roscopy  a re  examined in detail  
in the monograph [2]. 

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

The morphologica l  and b iochemica l  t e s t s  showed that  r abb i t s  Nos. 4 and 5 developed m a r k e d  hype r -  
cho le s t e r emia ,  accompanied  by les ions  of the whole of the thorac ic  aor ta ,  whereas  only so l i ta ry  l ipid s ta ins  
w e r e  obse rved  in the ao r t a  of r abb i t  No. 3 and the p l a s m a  choles te ro l  level  was c lose  to normal .  In control  
r abb i t s  Nos.  1 and 2 the p l a s m a  choles te ro l  level  was normal ;  no l ipid s ta ins  we re  p re sen t  in the i r  aor ta .  

The genera l  shape of the spec t rum of all s amples  t e s t ed  was superpos i t ion  of s p e c t r a  of the fas t  (A) and 
slow spinning (B) radica ls  (Fig. 1}. The slow spinning spec t rum was due to p robe  molecu les  adsorbed  on 
h igh-molecu la r -we igh t  components  of  the p l a s m a  (proteins o r  l ipoprote ins) ,  whereas  the fas t  spinning spec t rum 
was due to molecu les  of the f r ee  p robe .  

F o r  quanti tat ive invest igat ion of  p robe  adsorpt ion ,  adsorp t ion  i so the rm s we re  plot ted for  the  p l a s m a  of  
each rabbi t  during var ia t ion  of the probe  content in the sy s t em (Fig. 2). The p a r a m e t e r s  of binding (KN - the 
total  binding constant,  K - the binding constant  of the rad ica l  with a single adsorpt ion center ,  N - the concen-  
t r a t ion  of binding cen te r s  in the p lasma) ,  ca lcula ted  f rom these  i s o t h e r m s  with the aid of  L a n g m u i r ' s  equation, 
a r e  given in Tab le  1. I t  will be c l e a r  f rom this  table  t ha t , a s  the degree  of pathological  involvement  of the 
ao r t a  i n c r e a s e s  and the p l a s m a  choles te ro l  level r i s e s ,  both the number  of binding cen te r s  in the p l a s m a  and 
the binding constant  cha rac te r i z ing  them also i n c r e a s e s .  The g r e a t e s t  r e l a t ive  i nc rea se  is found in the total  
binding cons tants .  

F o r  p l a s m a  of a rabb i t  with m i l d  a the roma tos i s  (No. 3) the binding constants  c o r r e s p o n d  to normal ,  
whereas  the concentra t ion of binding cen te r s  is in te rmedia te  in value between that  for the control  an imals  
and that  for  r abb i t s  with m a r k e d  a t h e r o m a t o s i s .  The values  of the binding constants  (K and KN), it m u s t  be 
noted, i nc r ea se  with an inc rease  in the p l a s ma  choles te ro l  concentrat ion.  

I t  will be c l e a r  f rom Table  1 that  the value of Azz  is low for  the p l a s m a  of rabb i t s  with m a r k e d  a the ro -  
m a t o s i s  and hype roho le s t e r emia .  To d i scover  the causes  of these  changes,  p l a sma  of  rabbi t s  Nos. 1 and 4 
was additionally inves t igated by m e a s u r e m e n t  of v i scos i ty .  The re la t ionships  thus obtained between A'zz  
and v i scos i ty  ~ a re  i l lus t ra ted  in Fig.  3. I t  will be c l e a r  f rom Fig. 3 that  ex t rapola ted  values of A zz were  
35.8 �9 0.2 and 33.8 �9 0.2 Oe fo r  r abb i t s  Nos. 1 and 4 , r e spec t ive ly .  F o r  the s ame  s amp le s  taken without suc rose  
the values  of r we re  32 • 4 and 119 • 40 nsec,  and of r 2~ 21 i 2 and 65 �9 20 nsec .  The d e c r e a s e  in the value 
of Azz for  the blood p l a s m a  of rabbi t s  with exper imenta l  a t h e r o s c l e r o s i s  was thus due to an i nc rea se  in the 
degree  of hydrophobici ty of  the envi ronment  of the rad ica l  f r agmen t  and a d e c r e a s e  in the spin mobi l i ty  of 
the rad ica l .  

Unforkmate ly ,  no conclusion regard ing  the na ture  of the binding pa r t i c l e s  in the p l a s m a  can be drawn 
f r o m  these  r e su l t s .  The m o s t  d i rec t  answer  to this  question can be obtained by a fu r the r  study of binding 
of the probe  with the var ious  components  of  p l a sma .  Such expe r imen t s  would not only help to loca l ize  the 
rad ica l  used  in the p l a sma ,  but would also help to se lec t  p robes  binding se lec t ive ly  with the var ious  high- 
mo lecu l a r -we igh t  components  of  the p l a s m a ,  so that  the s ta te  of these  components  could be invest igated by 
examinat ion  of whole p l a s m a .  Such invest igat ions ,  conducted with sp in- labe led  biologically act ive subs tances ,  
could help to es tab l i sh  the pr inc ip les  governing t he i r  binding with blood p l a s m a  and changes in the p a r a m e t e r s  
of this  binding in var ious  pathological  s t a tes .  

TABLE 1. Some P a r a m e t e r s  of  Rabbit  P l a s m a  (M • m) 

Rabbit 
No, 

Charac te r  of lesions 
in a o r t a  

1 Control  
2 
3 iSolitary lipid stains 

4 T o t a l  i n v o l v e m e n t  of 
5 thorac ic  aorta 

flh lasrna ] o les -  | 
erol con~ RN 
entra- | 
ion, mg~Td 

29 l 33,5-+ [ ,7 
35 ! 44,0-+2,6 

49 38,5-+0,8 

676 179,5-+ 3,7 
7 7 _ 9  327,0-+7,2 

K, 10 4 M -1 

3,5-+0,4 
4 ,8•  

2 ,9•  

t 1,2-+0,1 
19,2-+ 1,8 

N, I0 - 4  M 

9,6-+t ,5  
9,2_+ i ,9 

13,3_+0,9 

16,0-+0,4 
17,0-+2,0 

A;z , Oe 

33,7--+0,1 
33,7--+0,1 

33,6=l=0,2 

32 ,4•  0, I 
32 ,6•  
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