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Systemic lupus e ry thematosus  (SLE) is  an autoimmune disease  cha rac t e r i zed  by a unique a s so r tmen t  
of  different  types of antibodies and autoantibodies in the blood se rum and t i s sues .  Antibodies against  DNA 
a re  found m os t  frequently and in the l a rge s t  amounts.  The causes  of format ion of these antibodies a re  un- 
known. At the saxne t ime,  it  has been shown that  injection of DNA subjected to chemical  and physical  t r e a t -  
ment  into animals  causes  antibody format ion [7-9]. T issue  destruct ion,  due to cer ta in  agents and accompanied 
by the l iberat ion of DNA into the blood s t ream,  also s t imulates  antibody fomnation [2]. In this connection,  the 
study of the physicochemical  p roper t i es  of the plasma DNA of patients with SLE is an ex t remely  important  
stage in the study of the development of autoimmnne p roces se s .  

In the investigation descr ibed  below DNA was isolated f rom plasma cf blood donors and patients with 
SLE and i ts  physicochemical  p roper t ies  were  studied. 

EXPERIMENTAL METHOD 

DNA was isola ted f rom plasma by two different  methods .  In the f i r s t  method DNA was isolated f rom 
blood plasma diluted 1 : 2 with physiological saline [5]. The second method consis ted of two stages: removal  
of the main  mass  of plasma prote ins  f rom the DNA (by adsorpt ion on hydroxyapat i te  and elution) and depro-  
teinization (with a mix tu re  of ch loroform and isoamyl  alcohol). 

A s a f i r s t  step the adsorpt ion-elut ion proper t i es  of different  types of hydroxyapati te  (Biorad, Sigma, 
C albiochem) were  tes ted .  Hydroxyapat i te  f rom Sigma was used in the exper iments .  A dsorption and elution 
were  c a r r i e d  out in bulk by Kupriyanova 's  method [1, 4]. To the blood plasma,  half i ts volume of a 50% 
suspension of hydroxyapati te ,  equi l ibrated with 0.05M Na-phosphate  buffer (SPB) at pH 6.9 was added drop by 
drop. The unadsorbed mate r i a l  was r emoved  af te r  centr ifugation for  2-3 rain at 1000g. The res idue  of hy-  
droxyapati te  was washed with 0.05 M S PB, pH 6.9, with spec t rophotometr ic  moni tor ing of the protein concen-  
t rat ion.  Elution was c a r r i e d  out in batches with 0.25M SPB, pH 6.9, each of which amounted to one -qua r t e r  
of the original  volume. Af ter  dialysis ,  the eluates were  deproteinized with a mix tu re  of ch loroform and 
isoamyl alcohol (24: 1) in the p resence  of 0.25M NaC1. 

Dialyzed plasma f rom blood donors and patients was t r ea t ed  with nucleases  (DNase, RNase) and pronase.  
Before  the exper iments  the RNase was heated for  10 rain at 80~ The final concentra t ion of  DNase and RNase 
was 500 p g / m l .  Incubation with pronase  was c a r r i e d  out in two stages: f i r s t ,  incubation for  4 h, followed by 
readdit ion of the enzyme (final concentrat ion 0.9 mg/ml ) ,  a f te r  which the incubation was continued for  a fu r the r  
16 h at 37~C. Incubation was followed by dialysis .  P ronase  subjected to autodigestion (to r emove  nuclease 
activity) and undigested pronase  were  used in the exper iments .  

Cryoprec ip i t ins  [10] were  isolated f rom the blood serum of patients with SLE and incubated with pronase  
in the manner  descr ibed  above. Af ter  incubation with the enzyme the Lmmune complexes  were  dialyzed.  The 
DNA concentrat ion in the initial samples ,  a f te r  incubation with enzymes ,  and l a t e r  a f te r  dialysis ,  was de te r -  
mined by a spec t rof luoromet r ic  method [3] and the prote in  concentrat ion by Lowry ' s  method.  
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Fig. I. Distribution of blood plasma DNA and 
sturgeon sperm DNA by fractions after centri- 
fugation in sucrose concentration gradient. 
Abscissa, sucrose concentration (in %); ordin- 
ate, DNA content (in pg); on left, for donor and 
patient; on right, for marked DNA. i) DNA 

from blood donors' plasma; 2) DNA from 
plasma of patients with SLE; 3) marker DNA 
with sedimentation constant of 6S. 

The sedimenta t ion  constant  of  the p l a s m a  DNA was de te rmined  by centr i fugat ion of  the p repa ra t ions  in 
a 5-20% suc rose  concent ra t ion  grad ien t  at  29,000 r p m  for  20-24 h at  20~ The suc rose  solutions were  made  
up in buffer  containing 0.1M NaC1, 0.001M EDTA, and 0.01M Tr is -HC1,  pH 7.4. The DNA concentra t ion in 
the f rac t ions  of the grad ien t  was de te rmined  spec t ro f luo rome t r i ca l l y .  

EXPERIMENTAL RESULTS 

In a p r e l i m i n a r y  s e r i e s  of expe r imen t s  the a t t empt  was made to detect  DNA in the blood p l a s m a  of 
pat ients  with SLE and of healthy donors.  F o r  this purpose  p l a sma  was t r e a t e d  with ethidium bromide  and 
u l t racent r i fuged .  A s m a r k e r  of  the sedimenta t ion  constant ,  s tu rgeon  s p e r m  DNA with a sedimenta t ion constant  
of  6S was  used. The r e su l t s  (Fig. 1) show that  DNA of both donors  and pat ients  with SLE is he terogeneous  
and has mean  sedimenta t ion  constants ,  ca lcula ted  by the s tandard  method [6] of  2.6 and 3 .6S,  respec t ive ly ;  
m o s t  of the m a t e r i a l  r e m a i n s  in the l ight pa r t  of the gradient .  

When DNA was i so la ted  f rom blood p l a s m a  of donors  and pat ients  with SLE by the method of Ledoux 
and Cha r l e s  [5], ve ry  smal l  amounts  of  it  were  obtained,  insuff icient  fo r  cha rac t e r i za t ion  of  the phys icochemi -  
cal properties of the DNA. 

In subsequent experiments a different method was used to isolate DNA from blood plasma. The main 
difficulty in isolation of DNA from blood plasma is due to its low content compared with the very high protein 
content. It was therefore decided to use hydroxyapatite, which enables selective sorption of nucleic acids. 

As a first step the adsorptive power of the hydroxyapatite was tested with double-helical DNA isolated 
from sturgeon sperm and double-helical DNA mixed with blood plasma. These investigations showed no dif- 
ference between adsorption and elution of double-helical DNA and of a mixture of it with blood plasma. The 
yield of DNA from hydroxyapatite was 50%, and this was increased by 10% if 1% sodium dodecyl sulfate was 
used. 

Adsorption of blood plasma on hydroxyapatite followed by elution with phosphate buffer led to 38-fold 
purification of the DNA from plasma proteins, but despite this fact, the eluates still had a sufficiently high 
protein content. Later, after dialysis, they were subjected to triple deproteinization. The DNA yield in this 
experiment was 8.5%. Determination of the sedimentation constant of this DNA preparation revealed a peak 
of low-molecular-weight DNA similar to that illustrated in Fig. i. 

Treatment of dialyzed blood plasma from donors and patients (with SLE and rheumatism) with DNase 
and RNase, with different periods of incubation (I-24 h), showed that the plasma DNA is completely resistant 
to the action of these enzymes. 

Preliminary experiments showed that pronase, subjected to autodigestion, hydrolyzes double-helical 
DNA in the course of 24 h at 37~ by 3%, whereas pronase not treated by autodigestion does so by 25%. 
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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). 
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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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