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Antibodies to DNA were first found in patients with systemic lupus erythematosus {SLE)
and for a long time their appearance was regarded as one of the most important signs of this
disease. Subsequently antibodies interacting with various structural components of the nu-
cleus, and carrying under physiological conditons a strong negative {DNA, RNA) or positive
(histones) charge, were discovered in patients with SLE. By the use of monocloncal antibodies
to DNA, synthesized by hybridomas created on the basis of spleen cells of mice with an auto-
immune syndrome, it was found that they react with various macromolecules carrying a nega-
tive charge (for example, with proteoglycans) which are structures of cell membranes {3, 4].

These data suggest that the antigenic stimulus for the formation of naturally found
antibodies, reacting with DNA, in some cases may be structures cartrying a positive or nega-
tive charge under physiological conditons.

In the investigation described below the role of phosphoric acid residues was studied
in interaction between antibodies induced to structures carrying a positive charge (thymid-
ine) and a negative charge (denatured and UV-modified DNA).

EXPERIMENTAL METHODS

Antithymidine sera were obtained by immunization of rabbits with conjugates of ribosyl-
thymine with bovine serum albumin, prepared by the method in [2]. Antisera to denatured DNA
and UV-irradiated DNA were obtained by the method in [6]. As other sources of antibodies,
sera from patients with SLE, under treatment in the Institute of Rheumatology, Academy of
Medical Sciences of the USSR (Moscow), were used.

Antigens for radioimmunoassay were tritium-labeled thymidine and DNA isolated from E.
coli W3110 thy™ cells by a modified method [5], with specific activity of 80,000 cpm/pug.

As inhibitors of the antigen—antibody reaction we used thymidine, thymidine triphosphate
(TTP, from Calbiochem, USA), thymidyl tri-, hexa-, and octanucleotides — Ty, Tg, and Ty re-
spectively ("Biochemicals," USA), and also thymine and thymidine dimers, UV-irradiated DNA,
and UV-irradiated DNA subjected to hydrolysis down to bases.
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TABLE L. Inhibitory Activity (in %) of
Thymidine, TTP, and Thymidyl Oligonucleo—
tides in a System of Antithymidine Sera —

Thymidine
Antithymidine sera -

inhibl- frapbit | vsthic | rabbit rabbit
Lox No. % Wo, 2 No. 3 No. &
Thvmidine . 57 61 60 56
5P 1 9 13 9
Ty 36 37 31 39
Te 20 20 22 2
Ts 13 11 | i6

Legend. Concentration of inhibitor 107°
M in sample, calculated as thymidine.

TABLE 2. Effect of Thymidine, TTP, and Thymidyl Oligonucleotides on Binding of Anti-
sera to Denatured DNA and Sera of Patients with SLE with Denatured 2H-DNA (% of in-

hibition)
Antisera to denatured DNA Sera from patients with. SLE
Inhibitoxr . .
; ~rabbit No. 1} rabbit So. 2|rabpit No. 2 |patient No. ll patient Ho.2¢ I patient No. 3

Thymidine 1 - 13 13 9 i1 1l
TTP 24 23 24 19 19 20
Ty 19 . 22 19 17 19 16
Ts 53 48 51 43 45 47
T 49 ; 49 50 43 49 47

Legend. Concentration of inhibitor 10™% M in sample calculated as thymidine.

TABLE 3. Interaction of 3H-UV-DNA (500
J/m2?2) with Antiserum Specific for UV-DNA
in the Presence of Various Inhibitors

Quantity of s
Inhibitor inhibitor in' | b of inhi-
bition
sample, M
Thyvmine dimers 2.10-% 1,6
Thymidine dimers 2.10-% 1,7
UV-DNA 2-10-8 1,1
2- 10-; 37
2.10— 82
Hydrolysate 2.10~8 ﬂg
iV-DRA 2.10-7 0,6
2.10-¢ 3.7

Legend. Quantity of inhibitor in sample
expressed as number of dimers (in moles).

Thymine and thymidine dimers were obtained by irradiation of frozen solutions of thymine
and thymidine with UV-light (254 nm, 10,000 J/m?). The quantity of dimers was determined
by measuring the change in optical density before and after UV irradiation. DNA (from Sigma,
USA) was irradiated with UV-light (254 nm, 500 J/m?). UV-irradiated DNA was hydrolyzed in
987 formic acid for 2 h at 175°C,

Antigen—antibody immune complexes were isolated by precipitation with ammonium sulfate
at 50% saturation [7] or by precipitation on nitrocellulose filters [1].

The quantity of .serum causing binding of 50% of labeled antigen was used in the inhibi-
tion test.

EXPERIMENTAL RESULTS

The results of investigation of the inhibiting activity of thymidine, TTP, and thymidyl
oligonucleotides in the reaction between thymidine and antibodies to it are given in Table 1.
The strongest inhibitor effect was produced by thymidine, in the presence of which, binding
of labeled thymidine with antibodies was inhibited by 56-61%. TTP inhibitied this interac-
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tion by only 9-137. Thus, thecharge of the phosphate residues prevents binding of thymidine,
when in the composition of TTP, with antibodies.

Thymidine oligonucleotides also had a much weaker inhibitory action than thymidine. In
this case, with an increase in length of the oligonucleotide, the percentage by which they
inhibited binding of the antigen with antibodies decreased, and for the octanuclectide varied
from 11 to 16.

Table 2 gives data on interaction of thymidine, TTP, and thymidyl oligonucleotides with
antisera to denatured DNA and with sera from patients with SLE. TTP (19-24%) had stronger
powers of inhibiting binding of antigen with antibodies than thymidine (9-13%). 1In this case,
evidently, the charge of the phosphate group promoted binding of antigen with antibodies,

The inhibitory activity of the oligonucleotides was even stronger than that of thymidine.

Table 3 gives data indicating that only thymine dimers, bound with phesphate groups {in
the composition of UV-irradiated DNA), can interact with specific antiserum and inhibit its
binding with labeled antigen. Under these circumstances dimers, in a concentration of 2:107°
M (contained in 10 pg of UV-irraidated DNA) inhibited the direct reaction virtually completely
(82.8%). The inhibitory activity of the same quantity of dimers in a hydrolysate of UV~-ir-
radiated DNA (without phosphate residues) was only 3.7%. Thymine and thymidine dimers ob-
tained during UV-irradiation of the frozen solutions, even in a higher concentration {2:107°
M), possessed no inhibitory activity. The fact that their inhibitory powers were weaker than
those of dimers of the UV-DNA hydrolysate was probably due to the presence of large quanti-
ties of inactive isomers of the dimers.

It can thus be tentatively suggested that structures in the antigen molecule carrying
a charge are of great importance for the formation of the antigenic determinant. In cases
when no such structures are present in an antigen, their introduction into its analcg may
prevent interaction with antibodies.

The results suggest that the presence of charged structures in biopolymers, differing
significantly in their structure, may determine the presence of cross reactions with anti-
bodies induced by one of them.
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