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The effect of hydroxyl radical on the antigenicity of native DNA
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Hydroxyl free-radical mediated in vitro modification of native calf thymus DNA showed single-strand breaks, decrease in melting temperature

and structural alteration of purine and pyrimidine bases. Experimentally induced antibodies against modified DNA exhibited polyspecificity. Native

DNA, RNA and synthetic polynucleotides in B-conformation were found to be an effective inhibitor of induced antibody—-immunogen interaction.

Naturally occurring human anti-DNA autoantibodies showed enhanced recognition of modified DNA as compared to native polymer. IgG isolated

from anti-DNA antibody-positve SLE sera by Protein A-Sepharose 4B chromatography were affinity purified on nDNA-(polylysyl-Sepharose 4B)

matrix. In competitive binding experiments, the affinity-isolated IgG showed almost equal recognition of both native DNA and hydroxyl radical
modified DNA. The possible role of hydroxyl radicals in the etiopathogenesis of SLE has been discussed.

DNA; Hydroxyl radical; Antibody; SLE; B-conformation

1. INTRODUCTION

The monitoring of macromolecular damage to
human tissues exposed to chemical substances that in-
terfere with DNA is being pursued to explain the origin
of antibodies in autoimmune disorders [1]. Oxygen free
radicals have been known to cause damage to nucleic
acids [2,3] and hydroxyl radicals have been implicated
in the etiology of many human diseases [4]. These reac-
tive oxygen species (ROS) are known to induce confor-
mational changes in DNA [2] besides inducing single-
and double-strand breaks [5,6]. Cellular metabolism has
been known to generate reactive oxygen species like
hydrogen peroxide, hydroxyl radical, singlet oxygen
and hydroperoxy radicals [7]. It has been observed that
reactive oxygen species-denatured DNA is a better anti-
gen for anti-DNA antibodies found in SLE sera [8,9].

Trace metals such as copper and iron which are pres-
ent in biological system might contribute to ROS-in-
duced DNA damage [10-12]. In the presence of trace
amounts of transition metal, hydrogen peroxide can
participate readily in Fenton-like reactions resulting in
the production of hydroxyl radicals [13].

In the present communication, the hydroxyl radical
modified DNA was partially characterized and found
to be highly immunogenic inducing antibodies which
showed binding to native B-conformation. Moreover,
naturally occurring human anti-DNA autoantibodies
showed enhanced recognition of ROS-modified DNA
in direct binding and inhibition ELISA.

Correspondence address: R. Ali, Department of Biochemistry, J.N.
Medical College, A.M.U. Aligarh 202 002, India.
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2. MATERIALS AND METHODS

2.1. Materials

Highly polymerized calf thymus DNA (Sigma, USA) was purified
free of proteins, RNA, and single-stranded regions [14]. Normal
human sera were obtained from healthy individuals. SLE sera were
collected as described earlier [15].

2.2. Modyfication of DNA

The metal ions already present in DNA solution were chelated first
by treatment with EDTA for 3 h at room temperature at a final
concentration of 1 mmol-dm™ and dialyzed extensively with 30
mmol-dm™ phosphate buffer, pH 7.4 [l16]. Assay tubes
containing mixtures of DNA (1,515 uM bp), ferrous ions (525 uM)
and hydrogen peroxide (3 030 uM) were incubated for 30 min at room
temperature in 0.01 M phosphate buffer, pH 7.4. Deionized DNA with
hydrogen peroxide and ferrous ions separately served as controls. At
the end of incubation, reaction products were dialyzed exhaustively
against PBS and their UV absorption characteristics were recorded on
Shimadzu UV-240 spectrophotometer.

2.3. Sucrose gradient centrifugation

The damage to DNA by hydroxyl radicals was analyzed by alkaline
sucrose gradient centrifugation. Native and modified DNA samples
(0.1 ml each) were layered separately on top of a 4.8 ml linear 5-20%
alkaline sucrose gradient containing 0.8 M NaCl, 0.2 M NaOH, 0.01
M EDTA and 0.015 M p-aminosalicylate at pH 12.5[17]. The samples
were centrifuged at 30 000 r.p.m. for 1 h at 20°C in an SW 50.1 rotor
of a Beckman ultracentrifuge. After centrifugation, the bottom of the
tubes were pierced with a needle and contents were fractionated by
drop collection (0.7 ml each). The absorbance of collected fractions
was monitored at 260 nm.

2.4. Absorption-temperature scan

Native DNA and hydroxyl radicals modified DNA were subjected
to heat denaturation under identical conditions. The cuvette tempera-
ture was raised form 30°C to 95°C at a rate of 1°C/min after incuba-
tion for 10 min at 30°C. The change in absorbance at 260 nm was
recorded and per cent denaturation of both the samples were evalu-
ated [18].

Published by Elsevier Science Publishers B.V.
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Fig.1. Profile showing sedimentation of native (—o-) and modified
DNA (-¢-) duplex through alkaline sucrose density gradient. The
arrow on top shows the direction of sedimentation.

2.5. DEAE Sephadex A-50 column chromatography

The hydrolyzed native and modified DNA samples were separated
on DEAE Sephadex A-50 column as described earlier [18). Native and
modified bases were identified on the basis of their unique absorption
spectrum. The extent of base modification was calculated from the
elution profile by measuring the peak area.

2.6. Immunological procedures

Female rabbits were immunized intramuscularly with 100 ug of
modified DNA complexed with an equal amount of methylated BSA
(MBSA) and emulsified in complete Freunds’ adjuvant [19]. ELISA,
on polystyrene plates, and competition-inhibition experiments were
carried out as detailed elsewhere [20].

2.7. Immunoaffinity purification of SLE anti-DNA antibodies

The IgG isolated from SLE sera by Protein A-Sepharose 4B chrom-
atography were affinity purified on an nDNA-(polylysyl- Sepharose
4B) column as described earlier [23]. Affinity isolated anti-nDNA IgG
was used in competitive binding experiments.

3. RESULTS

It is an established fact that Fenton’s reagent (hydro-
gen peroxide plus ferrous ions) results in the production
of hydroxyl radical [11]. In the present studies, radical
formation was evident by its ability to cause single

Table I

Ultraviolet and thermal denaturation characteristics of native and
modified DNA under identical experimental conditions

Parameter Native DNA Modified DNA
Absorbance ratio (260/280) 2.20 1.95
Per cent hyperchromicity at 95°C 36.03 25.10
Melting temperature (7,), °C 89.0 82.5
Onset of duplex melting, °C 80.0 74.0
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strand breaks in supercoiled DNA (pSK 3 kb). As a
result, the nicked circular form showed slow electro-
phoretic migration as compared to fast migrating super-
coiled form in agarose gel electrophoresis (data not
given).

Native DNA sedimentation in alkaline sucrose gradi-
ent showed a single, sharp boundary, indicating a high
molecular weight species. Treatment of hydroxyl radical
modified DNA under identical conditions was found to
loose the sharp boundary pattern, and instead it re-
vealed a sedimentation profile quite distinct from the
one observed for native DNA (Fig. 1). The altered sed-
imentation profile of modified DNA indicates that the
single-strand breaks are randomly situated which ap-
peared as DNA fragments of varying size that sediment
more slowly than the intact single strands of alkali-
denatured native DNA.

The ultraviolet absorption scan of modified DNA
showed hypochromicity at 260 nm. Temperature con-
trolled denaturation of native and modified DNA
showed a significant decrease in melting temperature
(T,) (Fig. 2). A 6.5°C decrease in melting temperature
could be attributed to the local helix distortion caused
by base modification and partial unstacking. The phys-
ico-chemical characteristics of native and modified du-
plex, has been presented in Table 1.

Native and modified DNA were analyzed on DEAE
Sephadex A-50 matrix after acid hydrolysis to separate
and quantitate the modified bases. Column chromatog-
raphy of modified DNA hydrolysate indicated ROS-
induced base modification (Table II). The relative sus-
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Fig.2. Effect of temperature on the melting of native (o) and mod-
ified DNA (-¢-). The T, values of the duplex are shown top left.
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Fig.3. Binding of anti-ROS-DNA IgG with native DNA (stippled bars) and ROS-DNA (filled bars). The corresponding small bars represent
premmune IgG binding with native DNA and immunogen, respectively.

ceptibility of DNA bases to modification by hydroxyl
radical was as follows:

Thymine> Cytosine> Adenine = Guanine

Unlike native DNA, hydroxyl radical-modified calf
thymus DNA induced high titer antibodies. DEAE Se-
phacel-purified immune IgG showed a high degree of
binding with native DNA as well as immunogen (Fig.
3). Preimmune IgG as control showed negligible bind-
ing to these antigens. To ascertain the antibody specific-
ity, competition ELISA with immunogen and other
double-stranded nucleic acids was carried out. In com-
petition-inhibition assay, the induced antibody binding
was fifty per cent inhibited by the immunogen at a
concentration of 0.32 ug/ml (Fig. 4a). The cross reactiv-
ity of induced antibodies with B-conformations like na-
tive DNA, poly (dA-dG)-poly(dC-dT), poly(dA-
dU)-poly(dA-dU) and poly (dI-dC)-poly(dIdC) was
of varying degree (Fig. 4b).

To probe the possible role of hydroxyl radical (or
ROS in general) in the pathogenesis of SLE, four sera
having different levels of anti-DNA autoantibodies
were tested. Binding of these antibodies (at 1:100 dilu-
tion of serum) with native and modified DNA has been
depicted in Fig. Sa. The binding pattern of some of these
autoantibodies up to 1:6400 dilution of serum with ei-

Table IT
Modification of bases in DNA exposed to hydroxyl radicals

Base Modification (%)
Adenine 30.05
Guanine 29.20
Cytosine 38.80
Thymine 49.25
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ther of the antigens were similar to those observed at
lower dilution. It was found that SLE autoantibody
recognition of modified DNA was better than native
DNA under identical conditions. However, one serum
sample (No. 1) showed slightly increased binding of
native DNA as compared to modified DNA prepara-
tion. Competition—inhibition assays have shown that
modified DNA is a better competitor of anti-DNA anti-
body-nDNA interaction in both double- and single-
stranded forms (Fig. 5b). The amount of competitor
required to block fifty percent of autoantibodies bind-
ing was found to be 0.03 ug/mi and 0.038 ug/ml for
modified DNA in double- and single-stranded form.
The fifty percent inhibition of autoantibodies binding
with native DNA duplex DNA and its heat denatured
form was observed at 0.13 ug/ml and 0.20 ug/ml, respec-
tively.

In competition ELISA, the anti-native DNA IgG af-
finity-purified from two different SLE sera were found
to be recognized by both native DNA and its hydroxyl
radical-modified form. More than 90 percent of affinity
IgG binding was eliminated by 5 ug/ml of either native
or modified DNA used as competitors.

4. DISCUSSION

The stimulus that causes the production of anti-DNA
antibodies in SLE is obscure. Native double-stranded
DNA (B-conformation) is unlikely to be involved in
view of its poor immunogenicity [21,22]. The possibile
participation of some unusual forms of DNA in disease
pathogenesis can not be ruled out [23]. There has been
considerable interest in recent years on the damaging
potential of reactive oxygen species (ROS) on living
system [24,25]. These radicals modify DNA at various
sites including base damage and cross linking between
cytosine and tyrosine in nucleohistone [26,27].
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Fig.4. (a) Inhibition of immunogen-antibody interaction by ROS- DNA. (b) Inhibition of immunogen-antibody interaction by native DNA (—x-);
poly(dA-dG)-poly(dC-dT) (~o-); double-stranded poly(dI-dC) (-e-) and poly(dA-dU) (-a-).

In the present studies, hydroxyl radical was found to
alter the topological state of native DNA and rendering
it immunogenic. The polyspecificity exhibited by im-
mune IgG was evident from inhibition ELISA results.
Native DNA, RNA and synthetic polynucleotides in
B-conformation besides immunizing antigen were effec-
tive inhibitors. In an earlier study, native DNA on ultra-
violet irradiation in the presence of hydrogen peroxide-
induced antibodies which showed recognition for B-
conformation [28].

The results presented in this communication may
provide a basis for the production of naturally occur-
ring anti-nucleic acid antibodies in autoimmune disor-

ders. The spontaneous production of anti-DNA anti-
bodies in SLE might arise as a consequence of confor-
mational changes in DNA due to damage caused by
hydroxyl radicals. The augmented level of ROS in tis-
sues is well related to many pathological conditions [29].
Recent studies have suggested that active SLE patients
contain markedly decreased superoxide dismutase
(SOD) activity and therefore the free radical level in
these patients is expected to be much higher [30]. The
strong cross reactive binding potential of anti-nDNA
IgG towards ROS-modified DNA demonstrates the
possible participation of a modified DNA antigen in
SLE pathogenesis, since dsDNA of the B-conformation
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Fig.5. (a) Binding of human anti-DNA antibodies to ROS-DNA (stippled bars with stars) and native DNA (stippled bars with dots). (b) Inhibition
of autoantibody-nDNA interaction by native DNA (-¢-), ROS-DNA (~a-) and heat denatured DNA (-»~) and ROS-DNA (-o-).
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is a poor immunogen [22]. Hydrogen peroxide on diffu-
sion to a vulnerable part of the cell might generate
hydroxyl radicals by reaction with ferrous ion, often
bound to the phosphates of the DNA backbone and to
various proteins including those associated with chro-
matin, which in turn could modify DNA [11,12].
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