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Damage to DNA by reactive oxygen species is 
acknowledged to be an important factor in a number 
of pathological conditions, including ageing and 
carcinogenesis. As a consequence, the development 
of methods for the sensitive detection and quantitation 
of oxidative DNA lesions has been of paramount 
importance. The oxidatively modified base product 
which has achieved most attention is 8-oxodeoxygua- 
nosine (8-oxodG) and is a recognised marker of 
oxidative DNA damage. 

Although both polyclonal and monoclonal antibo- 
dies have previously been raised to 8-oxodG these have, 
for the most part, failed to recognise this lesion within 
the DNA polymer. We have, through dilution cloning, 
produced a monoclonal antibody which appears to 
preferentially recognise 8-oxodG over deoxyguanosine 
(dG) in single-stranded oxidatively modified DNA. 
Such discrimination was not apparent when the DNA 
was double-stranded. Previous work has shown that 
8-oxodG favours the syn glycosidic conformation due 
to steric repulsion, whereas dG assumes the anti. We 
present initial data that appear to support the postulate 
that it is these differences in conformation, in addition 
to structural recognition of the lesion itself, which are 
responsible for the discrimination, by our antibody, of 
8-oxodG over dG in single-stranded DNA. 

Keywords: ROS, 8-oxo-2'deoxyguanosine, antibodies, 
ELSA, DNA 

INTRODUCTION 

A role for free radicals and reactive oxygen 
species (ROS) has been proposed in a wide range 
of pathological conditions including, ageing,"' 
inflammation,[*' a~toimmunity'~'  and carcino- 
genesis.14] Although the product of normal 
cellular metabolism, ROS may damage cellular 
constituents with potentially deleterious results. 
DNA represents an important target with which 
ROS may interact, giving rise to variety of base 
and sugar products, strand breaks and protein 
 crosslink^[^' which may lead to mutation or cell 
death. Of all oxidative base products, the one 
most studied is 8-oxoguanine (8-oxoG). This 
lesion has been reported to be elevated in con- 
ditions of oxidative stress16' and also give rise to 

*Corresponding author. Tel.: (0116) 2525590. Fax: (0116) 2525593. E-mail: MSC5Qle.ac.uk 
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460 M. S. COOKE et  nl 

mutations, which include G-C and A-C 
substitutions. 

In order to fully assess the role of this lesion in 
pathology it is important to be able to quantitate 
levels of this lesion, both in DNA and in bio- 
logical samples. A number of methods have been 
developed to achieve this, primarily HPLC with 
electrochemical detection (ECD)I7' and gas chro- 
matography-mass spectrometry."] However, 
these methods require extraction and hydrolysis 
of the DNA, which, as part of sample workup, 
may induce artefactual damage."] Furthermore, 
using chromatographic methods, localisation of 
the damage in situ is not possible. Immunochem- 
ical techniques have been developed to address 
these issues. 

Although, native DNA is not normally immu- 
nogenic,"" modification by such ROS generating 
systems as methylene blue (MB) and white light, 
has been shown to increase the immunogenicity 
of DNA in experimental animals."l' Further- 
more, the MB/white light system has been shown 
to modify deoxyguanosine almost exclusively, 
leading to the formation of 8-oxodeoxyguanosine 
(8-oxodG) in DNA."2' Immunisation with modi- 
fied DNA has been one approach for the produc- 
tion of polyclonal antisera to specific oxidative 
DNA products, such as thymine glyc01"~' and 
8-oxoadenine." 41 An alternative approach has 
been adopted by some groups, whereby the 
immunogen comprised an oxidatively modified 
ribonucleoside, covalently attached to a protein. 
Both poly~lonal"~' and monoc1onal"'l antibodies 
have been produced to 8-oxodG by this method. 
However, whilst these antibodies have been 
reported to specifically recognise 8-oxodG in 
competitive ELISA assays, the successful demon- 
stration of their binding to the damaged DNA 
duplex has largely been e l u s i ~ e . " ~ " ~ ]  Explana- 
tion, in part, may appear to have been provided 
by another group, producing antibodies by a 
phage display technique, who found that one of 
their clones to 8-oxodG, required the carrier 
protein to also be present and postulated that it 
was needed to stabilise antibody binding.'17] 

We have used the modified ribonucleoside, 
8-oxoguanosine, linked to protein to immunise 
both rabbits and mice in order to produce poly- 
and monoclonal antibodies to 8-oxodG, based on 
the methods of Degan et and Park et UI . [~ '~  
Screening of the rabbit polyclonal sera showed no 
discriminatory response between native DNA 
and DNA containing increased amounts of 
8-oxodG (methylene blue-modified DNA - MB 
DNA). However, screening of mouse polyclonal 
sera and a resultant monoclonal antibody re- 
vealed good discrimination between native and 
MB DNA, although only when it had been 
rendered single-stranded. This lead us to develop 
a hypothesis relating antibody recognition to the 
conformation of 8-oxodG in DNA. 

MATERIALS AND METHODS 

Materials 

Calf thymus DNA was from Calbiochem 
(Nottingham, UK) and only batches with an 
A260/A280 ratio greater than or equal to 1.8 were 
used. The following reagents were obtained from 
Sigma (Sigma-Aldrich Chemical Company, Poole, 
UK): methylene blue, phosphate buffered saline 
(PBS, 0.01 M; pH 7.4; prepared from the tablet 
form); ascorbic acid; guanosine; sodium phos- 
phate; keyhole limpet haemocyanin; methylated 
bovine serum albumin; sodium periodate; sodium 
carbonate; sodium borohydride and sulphuric 
acid. Fisher Scientific Ltd (Loughborough, UK) 
was the source of the ethanol (HPLC grade); meth- 
anol (HPLC grade). Charcoal powder and hydro- 
chloric acid were from BDH laboratory supplies, 
Poole, UK. Ferric sulphate was obtained from 
Aldrich Chemical Company (Gillingham, UK). 

Methods 

Synthesis of 8-oxoguanosine (8-oxoGR) 

The applicability of the periodate linkage method 
requires that the ribonucleoside derivative of the 
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IMMUNOGENICITY OF 8-OXOdC 461 

base lesion be used. Therefore, 8-oxoguanosine 
(8-oxoGR), was synthesised by a method based 
on the Udenfriend system."s1 Guanosine (1 g) 
was dissolved in 1560mL of 0.13M sodium 
phosphate buffer (pH 6.8). One hundred and 
forty mL of 0.1 M ascorbic acid, 65 mL of 0.1 M 
EDTA and 13 mL of 0.1 M FeS04 were then added 
successively. Oxygen gas was then bubbled 
through the solution at 37°C for three hours, in 
the dark. The pH was then adjusted to 3.7 with 
1 M HC1. Ten g of charcoal powder was then ad- 
ded with stirring. The mixture was then poured 
into a glass column with a sintered glass filter and 
allowed to settle. The column was drained and 
the residue washed with ultrapure water. The 
material adsorbed to the charcoal was then eluted 
with aqueous acetone (500 mL, 1 : 1 v/v) and the 
resulting eluent was then freeze-dried. The crude 
preparation was then dissolved in a minimum 
volume of HPLC grade methanol (10 mL). 

Analytical HPLC of Crude 8-oxoguanosine 
Preparation 

Analysis of the crude preparation was performed 
by a Gilson (Gilson Medival Electronics Ltd) 
system, consisting of a 306 pump, 806 Mano- 
metric module, 811c dynamic mixer, 712 HPLC 
controller, along with ECD and diode array 
detection (DAD). The mobile phase was 50mM 
potassium phosphate and 10% methanol (v/v)  at 
pH 5.5 used at a flow rate of 1 mL/min. Forty pL 
samples were injected onto a 25cm Phase Sep 
ODS2, C-18 column (4.6 mm internal diameter). 
Following confirmation of a successful synthesis, 
preparative HPLC was performed to isolate the 
8-0xoGR. 

Preparative HPLC of Crude 8-oxoguanosine 
Preparation 

This was performed on the system described 
above, with the exception that detection was 
solely performed by a Ranin Dynamax UVl 
Absorbance detector. Typically 2500 PL injections 

were made onto a fully endcapped, 25 cm Phase 
Sep, Spherisorb ODs2 column (20 mm internal 
diameter). The mobile phase was 50mM potas- 
sium phosphate and 10% (v/v) methanol at pH 
5.5 at a flow rate of 8 mL/min. Four mL fractions 
were collected every half minute. Collected 
fractions of the peak eluting just after the main 
peak of guanosine were examined spectrophoto- 
metrically, to confirm the presence of 8-oxogua- 
nosine. The collected samples were then pooled 
and re-run on the above system with 2.5% (v/v) 
methanol in ultrapure water as the mobile phase 
to purify the sample from the salts. A sample of 
the collected fraction was confirmed to be 8-oxo- 
guanosine by electrospray mass-spectrometry. 

Preparation of Nucleoside-Protein 
Conjugates 

The 8-oxoGR was subsequently treated with 
periodate and linked either to keyhole limpet 
haemocyanin (KLH), or methylated bovine serum 
albumin (BSA), which were to act as protein 
carriers based on the method of Erlanger et ~ 1 . ' ' ~ '  
The conjugates were then extensively dialysed 
against 0.01 M PBS, pH 7.4, at 4°C. The solution 
was then freeze-dried and reconstituted in ultra- 
pure water to 5 mg/mL protein. Guanosine was 
also linked to BSA by the above protocol and 
denoted GR/BSA. It is important to note that 
whilst the steps prior to linkage open the ribose 
ring, conjugation and stabilisation subsequently 
close the ring. 

Antibody Production 

Female, 6 week old mice were immunised with 
the 8-oxoguanosine/KLH conjugate (8-oxoGR/ 
KLH) according to the following protocol. Ref- 
erence bleeds were obtained prior to immuni- 
sation. The 8-oxoguanosine/KLH conjugate was 
then homogenised by whirlimixing 1 : 1 with 
Freund's Complete Adjuvant (Sigma). The mice 
(TI = 4) were immunised subcutaneously with 
50 pL immunogen mix per site, at multiple sites. 
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The animals were boosted subcutaneously with 
50pg immunogen in 1OOpL sterile saline four 
weeks later. Test bleeds were performed 10 days 
post-boost. On achievement of a suitable re- 
sponse, the animals were sacrificed, three days 
after a final intra peritoneal boost (50 pg immu- 
nogen in 1OOpL sterile saline), and spleen and 
sera collected. The latter was assessed by en- 
zyme-linked immunosorbent assay (ELISA). 
Splenocytes were isolated from the spleen and 
hybridomas prepared with mouse myeloma 
cell line T80 NSO (ECACC #85110503). Culture 
medium from HAT- (Hybri-max, Sigma) resistant 
hybridomas was screened by ELISA, in which 
neat culture medium and test bleed, whole serum 
acted as negative and positive controls, respec- 
tively. Initial screenings were performed with 8- 
oxoguanosine/BSA conjugate as the solid phase 
antigen. In later screenings this was then replaced 
by double- and single-stranded methylene blue- 
damaged DNA as this was deemed to possess a 
greater number of antigenic determinants. The 
hybridomas exhibiting a favourable response 
were cloned by limiting dilution. 

Preparation of Methylene Blue Treated 
DNA (MB DNA) 

The procedure is based on the method of Seaman 
et ~ 1 . ~ ' ' ~  and Floyd et a1.[201 Briefly, calf thymus 
DNA (0.5 mg/mL in water, final concentration) 
was irradiated, with a white light source, in the 
presence of methylene blue (20 pg/mL, final 
concentration in 0.1 M Tris, pH 8.5) on ice, 
shielded from the light source by 0.5 cm of water. 
After irradiation, solid sodium chloride was 
added to the DNA solution to a final concentra- 
tion of 1 M and the DNA precipitated, on ice, by 
the addition of ethanol until a precipitate formed. 
The DNA was then removed and dissolved in a 
minimum volume of deionised water. This was 
repeated twice to remove all traces of methylene 
blue. A DNA solution incubated with methylene 
blue but not exposed to light, and an untreated 
DNA solution acted as controls. 

Determination of Levels of 
8-oxo-2'deoxyguanosine in DNA 

Enzymatic D N A  hydrolysis Magnesium chlo- 
ride (0.3M in distilled water) was added to the 
DNA samples to give a final concentration of 
10 mM. The solutions were then heated for 
3 min at 100°C prior to rapid cooling on ice. The 
samples were then incubated at 37°C overnight 
in the presence of DNase I (O.lmg/rng DNA) 
and endonuclease (0.14 units/pg DNA). Follow- 
ing adjustment of the pH to 8.0 with Tris base 
(1 M), phosphodiesterase (0.04 units/mg DNA) 
and alkaline phosphatase (1 unit/mg DNA) 
were added and the samples incubated over- 
night at 37°C. The pH was readjusted to 7.0 with 
1 N HCl and analysed as described below. 

Analytical HPLC of 8-oxodeoxyguanosine The 
amount of 8-oxodeoxyguanosine present in the 
enzymatically digested MB DNA was deter- 
mined by reversed-phase HPLC using an EG&G 
model 400 electrochemical detector (Princeton 
Applied research, Princeton, USA) at + 0.6 V 
working potential, versus an Ag/AgCl reference 
electrode. The mobile phase was 50 mM sodium 
acetate buffer pH 5.1, containing 1 mM ethylene- 
diamine tetra-acetic acid and 5% (v/v) methanol, 
at a flow rate of 1 mL/min. Injections of 50 pL 
per sample were made onto a 3 pm ODS Hyper- 
sil column (100 mm x 4.6 mm i.d) from Shandon 
Scientific Ltd (Runcorn, UK). Deoxyguanosine 
was determined by ultraviolet detection (254 nm) 
with a model 168 diode array detector (DAD). 
This enabled the results to be expressed as moles 
of 8-oxodG per mole of dG. 

Enzyme-linked Immunosorbent Assay 

The ELISA solid phase antigens used consisted of 
either the 8-oxoGR/BSA conjugate or methylene 
blue DNA, the production of which is described 
above. The solid phase antigen, (50 pg/mL pro- 
tein or 50 pg/mL DNA), 50 pL/well, was bound 
to a 96 well Nunc, Immuno Maxisorp ELISA 
plate (Life Technologies Ltd, Paisley, Scotland) by 
incubation, in a humidified environment at 37°C 
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IMMUNOGENICITY OF 8-OXOdG 463 

for 1 h, after which the plate was washed three 
times with PBS. Free sites were then blocked by 
incubation with 150 pL/well 4% (w/v) dried 
skimmed milk (Tesco Stores Ltd, Cheshunt, UK) 
in PBS (4% milk/PBS (w/v)) for 1 h at 37°C in a 
humidified environment and the wells were then 
washed with PBS. The test antiserum, SO pL/well, 
was used at a dilution of 1 /lo, 1/100 and 1/1000 
in 4% milk/PBS (w/v) and incubated for 1 h as 
described above. Following washing three times 
with PBS containing 0.05% (v/v) Tween 20 
(Sigma), the secondary antibody, a peroxidase- 
labelled goat anti-rabbit immunoglobulins (IgA, 
IgM and IgG - DAKO Ltd, High Wycombe, UK) 
at a 1/2000 dilution in milk PBS, was applied 
(50 pL/well). After the plate had been incubated 
as previously described, and washed with PBS/ 
Tween 20, the substrate solution, orthophenyl- 
enediamine (0.5 mg/mL in 0.05 M phosphate- 
citrate, pH 5.0 and containing 0.03% w/v sodium 
perborate) was added (50 pL/well) and incu- 
bated for 15min at room temperature. The 
reaction was stopped using 2.5 pL/well 2 M 
H2S04. The resulting absorbance was read at 
492nm, using an Anthos 2001 plate reader 
(Anthos Labtec Instr.). The final data included 
correction for background values. 

Statistical analyses were performed using 
Graph Pad Prism, version two. 

RESULTS 

Preparation of 8-oxoguanosine 

As stated earlier, the deoxynucleoside form of the 
lesion is unsuitable for periodate linkage to 
protein. However, Mueller and Rajewsky,'211 on 
describing their periodate-linked immunogen, 
06-ethylguanosine, state that such a conjugate 
structurally resembles more closely the deoxy- 
ribonucleoside than the ribonucleoside, making 
such a linkage highly appropriate for our lesion. 
Therefore, in order to raise antibodies to 8-oxodG, 
8-oxoGR was first synthesised, positively identi- 

fied and then conjugated to a carrier protein prior 
to immunisation. 

HPLC-ECD analysis of the reaction products 
from the Udenfriend system revealed an electro- 
chemically active peak, with a retention time of 
9.5 min (data not shown), which suggested that 
8-oxoGR had been produced. Collected fractions, 
corresponding to the peak of interest, were 
collected by preparative HPLC and examined 
spectrophotometrically for the characteristic 
8-oxoGR spectrum by comparison with a stan- 
dard. Following desalting, the samples were 
pooled and electrospray mass spectrometry 
(EMS) was performed, the results of which indi- 
cated the peak of interest at M, 322 to be 
hydroxylated guanosine which had gained both 
Hf and Nat, as part of the EMS procedure 
(Figure 1). 

Immunogenicity of 8-oxoGR in Rabbits 

Following booster injections with 8-oxoGR/KLH 
an immunogenic response was noted over pre- 
immune, which improved over the first three to 
four months, achieving a maximum titre of 11548 
and 1/4SO against MB DNA, in the two experi- 
mental animals respectively. Treatment of DNA 
with methylene blue, in conjunction with white 
light, has been shown to produce the almost 
exclusive induction of 8-oxodG.[121 HPLC analy- 
sis of the MB DNA showed levels of one 8-oxodG 
per 100 dG (data not shown) and therefore 
significantly modified compared to native.[221 
Double-stranded MB DNA was therefore used 
as the solid phase antigen as it was likely to 
possess more antigenic sites than the prepared 
8-oxoguanosine/BSA conjugate (8-oxoBSA). It 
was also noted that the response of these anti- 
sera against MB DNA was strikingly similar to 
the response against native DNA, a facet seen in 
both animals. 

It appeared that a maximum titre, in both 
animals, had been achieved during this immuni- 
sation schedule, although subsequent immunisa- 
tions, instead of increasing the titre further, 
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Representative electrospray mass spectrum of the purified, collected fraction. The peak of interest is M, 322, 
demonstrating ihat the fraction contains hydroxylated guanosine (8-oxoGR). 

merely resulted in a loss of response. None- 
theless, a response to immunisation with DNA 
treated with methylene blue and white light had 
been achieved and thus warranted progression to 
a monoclonal system in order to attempt to select 
clone(s) producing the antibodies which could 
differentiate between native and MB DNA. 

Screening of Mouse Antibodies 

Following booster injections with 8-oxoGR/KLH 
an immune response was produced in all four 
mice, against double-stranded MB DNA, com- 
pared to pre-immune. Representative ELISA 
absorbances from a 1:lOOO dilution of serum 
are 0.1 for pre-immune, versus 1.25, post-boost. 
Again no discrimination was demonstrated be- 
tween modified and native double-stranded 
DNA (Figure 2A). However, further examination 
of the polyclonal response demonstrated that 

rendering both the native and MB DNA single- 
stranded produced a greater than two-fold dis- 
crimination of MB DNA over native, at all 
dilutions of the antiserum (Figure 23). 

Initial screening of hybridomas revealed one 
culture (denoted 3/8) to be producing a response 
over the medium control. This was subse- 
quently cloned, producing three secreting clones 
(denoted 3/8/1,3/8/2 and 3/8/31. Clone 3/8/1 
appeared to be producing the best response to 
8-oxoBSA compared to the medium control (data 
not shown). This clone was termed a monoclonal 
as a result of the serial dilution process adopted 
during its culturing. Further screening of this 
clone showed a failure to discriminate between 
double-stranded MB DNA and native (Figure 31, 
as had been seen with the polyclonal sera. 
However, denaturation of the double-stranded 
MB DNA resulted in a two-fold increase in 
binding of 3/8/1 immunoglobulin (Figure 3), 
determined as being significant ( p  < 0.01). 
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FIGURE 2 A. Representative direct ELISA binding of antiserum from a single mouse (#3) immunised with 8-oxoguanosine 
conjugated to keyhole limpet haemocyanin, to double-stranded (ds) native (nDNA) and methylene blue-treated DNA (MB 
DNA). Values represent the mean (SEM) of triplicate determinations per dilution. B. Representative direct ELISA binding of 
antiserum from a single mouse (#3) immunised with 8-oxoguanosine conjugated to keyhole limpet haernocyanin, to single- 
stranded (ss) native (nDNA) and methylene blue-treated DNA (MB DNA). Values represent the mean (SEM) of triplicate 
determinations per dilution. 

Additionally, use of the 8-oxoGR/BSA conjugate 
also resulted in an increase in binding over a 
guanosine/BSA conjugate (GR/BSA). Binding to 
native DNA, irrespective of whether it was 
denatured or not, was two-fold lower than to 
single-stranded MB DNA. 

These data, although not fully characterising 
the antibody, would suggest that recognition of 

the lesion in DNA depends on the hydroxylation 
at the guanine C-8 position in conjunction with 
denaturation of the duplex. 

DISCUSSION 

We have generated antibodies with the ability to 
discriminate between native and oxidatively 
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FIGURE 3 Direct ELISA binding of immunoglobulin in supernatant from clone 3/8/1 to single-stranded (ss) and double- 
stranded (ds) methylene blue modified (MB DNA), native DNA (nDNA), the guanosine/BSA conjugate (GR/BSA) and the 
8-oxoguanosine/BSA conjugate (B-oxoGR/BSA). Values represent the mean (SEM) of triplicate determinations. 

modified DNA. Furthermore, these antibodies 
have been shown to be present both in whole 
mouse antiserum and in the supernatant of a 
hybridoma cell line. From this evidence we 
propose a hypothesis in which glycosidic con- 
formation of 8-oxodG is a factor influencing 
both the immunogenicity and antigenicity of 
this lesion. 

The approach to developing antibodies which 
recognise oxidative damage has broadly fol- 
lowed two routes; (i) the development of poly- 
clonal antisera to DNA modified with a 
multiplicity of lesion types, or (ii) monoclonal 
antibody production to specific lesions. The 
literature reports numerous methods for the 
induction of ROS damage to DNA (ROS DNA), 
including iron (11) ~ulphate ,"~~ a s c ~ r b a t e ' ~ ~ '  or 
UVC,[251 all in conjunction with hydrogen per- 
oxide. Furthermore, all have been utilised in an 

attempt to produce polyclonal antisera to ROS- 
induced DNA damage.'261 The lesion of choice for 
monoclonal production has been 8-oxodG, pro- 
posed to be a biomarker of oxidative DNA 
damage. This approach for monoclonals, first 
successfully reported by Park et ~ 1 . , [ ' ~ ]  necessi- 
tated the synthesis of the modified guanine 
ribonucleoside and conjugation with a carrier 
protein prior to immunisation. 

Using 8-oxoguanosine linked to bovine serum 
albumin as an immunogen, we have generated 
both rabbit and mouse polyclonal responses, 
along with a monoclonal response, all of which 
failed to discriminate between double-stranded 
native and MB DNA. The latter DNA treatment 
was shown to be extensively modified, contain- 
ing elevated levels of 8-oxodG and thus re- 
presents a good system in which to screen 
an experimental antiserum. Such a failure to 
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discriminate would perhaps not be surprising 
as the modified deoxynucleoside is structurally 
different from the native form only by a carbonyl 
group at the C-8 position of the purine ring - 
resulting in antisera which are raised to 8-oxoGR 
recognising dG. Some cross-reactivity with the 
native base and deoxynucleoside has also been 
noted in the competition RIAs of Park et ~ 1 . ' ~ ~ '  
and, to a lesser extent, Degan ef uI ."~ '  with their 
mono- and polyclonal antibodies, respectively. 
As a result the authors dismiss their usefulness in 
quantitating endogenous levels of 8-oxodG in 
intact DNA. 

However, we have noted that upon denatur- 
ation of native and MB DNA, a two-fold dis- 
crimination can be elicited using either the mouse 
poly- or monoclonal antibodies. This increase in 
recognition is believed to be, in part, due to 
conformational changes of the 8-oxodG in single- 
stranded DNA. In DNA, guanine normally 
adopts the keto form with an anti  glycosidic 
conformation, resulting in base-pairing with 
cytosine. On formation in double-stranded 
DNA, 8-oxodG, of which the 6,8-diketo form 
predominates under physiological conditions,[27' 
is thought to be held in the anti  form, adopting a 
normal Watson-Crick base pair with dC. The 
presence of the modified base does not lead to 
any structural distortion of the duplex, but NMR 
and UV melting techniques reveal a slight duplex 
destabilisation.[281 This probably arises from 
steric repulsion between the oxygen atom at the 
C-8 position and the ribofuranose ring of the 
same.[291 It is for this reason that 8-oxodG is 
prone to adopting the energetically favourable 
syn glycosidic conformation which possesses the 
ability to distort the DNA making normal base- 
pairing unsuitable.[301 Whilst pairing with dC may 
still occur, the syn conformation of 8-oxodG 
makes mis-pairing with dA and T po~sible.'~'] 
However, any resultant structural changes to the 
DNA are subsequently located near the site of 
modification."*' 

Taken together, these data suggest that mono- 
meric 8-oxoGR/KLH in the immunogen resem- 

bles the syn glycosidic conformation of 8-oxodG 
and as a consequence it is this with which the 
immune system is presented. Furthermore, the 
development of antibodies to this structure 
implicate its orientation in immunogenicity. Anti- 
bodies have previously demonstrated a potential 
to detect conformational changes related to DNA 
lesions.[32' Furthermore, Sanford et U I . ' ~ ~ '  noted 
that the glycosidic conformation of the guanine 
residues involved in the binding sites of two anti- 
Z-DNA antibodies was in fact syn, not the native 
anti. It is therefore possible that in the system 
used here, antibodies specific to syn 8-oxodG may 
have been generated. Within double-stranded 
DNA the lesion is unlikely to possess such a 
conformation due to it being held in place (in the 
anti conformation) by base-pairing with cytosine. 
Larger conformational changes of the DNA 
duplex may be introduced by the torsion exerted 
as the 8-oxodG attempts to swap to the ener- 
getically favourable syn conformation - leading 
to limited exposure of the lesion and some 
recognition by the antisera, as seen in our results. 
However, rendering the DNA single-stranded 
allows the 8-oxodG to adopt the syn conformation 
as resembled in the immunogen. It would there- 
fore appear that the combination of the anti to syn 
conformational change, along with the modifica- 
tion at the C-8 position, produces recognition of 
8-oxodG over dG in single-stranded DNA. 
Degan et ~ 1 . ' ~ ~ '  also speculated that conforma- 
tional changes may play a role in the difference 
in binding affinities for 8-oxodG and dG of their 
antibodies, although rendering damaged DNA 
single-stranded did not enhance discrimination 
with their antibodies, making useful application 
in DNA impractical. Indeed, Ide ef con- 
sidered conformational changes to be reponsible 
for the differences in reactivity of their antibodies 
to 8-oxoadenosine and 8-oxoGR when in free 
solution or DNA. 

Bespalov et ~ 1 . " ~ ~  hypothesised that their 
recombinant Phabs may not recognise 8-oxodG 
in DNA due to the requirement of bovine serum 
albumin, the immunogen carrier, to stabilise 
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binding. We suggest that the difference in lesion 
conformation between the immunogen resem- 
bling syn 8-oxoguanosine and anti 8-oxodG in 
double-stranded DNA, may also be an important 
factor. Furthermore, both the polyclonal antise- 
rum of Degan et aZ.[’’’ and monoclonal antibodies 
of Park et failed to recognise 8-oxodG in 
DNA, whilst successfully recognising the free 
deoxynucleoside in competitive ELISA. This 
would suggest that whilst stabilisation of bind- 
ing by a carrier protein is not vital, some other 
component is. We therefore propose the glyco- 
sidic conformation of 8-oxodG may be an im- 
portant factor in the recognition of 8-oxodG as an 
antigenic determinant and that denaturation of 
the DNA duplex may enhance the discrimina- 
tion of some previously reported antibodies to 
8-oxodG. 
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