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ABSTRACT

We have investigated the substrate specificity of the
major nuclear form of the human Oggl protein,
referred as a-hOggl, for excision of damaged bases
from DNA exposed to y-irradiation. Excision products
were identified and quantified using gas chromatography/
isotope dilution mass spectrometry (GC/IDMS). The
GST-a-hOggl protein used in this study is a fusion

of a-hOgg1 to the C-terminus of the GST protein. The
results show that GST —a-hOggl protein excises 8-
hydroxyguanine (8-OH-Gua) and 2,6-diamino-4-hydroxy-
5-formamidopyrimidine (FapyGua) from DNA exposed

to y-irradiation in a solution saturated with N ,O or air.
Fourteen other lesions, including oxidised purines
and pyrimidines, were not excised from these
substrates. Catalytic constants were measured for
the excision of 8-OH-Gua and FapyGua from DNA  y-
irradiated under N ,0. The k.,/K,, values for excision
of 8-OH-Gua and FapyGua were 4.47 x10-5and 8.97 x
10-° (min-1 nM-1), respectively. The substrate specificity
and the catalytic parameters of the wild-type GST —a-
hOgg1 protein were compared to that of a polymorphic
form of a-hOggl harbouring a Ser - Cys mutation at
codon 326. In the Japanese population, 47.6% of
individuals possess both alleles coding for the wild-type
a-hOggl-Ser3% and mutant a-hOggl-Cys 326 proteins.
The GST-a-hOggl-Cys 3% protein was purified and its
substrate specificity was determined by GC/IDMS anal-
ysis. The results show that the GST -a-hOggl-Cys 3%
protein efficiently excises 8-OH-Gua and FapyGua
from y-irradiated DNA. The k., /K, values for excision of
8-OH-Gua and FapyGua were 2.82 x 10° and 4.43 x 105
(min-t nM-1), respectively. Furthermore, we compared
the capacity of these two forms of  a-hOggl to act on
substrates containing 2,6-diamino-4-hydroxy-5-  N-
methylformamidopyrimidine (Me-FapyGua). The Keatl Kiy
values for excision of Me-FapyGua were 278 x 1075

and 319 x 10-° (min-1 nM-1), respectively. Cleavage of
34mer oligodeoxyribonucleotides containing 8-OH-Gua,
8-hydroxyadenine or an apurinic/apyrimidinic site
paired with a cytosine was also investigated. The
results show that both GST -a-hOggl-Ser3% and
GST-a-hOggl-Cys 3% catalyse the various cleavage
reactions at very similar rates. Furthermore, both
proteins efficiently complement the mutator pheno-
type of the fpg mutY mutant of Escherichia coli .

INTRODUCTION

DNA damage generated by reactive oxygen species (ROS) has
been implicated in mutagenesis and carcinogenesis and may
play a role in the pathogenesis of aging (1-4). Most of these
lesions are substrates for DNA repair systems in prokaryotes
and eukaryotes (5). Oxidised bases in DNA are primarily
repaired by the base excision repair (BER) pathway (5-8). The
first step in this ubiquitous repair pathway is the recognition
and removal of the altered base by a DNA glycosylase cata-
lysing cleavage of the glycosylic bond between the modified
base and the sugar moiety, leaving an abasic apurinic/apyrimidinic
(AP) site in DNA. Subsequently, the resulting AP site is
incised and repair is completed by the successive actions of a
phosphodiesterase, a DNA polymerase and a DNA ligase (5-8).
An oxidatively damaged form of guanine, 8-hydroxyguanine
(8-OH-Gua), is a highly mutagenic DNA lesion yielding
GC- TA tranversions (9,10)Escherichia colipossesses two
DNA glycosylases that prevent mutagenesis by 8-OH-Gua: the
Fpg protein which excises 8-OH-Gua in damaged DNA and
the MutY protein which excises the adenine residues incor-
porated by DNA polymerases opposite 8-OH-Gua (11-13).
Inactivation of both thépg (mutM) andmutY (micA) genes of
E.coli results in a strong GG TA mutator phenotype (14-16).

In Saccharomyces cerevisjadbe OGG1 gene encodes a DNA
glycosylase activity that catalyses the removal of 8-OH-Gua and
and 2,6-diamino-4-hydroxy-5-formamidopyrimidine (FapyGua)
from damaged DNA (17-19). Furthermore, Oggl-deficient strains
of S.cerevisiaeexhibit a mutator phenotype and specifically
accumulate GG TA transversions (20,21). These results
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strongly suggest that BER of 8-OH-Gua, by the Fpg or OggMATERIALS AND METHODS
proteins, protects genomes from the mutagenic action of ROS .
in prokaryotes or in the simple eukary@ecerevisia¢22). Materials

Two human cDNAs encoding proteins of 345 and 424 amindVlodified DNA bases, their stable isotope-labelled analogues
acids showing strong sequence similarities with the yeast Oggand other materials for GC/IDMS were obtained as described
protein have been cloned (23-30). These proteins, which wreviously (40-42). Calf thymus DNA and poly(dG-dC)-poly-
nameda-hOggl and3-hOgg1l, have 316 identical amino acids (dG-dC) were purchased from Sigma and Boehnnger.. Restriction
at the N-terminus but exhibit completely different sequence gghdonucleases, DNA polymerases and T4 DNA ligase were
the C-terminus (reviewed in 22). Both thenOgg1 ang3-hOgg1l from New Englar)d Biolabs and Boehringer. Uracil-DNA glyco-
proteins catalyse the cleavage of DNA duplexes containingy!ase fromE.coliwas from our laboratory stock.
SEOH-?ua p?i;ed Witht:i( (:tytqsin?lzzindIpz)zn;plgeg)we_rll:]the TUtatqf’reparation of DNA substrates
phenotype of &pg mutYstrain of E.coli (23-30). These two .
forms of hOggL are the result of an alternative splicing after’ "€ Preparation of DNA samples exposed t3%o y-ray
transcription of thehOGG1 gene localised on chromosome source at adose .Of 80 Gyund.ejoxbr arwas described elsewhere
3p25 (reviewed in 22). Recent experiments have shown th ftlsz)engrAfg Iﬁtl;tnzcw epif]:s'glnged t?l?f?érr]svtv ;g Q}Zﬂgg%sfhﬁgf
a-hOggl and-nOggl are targeted to the nucleus and thetimes during the course of dialysis. TH&l[Me-FapyGua-poly-

mitochondrion, respectively (31,32). The nuclearhOggl dG-dC) d
- . -dC)-poly(dG-dC) substrate was prepared as previously
protein is a DNA glycosylase/AP lyase which releases 8-OH-Gu escribed (43). The 34mer oligodeoxyribonucleotides used in

and _ 2,6-diamino-4-hydroxy-B-methylformamidopyrimidine ;¢ study have the following sequencé:GGCTTCATCG-

(Me-Fapy.Gua).and catglyges_strand clgavage at'tsal8 of TTGTCXCAGACCTGGTGGATACCG-3with X = 8-OH-Gua,

an AP site via ap-elimination reaction (23-26,28-30). g.oH-Ade or uracil, respectively. Oligodeoxyribonucleotides
Furthermore, a-hOggl incises 34mer DNA fragments containing 8-OH-Gua or 8-OH-Ade were a kind gift of Drs A.
containing 8-hydroxyadenine (8-OH-Ade) mispaired with agyy and J. Cadet (CEA-Grenoble, France) (44). Oligodeoxyribo-
cytosine, as does the yeast Oggl protein (33). The catalytigycleotides containing uracil and the complementary sequence
mechanism ofi-hOggl involves the formation of a transient with a cytosine placed opposite ¥ the duplex were
covalent imino enzyme-DNA intermediate involving Lys249, purchased from OligoExpress (Grenoble, France). To generate
which can be trapped in the presence of sodium borohydridghe AP sites, the 34mer DNA containing uracil was incubated
(34). The biological function of Fpg and yeast Ogg1 proteins isn the presence of uracil-DNA glycosylase (45).

to prevent mutations induced by endogeneous ROS (reviewed , o -

in 22). By analogy, the hOgg1 protein may also have an anticXPression and pur|2fécat|or) of GST-a-hOgg1-Sef**and
mutator function in human cells and its inactivation may be®ST-a-hOggl-Cys? proteins

involved in the complex process of carcinogenesis. Therefordhe open reading frame coding farhOgglwas excised from
human tumours have been analysed for expression and mutatiplasmid pPR59 (26) asHindlll (rendered blunt by filling in

of thehOGG1gene. Indeed, somatic and polymorphic mutationgvith Klenow)-EcaRl DNA fragment. This 1 kb fragment was
of hOGG1have been found in human lung and kidney tumourgloned into pGEX-4T 1 (Pharmacia Biotech) using tied
(35,36). A genetic polymorphism at codon 326 (Ser326Cysffilled in by Klenow) andEcaRl sites of the polylinker, yielding
was frequently found in the Japanese population, in botRlasmid pPR71. This plasmid allows the expression of a fusion
healthy individuals and lung cancer patients (35). The samBrotein, GST&-hOggl, where tha-hOgg1 protein is fused to the
polymorphism was also found at a similar frequency in Europeale-terminus of GST protein. To express the G&HOgg1-Cy$

patients with head and neck or kidney tumours (37; unpublishe%_mtein’ pPR71 was mutagenized using the QuickChange site-
results). A reduced activity of the mutant-hOgg1-Cy3 directed mutagenesis kit (Stratagene) according to the manu-

; ; facturer’s protocol to generate plasmid pPR180. The oligo-
t d to that of th Id-t L&y I ) X
E)ergoerltr;dcz)gngg).are 0 that of the wild-type (Sey was also deoxyribonucleotides used were-GGACCTGCGCCAAT-

The objective of the present study was 1o analyse thy "2 e T e e e o he
substrate specificity of the humam-hOggl protein for a '

variety of oxidatively damaged purines and pyrimidines in>eguence were confirmed.
DNA exposed tor-irradiation. We utilized the technique of gas Escherichia colBH410 (pg’) harbouring plasmid pPR71 or

h hy/i diluti .@PRlSO was grown at 3C in LB broth (5 I) containing
chromatography/isotope  dilution mass spectrometry - wit 00pg/ml ampicillin until the absorbance at 600 nm reached

selected ion monitoring (GC/IDMS-SIM) to determine the 5 3 344 induced for 3 h at 3C in the presence of IPTG
excision of lesions and their kingtic parameters (38-42). Thm5 mM). Cells were collected, 8 or 9 g (w/w), and stored at€80
results show thati-hOggl protein excises 8-OH-Gua and | ysis was performed as previously described (41). After
FapyGua from DNA exposed teirradiation. Furthermore, we  centrifugation of the cell lysate, the supernatant fraction
compared the repair capacity of wild-typehOggl with that  (fraction 1) was dialysed against phosphate-buffered saline
of the polymorphic version-hOgg1-Cy3%. Our results show (PBS) and applied to a glutathione—Sepharose 4B (Pharmacia
that the two enzymes are functional and display the samBiotech) column equilibrated with PBS. The column was
substrate specificity, releasing 8-OH-Gua, FapyGua and Mawashed with PBS and eluted with a buffer containing 50 mM
FapyGua in damaged DNA. Furthermore, they both incisdris—HCI pH 8.0 and 10 mM reduced glutathione. Fractions
34mer DNA duplexes containing 8-OH-Gua, 8-OH-Ade andcontaining the enzyme activity were pooled (fraction 2) and
AP sites paired with a cytosine. dialysed against a buffer containing 20 mM Tris—HCI pH 7.6,
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2 mM NgEDTA, 50 mM NaCl and 5% glycerol (v/v) and kDa M 1 2 3
applied to a MonoS PC1.6/5 column (SMART System; Pharmacia
Biotech). The column was eluted with a linear salt gradient
(50-800 mM NaCl). Fractions containing enzyme activity
were pooled (fraction 3) and the concentration was adjusted to 67
1 mg/ml. Glycerol was added to 50% and the protein solution

was stored at —2€. Both proteins were purified using the 43
excision of PH]Me-FapyGua from JH]Me-FapyGua-poly-
(dG-dC)-poly(dG-dC) as an activity assay (43). One unit

releases 1 pmol of Me-FapyGua in 15 min at@7The protein 30
concentration was determined using the method of Bradford (46).

94

Enzymatic assays for GC/IDMS analysis

Irradiated and control DNA samples (108) were dried under 20
vacuum. DNA samples were dissolved in phosphate buffer
(50 mM final concentration, pH 7.4) containing 100 mM KClI,
2 mM NgEDTA and 2 mM dithiothreitol. Depending on the
experiment, various amounts of GSI-hOggl-Se¥s or
GST-a-hOgg1-Cy%% protein were added to the mixture. The
total volume of the mixture was 11l. Three replicates of
each mixture were incubated at °€7 for periods of time Figyre 1. SDS-PAGE analysis of the GSE-hOgg1-Se¥® protein purification
depending on the experiment. As controls, DNA samples wertactions. Lane M, molecular weight markers (Amersham-Pharmacia Biotech);
incubated with heat-inactivated enzyme (1@Gor 15 min) or Iangfs 13, pt;rifinatiorl steps of th? ?Sﬁ—h?gglféz;r;rotein-tPurnglgltm St26p

H : H H amounts ofr protein are as 1ollows: lane 1, cell rree extrac ane Z,
W'thO‘.’t enzyme. The kinetic constants were deterrgmed agsjatefrom glutatrrjlioneSepharose 4B (@g); lane 3, eluate from MonoS PC1.6/5
described (40_42)' The a_lmount of G$‘-|:h09(~:]1fse?2 or (SMART,; Pharmacia Biotech) (@g). The gel was 15% acrylamide, 0.4% bis-
GST-a-hOgg1-Cy&®%protein was Jug/100ug DNA in 110pl acrylamide and stained with Coomassie brilliant blue.
of the incubation mixture, corresponding to a concentration of
138 nM. Three replicates of DNA samples were incubated with
or without each enzyme at 3C. Following incubation, DNA
samples were precipitated with 270of cold ethanol, kept at with purified uracil-DNA glycosylase to generate the AP:C
—20°C for 2 h, and centrifuged at 15 0@dfor 30 min at 4C.  substrate (45). Reactions were performed 4€36r 15 min as
Subsequently, DNA pellets and supernatant fractions wergescribed for 8-OH-Gua:C. Separation of products and quanti-
separated. Aliquots of stable isotope-labelled analogues @ftation were as described for 8-OH-Gua-containing duplex.
modified DNA bases were added as internal standards to
pellets with known DNA amounts and to supernatant fractionsMutagenesis experiments

Pellets were dried under vacuum in a SpeedVac and theRomplementation of the spontaneous mutator phenotype of an
hydrolysed with 0.5 ml of 60% f_ormlc acid in evacuated andg )i fpg mutYdouble mutant (PR195) by expression of the
sealed tubes at 14Q for 30 min. The hydrolysates were itferent GST fusion proteins was analysed by determining the

lyophilised in vials for 18 h. Supernatant fractions were freeq:requency of rifampicin-resistant cells in 20 independent
from ethanol under vacuum in a SpeedVac and subsequenty,itures (26).

lyophilised for 18 h without prior hydrolysis. Both lyophilised
supernatant fractions and hydrolysates of DNA pellets were

1

{

I
l

derivatised and analysed by GC/IDMS (39-42). RESULTS
Assays for cleavage of 8-OH-Gua:C or 8-OH-Ade:C 34mer  Expression and purification of the GST-a-hOgg1-Se#26
DNA duplexes and GST-a-hOgg1-Cys$% proteins

The DNA strand containing 8-OH-Gua or 8-OH-Ade was The major nuclear form of the hOgg1 protein in human cells is
3%P-labelled at the 'send and annealed with the complementarycomposed of 345 amino acids and is referred-@9gg1 (22).
sequence yielding the 8-OH-Gua:C or 8-OH-Ade:C duplexeJo overproducea-hOggl, its cDNA coding sequence was
as described (45). In a standard reaction|fllfinal volume), = PCR amplified and cloned into vector pGEX-4T 1, yielding
50 fmol of 3?P-labelled 8-OH-Gua:C or 8-OH-Ade:C duplex plasmid pPR71 expressinghOgg1l fused to the C-terminus of
were incubated in reaction buffer (25 mM Tris—HCI pH 7.6, GST protein. The wild-type version of the-hOggl protein
2mM NaEDTA, 50 mM NacCl) with thea-hOggl proteins. possesses a serine residue at position 326 (26); it will be
The reactions were performed at°87for 15 min. Reactions referred asi-hOggl-Seis. The GST-a-hOggl-Seé protein
were stopped by adding @ of formamide dye and subjected was purified fromE.coli BH410 fpg’) using the release of

to 7 M urea—20% PAGE (45). Gels were scanned and quantifieble-FapyGua from3H]Me-FapyGua-poly(dG-dC)-poly(dG-dC)
using a Bio-Rad Phosphorimager. as an activity assay (43). The purity of the protein was assessed
. by the observation of a single protein band on SDS-PAGE
Assay for cleavage of AP site:C 34mer DNA duplex W¥th a molecular mass of ~Gg kD%, which agreed well with the
The DNA strand containing uracil wa®P-labelled at the expected mass (65.6 kDa) of the fusion protein (Fig. 1). Digestion
5'-end, annealed to the complementary sequence and incubatefdthe GST-e-hOggl1-Se¥S protein by thrombin resulted in
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extensive degradation of the protein (data not shown). Therefore,
the GST-e-hOgg1-Se¥sfusion protein was used in all experi-
ments reported in this study. The same procedure was used to
purify GST-a-hOgg1-Cy&5protein (data not shown). Kinetic
constants for GSTe-hOgg1-Seé and GST-a-hOggl-Cys%
proteins for the excision of Me-FapyGua were determined.
Table 1 shows that the specificity constaiig/K, are very
similar, 278x 105 and 319x 10° (nM-1 min-Y), respectively.

—O—FapyGua
084~ 8-OH-Gua

amount (nmol/mg of DNA)

Table 1.Kinetic constants for excision of Me-FapyGua by G&TkOgg1-

Ser326 or GSFa-hOgg1-Cys326 protein 0- T T T T T T
0 10 20 30 40 50 60 70

Protein Keg X 103 (Mind) K, (nM) Kol Ky X 10P time (min)
(min ! nM-Y)

GST-a-hOggl-Sets 89 32 278

GST-a-hOgg1l-Cy&?* 67 21 319 Figure 2. Excision of 8-OH-Gua and FapyGua from DNAirradiated under

N,O as a function of the incubation time by wild-type G$IFROgg1-Sers

. N o protein. Purified GSFa-hOgg1-Se¥ protein (1 pug) was incubated with

A Lineweaver—Burk plot was used for the determination of kinetic CO”Stantsloopg of DNA exposed tg-irradiation under NQ The amounts of products

for GST-a-hOgg1-Se¥® or GST-a-hOgg1-Cy&* protein for excision of given on they-axis represent those found in the supernatant fractions. Each

Me-FapyGua. The substrate concentration [S] was given as the concentratiofy 4 point represents the mearSD) from the analysis of three independently

of Me-FapyGua inJH]Me-FapyGua-poly(dG-dC)-poly(dG-dC). prepared samples. A value of 1 nmol lesion/mg DNA corresponds to
32 lesions/1ODNA bases.

Excision of modified bases by the wild-type GSTe-hOgg1-
Ser% protein from y-irradiated DNA: GC/IDMS analysis

A DNA glycosylase activity ofa-hOggl protein has been

previously demonstrated. It releases 8-OH-Gua from DNA those in DNA pellets incubated with inactivated enzyme or
fragments containing a single lesion and Me-FapyGua fronwithout enzyme (data not shown). The amounts found in the
alkylated DNA (23-30). However, no other modified basessupernatant fractions of DNA substrates incubated with active
have been tested as substrates of this enzyme, especially usgiigyme were similar to those removed from the pellets of the
oxidatively damaged DNA containing a multiplicity of pyrimidine- same DNA substrate, demonstrating excision of the lesions.
and purine-derived lesions. In this work, we used DNA Excision was determined as a function of the concentration
substrates damaged pirradiation under MO or air. Sixteen of 8-OH-Gua and FapyGua in the DNA substrate. Kinetic
and 12 modified bases were identified and quantified by GC/IDM$onstant values were obtained from measurements at six
in DNA samples damaged under anoxic (irradiation undgd)N different concentrations of each lesion in DNAIrradiated

and oxic (irradiation under air) conditions, respectively (39,40)under NO. Lineweaver—Burk plots representing the reciprocal
These were FapyGua, 8-OH-Gua, 4,6-diamino-5-formamidoef initial velocity versus the reciprocal of substrate concentration
pyrimidine (FapyAde), 8-OH-Ade, 2-hydroxyadenine, 5-were utilized to determine the kinetic constants (40—42). Initial
hydroxy-5-methylhydantoin, 5-hydroxyhydantoin, 5-OH-Ura, velocities were estimated using the plots of excision as a
5-OH-Cyt, 5-(hydroxymethyl)uracil, thymine glycol, 5,6-dihy- function of time for each excised lesion. Figure 3 illustrates
droxyuracil, 5,6-dihydrothymine, 5,6-dihydrouracil, 5- Lineweaver—Burk plot analysis for the excision of FapyGua by
hydroxy-6-hydrothymine and 5-hydroxy-6-hydrouracil. The GST-a-hOggl-Se¥®and GST-a-hOggl-Cy&%*proteins. The
presence of oxygen in an aqueous solution of DNA duging k., andK, values for excision of 8-OH-Gua and FapyGua are
irradiation modified the types and yields of these compoundgiven in Table 2. These results suggest that FapyGua may be a
and thus the latter four compounds are not produced in DNAetter substrate than 8-OH-Gua inQNy-irradiated DNA for
irradiated under air, due to inhibition of their formation by the wild-type GSTa-hOgg1-Se¥® protein.

oxygen (38). On the other hand, products such as thymine . . .
glycol are formed at higher yield in air-irradiated DNA (38). Exmgéon of modified bases by the mutant GSTe-hOgg1-

Of the 16 modified bases identified in these damaged DNACYS °protein from y-irradiated DNA: GC/IDMS analysis
substrates, the GSti-hOggl-Se¥e protein efficiently excised 8- We have purified GSTe-hOgg1-Cy&5 as described for the
OH-Gua and FapyGua. Figure 2 illustrates excision of 8-OH-Guavild-type protein. The substrate specificity of the polymorphic
and FapyGua from DNA-irradiated under hD as a function version ofa-hOggl was determined usingirradiated DNA

of the incubation time. Similar results were obtained usinguinder NO as substrate and GC/IDMS. The results show that
DNA y-irradiated under air (data not shown). Other purine- oIGST-a-hOgg1-Cy8% efficiently excises 8-OH-Gua and
pyrimidine-derived lesions were not significantly excised fromFapyGua fromy-irradiated DNA as a function of incubation
these DNA substrates. The excision of 8-OH-Gua andime and enzyme concentration. Kinetic constants for GET—
FapyGua was assessed by their appearance in supernathfitggl-Cy%8were determined as described for the wild-type
fractions of DNA substrates incubated with active enzymeprotein. Thek/K,, values for excision of 8-OH-Gua and
The amounts of these modified bases in DNA pellets incubateBapyGua are given in Table 2. These results also indicate a greater
with active protein were significantly reduced when comparedpecificity for excision of FapyGua compared to 8-OH-Gua for
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Table 2.Kinetic constants for excision of 8-OH-Gua and FapyGua lesions from DNA exposeidr&mliation under MO by wild-type GST-a-hOgg1-Seféand

mutant GSFa-hOggl-Cy#&¢ proteins

Protein Keqe X 10% (Min-?) K (NM) KooK X 10° (mint nM-Y)
8-OH-Gua FapyGua 8-OH-Gua FapyGua 8-OH-Gua FapyGua

GST-a-hOgg1l-Seizs 83.4+ 1.62P 211442 1863+ 144 2356+ 184 4.47+ 0.09¢ 8.97+0.17

GST-a-hOgg1l-Cyd% 65.5+ 2. 111.3+1.3 2319+ 305 2513+ 112 2.82+ 0.09 4.43+0.05

Values represent the mea$SD (n = 6) (k= Vnad[€NZYme]). Both enzymes were used at a concentration of 138 nM. Numbers of lesions iy-IDiddiated

under NO (nmol/mg DNA) were similar to those reported previously (42). The concentration ranges of the two lesions used for determination of the kinetic

constants were as follows: 0.86—2 {78! for 8-OH-Gua; 0.9%5.13uM for FapyGua.

aStatistically different from the value in line 2(< 0.05).
bStatistically different from the values in columnR € 0.05).
CStatistically different from the values in columnB € 0.05).

0.25
0.2
<
__E 0.15 4
= el
o ——
s 017 / o
Al —O’_,o—
0.05 - o°
0 T T — 1 T T
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012
1/S (nM™")

Figure 3. Lineweaver—Burk plots for excision of FapyGua by wild-type GST—
a-hOggl-Seré and GSTa-hOggl-Cy#® protein from DNA y-irradiated
under NO. The enzyme amount wasp/100pug DNA. S, concentrationfo
FapyGua (0.935.13uM); v, initial velocity. The amounts of product found in
the supernatant fraction were used for initial velocity. (Open circle),-G@8T
hOgg1-Sets (filled circle), GSTu-hOggl-Cyd?%.

containing 8-OH-Gua:C (Fig. 4A), 8-OH-Ade:C (Fig. 4B) or
an AP site:C (Fig. 4C). Comparison of the efficacy of the two
isoforms ofa-hOgg1l for cleavage of the three substrates does
not reveal significant differences. The GSFhOgg1-Seit
protein does not cleave 34mer oligodeoxyribonucleotide
duplexes containing 8-OH-Ade paired with a thymine, a
guanine or an adenine (data not shown). This last result
explains why 8-OH-Ade is not released frgrrradiated DNA
substrates. In addition, a 34mer DNA duplex containing a
modified pyrimidine (5,6-dihydrothymine) paired with a cytosine
or an adenine was not incised (data not shown), which is in
agreement with our GC/IDMS analysis.

Expression of GST-a-hOgg1-Sef?® and GST-a-hOgg1l-
Cys*% proteins in E.coli fpg mutY complements the
mutator phenotype

Plasmids expressing GSI-hOggl-Serbor GST-a-hOggl-Cy&s
protein were transformed into &coli strain PR195 in which

the mutY and fpg genes are disrupted. This strain displays a
strong spontaneous mutator phenotype due to its incapacity to
eliminate errors induced by the presence of 8-OH-Gua in its
DNA. The rates of mutation to rifampicin resistance were
determined. Table 3 shows that expression of the human

the mutant protein, as was shown for the wild-type protein. Theroteins in this strain strongly reduces the mutation frequen-
k.of K Values for excision of FapyGua and 8-OH-Gua are 2.0¢ies for Rif, partially complementing the mutator phenotype.
and 1.6-fold lower for the mutant protein compared to theFurthermore, GSTe-hOggl-Setéand GST-a-hOggl-Cyg%

wild-type (Table 2).

Cleavage of 34mer DNA duplexes containing 8-OH-Gua,
8-OH-Ade or an AP site paired with a cytosine by GSTa-
hOgg1-Sef?¢ and GST-a-hOggl-Cys? proteins

The catalytic properties of GSB#-hOggl-Seb and GST4a-

proteins display the same capacity to complement the mutator
phenotype (Table 3).

Table 3. Frequencies of spontaneous mutation to
rifampicin resistance if.coli fpg mutYexpressing

hOgg1-Cyé% proteins were also compared using DNA lesions
embedded in 34mer DNA duplexes as substrates. The lesion,
either 8-OH-Gua, 8-OH-Ade or an AP site, was localised at the
same position of the 34mer oligodeoxyribonucleotide. After
5'-end-labelling, the DNA strand containing the lesion was
hybridised with a complementary sequence containing a cyto-
sine paired with the lesion in the DNA duplex. Figure 4 shows
that both GSTe-hOggl-Se¥® and GSTe-hOggl-Cy%
proteins efficiently cleave the three 34mer DNA duplexes

GST-a-hOggl-Se¥s or GST-u-hOggl-Cys?*

protein

Protein expresssed RIFC?
GST 257+ 35
GST-a-hOggl-Sers 137+ 23
GST-a-hOggl-Cyg*s 100+ 17
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Figure 4. Cleavage of 34mer oligodeoxyribonucleotide duplexes containing 8-OH-Gua, 8-OH-Ade or an AP site paired with a cytosine by wild-tgpe GST—
hOgg1-Se¥s or mutant GSFa-hOggl-Cy& protein. The 8-OH-Gua-, 8-OH-Ade- or AP site-containing strands W#réabelled at the 'send and annealed

with the complementary sequence carrying a cytosine placed opposite the lesion. These DNA duplexes (50 fmol) were incut2fied &5 3i7in with of GST
0-hOgg1-Se¥s protein (triangle) or GSFa-hOggl-Cy&S protein (square). The reaction was terminated as described in Materials and Methods. The products of
the reaction were separated by denaturing 20% PAGE with 7 M urea. Reaction products were quantified using a Bio-Rad PhosphbyligiaiéiGua:C

duplex; B) 8-OH-Ade:C duplex; ) AP site:C duplex.

DISCUSSION 326 corresponding to an amino acid substitution (Ser326Cys)

was found in human populations (35,37). The allelic frequencies

The substrate specificity of the major nuclear form of the humatP :
i ; 3 i or the wild-type (Se®9 and the mutant (Cy%) are 59.5 and
Oggl proteina-hOggl, was investigated usiggrradiated DNA 40.5% in trilep h(ealth?/ Japanese popfuth%?Jn. These allelic

%usb_?trathecs) anf g é%QDMS'.Theﬁ[.e.Su“‘T' show that éhg:{v iIg'typ‘?requencies (Sé#Cys°29) are not significantly different in
-a-hOgg1- protein efficiently excises 8-OH-Gua ; ;
. L Japanese patients with lung cancer (35). However, the authors
and FapyGuaiom DNA cxposedirtdialion underN00r | Sare ha replr aciiy o a-10gg 1 Sex proten was
: ' ' grapy. pgreater than that of tha-nOgg1-Cy%S protein (35). In this

and a variety of oxidised pyrimidines, are not released fro Liudy, we purified both wild-type and the Ser326Cys form of

irradiated DNA by the GSTe-hOggl-Se¥é protein. The | y>
specificity constant for excision of FapyGua from DN#radiated GST-a-hOgol and analysed their substrate specificities and
determined their catalytic constants. The results show that both

han that f isi f 8-OH-
under NO was greater than that for excision of 8-O Gua’GST—a-hOggl-Seﬁ% and GSTa-hOggl-Cy& proteins

indicating the preference af-hOggl protein for excision of . : .
the former lesion from this DNA substrate. The G&T— ©xcise 8-OH-Gua and FapyGua fropirradiated DNA. The

hOgg1-SePs protein also releases Me-FapyGua and incise&ca{Km values for excision of FapyGua and 8-OH-Gua are 2.0-
34mer oligodeoxyribonucleotide duplexes containing 8-OH-Adénd 1.6-fold lower for the mutant protein compared to the wild-
or an AP site paired with a cytosine. To the best of our knowledgdyP€- On the other hand, both proteins excise Me-FapyGua and
these results indicate thathOggl and yeast Oggl proteins INCise 34mer DNA duplexes containing 8-OH-Gua, 8-OH-Ade
have a similar substrate specificity. or an AP site p_alred wnh a cytosine at nearly identical rates.
The biological function of the yeast Oggl protein is to>Nce the proteins used in this study are tagged and expressed
protect the genome from the mutagenic action of ROS. I bacteria, these minor dl_fference_s in catalytic constants may
S.cerevisiag Oggl-deficient strains accumulate GTA not reflect a reduced repair capacity of the &§allele in the
transversions, probably due to the presence of unrepairdyman cell context. In addition, both forms of GRIFROggl

8-OH-Gua residues in DNA (20). By analogy, we suggest thafomplement to similar extent the mutator phenotype giga
the biological function ofa-hOggl is to protect the genetic MutYstrain ofE.coli. From these results, we conclude that both

material in the nucleus from the mutagenic action of endothe a-nOggl-Se¥® and a-hOggl-Cy&* proteins are functional
genous ROS. Since mutation events are associated with canc@id probably do not exhibit significant differences in repair
|t has been proposed that a mutator phenotype mlght b@:’[IVItIeS. There_fO!‘e, the pOlymOI‘p_hlsm at COdon 326 is prObab|y
involved at some point in the multistage process of carcinobeutral, which is in agreement with the fact that.tumoursf with
genesis (2). This model has been actually confirmed by thi®ss of heterozygosity at 3p25 do not preferentially retain the
finding that hereditary non-polyposis colorectal cancerdllele coding fora-hOggl-Cy&* protein (35,37).

(HNPCC) is associated with defects in the gene coding for a

homologue of the bacterial mismatch repair protein MutS (47-50
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