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ABSTRACT

8-Oxo-7,8-dihydro-2 '-deoxyguanosine 5 '-triphosphate
(8-0x0-dGTP) is produced during normal cellular
metabolism, and incorporation into DNA causes trans-
version mutation. Organisms possess an enzyme,
8-oxo-dGTPase, which catalyzes the hydrolysis of
8-0x0-dGTP to the corresponding nucleoside mono-
phosphate, thereby preventing the occurrence of
mutation. There are highly conserved amino acid
sequences in prokaryotic and eukaryotic proteins
containing this and related enzyme activities. To
elucidate the significance of the conserved sequence,
amino acid substitutions were introduced by site-
directed mutagenesis of the cloned cDNA for human
8-0xo0-dGTPase, and the activity and stability of mutant
forms of the enzyme were examined. When lysine-38
was replaced by other amino acids, all of the mutants
isolated carried the 8-oxo-dGTPase-negative pheno-
type. 8-Oxo-dGTPase-positive revertants, isolated
from one of the negative mutants, carried the codon for
lysine. Using the same procedure, the analysis was
extended to other residues within the conserved
sequence. At the glutamic acid-43,
glutamic acid-52 sites, all the positive revertants
isolated carried codons for amino acids identical to
those of the wild type protein. We propose that Lys-38,
Glu-43, Arg-51 and Glu-52 residues in the conserved
region are essential to exert 8-oxo-dGTPase activity.

INTRODUCTION

arginine-51 and

glycosylases encoded by tmeitM and themutYgenes function

to prevent mutation caused by 8-oxoguanine in DNA. MutM
protein removes 8-oxoguanine paired with cytosine while MutY
protein removes adenine paired with 8-oxoguar{ibe-13).
Enzyme activities similar to those of MutM and MutY in
mammalian cells were identifiéti4,15). A ggnificant amount of
8-oxoguanine is formed in chromosomal DNA of mammalian
cells, and most damaged bases are excised and excreted into thi
urine (16).

Oxidation of guanine proceeds also in forms of free nucleotides,
and an oxidized form of dGTP, 8-oxo-dGTP, is a potent mutagenic
substrate for DNA synthesis (17). Organisms possess a mechanism
to prevent mutation due to misincorporation of 8-oxo-d(@Bjp.

MutT protein ofE.coli hydrolyzes 8-oxo-dGTP to the monophos-
phate (17), and lack of tlmeutTgene increases the occurrence of
AT to C:G transversion 1000-fold over the wild type level
(19,20). Human cellsomtain an enzyme similar to the MutT
protein, and this enzyme specifically hydrolyzes 8-oxo-dGTP to
8-oxo-dGMP, with a relatively lowy, value, as compared with
other deoxyribonucleoside triphospha{24,22). The human
8-oxo0-dGTPase is likely to have the same antimutagenic capability
as the MutT protein, since the elevated level of spontaneous
mutation frequency ik.colimutT cells was greatly reduced by
expression of cDNA for the human enzyme (22,23). The human
gene for 8-oxo-dGTPase, namBMTH1 (for humanmutT
homologue), was found to be located on chromosome(2322

A certain degree of sequence homology has been noted in
E.coli MutT and human MTH1 protein (22,24). Genes for
analogous functions were isolated frétroteus vulgarisand
Streptococcus pneumonjdeacteria distantly related #®.coli
(25,26). The pducts of the latter two genes carry enzyme

Oxygen radicals are produced during cellular metabolism armgtivity specifically degrading dGTP to dGMP and may be
damage biologically important macromolecules. More than 2inctionally related to th&.coli MutT protein. More recently,
different types of oxidatively altered purines and pyrimidinesDNAs for mouse and rat 8-oxo-dGTPase protein were isolated

and their structures elucidated (27,28). Like the human MTH1

have been detected in DNA (1,2). Among themydatized form
of guanine base, 8-oxo-7,8-dihydroguanine (8-oxoguanine) appeprsteins, these mammalian proteins suppress the occurrence of
to be important in mutagenesis and in carcinoge(@siy. This  transversion mutations Evrcoli mutT cells, when appropriately
oxidized base can pair with cytosine and with adenine at almastpressed in the mutant cells. These six proteins of prokaryotic
equal efficiencies and, as a result, A:T to C:G as well as G:C émd eukaryotic origins are of a similar size, and alignment of the
T:A transversion mutations are indug¢ée9). sequences showed that all carry a conversed sequence in almos
To counteract such mutagenic effects of 8-oxoguanine, organisthe same region (Fig. 5). In the conserved region (from the 36th
are equipped with elaborate mechanism&sbherichia colitwo  to the 58th amino acid for hMTH1), 10 among 23 amino acid
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residues are identical. It is likely that this region constitutes an
active center for the enzyme, and the secondary structure of the
MutT protein, elucidated by NMR analysis (2@jpgorts this view.

Nucleic Acids Research, 1997, Vol. 25, No. 61171

A 38

Gly Phe Gly Gly |Lys|Val Gln Glu Gly
5'-GGC TTT GGG GGC |AAA|GTG CAA GAA GGA-3'
To understand further the significance of the conserved amino 3'-CCG ARA CCC CCG |NNN|CAC GTT CTT CCT-5'
acid sequence, we carried out a systematic site-directed mutagenesis

study. Use of negative and positive screening procedures led to

Sacl Smal

identification of the amino acid residues essential for enzyme Rrer Sl saa
aCtiVity. ‘ Neo'l
MATERIALS AND METHODS S g Sspl Smal

Chemicals
[a-32P]dCTP, p-32P]dGTP andl?3-labeled protein A were

PALTER-
MTH-ss B

obtained from Amersham Japan (Tokyo). A DNA labeling kit { mutagenic

was purchased from Nippon Gene (Toyama, Japan). Restriction -

enzymes, T4 DNA ligase, T4 DNA polymerase were obtained 40} Neol
from Toyobo Co. (Osaka, Japan). 5-Bromo-4-chloro-3-indblyl- prncer primer
p-galactopyranoside, pherfdp-galactopyranoside and rifampicin i

were obtained from Sigma, and isoprofyi-thiogalactopyrano-
side was from Wako Pure Chemical Industries (Osaka, Japan).

The altered sites Ih vitro mutagenesis system was purchased { Amn’©m=

from Promega. Sources of other materials are given in the text. e g )

Prepare plasmid DNA

Y

Transform JM109 and select
mutants on ampicillin and
tetracycline plates

Bacterial strains

Escherichia colstrain CC101draA(lac proB)x ] carrying arF
lacl— Z~ proB* episome (30), was a gift from J. Hillgr and
mutT-mutation was introduced into CC101 by P1 transduction to Amp
obtain CC101TEscherichia colistrain JIM109 éndAL, recAl,
gyrA96,thi-1, hsdRL7 (i, mct), relAl, supE4, \—, A(lac-proAB,
[F~, traD36, proA*B™ : lacl9 ZAM15]} and ES1301ngutS )
{lacZ53,mutR01::Trb, thyA36,rha-5, metBL, deoC IN(rrn-rmE)}
were purchased from Promega.

Figure 1. Construction of mutant forms of MTH1 proteii\)(Synthetic
oligonucleotides used for site-directed mutagenesis. The first and second lines
represent part of the amino acid sequence of the human MTH1 (residues 34—-42)
and the corresponding sequence for the sense strand of DNA, respectively.
Oligonucleotide sequence for mixed primers for introducing mutations at
Lys-38 is shown below. N stands for a mixture of A, T, C an8)3¢hematic

. epresentation of site-directed mutagenesis. A 32Bdgp-Sad fragment
Plasmid PALTER-1 was purChased from Promega and used f(églrrying the conserved region of the humd@H1 was introduced into

site-directed mutagenesis. Plasmid pTT100 was constructed fro§ALTER vector, carrying Amfmnd Tetmarkers. After alkali denaturation, the
pTrc99A by removing thiacl9gene sequence by digestion with mutagenic primer, an ampicillin-resistant primer and a tetracycline-sensitive
Tth111ll andPvul and resealing?3). Plasmid pALTER-MTH-ss Brli\lmAer Werc‘: anneale?] with Ehe_sri”_?llesgznd?d DNA, anddthe clognpl_emgmary
; : strand was synthesized witl polymerase and sealed with ligase.
was C.OnStrUCted by msertl.ng a .327 Ssp—Sact fragment' .The synthesized double-stranded DNA was used to tran&moh ES1301
_encodlng the Conserv_ed amino acid sequence Of_hMTHl Protelfinyts) and the cells were grown in an LB plate containingdgthl ampicillin.
into the Sma-Sad site of pALTER-1. Plasmid pTT100- The plasmid DNA recovered from the lysate was applieccmliJM109 cells,
hMTHl(K38X) Carrying the mutant cDNA was constructed by _and Amp/Tetcolonies were isolated. The mutagenized DNA was isolated and

; ; _ ; ; inserted into pTT100-hMTHL1 to replace the corresponding wild type fragment.
gsgrtll\lngda .%36 fbp.ll.c.:lglo?)angq.u;?_gemzed DNA fragment into The hybrid plasmid was appliedEocoli CC101T (utT, F, laczam463, and
ad—INcd site or p B : colonies which showed papillae were isolated and subjected to sequence

analysis.

Plasmids

Oligonucleotides

Oligonucleotide primers were obtained from Greiner LabortechniyPes of plasmids derived from template DNA and from newly
Co. Ltd (Tokyo, Japan). A mixture of 27mer oligonucleotide$ynthesized DNA were recovered from the cells, and the plasmid
carrying every possible combination of nucleotides of the targgtixture was applied td.coli JM109. Transformants were

3-nucleotide region were prepared and used as primers flected on LB plate containing G8/ml ampicillin, and Amp
site-directed mutagenesis. colonies were picked and plated on paired plates containing either

50 pg/ml ampicillin or 12.5ug/ml tetracycline. AmiTet
colonies were isolated and cultured for preparation of plasmid
DNA. The DNA was digested with a set of restriction enzymes
Site-directed mutagenesis was performed according to ti$ad and Ncd, and subcloned into pTT100-hMTH1. Plasmid
Promega technical manual of altered sit@sVitro mutagenesis pTT100-hMTH1(K38X) thus obtained was applied Eaoli
system, with modifications (Fig. 2). The mutagenized DNA wa€C101T and cultured on agar medium containing minimal A
used to transforri.coli ES1301 hutS), and transformed cells salts, 0.2% glucose, 0.05% phefiyp-galactopyranoside and
were grown in an LB plate containing g@/ml ampicillin. Two  5-bromo-4-chloro-3-indoly@-p-galactopyranoside (40 pg/ml)

Site-directed mutagenesis
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(31). After incub#on for 5 days at 37TC, papillae formation was then data were processed using a Fujix Bio-image analyzer
examined and appropriate samples were subjected to furtf@S2000.
analyses.

RESULTS
Assay of 8-oxo-dGTPase

Isolation of negative mutants with Lys-38 substitution
The reaction mixture (128) contained 20 mM Tris—HCI, pH 8.0, o ) ) ) ) .
4 mM MgCh 40 mM NaCl, 20uM 8-0x0-dGTP (including Substitution of the lysine residue at amino acid position 38 was
[a-32P]8-0x0-dGTP), 8@g/rﬁl bovine serum albumin (BSA), done as this residue is present in all the known MTH1-related
8 mM dithiothreitol (DTT), 2% glycerol and an extract of cellsProtéins and locates within the highly conserved region of the
carrying plasmids to be examined. The reaction was rurf@t 30Protein (Fig. 5). Figure 1 shows the strategy for site-directed
for 20 min and terminated by adding 550 mM EDTA. An  Mutagenesis and subsequent mutant selection. Oligonucleotides
aliquot (2 wl) of the reaction mixture was applied to aWith all possible combinations for a given codon were synthesized
PEI—cellulose sheet. 8-Oxo-dGMP produced was separated fr@d useéd as primers for generating the complementary strand. To
8-0x0-dGTP on TLC with 1 M LiCl for 90 min and quantitatedacilitate selective replication of the mutated plasmids, a set of
in Fujix Bio-image analyzer BAS2000 (Fuji Photofilm Co., Ltd,0ligonucleotide fragments exerting ampicillin resistance and
Tokyo) (22). One unit of ®xo-dGTPase was defined as thetetracycline susceptibility were also introduced. Double-stranded
amount of enzyme that produced 1 pmol/min 8-oxo-dGMP &NAs were produced byn vitro repair reaction and then

30°C (21). propagated iE.coli cells defective in mismatch repair. From the
progeny plasmid a DNA fragment carrying the mutagenized
Western blot analysis region was excised and introduced into pTT100-hMTH1 to

replace the corresponding region with the normal sequence. The
Western blotting was done as descrif&2133), but with rimor  resulting plasmids were appliecBaoli mutT cells and colonies
modification. Five or ten micrograms of protein of the bacterialvere examined.
cell crude extracts were subjected to 15% SDS—polyacrylamideSince themutT mutator causes specifically an AT to C:G
gel electrophoresis, and proteins were electrotransferred transversion (20), we used theZ reversion assay to detect this
nitrocellulose membrane (BA-83, Schleicher & Schuell, Dassedlype of mutation (30,31). When theutT mutation was introduced
Germany) at 25 V for 1 h in transfer buffer (48 mM Tris, 39 mMnto a tester strain CC101, the resulting strain CC101T produced
glycine, 1.3 mM SDS, 20% methanol, pH 9.3). The nitrocellulosmanylacZ* revertants, as evidenced by formation of numerous
filter was soaked in blocking solution (5% BSA, 10 mMpapillae in a colony (Fig. 2A). This papilli formation was almost
Tris—HCI, pH 7.4, 0.9% NaCl, 0.05% Tween 20) &tG2or 1 h  completely suppressed by expression of the hiuifatl cDNA
and then incubated overnight &Ciwith anti-MTH1 (1ug/ml)  in CC101T cells (Fig. 2B). Application of mutagenized clones to
(33). The iiter was rinsed in buffered saline containing 0.05%his test yielded detection of mutants with a negative phenotype,
Tween 20 to remove excess antibodies, then reacted m@idl  as shown in Figure 2C. In this way we collected many
of129-|abeled protein A for 1 h on ice. The filter was washed witlindependent clones of negative mutants and the sequences of 21
radioimmune precipitation assay buffer (50 mM Tris—HCI, ptbf these were analyzed. The substitutions detected included
8.0, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SD&mino acids with acidic side-chains such as Asp, with uncharged
150 mM NacCl) at room temperature to remove unbound protepolar side-chains such as Cys and Asn, and with nonpolar
A. The filter was air-dried, exposed to an imaging plate for 3 h argile-chains such as Ala and Pro (Table 1).

Table 1. Amino acid substitutions at Lys-38 residue of human 8-oxo-dGTPase protein

Wild type Substitutions found Substitutions found
in negative mutants in positive revertants
Amino acid Codon Amino acid Codon Amino acid Codon
Lys AAA Tyr TAT (2) Lys AAA (8)
TAC (2)
*Arg CGC (3)
Val GTG (2)
GTC
Asp GAC (2)
GAT
Thr ACA
Ala GCA
Leu CTA
Phe TTC
Pro CCT
Cys TGC
Asn AAC
amber TAG

Twenty-one negative mutants were isolated from 344 screened clones. A second cycle of site-directed mutagenesis was performed using one of
the negative mutants, with a codon for Arg (marked with an asterisk), as template. Among 619 independent clones examined, eight posiieerevertants
isolated. Numbers in parentheses indicate the number of independent clones obtained.
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Figure 2.Isolation of mutants with a mutation at the Lys38 sk¢Hscherichia colCC101T (utT) cells harboring plasmid pTT100 (vectoB) Escherichia coli

CC101T (utT) cells harboring plasmid pTT100-hMTH1 (hunmiH1 cDNA). (C) Screening of negative mutariscoli CC101T cells were transformed with
plasmid carrying the humafiTH1gene with mutations at the pre-determined site and placed on glucose minimal A plate contaihmiggBapicillin, 0.2% glucose,

0.05% phenyB-p-galactopyranoside and 5-bromo-4-chloro-3-ind@hg-galactopyranoside (48g/ml) and incubated for 5 days at°87 An arrow indicates a

colony of negative mutanDJ Isolation of positive revertants. One of the negative mutants was used as the template for mutagenesis and a similar screening proce

was executed. An arrow indicates a colony of positive revertant.

Properties of mutant proteins suppression, while those with arginine or alanine tifutimn

, ! .
Western blot analysis was done with lysatesEafoli cells exerted 10% of the suppressive effect of the wild type.

producing mutant forms of proteins (Fig. 3). Using a polyclonal
antibody against hMTHL1 protein, a major band was detected positive revertants at the Lys-38 sites
all the samples, except one carrying a termination codon, at a
position corresponding to the authentic 18 kDa human proteiAnalyzing clones isolated by negative selection, we identified
Quantitative estimation of amounts of proteins was made byutants with 11 different amino acid substitutions. Since it is
scanning the gels. Based on the standard curve obtained fromldimrious to isolate all the possible mutants using these pro-
purified hMTH1 protein, we estimated the amount of mutantedures, positive selection was used to obtain revertants from
protein in each extract (Table 2). In all cases, immunologicaliyndividual negative mutants. The procedure was essentially the
reactive proteins were produced in quantities similar to or mosame as that described above except that one of the negative
than the wild type protein. mutants was used as the template for mutagenic DNA synthesis.
These mutants were assayed for 8-oxo-dGTPase activity afdr this, we used the K38R mutant, in which lysine at codon 38
the result is shown also in Table 2. Little or no activity was foundias converted to arginine. It was shown by Western blot analysis
in extracts of cells harboring either one of the mutant clonethat the mutant produces a sufficient amount of h(MTH1 protein
specific activities of mutants were <4% of the wild type. (Table 2). After mutagenization, clones showing no papillae
To determine thim vivobiological activities of mutant proteins, formation were selected (Fig. 2D) and, among the 619 examined,
mutation frequencies of cells producing various forms of h(MTHgight positive revertants were isolated. DNA sequence analysis
protein were determined. As shown in Table 3, the mutatiarvealed that all carried the codon for lysine at position 38.
frequency of CC101Tn§utT) harboring the vector plasmid was Figure 4 shows data on the quantitative assay of 8-oxo-
[250-fold higher than that of CC10htT*) carrying the same dGTPase activity exerted by wild type, one of negative mutants
vector. When the normal cDNA (Lys-38) was placed on thand its positive revertant. The enzyme activity of Arg-38 mutant
vector plasmid and properly expressed, this high level of mutatig38R) was <10% of the wild type. As expected, the enzyme
induction was completely suppressed. Mutants with tyrosine tevel of cells harboring the positive revertant (K38R-K) was
leucine substitution at the Lys-38 site showed no capability @ssentially the same as that of cells carrying the wild type DNA.
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Table 2.8-Oxo-dGTPase activity and immunoreactive hMTH1 protein in mutants at Lys-38 site

Type of Amino acid Codon Immunoreactive 8-Ox0-dGTPase Specific activity
mutants sukiution hMTH1 protein activity (U/10 ng)
(ng/10pg protein) (Upg protein)
positive Lys AAA 10.2 8.6x 103 84.3
negative Tyr TAT 9.0 2.5% 102 2.8
TAC 14.8 4.1x 1% 2.8
Val GTG 8.6 1.9¢ 102 22
GTC 8.0 1.3x 102 1.7
Asp GAC 8.6 7.5¢ 10 0.9
GAT 30 8.1x 10 0.3
Arg CGC 16.2 5.0¢ 102 3.1
Pro CcCT 9.4 8.4 10 0.9
Ala GCA 10.4 2.9 102 2.8
Thr ACA 7.8 1.2x 1 1.5
Leu CTA 11.0 2.3 12 21
Phe TTC 9.4 1.6 102 1.7
Cys TGC 10.0 2.6 102 2.6
Asn AAC 7.6 12x 102 1.6
. mutants with a predefined sequence were isolated, one of which
éf & was used as a template for second round of mutagenic DNA
£ & é\é\ é{:‘n gs‘»‘ £ & éf‘ G‘éy“ ﬁ}@‘ & Qé?‘ ﬁf" synthesis to isolate positive revertants.
qfu f SLELFF S w@“,@s‘ EFLEFELE According to this protocol, Glu-43 was substituted with a few

. el SERSeRE -

Figure 3. Western blot analysis of mutant hMTH1 proteins producéccioli
cells Escherichia colCC101T cells carrying plasmids with positive revertant
or mutants at position 38 were grown at@7o Aggpof 0.8 and crude extracts

of other amino acids to form negative mutants. Using the E43R

mutant as template, 18 positive revertants were isolated from

1060 clones examined. DNA sequence analysis revealed that all
carried codons for glutamic acid; 13 had the original GAG and the

remaining five GAA (Table 4).

Similarly, screening of positive revertants was done for the
Arg-51 site. Using the R51L negative mutant as a template, 1552
colonies were screened. Twenty-two independent clones were
selected as positive revertants and all carried codons for arginine,
with all six types of Arg codons.

For Glu-52 substitutions, a result similar to that for Glu-43 was
obtained. From 2162 clones examined, 15 positive revertants
were isolated, all of which carry codons for Glu.

were prepared by sonication. Ten micrograms protein of crude extracts were These results clearly indicate that Glu-43, Arg-51 and Glu-52

applied to electrophoresis on 15% SDS—polyacrylamide gels, transferred tgre essential for the hMTH1 protein to exert its function.
nitrocellulose membrane and reacted with polyclonal anti-human MTH1

antibodies an#23-labeled protein A. An arrow indicates the position of human
MTH1 protein. Codons for mutated clones are shown in parentheses.

Table 3. Suppression dE.coli mutT mutator phenotype by expression of

wild type or mutant h(MTH1

Escherichia colstrain

Mutation frequency

CC101 (utT*) with pTT100 (vector)

CC101T (nutT") with pTT100 (vector)

CC101T (utT") with pTT100-hMTH1 (wild type)
CC101T nutT) with pTT100-hMTH1 (K38Y)
CC101T nutT) with pTT100-hMTH1 (K38L)
CC101T nutT) with pTT100-hMTH1 (K38R)
CC101T (utT") with pTT100-hMTH1 (K38A)

2.7+0.7x 108

6.20.3x 106
1.20.8x108
5.9 1.1x 106
5.4 0.6x 106
1.9 0.1x 1077

1.5+ 0.5x 1077

Analyses of other conserved residues

DISCUSSION

Studies ork.colimutator genes and their products revealed that
a major cause of spontaneous mutation is errors of DNA
replication, and organisms are equipped with elaborate mechanisms
to avoid such errors and to correct errors after DNA replication
(34). Among them, themutTmutator gene is involved in a novel
mechanism that prevents replication errors by degrading a potent
mutagenic substrate, 8-oxo-dGTP, to the unutilizable monophos-
phate in the nucleotide pool of the ¢&lr). An enzyme similar

to the MutT protein was found in various prokaryotic and
eukaryotic organisms, and the cDNA and the genomic sequences
encoding the enzyme were isolated and their sequences deter-
mined (22,25-28). In six molecular species of the enzymes
derived from bacterial and mammalian cells, there are a well
conserved amino acid sequences, around the center region of the
protein (Fig. 5). NMR analysis of thE.coli MutT protein

The negative and positive selection procedure was used fewealed that the highly-conserved region is within loop | from
analyses of three amino acid residues located within thesidues 37 to 46 and inthe C-terminus-bklix | from positions
conserved region. Since selection of positive revertants is md2 to 59 (35), and loop di-helix | and loop Il motifs contribute
versatile than selection of negative mutants, only a few negatisignificantly to the active site of Mui(R9,35).
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Table 4. Amino acid substitutions at Glu-43, Arg-51 and Glu-52 sites

Wild type Negative mutants Positive revertants
Amino acid Codon Amino acid Codon Amino acid Codon
Glu-43 GAG *Arg AGA Glu GAG (13)
GIn CAA GAA (5)
Ala GCT
Arg-51 AGG *Leu CTA Arg AGA (7)
Asn AAC AGG (1)
His CAC CGT (1)
CGC (3)
CGA (5)
CGG (5)
Glu-52 GAG *Gly GGC Glu GAA (8)
Asp GAT GAG (7)
Arg AGG

The procedure was the same as for Table 1, and each of the negative mutants with a codon marked with an asterisk was used as template for a second cycle of si
mutagenesis. Positive revertants for Glu-43, Arg-51 and Glu-52 were isolated from 1060, 1552 and 2162 clones examined. Numbers in parentheses indic:
number of independent clones obtained.

5 156
human MTH1 1r % - —
P rat MTH1 1| . n 3
£ 49 1 36 58 156
€ mouse MTH1 C P ]
2 , 1 37 59 129
> E. coli MutT — A I
£ ) ) 1 40 62 112
g P. vulgaris MutT [T 39 ] -
v S. pneumoniae MutX 1| 77— ]
£ R,
b= S Ty
1] S T,
2 S T
e 1 S T
o L * * %
) / human GGKVQEGETIEDGARRELQEESG
0 - —Q rat GGKVQEGETIEDGAKRELLEESG
0 100 200 300 400 mouse GGKVQEGETIEDGAKRELLEESG
Total protein (ng) E. coli GGKIEMGETPEQAVVRELQEEVG

P. vulgaris GGKLEDNETPEQALLRELQEETIG

Figure 4. Expression of various forms of humeTH1 cDNA in E.coli cells. S. pneumoniae GGKLERGETPQECAVREILEETG

Escherichia coliCC101T (nutT") cells harboring various types of plasmids

were grown at 37C and extracts were prepared for assay of the enzyme activity.

@, E.coli CC101T (nutT) cells harboring pTT100-hMTH1 with human  Figure 5. Conservation of the specific amino acid residues in 8-oxo-dGTPase

8-0x0-dGTPase (wild type]), CC101T nutT) cells harboring pTT100 vecter  proteins.Shaded boxes represent the regions with high degree of amino acid

(control); a, CC101T (utT) cells harboring plasmids with K38R negative  sequence homology, with their amino acid sequences given below. The amino

mutant, used as the template for mutagenesisCC101T (utT) cells acid residues conserved throughout the six species of enzyme are shown in

harboring plasmids with one of positive revertants (K38R-K). boldface letters. Numbers correspond to the positions of amino acid residues
from the N-termini. Asterisks indicate the sites of amino acid substitutions
made in this study.

We initiated systematic mutational studies by replacing the

amino acid at Lys-38 site by site-directed mutagenesis of the

cloned humarMTH1 cDNA. Various amino acid substitutions mutagenesis experiments at other sites yielded various types of

were introduced at the site and mutants showing the negatisedons in revertant populations.

phenotype (formed papilli colonies) were selected. From one ofWestern blots analysis revealed that all of the negative mutants

the negative mutants, which was used as the template for the naxtduced large amounts of protein indistinguishable from the

round of mutagenic DNA synthesis, revertants showing theild type protein, though they did exhibit no or only little enzyme

positive (wild type) phenotype were isolated, and sequeneetivity. The biological activities of some mutant proteins were

analysis revealed that all the revertants carry the original codalso tested by expressing the cDNAErtoli mutT cells and

AAA for lysine at the site. To ascertain that the synonymous AA@etermining mutation frequencies. As was shown in Table 3,

codon for lysine has the same potential as the original AAA cod@xpression of a positive revertant suppresses completely the

in exerting the activity, we constructed a mutant sequence witltcurrence of specific A:T to C:G transversion mutation, while

AAG codon by oligonucleotide-mediated site-directed mutagenesiautants with amino acid substitutions exhibit no suppression

Cells carrying the mutant sequence with AAG codon showed tleapacity. Our results are consistent with the results of &rak

positive phenotype, and there was no difference in the enzyr(®5,36) thatE.coli MutT protein with a lysine to glutamine

activity (data not shown). Bias in codon distribution in thischange at codon 39 (the codon corresponding to Lys-38 of human

particular experiment may be incidental and, indeed, similaTH1) shows an 8-fold decreasekip,;and a 5.3-fold increase
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in Ky (dGTP) in the Métactivated dGTPase, resulting in a 3 KasaiH., Crain,P.F., Kuchino,Y., Nishimura,S., Ootsuyama,A. and
42-fold overall decrease iKcafKm. Taken together, a lysine  TanookaH. (1986farcinogenesis/, 1849-1851.
residue at this site is strictly required for 8-oxo-dGTPase activity;1 Qmes'B'N' and Gold LS. (199Mutat. Res.250 3-16. _
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