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ABSTRACT

The protein  OB-alkylguanine-DNA alkyltransferase
(alkyltransferase) is involved in the repair of OB-alkyl-
guanine and O*-alkylthymine in DNA and plays an
important role in most organisms in attenuating the
cytotoxic and mutagenic effects of certain classes of
alkylating agents. A genomic clone encompassing the
Drosophila  melanogaster  alkyltransferase gene
(DmAGT) was identified on the basis of sequence
homology with corresponding genes in Saccharomyces
cerevisiae and man. The DmAGT gene is located at
position 84A on the third chromosome. The nucleotide
sequence of DmMAGT cDNA revealed an open reading
frame encoding 194 amino acids. The MNNG-hyper-
sensitive phenotype of alkyltransferase-deficient
bacteria was rescued by expression of the DmAGT
cDNA. Furthermore, alkyltransferase activity was
identified in crude extracts of  Escherichia coli harbour-
ing DmAGT cDNA and this activity was inhibited by
preincubation of the extract with an oligonucleotide
containing a single  Of-methylguanine lesion. Similar
to E.coli Ogt and yeast alkyltransferase but in contrast

to the human alkyltransferase, the  Drosophila alkyl-
transferase is resistant to inactivation by Ob-benzyl-
guanine. Inan E.coli lacZ reversion assay, expression
of DmAGT efficiently suppressed MNNG-induced
G:C-ATas wellas AT - G:C transition mutations in
vivo. These results demonstrate the presence of an
alkyltransferase specific for the repair of OB-methyl-
guanine and O*-methylthymine in  Drosophila .

INTRODUCTION

Alkylating agents such &methylIN'-nitro-N-nitrosoguanidine

DDBJ/EMBL/GenBank accession no. AF063906

mine (©O*MeT) are considered to be the most mutagenic.
Mispairing ofO5-MeG with thymine an@®*MeT with guanine
during replication can lead to G:CA:T and A:T- G:C transition
mutations, respectivel3{5). The induction of such transitions can
be prevented by a specific repair enzy@@alkylguanine-DNA
alkyltransferase (alkyltransferase) which transfers the methyl
group fromO®-MeG orO*MeT to a cysteine residue within the
protein. The cysteine residue is part of a stretch of four conserved
amino acids, PCHR, found in all alkyltransferases so far
identified (reviewed ir6,7).

Alkyltransferase genes have been identified in many organisms,
includingEscherichia coliSaccharomyces cerevisiaed mammals
(8-17). Escherichia colihas two alkyltransferase genes, the
inducible ada gene and the constitutively expressed gene
encoding the 37 kDa Ada and the 19 kDa Ogt proteins,
respectively. The smaller Ogt protein shares homology with the
C-terminal domain of Ada, which contains the conserved PCHR
sequence. A second methyl acceptor site is present in the
N-terminal part of the Ada protein and transfer of methyl groups
from a methylphosphotriester lesion in DNA to the cysteine
residue in this active site activates Ada to up-regulate the
transcription ofadaand several other repair genes (reviewed in
18). AlthoughO®-MeG and0*-MeT are substrates for bdgcoli
alkyltransferases, Ogt repa{®-MeT more efficiently then Ada
(19,20). In contrast toE.coli, the eukaryotes studied so far
generally contain only one alkyltransferase gen®.(The
eukaryotic alkyltransferases resemble Ada in ti@MeG
repair preference and, whilst some rodent genes are inducible
(22,23), which is a p53-mediated respondé)(it appears that the
methylated gene products do not act as transcriptional regulators.
In size and constitutive expression the eukaryotic alkyltransferases
are more like th&.coli Ogt protein &-17).

In the past, the fruitflyprosophila melanogastdras been used
extensively to study the mechanisms of action of monofunctional
alkylating agents in a multicellular organism. Studies in germ

(MNNG) and methylnitrosourea (MNU) introduce methyl adductscells demonstrated a strong correlation between the relative
at various positions in DNAL(2). Among the different methylated extent of alkylation at the base oxygen atoms and the induction

bases generate@8-methylguanine @®-MeG) andO*methyithy-

of mutations, measured as sex-linked recessive lethals. Thus
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N-ethyl-N-nitrosourea (ENU) and ethylmethanesulphonatéemplate the complete coding region was cloned in one step

(EMS) induced primarily G:G A:T and A:T- G:C transition downstream of thiacZ promotor of pUC18, resulting in plasmid

mutations in germ cell26,26). Surprisingly, G:C> A:T changes pDMT2. Other primers, used for cloning and sequencing were

were almost absent after treatment with methylating agents subiMT3 (5-CTCTGACCGCCGTTGGACG; antisense), DMT4

as MNU and MNNG, suggesting rapid repai©8fMeG adducts  (5-GTAAGTGCAGGTCTCCCCTC, antisense) and DMT5

from the DNA inDrosophilagerm cells 27,28) and indicating (5-GAGTTGTGTCCCAAAACG, sense).

that these cells may rep@Pf-MeG much more efficiently than

Ob-ethylguanine. Studies in other eukaryotes also indicate ANNG-induced survival assay

preference of alkyltransferase @f-MeG moieties in DNAZ9).

In the case of alkylating agents acting more extensively at the ridgstock solution of 1 mg/ml MNNG in 100 mM NaAc (pH 5.0)

nitrogen atoms in the DNA, a relatively high chromosomavas frozen in aliquots at—2G. Thawed aliquots were used only

breakage effect was observéd{32). once. Overnight cultures of plasmid-transformed GWR111 or
Extracts oDrosophilapupae, but not early embryos, have beef\B1157 were diluted 1:25 in LC broth containing ampicillin

reported to contain an alkyltransferase activity that acts oftC/amp) and grown at 3T to ODyop = 0.5 108 cells/ml).

0°%-MeG and possibly also N7-methylguanine and N3-methylCells were washed and resuspended in M9 salts. Samples were

adenine in DNA and two non-inducible alkyltransferase activitie§eated with different concentrations of MNNG for 10 min at

of 30 and 19 kDa that transferred methyl groups from methylatetf°C. The cells were washed and resuspended again in M9 salts.

DNA in vitro were later identified33,34). In the present study we Appropriate dilutions were plated on LC/amp plates, incubated

report the identification of tHerosophilaO8-alkylguanine-DNA  overnight at 37C and the next day the colonies were counted and

alkyltransferase geneDmAGT Sequence analysis revealedsurvival calculated.

significant homology with alkyltransferase genek @li, yeast

and mammals. Expression@MAGTin alkyltransferase-deficient Alkyltransferase assay

bacteria suppresed MNNG-induced G:&:T and A:T-G:C _ )
transition mutations. Overnight cultures of BS21 (enhancedia expression) or

UC978, transformed with either pDMTDHAGT cDNA in
pUC18) or pHAT HsAGTcDNA in pRBS), were sonicated in
MATERIALS AND METHODS buffer | (50 mM Tris—HCI, pH 8.3, 3 mM DTT, 2 mM EDTA).
Bacterial strains and media Protein extracts were assayed for alkyltransferase activity by
measuring the transfer of radioactivity froBH[MNU-treated
The E.coli strains AB1157, GWR11l (ABl157Aada  calf thymus DNA to acid-resistant protein as described previously
25::CanfAogt:Kan'), FC218 6gt-1:KanAada-25:Canf) and  (39). The incubation temperature of the assay wa€2hless
FC326 Ogt-1:KarfAada-25:Canf) were kindly provided by indicated otherwise. To investigate methylphosphotriester repair,
Dr Leona Samson. Strains FC218 and FC326 have, respectiveéfie same substrate was pretreated with excess of a truncated
an A'T-G:C and a G:C AT transition mutation in thelacZ  version of Ada (called Sx), containing only tB&-MeG repair
genes which make them unable to use lactose as carbon soyiggetion, and the DNA recoveredlq40). This substrate contains
(39). After MNNG treatment, strains FC218 and FC326 werdittle or noOB-MeG due to repair of this lesion by the Sx protein.
grown on minimal medium plates containing 0.025% thiamineThe sequence of oligo 320 used in the competition assay was
40ug/ml methionine and 0.025% glucose or 0.025% lactose. Fer-GGCGCAP-MeGGCGGTGTG and the control oligo 348
the preparation of bacterial extraktsoli strains BS21thyA his,  contained guanine in place@f-MeG at position 7. The oligos were
SulA adat) (36) and UC9784ada:Kan' Aogt:Tet) were used  annealed to their complementary oligo 313 before preincubation.
(37). Plasmid-transformed strains were grown in LC medium or
on LC agar plates, containing A@/ml ampicillin and the other  \s\NG-induced mutagenesis assay
appropriate antibiotics, at 3C.
Plasmid pwX1023 (human alkyltransferase cDNA cloned in
Cloning of the DMAGT cDNA pUC19) was kindly provided by Dr Leona Samsé)(The
MNNG-induced mutagenesis assay was performed as described
Based on the nucleotide sequence of the region of clone DS00Q@4). In brief, FC218 or FC326 cells, transformed with either
(38), which encodes a putative protein with homology to thgDMT2, pwX1023 or pUC18, were grown in LC medium to
human and S.cerevisiae alkyltransferases, primers DMT1 QODggg= 0.7 (5 x 13 cells/ml). The cells were washed with M9
(5-GAACCGACTTCCAGCTGTCC, sense) and DMT2 salts, treated with MNNG for 15 min at%7and washed again with
(5-CATCGGCCAGAAGCAGTTGC, antisense) were designedM9 salts. Finally, appropriate dilutions were plated on minimal
Total plasmid DNA, derived from @®rosophila embryonic  medium plates containing glucose or lactose as carbon source. The
cDNA library inA ZAPII (a kind gift of Dr Akira Yasui) was used number of colonies on the glucose plates was used to calculate the
as template for PCR reactions. Rapid amplification&nsls  number of surviving cells and the number of colonies on the lactose
(5-RACE) was performed according to the manufacturer'glates was used to calculate the number of LaeZertants/19
instructions (Gibco BRL). PCR products were cloned in pCR2.gurviving cells for FC218 and revertant§/Hirviving cells for
(Invitrogen) and sequenced. The primers used for the cloning pt326.
the DmAGT coding region were DMT11E (€ TCGAATTC-
GATGACGATGTGGATTGGCC) and DMT12H (BCG-
CAAGCTTAATAGTTCTTTGACTTTTCATCGG), containing
anEcadRI and aHindlll restriction site, respectively (underlined), The nucleotide sequence of thenAGTcDNA is listed in the
to facilitate subcloning. With these primers and genomic DNA aEMBL/Genbank database under accession no. AF063906.

Nucleotide accession number
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i SeRGT 1 T TR
Cloning of the DmAGT cDNA Saade. " 2 __t.ﬂm___ ;
Sequence analysis of alkyltransferases fiowoli, yeast and  saaer 30 grecpg-xersa
mammals indicated significant conservation at the amino aci 295 =° %f—‘f‘-"-‘;_ - r-";r.fﬁr, R
level. This conservation is most apparent in the C-terminal pai omag: 42 gcwﬁx-- ViG-S .JT%];E PKSELWKDfOA

of these proteins, which contain the cysteine acceptor site. Tt I
human (5-17) andS.cerevisia€9) protein sequences were used geoge
as a query to search tBeosophilasequence database with the =<2
TBLASTN algorithm @2), resulting in the identification of P1

clone DS0000438). Within the 30 kb sequence of this clone an feder 1
open reading frame (ORF) was identified, coding for a putative sozzr
protein with significant homology to the yeast and human o=asT
alkyltransferases. Based on the sequence of this ORF, prime uqacr
DMT1 and DMT2 were designed. With these primers a 134 by 2<0st
PCR product was obtained using total plasmid DNA from a ey
Drosophilaembryonic cDNA library as template. Thee®d of

the putativeDrosophila alkyltransferase gend)mAGT was
amplified with a vector-specific primer (M13) and DMT1, Figure 1. Alignment of alkyltransferase proteins. Protein sequences were
followed by a nested PCR with a second vector-specific primealigned using the ClustalW algorithm before shading with the Boxshade

; ; rogram (61). Black and grey boxes indicate identical and similar amino acids,
(T7) and DMTS. The same teChmque was used to ampllfy thgespectively. HsAGT, human alkyltransferase; Ec@gtoli Ogt; ScAGT,

5'-end of the cDNA using the vector _specific-primers Reverses cerevisiamlkyltransferase; DmAGD.melanogastealkyltransferase.
M13 and T3 and the cDNA-specific primers DMT3 and DMT4.

In addition, 5>RACE experiments using total ovarian RNA as

template were performed, showing 'aubtranslated region of at promotor of pUC18, was introduced irocoli strain GWR111
least 78 nt. Based upon these analyses, a composite cDNA of 69%dafer,ogt). Bacteria were treated with different doses of MNNG
was derived. Within this sequence a 582 bp ORF between nt 78 amdl plated on LC/amp plates. The next day individual colonies were
660 could be recognised, encoding a putative protein of 194 amioounted for survival. GWR111 cells and wild-type AB1157 cells
acids. The alignment of the DmAGT protein and alkyltransferasdmth transformed with pUC18 were used as controls. Figirews

from man,S.cerevisia@ndE.coli (Ogt) is shown in Figuré. The the relative survival for the indicated doses of MNNG. Almost no
overall identity of DmAGT with these three proteins varies betweeeell killing took place for the wild-type AB1157/pUC18 strain at
23 (human) and 30% (yeast). The identity in the C-terminal part 20 ug/ml MNNG, whereas for the GWR111/pUC18 strain at this
44% with yeast an#t.coli Ogt alkyltransferases and 49% with the dose <1% of the bacteria survived. Plasmid pDMT2 suppressed the
human protein. With the exception of the rabbit alkyltransferas&INNG-hypersensitive phenotype of GWR111 to almost wild-type
mammalian alkyltransferases are characterised by approximatddyel, demonstrating that tiBenAGTcDNA encodes a protein with

30 amino acids following the conserved region whereas Ogt aadkyltransferase activity. Similar results were obtained using a
the alkyltransferases from yeast dbobsophilalack this tail.  plasmid expressing the human AGIB),

Clone DS00004 has been localisedrbgitu hybridisation to the

region 84A1-84A2, on the third chromosome. This is @\ctivity of DMAGT protein in vitro

well-characterised part of tligrosophilagenome, including the ) o
antennapedia complex and fB@g84A gene, encoding a cuticle Crude extracts of.coli UC978 @dar,ogr) cells containing
protein @3). The DMAGT gene is localised proximal of the PDMT2 were used to assay alkyltransferase activityitro.
EdgB84A gene. Comparison of tBenAGTcDNA sequence to the Increasing amounts of protein extracts were tested at different
genomic sequence of clone DS00004 did not reveal any introl€Mperatures and the specific activities were calculated (Table
To determine whether tirosophilaalkyltransferase is encoded UC978 cells transformed with plasmid pHAT, containing the
by a single copy gene located in region 84A or additbnaAGT human methyltranferase cDNAY), were assayed in parallel.
genes are present, low stringency Southern blot hybridisatio§e temperature optimum for DMAGT extract appeared to be
were performed. The results were consistent with the presencec&7°C. The specific activity ofllL500 fmol/mg protein is

a singleDMAGT gene per haploid genome (data not shown)ﬂO—f_OId lower than observgd for _the human aIkyItre_msferase
Northern blot experiments indicated that MmAGT gene is  Protein at 27C, even though its optimum temperature iSG7
expressed at a very low level: hybridisation with a 0.7 kb RNA

could only be detected in early embryos and in ovaries (Kooistii@ble 1.Specific activity (fmol/mg protein) at various temperatures of
etal, preliminary results). extracts from bacteria expressing human Rrasophilaalkyltransferases

S - - FTRO
LPGTDFQR.

" Incubation t ture
DmAGT complements the MNNG-sensitive phenotype of an 2n20u aton en;%era ure ) 32 37

ada,ogt” E.coli strain

Drosophila 1030+ 240 1380+ 360 1250+ 150 730+ 170
To confirm that the isolatddmAGTcDNA encodes a protein with  melanogaster
alkyltransferase activity, the coding region was expressed ifyyman ND 16x 108 ND 20x 108
alkyltransferase-deficienE.coli cells. Plasmid pDMT2, which
contains th®mAGTcoding region cloned downstream of &2 ND, not determined.
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Figure 2. DMAGT rescues the MNNG-hypersensitive phenotypedaf,ogt K3
E.coli cells. Bacterial cultures were treated with the indicated doses of MNNG for
10 min at 37C and grown overnight on LC/Amp platas, AB1157/pUC18m, 20
GWR11l@da,ogt)/pUC18; ¢ GWR11l@ada ,ogt)/pDMT2. /
0 i
DmAGT HsAGT Ada
- 40
e
g . _ _ _ _
g | -— . Figure 4.DmAGT does not repair methylphosphotriestek$ Rrotein extracts
£ 30 /A/ of E.coliBS21 (a; enhance@da expression) or UC97&{ar,ogt) transformed
5 ./:/ with either pDMT2 @; DmAGTCcDNA) or pHAT (e ; HSAGTcDNA) were
=Y AAfA/ assayed for alkyltransferase activity using a modified substrate, which contains
2 2 _/‘ ‘e methylphosphotriesters and only small amoun®%MeG. B) Inhibition of
kS Aq alkyltransferase activity by oligonucleotide 320, containing a sibgisleG.
2 ZO’ The same extracts as used in (A) were preincubated for 1 h with the indicated
5] . . .. .
S 10 A./ oligonucleotides and assayed for alkyltransferase activity, using normal
& / substrate. The control 15mer oligonucleotide 348 contains a guanine at position
* 7, where oligonucleotide 320 contaid&MeG. Control activity was taken as
0 ! ! : ‘ ! 100% after 1 h preincubation of the extracts without oligonucleotide.
0 10 30 60 90 120

Time (minutes) extracts of UC978 expressing DmAGT or HSAGT showed very
little activity (Fig. 4A). In addition, the same extracts were
Figure 3. Time course oin vitro [3H]methyl group transfer under protein p_relncubated for 1 h with 3_15mer oligonucleotide containing a
limiting conditions. Escherichia coli protein extracts were assayed for singleO5-MeG lesion at position 7 and subsequently assayed for
alkyltransferase activity as described in Materials and Methads.  residual alkyltransferase activity, using the normal substrate. The
UC978@dar,ogt)/pDMT2; e , UC978adar,0gt)/pHAT. activity of the human alkyltransferase was almost completely
inhibited by this preincubation and the DmAGT activity was
o ] . inhibited by[B0%, as shown in Figu#B. However, the Ada
_ The kinetics of the alkyltransferase reaction were determingg}otein still showed considerable activity after preincubation with
in a time course experiment under protein limiting conditionsge O6-MeG-containing oligonucleotide, because the oligonucleo-
Crude extracts of UC978/pHAT were diluted T:#0id assayed e did not inactivate the phosphotriester alkyltransferase
for alkyltransferase activity with increasing incubation t'mesactivity. The residual activity seen in the case of the DmAGT
Extracts of UC978/pDMT2 were diluted only 1:10. The results Obrotein could be explained by less efficient repaiOBMeG
this time course experiment are shown in FiguReapid transfer present in oligonucleotides in comparison to genomic DNA.
of methyl groups was observed for the human anDibeophila.  preincubation with the same oligonucleotide without the
alkyltransferases. After 10—-15 min the activity of both proteingy6_peG lesion had no effect on the activity of either alkyltrans-
starts to level off, but a plateau is still not reached after 2 grase. Together these experiments indicate that DMAGT is not

indicating that after this period the alkyltransferase protein in thgctive on methylphosphotriesters in methylated DNA.
extracts is still accepting methyl groups from the DNA substrate.

To confirm that the DmAGT protein did not act on methylphos : : 6. -
photriester lesions in the substrate DNA, BS21 (Ada PmAGT Is resistant to O>-benzylguanine
UC978/pDMT2 and UC978/pHAT protein extracts were assayetiheE.coliAda and yeast alkyltransferase proteins are resistant to
using a modified substrate DNA containing methylphosphotriesteishibition by O%-benzylguanine@6-BeG) whereas mammalian
but little or noO®%-MeG. In contrast to the BS21 extract, thealkyltransferases lose their activity when preincubated with this
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120 DISCUSSION

100 &A——a—a A Alkylating agents introduce toxic, mutagenic and carcinogenic
ST T lesions into DNA. To counter the biological effects0$MeG
N and O*MeT, most organisms employ the DNA repair protein
80 - . Of-alkylguanine-DNA alkyltransferase (AGT) which transfers the
® methyl groups from the lesions to a cysteine residue in the protein.
o b \\ There is a significant degree of homology between alkyltransferases
. from bacteria, yeast and mammals: in particular, the C-terminal
regions of the proteins contain several stretches of highly conserved
amino acids. On the basis of such conserved sequences we identifiec
the alkyltransferase gene frdbomelanogasteby database screen-
ing using the human and yeast alkyltransferase sequences as
20 ’\ queries. To confirm that the isolated cDNA encoded an active
alkyltransferase, tlemAGTcDNA was introduced iadar,ogt
E.coli strains. Expression in these cells resulted in almost
complete rescue of these bacteria from the killing effects of
MNNG. More direct evidence that DmMAGT repadsMeG was
Concentration O5-benzylguanine (M) thein vitro transfer of methyl groups from methylated DNA to
protein by extracts addar,ogt™ E.coli cells expressingmAGT
Figure 5. DMAGT is resistant to06-BeG. Protein extracts oE.coli A rapld.tranSfer was observed in the. first minutes W.Ith .a.SIOWGr'
UC978@dar,ogt) were preincubated for 30 min with the indicated concentrations CONtiNUINg transfer for up to 2 h. This transfer was inhibited by
of 06-BeG. A, UC978/pDMT2;e , UC978/pHAT. Control activity is 100%  preincubation of the extracts with an oligonucleotide that
after 30 min preincubation witho@5-BeG. contained a singl®5-MeG residue. Similar to other eukaryotic
AGTs, DmAGT appears not to repair methylphosphotriesters

alkylated base4{,45). To test the sensitivity of DmMAGT to (Fig. 4A and B).
O%-BeG, protein extracts were preincubated for 1 h &€2¥ith A LacZ reversion assay was used to studyrtivvo repair of
different concentrations db®-BeG. Figure5 shows that con- 0°-MeG andO*-MeT in DNA. Expression ddmAGTefficiently
centrations up to M 08-BeG have no effect on the DMAGT suppressed the formation of methylation-induced-GACT and
activity whereas with the human protein a concentration oh:T - G:C transition mutations, indicating efficientvivorepair
0.08uM decreases alkyltransferase activity by 50% and thef O%-MeG andO*MeT by theDrosophila alkyltransferase.
activity is aimost completely lost at Q51 O°-BeG. Similar results based an vivo studies have been reported for
prokaryotic and eukaryotic alkyltransferasdd,49). In vitro

; 6. ) P studies using purified protein also demonstrated the removal of
DmMAGT repairs O5-MeG and O*MeT in vivo OB-MeG and0?-MeT lesions from DNA4G-48).
It has been shown that alkyltransferases feanoli, yeast and In crude extracts dt.coli, the specific activity oDrosophila
mammals repai®b-MeG andO*MeT in vitro (9,19,20,46-48).  alkyltransferase is extremely low in comparison with the human
In previous experiments we have shown that Dinesophila  alkyltransferase. Whilst this difference may be a consequence of
alkyltransferase also repa®§-MeG adductin vitro. In orderto  the reduced expression level of tEENAGT construct in
test whether DMAGT can also rep@#f-MeG andO*MeTin  comparison with the human alkyltransferase cDNA plasmid, it
vivo, pDMT2 was introduced into the alkyltransferase-deficientnight also be due to reduced stability of tBeosophila
E.colistrains FC218 and FC326. These strains have mutationsalkyltransferase, as has been observed for the yeast pgytdin (
their lacZ genes that can be reverted to Lasia a G:C>A:T  undiluted UC978/pDMT2 protein extracts, no alkyltransferase
transition and an A:T G:C transition, respectively. The LacZ activity could be measured after 24 h incubation on ice, whereas
reversions were measured as colonies that were able to growlh00 diluted UC978/pHAT extracts only showed minimal loss
minimal medium plates containing lactose. Treatment off activity after this period (data not shown). Furthermore, in
FC218/pUC18 and FC326/puUC18 with MNNG resulted in aontrast to the human alkyltransferase there was a 50% loss of
dose-dependent increase in the frequency of -GMO and DmAGT activity following a 1 h preincubation at 22 (data not
AT - G:C mutations, respectively (Fi¢). The induction of shown). It should be noted that this had no effect on the results of
transition mutations is extensively suppressed by expressiontbe inhibition experiment because all control levels were also
DmAGT indicating thaD8-MeG andO*-MeT adducts, respect- measured after a 1 h preincubation. These observations sugges
ively, are repaired by tHerosophilaproteinin vivo(Fig.6A and  a greatly reduced stability of tlerosophilaalkyltransferase in
C). Expression of the human alkyltransferase conferred fullomparison with the human protein (Tabje
protection against MNNG-induced G:CA:T transitions Extracts prepared from different stagesDobsophila develop-
(Fig. 6B). In the FC326 strain, a significant protection againsiment and from adult flies have been tested for the transfer of
A:T - G:C transitions by the human protein was observedadioactivity from PH]methylated substrate DNA to protein.
(Fig. 6D). Similar results have been reported for mouse alkylSurprisingly, transferase activity could only be detected in pupal
transferase4©) but protection against AT G:C mutations by extracts and not in protein extracts prepared from early embryos
the human alkyltransferase was not seen by Saetsain(41).  (34). Since northern blot hybridisations indicated the presence of
The fact that A:T- G:C mutations are induced at a relatively lowDmAGT transcripts in early embryos the possible absence of
level may be an explanation for this discrepancy. alkyltransferase activity does not seem very likely. Furthermore, the
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Figure 6. Biological evidence that DMAGT and human alkyltransferase réfaiteG and0*MeT adducts. LacZ reversionskicoli strain FC218 or FC326 were
induced by the indicated doses of MNNG. Cells were plated on minimal medium plates containing either glucose, to estimiaée tisurviving cells, or lactose,
to estimate the number of revertants. Note that the MNNG concentration for measuring:&: Transitions is 10-fold higher than for G:@:T transitions while
the revertant induction igL00-fold lower. A) A, FC218/pUC18;a, FC218/pDMT2. B) O, FC218/pUC18e , FC218/pWX1023.¢) A, FC326/pUC18;4A,
FC218/pDMT2. D) O, FC326/pUC18s , FC326/pWX1023.

data presented in Figufiecan also refute the suggested repair 0f52). The amino acids at these positions are not conserved in
N7-methylguanine and N3-methyladenine by DmAGE,§4). alkyltransferases from bacteria, yeast Bnosophila The only
There is considerable current interest in the inhibition oéxception is P132 frofa.coli Ogt (corresponding to P138 of the
alkyltransferase activity in mammalian cells, in order to improvéauman alkyltransferase) which is conserved i@&BeG-sensitive
the therapeutic use of certain alkylating agents in canc@roteins, suggesting a key role for this proline in@feBeG-
treatment. One of the most potent inhibitors so far described risediated inactivation of alkyltransferase.
06-BeG and all wild-type mammalian alkyltransferases are very Animal models have been generated to further elucidate the
sensitive to inhibition by this compound: tBecoli Ogt protein  biological function of the alkyltransferase proteif3456).
is sensitive, although much higher doses are necessary flaansgenic mice overexpressing tBesoli ada or the human
inhibition (45). The DmAGT protein is, lik&.coli Ada and the alkyltransferase gene show a reduced induction of thymic
yeast methyltranferase proteins, resistant to inactivation dymphomas by MNU %7). Furthermore, alkyltransferase null
06-BeG. Studies with site-directed mutant alkyltransferasenutant mouse strains are very sensitive to killing by MNU and
proteins have revealed several amino acid residues that could pnpw an increase in MNU-induced thymic lymphomas and lung
a role in the reaction witB%-BeG. Residue G160 of the human adenomas compared to alkyltransferase-proficient raig9).
alkyltransferase (corresponding to W161Eofoli Ada and to In Drosophila several third chromosome mutagen-sensitive
W177 of DmAGT) when mutated to W increase&BeG (mu9 mutants have been identified but none of theses
sensitivity by 3- to 5-fold whereas G160R mutation decreases theutations have been genetically mapped to region 84A, where
sensitivity by R0-fold (50,51). Furthermore, P138K, P140A and DmAGTis localised §0). Therefore, classical fly techniques are
G156A mutations all resulted in increased resistan@8-8eG  currently being used to isolate an alkyltransferase-deficient



Drosophilastrain. Such a strain could be very useful to study the?

mutagenic properties of specific chemotherapeutic drugs in 2
multicellular organism.
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