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Mutagenicity of 2-amino-3-methylimidazo[4,5f Jquinoline in
human lymphoblastoid cells

Phaik M.Leong-Morgenthaler?, Christel Op Het Velt, references therein). One of these compounds, 2-amino-3-
Etienne Jaccaud and Robert J.Turesky* methylimidazo[4,5quinoline (1Q), has also been found in
Institute of Pharmacology and Toxicology, University of Lausanne, cigarette smoke condensates (2). In addition to being a potent
Rue du Bugnon 27, 1005 Lausanne dhstleResearch Center, Nestec mutagen in the AmeSalmonellamutagenicity assay, 1Q is

Ltd, Vers-Chez Les Blanc, 1000 Lausanne 26, Switzerland Carcinogenic in rodents and non-human primates (3,4)_ In
?To whom correspondence should be addressed contrast to its mutagenic potency in the Ames assay, 1Q
Email: phaikmooi.morgenthaler-leong@ipharm.unil.ch is weakly mutagenic in mammalian cells, including those

2-Amino-3-methylimidazo[4,5f]quinoline (IQ), a hetero-  that contain cytochrome P450 1A2 and those that are
cyclic aromatic amine that has been identified in cooked deficient in nucleotide excision repair (5,6). It was subse-
meats and cigarette condensates, is mutagenic in human quently shown that the presence of both cytochrome P450
lymphoblastoid TK6 cells at the thymidine kinase and 1A2 and N,O-acetyltransferase (NAT2) are required for the
hypoxanthine-guanine phosph_oribosyl trar)sferas_e i‘(prt) activation of 1Q to its mutagenic metabolites (7,8). As shown
loci. Treatment of the cells with 1Q following activation in Figure 1, 1Q isN-hydroxylated by cytochrome P450 enzymes
with either an exogenous metabolizing mixture (S9) or to form N-hydroxy-IQ, and then esterified by NAT2 to yield
following photoactivation of the azido-derivative of 1Q (Ns- the reactiveN-acetoxy intermediate.
IQ) showed that the photolytic-derivative of Ns-IQ was Following metabolic activation, 1Q reacts with DNA pre-
more active. This observation is consistent with other dominantly at deoxyguanosine to form two adducts. The
reports that |nd|c§\te that the weak mutagenicity of 1Q in major adduct isN-(deoxyguanosin-8-yl)-2-amino-3-methyl-
mammalian cells is caused by the lack of enzymes required imidazo[4,5f]quinoline (dG-C8-IQ), followed by a minor
for the ultimate activation of the compound within the  adduct  5-(deoxyguanosiN-yl)-2-amino-3-methylimidazo-
cells. Two DNA adducts were found by*’P-post-labelling  [4,5-flquinoline (dG-N-IQ) (9,10). Similar adduct profiles
in the cells treated with the photoactivated N-1Q. The  are also found following?P-post-labelling of DNA from the
major adduct was identified as N-(deoxyguanosin-8-yl)- jiver, kidney and colorectum of rats treated with 1Q (11).
2-amino-3-methylimidazo[4,5f]quinoline (‘gG'CS—'Q) and  These adducts were also observed in cynomolgus monkeys
the minor adduct as _5-(d_eoxyguanzosm -yl)-2-amino-3- ndergoing a carcinogen bioassay (12). Eedial. (13) have
methyhmldazo[4,5-f]qumgllne (dG-N*-1Q). The ratio of the 4154 found guanine to be the preferred binding sites of IQ
dG-C8-1Q to the dG-N*-IQ adducts was ~3:1 and did ging 5 polymerase arrest assay. Many of the mutations reported
not significantly change in cultures treated with different IQ in vitro and in vivo involve guanine residues. For
concentrations of the mutagen. Approximately 50% of the o, 3 mpje two-base CG deletions were found to be induced by
addgcts were removed 9 h after treatment with 1Q and IQ, MelQ and 2-amino-1-methyl-6-phenylimidazo[Afpyri-
<10% of these adducts remained after 24 h. There was N0 yina ' (phip) inSalmonella typhimuriurTA 1538 (14). Haras
significant preferential repair of either adduct under the . asions observed in squamous-cell carcinomas induced in
experimental conditions used. The identification of 15 rat Zambal glands by 1Q, MelQ and MelQx are attributed
mutations induced at the hprt locus (of the 44 mutants o ; Le : :

.. . ; . rimarily to guanine-pyrimidine transversions in codon 13 (1).
analysed) showed IQ to be efficient at inducing single base P The )r/nutzggenic sggcificity of 1Q has been evaluateof i)n
deletions in a run of guanines. Six single guanine deletions Escherichi lusing the lact reversion VIA strain
were observed in the run of six guanines in exon Iil and cc?r?taeini% ?ch-gietgltrzaen;gr%zi Zcﬁv?to vx??e%btnd tSo abes
one qQIetlon of a smgle guanine was obse.rved in a non- more segnsi:[ive toy NQIQ or SQ-ac%;vated IQ-induced
repetitive sequence in exon VI. Other mutations observed toxicity and mutagenicity. The mutations observed were pre
were two GC-TA transversions, two GC-CG trans- ; ) . . . )

dominately —2CG and —1CG frameshifts. The ability to induce

versions, one AT-TA transversion and one GC- AT . .
transition. In addition, two multiple mutations were G- T transversions were not checked (15). Because reversion

found. The majority of the identified mutations (12/15) assays were used, the mutations observed may not reflect the
occurred at GC base pairs and suggests either the dG-C8— overall specificity of the compou_nd. Using the supF s_huttle
IQ or the dG-N2-IQ adduct to be the pre-mutagenic lesion. ~ VECtor system, 1Q was found to induced7% base substitu-
tions. The dominant mutations observed were Gtransver-
sions (16). Characterization of a limited number of the
Introduction mutations induced by IQ in thieprt gene of CHO-K1 mainly

The formation and presence of heterocyclic aromatic amineghowed the presence of base substitutions.@and A-C

(HAASs) in cooked meat and fish are well documented (1 andransversions were the predominating mutations observed. In
the reported study, 1Q induced a mutant fraction of only three

Abbreviations: ~ dG-C8-1Q, _N-(deoxyguanosin-8-yl)-2-amino-3-methyl- tg five times above that of the background; thus, it needs to

imidazo[4,5¢ Jquinoline; dG-N-IQ; 5-(deoxyguanosiiN-yl)-2-amino-3- ; : ;
methylimidazo[4,5]quinoline; HAAs, heterocyclic aromatic amines; 1Q, be confirmed whether all the characterized mutations are

2-amino-3-methylimidazo[4,5]quinoline; NAT2, N,O-acetyltransferase; |Q'indlj|ced (17). )
PhIP, 2-amino-1-methyl-6-phenylimidazo[4p¥pyridine. In this report, we show the mutagenic responses of a human
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Fig. 1. Metabolic activation of IQ by cytochrome P450 enzymes and\ij@acetyltransferase and an alternate activation pathway through the
photoactivation of N-IQ leading to the formation of the ddNQ and dG-C8-IQ adducts.

lymphoblastoid cell line TK6 to rat liver S9-activated 1Q and _ Following treatment, the cells were maintained as stationary cultures in

to photoactivated NMIQ. We have determined the adducts '_r—ﬂasks with daily dilut_ion to X 10° cells/ml _for 6 day_s before the (_jetermina—

. . tion of the mutant fraction in the hypoxanthine guanine phosphoribosyltranfer-
forme_d a”O! their removal*_ and also Charac_tenzed Som_e of thz?se fiprt) locus. Calculations to determine the mutant fractions were done as
mutations induced following treatment with photoactivateddescribed in Furttet al (21). Cells treated for adducts determination were
azido-1Q in these cells. maintained in stationary cultures in T-flasks for a period of 0, 4, 11, 24 or
51 h. After this time, the cells were spun and stored at —70°C until preparation
of their genomic DNA.

Determination of adducts b3?P-post-labelling

. . . TK6 cells were treated with NIQ as described above and genomic DNA
RPMI1640, glutamine, gentamycin and horse serum were obtained fron}aq jsolated by Qiagen chromatography. DNA digestion, adduct enrichment
Gibco, Life Technologies (Basel, Switzerland). 1Q was purchased from Torontg, 4 32p.post-labelling were done as described (18). Brieflyg0of DNA
Research Chemicals (North York, Ontario) and Moltox arochlor1254-induce%ere digested with 3.0/0.38 U of micrococcal nuclease/spleen phos-
rat liver S9 was from Molecular Toxicology (Boone, MD).5liQ was I;)hodiesterase at 37°C for 8 h. DNA adducts were then enriched by solid
synthesized as prewo_usly reported (18). Micrococcal nucleasg, nuclease ase extraction using a Bond-Elut C18 cartridge prior to post-labelling.
and spleen phosphodiesterase (type I) were purchased from Sigma (St Loulgyqycts were resolved with the following TLC solvents: D1, 1.0 M NBB,,
MO). Cloned T4 polynucleotide kinase was obtained from New Englande 5.8; D3, 3.6 M lithium formate, 8.5 M urea, pH 3.5; D4, 1.0 M LiCl
Biolabs (Beverly, MA). f2PJATP (7000 Ci/mmol) was obtained from ICN (5 M Tris—HCl, 8.5 M urea, pl-’l 8.0: D5, 1.7 M NéHO‘; pH 6.0. '

Chemicals (Irvine, CA). PEI-cellulose thin layer plates were from Machery- aqquct visualization and quantification were done with a Packard Instant
Nagel (Duen, Germany). Isoelute C18 end-capped cartridges (100 mg) Werghage Analyzer.

purchased from ICT AG (Basel, Switzerland). Qiagen tip-2500 columns, QIA . . .

amp genomic kit and the QIAquick Gel extraction kits were obtained fromAnalysis of mutations induced by 1Q

Qiagen AG (Basel, Switzerland). THemol cycle sequencing system was Mutation analysis were done on PCR amplified fragments of exon Ill from
purchased from Promega (Zurich, Switzerland). genomic DNA or RT-PCR fragments from total RNA. Genomic DNA and
Mutation assays total RNA were isolated from the mutants using the QIA amp genomic kit
Mutation assays using the TK6 human lymphoblastoid cells were performe@ﬂ% e?f%iﬁ?gg?gég&'égG%(.?g.rlg Avéﬁ;Ti?.?!g'e:ndusslr_]g AtTh: Age_ur of
as descr!bteq in ds.koggl‘\‘ﬂf‘l'églog) a”dl L'berta[;‘d Ir:"gy (f/lo)-thhe TK6 CzlIiOO/TATATATCCTCCAAGGTGACTAG-3 and sequenced with the primet-5
were maintained in suppiemented wi mit glutamine an AGGCCATCACATTG-3. The cDNA of thehprt gene were amplified and

horse serum. The cells were cultured in sterile flasks in an incubator maintaine p . ) ) -
A . - ] quenced using the primers described in Leong-Morgenthaler and Hsézha
0, m m
at 37°C with 5% CQ. The media used for experimental cultures were also 2). Following amplification, the bands of interest were isolated following

supplemented with 10% gentamycin. Prior to the mutation assays, the TK ioration i o e : : -
. - gration in 1.5% agarose gel and purified using the QIAquick Gel Extraction
cells were treated with CHAT medium to reduce the spontaneous mutants. Kit. The DNA sequence of the isolated fragments were determined using the

To determine the mutagenicity of 1Q, cultures of TK6 cells were treated, ; : :
with different concentrations of the compound in the presence of anf mol cycle sequencing system as described by the suppliers.

exogenous metabolizing system (1.5% rat liver S9) for 4 h. An alternate

route to generate the reactive intermediates of 1Q by the photoactivation dResults

Ns-IQ is shown in Figure 1. Treatment with 3NQ was performed by

the addition of different concentrations ofgfQ to cells suspended at a Responses of TK6 cells to IQ in the presence of S9

concentration of 5-810° cells/ml in phosphate-buffered saline (PBS) .
followed by the activation of the NIQ by irradiation of the cell suspension The responses of TK6 cells to 1Q activated by an exogenous

at 366 nm. Iradiation was done from a distance of 6 cm for 10 min using dnetabolizing system (1.5% S9 mix) are shown in Figure 2.
Spectroline ENF-260 UV lamp. Under these conditions, the mutant fractions observed in the
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Fig. 2. Responses of TK6 cells at thmwprt locus following treatment with

IQ. Cells were treated in the presence of different concentrations of IQ and

1.5% S9 mix as described in the text. The error bars show the SD of the

mutant fractions observed from two independent experiments. The observed

mutant fractions in the cultures treated with 28! and greater 1Q were
different @ < 0.05) from those observed in the non-treated cultures.
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Fig. 3. Responses of TK6 cells at theprt locus following treatment with
photoactivated KQ as described in the text.sNQ was activated by
irradiation of the cells in the presence of different concentrationsiQN

with ultraviolet light (366 nm). The error bars show the SD of the mutant
fractions observed from two independent experiments. The observed mutal
fractions in cultures treated with O|BM and greater WQ were different

(o < 0.05) from the non-treated cultures.

non-treated cultures werex30° whereas treatments with
25 uM 1Q resulted in mutant fractions of 241075, Treatment
with 8 uM 1Q did not result in a significanto( < 0.05)
increase in mutant fraction. The cultures treated withu®b

Mutagenicity of IQ in lymphoblastoid cells
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Fig. 4. DNA adducts found following treatment of TK6 cells with
photoactivated BHQ. (A) 500 fmol dG-C8-IQ and dGNIQ standards.
(B) DNA from TK6 cells treated with 0.45M N3-1Q. (C) DNA from
untreated cells.

fractions of 14.4107°. These induced mutant fractions were
3.5 times higher and significantly differermtt (< 0.05) than
those observed in the control cultures. To obtain similar
Jnutagenic responses, 23M of 1Q activated by S9 was
required, showing that the photoactivated-l) was at least
50-fold more potent than IQ activated by rat liver homogenate
(S9). To ensure that TK6 cells were not sensitized to the
mutagenicity of N-1Q by irradiation, cells were also irradiated
at 366 nm for 10 min, prior to treatment with IQ and S9 mix.
Pre-irradiation of the cells did not increase the mutagenic
response of TK6 to IQ activated by S9 mix (results not shown).

IQ or higher showed induced mutant fractions that were abNA adduct formation and removal in TK6 cells following

least 4-fold higher and differenti(< 0.05) than those in non-

treated cultures. The response was similar to that observ
following treatment of the cells with PhIP (22). Under the
same conditions, the two other heterocyclic amines, 4-Mel
and 4-MelQx, which have been found to be more active i
the Ames test, were not mutagenic and treatment of TK6 cel
with up to 200puM of these compounds did not induce any

genotoxic effects (P.M.Leong-Morgenthaler and J.Horlbeck

unpublished data).
Responses of TK6 cells tgNQ

To circumvent the inefficient activation of 1Q to its reactive
N-acetoxy intermediate, possibly because of the
expression of N,O-acetyltransferase within the cells, we
treated the TK6 cells with the photoactivateg-IQ (18).

n

treatment with N-1Q

e DNA adducts formed following treatment of TK6 cells
ith photoactivated MIQ were evaluated b3?P-post-labelling
Figure 4). The major lesion was the dG-C8-1Q adduct
and it accounted for ~60-80% of the observed post-labelled

aterial. The minor adduct, dG2NIQ, was also present, and
it accounted for 15-20% of the total radioactivity. Several
other adducts were detected, which may be the products of
incompletely digested oligomers of dG-C8-1Q (12,18). The
ratio of the dG-C8—IQ and the dG2NQ adducts did not
change significantly in the cells as a result of the different

lowdose treatments with NQ (Table 1). A dose-dependent

increase in adducts was observed as a function gt(N
treatment, which closely followed the induction of observed

Azides of arylamines and heterocylic arylamines have beemutations (Figure 3).

previously reported to chemically modify DNA after photo-
activation and result in mutagenesisSityphimurium(25,26).
Figure 3 shows the response of TK6 cells tg¢IR following
irradiation at 366 nm. Treatment of cells with 0.4 N5-1Q

The removal of the adducts was determined after treatment
of TK6 cells with 2.2uM of photoactivated BQ where 50%
survival of the cells was observed. Samples were taken at 0,
4, 11, 24 and 51 h post-treatment. There was no significant

activated by irradiation at 366 nm resulted in induced mutantlifference in the rate of the removal of the two adducts,
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could have altered expression of theprt. Southern blot
Table 1. Following treatment with the different concentrations of IQ analysis of the DNA of the mutants has not been done and,
activated by irradiation at 366 nM UV, DNA were prepared from the cells  therefore. we cannot exclude the absence of deletions within
and the adduct levels present measured®ypost-labelling that gené Because RT-PCR with primers within that
Concentration dG-RHQ adduct  dG-C8 adduct Total adducts ~ coding sequence of the total RNA of these mutants produced

of Ng-1Q (X109 base8 (X109 base8  (x10° based a fragment of the expected size (data not shown), it is unlikely

(uM) (SD) (SD) (SD) that they contain large deletions within the coding sequence
of the gene.

2;‘2‘5 %88 ((22)) 1%;2 ‘{;2)4) 333%73 ((6288)1) Of the mutations identified, six were located in the exon

45 1560 (369) 4058 (1005) 8544 (2643)  lll. All of these mutations were single base deletions in the

22 5109 (971) 21231 (3901) 35860 (5466)  runs of six guanine present in the exon. This run of six

guanines has been found to be a ‘hotspot’ in the mutations
induced by the frameshift mutagen ICR-191, but unlike the
mutations observed in the 1Q treated populations, those
mutations induced by ICR-191 were single base (guanine)

a 3%_post-labelling was performed in triplicate.

1200

1000

-]
S _— dG-C8-1Q additions resulting int-1 frameshifts (23,24). At this position,
X o single base deletions were also induced by another heterocyclic
= 400 dG-N2-IQ aromatic amine, PhIP (22). Apart from this one mutation, no
§ other hotspots were found in this collection of mutations.
200 Among the mutations observed, several different base substitu-
0 o e T tions were found. They were mainly transversions, including
T (hrs) two G_C_> TA mutations at positions 568 and 582, two GCG
O o mutations at positions 538 and 574 and an-ATA mutation
F at position 591. Of the GC TA mutations observed, the one
= o mutation observed in position 568 was also represented (2/39)
g 03 . in the PhIP-treated mutants. One G@T transition at position
o O . 599 was found. In the HPRT database, there are 10 entries for
o this mutation, of which four are derived from spontaneous
g o1 cultures. With the data available, we cannot conclude whether
Lo S I - this mutation is of spontaneous origin or induced by IQ.
0 2 40 & Among this limited collection of mutants, we found three
Time (hrs) mutations that were not represented inhipet database (HPRT
Fig. 5. Removal of adducts following treatment of TK6 cells with 2u®1 ?Rg‘)l/ysvlvserzrzggg Ti\oira'\:llg;[/aé?;?; i?fggz‘:‘ti’)an égan\;]\lyhilz:lf? )-
hotoactivated BQ. TK6 cells were grown for 0, 4, 11, 24 or 51 h )
?ollowing treatm%n? DNA was preparged from the cells and the adduct levelgesulted in the amino acid change of an aspartate to glutamate,
measured by?P-post-labelling as described in the text. The top panel a AT - TA transversion at position 591, which resulted in the

shows the quantity of the two adducts present at the different times. The Change of a glutamate residue to an aspartate and a single
lower panel shows the ratios of the two adducts at the different times. guanine deletion at position 403, which resulted in a -1

showing that there was no preferential removal of either adduc]c ameshift. Two multiple mutations that included a single base
9 P éﬁletion and a deletion of five bases were also observed.

(Figure 5). The adduct removal appeared to be biphasic wit hether all these new mutations represent true 1Q-induced

an initial higher rate of removal, which led to a loss of 50% : - :
of the adducts within 9 h. A slower decrease, which resultedmutatlons, or are of spontaneous origins, needs to be confirmed.

in a loss of ~90% of the adducts after 24 h, was observed )
following the initial phase. Discussion

Mutations induced by photoactivated-NQ in TK6 cells IQ was mutagenic to TK6 cells at concentratior®5 pM

To gain further insight into the mutagenicity of I1Q, we have following activation with an exogenous metabolizing (S9) mix.
characterized 44prt mutants that were isolated following The response of these cells to IQ is similar to those observed
treatment of TK6 cells with photoactivated;IN). Because following treatment with PhIP. Two other heterocyclic amines,
more than a third of the mutations following treatment with 4-MelQ and 4-MelQx were not found to be mutagenic under
the heterocyclic aromatic amine, PhIP were found in the exomthe conditions used. The mutagenic activities of HAAs in
Il of the gene (22), we initially focused on identifying these cells do not reflect their potencies as observed in the
mutations here. Subsequently, nucleotide sequence analygienes test, but are consistent with the responses seen in other
was performed on most of the cDNA of thprtgene following  mammalian cells, including Chinese hamster ovary cells (5).
amplification of the region by RT-PCR of total RNA from the Several studies have shown that the weaker potency observed
mutants. Of these 44 mutants, 15 mutations were identifieth mammalian mutation assays is the result of the lack of
and 10 others were found to be missing an exon (Table II)N,O-acetyltransferases in these systems (7). We observe that
Further characterizations of these mutants are necessary ti@atment of TK6 cells with photoactivated;INQ was at least
determine if they contain splice site mutations or genomics0-fold more active than treatment with the parent compound
deletions. The remaining 19 mutants that are resistant to 6 T@®llowing activation by rat liver S9. The increase in muta-
have not been characterized further. They could have attainegenicity is not caused by the sensitization of the cells as a
resistance because of a mutation in their trans membramesult of irradiation. Because photoactivateg-R does not
protein, which resulted in their inability to take up 6TG or require metabolizing enzymes for its ultimate activation to its
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Table Il. Types of mutation observed in photoactivategQ-treated populations

Class of mutations Positién Sequence contéekt Strand with No. observed
affected guanine

Transition GC- AT 599 ACTTCAGGGATTT NT 1
AT -GC 0
Transversion GG TA 582 CCTTGACTATAAT T 1
568 GTGTTAGGATATG NT 1
GC-CG 574 GGATATGCCCTTG NT 1
538 TTTGTIGGATTTG NT 1
AT -CG 0
AT - TA 591 TAATGAATACTTC 1
Frameshift -1 guanine 207 CTCA¥GGGGG NT 6
403 GTGGAAGATATAA NT 1
Multiple mutation§ -1 thymidine and 627 and 631 TTGGATGA and 2
deletion of 5 bp GAATTC CAGAC
Putative splice site mutatiots Not identified 10
Total 25

aThe position refers to the base pair on the coding sequence diptthgene. A mutation not present in the HPRT Mutation database (HPRT Analysis
Erogram 6.0; Mutabase Softbase) is denoted in bold.

The mutated base is shown in bold. In the case of a single deletion of a guanine in a string of guanines, all six bases are in bold as it is not possible to
distinguish the actual base deleted.

‘Both of these mutants were from independent cultures. They both contained a deletidnabposition 627 and deletion of five base pairs at positions
631-636.

dof these mutants, two were found to be missing exon V, three were missing exon VII and five were missing exon VIII. The actual mutations responsible
have not been identified.

reactive metabolite, we conclude that the weak mutagenicitAT — TA transversion and two multiple mutations that resulted
of IQ in TK6 cells is the result of the inefficient formation of in deletion of a thymidine and a 5-adenine-thymidine residue
the reactive metabolite of 1Q within the cell and is probablywere found. Whether these are I1Q-induced or
caused by the lack df,O-acetyltransferase activity in these spontaneous mutations are notknown. Because the mutants were
cells. isolated in a population that had a mutant fraction that was 4-

Following treatment of the TK6 cells with photoactivategtN  fold greater than the background, we could expect ~25% of the
1Q, two DNA adducts, the dG-C8-1Q adduct and another oneharacterized mutants to be of spontaneous origins. This would
present in lesser quantity (dG2NQ), were found. The DNA translate to four mutants in our collection. Because most of the
adduct profile was similar to that observed following treatmentharacterized mutations (12/15) and the IQ—DNA adduct were
of calf thymus DNA with photoactivated NQ or N-acetoxy— found at guanines, the dG-IQ adducts are candidates as the
IQ (18). There was a dose-dependent increase in both adducfse-mutagenic lesions. Further studies are needed to determine
which correlated with an increase in mutant fraction; howeverwhether the dG-C8—-IQ adduct or the dG-\D adduct, or both
the ratio of the two adducts did not change with increasigg N adducts are indeed responsible for the deletions and transver-
IQ concentration. Under treatment conditions that resulted irsions observed.
50% survival, ~90% of the adducts were removed after 24 h and
there was no preferential removal of either adduct. The lack oAcknowledgements
preferentlal adduct removal is !n ContraSt.to the slowly dIVIdmgWe thank Professor W.G.Thilly, MIT, USA for the TK6 cells and the reviewers
tissues of rodents, such as liver and kidney, where the dGgy their helpful comments. This work was supported by a grant from Nestec SA
C8-1Q adduct was removed more rapidly than the d&GHY  to P.L.-M. and C.O. and by the Swiss National Science Foundation (grant no.
lesion (11). 31-50743.97) to P.L.-M.

The 15 mutations that were identified inthe |Q-treated cultures
consisted of single base deletions (7/15) and transversions (Rleferences
15). MOSt of the mUtat.'onS. (12/15) 'dem'_ﬁed We.re at guan'r.]?s' 1. Wakabayashi,K., Nagao,M., Esumi,H. and Sugimura,T. (1992) Food derived
The single base deletion in the run of six guanines at position mutagens and carcinoge@ancer Res 52 (suppl.), 2092s—-2098s.
207 was represented six times in the 15 identified mutations.2. Yamashita,M., Wakabayashi,K., Nagao,M., Sato,S., YamaizumiZ.,
From this observation, we propose that such a sequence is a Takahashi,M., Kinae,N., Tomita,I. and Sugimura,T. (1986) Detection of 2-
hotspot for IQ-induced deletions. The same hotspot was also ?”ggﬁg:“gég%mﬂ%{‘ﬁ’zﬂq“'”0"”e'"C'garette smoke condensaien
found in PhIP-induced mutants (22). Whether this hotspot muta-3 ongaki,H., Hasegawa,H., Kato,T. SuenagaM., UbukataM. Sato,S.,
tion is a signature for 1Q and PhIP awaits confirmation by the Takayama,S. and Sugimura,T. (1986) Carcinogenicity in mice and rats of
analysis of more mutants using the mutational spectrometry r{eterocyclic amines in cooked foodnviron Health Perspect 67, 129—
appro_ach (27). Neare.St nelg_hbour analysis of the remainin 4. Thorgeirsson,U.P., Snyderwine,E.G., Gomez,D.E. and Adamson,R.H.
mUta.t'ons at the guanine residues showed a pre_ference for ar (1996) Dietary heterocyclic amines as potential human carcinogens:
adenine (4/6) 5to the mutated base. However, unlike the PhIP- experimental data from non-human primatesvivo, 10, 145-152.
induced mutations, no preference for a guaninte the mutated 5. Thompson,L.H, Carrano,A.V., Salazar,E., Felton,J.S. and Hatch,F.T. (1983)
base was observed. Because of the small number of mutations Comparative genotoxic effects of the cooked-food related mutagens Trp-P-

. . . . 2andIQinbacteriaand cultured mammalian célistat Res, 117, 243-257.
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