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Abstract

Heterocyclic amines (HCAs) and -carbolines, carcinogenic substances, are produced when amino acids and creatine in food
react in a high-temperature environment. Some of them are reported to be rodent carcinogens and potent mutagens and to
have co- clastogenic effects by inhibiting the incision step in DNA excision repair. In this study, we studied the mechanisms
of their inhibition of DNA excision repair. HCAs (Trp-P- 1, IQ, and Me IQ) suppressed comet responses by UV. Since they
were antagonistic to novobiocin that is an inhibitor of ATPase subunit of topoisomerase acting the in the incision step of
excision repair and the removal of cyclobutane pyrimidine dimers (CPDs) induced by UV was suppressed by Trp-P-1 and 1Q,
they were considered to inhibit the incision step of excision repair. On the contrary, f-carbolines (harman and norharman)
enhanced comet responses by UV. Since they were antagonistic to cytosine-1-B-D arabinofuranoside that is an inhibitor of
DNA polymerase acting in the re-synthesis step of excision repair, they were considered to inhibit the re-synthesis step of
excision repair. Based on thesis results, HCAs and (3-carbolines were concluded to inhibit the incision and re-synthesis steps
of excision repair, respectively.

Keywords: Mycotoxins; Probiotic; Biotransformation; Microbiota; Detoxification

Keywords: Heterocyclic Amines; B-carbolines; Amino Introduction

Acid Pyrolysates; Comet Tails; Inhibition of DNA Repair

Abbreviations: HCAs: Heterocyclic Amines; IARC:
International Agency for Research on Cancer; NER:
Nucleotide Excision Repair; CPDs: Cyclobutane Pyrimidine
Dimers; MMS: Methyl Methanesulfonate; SSBs: Single Strand
Breaks; BER: Base Excision Repair.

How do Heterocyclic Amines, Amino Acid Pyrolysates, Inhibit DNA Repair

Heterocyclic amines (HCAs), carcinogenic substances,
are produced when amino acids and creatine in food react
in a high-temperature environment. They are especially
present in large amounts in burnt parts of fish and meat, and
in smoke [1]. About 20 types have now been reported, and
have been recognized as carcinogenic by the International
Agency for Research on Cancer (IARC) [2]. B-Carbolines,
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such as harman and norharman, have also been detected in
pyrolysates of tryptophan [1]. HCAs have also been reported
to be rodent carcinogens [3,4], and 1Q was demonstrated
to induce hepatocellular carcinoma in monkeys [5]. We
have already shown that HCAs and (-carbolines show co-
clastogenic effects by inhibiting the incision step in the
nucleotide excision repair (NER) [6]. In this study, we studied
the mechanisms of their inhibition of DNA excision repair.

Materials and Methods

Cells

TK*- heterozygotes of WTK1 human lymphoblastoid
cells exhibiting mutant-type p53 (kindly provided by Dr.
Honma, National Institute of Health Sciences, Tokyo) were
used. WTK1 cells were maintained using RPMI 1640 medium
(Nissui Pharmaceutical Co., Ltd.) supplemented with 10%
horse serum (SAFC Biosciences), 200 pg/mL sodium
pyruvate and 200 pg/mL streptomycin at 37°C under a 5%
CO, atmosphere.

Cell Treatment with Mutagens: This study was conducted
as the experimental design described in our previously
study [7,8]. Cells at 5 x 10° cells/mL were exposed to 40
pg/mL methyl methanesulfonate (MMS, Sigma Chemicals
Inc.) or 5 pug/ mL bleomycin (BLM, Wako Pure Chemical
Industries, Ltd). Immediately after the chemical treatment,
cells were exposed to each HCA with and without DNA repair
inhibotors. To irradiate to UVC, 1 mL of cell suspension in
saline (5 x 10° cells/mL) in a 6-cm dish was irradiated with
a germicide lamp (National GL15, 15 W, Matsushita Electric
Industrial Co., Japan) at 10 J/m?2

Detection of CPD: Cells exposed to UVC at 10 J/m? were
post-treated with Trp-P-1, 1Q, MelQ, or harman at 50 pg/mL
for 2 h. UVC induced cyclobutane pyrimidine dimers (CPDs)
were detected using High Sensitivity CPD ELISA kit (Cosmo
Bio Co.Ltd) immediately after the irradiation and the post-
treatment for 2 h with HCAs.

Comet Assay: Cells exposed to UVC were post-treated with
each HCAs for 2 h in the presence and absence of the DNA
repair inhibitors cytosine-1-B-D-arabinofuranoside (araC,
1.8 mM) with and without novobiocin sodium (NOV, 285.5
pug/mL). Both inhibitors (Wako Pure Chemical Industries,
Ltd.) were dissolved in DMSO. Treated cells were suspended
in 1% agarose-LGT at 5x105 cells/75 uL, and 75 pL of cell
suspension was immediately deposited on a fully frosted
slide (Matsunami Glass Ind., Ltd., Osaka, Japan), which
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was coated with 1% agarose GP-42 and then covered with
another slide glass. The slides were placed so as to allow
the agarose to gel. The samples on the slides were then
immediately exposed to a lysing solution (pH 10) of 2.5 M
NaCl, 100 mM EDTA disodium (Na,EDTA), 10 mM Trizma,
1% sarkosyl, 10% DMSO and 1% Triton X-100, and left at
4°C for 1 h. The slides were then placed on a horizontal gel
electrophoresis platform and covered with pH>13 alkaline
solution composed of 300 mM NaOH and 1 mM Na,EDTA.
The slides were left in solution at 0°C for 20 min to allow
unwinding of the DNA and expression of alkali-labile sites
to occur. The power supply was set at 25V and 250 mA. The
DNA was subjected to electrophoresis at 0°C for 20 min
and the slides were rinsed with 400 mM Trizma (pH 7.5) to
neutralize the excess alkalinity. Each slide was stained with
50 pL of 20 pg/mL ethidium bromide (Wako Pure Chemical
Industries, Ltd.) and covered with a cover slip. Fifty cells on
one slide per dose (one slide was prepared for each dose)
were examined and photographed (black and white ASA
400 Fuji film) at 200x magnification using a fluorescence
microscope (Olympus) equipped with a G filter. The tail
length of the comet was measured. The effects of chemical
treatment on tail length and CPD were analyzed using
ANOVA and the Dunnett test.

Results

The effects of HCAs on the tail length induced by UV
are shown in Figure 1. In WTK1 cells exposed to UV at 10
J/m?, Trp-P-1, 1Q, and MelQ decreased tail length statistical
significantly in the presence and absence of araC. However,
they did not affect tail length in the presence of NOV. PhIP did
not affect tail length in the presence and absence of repair
inhibitors. They did not induce tail length in UV- unirradiated
cells. As shown in Figure 2, Trp-P-1, 1Q, and MelQ but not
PhIP also decreased tail length statistical significantly in
cells exposed to 40 pg/mL MMS but not 5 pg/mL BLM. On
the contrary, harman increased tail length induced by UV
and MMS but not BLM statistical significantly without araC
but not with araC (Figures 3 & 4). Although norharman also
increased tail length induced by UV, its enhancing effect
was smaller than that of harman and enhancing effect was
not observed against MMS. Harman and norharman did not
induce tail length in UV-unirradiated cells. CPD induced by UV
decreased statistical significantly at 2 h after UV exposure, in
the absence of HCAs. The decrease in CPD was also detected
in the presence of harman. In the presence of Trp-P-1 and 1Q,
however, CPD did not decrease statistical significantly at 2 h
after UV exposure (Figure 5).
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Figure 1: Effects of HCAs on comet responses by UV in WK1 cells. Comet slides were prepared after UV irradiation at 10 ]/
m? followed by the culture for 2 h with HCAs in the presence and absence of 1.8 mM araC, and with and without 285.5 pg/mL
NOV. The error bars indicate standard deviation of the mean of three independent trials. Significantly lower than 0 pg/mL HCA
control: p<0.05.

Figure 2: Effects of HCAs on comet responses by MMS and BLM in WK1 cells. Comet slides were prepared after the culture for
2 h with HCAs after 1-h exposure to 40 pg/mL MMS or 5 ug/mL BLM. The error bars indicate standard deviation of the mean
of three independent trials % Significantly lower than 0 pg/mL HCA control: p<0.05.
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Figure 3: Effects of -carbolines on comet responses by UV in WK1 cells. Comet slides were prepared after UV irradiation at
10 J/m2 followed by the culture with -carbolines for 2 h with and with and without 1.8 mM araC. The error bars indicate
standard deviation of the mean of three independent trials. % Significantly higher than 0 mg/mL B-carboline control: p<0.05.

Figure 4: Effects of 3-carbolines on comet responses by MMS and BLM in WK1 cells. Comet slides were prepared after culture
for 2 h with B-carbolines after 1-h exposure to 40 pg/mL MMS or 5 ug/mL BLM. The error bars indicate standard deviation of
the mean of three independent trials. % Significantly higher than 0 pg/mL 3-carboline control: p<0.05.
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YSignificantly higher than HCA-free control at 2 h: p<0.05.

Figure 5: Effects of HCAs and Harman on CPD induced by UV in WK1 cells. CPDs were detected immediately after UV irradiation
at 10 J/m?and after the culture for 2 h with HCAs and Harman following to UV irradiation. The error bars indicate standard
deviation of the mean of three independent trials. % Significantly lower than HCA 0-h treatment control: p<0.05.

Discussion

The comet assay detects single strand breaks (SSBs)
produced as initial lesions and also those that are generated
during the repair of initial lesions such as alkylated bases,
bulky base adducts and CPDs [9].

It is known that CPDs are repaired by NER, which
consists of the following four steps: recognition of the DNA
lesion, excision of a 24-32 nucleotide stretch containing the
lesion by dual incision of the damaged DNA strand on both
sides, filling in of the resulting gap by DNA polymerase and
ligation of the nick.

During the process, SSBs are produced as intermediates,
which can be visualized as a comet tail in the comet assay.
Therefore, the inhibition of SSB formation in the incision step
and promotion of SSB disappearance in the re-synthesis step
would result in the suppression of comet responses [7,8].
The DNA re-synthesis inhibition by araC is due to either
direct inhibition of DNA polymerase when araCTP is bound
to the dCTP binding site of the enzyme, or indirect inhibition
through araCMP incorporation into a repaired region of DNA
rendering it unsuitable for further polymerase action [10].
In the case of harman and norharman, their effects on comet
responses were canceled by araC, suggesting that araC is
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antagonistic to them. Therefore, the enhancement of comet
responses by them would reflect the increase in comet-
detectable SSB by inhibiting the re-synthesis step. HCAs and
B-carbolines studied here did not affect tail length in cells
not irradiated to UV, showing that they did not induce comet
tails by themselves. In the case of Trp-P-1, 1Q, and MelQ,
their suppression effects on comet responses were canceled
by NOV, suggesting that NOV is antagonistic to them. NOV
which is an inhibitor of ATPase subunit of topoisomerase is
considered to inhibit the incision step [11] to decrease tail
length. UV induced CPD decreased 2 h after the irradiation
of UV, showing removal of CPD by NER. This decrease was
not observed in the presence of Trp-P-1 and 1Q that showed
decreases in tail length, supporting the possibility that the
decrease in tail length is due to the inhibition of the removal
of CPD in NER. HCAs studied affected tail length induced by
UV and MMS but not BLM. UV and MMS induce damaged
bases that are removed by the NER and base excision repair
(BER), respectively, but BLM induces SSBs that are not
repaired by the excision repair [12,13]. These results are
considered to coincide with our consideration that HCAs
inhibit the excision repair step. Based on those results,
HCAs and B-carbolines were concluded to inhibit the incision
and re-synthesis steps of excision repair, respectively.
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