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Ames TATAM Tracing DNA adducts
in targeted mutagenesis
GG-NER TC-NER
PhIP  TLS APC
PhIP DNA
in vitro in vivo
TLS in vivo Green fluorescent protein GFP
TLS PhIP eGFP FLO1
dG dG-N2 FLO1
06
GA dG-06-GA DNA
DNA Ames
Salmonella typhimurium  TA100
TATAM DNA 1,2-DCP(15000ppm) 2
DNA DAN DNA
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dG-C8-1Q DNA
(PCA)
2 1,2-DCP
DNA dG-C8-PhlIP DNA
dG-C8-PhlIP
NER
NER GG-NER XPC
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TC-NER ERCC6 CsSB
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MelQx

IQ DNA 0.6%
3ml  THF
4 443 mg 0.05mmol I1Q 221 mg FLO1I mRNA
0.1 mmol xantphos 30.2 mg 0.05 mmol
Cs2C03 33.6 mg 0.1 mmol Pd2(dba)3 10.6
mg 0.01 mmol microwave H3
100 6h
DMSO DMF toluene FLO1
JohnPhos SPhos XPhos DavePhos
t-BUOK NaPO4 GFP
FLO1
in vitro FLO1
DNA
DNA dG-C8-PhlIP
PCA 1,2-DCP
TSCER122 DCP22 [m/z 368.1560; M+H] DCP86
dG-C8-PhlIP [m/z384.1514; M+H)]
TATAM
164 6 dG-C8-PhlIP MS/MS
4.2% DCP86
2 DCP22
1.4% 5.6% DCP86
DCP22
1.7% Yasui, M. et al., DNA repair 15,
11-20 (2014) dG-C8-PhlIP
3 DNA
XPC KO ERCC6 KI dG 8 (8-Br-dG)
dG-C8-PhlIP
XPC KO 186
4 dG PhIP
2.4% ERCC6KI 172 Buchwald
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DNA dG-C8-PhIP
HCA PhIP DNA
DNA NER DNA
NER
NER GG-NER NER TC-NER
HCA
GG-NER TC-NER XPC ERCC6
dG-C8-PhIP
TSCER122 dG-C8-PhIP
164
6 dG-C8-PhIP 4.2%
2 1.4% 5.6% dG-C8-PhIP
dG-C8-PhIP dG
1.7% dG-C8-PhIP
3
XPC ERCC6 dG-C8-PhIP
2.4% 0.6%
dG-C8-PhIP DNA
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HCA 2-amino-1- PhiP
methyl-6-phenylimidazo[4,5-b]pyridine PhIP
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TC-NER

XPC XPC
ERCC6 CSB

KO Kl
TATAM
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D
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N
(o) OH

OH

dG-C8-PhIP DNA

TSCER122 TK6
Honma, M. et al,
Environ. Mol. Mutagenesis 42, 288-298 (2003)
Yasui, M. et al., DNA repair 15, 11-20 (2014)
XPC KO TSCER122
CRISPR/Cas9

uv ERCC6
TSCER122 ERCC6 CSB
K337* Kl

Troelstra et al, Cell 71, 939-953 (1992)
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uv
10% JRH Bioscience 200 pg/mL
( ) 100U/mL
100 pg/mL
() RPMI
() 37 5% CO2
PhIP
PhiP CAS NO.
105650-23-5 DMSO
S9mix

()

0 25 5 7.5pg/mL
0 1 2 3ug/mLL Duc etal., Mutat. Res.

486, 155-164 (2001) 1000
rpm, 5
1000 rpm, 5
10%
8
cells/mL 1.6 cell/ 96
2
PhIP
( 1x108cells/mL) 5mL
RPMI-0 3.3mL
S9 mix 1.5mL
PhIP 0.2 mL
10 mL
Cloning
efficiency (CE)
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T™W N
N
=16
CE In EW TW N



CE
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113

? 5x106 cells

CE CEx

RS %
DMSO 100 %
Dunnett
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CEx100

dG-C8-PhIP

dG-C8-PhIP

PCR 5-
Arakawa, T. et
al., Anal. Biochem. 416, 211-217(2011)
PhIP

Yasui, M. et al., DNA repair 15, 11-20 (2014)
dG-C8-PhIP
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Takamura-Enya T. et
al., Chem. Res. Toxicol. 19, 770-778 (2006)
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3
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PCR 4
PCR 5
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Yasui, M. et

al., DNA repair 15, 11-20 (2014)
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I-Scel
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TK [/
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TK |/
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TATAM Tracing DNA

adducts in targeted mutagenesis

pTK15

Honma, M. et al.,

Environ. Mol. Mutagen 42, 288-298
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5’
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5x106 cells/100 pL
TSCER122 pCBASce 50 pg ~ pvITPhIP
ng
75 cm2 3
37 5% COz2
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al., DNA repair 15, 11-20 (2014)
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2 dG-C8-PhIP TSCER122 TATAM
TSCER122
Exp.1 Exp.2 Subtotal CACGAG
Mutation 5) 3 8 - 1. CACAGG Non-targeted
No mutation 70 64 134 2. CACGCG Non-targeted
ND 0 0 0 3. CTCGAG Non-targeted
Msel $ 13 22 4. CDCGAG Non-targeted
Seq.ND 8 20 28 5. CACGAC Non-targeted
total 96 96 6. CACGGG Non-targeted
Total analyzed 164 7. Large deletion Large Del
Total targeted(Msel ) 142 8. Large deletion Large Del
Targeted Freq(%) 86.6 D; One-base deletion
MF (%) 6.7 45 Ave. MF(%) 56
3 dG-C8-PhIP XPC KO TATAM
XPC KO
Exp.1 Exp.2 Subtotal CACGAG
Mutation 2 2 4 - 1. CACAAG Non-targeted
No mutation 83 82 165 2. CACGAA Non-targeted
ND 0 0 0 3. CACGDG Non-targeted
Msel $ 17 4. CATGAG targeted
Seq.ND 3 3 6 D; One-base deletion
Total 96 96
Total analyzed 186
Total targeted(Msel %) 169
Targeted Freq(%) 90.9
MF(%) 24 24 Ave. MF(%) 24
4 dG-C8-PhIP ERCCE6 Kl TATAM
ERCCE6 Kl
Exp.1 Exp.2 Subtotal CACGAG
Mutation 0 1 1 - 1. CACCG Non-targeted & Multi
No mutation 86 77 163 One-base deletion
ND 0 2
Msel 3 4 6
Seq.ND 4 16 20
Total 96 96
Total analyzed 172
Total targeted(Msel 7 166
Targeted Freq(%) 96.5
MF(%) 0.0 13 Ave. MF(%) 0.6
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5 dG-C8-PhIP TATAM
TSCER122 XPC KO ERCC6 Kl
Mutation spectrum Number (%) Number (%) Number (%)
C-G 0 0 0
C-T 0 1 0.6 0
C-A 0 0 0
Large Del 2 14 0 0
Targeted Multi 0 0 0
Non-targeted & Multi 0 0 1 0.6
Non-targeted 6 42 3 18 0
No mutation 134 94.4 165 97.6 163 98.2
ND 0 0.0 0 0.0 2 12
Total targeted (Msel?) 142 100 169 100 166 100
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DNMT DNMT

DNMT

FLO1

S. cerevisiae YPH250 (MATa
trpl-A1  his3-A 200 leu2-A1 Iys2-801
ade2-101 ura3-52) University of
California at Berkeley, CA, USA

YPH250/pY2_3 (MATa ade2-101 his3-A 200
Teu2-A 1 1ys2-801 trpl-A 1 ura3-52 pYES2CT

PYES3CT) YPH250/pY2hD1_ pY3hD3B (MATa
ade2-101 his3-A 200 leu2-A1 1ys2-801
trpl-A 1 ura3-52 pY2hD1 pY3hD3B)

DNMT

2.

3. FLOI

Green fluorescent protein  GFP
eGFP Appl Microbiol
Biotechnol. 2010 Sep;88(1):277-82.

FLO1

pRS313
Smal Sacl eGFP
Sal I-EcoRV
PCR FLO1
-1,000 - - 1
p313F1GYeGFP
4.
Synthetic Dextrose (SD) -Trp/-Ura
-Trp/-Ura/-His
MilliQ -Trp/-Ura DO

Supplement (Clontech, USA) 0.072%
-Trp/-Ura/-His DO Supplement (Clontech,

USA) 0.07%

Acids (Becton and Dickinson, USA) 0.67%

Yeast Nitrogen Base w/o Amino

(121 20 min) 20%
(Wako, Osaka, Japan)
2.0% 4
5.
SD -Trp/-Ura

30

Relative Tflocculation
activity m
©

Relative flocculation activity = 100 x
(1/C)

6. Reverse-Transcription (RT)-PCR
SD -Trp/-Ura

RNA
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Super Script® One-Step RT-PCR with
Platinum® Tag (Life technologies, USA)
RT-PCR

7. Western blot
SD -Trp/-Ura

rabbit polyclonal anti-

histone H3 (ab1791; Abcam, Cambridge, UK)

mouse monoclonal anti-f -actin
(ab8224; Abcam)
Western blot
anti-rabbit/mouse Immunoglobulin G
antibodies (Jackson Immunoresearch Labs,
West Grove, PA, USA)

SD -Trp/-Ura
100 ng/mL
4" ,6-diamidino-2-2-phenylindole (DAPI;
)
Olympus FluoView FV1000 with an 1X81

inverted microscope

9. FLOI

P313F1GYeGFP

SD -Trp/-Ura/-His
24-26
Excitation,
485 nm; Emission, 535 nm
TriStar? LB 942 (Berthold Technologies
GmbH & Co. KG, Bad Wildbad, Germany)

0D600
10.
Dunnett’ s
post hoc test
C
FLO1
0 - 500 nM
1A RT-PCR
FLO1
0 - 1,000 nM
1B
2.
H3 Mutagenesis.

2016 Nov;31(6):687-693.

Western blot

H3

O —

1,000 nM

H3

DAPI
DNA
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DNA  DAPI
3
4. FLO1
FLOI mRNA
FLO1
FLO1

0 GFP
- 250 nM GFP

0
- 2.0 uM

0 - 400 pM
4
D
FLO1
FLO1
E
FLO1
FLO1
FLO1
FLO1
FLOI
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Sugiyama, K., Furusawa, H., Graz, P.
and Honma, M: Detection of epigenetic
mutagens including anthracene-derived
compounds using yeast FLOI promoter GFP
reporter gene assay, Mutagenesis 32,

429-435 (2017).

Sugiyama, K., Furusawa, H., Gruz, P.
and Honma, M: Functional role of DNA
methylation at the FLOI promoter in
budding yeast, FEMS Microbiol. Lett.
364, doi: 10.1093/femsle/fnx221 (2017).

Sugiyama, K., Furusawa, H., Gruz, P.
and_Honma, M: Detection of epigenetic
mutagens by GFP reporter activity
driven by yeast FLOI promoter,
Environmental Mutagenesis & Genomics
Society 48th Annual Meeting (2017, 9
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1 FLO1

DNA
Forward 5" - CCCGTCGACAAAAAAGTGCATTTATTTAG -3’
Reverse 5" - GGGAAGCTTTTTTGGATGTTCTGTTTACTGGTGACAAGA -3’
2 RT-PCR
Primer DNA

o1 RT1A (Forward) 5 -CTCATCGCTATATGTTTTTGG-3’

RT1B (Reverse) 5 -CGAGTAAACAACCTTCATTGG-3’
ACT1 RTactA (Forward) 5' -ATTCTGAGGTTGCTGCTTTGG-3’

RTactB (Reverse) 5’ -GAAGATTGAGCAGCGGTTTGC-3’
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GFP fluorescence
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Salmonella typhimurium TA100 D

1,2-DCP(15000ppm) 2

DNA
DNA E.
DNA
(AB SCIEX, TripleTOF TT6600) 1
(PCA) 1,2-DCP
(Peak View; AB SCIEX)
1.
1,2-DCP DNA
2.
PCA
DCP
PCA Loding
plot 1,2-DCP
DCP22 [m/z 368.1560;
M+H] DCP86 [m/z384.1514; M+H] 3.
DCP
DCP22 DCP86
MS/MS 4.
-116.0474
neutral loss DCP86
[m/z 152.0562]
DCP22 [m/z 5.
136.0617]
DCP86
DCP22
[m/z 117.05; M+H] 6.
DCP22 DCP86
dA dG
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