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CRISPR/ Cas9
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500 pg/mL
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Relative flocculation activity
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Relative flocculation activity = 100 x (T/C)
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NER DNA
NER
NER NER 2
DNA
NER NER
HCA
NER XPC
XPC NER
ERCC6 CSB
CRISPR/Cas9
KO Kl
DNA NER

TSCER122 TK6

Honma, M. et al, Environ.

Mol. Mutagenesis 42, 288-298 (2003) Yasui, M. et al.,
DNA repair 15, 11-20 (2014) 10%

JRH Bioscience 200 pug/mL
() 100 U/mL
100 pg/mL
() RPMI ()
37 5% CO,
XPC KO
XPC KO
CRISPR/ Cas9
CRISPR/Cas9 6 ug
2 2pg  TSCER122
5x10°cells  Neon Transfection System 1350

V, 10 mS, 3 pulses
20mL RPMI 37

48
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96

14 G418 500 pg/mL
500 pg/mL
CRISPR/Cas9
DNA
XPC
ERCC6 KO Kl
ERCC6 KO
CRISPR/Cas9
ERCC6 KiI ERCC6 CSB
K337* Kl

Troelstraet a, Cell 71, 939-953 (1992)

CRISPR/Cas9
10% SDS
PVDF
5% 1% BSA
Can Get Signal Immunoreaction enhancer solution
CSB
sc-25370 XPC
ah6264 ()



ab7291 () 1 10

0.05% Tween20 PBS SYBR Gold
109G Life Technologise Co. TE 10,000
GE () CCD AVT
Firewire CCD
OLYMPUS BX-50 200
100 /
RPMI Comet Assay IV Perceptive
35 mm x 100 mm Instruments Ltd. Tall
25x 106 5mL 2.7 W/m? Intensity Dunnett Excel
uv UvVC 254 nm 2010
uv UV-light meter (Lutron)
1.6 cellgmL
96 XPC KO
XPC
CRISPR/Cas9 KO 32
mRNA 19 59 %
105cells
PBS
RNeasy mini kit Total
RNA Surperscript 111 First strand XPC
synthesis system XPC KO
Total RNA 10 ng XPC KO
PCR
ERCC6 K
ERCC6
4 CRISPR/Cas9 KO
RPMI
DMSO 10viv%
20mM EDTA Sigma HBSS Life
Technologise Co. 0.45%
K337* ERCC6 Kl
1.5% Sigma 56 3
5.4 %
K337*

pH>13 401 20
300mA 36V 20 CSB
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ERCC6 K KO

MRNA
ERCC6
ERCC6 Kl CRISPR/Cas9
ERCC6 KO
ERCC6 Kl
ERCC6 CRISPR/Cas9
XPC KO ERCC6 K
DNA
CRISPR/Cas9
10mM 0.041 mM
RPD KO
18% ERCC6KI 32%
3.3mM ERCC6
CRISPR/Cas9
Omin
ERCC6 Kl DNA Tail 5.4%
120 min DNA Kl
ERCC6 Kl 5.4%
CRISPR/Cas9 Kl
NER XPC ERCCS6 KI
XPC NER
ERCC6 CSB CRISPR/Cas9 KO Kl
KO Kl XPCKO
DNA
NER ERCC6 KI
NER ERCC6 CSB
XPC ERCC6
NER
XPC Waard et al, DNA Repair 2, 13-25 (2003)
KO CRISPR/Cas9
59%
0
CRISPR/Cas9 min 120 min DNA
% DNA DNA
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ERCC6 Kl
Omin 120min  DNA
DNA
DNA CSB

Guo et al, Nucleic Acids Res.

41, 7700-7712 (2013) ERCC6 K|

NER XPC
NER ERCC6
KO
Kl

DNA

G

1)

2)

Sassa A, Kanemaru Y, Kamoshita N, Honma M

Yasui M.; Mutagenic consequences of cytosine

dterations site-specifically embedded in the
human genome. Genes and Environment 38:17
(2016)

Sassa A, Caglayan M, Rodriguez Y, Beard WA,
Wilson SH, Nohmi T, Honma M, Yasui M;

Impact of Ribonucleotide Backbone on

Trandesion  Synthesis and  Repair  of
7,8-Dihydro-8-oxoguanine. J. Biol. Chem. 291,
24314-24323 (2016)

Caglayan M, Beard WA, Wilson SH,
DNA

DNA
45
2016 11
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DNA
(DNMT)

A TSA

DNMT

DNMT
DNMT

DNMT
Histone deacetylase HDAC
0-50uM
FLO1
0-4.0 uM
FLO1 mRNA
H3
4.0 uM
DNMT
DNMT
DNA methyltransferase Trichostatin A

DNA methyltrasferase
DNMT

Trichostatin
DNMT
MRNA
16
TSA
TSA
DNA
DNA
DNA

DNA methyltrasferase  DNMT
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DNMT DNMT
DNMT
DNMT
DNMT
B
S cerevisiaeYPH250  (MATatrpl-41

his3-4200 leu2-41 lys2-801 ade2-101 ura3-52)
University of Californiaat Berkeley, CA, USA

YPH250/pY2_3 (MATa ade2-101 his3-4200 leu2-A1
lys2-801 trpl-A41 ura3-52 pYES2CT pYES3CT)
YPH250/pY2hD1_pY3hD3A (MATa ade2-101 his3-
4200 leu2-A1 [ys2-801 trpl-A1 wura3-52 pY2hD1
pY 3hD3A) YPH250/pY2hD1_ pY3hD3B
(MATa ade2-101 his3-4200 leu2-41 lys2-801 trpl-A1
ura3-52 pY 2hD1 pY 3hD3B) DNMT

¢ )

Trichostatin A TSA

Synthetic Dextrose (SD) -Trp/-Ura
MilliQ -Trp/-Ura DO
Supplement (Clontech, USA) 0.072% Y east Nitrogen
Base w/o Amino Acids (Becton and Dickinson, USA)
0.67% (121 20 min)
20% (Wako, Osaka, Japan)

20% (SIGMA-ALDRICH, USA)
2.0% 4

30

Relativeflocculation activity
(M
©
Relative flocculation activity = 100 x (T/C)

5. Reverse-Transcription (RT)-PCR

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

rabbit polyclonal anti-
histone H3 (ab1791; Abcam, Cambridge, UK)
mouse monoclonal anti-B-actin (ab8224; Abcam)
Western blot
anti-rabbit/mouse Immunoglobulin G
antibodies (Jackson Immunoresearch Labs, West
Grove, PA, USA)

100

4' 6-diamidino-2-2-phenylindole (DAPI;
)

Olympus FuoView FV1000 with an IX81 inverted

ng/mL

microscope
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DNMT

8 TSA
Dunnett’s post hoc
test H3
Western blot
0-4.0uM H3
C
1.TSA FLO1 0-40uM
Histone deacetylase HDAC TSA 4
DNMT
4.
DNMT H3 DNA
TSA 0-50uM
1A RT-PCR DNMT
FLO1 4.0uM DAPI
TSA 0-50uM DNA
1B
2 5
D
DNMT DNA
0-4.0uM DNMT
DNMT
400 uM DNMT
2 HDAC TSA
DNMT FLO1
FLO1 DNMT
0—4.0puM 1 HDAC
0 — 400 uM
3
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HDAC 2

BBA. Gene. Regul. Mech., 1839 (2014), pp.
1242-1255

DNMT
Cancer Sci., 100 (2009), pp.
2261-2267 DNA
DNMT F
FLO1 TSA
2,3 G
H3
DNA  DAPI 1.
4,5
H3
1.
TSA
1,2 )
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TSA

DNMT DNMT

HDAC

Sugiyama, K., Furusawa, H., Shimizu, M., Gruz,
P. and Honma, M: Epigenetic mutagen as histone
modulator can be detected by yeast flocculation,
Mutagenesis 31, 687-693 (2016).

DNMT

45

pp. 127 2016 2016, 11
Ames
GC
Y DNA
45
pp. 121 2016
2016, 11



4.

DNA
89
pp. 171 2016

2016, 9

Sugiyama, K., Furusawa, H., Shimizu, M., Griz,
P. and Honma, M: Establishment of a universa
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detection system for epimutagen using yeast
carrying human DNA methyltransferase genes,
European Environmental Mutagenesis and
Genomics Society Annual Meeting 2016 (2016, 8

).



Strain name Genotypes

YPH250/pY?2_3 MATa ade2-101 his3-A200 leuz-A1 lys2-801 trp1-Al ura3-52 p[2p URA3] p[2s TRP1]
YPH250/pY2hD1_pY3hD3A MATa ade2-101 his3-A200 leu2-A1 lys2-801 trp1-Al ura3-52 p[2p URA3 hDNMT1] p[2 TRP1 hDNMT3A]
YPH250/pY2hD1_pY3hD3B MATa ade2-101 his3-A200 leuz-A1 lys2-801 trp1-Al ura3-52 p[2p URA3 hDNMT1] p[2p TRP1 hDNMT3E]

2
Primer DNA
o RT1A (Forward) 5’ - CTCATCGCTATATGTTTTTGG- 3
FLO1
RT1B (Reverse) 5’ - CGAGTAAACAACCTTCATTGG- 3
c RTactA (Forward) 5" - ATTCTGAGGTTGCTGCTTTGG- 3
ACT1

RTactB (Reverse) 5’ - GAAGATTGAGCAGCGGTTTGC- 3”
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Trichostatin A (TSA)

A PYES2CT +pYES3CTA pY2hD1+pY3hD3A pY2hD1 + pY3hD3B
TSA (mV) 0 25 50 0 25 50 0 25 50
Horizontal
aspect

Relative flocculation
activity
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o

o
N
ol
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50

Relative flocculation

activity
3

N
2

N
?

8

o B
T T

> 8

0 25 50
TSA (mV)

8

Relative flocculation
activity
3

2 8

o B8 8

0

N
ol

TSA (mMV))

Relative flocculation activity = 100 x (height of clear supernatant region/height of tube)

B PpYES2CT + pYES3CT

pY2hD1 + pY3hD3A

*k

pY2hD1 + pY3hD3B

TSA 0 25
(uM)

>

_|
2

, B:RT-PCR
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PYES2/CT + pYES3/CT pY2hD1 + pY3hD3B
Alizarin 0 10 20 4.0 0 10 20 4.0

(uM)

s T W e

= / 5 -
’ o %
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*k%k
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Relative flocculation activity
N
<

Relative flocculation activity

0- 0-
pPYES2/CT + pYES3/CT pY2hD1 + pY3hD3B
Anthracene 4.0 40 400 0 4.0 40 400
(mV)
— O OH - 5100-
OH E
Alizarin O‘O § 801
.% 604
o 3
2 401
Anthracene* OOO 9
§ 20
- - &
0-
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PYES2CT + pYES3CT pY2hD1 + pY3hD3B

Alizarin
0] 1.0 20 40 0] 1.0 2.0 4.0
(mv)

FLO1

ACT1

PYES2CT + pYES3CT pY2hD1 + pY3hD3B

Anthracene
0O 40 40 400 40 40 400
(M)

FLO1

ACT1

FLO1
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PYES2CT + pYES3CT pY2hD1_pY3hD3B

Alizarin

0 2 4 (M) 0 2 4
—_— Histone H3 | we—
PYES2CT + pYES3CT pY2hD1 pY3hD3B
Anthracene
4 4 0 4 40
0 0 (V)

w—— o HISTONE H3 | M_— _— —

H3
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pYES2/CT + pYES3/CT pY2hD1 + pY3hD3B

O OH
oo
(0]
Alizarin
(mV1)

DAPI DIC DAPI DIC
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DNA

DCM

-S
GSTT1

DCM
DCM 1,2-DCP

TA100-pCTC

TA100-GST

N2-GSH-Me-dG

DCM

(1,2-DCP)

1,2- (1,2-DCP)
(GSTTY)
GSIT1 Salmonella typhimurium TA100(TA 100-GST)
DCP GSTT1
DCM TA100-GST
1,2-DCP
1,2-DCP C.:G->TA
DCM C.G->TA
DCM
TA100-pCTC TA100-GST 10
GSTT1 DCM TA100-GST
N2-GSH-Me-dG C:G->T:A
GSTT1 1,2-DCP
-S (GSTTY)
GSTT1
1,2-
GSTT1
typhimurium TA100(TA100-GST) DCM
DCP GSTT1
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1. DCM 1,2-DCP

-S (GSTT1)

GSTT1
pFLAG-CTC

GSTT1cDNA

(pCTC-kanGST) pCTC-kanGST  Hanahan
LB5000( )
TA100

(TA100-GST) TA100-GST

TA100-pCTC
GSTT1 IPTG
DCM,
1,2-DCP DCM
1,2-DCP
TA100-pCTC TA100-GST

DCM
1,2-DCP

37 48

2. N2-GSH-Me-dG
DCM GSTT1
(S-(acetoxymethyl)glutathione (GSCH20AC))
2'-dG

N2-GSH-Me-dG

DNA

1. DCM 1,2-DCP
-S (GSTT1)
DCM 1,2-DCP GSTT1
GSTT1
TA100-GST
TA100-pCTC
1,2-DCP
DCM
TA100-GST TA100-pCTC
GSTT1 DCM
1,2-DCP
1,2-DCP
C.G->T:A
DCM C.G->T:A
TA100-GST
TA100-GST DCM
N2-GSH-Me-dG
C.G->T:A

2. N2-GSH-Me-dG

TA100-pCTC TA100-GST DCM
DNA DCM
N2-GSH-Me-dG
N2-GSH-Me-dG
TA100-GST TA100-pCTC 10

TA100-GST DCM
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Totsuka, LinY, Kato M, Elzawahry A, Totoki Y,
Shibata T, Matsushima'Y, Nakagama H:
Exploration of esophageal cancer etiology using
comprehensive DNA adduct analysis (DNA

adductome analysis) 50th Anniversary

Conference IARC ( 2016 6
DNA
75
2016 10
DNA
59
2016 10
1,2-
DNA
2016 11
DNA
2016 11
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27 6 dG
Buchwald-Hartwig Pdz(dba)s
Xantphos THF

microwave 2-

aminofluorene 9H-fluoren-2-amine Figure 2
MelQx 3,8-dimethyl-3H-imidazo[4,5-

flguinoxalin-2-amine Figure 2

1Q 3-methyl-3H-imidazo[4,5-

flquinolin-2-amine Figure 2 dG-
C3-1Q
B.
1.

EPCLC-W-
Prep LCMS MS

prepLCMS-2010EV
A:0.2 MHCOONHs B:CH3CN
Microwave Initiator Biotage
IHNMR 13C NMR
600MHz JEOL
CDCls DMSO-dks
TMS
LCMS

ECZ600

IT-TOFMS LC
CBM-20A LC-20A
CTO-10AC UV/
SPD-M20A
CAPCELL PAK C18 MGII 5um 2.0 x
35mm SHISEIDO A:0.1%

HCOOH/H20, B: 0.1% HCOOH/CHsCN

2.
1) dG-C&-1Q 12
3ml  THF 4
44.3mg 0.05mmol 1Q 22.1 mg 0.1 mmol
xantphos 30.2mg 0.05mmol Cs2CO3 33.6

mg 0.1 mmol Pdz(dba)s 10.6 mg 0.01 mmol

microwave 100 6h
350mg
5ml 3% TCA/DCM 4
150 ul

TEA 3HF 600 ul

DMSO
HPLC
SepPak 5g
33 mg 12
N/I
N (0]
WL
HC  uN— | N
N N/)\NHz
ke
oH OH

1H NMR (600 MHz, DMSO-db) § 10.98 (s, 1H),
8.78 (m, 1H), 8.63 (d, J=8.2 Hz, 1H), 7.86 (d, J
=8.9 Hz, 1H), 7.75 (d, J= 8.9 Hz, 1H), 7.54 (dd,
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J=8.4,4.2 Hz, 1H), 6.52 — 6.42 (m, 3H), 4.50 —
4.45 (m, 1H), 3.78 (m, 1H), 3.73 (s, 3H), 3.66 (m,

1H), 3.31 (m 1H), 2.04 (m, 2H).

13C NMR (151 MHz, DMSO-db) & 154.62,
153.83, 153.23, 149.73, 149.12, 148.31, 145.08,
131.18, 129.64, 128.99, 122.29, 121.34, 118.25,
113.72, 104.60, 90.58, 87.91, 82.45, 71.84, 62.86,
40.56, 40.44, 40.30, 40.17, 40.08, 39.89, 39.75,

39.61, 36.36, 29.12.
MS (ESI+) m/z = 463 [M + H]*
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1Q 2 xantphos 1
Pdz(dba)s 0.2 THF
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5
LCMS 4 %
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NMR
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HPLC
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6 7 OH
HPLC
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12 8
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HPLC
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12 HPLC
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HPLC
HCOOH TFA 0.1%
pH2.5
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