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Environmental electrophiles such as 1,4-napthoquinone (1,4-NQ) and
methylmercury easily bind to the protein thiols, thereby inducing cytotoxicity. In this study, we
investigated the cytoprotective roles of reactive sulfur species, a highly nuclethiIic compounds.
We found that exposure of primary mouse hepatocytes to polysulfide and 1,4-NQ markedly decreased 1,
4-NQ-mediated cell death and S-arylation of cellular proteins. Activation of cell survival signaling

under exposure to 1,4-NQ was suppressed in the presence of polysulfides. These results suggest that
reactive sulfur species act as a initial cytoprotective factor by capturing this electrophile.



PM2.5 1,2-
1,2-NQ 1,4
1,4-NQ
1,4- 1,4-BQ

cystathionine y-lyase (CSE)
B-synthase (CBYS)

cystathionine

(Cys-S-SCys)
(CysS-SH)
(Ida T et a. PNAS
2014)

(Cys-S-SnH)

(R-S-SH)
(R-S-SH/R-S+R)

CSE CBS

@

1,2-NQ 1,4-NQ 1,4-BQ

MTT

Na,S,
12-NQ 1,4-NQ

1,2-NQ 1,4-NQ



1,2-NQ 1,4-NQ
NaxS,
1. 1,4-NQ
A
O control
| 100 ]J.M Na284
T 140 -
g 120 P e
< 100 -
& 80 -
2 60 -
8 40
2 20 -
[
O o-
0 1 2 4 6 8 10
1,4-NQ (uM)
B
100 uM NayS, - +
1,4-NQ (WM) 0 5102040 0 5102040 ipa
% — 220
2 =13
=] — 80
© — 60
(Z.} |- s0
:, — 40
% — 30
= = — 260
T S S S R T S - - - — 160
=
i i ) S |— 60
j | ESSSESSSSE -
— 30
150
;’,100
2 5
= 0 ] |_| - m
1,4-NQ (uM) 0 5 102040 0 5 10 20 40
100 uM NayS, - +
( 1)14NQ
NaS,
(A) (B) 1,4-NQ
2 1,4-NQ
Na,Sy
1,4-NQ-S-1,4-NQ-OH
1,4-NQ-S-1,4-NQ-OH
1,4-NQ
1,4-NQ

1,4-NQ

PTEN  1,4-NQ

Akt CREB

2 1,4-NQ

1,4-NQ-S-1,4-NQ-OH

NaxS, Akt
CREB 1,4-NQ

A O 1,4-NQ
M 1,4-NQ-S-1,4-NQ-OH

N
» (o] N
o o o
*
*
*
*

Cell viability (% of control)

o

o 1 2 4 6 8 10 100
1,4-NQ (uM)
B anti-1,4-NQ  anti-biotin
antibody antibody
14NQ — + — - + -
1,4-NQ-S-1,4-NQ-OH - - + - — +
220 260

120 160
100

80 80

C 14-NQ - + -
1,4-NQ-S-14-NQ-OH - — +

Anti-biotin antibody [gee  see]

CBB

D 1,4-NQ 1,4-NQ-S-1,4-NQ-OH
14-NQ (M) 0 1 5102040 0 1 5 1020 40

pAkt | ———

|
Akt i :
pCREB l -—— — |
CRED | ——
GAPDH |*|

01,4-NQ 01,4-NQ
H 1,4-NQ-S-1,4-NQ-OH __ W 1,4-NQ-S-1,4-NQ-OH
49 837

w
1

2 4

N

Phosphorylated Akt (fold)
N

o
|

0 LU B B E—
0 10 20 30 40
1,4-NQ (uM)

e |

0 10 20 30 40
1,4-NQ (uM)

Phosphorylated CREB (



( 2 14NQ

PTEN/AKUCREB
(A)

(B) 1,4-NQ ©
PTEN 1,4-NQ (D)
AKtUCREB

3

@@
O

o o 0
@D QO
(3 NaS,
1,4-NQ PTEN/Akt/CREB
4

Akiyama, M., Shinkai, Y., Unoki, T., Shim,
I, Ishii, I, Kumagai, Y. “The capture of
cadmium by reactive polysulfides attenuates
Cadmium-Induced adaptive responses and
hepatotoxicity”, Chem. Res. Toxicol., 30,
2209-2217 (2017)

DOI: 10.1021/acs.chemrestox.7b00278.

Abiko, Y., Shinkai, Y., Unoki, T., Hirose, R.,
Uehara, T., Kumagai, Y. “Polysulfide Na,S,
regulates the activation of PTEN/Akt/CREB
signaling and cytotoxicity mediated by
1,4-naphthoquinone through formation of
sulfur adducts”, Sci. Rep., 7, 4814 (2017)

DOI: 10.1038/541598-017-04590-z.

Abiko, Y., Sha, L., Shinkai, Y., Unoki, T.,
Luong, N.C., Tsuchiya, Y., Watanabe, Y.,

Hirose, R., Akaike, T., Kumagai, Y.
“1,4-Naphthoquinone activates the
HSP90/HSF1  pathway through the
S-arylation of HSP90 in A431 cells:
Negative regulation of the redox signal
transduction pathway by
persulfides/polysulfides”, Free Radic. Biol.
Med., 104, 118-128 (2017)

DOI: 10.1016/j.freeradbiomed.2016.12.047.

Unoki, T., Abiko, Y., Toyama, T., Uehara, T.,
Tsuboi, K., Nishida, M., Kaji, T., Kumagai,
Y. “Methylmercury, an environmental
electrophile capable of activation and
disruption of the Akt/CREB/Bcl-2 signal
transduction pathway in SH-SYS5Y cells”,
Sci. Rep., 6, 28944 (2016)

DOI: 10.1038/srep28944.

9
NaQS4
1,4-NQ PTEN/Akt/CREB
2017
(2017)
Xian Ming,
HSP90
HSF1
44
(2017)
Xian Ming,
HSP90
HSF1
70
(2017)
SH-SYSY
Akt/CREB/Bcl-2
2016
(2016)
. 1,4-
HSF90/HSF1
. 43
(2016)
32



(2016)

Unoki, T., Shinkai, Y., Sha, L., Hirose, R.,
Kumagai, Y.
“1,4-Naphthoquinone-mediated  activation
of the HSP90/HSF1 signal transduction
pathway and its negative regulation by
reactive sulfur species in human A431 cells”,
IUTOX2016 XIV International Congress of
Toxicology and X Mexican Congress of
Toxicology, Merida, Mexico (2016)

Unoki, T., Shinkai, Y., Abiko, Y., Hirose, R.,
Kumagai, Y. “Sodium tetrasulfide, a
reactive sulfur species, protects cells from
1,4-naphthoquinone induced cytotoxicity
through sulfur adduct formation”, The 9th
International Conference on the Biology,
Chemistry, and Therapeutic Applications of
Nitric Oxide. The 16th Annual Scientific
Meeting of the Nitric Oxide Society of
Japan, Sendai, Japan (2016)

Unoki, T., Shinkai, Y., Sha, L., Kumagai, Y.
“l,4-naphthoquinone-mediated activation of
the HSP90/HSF1 signal transduction
pathway and its modulation by reactive
sulfur species in human A431 cells”,
Society of Toxicology 55th Annual Meeting,
New Orleans, USA (2016)

http://www.md.tsukuba.ac.jp/environmental med
icine/

(0
UNOKI TAKAMITSU

00742868



