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EPHX2 phosphatase

EPHX2 phosphatase as a novel target of drug discover%: searches for a
physiologically relevant substrate and a specific inhibitor

Hasumi, Keiji

13,500,000
EPHX2 N
N-phos C C-EH 2 SEH
C-EH
N-phos
LC-MS/MS sn-2
N-phos

Soluble epoxide hydrolase is a bifunctional enzyme that has an N-terminal
phosphatase and C-terminal epoxide hydrolase. Although many of the anti-inflammatory phenotypes have
been believed to be derived from C-EH regulation, we found a definitive role of N-phos in the
regulation of vascular inflammation and hepatic steatosis. Moreover, we identified phosphatidic
acids with a long-chain polyunsaturated fatty acid at the sn-2 position as a substrate for N-phos,
utilizing a newly developed LC-MS/MS method combined with an isotope-labeled tagging.



B X C—19, F—19—1, Z2—19 (Jt@m)

1. WIFERRME YL FIDOT &

Ephx2 |28 0 22— R & 25 " HHEMERESE EPHX2 (soluble epoxide hydrolase; sEH) 13, N &K
SRTEIRICARE ) VB AT VAR AT 7 4 —E (N-phos), C KufHEICAFE =¥ Rong K m
77— (C-EH) {EMEZHT 2 MR THY . NIERMED > 7T o3 FOAERR D IRICED 5
' (Figure 1), BlZ1X, 7 7% R0 5 P450 epoxygenase G CHAKT D> 701
epoxyeicosatrienoic acid (EET) % A& 7¢ dihydroxyeicosatrienoic acid (DHET) ZZ i7" 5%,
EET OfEMICIZ, LR, PR, MR EnEEND %, £hw ., sEH O C-EH Z
FIT DLV AMRERERP IR CE, Z<OREET 7n—F BRI TWVD 23,
EIL L TOAREITWELICHRIESNTE T, sEH / v 77 U b~ U A TORBA (KIE
ROAAREIE (T D IPE) 423 C-EH BLEIC X VSN D D0, BLEHE TITEN TR,

—J5. N-phos (22U TiX 2003 T2 > TR O R BERIEHEN R I N6 ZDEH L
L C lysophosphatidic acid <> sphingosine-1-phosphate 72 EZ238EN I TWB A 78, ABRE
FIIMFE S LT Wy (GEFEIFSEFE UC Davis Prof Hammock H OWERT — & CTid, AR IS
LIFBZ BN, £z, N-phos DAEFBERED L < ITARMH Th 5 0, BIRAPLE 473
WZEbTDO—RKERHS>TND,

T x 1X. EE Stachybotrys microspora D3 EFEET 5 AEPIEMEYE SMTP OAfF5E% 18 U T,
SMTP 738 sEH O 7 n 27 U w7 [HEFIC LV BN RKIEER 2R~ T 2 L 2B 6nc Lz 10 &
2B SMTP OFFOMARIEMEHETENE 12N % T sEH BB /- INFEFE LGB 1213 1415
(CHEBEREEZ RT2T (2B DOFRITESE SMTP O ERIKBHFE A HEATH)

(https://mainichi. jp/articles/20180608/pls/00m/020/260000c) , sEH @ Ctern-EH & N-phos D RIZi%
TaAT Yy 7 RMEEMNRHY . —TOFEKD Y T RAMUOTEBROIENEIZ T 5,
SMTP i% sEH @ C-EH i&VEZ 5510912, N-phos Z FEFEHLAVICFLE 32 1016,

2. Mo

sEH N-phos J&PEDWFIEDFE 1T < . 2003 FFITE DIRIEN 72 SAVTLKR, 30 fRfeE O
PRI INTZITHE 20, FZENESE RWVEAITABRNREEN AR THY . »oFHRRE
RIBHENT=DOTH D, AL, Fx DMBIZRR L7z SMTP & NEf#i7 I /B HW T, i
ERIEIZEBIT D N-phos OEZEMZ RH L7-Z & &R E LTW5, sEH KIBDSAIE I HICHA %
REICEHTHDL Z LiTmbn T e, ZUXCEHETH L END EfEL LT
5, —J. C-EH[HEAOEKEBITEM L CBY ., 2o, Fxr DOERNLIL, T L A N-phos
INEEREE A2 R 2 EOVRIB STV D, N-phos DAFEYIVE & IR AYBLERI 2R E S h
AUX, sEH Z4r L7 RIEHIE, MERGE O 2RMIIT S b D EF X DL, S HITIE, N-
phos PHEHI 2 JLf & 3 2 IR OERICOERT 2 S WS 5, ABFSEIL. N-phos DR
BIFE 3 L OB EA DO [FE A 18 U T N-phos (& & 5 RIERIE O ZfRAT 5 & & b, LE
FOFKIER 2 BRAET 5 Z &2 BN ET 5,

3. WDk
(1) N-phos DA EE DR

< 7 ZADOEN HEEMEIRE & Ba A A L AWK CIEME L. sEH OTF/E « IEFETFT T, ¥ =
NR— R L, ETNENET D EY % DNS-Cl-ds 5\ id DNS-CI % FlVW CTaBE Rk L7212 LC-
MSMS IZX B —FHMr L. R UIRERE CEEEN 6 R 544 v — s 2l L.
(2) N-phos BIRFEERIOER - RE

A7 109 FED NEAIT 2/ B OIEMEZ 314 L. N-phos i#IRM: LGOS 2 LWL LT,
7 DRkt S % 4 FALEWITR D A A, REETRARNT > O ILEREX DT 217 - 72,
(3) FHEAIOFKEIER OEYT

b MM IE N ECRIRE 2 VT, LPS Hli R O s R HLER (U937 Mifd) D$E% . ICAM-
1. VCAM-1, E-selectin IZxf 3 BAERIOIEAZFHMI LTz, F/o. EF~T A~D SMTP # 5
L sEH K~ 7 ATl Len2. Saal DO ELEFREO R —ond@m L T8 b+ 5, =0
Ff-~ N-phos O B5-% fifht L=,

4. BFZEEE
(1) N-phos DABENEE DR




B4y 1% sEH O 852.5810/858.6189  878.5957/884.6316 850 5651
ﬁf IFAFTE FChtE R RS TR s
By %A ¥ a— kL, : -
ENENDA FaX—
2 VAP D N A EK SR | o ol g0
385 DNS-Clodg & % ) ew 2l
normoisotopic DNS-C1 % ff] ' “lh | owse,
WCHHEARL L 721412 LC- NS o L 2

o o % i o

MS/MS ‘J: 5 % *ﬁﬂ?— éj\g DAG(18:1/18:2) DAG(18:2/22:2) DAG(16:0/20:4)

L&V ARHIETHITZIC o
BRFS L7z HiBic k0| @i oﬁﬁo’\P\\/OH PA(18:1/118:2)  PA(18:2122:2) PA(16:0/20:4)
FE (B B < LB Sy $ °

% %—f ﬂa;ﬁ‘% B/j \_#70 R ‘é— 5 = & Figure 1. Identification of diacylglycerol (DAG) as a product of N-phos, indicating the corresponding
\z Ekijj L7, phosphatidic acid (PA) as an N-phos substrate.

ZNHOFITIE, EkA 5 N-phos DELE & 72 % lysophosphatidic acid (LPA) <> sphingosine-
1-phosphate (S1P) /54T D EMNE FN TV, ARIONT THED T, sn-1 L2V F
VB, sn-2 (LSS R R B8RS 243 % phosphatidic acid (PA) DREW T %
diacylglycerol (DAG)% [RIZE L7z (Figure 1), =@ T, $FIZ sn-2 i£IZ docosahexaenoic acid =&
9% PA(16:0-22:6) 1D TCRINREE TH D Z s (RHRA v F2X—2 3T
A% DNS-de DT L A EHERTELRNITHENNDHT, SEHA v FaX— 3 Tk
D 4a> THT % @ Figure 1, right) .

(2) N-phos BIREIFLEFRIDEERE - FIE
#1000 RO BAEMEEIRIE D D OBEROFER, WEEREICELRNoT2b DD T 2 FEFHERN
N-phos Z[HET 5 Z LR INT, TE=IT TAR 109 FED NEAiT I/ Eﬁ@iﬁf&%iﬂﬂﬁ
L N-phos BERIME L IEMEOIR I 2 UL LT, RIS % 4 FLAEWITK D iAH, HE
FRfRAT 2> BB ERRGRE L7z (Figure 2), Z DT OBRIC, HEOMRS & N-phos BRME O
ﬁvﬁxﬁHkt%wHTﬁ%<£&é:k%ﬁﬁb\ﬁH@ﬁ%%%@ﬁﬁﬂEE&é@%
AT T- AR, B R MEZ B &M L-, REEICE L TIRBRICGHRSIRF L 1,

A m’. WV\ o L7 ¢

Mouse N-phos-selective compounds

67 Fmoc-L-Phe(4-CN) 78 Fmoc-L-Trp N-Acetyl-S-farnesyl-L-Cys

2
8

=3

=3

Q 100
Te1

@
8

"n"ﬂ. | m
g Ao
[ Pros [ iy
4.0pM [T 1]~ 200 pm

b,

o, (‘
S

“e. 67 c
Fmoc-L-Phe(4-CN)

@
5}

1.
[ e, =
) (@] {00 ]
e,
B T:

2]
=]

78
Fmoc-L-Trp

[= 8

o
S

MSsEH activity (% of control)
MsEH activity (% of control}

9 s

= £

15 3 1

= s g

S E I

< g .

I 2 50 ‘0 o
w 40 = 2.3 pM 85 ph 9.
; :

o

s i

3 2}

= =

0

o
o

T u u 0 T T
1 10 100 1 10 100
Mouse N-phos inhibition (%) Fmoc-L-Phe(4-CN) (uM) Fmoc-L-Trp (uM) N-Acetyl-S-farnesyl-L-cysteine (M)

: v o SNE RN o3 SN

Human N-phos-selective compounds \L( | P o
23 Boc-L-Tyr(Bz)) 72 Fmoc-b-Tyr(Me) N-Acetyl-S-famesyl-L-Cys

100 7—777§ 'f.***é é
B

e, @

T {esm T[> 200 |-
n

o

50 60 70 80 90 100 01 1 10 100

100

=
8
|
I
I
|
|
I
|
|
|
|
I
|
|
[

HsEH activity (% of control)
@
3

@
8
cc‘l>
ci:-
=

@
5}

° Boc-L-Tyr(B2)
2.

'ﬁﬂM’lﬂﬂ

(T ST S

=)
ﬂ_‘u. i
50 60 70 80 90 100 01 1 10 100 1 10 100 0.1 1 10 100

Human N-phos inhibition (%) Boc-L-Tyr(Bzl) (uM) Fmoc-D-Tyr(Me) (uM) N-Acetyl-S-farnesyl-L-cysteine (uM)

72
Fmoc-D-Tyr(Me)

o
S

HsEH activity (% of control)
o
3

Human C-EH inhibition {%
IS
&

HsEH activity (% of control)
o
3

"q
0

o
=)
o

ol

Figure 2. Identification of N-phos-selective inhibitors potent for mouse or human sEH.
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Figure 3. N-phos inhibition suppresses vascular endothelial cells activation.

(A) Inhibition of U937 cell adhesion to vascular endothelial cells by various inhibitors of sEH. (B) N-phos
inhibitor and N-phos substrate suppress LPS-induced expression of ICAM-1. The N-phos-selective inhibitor
Fmoc-tyr (Fm-Tyr) but not the C-EH-selective inhibitor AUDA suppresses ICAM-1 expression. (C)
Negatively charged lipids (NCL) derived from mouse liver suppresses ICAM-1 expression, but it loses
activity following sEH treatment, demonstrating that the NCL fraction contains a candidate for bioactive N-
phos substrate. Each value represents the mean + SD from triplicate determinations. **, P < 0.01 compared to
no LPS; *, P < 0.05 and **, P < 0.01 compared to LPS by Tukey test. (D) Schematic summary of the results.
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Figure 4. sEH N-phos regulates the liver defense system via a control of IL-6 production.

(A) The consequence of the inhibition and deletion of SEH: induction of acute phase response genes in common in the
liver. (B) Induction of Len2 in the liver by an N-phos-selective inhibitor but not by a C-EH-selective inhibitor. (C and
D) Acute phase response gene upregulation associates with the induction of IL.-6 in both SMTP-treated wild-type mice
and sEH-deficient mice. (E) The IL-6 induction in mice is mediated by the 3,-adrenergic pathway in the muscle and
brown adipose. (E) Schematic summary of the results in this study.
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