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Characterization of soybean epoxide hydrolase mutant
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Abstract

Epoxide hydrolases (EH) catalyze hydrolysis of epoxides to the corresponding vicinal diols. By site-directed muta-

genesis, a total of 22 mutants were constructed, followed by analyzing their kinetics. Through these experiments, muta-

tion of G32, S39, and D58, located at a highly conserved region of EHs known to date, led to a 2-fold higher specific

activity than that of wild-type.
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1 MCEHLLVSLSCYIWVRTQRIVEFNEMEQIKHRTVEVNGIKMHVAEKGEGPVV-LFLHGFP 59
1 M-SH----- G-YVTVK-PR-V--R-L-HF----VEL-G---W-----~ PAVCLC-HGFP 31
* * * % * % * * % k%
60 ELWYSWRHQILSL-SSLGYRAVA-PDLRGYGDTEAPPSISSYNCFHIV-GDLVALIDSLG 116
32 ESWYSWRYQIPAL-AQAGYR-VLAMDMKGYGESSAPPEIEEY-CMEVLCKEMVTFLDKLG 88
* kkkkk *x% * *kk * * * k% *kk * * * * * *k k%
117 VQQVFLVAHDWGAIIGWYLCMFRPDKVKAYVCLSVPLLRRDPNIRTVDGMRALYGDDYYV 176
89 LSQAVFIGHDWGGMLVWYMALFYPERVRAVASLNTPFIPANPNMSPLESIKANPVFDYQL 148
* *k k% * % * * * % * * * % * %

177 CRFQKPGEMEAQMAE-VGTEYVLKNILTTRNPGPPILPKGRF-Q----F-NPEMPNTLPS 229
149 Y-FQEPGVAEAELEQNLSRTF--KS-LFRASDESVLSMHKVCEAGGLFVNSPEEP-SL-S 206
*k k% * % * *k * * *

230 WL-TEEDLAYYVSKFEKTGFTGPLNYYRNFNLNWELTAPWTGGQIKVPVKYITGELDMVY 288
207 RMVTEEEIQFYVQQFKKSGFRGPLNWYRNMERNW--K--W-ACK-SLGRKILIPAL-MV- 257
* %% * % * Kk kkkk *kk * * * * k%

289 NSLNLKEY--I-HGGGFKQD-VPNLEQVIVQK-GV-A--HFNNQEAAEEIDNYI-YD--- 336
258 TA-E-KDFVLVPQMSQHMEDWIPHLKRGHIEDC----- GHWTQMDKPTEVNQI-LIKWLD 305

* * *
337 --FINKF 341
306 SDARNPPVVSKM 318
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Mutation Sequence
H31F 5’~-GAGTACCAGAGCTCAGGGAAGCCTTTGAGG-3’
H31K 5’~-GAGTACCAGAGCTCAGGGAAGCCAAAGAGG-3’
G32A 5’-GAGTACCAGAGCTCAGGGAAGGCGTGGAGG-3’
G32C 5'-GAGTACCAGAGCTCAGGGAAGCAGTGGAGG-3’
G32E 5'~-GAGTACCAGAGCTCAGGGAACTCGTGGAGG-3’
G32L 5'~-GAGTACCAGAGCTCAGGGAAGAGGTGGAGG-3’
G32N 5'-GAGTACCAGAGCTCAGGGAAGTTGTGGAGG-3’
G32Q 5'-GAGTACCAGAGCTCAGGGAATTGGTGGAGG-3’
G328 5'-GAGTACCAGAGCTCAGGGAAACTGTGGAGG-3’
G32T 5’~GAGTACCAGAGCTCAGGGAATGTGTGGAGG-3’
G32Y 5’-GAGTACCAGAGCTCAGGGAAGTAGTGGAGG-3’
F33W 5'-GAGTACCAGAGCTCAGGCCAGCCGTGGAGG-3’
F33P34/P33F34 5’-GAGTACCAGAGCTCGAAAGGGCCGTGGAGG-3’
E35D 5'~-GAGTACCAGAGATCAGGGAAGCCGTGGAGG-3’
E35Q 5'~-GAGTACCAGAGTTGAGGGAAGCCGTGGAGG-3’
S39A 5'-CTGATGGCGCCAGGCGTACCAGAGCTCAGG-3’
S39L 5'-CTGATGGCGCCAGAGGTACCAGAGCTCAGG-3"
S39N 5’-CTGATGGCGCCAATTGTACCAGAGCTCAGG-3’
S39T 5'-CTGATGGCGCCATGTGTACCAGAGCTCAGG-3’
W40R41/R40W41 5'-CTGATGCCAGCGTGAGTACCAGAGCTCAGG-3’
D38E 5'~AGCCACGGAGCTCGGGAGCGACGGCGCGG-3’
D58N 5'~AGCCACGGAGGTTGGGAGCGACGGCGCGG-3’

x2. FEBIRXD NABEBREIBOEREAFOL
EMED B

, Kinetic values S(S(:r?(l)fl-l/in ?ﬁ;xlgtil % of control
Wild Type 3.86 100.0
G328 8.53 221.0
S39A 6.69 173.3
D58E 8.00 207.3

KIGHE TR S EBE Y v 37 oGRS #E 5
5728, Jasco J-800% FHIWTHHLY V37 HHCD A
N7 MVENRE L. eSS, 5 282 HigEo 1
mg/ml, £V E0.0lem, A F v ¥ HiFH200-250nm
N7 FlE 1 nm, L AR A0.5sec TEMEL 7.
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D58N DR TH RO AN/ LNz, —TF, 2R
1K G328, E35D, S39A, S39N, S39T & DSSE T 1
BHBEREIE LN, ThSOFEIZOVWTIRY F
PRI ZRE L2 25, WTFh L BFAR X
DEWHIELE R R L. ST, BAEML D L EE
DB WEBAKIZ Y /) A PO TEEIRES L
TWAHIBICAERZ AL, TAKD 2 E5HE T TOWN
A Sz (F2). ThoRBIIEEZ O A
WITBWT, HFESNIHEEZREOEHEIIHY, Fid
B & o THEEDPLEET 5 2 LI & o THEA LA
LOTIE L bEZT. £, MWOEMNOYEIIHE
WEHBEDLY, FELTHDOTIERWhEEZL LN,

CDANY LD IEEHER

IRF Y FKRBBEROERVPEER S FOa 7+
A= a VEAUICED L) B Bie 5.2 A ERENT
572012, BAEREERMOCDARY M VO Z
fTo7: (M2). ZO%EH, 200-250nm O #HifATDC



DANRY P VIZBWT, BRI 3HOER KD T
HELRZEIRON o7z, 72, DSC UREEA S
HBHE) OB THOHELREIRD O %o
72 (F— % — ).

DL EDRERD S, ZERICK BT RF T NIRRT
D LA, 5FORERHEEEMNLIZELDOTIELR
<o TR BRERIZE BB R ZER KBS 5L
g s hiz, IE L OMENER~DOREE, HIEEL
DR DIFINI SR DOFETH 5.

BB

IRFY PR, TKRF Y FEMAKHEL,
A = WIS HMIEEH 2R Y. YA AT RF Y
R IR SF IS D 2278 O FA I S 22 AR DA I % B A
6 OW AR ERBEREI SO NIz, HON L RER
OW, 77 5 LMD TEEICHRAE STV 5 HEICE
REFTDH 3HEHOBWEIIOWTIE, FAENEED 2%
WEVEERTEATS D7z, BRI R R O BESR O
CDARZ MV ERHELKR, HEERERIRON
oz, BRICE DEREGEED LT I BER
WX AWM REERBL TWE D EFHEINT.

SEZH

1) Ryan, C.A. & Jagendorf, A. (1995) Self defense by
plants, Proc. Natl. Acad. Sci. U.S.A. 92, 4075-4075.

2) Bowles, D.J. (1990) Defense-related proteins in
higher plants, Ann. Rev. Biochem. 59, 873-907.

3) Peumans, W.J. & Van Damme, E.J. (1995) Lectins as
plant defense proteins, Plant Physiol. 109, 347-352.

4) Birk, Y. (1996) Protease inhibitors in legume seeds-
overview, Arch. Latinoam. Nutr. 44, 26S-30S.

5) Badami, R.C. & Patil, K.B. (1981) Structure and oc-
currence of unusual fatty acids in minor seed oils, Prog.
Lipid Res. 19, 119-153.

6) Ohta, H., Shida, K., Peng, Y.-L., Furusawa, 1., Shishi-
yama, J., Aibara, S. & Morita, Y. (1990) The occurrence
of lipid hydroperoxide-decomposing activities in rice
and the relationship of such activities to the formation
of antifungal substances, Plant Cell Physiol. 31, 1117-
1122.

7) Hamberg, M. & Fahlstadius, P. (1992) On the specific-
ity of a fatty acid epoxygenase in broad bean. Plant
Physiol. 99, 987-995.

49

8) Beetham, J.K., Grant, D., Arand, M., Garbarino, J.E.,
Kiyosue, T., Pinot, F., Oesch, F., Belknap, W.R., Shino-
zaki, K. & Hammock, B.D. (1995) Gene evolution of
epoxide hydrolyzes and recommended nomenclature.
DNA, Cell. Biol. 14, 61-71.

9) Croteau, R. & Kolattukudy, PE. (1975) Biosynthesis
of hydroxyfatty acids polymers. Enzymatic epoxidation
of 18-hydroxyoleic acid to 18-hydroxy-cis -9, 10-
epoxystearic acid by a particulate preparation from
spinach (Spinacia oleracea), Arch. Biochem. Biophys.
170, 61-72.

10) Croteau, R. & Kolattukudy, P.E. (1975) Biosynthesis
of hydroxyfatty acids polymers. Enzymatic hydration of
18-hydroxy-cis-9, 10-epoxystearic acid to threo-9,10,18-
trihydroxystearic acid by a particulate preparation from
apple (Malus pumila), Arch. Biochem. Biophys. 170,
73-81.

11) Blee, E. & Schuber, F. (1992) Occurrence of fatty acid
epoxide hydrolases in soybean (Glycine max), Biochem.
J. 282, 711-714.

12) Blee, E. & Schuber, F. (1992) Regio- and enantiose-
lectivity of soybean fatty acid epoxide hydrolase. J.
Biol. Chem. 267, 11881-11887.

13) Blee, E. & Schuber, F. (1995) Stereocontrolled hy-
drolysis of the linolenic acid monoepoxide regioisomers
catalyzed by soybean epoxide hydrolase, Eur. J. Bio-
chem. 230, 229-234.

14) Arahira, M., Nong, V.H., Udaka, K., and Fukazawa,
C. (2000) Purification, molecular cloning and ethylene-
inducible expression of a soluble-type epoxide hydro-
lase from soybean (Glycine max [L.] Merr.) Eur. J. Bio-
chem. 267, 2649-2657

15) Fukazawa C., Arahira M., and Lee S-P. (2000) Mo-
lecular characterization of a soluble-type epoxide hydro-
lase from soybean. Abstract of 92nd AOCS Annual
Meeting

16) Pinot, E, Grant, D.F, Beetham, J.K., Parker, A.G.,
Borhan, B., Landt, S., Jones, A.D., & Hammock, B.D.
(1995) Molecular and biochemical evidence for the in-
volvement of the Asp333-His523 pair in catalytic
mechanism of soluble epoxide hydrolase, J. Biol.
Chem. 270, 7968 - 7974.

17) Verschueren KH, Franken SM, Rozeboom HJ, Kalk
KH, & Dijkstra BW. (1993) Refined X-ray structures of
haloalkane dehalogenase at pH 6.2 and pH 8.2 and im-



50

plications for the reaction mechanism, J Mol Biol. 232,
856-872.





