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A gene coding for epoxide hydrolase (EH) of Aspergillus niger LK, a fungus possessing the enantioselective hydrolysis
activity for racemic epoxides, was characterized by phylogenetic analysis. The deduced protein of A. niger LK epoxide
hydrolase shares significant sequence similarity with several bacterial EHs and mammalian microsomal EHs (mEH) and
belongs to the o/p hydrolase fold family. EH from A. niger LK had 90.6% identity with 3D crystal structure of Igo7 in Protein

Data Bank. Sequence comparison with other source EHs suggested that Asp'®, Asp*®

374

and His™" constituted the catalytic

triad. Based on the multiple sequence comparison of the functional and structural domain sequence, the phylogenetic tree
between relevant epoxide hydrolases from various species were reconstructed by using Neighbor-Joining method. Genetic
distances were so far as 1.841~2.682 but characteristic oxyanion hole and catalytic triad were highly conserved, which

means they have diverged from a common ancestor.
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Bajsh=t #ojsle AoE HuHy k. 55 39 EH

o= soluble EH Y& cytosolic EH#t1l E#]-¢= sEH9}
microsomal EHSl mEH 5 5 7}A4 typeo] doH, 2EA

2 wtelgol oA 2HH EHES sEH 54¢ 7z 9
1, =29} juvenile hormone-specific EH (JHEH)= mEH &

AE HAE LR BiH IT).
dreeol, B B 530l 59 e File EHE A2

Wol Al epoxide 718-& &-3lste] energy thatel o] &&te 7]
w bz gloh wAlE §ele] EHE kA
o ZAlo|l= 7|A2RE (R) T (5)-0]42A F g 71X F
ol g AAne AN diol2 FFRANA AAA
5 e ARBAAE O BAHOB g ol
TE Axsle TR o Qe BAZ BHrE I Q0]
;]J n}% ?j:rLo )g_}_—} R=4 .vl»ﬁ]-g—/\‘]
o FAto| == gHgAgo] §=psie] A& gurg,
LR PALTS 5 Al g 3l

m
K
o,
o
o)
e



Lee, E. Y., Phylogenetic Analysis of Epoxide Hydrolase

o, FAG dokE, v R IsAH AF L F4A
7+
B

2 4y AREE nEb] BEEAg Z7FothT). &3,
EH= NADH 53 & KEz9al (cofactor)7} B glow,
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Nitrostyrene oxideS WHE epoxide 7)@o whste] QAA
A 7B ZAdo] 428 A niger LK9 total RNAZ Y
Bl RT-PCR W o & ¢cDNAE Y1 EHo| Eo]49 primers
& o]lg3e EHE cloningdlxr ANEH-LK&} 3&Hch
ANEH-LK +%28] DNA @7|A gl et Y54 734s)
E 23} Arand5(9)°] A. niger LCP521 #5Z3-E cloning %}
EH-5# 2} (GenBank accession No. AJ238460)9} 86% 2] 7]
Mg AEAEE . S 4 4 ek 2y
GenBankol] FE50o] le oh& £ ##9 EHE, & dHg
of, &KX, zug], 43 2 AH F ¢E AEF FH9 EH
FAAETRE AY 7MY F5HE FolE £ gtk &
W, A niger LK9] EH ¥ d(aa 398)°] thdfe] ofrliit A
d AE4e HAS 23 DNA MEFA uote g
GenBank Databaseo] 250 = A niger (Accession No.
CAB59813)9}= 89% identity ¥ 96%2] homology sequence
g 7HAe A& HIESY Table 13} #Zo] HIHE (25~
42% identity, 45~60% homology)t} welg]e}l (29~33%
identity, 49~51% homology) & ©& ¥ frzie] EH @94
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fold% /B hydrolase foldoll Z43%tc} off3 hydrolase folde ©}&
M AZALE 7AEA E calytic function 748 B
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like family, carboxylesterase family, serine carboxypeptidase
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A EHE cpoxideZ 7}pEafste] #8420 diolZ ©H=E 2
H& 7AAE EH familyl &390 EHOlE 94T
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Table 1. Structural classification of A. miger LK epoxide hydrolase from
SCOP server

Lineage Classification Structural Specify
Root SCOop 11 Classes
Alpha and beta Mainly parallel beta sheets
Class proteins(a/b) (beta-alpha-beta units) 117 Folds
Core: 3 layers, afbfa
mixed beta-sheet of 8 strands, 1
Fold alpha/benn-hydrolase o 12345678, strand 2 is Superfamily
antiparallet to the rest
Super many members have left-handed
fan‘;fl alphafbeta-hydrolase  crossover connection between 23 Families
Y strand 8 and additional strand 9
. . Mammalian epoxide hydrolases(1) .
Family  Epoxide hydrolase Bacterial epoxide hydrolase(2) 3 Proteins
. . Agrobacterium radiobacter epoxide
Protein Bacterial cpoxide hydrolase 2 Proteins

hydrolase Aspergillus niger epoxide hydrolase

Species  Aspergillus niger PDB entry domain 1qo7a, 1qo7b
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ZolE2 R H cloning® %1, 3 159 ¥3A 339 2%
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LA e g v&dct I8y leukotriene Ay hydrolase(20),
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& OE class® EFFHh
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EAFOE 2o AFE o, s REYY = sh
9] domaing &hte 7)%e S A9rt 2ok 1HE=E
od @i Fg vl - {37 3t oJ¥ domainEo] EE
Hol dow ofdl YAFTZRe} FAMIol deAd diste #
A AAdste Aol £A4Y Aotk

A. niger LK) EHE T-& &9 EH dds= AHeA
o] Y7l Wi ATFE AFEr] HS muldple
sequence alignment(MSA)E  §}7] fsiA A Protein
DataBank(PDB)ol| 3D {A|7-Z7F 5250 e ©wWias
ZoA] MAXHOM(15)2 ©]2-3} maximum homologyE 74
S P33 ZAH 4579 mammalian microsomal EHO} Hejdl
ko] juvenile hormone-specific EH (MANSE)7} 94A13 &
Aol e Aog Aoy AEAL 25~32% identity
9 34~47% similarity2 o}F W& Hojgjrl o] MSA ZAx
Z 7}x)2 Neighbor-Joining method(NJ method)2 3} A B4
g A4% AFE Fg 18 23tk EHFEA A5, FF,
E7] 2@ A} xlele] EH ZFgAgE 0.058~0.2072 7179
o1} ¥4%50] EHS Bujyiiale) JHEHSH = 1.155~1.223
o8 "Hon FFeldl niger?] EH®} gl glvitol
JHEH$}o! g A2 22428 ZH5E9 HYEPS] 237
7 1.889~1.919% T #AA 7} B FA¥AS 7R Aew
vehg.

ANEH-LK
HYEP_MANSE
HYEP_MOUSE HYEP_RABIT
HYEP_RAT
HYEP_HUMAN
— : Distance 0.1

Figure 1. Phylogenetic relationship between A. niger LK epoxide
hydrolase enzyme with another EHs based on the multiple sequence
comparison from MAXHOM. Phylogenetic tree were obtained by using
Neighbor-Joining method version 3.573c. Protein distance matrix were
made from BLOSUM62. Abbreviations are SwissPort entry names. HYEP
. microsomal epoxide hydrolase, MANSE : Manduca sexta.

EHoll E2ZZ Domain 54 #4]

SWISS-PROT# TrEMBLY| 558 ©ejde] ojnji=its g
ZRE AFHeE A599S LHsla F4] familyE EF
sle] F&F TlA domain database$] ProDom(16)0 2 H-E
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domain microsomal EH2] &AJd] S0l gddS & £
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glom, PD363858 domaind- esterase, lipase, peptidase 5
active sited]] serineS 7IA= A4SdA LALFE JHolth
8 PD036710 domain® o/ hydrolase foldE 718 %2 7}
FHES F4EdAM LA E domain®. F Swiss-Prot database
of T2g whA 2 20%9 proline iminopeptidase (PIP, EC
3.4.115), 6%9 non-heme chloropetoxidase (PRXC, EC
1.11.1.10) % human, mouse, rat 39| cytosolic EH (HYES,
EC 3.3.2.3)dlA HEF= 9909t}

0 100 200 300 400 500

f t -+ —— — 4
HYEP_HUMAN o G [ E XK. 6 1]
HYEP_MOUSE
Q97L45_CLOAB FEC e >—Ca >
Q9VEP3_DROME —EE—Cc —xC & T
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Q9PBX4_EEEEE s C ¢ xr—————
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Q23068_CAEEL —{ & ] [E L F P
QSUR30_ASPNG B ] | {1
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1 I | ] P |
1 1} 1 1
Q 100 200 300 400 500

Figure 2. Graphic view of domains found in epoxide hydrolases of
various origins. Symbols and abbreviations are same as Table 2.
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A niger EH @3} AEAS Wolw o &5 EH
9 uwm BASY N8 e 489 EH At
domainE% Fig. 29 YERIiT D. melanogaster juvenile
hormone-specific EH1 -3 x}2] transcriptionA]2] mRNAZ]
intron?] splicingo] dojupx] ¢ Mz wld wdo]
JHEH! (Q95U55_DROME)S A 9jstiE TE EHol® B9
& (PDO06781)0] HEEo] 91%lct. Mammalian cytosolic EH
(sEH)& RZ domaine] &3] tp27] wjFd] «7]xe Hu
&hA] 9tttk R glutinis®] EHE By dal CHgdo] wWFE o]
Aen BFES open bar YHL E G E 1 Ho7 &

SA4E Holxgt A HEL FHol A ¥ gHoltt
R. meliloti®] 3% B 2 DAY 2o C-terminale] HEEE
domain2 AR edTh

Protein DataBankol] S 5j0] = A. niger?] EH (ASPNG)
o] 7% Fig. 20]A9} 20| B, D, H ¥ J¥ 47} 7b2H open
bar (ProDomell= PD5468960. 2 o] 912)9 domainsE 7}
)31 9121} PD546896 domain ©}2-& A. nigerol A ¥t A
= sequence= PD113028 (B Y) domaino] YAH3] HEEXA]
T 2AT =2 AEAS JEha Jom xd
PD486775 domain A] yeast®) X. dendrorhous (PHARH)?]
EHS} ASPNGo| A% WA E sequence® PD005810 (G )3t
L AEAE Holi I YoF  PD546896 o
PD486775 domaing 7}A& ©HAE0] BB A& REY
4 deix e o2 YEFTES epoxide hydrolaseE Hl
A - B4 9N E 71%ol €A Al consensus
sequence’} REFH O] E domaind ¥lndEE o) ©§3FY
Zolgl Aztet) T2 2 PD5468963 PD486775 domaink.
t}= PDI1130283 PD005810 domain = E-like @ G-like
domain®. 2 alignmentE shed ThE A EX9 EHET O 49
#AS AHEA} st

Table 2. Domains found in epoxide hydrolase proteins of A. niger and various organism

Proteins Most fi nt protein name
ProDom Entry Symbol having consensus Teduent profe la InterPro name
(No. of organism)
sequences
PD327790 A 6 HYEP'(4) Epoxide hydrolase
PD006781 B 22 HYEP(5) Epoxide hydrolase
PIP(20) Alphajbeta hydrolase fold
PD036710 C 847 PRXC(6) Esterase/lipase/thioesterase
HYES(3) Alpha/beta hydrolase
PD363858 D 14 HYEP@) Esterase/l.!pase/t}uoestemse
Epoxide hydrolase
PD113028 E 10 HYEP4) Epoxide hydrolase
PD580744 F 5 HYEP(3) Alphajbeta hydrolase fold
PD005810 G 4 HYEP(3) Alphajbeta hydrolase fold
PD489158 H 2
Alphajbeta hydrolase fold
5
PD469158 I HYEP(1) Epoxide hydrolase
PD234034 J 13 HYEP(5) Epoxide hydrolase

' . Numbers in parenthesis indicate the numbers of consensus sequences which have protein names found in Swiss-Prot and TrEMBL.

® . Abbreviations used include :

HYEP, microsomal epoxide hydrolase (gene, EPHX1 or EPH-1); PIP, proline iminopeptidase (gene, PIP or PAP);

PRXC, none-heme chloroperoxidase (gene, CPO); HYES, soluble epoxide hydrolase (gene, EPHX2 or EPH-2).
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A. niger LKe| EHO| FI5i%| Soiz|

A PredictProtein server(18)e]] A. niger LK2] EH o}v]x
A A EE 20) domain A (ProDom domain search), motif
A (Prosite motif search), Tl o] AEA AM (Psi-Blast
alignment), maximal homology 734 (MAXHOM alignment),
22 QJAFZ 4= (PHD prediction) £& 33t 9& EH
“ildd gigt dz] 7k FRE Ed)E 5to] domaing] YA
TF27F FASHEE domain7]2] multiple alignments 33+ o}
L UrA NEES alignmentdt AzE Fig. 33 Zodth A
niger LK9] EH whal:do] 16-8771x]¢] Z7)%E-o] PD006781
domain (B 9)o], 108-159 =7]|R-Hol& PD363858 domain
(DR H)o|, 336-381 Z7|HFEo& PD234034 domain (J &)
o] ¢+H3] HEE|o] QiTh. Fig. 3e]Aj9} o] PD363858
domain U)ol diolS A1433}7] $J8}ed oxyanion holeS 743}
£ HGXP motif (***)7} RE A& EHol H&% o] A
o gy 176264 AV)BES PDI13028  domaing)
concensus sequence$}i= 33% identityE 7}A|aL dow o E
AEZ EHES PDI13028 domaind] HZEXo] & 5L, 6M,
8R, 9L, 10G, 17Q, 18G, 19G, 20D, 21W, 22G, 35P, 42H,
44N, 45ME-L A. niger LK9] EHOAN%E 2|2 HEEHo0] )
o8, 3 9o opsett IS0l AR HsE 49 of
LAEE REE] glo] dlAT o] fAHE AL &+
ity a8y A niger EHS) 7% Fig. 3949} BE ulse} 2
o] & AELAME BEHUA F7IE F LK, 8R—D,
22W—l, 45M—-LE AdEFo] fAlsHA] &L ojmjwalo g X
gHglonz olg Z7IEL EHEA XHHo| ohd 7
58 AzZe £ U8 Aotk 2wy o/f hydrolase fold
familyol] &3l= dlRE9] steiaiasd FEOE HEF
£ nucleophile motif sequenceQ! sm-x-nu-sm-sm (sm< small
amino acid, X< any amino acid, nuT nucleophile)=
GGDIGSZ FAHo ARew 192 X2 aspartic acid7}
nucleophileZ &8¢tk PD113028-like domain W]ol] Zx)3}
= 348 $]2)9} aspartic acid ¥ PD234034 domain W]ol £
3= 374 $12)9] histamine©] R.Z% 0] nucleophile motif2]
aspartic acid®} A catalytic triadEA A2 g 4
99k o2 AE2Zo] EHOAE 348 $1x%|9] aspartic acid
Al glutamic acid7} catalytic triad® Z}g-817]% &gt
Visser5(5)2 glutamic acid2T% aspartic acid2 &% A0S
o) S48 ok g

A. niger LK9] EH9| 251-327 Z7)|RE2S PD005810-like
domain (G-like F)o|ct A nigerE A3 147)¢] EH o}
et MEERE 2% PD005810 domaing R 39F,
43Q, 47P, 58P, 60G, 62A, 651, 67E, 69F, 96L, 102Y, 105T,
15Y Z7150] 2 BEHO] Uen 1 99 B ofux
wgol 4] Wisg ol=iloz AP UL ¥ 4
ATy U A niger LK EHO] 74, 251-327 AUjHE
S PD005810 domain®} H:EAs) Rw 39Y, 47P, 58P,
67E, 102Y, 105T= HEHO] 3low, 60G—A, 62A—L, 651
—V, 69F>Y 522 Aol vlsg ojulwmite g X3 o]
HZEE T glou} 430—H, 96L—P, 115Y>A S08 Aao
ofF ThE oluiito® &E VER Utk 283 2
9o e YATEE FA87] st HEol FAkg
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ot =AHEE X BEO HEHY USS & 5 UUTHASTYS,
46R/K, 49T/S, 354L/G, 64WjY, 68K/R, 74D/N, 93DJ/E,
991I/V/L, 110T/S).

A9 2RES EUE 39 15%9 EH @259 ol
b A E& multiple alignmentZ 33 AS4 2AAHL 98t
] BLOSUMG62E AMg-ste] ol zslAE Aldkstal NI
Hol| olele] B3 ARFE Fig 49 2gitk ANEH-GB
(A. niger LCP521 strain)} ANEH-LK 9] 3 7Az]E 0.1082
7V o A9 A3 EHARlel A3k 0.578(Fig.
)R} Hol 28 A nigero]WAE EHE| opuiit A Yo
T2 Wyl AAeS Ho Fth A niger?] ANEHE U2
AE2 ool EH9F ¥wdtgS o Ao #olsle domain
5o gHAREYAE HEHS 7 BPolor &z
2 B u) S aurantiaca L C. acetobutylicum®] EH13} 1.841
919422 g AEF Histe dg2jol EHS 1% 7}
A YA 2259 JHEH! (DROME % MANSE)#} &
2652 B 26828 b W FAWAE eSS € £ IA

£

EHe| Chaiml S 4
24

Nitrostyrene oxide T '}3E epoxide 7|20 tidte] 44
Aeladol 948 A, niger LK 819 epoxide hydrolase -7
7 (ANEH-LK)ol| th3fe] ghifdo) 44323 vl - 257,
PATZ A, BE 99 B4, Ay fABAE &
Sl A. niger LK EH+ Arand $(9)°] K13t A. niger
9} soluble EHE] o}n|xit MEIe 86% identity} 96% 2
homologyE 7}A)1 O™ Swiss-Modelol| A ¢ 23} nlo)] 9
3l 1go79] 3D FZ9 HlwEle] 90.6% TQrch EE Aje
# 5 EH9 Hlws] ®W ANEH-LKE= cytosolic EHH U=
microsomal EH®} © fFARAdo] =9kth X3 GenBank T
SwissProt/ TtEMBL 5ol 525 v U2 £79 cpoxide
hydrolase =3} Ba3lH ¥ {-5E9 mEH, %9 EHl ¥ &
%9 JHEH SHtE S awrantiaca L C. acetobutylicum S
welElol fee] EHs} 77k BAED & & doL) Fig. 4
et el AL olF Hol FATAY WA
domainE%F HEH JY&S & F Utk

Leukotriene A; hydrolase, cholesterol X % limonene-1,
2-epoxide hydrolase S-& A|9JE djF¥Ee] EHe
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Figure 3. Comparison of amino acid sequences of epoxide hydrolase protein of A.
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niger LK with those of several organism extracted from

SwissProt/TTEMBL for reconstruction of phylogenetic tree. The result of MSA are displayed in single letter abbreviation after alignment for maximal
identity using BioEdit program based on conserved domain search as shown Fig. 3. Conserved domain regions are represented with arrows. The residues
that form the catalytic triad are indicated by Nu(nucleophile), A(acidic residue) and Hihistidine). The amino sequences corresponding to the HGXP motif
are indicated by ***** Conserved amino acid residues are boxed in dark shaded and above 70% consensus amino acid residues are boxed in pale

shaded.



48

2883 Yk 3 epoxideE diolZ THE7) Ysld TR
3l oxyanion hole-& HGXP motif sequence® A= o] AN
o1 sEH & 9A] HGXP motif sequenceE 7}A|1 JAUTH
Catalytic triad% 348 $]2]¢] aspartic acid= glutamic acidZ
XgEo] Je ASER w2t Agrobacterium radiobacter,
S. aurantiaca, C. crescentus 5 V|AE9 EH23), AE9
SEHE(24)0]u} E59] sEH(25)L aspartic acidZ 7} %]
1, C. acetobutylicum, M. smegmatis & v|AE2] EH(26, 27),
X. dendrohous®] EH(5), D. melanogaster®] JHEH1(28) ¥ &

E-9] mEH(29)E-2 glutamic acidE 7}x|3 %t} Arand 5
& rat®] mEHO|A catalytic wiad®] Ao #Zshe Gn'™E
AspZ AFSBRA JHREAS 108 A= &8 F 3l
ATk BUFATHI). Y9 #E AFEE WFo] B W, A
niger®] 3489]e] Glu w2l Asp7} Slo] EHE/o] #& A
o8 F4% 4 9Jth Catalytic domaino] HEH o}n|=E
< Xgate] gAe Q1A EZ H substrate specificity &
Hwstl AFgozA g Bl gla 7|FAFol o L
GiAdg Adsted £ ARE S F A4S FHoltk
RHYME
PHARH

RHILO

MYCSM

DROME:

— : Distance 0.1

Figure 4. Phylogenetic relationship between epoxide hydrolase enzyme
from various species. Based on the multiple sequence comparison of the
functional and structural domain sequence (shown in Fig. 3), phylogenetic
tree were obtained by using Neighbor-Joining method version 3.573c.
Protein distance matrix were made from BLOSUMS62.
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