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Fig. 1. Substrate for feruloyl esterase activity.
Table 1. Classification of feruloyl esterases based on primary amino acid sequence similarity and specificity for hydroxycinnamic acid
methyl esters.
Parameter Type A Type B Type C Type D
. . MpCA MpCA MCA MpCA MCA MpCA MCA
Hydrolysis of methyl esters MFA MSA MFEA MFA MSA MFA MSA
ESTHER Database Lipase_3 Esterase_ PHB Tannase of_hydrolase
Release of diferulic acid Yes (5-5%) No No Yes (5-5)
AnFaeA PfFae-1 AnFaeB NcFaeD
Publication AwFaeA AwAxeA TsFaeC PfFaeA
etc. elc. etc. etc.

ERPHEENLY, TOLHIZ T VITHI AT T L
INA FHBHEREICBETH HIEN Y Th {, HHEEWE
ELCHERR 7 2 VIEEEEET S0, M LEBEN
MEDO1DEEZLND, KT T Aspergillus oryzae T
Aot o7e7 2 VIBIAT T = EOLGRME & LTS
T 5,

2. Aspergillus EEHED T VBRI AT
5—+

Aspergillus oryzae D7 IV T BRI AT 7 — X DI OH
1L 1991 £ CY, £ Dk Aspergillus niger (235 W TR
N F i BETF IOV LT AR OHME T
1997 £ THBY 7V ITHIAT I —EBIEAREED
Tz VTEEAF IV (MFA), p-7 v —IVEEXF I (MpCA),
BT ATV MCA) BLUYFE VX F IV (MSA)
IR B8N (Fig D &7 3/ BEFIOHEEICEZD
WTE A T AD D4 DD ERE SN (Table 1) £
72, TRAFIVIIKRGEEERE T8 L T b ESTHER 7 —
% X — A (http://bioweb.ensam.inra.fr/ESTHER) {Z 35> T
vy orFr—¥7730—=1, Btz 55—¥E500HE
LTWw5h CAZy 77— ¥ X — X (hutp://www.cazy.org) (I35
WTIET7 73— 1 (CED) I sns, LHLiadFs,
CELWZRMRENL 72NV TIMIAT T E¥DELNEE
NTwiv, 2510, AEOSF ) AERIZET 25 T%
M2 S 7 2V IBIAT I —EEF 7773 —
SB 5 TISHAEN, ZOSHEITREE TN,
ZOHRTHED 7 =)V 7T AT T — Y305k R 74

E, BEOBEHROF Y WEDOARIZKE (HboTwn
LHIZENRHWENZ DD, 1WEHE A awamori
DEALTADTLVIPIATF T —F (AwFacA) DI
S LY,

3. BH A oryzae HEXR 7 T IVISBI X T
T—tEOEEREMHESHEMN

Tz TEBIAT T — B, 2004 E DT, Table |
RS DT I /T EBRREVIOMENM L 4 DOABIEE I
THERETHEINTHDEY, ¥4 T ABEITI /B
BLHIAT ) o8 — ¥ EHBL L, EE GRS MCA L5 R
T, MSAITHT LIEWiEHERTI L, ¥4 7 BEEELT
I BEVSTEFARYS I AFS Y EELL,
L MSA RS, MpCA B X U"MCA 124 L
BWEWERT L, AT CHERT I VBRSNS
-V LHEPL, FATDBELELICEVEREEY
IRTZETHHEINT VA, T2, 94 TABIUY 4
TDBEEIAILV O - A LFEREL T B R
Tz VT BOWEENH H, L LS, F0%K, T3
JBERFNE S 4 T CIEBLTWA L OO, MSA % 73
TEBWEERI WV ohiE sz,

HIEE A oryzae DY LAEFIEH % B ICHTERL @ SF1
WIEHO 7 2 VBRI AT I —PEEFIEET L L&
nNTHEH?2, #0200 7 2 IVIBLAT I~ YiHEE
Fx 71— 4k L, Pichia pastoris & [T S/,
SFI I AT COD T2 NITBHIATTI—ETY »vF—F
QUSRS B, FRFRD) IS MEEOEY
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T %ITo7 2h, —HOBMEOKEFREITY 1 7B
BERDLHITMSA 2T & o7z (Table 2)o F72,
WEEE LA oryzae DY T — VLY L T B, ¥
F—EEEE R, LA LEYS, Baosoads VEEL
AT T —EBL PR o200, yuay Lk
(I7 24 A NFFER) T3S B0 %R L7z (Table 2).
Table 2. Substrate specificity of the AocFAEB and AoFAEC for

the hydrolysis of methyl cinnamates, chlorogenic acid
(CGA) and o-naphthyl esters (C 2~C 8).

Specific activity (U/mg-protein)

Substrate

AoFAEB AoFAEC
MEFA 0.57 +0.003 1.5 +£0.20
MCA 3.2 x=0.06 349 =1.03
MpCA 306 =21 143 =028
MSA ND 0.072 + 0.002
CGA 1.3 +£0.00 6.0 =12
Cc2 0.042 = 0.003 0.071 = 0.003
Cc4 1.2 =001 1.5 =056
C6 37 =013 2.1 +=0.037
C8 1.4  +=0.02 0.23 =0.008

Values are given as means =+ standard deviations. ND, not de-
tected.

Aspergillus oryzae FaeC
532
ses  Aspergillus nidulans AN1772.2

373 Peniciliium crysogenum Fae-1

Talaromyces stipi FaeC
Aspergillus oryzae FaeB
Aspergiflus niger FaeB

603 Botrytis cinerea CH476869

Sclerotinia sclerotiotum CH476633
Aspergillus niger CAK44058
Aspergillus oryzae AO080023000615
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1000
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1000
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Aspergillus oryzae AO090023000047

oa Fusarium oxysporum FaeC-12213

Fig. 2. Phylogenetic relationship among paraben esterase and its
related hypothetical proteins, feruloyl esterases and tan-
nases in fungi.

Phylogenetic relationships were calculated using the ClustalW
software program. The phylogenetic tree was constructed based on
the neighbor-joining method and visualized using the TreeView ver.
1.6.6 software program. The bar indicates 0.1 substitutions per site.
The numbers given in the Figure are bootstrap values. Bootstrap
values are an indication of splitting the enzymes into different
branches; a value 1,000 means that the split is certain; the lower the
value, the higher the probability that the enzyme actually belongs in
one branch.

L7ehioT, 72V IBEIAT I —EOHEEHRERMEICLS
SEIE, BTG T I BRECFIOMEIEC & B3 L 13
BLEWZ EDT5,

4. A. oryzae HRDFHRI AT —+E

EEOETINVITBIAT I —ERy VT —EDiFE P
Lok VEREREOT I VBEAPREFEINTVWE LD
D, FNHLERRLI IR —IIHESNABERETF
PHEETHEI LRGN, A oryzae HEO BT %5/
LiEWMEFIE L TEE L, BEERM % AO 090023000615
(BAE 59141) B & UF A0 090166000079 (BAE 61730) % R
W7 L7z (Fig. 2)o AO 090023000615 %8 38 2 ¥ @ 5 1 pH
{£7.0, pH 5~9IIBWTLKET, REIREL 45°C, 50°C
FTHETH>2, B, HEFREI 7 VIR AT
F — VY O MFA, MpCA, MCA, MSA, 7 »F—E#
BOBETFEHEATIV 345 M) FOfx R BEFERE AT
W BLUOZEI TR L— b ab iz ras %
YHL—F, E50IE34- Y0 FEVREFBATFVIC
ERE AR ST, BEBREVWT 81, 4 FO X R BFR
I F )V (EHBA), 4t Fu S £ EHEEm 71 ¥ L
(PHBA), 4-& NI F VL BHFR 7T (BHBA) IZxf LT
HHEER L7z (Table 3)o SN 5 4-k FOF LV EEFHFHRT
ATNVEIZ IR e ERN, PUERE LTER, BH
5 AR CES I N TS, RREEED ST
AT 7 —HIEMO TR SN, KEEEET AoPbA & B}
7200 REERIEST R RNKSET B0, 7z VT
AT T —EEER Y T —EEEIIR ST, EEEREE
PWLAFT—ETHY, RGXRD1D2THBLTFI
4-b Fud VERFBRIATVON CIHT 2HEEEA
BEEOMERIZ L DIEE L (Fig 3). /S9N OBAEYIC
9 B VERBET OWFE LM E 2 HBEICHRE S Tw B »
HENRT BEBIIRD 25 v, REZOEY SR
FHOPIT DI EL, 28T N2 QYA YE O 5T
OBz o%h b LRI,

5. 7z IVOBIATFS—HEECBM42 LD
XS

BE KBS (GH) 77 3 — 54 X0 HEEN 5 o
L-75¥ /75737 —XOREEENEREE O R 2
AV ECKBAOT I ) —AFEETAAL Y ENLR S

Table 3. Specific activity and kinetic parameters of AoPrbA for ethyl 4-hydroxybenzoic acid, propyl 4-hydroxybenzoic acid and butyl 4-

hydroxybenzoic acid.

Specific activity Km Vmax )
Substrate U mg) (M) (umol min™ me™) Vinas/Km
Ethyl 4-hydroxybenzoic acid 0.094 = 0.004 0.12 £ 0.03 0.037 = 0.004 0.30
Propy! 4-hydroxybenzoic acid 0.280 + 0.029 0.17 = 0.03 0.074 = 0.001 0.43
Butyl 4-hydroxybenzoic acid 0.420 £ 0.015 0.18 = 0.04 0.107 = 0.009 0.60

Values are given as means = standard deviations.
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Fig. 3. Effect of AoPrbA on antimicrobial activity of BHBA
against A. oryzae.

An antifungal paper disk was loaded with 1.0 pM of BHBA (A),
1.0 uM of BHBA supplemented with 5.0 pug of AoPrbA (B) and 1.0
1M of BHBA supplemented with 10.0 ug of AoPrbA (C) on a PD
agar plate inoculated with A. oryzae and was incubated at 30°C for
4 days. The antifungal activity was estimated on the basis of the di-
ameter of the inhibition zone formed on the agar.

AwFAEA-
AwFAEA CBM42

M B NB B

Fig. 4. Binding of native and chimeric enzymes to insoluble wheat
arabinoxylan.

The supernatant (non-bound) protein fractions (NB) and the pre-
cipitated and solubilized (bound) protein fractions (B) were sub-
jected to SDS-PAGE. Lane M, standard proteins.

Z Aspergillus kawachiiNBRC 4308 BEsEOEEE Y

Y37 E (AKABSA) O X A RRERITIC L VS 2
BNV, S, TIE)—AREE N AL mmmmm
BFEANIvlo— 2 o7 S 75 ) — 2 ZERICK

&L, 772/77/wz@mﬁﬁ%:%b¢émmﬂ%
HAEETYa—) (CBM42) & LTS, AKCBMA42
% Aspergillus awamoriNBRC4033 BRHR D 7 = W kT A
7 7 — ¥ (AwFaeA) 124 L 72 F 2 5 B FE (AwFaeA-
CBM42) ZiEhL L, %wﬁﬁ%@ﬁbto@ﬁ%@XL
72 P. pastoris ¥ LIEHROX 2 SBEOL 27 7 — ¥
AT AwFaeA EEIBBEO AT 7~ PiEHTRL
BELEIPOBAS VMBI UYVERI O~ ST
74 =X WAL /2, SDS-PAGE X ) AwFacA-CBM42
D 4rF5 13 53,000 T, AwFaeA D 35000 & h k&L, F
72, Pi AwFaeA $iik B & U'PL AkAbfS4 Hifk % mmfﬁl
AT I FATEHRY T ETH S LR S
72o SDS-PAGE #FIH L 721847 7> & AwFaeA 1212 & A k‘
BT IE XL T VARG OBE R Y ST BN
FFEEL S 7278, AwFaeA-CBMA2 I 75 ¥/ 25 »

0.3

0.25
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0.1 4
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Fig. 5. The time course of the release of ferulic acid from insol-
uble wheat arabinoxylan by native (open triangle) and chi-
meric (open circle) enzymes.

EATNY FARINEN, T/ 225 004
ﬂﬁwkbf@w®o®Mm#77k/#vﬁyu%

DT TE —RIHEEL, MeEmsEKLCEELLR,
FRATH N ETH CBMA2 DHEREL TV 5 é;;rw‘béh
72o AwFaeA-CBM42 X FUSHME L D ICHEW T = VTR
wEEEEE R R L, 12EEBCEIEERICH L THREET
F3 R T 2V T RS R R L7z (Fig. 5)o CBM42

ié%v7/@77L/—ZMﬁ“®%ﬁhibAw
I%A@Mﬁw WEE ook, F72, CBMA2 DFEEE
Bl Ing cHHEINTVS CBM LKL, HE»S
EELO W LD ERD 1 DEEZ BN,

6. 7TIIBIATFS—EDEE

T VIGEBIAT T —EOMIERILEE ) v, T AT
FUBE, L AF VO catalytic triad THEK S, ) i—F8
BLOw) r7usr 7 —ELRBEOMERETH L, 0
&L/ FOI—E¥ 7+ - FaF LY, A niger
I TATINVIBIAT I —¥OVKEEN 200
TN— T 5 1995 FITHE S, KR OREIL
Rhizomucor miehei 7% ESRIREH RO ) X—EIZHEU L T
WBY, KERRZIASA-EEEEELEZVIEPS5 7 2L
SERE T AT I BRSNS N, TV TEEOK
MRIERH VAR F VI ERFERHEEZRT 5 2 LT HER
R IR O F O L VRELR EDH b o TV B Z LR
BN, F72, Id EMHENE F AL U8 —E Tz
WIBT AT I —YICWEFEEL, V/8—ETIE Ld 25
T 5 I & CARISR ﬁﬁéﬁ& SHUCEE BB 2| U
Twb, —F, 7z2VIBILATI—ETII) —-ED Lk
I HEERRIL A FAAL IR, 24D, 7V 8
1ZT7~%kimbx4/¢kN%ﬁW%%&#%
D, NGB LD id 2EICHWZREBICS b & E R
LNTWh, T/, NHESGBHITER VT I/ BREHRE
RFE TR L EMAMET L2,

IR, A 0ry7ae@ Tz WVIEELAT T —¥ (AoFaeB)
O X ARSI L A ARESHLPIZEh, o
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NETHWEDOLVKRE Rl FAL VHFEAETLE LD
i, RO ) v, C AF Y VREOBO Y AT A v
RIEF LAV AN T 1 FEGEIBRT AL =0 T TF —
T7ELDIENDRPY, CS-D-HCEF -7 LA[FIT O
72 Table 1 W CRT ¥ A TB 72 VIBTAT I —H¥D
BRI IS 2 E R E 200, B D 5 A
awamori RO T £ F N F ¥ 7 v 2 AT T — €L X ik
SEARI S I, At MEY ) 2L 30 LR
EOWERITA—BE LGSO EHE LN,

7. $HVIC

HWEOX L7 VO RBEORTHF IS —ERF 0
5 — B BH I v A, kawachii D F ¥ 5 F — ¥ I3WT
Bevk, WEEMEETAERSRL L TFHMT SN, FoihE
AT &, [FERE - TR AR S TV B, K
MTIINFETHEEEN o727 70 —EORE
EBEEICODWTHIMN L CELD, INLDOBRIINIF<
ADFENSRICHST DL E DI, EREMHOREON
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TIEH L, MEOMELRERHAP —ELEDL I LIZX
h, SROICHERPHRE SN S,
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