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B OE: IFFY AT i T o-L-RERFEEG @E, 20 TAMFFTELTH B
B (Enterococcus avium). o-L- R E=AEF BB MR R R F LAY F4F 73 Ksn A4, &
oAk s BTl TS @ EARKGTF L5 F AN, [B 6] L. REABHRE T
o-L-REEFHBAR, #—FETARAOBFHRAATHA. [FE]1 L EMEE (Enterococcus
avium) strain 352 A F L F T 69 o-L- A BAEFEEA R 55 A K ah, BOHHF ATy 38 L% a8 R
/73, vA pET-28a(+) A RAME FH L A AL, FEULK G & Escherichia coli BL21(DE3) & % & tm
fosf BATE AL, AR FR BN ELEE, A pNPR HERM N Z THE G 98 F HIT.
[4R] £41% 9 EaRhal 5 F & K %94 130 kDa. vA pNPR # /&4, EaRhal ®&i& pH 2 7.0, &
EIRA A 50°C, £ pH5.0-8.0 FARMEIF, f£ 40 °C VAT hetRHFR 5 87%. £ /8B T4 EaRhal A
RR AR B AR RAPHIVE R . T E2xt EaRhal A 37H1VE A, JF B0 H4E F LA F B R 6938 K w38
3%, BEH) ) FHE K F Viax 2514 0.35 mmol/L #= 4.2 pmol/(mg-min) (R*=0.999). EaRhal #&4# 17K
fRAFFER T MK FFp T. [4#]) B £4% 4 EaRhal BFHF AR, AL T ZEaH
BE KA 6 KR AF L, A BIRAEAE M AW E R T ik mh,
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Cloning, expression and enzymology properties of
o-L-rhamnosidase gene from Enterococcus avium

ZHENG Dingyu, CHEN Jie, ZHENG Ziyun, LU Dandan, YANG Guan’e’
School of Pharmacy, Shanxi Medical University, Taiyuan 030001, Shanxi, China

Abstract: [Background] A bacterium strain producing o-L-rhamnosidase was screened and identified
as Enterococcus avium by molecular biological methods in the preliminary work. a-L-rhamnosidase can
specifically cut terminal rhamnose from natural flavonoid compounds, which has great development
prospect and application value in food production, pharmaceutical processing and chemical industry.
[Objective] The a-L-rhamnosidase gene from E. avium was cloned and expressed, and the enzymatic
properties of the recombinant protein were further studied. [Methods] Based on the putative
a-L-rhamnosidase gene sequence in the genome of Enterococcus avium strain 352, specific primers were
designed to amplify its coding sequence. Recombinant expression plasmid was constructed using
pET-28a(+) as vector and the recombinant protein was expressed in Escherichia coli BL21(DE3)
competent cells. The recombinant protein was purified by nickel affinity chromatography, and the
enzymatic properties were determined using pNPR as a substrate. [Results] The molecular weight of the
fusion protein EaRhal is about 130 kDa. The optimal pH of EaRhal is 7.0, the optimal temperature is
50 °C, EaRhal is stable at pH 5.0—8.0 and can maintain higher enzyme activity below 40 °C. Metal ions
can promote or inhibit EaRhal in different degrees. Methanol has inhibitory effect on EaRhal, and the
inhibitory effect increases with the increase of methanol concentration. The kinetic characteristic
constants K, and Ve of EaRhal were 0.35 mmol/L and 4.2 pmol/(mg'min) (R*=0.999) respectively. The
recombinant EaRhal could catalyze the hydrolysis of neohesperidin, naringin and rutin. [Conclusion] In
this study, the hydrolysis characteristics of the protein to flavonoids was determined by studying the
enzymatic properties of recombinant protein EaRhal, which laid a theoretical foundation for the

biotransformation of flavonoids.

Keywords: o-L-rhamnosidase; gene cloning; protein expression; enzymology properties
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FAR S, SRS A& i o LU 92
KAFTE, G2 R, HA Z RN 2530 pE,
HIZER TR T HAE AR B o-L- B
R I B R S Pk OB B AL A R g
SEREIIRE ST, RDRE SR A P e A S AR
XERLHY T, S4B L2 PTG M o AS S50 8 2o %o
HAEA AR, #E T EE R
A, I ERASE N IE T R4 E A X
Z PSR I B KRR, BRE T MR A
LR, XL Tl BRI St T g dE
TEH

1 HH57%

1.1 #8
Enterococcus avium XB1 HARSZE 2705

PRAE, ORI T v 3 2 W T o R A 2
H0 (CGMCC) , R 7 CGMCC21305 ,
GenBank & %5 & MZ687307., Escherichia coli
DHSa B2 5400, % H EADHAR L) AR
Nl E. coli BL21(DE3) @2 25400, Jb a4t
BHEYEARGRA A

pMDI18-T #ifk, % HBEAYHEAALT)A
RAF, SHEMANEREN; pET-28a(+)%k
I, A REERHEARAA, SHIRIIE
RN,

FR il 14 N VI Nhe 1 Fl Xho 1, PrimeSTAR
HS DNA Polymerase . 4 B 4 3% [ 41 $2 B 51
&, EHEEYHEARALARAE; Ni-Bi
EWEBERE 6FF (His bR alifb M fig). A NER
(Amp). RHBEEEK (Kan) . XA HEA M | Xy
7Rt -a-L- B 2% 0k I B 4 (p-nitrophenyl-a-L-
rhamnoglucoside, pNPR), Jt 5 &K T - YE
H AR A ; Blue Plus® V Protein Marker
(10-190 kDa), btz YHEARA R A
3 DNA BN 65 . Tag PCR MasterMix

(2%, blue dye). Bk K %! Bradford 85 1 1k & il
G EABMEAMASEHG mL), AT
AW TR () e A BR A Rl 5 MR AT BT
1. BT . BI5EE C. M IE . BT, A
T AZS B -Re2, WSS Wk A YR B
/NI I = S v B2 S S Vs o VT

PCR ¥, Applied Biosystems Al ; 4= H 3l
AR AR AL, By E] R AROREE B LK
1, demtmi s —AEYFHARA E S I
FRORBERRASL , 77 U8 2 AL R Iy A BR A
4 A SR AT, B BB AR A PR A F
4 B S BRSEE RS R s R GE, AL TR ALk
PHEABRA A .

LB i S(g/L): MERHEEUY 5.0, H Wk
10.0, S L84 10.0, 35008 15.0 (ARG FRILGIN) .
pH >4 7.0, 1x10° Pa K4 20 min % . LB/Amp
BEFR LA LB B A A Z U R 8 R 100 pg/mL.
LB/Kan 335 55: 78 LB B3k in A RIS
% 100 pg/mL.

1.2 A&
1.2.1 o-L-REREEFHERMTE

AN KL 2H DNA $RBURH &2 1
BRI AR EULIN 4 DNA (gDNA), i NCBI
)3l 25 £k 2 S B BR A RE R 808, M E. avium
strain 352 FE PR 41 Kl o 48 31— 4% o-L- A
it 5L 5 FE 41 (QCQ 11839.1), | Primer 5 314114
i 51#I(F: 5'-ATGAGAATTTCAAAAATTTTGA
TCAATC-3'; R: 5-TTAAACAAATGAGATTTC
CTCCCGTTC-3"), iR A EMY 1 o-L- 2
BRI R A S X . PCR LW 45142 98 °C
10s, 48°C 15s, 72°C 3 min, 30 PMEH. H
P DNA A CEE R Rl £ Rl 5 26, %
Iy B LR R Befli H Tag PCR MasterMix
F 72 °C TR 30 min, PAFE PCR F=##4 3" i
AN A B3, ARG pMDIS-T #ikiEH:, ¥
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A E. coli DH5a JEZ 540, F LB/Amp [#{A
B SR O G B OB, 26 AR AR LA
JBeA A BR 2 wl FEA TN e o R I A5 31 )y A 7R
UniProt (https://www.uniprot.org/blast/) #f 17 It
%, f#iF MEGA 5.0""7'rf neighbor-joining J5 ¥
MR GEREW, KT 115 3 A B0 T i
544 EaRhal .
122 EEHEARIIMEMEEFESH

S5 AL W B RS S K> . A SMART
(http://smart.embl-heidelberg.de/) 73 ¥ 25 1 Jit 45
COEERETA

KPR . R ExPASy (https://www.
expasy.org)¥] Translate, ProtParam I ProtScale
T HX} EaRhal #4701 . 5 HL s S5 AL PR i
A T A i K P 53 AT

SRLER TN . EaRhal 2K [ 45 44 38 i

ExPASy |-f SWISS-MODEL -5 (http://swissmodel.

expasy.org)JEAT HUN MY T 45 5aE i+ VMD #&
AT AT AL
123 FHEAMIFESFRIE

121 iR RS 1 F 8 5 - |
NG TE RIS . F1: 5-CTAGCTAGCATG
AGAATTTCAAAAAT-3' (5| ABEYIN 15 Nhe 1);
R1:5-CCGCTCGAGTTAAACAAATGAGATTT-3'
(51 ABEYINE 55 Xho 1)o LA H LR F- B AR,
i Il B IO 8L 1 51 984T PCR 973, PCR J
W46 98°C 10s, 35.6°C 15s, 72 °C 3 min,
555 98°C 105, 50.7°C 15 s, 72 °C 3 min,
25 MG Fralifbny B 5L BRI pET-28a(+)
A3 ) A BR 44 N VTG Nhe T Fl Xho 1 3
I Y), & T4 EEMEER, %A E. coli
DHSa /EZ 5400, FA LB/Kan [ AR 3730k
FrBAME s B IR, Jfalad PCR AT HE47 56
WE. ¥ EATRE A E. coli BL21(DE3)F ik %
ZAYM, F LB/Kan [ERREFEEE EibFTHE

A T

1£ 37 °C, 180 r/min F, BPHIEE L TF
LB/Kan K35 72 3 3595 2 ODgoo M 0.6 247,
JA 0.5 mmol/L IPTG /T HAE AR, BT
A 12 h, PSRN 30 °C, 4 °C. 3 500xg
2.0 20 min WU EIA, WA BEE@4 °C. TAER
[H] 10's, [AIEKIFE] 20 s)Z JCEEME A S R
B IPICEE BIEWR . ] N SRR e
W EATHE P , 20w W EE S 20, 50,100,
150, 200, 250, 300 mmol/L B mEZE wizs i ik
FTUEME, XGRS B 11T SDS-PAGE 43 #7 .
ffi FEk L8 Bradford 32585 11 e B 2 35 )
ek 4 b7 13
124 FH o-L-REBEHAEEF MR

¥ EaRhal [ 7 B4 8 SR - 76 il S5
T, BB AR 1 umol X fiF I 2K Wy Br 75
EaRhal i (1) i SCR 1 NS 1 507 (U)

2 i EaRhal {5 EI 2 : LA pNPR A IS
Yok 72 EaRhal 35 K¢ 70 uL pH 7.0 [
FRZZ W5 10 uL 2R A 1 mmol/L /1 pNPR &
4, T 50 °C {595 2 min J557 BRI 20 pL 2k
JE2)°4 10 ug/mL ¥ EaRhal , 50 °C 4k%% % )i 5 min
Jo, AHAIA 100 pL VA 1 mol/L BRI ENZ
W REIE AL, 72T 405 nm ARG

(1) fi& pH M E

TE 30 °C 4MFF, 45T pH {H 3.0-6.0
(50 mmol/L FrER-F7 IR ENZE vhik) . 6.0-8.0
(50 mmol/L MR —AN-BEfR — SN i) |
8.0-10.0 (50 mmol/L Tris-HC1 Z& #f i ) & 5 20
FEFTR NG o K A5 Y f = TS E R 100%,
A A pH T 4 EaRhal A9 BEIE 1.

(2) i it B I

fEdid& pH 254K, 23517 25-70 °C (1) F&
5 °C)Ml e 20 25 BT o K DUAS A e e Tl O
FE LR 100%, TR AR E N E 24 EaRhal
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PR XS TG T

(3) pH o P Rk B R e P A

4390 F 4 °C 1 50 °C A I ) pH Fa g 1 -
V¥ E2 EaRhal fRAFTE ik — R FIA[E pH (H
PZE MR T, F 4 °C 88 50 °C {R4F 12 h, k)5
TE B SN S5 AT W R A G o B DA
) o v IS SE S 100%, 1A TR pH R4
fif EaRhal HAH XS GG T .

¥ B 41 ¥ EaRhal 78— & %1 A [6] i &
(25-70 °C, [E]F7 5 °C) FORAF 12 h, SRG T s
B S AE T W L FRAF TS 7 o A5 7 e ey
ity 76 E LR 100% , THEAS W] B N E 4
EaRhal B9AH X 5 77 .

(4) W3l 775 B I

TERGEZIET, BEAEAD B SRE R
0.1. 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0,
8.0, 9.0, 10.0 mmol/L [ pNPR JZJij, 5E &
IR RIS . DARIRIMREE pNPR AR B0 il
AR, LIS [E) M pNPR K B4 /i EaRhal 2
AR EECH AL bR, FE TRy R A T XL
BRI, 1153 FE 4 EaRhal (1) Vi M1 Ko {8 o

(5) 4 B XoF B P ) 5%

TERGE ST, 30 AR R o Ak i
4 10 mmol/L Ay A4 )@ B FIA (K™, Na',
NH, . Mn*", Fe*'. Cca*". Co*. Fe*'. Ccu*.
Zo® R ALY, W EAS [ 4 S o e M A
M o LAAH ] 2% 4 N AN & @ B T 0 AL
EaRhal WIS /14 100%, HEAR 4IRS T
T E 4 EaRhal B9 BT 7 .

(6) FP IR 38 XoF TG 2 1) 5% T

REFEMIAG YK EE 2, T2
P B G AT e 2 5c 5, PR B 4K
WV B X I T s . FEBRGE SRR, 4
TERRP AR EN 1%, 3%. 5%. 8%.
10% A AS [ e B B s v, D00 AN [ H il 3

XoF G A RE R o DAAH [R) 4544 AS I B B
ZH i EaRhal MRS 710 100%, AR M
B 7 T E 41 EaRhal AYAHRTEEIS 77,

(7) PRSP I

FERGE AT, WEAE A5 S5AEE
JEY RN 12 h 5 & W 10 min 281120, i 50%
CNEVE W RE 5 A%, B0 5 6 HPLC #1774y
Bro HPLC Frill 554 : it LV-20AT =830 AH
ik R4, Gk N Diamonsil®C18 {4 4
(250 mmx4.6 mm). &R AT | A BRI 2
Z:HSCER 2004600 . i . M. T . §A
FEE C S BAT-R2 43 5| S FEOCHR[21-25 18D

2 X504

21 o-L-REREFHEEERN=EMNEDE

BENHh
2.1.1 BWERBBEXFEIIRY 1

DL I R RE D 41 DNA SR, 4 i v 1
LT H 3L R 4 A5 X 7 51 351 T PCR 914 J5 1%
B HKEH . ¥ EaRhal Yk s 508 55 16
UniProt 4 i 1 HE4 T HL X IR A0 2 R 40 Kk &
(&l 1) UniProt £#li %2+, 5 EaRhal J¥ 81 4H{M
JE £ 1 (100%) 5 51 R 4 2 19 o-L- BRIl
(AOA4PSKCH1), 522 AHMIRE f2 51 (33.9%) 1 E
YEM o-L- B K BT 415 Q82PP4 .,
EaRhal FEH 4K Hy 2 826 bp, Hilish i) S5
941, TR FIARXT 73297k 106.96 kDa.
LR b 1) 2 T FEE A F R (P 4.83, TEE
BRI A 2 T >20 h, 7E K IG AT B A A
HA>10 h,

2.1.2 S5 ANER 7K 1% 5 4R

i/ SMART 47 {57 2548 P &% £ = ik
M1, &P EaRhal 47 Pfam Bac rhamnosid N,
Pfam Bac_rhamnosid , Pfam Bac_rhamnosid 6H F
Pfam Bac_rhamnosid C iX 4 MESFEERIE(E 2A),
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00 | Enterococcus avium XB1 (GenBank|MZ701710)

1
ﬂﬁ Enterococcus avium strain 352 (UniProt tr AOA4PSKCH1)
61 Enterococcus casseliflavus EC20 (UniProt tr)lC9A6BS)

79 Enterococcus florum (UniProt tr]AOA4P5P8TO0)
100 Enterococcus malodoratus ATCC 43197 (UniProt trfR2NLC4)
100 Enterococcus raffinosus (UniProt trAOA1L8EWU20)

7 Enterococcus devriesei (UniProt tr/AOA1L8SV58)
96 Melissococcus plutonius (UniProt trfAOA2Z5Y4L9)
Lactobacillus agilis (UniProt tr AOA6F9YPF7)

Lactobacillus selangorensis (UniProt tr AOAOR2FR92)

100 761- Lactobacillus coryniformis (UniProt ] AOASBSTDS3)

” 100

A

0.1

E 1 EaRhal RS A BN

Lactobacillus mudanjiangensis (UniProt tr| AOA660DZ14)
78 | |: Lactobacillus pentosus (UniProt trf AOA494SDT9)

100 - Lactobacillus plantarum EGD-AQ4 (UniProt tr/T5JS03)

Streptococcus merionis (UniProt tr AOA239T037)

Streptomyces avermitilis MA-4680 (UniProt sp|Q82PP4)
Formosa agariphila KMM 3901 (UniProt sp|T2KNB2)
Alteromonas sp. (UniProt spPOWF03)
Formosa agariphila KMM 3901 (UniProt sp|T2KPL4)

F55- R (%578 GenBank/UniProt B35 40 % FIUEUF R 1000 Ik

bootstrap 7 M I fHE, (UB/R KT 50%M1HE; #rR 0.1 At fbih g

Figure 1

Phylogenetic tree of EaRhal. The numbers in parenthesis represent GenBank/UniProt accession

numbers; Bootstrap values >50% based on 1 000 replications are shown at branch nodes; Bar, 0.1

substitutions per amino acid positions.

ToAi5 S KF 41 . EaRhal 25 [ A0 8072 36 K 1
—0.361, BL/KHES T4 R WK 2B, ] EaRhal
BT B KRS, AR K Y
2.1.3 =R

FIF SWISS-MODEL 3%} EaRhal #F4T
ARMHT, LA 6gsz.1.A (PDB-ID) MHiAR, Hi5
EaRhal J7 S A LI L 2] 37%, i 21 [A) 5 2 1Y)
LR AR E AR 4B A9 45 R (] 2C) T, EaRhal
HA o 8¢, B 418 LTG5 45 .
22 HEZEPWIFESRIE

W A AR TE & 25 M5 12 h, WA
WeRF J 152 EaRhal MBI, 284S [k B DK
ZE MR PENY . SDS-PAGE 234 WLIE 3, HE 3

FJ A1, EaRhal BYSEPREE 5Tt 290 130 kDa
(#l 3 HHEFR/R), TERKMEMK A 100 mmol/L fif
VEMG, HAFRAAHFER— . VM, 150-300 mmol/L
DK Ak 35 8 R AR VR HE A
23 FH o-L-REWEEFHAIEEF 4R
2.3.1 &iE pH MREEERMNE

i &l 4A A1, EaRhal AY#iE pH M 7.0,
TE pH 4.0-8.0 BFRERINZE] 60%LA LG, 78
pH 9.0 Fil pH 10.0 BJEFIEAZ] 10%, #iH
EaRhal 7EFRYESIF T HREAIEEN . MK 4B
Al Hl, EaRhal M EGEIREE N 50 °C; FERE N
40-60 °C B}, EaRhal {5EERINE] 60%LA I i
15, UiB] EaRhal FLECTH & A .
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it
EL””“WWW'JV“Iwr

Bl 2 EaRhal BRFEMEAM . FAESHM=REMTN  A: EaRhal MERSFEEHEHN; B:
EaRhal iR L5345 C: EaRhal 9 =20 451 Fiil 25

Figure 2 Conserved domain prediction, hydrophobicity analysis and tertiary structure prediction of EaRhal.
A: Conservative domain prediction of EaRhal; B: Hydrophobicity analysis of EaRhal; C: The tertiary

structure prediction results of EaRhal.

2.3.2 pHRBREMMEEREMRNE

: o : Hi /&l 5A A1, EaRhal 7£ pH 6.0 W Fa g 14
140 G . B Uf, 4 °C IHAE pH 5.0-8.0 3 RERLNIF] 40% 7k
” | | W, 50 °C I L7E pH 6.0 B REKIFIFEE ,
fib pH 254 TS J1 LTS8 423k . th &l 5B /]
1, BaRhal £ 40 °C B iR EVERAF, 7E
25-35 °C JBRER I 2] 80% L) F G, 45-70 °C
G 1 LTS8 4k

kDa M 1 2 3

3 EaRhal 5344 SDS-PAGE ##f  M:

10—190 kDa &[4 Marker; 1 : K Z{i{f, EaRhal ;2—4:

20, 50, 100 mmol/L ¥ & H

Figure 3 SDS-PAGE analysis of the combined
components of EaRhal. M: 10—190 kDa protein
Marker; 1: Unpurified EaRhal; 2-4: 20, 50,
100 mmol/L elution protein.

233 EshHFEHNE

Ll pNPR N iKY 53 Ht EaRhal (1§ 8) )]
W, m& 6 WA, EaRhal X pNPR f i 5h
J122EE K T Vipax 53514 0.35 mmol/L Fll
4.20 pmol/(mg-min) (R*=0.999),
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A 120r B 120
100 - 100
> 80r > 80f
= 2
5 60f S 60F
2
£ 4of g 40f
[5) [}
& 20t A 20 F
O 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
3.0 40 50 60 7.0 80 9.0 10.0 25 30 35 40 45 50 55 60 65 7
pH Temperature (°C)

E 4 EaRhal )& pH IR EEREMME  A: EaRhal il pH B905E; B: EaRhal feid iEJE #9010 E

Figure 4 Determination of optimum pH and temperature of EaRhal. A: Optimal pH determination of
EaRhal; B: Determination of optimum temperature of EaRhal.

A B 120
140 a4 °C
Q 120 -e-50°C g 100
= 100 - 2z 80
Z 80t 2
g g 60
o 60r 5
>
= ‘5 40
= 40 S
& 20k & 20
0 30 40 50 6.0 7.0 80 9.0 10.0 0 25 30 35 40 45 50 55 60 65 70
pH Temperature (°C)

5 EaRhal pH R EMHFEEREMEMME  A: EaRhal pH B EERNIE; B: EaRhal JRJEFEE
PE R 52

Figure 5 Determination of pH stability and temperature stability of EaRhal. A: Determination of pH
stability of EaRhal; B: Determination of temperature stability of EaRhal.

10 0,084 11x+0.237 8 234 EREBFHRERREXEEMHEMNZN
= o B 1 ATAL, 4 TS A R R
s RER VS LA 1 7A AT, KO, Na'
g NH, % EaRhal MfEiEfEMA% 55, Mo’ fl Fe’*
§ u K.=035 mmol/L %} EaRhal 5 H 5 FEBE A FEHEAE T, Ca Rl Co™"
= 2 V=420 pmol/(mg-min) %t EaRhal A &0 A2 UEAE A, Fe®*| Cu® | Zn™
50 2 7 25 50 75 100 125 150 Al APXf EaRhal A AARE R MBI, 3
Ll 1/[S] (L/mmol) W, AP™XF EaRhal JLF52 44l

B 6 EaRhal Egah7) s 5800 5 H &l 7B Al A1, FIEEXS EaRhal BgE ) A

aRkha Tl 7] = w8 HIMN E . o
Figure 6 Determination of enzyme kinetic constants MR, I HANSE R e K
of EaRhal. T B
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*1 €£RESET* EaRhal BiEMHERYFNT

Table 1 The effects of metal ions on the EaRhal
enzyme activity

ERET AR BT )

Metal ions Relative activity (%)
H,0 100.00+11.23

K" 109.80+1.24

Na* 104.49+2.17

NH," 108.65+1.14

Ca* 171.18+13.37

Co** 175.33+14.63

Fe?* 68.64+4.96

Mn** 137.76+8.61

Cu? 52.15+8.86

Zn** 37.38+10.15

Fe’* 120.84+4.22

AP 0

235 EVEFFHEENE

EaRhal Xf /A [A] Ji€ 4 19 7K fif 7 45 1 L
F 2, 1 2 %0, EaRhal 5407 (A REMELK
A o-1,2 BETTBERETRS B2 A A AT RS A
a-1,6 BETTEER T, ANBEKMESA o-1,6 HitF
SRR . oA o-1,2 BETFEEITESE C M
ANZBA7-Rg2, LARAT TS5 WS 2 (8] A0 E
B A AT AR T
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Qw %‘% Q%QO(QQ)@QQQ’(\/QQQVV
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3 Wik

TE B /K AL A W) 1 14 [ (carbohydrate active
enzyme, CAZy)HHiE(www.cazy.org)H, HIE
FHEIR T I AR o-L-RBE R 8 3 A4
BE T 7K fi# i (glycoside hydrolase, GH)Z %,
B GH28 %% . GH78 i Ml GH106 FK ik o H
Hr, GHT8 Xk o-L- Bl 4B 1T B 5L DA RALAG 44
£ GH106 kR AIT, L IARH
SRR o-L- B2 W il 3 PR R AE A e 21270,
ARSI N S R BR AR TR Y o-L- B T i A
117 FIRGifl K RAL , %8 T GH78 45
il %

AWFE P aifeIF R EA o-L- BT
g ELA AT LUK AR S A a-1,2 BB TR R 4 .
MR R EA o-1,6 BEHER S T 098, T
Alvarenga 5§ MRV fUAE 9 h 4l AL 15 21— Fh AT
VLKA B a-1,2 B KRR o-L- B0
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Figure 7 Effect of metal ions (A) and methanol (B) on the enzyme activity of EaRhal.
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#%& 2 EaRhal BRI RS
Table 2 Substrate-specific analysis of EaRhal

i27] Bl

Substrates Glycosidic bond

VIS EEE S
Hydrolysis results

it B2 1 Quercitrin

OG5 M 2 18] LA i

A glycosidic bond directly linked to a glycosyl group

¥ Myricetin

TFOG5 Bl 2 18] AN i

A glycosidic bond directly linked to a glycosyl group

¥ i 1 Hesperidin a-1,6
7T Rutin a-1,6
B #& 2 7 Neohesperidin a-1,2
i JZ ¥ Naringin a-1,2
#]72E C Epimedin C a-1,2
ANZ 24 -Rg2 Ginsenoside-Rg2 a-1,2

+ o+ o+

e - NREKAE; +: ATLUKS®
Note: —: Can not hydrolyze; +: Can hydrolyze.

fiff B W R B BEAT Z A o-1,2 BET
Li R T —M A LIK# a-1,2, a-1,3. o-1,4,
a-1,6 3X 4 PR A o-L- R AR
XU o-L- AW G 0 IR R SR s, A
RPN o-L- B2 B A AL R B TR] R
ZHRCRE BT, a-L- B2 BE T B AR B — K
a-1,2, a-1,3, a-1,4. a-1,6 FAFoc 5B (A]
FLIEAE RO DY Nk, 7840 TR AAGR
ANFERUE ) o-L- W T B, XA AR - S ik
IO 2 e EE

FH 1 EaRhal fELL pNPR HJEMIF )
Ko fH°M 0.35 mmol/L, 1 Wu ZPNF KT E
o eI A AT VPI-5482 1 a-L- R 20
T 7K fi#% pNPR Y K {4 2.87 mmol/L. Ui BIA
[FRIE) o-L-FZBE X pNPR HfEfLRE
AT, % AE LA pNPR RPN Y K (LA
6], Y geit, HYg B2k 0.057-11.000 mmol/L!',

X EaRhal [ pH B 1 A B Ao e 1 ik
FImtoe, @5REM, 76 4 °C XTI pH fa g
P FE B IR E R (50 °C)# 4F . EaRhal Ay
FEVERE S, TESEBR N 7 5 IR AR AT

SR Li S50 KA o v 5 5l 3k T AT
B VPI-5482 H—/~ GH78 K%K o-L- B ZH1F
LN BtRha78A, F£-%} # 41 BtRha78A [ #
PEBTHEDT T R4 RAE ; FE4] BtRha78A HE
BOKfE pNPR, HAT RAFIH pH FoE M ML &
() R E 1 I T LA 32 A BE O BESS o BERH AN
[F] SR YY) - L- B 4= W i 1Y pH RS0 1 R ik B2
FREMEARRZES .

4 Gk

AT T E. avium H o-L-FR AW
FEN EaRhal WStk % RiE, Jr@adx &
ZH 4 11 EaRhal B2= Ve BESY, B0 1 8 0
WS AL G W K iR YE AR SE AR
WA SR AL T S SR RIS A .

bifi 5 [ N S22 55T a-L- RSB IR A
WS, FZBELE £ 5 TH TS 7E 1 W52 (6 RN 1 FH
H R R B, H T2 M WA AR S 1 ik
A A e A A, AR T ] Bz 3 T
— SRR, DRI, X a-L- BRASBET E JF & f
o FH IR 5 A T R A PR R A 5E o
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