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Abstract: o-L-Rhamnosidase \is an .inducible enzyme with important applications. Currently, the structure-function relationship of
a-L-Rhamnosidase is not clear. Aspergillus aculeatus was cultivated using naringin as the a-L-rhamnosidase inducer, and the structural
characteristics and enzymatic properties of this enzyme were studied. Mass spectrometry analysis revealed that this o-L-rhamnosidase was the
a-L-rhamnosidase ./A (RhA) variant from A. aculeatus. The simulations of three-dimensional structure of the enzyme revealed that
a-L-rhamnosidase had one N-terminal B-sheet domain, one C-terminal B-sheet domain, a clan-L (alpha/alpha)-barrel structure as a catalytic
structure domain and. nine fully conserved amino acid residues (e.g., Asp), indicating that this enzyme belongs to the glycoside hydrolase (GH78)
family. The molecular docking results showed that this enzyme could hydrolyze naringin through an acid/base-catalyzed hydrolysis pathway.
The optimal temperature and pH.for the enzymatic reaction were 50 ‘C and 4.0, respectively, while 0.1 mM and 10 mM Ag", Fe?* and Fe®* had
strong inhibitory.effects on the enzyme. Moreover, a-L-rhamnosidase investigated in this study was able to hydrolyze naringin, hesperidin and
myricitrin. The kinetics of naringin hydrolysis followed the typical Michaelis-Menten equation, with a K, value of 0.23 mM and a Vs 0f 565.1
U/mg. These results contribute to the structure-function relationships of a-L-rhamnosidase, and provide useful information for the production of
a-L- rhamnosidase with excellent characteristics.

Key words: Aspergillus aculeatus; naringin; a-L-rhamnosidase; structure; enzymatic properties

ks EHA: 2015-02-08

HEWE: EREANFESEMIR (31371751); EERFRFOIERERES ( 2010A006)
TEEEIN: F# (19910), &, W&, Mahn: 2RiETiE

BifEE: FRE (1973-), &, #L, BIER, ARAE: fniELiE

82



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.12

o-L- B3, Z5 B 1 [a-L-rhamnosidase(EC  3.2.1.40)]
JETHALFEE K AREES, Ret—. mactuKmE
PEEFR B Akl R (naringin)« 25T Crutin). 15Kz
¥ Chesperidin) M. o-L- R 2SWE 7RG 7E £ 5 Tolkrh B
HEBERN RO, T LR AR,
HE IR AT SR ke, SR AT PR,
ectaeriRacy SN I P La s

o-L-ERAFE R RIRAR T T 2, MREEWIE T
— Pl R A oL R R
FEER, M T o-L-REEHE RGN A T 25 S,
T, A B R . 2005 4 Miyata 4k
IR AE Sphingomonas paucimobilis FP2001 & E#id F s
IS A a-L-RZHEE . Mutter™25 )\
Aspergillus aculeatus H 7 BS HI IS o-L- ERZEHE LRI,
For—A™ a-L- SR HREP IR FE A B RO B 7 15 5
(G

FHIF AR, AFRIEIT o-L- B AR B 5
ZERK . MERIEN) o-L- RIS pH 2
Pealhstk, EP7E 6.0-80M ), BN a-L-
AR BOE pH —BRERMEEEN, FEAE
4.0~7.0" 2 ] . Rojast™ & W\ B 5 T 1l 2

(Acrostalagmus luteo albus) H14 &5 % —Ff o-L-Ff 2=
PEFEY, HAGE pH N 8.0, ‘&) IFERME A N /K#
TR R AR DL S PSSR Y . b, RIME
[ AR T A B AN F T o-L-BRASHE . RUR
FHEHAANE PRI-1686 M o-L-FZEHEFHTE RhmA 1
RhmB f{fid pH & AE, Hees RhmA fid pH 1
4 7.9, ifi RhmB f%i& pH {EH 5.0~6.9", ki L.
plantarum NCC245 ] a-L- 3 25051 rhaB, Al rhaB,
(1) fcidi pH FHfdd i FE AR AN ], F A rhaBy 14 el i FE
50 °C, Bl pH M 7.0 firhaB, HoE i E N 60 C,
Bod pH Ay Bl VR ARE N AMRE 280 o-L-FZEHE
H R IR R T KE TS, HIET 34 oL
FRAEHH T R I ARG, B0 AT A e A ) I i Bl 4
PR R P96 R, PRl T I A RS o-L B2
PR IRCR, BRI, E— Dt Um0 22 R AN
SMRABAEER N, ZHHMAMUTUEE S
A IR, IO AT R OSSN PR LT 2 AE B

AHIEFT /N IR w7 2 79 30— R w7 Al
FRgA M M, IR o-L- B2 S AT R
EEEERR AT, EIRAT e T th A B T
il o-L- B ZSHFEF I rhaA A1 rhaB), %o it i 25 or-L-
SR AR LE R A R O R FUEAEIR AN . 7RSS
50T, ARSI H B A th 5 o-L- 205,
WF ST EE MR RARFAE s A R R F S A0

fitif5
1 MRERE

11 PE5EA

AKTA Purify 2lift.{¢, DEAE-Sepharose FF £
Sephacryl S-300 HR ¢ [ b4 JIg 14 4 #ii 4. Amersham
Biosciences /A F]; waters 2695 WAH{GIE{L . Cog JAH
BT Waters A F]; Avanti J-257 5 0 AHLIE T
Beckman Coulter A 7]; UV-2600A £ Mg #3004
UNICO (_L#g) AF],

12 2 BEAMH

TR (>98% ) M 25 (>98% ) 57 (>99%)
T 7 22 /NERE R A IR AT A Rl R iR (ARD
WE-FIlsk FaRAL AT BRAR], B 8 (AR
e EZ AW RA A IR A, HEE (GR). LI

(GR) T Tedia Company Inc.A®]; SDS-PAGE [
FRUERR 10T ISk Fermentas /A &

T 2 IMUdb058M Ay A 5236 3 {5 A7

RIS 7R 1543 (9/L) N MgSO, 7H,0 1.0,
KH5PO, 1.0, (NH4),SO, 1.5, KCI 0.5, KNO;1.5, ¢
/KCaCly 0.1, E#REE 2.0, il 2.69, Hiffi 20, ¥)
& pH A 6.0,

WA RIEREFEFE MR (9/L) N: MgSO, H,0 0.5,
KH,PO, 1.5, (NH,),S044.0, ZnSO, 7H,0 0.09, CaCl,
0.1, FERHEEMW) 1.0, ML 5.0, K&k 2.0 &kEH
[l 2.0, 14k pH 4 6.0.

13 BRI

1.3.1 #RIeHF o-L- R EHE B oY & BF B AL AL
Pl

R EAE 28 CRIELL, VEILE 96 h B 152
AT, H 0.75%TC A EK Ve 7, EIRA
50 mL JC B A= BEER KRG B B ER I HE I R, 7800
PP 30 min Bl AaEATEG. FHGE A KA
ODgoo /v 2.0, 13 HIT R B B RRIL 1%
Pl BRI AR 7R 5, DL 180 rpm L IEAE
28 C AT FAT K 7% . FIZARTE 4 C R R I%
g, 15,0005 A4 ESCr 20 min, W BIEVE VR
B o
132 a-L-AEHAEHELEAL

BREREL DTS : DM R 218 I N BRIR By K &
MIRIEE Ry 40%, FREEfEHE 30 min, 4 CR#E 3 h )G
15000>qg £5.Cr 20 min, YAE B3, INBRERERY K 2 80%
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TEAEE, $i8E 30 min, 4 CRERE 6 h, 4 CH&MHT
15000>q 5.0 20 min, WEEDTE.

FEfr: A bR R (20 mM, pH
6.0) WEMRITIE, 4 CHKMT, HFE—FrER S MK
XTESRIIRE SN IENT 24 h, BT 6 BT, K
FENTBINR IR TR 2 BT AR AN FE R IARRI 20 £%
Vv

BT R T AFTERIRER (20 mM, pH
6.0)1 mL/min ~Ffiif DEAE-Sephrose Fast Flow #£(1.620
cm)Z 5 FEHAF, EAEE R 0.8 mol/L NaCl FTEER
EheEM (20 mM, pH 6.0) #% 0-0.8 mol/L NaCl £k
BEFERAT YN A 5 AR, JiEJy 1 mUmin; 4% 3
mU/EBEATUCEE, W8 JEG A Mg A i e
TORIEARAR o

S FIRENT: FEA 0.15 mol/L NaCl IR &5
2 (20 mM, pH 6.0) % 0.4 mL/min FrI7AEIE F1f
SephacrylTM S-300 HR (1.6>60 cm) #: % 5 {4 F,
AR FE R, DL 1 AR 0.15 mol/L
NaCl FIFTHF IR Eh 22y (20 mM, pH 6.0) 4T3,
R 1 mUE TR, W RA a-L- NS
FIHIRERT-20 C4 M N IRAT -
133 o-L-REAEFBE AT

*1 DEREBER A
Table 1 Gradient elution conditions for the peptide separation

Events Mobile phage/%
Time/min  Flow rate/(uL/min) A B°
0 0.500 95 5
35 0.500 55 45
40 0:500 20 80
45 0.500 20 80
60 0.500 95 5

Note: a Water with 0.1% formic acid; b Acetonitrile with 0.1%
formic acid.

WAL JEAS B o-L=f 2505 B A &, AT
SDS-PAGE 7 RGeS M R AT V), 4l
KBV E . 100 A 10% Z B AT R, R
CHiES 100 ng ZEid I e 2 B R g A T 1
J&, TIN50 mM BIBREREELLE 37 °C, 300 r/min 15
PRI 16 h, LG F 50%61 285 (2 0.1%H )
X IRBGHEATHEE 10 min, JIREBE E 3 78] FH B B0
WUHT TSR 5% 485 (N 0.19%H ) Xk
BolTEE, MRBUMEA A IRB s s Sy
Hriaie & RGN TH i HeVRUH 2 48 DL i A7 FE 2Rl T
LI 25 FL B U Y LTQ Orbitrap X JFiit 4% (Thermo
Fisher Scientific, Bremen, Germany) #1417, 735 kB
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(PIRR e 25 WA 1. FIFH MASCOT TEZRHR {443k
BH—2% . 25 MSIMS S BT, 45
FAE R, #— 5 Swissprot BB & I FE TR
RHFRE N DIRE(E ..
1.34  o-L-RABABF B2 10 L5 A 49 AR

PLER A P DL o-L- R ZSHE T S AR 250 R
B, 75 SWISS-MODEL 7E£R 5 1% i ih 25 or-L-
SRR BRI T — 4 (A1 540 B)A5EAEL. IR PyMol
AR ) 7 B L 54T
135 o-L-REEFBEEFLKX A0

M CAZy(Carbohydrate=Active enzymes Database,
CAZy)M 3t KEL NCBI £i4fs P8k, Swissprot £t ZEAH o<
(1) a-L-FRAFEE RGO MR FASTA #0751, FIH
MEGA4.0(Molecular Evolutionary Genetics Analysis,
MEGA) 7 HT X 74111847 Clustal_W 22 5 LT PL K
HEAAR 22
1.36 o-L- A BAEF R T R HAT

FIFH DNAman #fk, FEEMAHKH a-L-RZ2HE
H A 2 IR T AT B E TN LLG, R IR a
13.7 arL- S BAE B HEAAD B K AR 89 LA

7. Discovery studio AT o-L- 52 HE
AR F7K AR IBLEIFT, ] ChemBio3D #AHAE A%,
T B2 () 25 1) 45 849 , 83 Swiss-model 7EZR EXT o-L-
A B SE . K o-L-FRASHEEF R MO BT S i
AR Discovery studio 4+ ) libdock AbeifE
(Raam AR
1.3.8 pHAEX a-L- R A8 8097570 1K56

OGS pH RN pH R BAR R T llE
o-L-ERZEWE L R AR X B S 21T 2000 BT 22l
FEREEY 9 50 mM kT R 22k (pH 3.0, 4.0, 5.0+
6.0), BEFRELZEMR (pH 6.0, 7.0), Tris-HCI ZZ ik

(pH 7.0, 8.0), EGIESRIIREHN 50 C.,

pH A MG BRI R T AN pHAE et
TE 4 CHA TIRAT 24 h 50 E FXHBES F1oRkit 7.
W BT VRSB R FESS 9 50 mM AT AR 62
R (pH 3.0, 4.0, 5.0. 6.0), BEFRELZZM (pH 6.0+
7.0), Tris-HCI 2 (pH 7.0+ 8.0). B [ IR
N 50 °C, il SAAR 22 2 i o BTN 1) B 1 S B2 pH
WEEN 20 mM [T TR S22l o
1.3.9 BEA a-L- R EHEF B KR AR K 097
PR IR e

BRI NI FEE PRI 5 S AE A [ B S R iR T
D E R BRRG SIFTA 10, iR R Y /2 30~80 °C; g
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R IR R 1.3.7 BTl IR B & B pH IR
920 MM [RIFTRE IR SR 42 A o

YB35 05 53 I B T A RIS T AT /KB R
H1hE, WE o-L-REEMEHBEAEXEEE 77, R
a2 30~80 'C, Ml S SR RGP FTIASH) eid
S pHL HREEN 20 mM RAHIE IR EREZ IR, I B
L N TIN5 1) BT A S SR B
1310 £ BB T. RRABEREZ LM o-L-
R EHEH B0 7R

WSR2 E, SZREN 1 mM & 10 mM

R 2R E N 1 mg/mL 5 10 mg/mL) HIASE %L

MNANRE], T 4 CEZAFRAT 24 h J5 0 2 A RS 77,
Tk IR R 0 . SRZERE . B, Ag'. ca'.
cu®. Fe*. Fe¥.
1.3.11 o-L- R BB RN F AR

T AN R R R T a-L- R AR
IR TR R oM . HE g, &
Rt L. K. i SR
1312 oL R 48 B K Af AN B 309 3) )

VBRI 5 — 5 VR P P2 (VA B2 e B, R R 2k
TAH B S B S S a-L- BRI /7,
DURADIREENREALAR, ARG R S 2 N ALAT 7y T4
H o-L-FRZASPELFEE Lineweaver-Burk XUEE 2k &,
T a-L-BRAREE TG Koy Vinax X Keat 530 17 24
1313 a-L-RA W EN 2

PURHEZFE (300 pg/mL) MRV EBHEE. K
TEVEIE IR NAR 20N 1.9 mL Fris R kgl (pH
4.0, 20 mM) il 2 mL AT 0.4 mL B, 50 C e
5 min JEREED 100 C & 30-min K%k 0:22 um )
KRR P G e M i, SR
HEERRsEmK (A . HEE (B) KK (O
M, FEEEDEMEEA A 0~4 min AIB/C 4EHF 95/0/5;
4~14 min A/BIC I48 2 60/0/40; 14~16 min A/B/C 4
£ 60/0/40; 16~24 min A/B/C T44% % 30/0/70; 24~28 min
A/BIC B % 95/0/5;  28~32 min A/BIC 4E+F 95/0/5;
U 0.5 mL/min, fzillE Ay 280 nm, A4 35 C.
T 3o Al 7 A D RV AT U B oL RS R I 1
T, LAREIMEPRERE 1 umol A5 T 75 ZE IR R E SO
= a-L-SREAEE RIS )50

14 HAELAT G St

SEIGEHE N 3 YT TME, —XkSHH
Excel BAFTHR-FEMEMBRHERZ, IR BRI
RAELL A SPSS17.0 At AT IEAZ s et I ML

TR
2 HER551F

2.1 oL~ B 2R A B 0 4 0 R 5TE A

a 3000 —e— absorbance at 280 nm 10
=) —e— naringinase EZ
<é NaCl ............ 8 024
= 2000 Zz
= 46 o ~
o 2o
5 14 &2
2 1000 ==
£ , &
= i
0s D Ogierceres )
0 100 200 300 400 500 600
Fraction volumn / mL
b 300 172.0
Z
Eﬂ —e— absorbance at 280 nm =3
g —e— o-L-rhamnosidase B“‘lﬂ_ 15 &,
= 200F oo B
= “—3 g
< - a
& 1=
§ =
2 100+ =
£ 105 5
=] =
=]
<
0 . L 0.0

20 40 60 80 100 120

Fraction volumn / mL
& 1 FHEpRE IMUdb05S il e Lt 1L &
Fig.1 Purification of naringinase produced by A. aculeatus
JMUdb058

Note:  Ninety milliliter (399-489 mL) fractions in
DEAE-Sepharose FF column (A) were pooled and subsequently
concentrated to 25 mL by ultrafiltration prior to separation on
SephacylTM S 300HR column (B). The inserted picture in (B) was
SDS-PAGE analysis of the purifications on Sephacyl S

300HRchromatography.
X RS 5 o-L- SR AR R BRIR SR U Ve sk
1T E Ak, 45 DEAE-Sepharose FF 2138 4(
1a) Fl1 Sephacryl™ S-300 HR BHiILIEEHT (& 1b),
YR &l 1b H 50-70 mL NI HIE, 3RS T EH 44
S LR AL (1B PAEED, SFEATRT R
WM & Mascot £ %, oty 4 sl E) 5 25 Ik BYE
TR RS o-L-BRZERE S ACE S5 : AAK16249.1)
(3R 2); MHE=NFAHARKI a-L- B2 A
M52, (HERNE] T K& p-D M MEEREIKE . 1%
SRV, AR o-L- RASWEEEER B-D
HNEEEEIR A, X5 PuriPIe T o-L- 2K
B0 p-D MG AL SR Sl (M) RS
GERM— 2. HaeS B e KAl B (B 2), 7
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YIRS T (5,062 min) i o-L-BRAEHE
B K A= 7 (5.818 min), I HE& T4 B-D-
AT KR E IR R (13.406 min), %45 R
BE—BIGE T A PP S o-L-SREVEE A B-D-
MR RE AT . eAh, 1S SO TR 4 B3R
13 o-L-F 2R A2 A 57 o-L- B RE TG A,
BIHISSCHRARIE R rhaAl,
R 2 RSN o-L-FREFEETERER
Table 2 Sequences of the peptide represented by band number 4 in
SDS-PAGE patterns of purified naringinase

Amino acid region Peptide sequence

73~91 R.NIAGIVSLDVTSVSSK.A

178~191 K.GYFHSSDELINR.I
R.WGPYGAPAPEAGSTVSPFIGGFEL
463~499
QAHYLANEPDR.A
504~516 R.LQWGFMLDDPR.M
648~659 R.GLQGGTWTLK.G

Note: Peptide identification was accepted with significance
threshold p<0.05. Total 5 peptides were analyzed, among which
3(underlined) were identical to a-L-rhamnosidase A (Accession No.
0i|13241312) from A.aculeat.

Naringinen
(13.406)
02} .
Narinei Prunin
aringin 818)
2 (5.062) 5
0.1[
00 1 1 Il 1 1 1 1 1 1 Il 1 ]

0123456 7 8 9 10111213 141516 17 18 19 20
Min

& 2 SH1LERLE 537K AR L E S Ui B 15

Fig.2 HPLC analysis of the naringin hydrolysis using the purified

enzyme fraction

2.2 ./ oL - B2 Wy 551 B B AE AT

TR AR KAl SO0 P rh T 1) a-L- B
ZEREE, RORR T D%E TR EES 106 S5 LS,
K #o AAEHEFESE 78 (GH78) ik GHT8
FIEHIAR EVERHEZBA — clan-L (alpha/alpha)ey-
MRRES AL R, — MEE AR g rE8iis
HHILE N 5, 55— B I 83UFEAE C ImpfE ik
B o, A —A B I NTE N sl F A
] Chttp:/Aww.cazy.org/GH78 htmD» 2007 4, Cui?145i
s 1 Bacillus sp. GL1 BFRI o-L- B 20 H ) S AR 45
¥j, & 3A (Protection Data Bank, PDB). 1% a-fRZs

86

PEH BRI S5 2 — AN FIYE R0k, L5 1908 /M
g, 43 NNZEEDT, 4 M5BT, 1755 NKAT
X1 N, D1, D2, C 4Rk p-= G E LA IX 45
A o4, HA X A, B clan-L (alpha/alpha) -
FRREER (B 3A R X3, 1% e H R T 1
PG5,  FRZENE SR 45 A0 s B AR TE XSS R TR
F4b. UL B. sp. GLL WK a-L- RZEFEEEEIN f ik gh
FIAE N B AR XS R i B o-L- R W HE A

(AAK16249.1) T2 [AIS5 A RIS, vt & 3B
s (AEXIED, ZAES B. sp.GLL a-L- 245
H AR LS, BY Ntgs eI, C ungh s &
clan-L (alpha/alpha)e)- Tt i gt e As-ifi H52 4
XoF LAY LA v P AR S AR R TR AR TR A S5 3 -
S TREARR S5 A0 IR JRCHS, R 255 5 Cuil S 45104
—H. AL RN 7 ) SRR () 2 L B AR Sl
WA B RO 5 o C-R WG A J8 T HEETE 78
KGRI -

B b X
clan-L(alpha/alpha) -1k

B3 a-L-RETEHEER = HLEHaE

Fig.3 Three-dimensional structure of a-L-rhamnosidase

Note: Figure (A) was for cryscal structure of Bacillius
sp.o-L-rhamnosidase (Accession No. AAK16249.1) devied from
Protein Data Bank; (B) was for the model of three dimentional
structure of a-L-rhamnosidase from Aspergillus aculeatus
(AAK16249.1) drawed by PyMol software.

Gt MR, GH78 IR a-L-FZHEH g
F—AEHE R EA Asp (24, Trp, Gly, Thr, Glu,
Ser, His J% Pro JL/NEA R R R A: . A4ttt
SRR 5 o-L- SR AWE TG A FLH A GHT8 Xk
1 o-L-BRERE G A MR R 2R (R 2). 18
GH28 ZXieH, 4 KBUH - FUNEIE R, A 17K A
o-1,4 W BRI SR UM R T 1) LA R I
PR IR R i AL i 2R 2 Asp 2 5
fEth, 2 2 EH LS H, Asp202, Asp223,
Asp224 A LR cui P mEid 15T B. sp. GLL
o-L- B2 M (BAB62315.1) 5 H! , Asp567, Glus72,
Asp579 & GluB4l DU KERRRILTE GHT8 K &
BRI, Fob GIusT2 fE A S AR A — 2
A5 CHYSIE T A8 Asp), (R SRS . 18
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HZEFHI (& 2) A, IXPUAM 53 I R
THMAME o-L-BR 2 H (AAKLE249.1) K
Asp247. Asp252. Asp259 K Glu523. ixXebsh
BRI/ THE A T a2 o-L-BRZEWE TG A
J&F GH78 FiGHH— .

M CAZy ¥4 FEF1 GeneBank 4 i 1% GH 78
SERE o-L-RAHEEE (BER %5025 W E.C 3.2.1.40)
FPH, SASMERIENT Y 12 %, HEERIET
11 %k FIH MEGA4.0 X L 23R 1751 5
WA o-L- R ERETE A T (x5
AAK16249.1) (FE] 2) #HATXE LEXT & 2 HE X,
FAa e (B 4) mr%n, LUK B RIER o-L-
AT R ., N — N33 Blanch A, i %)

Hh—A433¢ Blanch B HHES 2RI SC AR, AN
Blanch B-1 5 Blanch B-2, A Blanch B-2 B4
B S, 43 AN Blanch B-2-1 & Blanch
B-2-2, W] AR HIE HFR T Blanch B-1 733X 0 fi
VET B & M E T oL A RSN,
Blanch B-1 5 Blanch B-2-1 ] a-L-f3 25l B 1)k 5
YIN4REE, T Blanch B-2-2 BSRIE I 435 N E 2K
IXTEMTHIER A T GH 78 ZXRAN AR a-L- A HE T
Pl FL A ) G DL R B AT T R R e . R AR
o-L-FR RS A (AAK16249.1) Hilifaih® o-L-
2B B (AAGL3964:1) HEAF3Y, kit a4
B a-L- SRR (XP_001389086:1). BALZE
% o-L-[RZHETFI (BAF98236.1) .

#* 3 GH78 ik a-L-REFEEEARTXIE
Table 3 Conserved regions of a-L-rhamnosidase belonging to GH78 family of proteins

Accession number

Conservative region

1 2 3 4
BABG62315.1
. 567 DCPSYE QVFWVGD 579 PFMS831 838 TCWE 841 859 SHCH 862
* (Bacillus sp.)
AAK16249.1
247 DGAKRD RLVWPGD 259 PRIG473 520 TFIE 523 543 SHAH 546
(A.aculeatus)
AAG13964.1
238 DGAKRDRAVWPGD 250 PFIG418 455 TLIE 458 478 SHAH 481
(A.aculeatus) 2
BAF98236.1
B 244 DGAKRD RLVWPGD 256 PFIG480 517 TFIE 520 540 SHAH 543
(A.kawachii)
EFL96112.1
o 277 DGIKRD RWIWGGD 289 PYFK498 535 TVWE 538 560 SLCH 563
(Pacidilactici)2
CAB53341.1
. 440 . DCPQRDERMGWTGD 453 PYLC671 718 TIWE 721 739 SFNH 742
(C.stercorarium)
AAR96046.1
) 457  DCPQRDERLGWTGD 470 PLIC696 733 TIWE 736 754 SFNH 757
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Fig.4 Phylogenetic tree showing that a-L-rhamnosidase belongs to
GH78 family
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Fig.5 Two-dimensional plot of molecular docking of

o-L-rhamnosidase and naringin
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Fig.6 Effects of pH and temperature on a-L-rhamnosidase from A.
aculeatus JIMUdb058

Note: a: Optimal pH was estimated by analysis of the enzymatic
activities in different buffers (pH 3~8). The pH stability was measured
by analysis of the activities remained after the enzyme being incubated
at 4 °C for 24 h in buffers with different pH values from 3 to 8. The
relative activity was the percentage of a detected activity comparing
with the largest activity value attained. b: Optimal temperature was
estimated by analysis of the enzymatic activities at different
temperatures (30~70 “C). The pH stability was measured by analysis of
the activities remained after the enzyme was incubated at different
temperature for 24 h in citrate buffer.
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10 mg/mL 4, HALRIEA 1 mM 5 10 mM BIANKRIE
BhRE. BTSSRI LIE L Ag'. Fe™*. Fe¥ =Rt
XF o-L- AR RS PE R A BRI R BER, 75 10
mM IR P I A B J138/N T 40%, TfT Cu®*s
Ca’*. RRZSWE. FATHE B RIHR o 5 A1

Hl, 1€ 1mM Bk 1 mg/mLRE T, Cu*'5 Fe BR T
—SEMIBREIE, 10 Ca* B P Bt R P 1 A
GRS, EEER. RERE, RRZAT
ANFIRIF o-L- B ZHHH AR SR A BRI 2
ﬁi[l]o

R4 TEMEY o L-REEHIBIEEFHE

Table 4 Enzymatic properties of the o-L-rhamnosidase from different microorganisms

. . pH Temp.optimum Evolutionary relationships
source Microorganism ) Mw/kDa pl
optimum Irc parameters
Bacterial Bacillus sp.”) 6.5~7 40 og°? nd 86
Clostridium stercorarium!®! 75 60 95h nd A
Bacillus sp. (RhaB1 and RhaB2)t} 6.5~7 40 98°106" nd -
Lactobacillus plantarum = 7 50 73°,155% nd ol
(RhaBland RhaB2 ) 5 60 57°,100% nd
yeast Pichia angusta X349(1 6 40 88°90° 49 -
Fungi Aspergillus nidulans 4.5~6 60 102° 5 100
Aspergillus aculeatus 92b 6.2
4.5~5 nd b 100
(RhaA and RhaB) 85 5.2-5.9
Aspergillus kawachiit*? 45 60 nd nd -
Aspergillus niger™® 45 65 85" 4552 -
Aspergillus niger DB056 5 40-55 87" nd -

Note: * Molecular weight determined by gel filtration.>: Molecular weight determined, by SDS-PAGE.  Molecular weight determined by

native-PAGE. nd: not detect.

=5 NERMI a-L-REEHEEHSNT
Table 5 Effects of a variety-of factors on the purified a-L-rhamnosidase

Effecter(1 mM) Relative enzyme activity/% Effecter(10 mM) Relative enzyme activity/%
Ag’ 74,7542 457° Fe* 31.5047.657°
pectin 88.8745.435" Fe®* 35.7343.718
Fe® 89.89+14.253" Ag* 38.95:41.829 2
Ca® 93.4149.521° Cu®* 92.4745.788°
glucose 95.3242.781% Ca? 97.68+2.341°
ramose 97.5144.343% Ramose 98.6746.453 "
cu®* 106.9343.121° Pectin 99.9947.700 °
Fe?* 107.1942.706° Glucose 100.80-44.865 °
Control 100 Control 100

Note: Based.on homogeneity test of variance, Duncan's test was used for describing One-way analysis of variance (ANOVA) about effects of

various effecters on o-L-rhamnosidase of naringinase comparing with the activity of pretreatment (100%). The concentrations of effecters were 1 mM

(pectin 0.1 mg/mL) and 10 mM (pectin 1 mg/mL), respectively. Different letter indicate significant differences among values.

Yanai®45 M Pichia angusta X349 Hhalifl % H
(1] o-L- R ASHEERELE 1 mM Fe* 1R~ S R iEs i
BoFE Ve . YUPUEA L %5 RIS B oL~
RZEHEEFBEAE 20 mM Cu® /%2 10 mM Fe® VEF R iom
ISR . Yadavi* 45224 A5 MTCC-8897
AL 1 a-L- REERE IR E 05 mM ) Cu™
YEFF, A SERHHEIER . Srguleng®2 Msg FFE

Y B AAL R S T R-o-L- RSB AE Ca™ ik
FEREAE R, Sow R N A BRI . Galleg™!
ALK (1 a-L-FR AR 10 mM Ca BRI T,
H—EMOEIER . Birgisson ™4 Mg g H i 1 455
132NN T a-L- BRZEHEERGAE 2 mM REE R Y
Ca®" A R . AR L5 HS Yanai. Srguleng.

Gallego 5% HIBF AL A AL, (HY Yu, Yadav,
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Fig.7 Substrate specificity and Lineweaver-Burk plot of
a-L-rhamnosidase
Note: a:Three glycosides containing terminal rhamnase, naringin,
myricitrin and hesperidin, ‘were used to' investigate /the substrate
specificity of the o-L-rhamnosidase. Transformation rate was the
percentage of the hydrolyzed concentration in the total concentration
before enzyme reaction.-The:numbers followed by different lowercase
superscript  letters  means  statistically  different  (P<05) b:
Linewearver-Burk of a-LL-rhamnosidase
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