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Abstract: a-L-Rhamnosidase is an important biocatalyst for the synthesis of bioactive flavonoid compounds. However, its industrial
application is often limited by low catalytic efficiency and insufficient thermostability. In this study, based on a previously obtained single-point
mutants, multiple double mutants were constructed using a combined mutation strategy to further enhance enzyme performance. The
best-performing mutant, R783A/R386A, was successfully identified. Its relative enzyme activity was 7.63 times that of the wild-type enzyme,
and its thermostability was significantly improved, retaining 90.4% residual activity after incubation at 70 ‘C for 3 h. Kinetic analysis of the
enzymatic reaction showed that the K, of R783A/R386A decreased by 73%, resulting in a 2.4-fold increase in the apparent specificity constant
(keat K ) at low substrate concentrations; however, it should be noted that this increase in the ratio was accompanied by a 36% decrease in ey,
revealing a negative trade-off between enhanced affinity and reduced turnover number, indicating that the mutation primarily optimized the
substrate binding step. In the synthesis of isoquercitrin using rutin as a substrate, R783A/R386A exhibited excellent catalytic performance,
achieving a yield of 97.0%. Molecular mechanism analysis demonstrated that the R783A/R386A mutant markedly enhanced enzyme—substrate
interactions and catalytic activity by optimizing the conformational flexibility of the catalytic binding pocket, which providing an important

enzyme resource and a theoretical basis for the industrial application of a-L-rhamnosidase and the rational engineering of glycosidases.

Key words: o-L-rhamnosidase; rational design; isoquercetin; molecular dynamics; biocatalysis

Wis HER: 2026-06-08; fEEIAHA: 2026-09-14; S HHA: 2026-09-15

H£&UH: BERAARFESIE (22301068) ; AEEARKALITRKIKEES MBERIEFH) MHE (242301420091 ; HEETERFEEE ETME
(2023M731022)

{EEE N KRB (2002-), &, WLARE, HRAE: L%, E-mail: 18838221762@163.com

BiEE: BiEF (1991, 5B, L, %, WRAE: PHEERSEMERSEYEE, E-mail: jishaoyu@hactcm.edu.cn



MR ERmEE Modern Food Science and Technology 2027, \Vol.43, No.8

SR ER (Isoquercitrin,  SCPRFAM B, 42744 Juliil e 3K -3-O-4-D-ML IR AT HE T, 2 R IR R R 25 1)
EEAPFATAEYN. TR AT, S A b S R R IR P IR AT T R
IR 2 SRR RS . it R Fol s s (g R R, HOKISME S IR T T Bt ez oe, A
HAHE IO RAEDRRES, U FOTSE, SR R A BB, sk, fuigts),
BT, oA (R S e T S e B ik . SET AR AT RE, MY R O 2 BT T ThAg
PEE SR R RIR G S TT R SUR . RIS TSR 0 B U Sedft B bl &6 7532, - IR
BT, HrPERERA T BN R — 5B RIFRHT AT S ax (G At .

o-L-FRZWETEE (a-L-rhamnosidase, EC 3.2.1.40) & —KAeM8HRE R KNS L SR o-L-BRAFERE
KIS, P AEE TN R R B, S A PR 2GR T AU B SRR A, it
FAF ARG S kY & A A I 0 SRR AT AP, DU E PV R AR S L A A DA e
FEMIREAERSA, BRI, RARKUSA oL BRZERE TR 7 CE LRI R P AN 2 BB A S A2 PR 25 ]
R, PR T TR AR, BRER TR, JUHURIETAEIIR S0 E ARG, OO R TR I A
SRGEME R TR, R, 4TS 0 T B SR R MR TR TR TSR AR L P LA R SR A ot
ARSI, JyE R R BRI R HR AL R Z RS . AHIF 7S LLKIUR T Dictyoglomus thermophilum Ff)
o-L-FZEWETFNG (DthRha) ARFAN R, 3T RIS S ThREAHY, Bt Ieae T —RIBRE AR, ik
PAFIERE AL R7T83A/R3B6A TEAK . it— M, I 7 RHEBAU i R 5 T 4 G, IR4s
BTN I F RN RAER B R SRS PRI . ZEREFERT b, X R783A/R386A TRAAKILI T Al It
REMEAT T RGUSEIOIONE, PR KA iife 1, CAHITN a-L- BRIl ) B s B AR B 124K
EYAEAR P N ISR AP AR 5 S0 S

1 RSk

11 AMERIE

a-L-FR 2B R K SR YE T Dictyoglomus thermophilum (DthRha, GenBank:WP_012548615), £ iL-1-i4k,
Jei, & ChER D ARE RIS T #A pET-28a 1. KT H (Escherichia coli, E. coli) BL21 (DE3)
(YIRS A A LA B K BT i DHSac AL 5TH TransGen Biotech A a4k, 2T . RARE K B B Macklin A7)
PEME, BT A DIBEFT T4 DNA 424Gt 48 [E (1) Thermo Fisher Scientific /A =] 244k,

12 FE KA
5000 DNA Marker, FAYTHE (CKiE) HRAR]: BB/ MERAGE GEOHRD. A SR TR S G

i, RIRAENERE dbs) AIRAF: XAHERIE-o-L-IE R (PNPR), 3£ Sigma A F]; HARMHRH
rhra), EAEBI AT IR AT FrA Al R L STE W S B

13 M&E5H%&

XM-650DT AR AT, /NSEHFEAEE CRLD ARRAF]: UV-2600 i 4Ntk it LC-20A ot
RGN, HA B IS E IR A T Mastercyler nexus X1 A B [ N FEKP #4943 . Centriifuge 5810 R Ik
TR 0L, 5 Eppendorf A ]; AKTAPure 25 KA 40ML£48, % General Electric A ).

14  Fi%

141 BRERTARFALOGM L 4640

AR AL TS o P R (O D L 8P 1 SRS R R AR, SR 5 5 R S AT I A SR IR
BIIRFINE 1. FABRKAY 550105, #10% E. coli DHSa BZAAIN, FIEaFINE R MWk 75t
HHATHES R . ARSI ST S PCR %5, IR B ISREUL l Ik B A B R . B
i TER I AL URI% 2R TAE TR (i) MRt IR A AT A . 0 2 SR TE TR A SR ik
HE— AL E. coli BL2A(DE3)EKAZ AN, ik Mpvsibiry K, I Herisitk, BT R4
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Table 1 The PCR primers used in this study

Name Primers (5°-3”)

R386A-F AACTATAGCACTAACGCTACCGCGCTGG
R386A-R GCGTTAGTGCTATAGTTTAATGTACCG
RATTA-F ACTGATTGTCCGCAGGCTGACGAACGTA
R4T7TA-R GCCTGCGGACAATCAGTCGGGATGGACA
E4A79A-F TGTCCGCAGCGTGACGCACGTATGGGTT
E479A-R GCGTCAGCCTGCGGACAATCAGTCGGGA
D523A-F AACGGCAGCCTGAGCGCTGTTATTCCAC
D523A-R GCGCTCAGGCTGCCGTTTTCTTTTTGGG
S530A-F ATTCCACCGTATTGGGCCATCTACCCGG
S530A-R GCCCAATACGGTGGAATAACATCGCTCA
Y587A-F GTCAGCTTCTACAAAGCCGGCGACTGGT
Y587A-R GCTTTGTAGAAGCTGACGATATAGTCCGG
W590A-F TACAAATACGGCGACGCGTGTCAGCCGG
W590A-R GCGTCGCCGTATTTGTAGAAGCTGACGA
R783A-F ACTACGCTGTGGGAAGCCTGGGAAAAGC
R783A-R GCTTCCCACAGCGTAGTCGCGCCTTCTT

142 AR TG ELL ik

WHRCHER T, A B, KA E. coli BL21 (DE3) EZAME NG L HM, 4 EH Tk S 4
Fi: KRR E 5 mL RIRE R RN 50 ng-mL ™ (AR RIE, 37 CHAME NIHMTIERETR, S AIHE
FIEH BT HASRIG A6, KPh DL 1% Rt R 2 250 mL IR K595, MR E (PL ODgy i) iX
#) 0.6~0.8 Itf, MM 20 pL TN FE-B-D-FACKEAMEE (50 mmol L™) ¥, 20 CHAFTFHS RN 20 h; HSE4EH
J&, B0 (8000rmin?, 20 min), FE FIEW A 20 mL BEERZEME (100 mmol L, pH 7.4) EIRHEATTIE,
SRR (B 40%, TAE3s, f#1k2s, 20min), FRKEL (12000 min™, 20 min, 4 °C), {RE L&, F
FHSRFIEAT AT H B8 T4 . PG AELRICR, XA WCERRE AT 1 e BB R AN 58 T A T et
Fik (Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis, SDS-PAGE) HLik /37, AHXT IS 16 A1 2 A
5 R P 52
143 4Txf#

fii ] Autodock Tools-1.5.7 X EH i\ G SCAFEATRIALHE; K] Autodock Vina #4770 7-xf4%, KHE
N, SRR TESEARS T, MEET AN 326 AR7.0AR74A, xRN (-34.379, -63.868,
17.13). g PyMOL #1 Ligplot 73t ECAH B AT 71363047 T AL E A
144 B R TAREG S MR 69m) &
1441 FHEXTBEE 70000 &

¥ WT 55451 8 B FRMRES) 0.5 mg mL™, LLWT VE XTI, 76 1.2 mL BERRZEr (100 mmol L7
pH 8.0) &Mtk &, £ 5 mmol L™ pNPR FLE AHRBEAIBEA. T 50 'C R M5 min, £ W45 g it e 5
E 405 nm R HIMGRE .
1442  HoEEERE

ME TR 1.4.4.1, 4357 30, 40, 50, 60. 70, 80. 90 CHEATI N, IM5E SRR, PLBGETRE N
ZHR, e HAB RS /7.
1443 REREMERIE

METTIER 1.4.4.1, K5 BERASY Sl T Bt B BT IR /K VAR Hh AR EE — g s 1], 00 S SR IR 2, L O min
HNZHE, IE AR T .
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1.4.4.4 & pH {EFE

W5EJ71ER 1.4.4.1, 1E pH (BN 3.0~9.0 FIAAE N BT L, 58 [ RER MR, DA pH (S,
THEAHXS B 17 6
1.4.45 pH {HAENERIE

W5EJ7ER 1.4.4.0, 1 pH H 3.0~9.0 56 N7 AT B, W S SO, DL WT 7E & pH 18
TR NS, T EATEEE 1.
1446 &JFE S EE R

MEJTEER 1.4.4.0, 43 WAAEF 4009 10%(% 5 mmol L 4@ B TV, A4S Fe?'. Cu®*. Na'. ca®'.
Co™. Mg™ [RIAWL,  VAARERING IR B T IR A0 s ORI, 00 A% 20 L (R R X T 77 o
1447 G HEFIRBERE 1 52m

B N T 1A R 1.4.4.1, ARS8 43 il 1) [ BEAAR R H IR FR 2340 10% 1A MLV, B4 F EE (Methanol ,
MeOH). Z[EE (EthanoD. ZJfi§ (Acetonitrile, ACN) K& —HIZEIEAK (Dimethyl sulfoxide, DMSQ), LIAEINE
BUEFIAR RS IR, 0 HE B8 4R S AR TS 77
1.4.48 [zh77HhZm)lE

SRS 710 5E J715: 0 1.4.4.1, 78 pNPR JEE/RKE 9 0~5 mmol L™ 14 4E R 40 BliEAT SNE, S 2 min,
W5 SSRGS . THER SIEZR,  FEehilizh /2 .
145 4T 3h ) 548

18] sobtop®"7E GAFF 3737 A BRI T HIFRANCHE, FEIR4NS80 it b, Sobtop 1] Antechamber
FEFF, KA AML1-BCC it 80 TR T, BEAERE SR TR, S EmE B scit. KA
GROMACS 2023.4 # 31+ GROMOS96 54a7 713711 5 5+ S Honf B A 8 WT 5 XURAE 1A R783A/R386A 4373l
HEAT 30 ns 4l M-I B AR R 18 B, i £ 72 (Root Mean Square Deviation,
RMSD). [H#%:4% (Radius of Gyration, Rg) K¥%IE$5 R Z) (Root Mean Square Fluctuation, RMSF), &4
VIV SR TR, PR A SRR ENE. BREENIZRMEZES . @i MM-PBSA 777%, 7 Hlig 5IK4 &
B AR AR FLAE FH I RE AR
146 BRAR TARMEAS RAMELF

E1mL SRR, B TWREES 14 5. 10, 50 mmol L, EgvsInE A 3mg mL?, BS54 500 uL 1, 7E
60 ‘C+ 180 rmin™ ZF FHEAT MU EERH AL S SIS s 75 T < 50 mmol L, BRI 4. 5. 6 mgmL™,
s S5 500 uL 1, £E 60 °C 180 rmin™ S5 T bAT BRI BE AN S B SN S0 o 6N [R] S S ) T A iR
HVTRERE, SRR K (37 Rkt B0 E T HPLC 70T, THEFEE R

=B SE SUNPESRR A B B R AR B2 -5 P B A ) B SRR FE A b A, B

Y= G 100% (D

C:
B
Y—RTE, %
Cr—— kT %5 =4 A, mmol LY
Cr——A AR R AN A4 Rt Fed = 223K E, mmol L7
HPLC A4 s RR%0N 0.19% PRI £, Wik 1 mL min™, BEFEE 10 uL, 78 270 nm
FEGRME, BREEGEMRET (BEMIAEF WAL 2), #EIE 35 C.
R 2 RENER AR
Table 2 Binary gradient elution program of the mobile phase

Time/min  Mobile phase A(0.1% methane acid) Moble phase B(acetonitrile)

0.01 72 28
12.00 72 28
17.00 10 90
18.00 10 90
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22.00 72 28
25.00 72 28

147 FEa e
FRHRIG R E 3 ANTAT, BUFRME, K Excel 2019 A1 Origin 2023 #4F3E1T B AT K A S R I 2] .

2 R

2.1 BXA RR AR A K B M AT
211 BRERTARGMES L

D e ey S S | e

hem—

100 w—— - v —
75 ——
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45 S
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25 -

1 WT #0552 (REGHY SDS-PAGE 434
Fig.1 SDS-PAGE of WT and combined mutants

JE: Lane M: Zéa-F2474 (Marker); Lane 1-8: 248455 B 40326988, 4&-AH WT. Y587A/W590A. R783A/R386A.
R783A/Y587A. R783A/W590A. R783A/S530A. D523A/S530A #F= E477TA/EATIA.

o-L-FRZSHEH B T (AL T I P 25 R ZEWEER A M 22 . 32 DthRha X 75 T AL 14, 145
F534T, X Arg783. Arg386. Asp523 J¢ Ser530 A7 sl AT E A (Ala B, AR HARIAFR ., =
HEMANE S FRIAE, SBAE SO BIE, FIRSERZEITEA BisE adiraith, SRGES AR
MEZH o-L- RPN, itk /58 i@ SDS-PAGE #4700 HritiiE. 55 Wik 1 s, 4tk A7EZ) 102 kDa
AP —2%4, SEWwHTE I, KW EREHRIAERHANER R
212 FRERTARGEEE N T

1000 [

o]

o
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!
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&
OH%U 3 P

PSS S SRS
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Oc,’L ?:\% ?:\% ?\1‘6 P ?:l‘b

DthRha and its mutants

Relative activity (%)
N
o
o
I

o1

& 2 WT RS RERHIBEIEMENIE
Fig.2 Determination of enzyme activity of WT and mutant enzymes
E IR KRR LB E 5 EM A Dunnett % FIEATRITF E R oM. TR TEFREE (P<0.001), PR TEFGE
BF (P<0.01), #RTH%8F (P<0.1), AARClATENRE 257,
PN AN R G TS WA R R 5o, R AR R WIT S &G SRR R B AR RS ek, FEES
— I FAE T ARG o 5 R 2 FoR, 5 WT AHEL, SB53A AR R A BETS 71 22— e RE 3Tt
Hrbr, R783A/S530A 5 R783A/R386A f&T ML, REMZRKT 99.9%, HIGMES A WT ) 9.35 #4541 7.63
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%, WT. R783A/S530A H1 R783A/R386A ¥ LLEGE 735y 30.74. 239.55 #1187.64 U mg™. Z5H%H], Arg783.
Ser530. Arg386 £ i Ik A AR RENS 35 BRI I AL 1 RE,  Frh R783A/S530A 1 R783A/R386A K I f fIi M
ST AR, (HAE R AR e M SE06 R 3 R7T8A/R386A iR A2 e ML T R783A/S530A (] 3b), k%
HHT RS AL

2.1.3 RO R EARGBEZ MR

2131 Si& AN AR 1t

(a)120- —a—WT

~
o
~

1204 —a— WT
—@— R783A/S530A —8— R783A/S530A
—A— R783A/R386A —A— R783A/R386A
g 100+ 9\1 100
2 804 2
s s 809
S 3]
c 604 IS ]
g g 60
& 40 T 401
(0] [0
X 20 14
20
0 -
T T T T T T T O T T T T T T
30 40 50 60 70 80 90 0 30 60 90 120 150 180
Temperature (°C) Time (min)

3 WT REASRTHNSIERE SHEEN
Fig.3 Optimal temperature and thermostability of WT and double mutants

E: (a) RERE; (b) AFEEM,

N7 SRR RAR N W 1 e B S AR E MR s2 e, AE 30~90 CIu e B AE A WT KRG R
R783A/S530A #l R783A/R386A HIAHXERE /7, FF LA H fodils B T RS 715€ SO~ 100%. Wi 3a fs, WT
L5 R783A/S530A [t ik M35 b it B2 - /8 30~60 °C i [l A IZMT 9 b, H7E 60 “CIAF sl s 4l et 60 CJ5,
MigiE 712 NFe. AHELZ T, R783A/R386A [ feidii fE [m] i=rifs /7 [l hif%, 7£ 30~70 “Ciu Bl A s RFE w1, T
70 ‘CikBHE; LR 70 'CJh, HEHGTHGE N,

Rt AR E M, B WT K IRAAE & A & i fE FiFE 3h, F£45 30 min ME — IR RBEHE 77,
PIIEEIE A 100%. 45 40P 3b fis, WT 5 R783A/S530A (1 i B i & i 18] 4E-K: 251 1 {2 R % 1] R783A/R386A
£ 3 h I E EVREE 90.4% ARG, RIMEF R k. hAh, R MR BodiR B e, i B
HIARFIRERE R, X AlAeIHM T il A S IR A S E,  MITTBRBEE P DS S i el S ik R P,
i, R783A/S530A 7E 60 ‘CLA LiRi# %, WT 7E 60 CLLEZEE FIAIFAE 90 CHIIAREZ) 60%yEtE, i
R783A/R386A 7 80 ‘C LA Eif G FFEZE 10% AR, REHHAE Sl X E PRiE— @ ditfase i, (HHIG 55
B fa RAME KIS . R783A/R386A FAZ R EI-TH | BEIIHVERUE I, 11 Arg386 7 i i] BefE4ERelb 2 iRz P S
PR R T TH A G E
2132 BRA IR EIE pH EA pH FaE b

(a) (b) 250
1004 —=—WT —a— WT
—e— R783A/S530A —e— R783A/S530A
—_ —A— R783A/R386A . 2001 —a—R783A/R386A
S 80+ X
z > 1504
S 6o g0
3} I3}
[ @
100
g 4 -
g g
[} i e -
g 2 g 50
04 04
T T T T T T T T T T T T T T
3 4 5 6 7 8 9 3 4 5 6 7 8 9
pH pH

& 4 WT REXESREARIRIE oH &7 pH ERREM
Fig.4 Optimal pH and pH stability of WT and double mutants
iE: (a) Ri&E pHAE; (b) pHAEFE M.
NHITFRIR & AN B pH A8 K pH FEETEIEEN, 7E pH 3.0~9.0 {ELEH A IIE B A WT S0 & RAR 14
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IR g DL BBAERE pH AES&IE N RIBERG 7)€ SO 100%, S5 5RINEl 4a . WT A&k AR i
TEPERSIBE S S 22 pH B R TE R B AR (b RIS T i R PR %S, H =38 B0l pH B9 8, RUTERGRAL
RS B pH AR, BE—0Hh, 3 WT SIS RARAS 5 B T AR pH B4, T4 "CIRAF 24 h J5
SERRARTRG 71, L WT £ pH 8 564 N RAF G FBEHE /11 100%. S5 5RUNE] 4b fros, —Fl{E pH 8 254 T~ 1%
DU AR E I, YRS BREA BT S A A T 4R R S AR E Ve S, & S AR I BE Rt A7 2

2133 &BETHENLETIN RT83AR3BGA Hih 1174

(a) 20— (b —

1804 R783A/R386A 1204 R783A/R386A

160 - I
e\°/l40< I C‘\o’lOOA } l } ] I [
2 2 d
< 120 I I I I I . S 8 {
13} ] 3}
© 100 T I I I S 60 |
2 g0 2
© [
E 604 g 40+

40

20
20
0 0

Blank Fe?* cCu** Na* Ca?* Co®* Mg? Blank DMSO Ethanol MeOH ACN
Metal ions Organic solvent

5 &BBETANAFI WT REEA T AEEMEAIRN
Fig.5 Effect of metal ions and Organic solvent on the relative activity of WT and R783A/R386A

Z: (2) &&/ B TriEWra; (b) AAEN A BEE A,

BJE BT T AR RS SRR, WA SR T RS RIEEE P EAER, T
BT P A B AV FH o PP A 4 B P B M RE RS, BF T T 780 5 mmol L Na*\ Fe®*, Cu®*, Ca’".
Mg & Co™* %} WT Hil R783A/R386A BT PN . 45 4P 5a fi, Fe’ Rl Mg? i WT JEEL— 2 (KB 1 o
MAKZH &8 ETX R783AR386A FgiE MM FE— 05 TR 80N 10%HA HLEFRIXT WT i
R783A/R386A FIE I KI5 . 45 RN Kl 5b Frax, ENTIRAM-ENATISRAE T, PIMEEERAR R I B T 32 1,
R EZHA AT BRE RN o, HEEXT WT A R783A/R386A R — @R I ER . 7E1%
ST, WT 5 R783A/R386A 7 H I (RIAH X R 7170 7 F% £ 60.19%. 83.13%, REIRALIAMNE R783A/R386A Xif
RV 52 1 B SR 5 . AR T3l 12 IR (B 9D, RA ST VE DA R I IR X Bl 1o, (R4
RAFFE LR EEE (KB 9d), TERCT BEAER > T N B 2% o 185 55 1) 0B I 248 P 7 I A v AR v 1k
O REEFREE IS A . S3h, SURAAAREARM RIS REET R (] 9b) AR 2 B XA m. (& 9e) mIREfEAL
R 731 SR T A FE 2 AR A RE ATE RO A B, AT 1 FR IR B B
2134 s

3 B hFESsH

Table 3 Enzyme kinetic parameters

Enzyme name Viad(mmol L min?) K, /(mmol LY kead (5 k K m-l/ (L mmol s Ref
WT 21.3740.01 1.68+0.08 4.6140.001 2.7440.13 This study
R783A/R386A 9.8040.01** 0.4540.02*** 2.9740.001** 6.6910.30** This study
Streptomyces-K276A — 0.0140.00 0.0240.00 2.8340.29 [33]
Penicillium
griseoroseum — 0.65 43.65 — [34]
MTCC-9224
St-Rha _ 1277 5.60 0.44 35]

E: HESM R ZAER R ATRITFE EF oM. R TEFMEE (P<0.001), R FEFHEEE (P<0.01).

RNRFCEF AR WT J R783A/R386A XURAZKIBHEEAL LT IR, AR TTEAT 1 3h IS8, 4558
W 3 fion. 5 WT AHEL, R783A/R386A 1 Ky (HFFK 1 73.2%, FRIFIZWIEAR W E W8 7 XYL ). [F
i, WT 15 R783A/R386A [ ket K - E /5 2.7440.13 L mmol™ s #1 6.6940.30 L mmol™ s, % Ekzh f12s400]
RIL, WIAER RT83AIR3IBEA [ koa K™ TH 1 BT Koy BT A ISR FTH 5, R P B Koy B0 A

7
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NFEL) 36%, FREIZRARAE R ANES G (1) A PR T A AT AR o 3X — U s AR EAR R IR FE 2 (i
AP AR == BRI A S B ) TR D~ EA YRS, (BRI Ml s s (G Tolkk
Pz Bl R BE IR AE AL T, ke FRRELIER G T BRI O 2, R FR i — PG LA R A ) 5 %
B RIS ke 2408278 Arg783 Fl Arg386 7EETA- Bl il e 2 HidlEasiae, Niesdt— 2 TR sod it
TS, 5OMIE R LA R ZEET A L, R783A/R386A fEJEKMSE M /7 HIE T Penicillium griseoroseum
MTCC-9224 J% St-Rhal***, fit b2k % th A & Z 32 7H. /4 H ML % HOg K T Penicillium  griseoroseum
MTCC-9224%, {HAMI%:T Streptomyces-K276AR, %5828 e MM /1 )7 TR BUEAR, S48 J5 5 I bR i
W . FIAZE ST R ER T A FIRIERE R AL R i O RAAE X )], 1B R783A/R386A fif
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Fig.6 Conversion of rutin to isoquercitrin by R783A/R386A
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Fig.7 HPLC chromatograms showing the conversion of rutin to isoquercitrin catalyzed by R783A/R386A
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Fig.8 Complex conformation, and interaction forces of WT and R783A/R386A docked with rutin
Z: (@) WT-rutin 244 2 M 2 AANEZAEA 715 (b) R783A/R3BEA-rutin &1k A A ZAADEAER 7.
% 4 WT, R783A/R386A 5 rutin EAMIERLES BHAE
Table 4 Binding free energy of complex systems of WT and R783A/R386A with rutin

Contribution terms ~ WT-rutin complex  R783A/R386A-rutin complex

AEpg 23253 217.10
AEgasa -5.17 -3.88

AE 4y -49.56 -34.91
AE e -188.43 -195.54
AEping -10.63 -17.24

JE: AEgw A BES RIS ABge A BEL RN LA EAER /), AEpg ABE5 KA IR LAY, AEgasa HBEL R
B AAIMIEFACRY; AByg A T oMk S 454 hkk.
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