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Mining, enzymatic characterization, and application of
a-L-rhamnosidase from Aspergillus sp.

XIA Ting, SHU Tao, WANG Lanying, CHEN Linhao, BAN Yali, LU Bo'

Institute of Biochemical Engineering, School of Chemistry and Chemical Engineering, Beijing Institute of
Technology, Beijing 102488, China

Abstract: Isoquercetin is a flavonoid with antioxidant, anti-inflammatory, and
immunomodulatory activities. However, the low content in plants poses a challenge to the
large-scale production of isoquercetin by the extraction method. [Objective] a-L-rhamnosidase
can specifically hydrolyze the terminal L-rhamnose residues of natural glycosides. In this study,
we screened the strains capable of efficiently and specifically transforming rutin to produce
isoquercetin with rutin as the sole carbon source and applied the a-L-rhamnosidase to the
production of isoquercetin, aiming to provide new elements for the large-scale production of
isoquercetin. [Methods] The selective culture medium with rutin as the sole carbon source was
used to screen and identify the strains that can specifically hydrolyze rutin into isoquercetin.
The transcriptome analysis was carried out to obtain highly efficient and specific
a-L-rhamnosidase, the domain composition of which was determined by structural simulation.
The enzymatic properties and substrate specificity of the o-L-rhamnosidase were studied.
Furthermore, the hydrolysis effect of the enzyme heterologously expressed in Pichia pastoris in
a 5 L fermenter was determined. [Results] AfRhase had five domains, including one a-domain
(domain A) and four B-domains (domains N, E, F, and C). With rutin as the substrate, the
recombinant enzyme AfRhase showcased the best performance at 55 °C and pH 4.5. AfRhase
had a wide range of substrates including rutin, hesperidin, naringin, and epimedin C. Ina 5 L
fermenter for scaled-up production of isoquercetin, P. pastoris expressing AfRhase generated
61 g isoquercetin by hydrolyzing 120 g crude rutin (purity of 70%), with the molar conversion
rate of 95.4% and production efficiency of 2.0 mmol/(L-h). [Conclusion] This study for the
first time discovered a highly efficient and specific a-L-rhamnosidase from Aspergillus sp.
XT-1 for the production of isoquercetin from rutin and heterologously expressed this enzyme in
P. pastoris. The domain composition, enzymatic properties, substrate specificity, and
hydrolysis efficiency in a 5 L fermenter of this enzyme were determined. In conclusion, this
study broadened the function of a fungus-derived a-L-rhamnosidase for the transformation of
rutin and laid a foundation for the industrial production of isoquercetin.

Keywords: a-L-rhamnosidase; isoquercetin; transcriptome analysis; enzyme discovery; Aspergillus
sp.
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P MREEA, R WA 2R
Wy, TIZAATETROK . 25 . U ARAT . A
Sy, HAPAAMPIRE SR A DT,
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VMR e R 22 SBOS T WA A BEREAIG
SEbf R RAWFRAE S AR, e TR —F R
B AL, HABUARMAN . B i
O A I S 2 VR, S T A
A R 2GRS A R R T2
RSB . M2 RSB 45 R
S LA T R | BRSO IR, iR T
A R F BRI AR SO AR U i )
B o A 2E S AE PSR . BT, SR
FAE AR AL, A G RO AL 2
BRI P00 AL Gk 2 oK S T A e S
Wit Rz BAFAEGEBRE 22 | G P U T S o7
B, AR AR B S R s — A Bk
AR 2, DI AT S b 2 7= e A o i U

A= WK AR B R F=)/0 | dhPRE R |
bR B R BE 15 Y /N A, S HLVE T I AR
PR B S B A 7 O T oL R T
(EC 3.2.1.40)/2 —KBE NS F RAABE AL G b
AN a-L- BT AR K AR, T bk
IKAEFE T R MR 2 o P AT DA g B K
5 Ak (Sulfolobus islandicus)H i 1615 31 114
o-L- UM SisRha Y17 KMFFE BL21(DE3)
RS, DU TR A A 7 S
Z, YL SisRha 97 T L0 1.2 mmol/(L-h);
Beekwilder %5 U4 I\ 1€ #2 7 #F 4 (Lactobacillus
acidophilus) #2152 o-L- W1 RamA
(La)IF7E Rt 1A BL21(DE3)Hh iR, il
YRR B R B RamA (La) i) LR Y
THERMEAKAR S 2R, R T R bR
9 1 mmol/(L-h); Li 251 I5L T g 8 il e B R
BTG Rha78s Hifi e 15 2] GH78 K% o-L-FR
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ZEPETTE HFM-RhaA - FHF KA 2T A7 S
B, fElol pH 6.0, MEEHR 40 °CF, XK fF
FOT AP S R A 1.8 mmol/(L-h).
o-L- BTG 2 A0 T HAR AL, R, |
W AP RS A R B, Horb sh ) AR
) o-L- R IR D, AR o-L-
FRA BT A 2RI RS o-L- R
R A S E N R e Ry W N TN
B A MEARTE | R A IR A A B . R
DNA. RNA Fl&E 1574 i B sk sh A AR aT
Pl HERRH AT O, DA i e
PRIEPH R E AR B S5, A F o3 0 B 1ot
DL T R ME—Ricils L 07 0% AT A4 S oK A ™ T AR
ISR R TR, TR A 2R R SR Bl
P JFRAL B ALY BRI, R RA
SEF 53 BRI B0 UE S5 e, $e it 7 —FhE)se ]
T AR A T R kil 4 S e 28 1 vk

1 S

1.1 #H

Aspergillus sp. XT-1 55 22 FRIARHIA SR 2
SYERAT . SERETE FRGATIE Topl0 W B AL
IBPESEREARA PR, BeaRfelE GS115 ASE
W= RAE . KGR E4LFUR. Top10/pGAPZaA-
DN6144 . Topl0/pGAPZaA-DN8610 . Topl0/
pGAPZaA-DN7311. Topl0/pGAPZaA-DN3993 |
Topl0/pGAPZaA-DN10886 1 g A< B 5% #4) &
TRFF o

FEREREY) . R IR AR Zeocin
Wy [ Ao RS R RHE A PR F], Phanta® Max
DNA 2R & [ fl ClonExpress Ultra One Step
Cloning Kit &304 B m nt it MEREE R
A RA T, BUR/IMERGH & . DNA Bifish
358 10 1R G ¥ W B SRR AR AR RN (b ) A
BRAF, T iR MR B M
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A BHEEE C. BRI SE HPLC 2
PRUESh I A BERR D E R A BR A | HAth
FHZGEFIE A 255 A 2R A BR S
1.2 EHKEZEREEE

TELLT T Ry ME— Tl 058 7 ™ Tl Al 355 7 i v
WLEZ 22 BRIAAR AR SRR B0, FERIRIG SR
B BR 24 h HURE 3E AT & R0 A 35 (high
performance liquid chromatography, HPLC)#; il ,
7 226 45 B AT LUK i 7 T A mid S M B2 25190 TR A
XT-1, 3T HPLC Kal&h Saf e Pk i /K A
KRR XT-1 $E50 20 )™ BRI AR RS SR 5 I
I FRWESWI A H e PR 5 B R T
B ITS A1 18S rRNA F [F LS 41 (14 3 Fnil
FF, PCR 51¥ -k ITS N 519 ITSI
(5"-TCCGTAGGTGAACCTGCGG-3") 1 ITS4
(5"-TCCTCCGCTTATTGATATGC-3"), LA} ELH
18S rRNA JE K 519 NS1 (5-GTAGTCATAT
GCTTGTCTC-3")HINS8 (5-TCCGCAGGTTCAC
CTACGGA-3"),PCR I W AR Z (15 pL):2x TagMix
6.5 uL, . TEIHI(5 pmol/L)%% 0.5 uL, DNA
B 1 ul, ddH,0 6.5 pL. PCR W £51F: 94 °C
AS P 10 ming 94 °CA8E: 30 s, 60 °CiR K 30's,
72 °CHEAH 2 min, 31 PMEFR; 72 °)CLAEA 5 min,
TE NCBI H XTI P45 51, MR8 X 45 RAG e
RO AR, iAoy SOIE O 5 R AR s

==
(= Proyel

1.3 ¥RREAMHERDH

FE LT T A ME— B VR A R SR L R T K
fif bk Aspergillus sp. XT-1 #EA735 5%, B8 TR
41, FRERE 12 h BORERGIN, A4 HPLC A6
Pk HP S SR K 32 DR 118 2 TR KR Ak o 43 T B K A
BN 10%F1 60% I HFF St ik B ok X B A S 2
W B R g B[R] IS A BRI, 2% AL i s e B
SER B AT B /) HEA T e S P A b o B
Aspergillus sp. XT-1 [ #kEE 520 53 B vhoK i di

IK AR R R IR 22 5, XTI TERY a-L-F 4
RN S A = i
1.4 EFEZ[E HEAMESEARINRIR
=ik

& OMEGA 2 A [ . RNA $& U] &
X% Aspergillus sp. XT-1 #17 RNA $#2H, *
F] PrimeScript®” Master Mix ¥F47 2% 5% cDNA,
S SR A (10 pul): Total RNA (5 pmol/L) 2 uL,
5% PrimeScriptRT Master Mix 2 uL., ddH,O 6 pL,
TE 37 °C N 15 min, 85 °CF i 5's, ik
B SRl IR 05 45 O I W N T A5 B R R Aspergillus
sp. XT-1 ) cDNA, &4 520 M i e vh A%
HHRFE4, LA Aspergillus sp. XT-1 F ) cDNA Ky
BiMR, f#i ] Phanta® Max DNA R4 #5155
HaH, difb K R B, 3T PCR
SN 1 iR, PCR RWAKZR(50 pL): 2x
Phanta Buffer 25 pL, . FU#5|4)(5 pmol/L)%%
2 uL, DNA 4% 1 uL, Phanta® Max DNA R4
fii 1 uL, ANTP Mixture 1 pL, ddH,O 18 uL. PCR
NS 95 °CTAEME 3 min; 95 °CAEME: 15 s,
60 °CiRk 15 s, 72 °CHEAf 2 min, 31 MEIF;
72 °CZSEAH 5 min, f#i [ ClonExpress Ultra One
Step Cloning Kit 4t J5 1 5 K Bt DN6144
DN8610, DN7311, DN3993 F1 DN10886 % A
pPGAPZoA ZkHr, W% 42 i) H 4l Bk 4% Akt
KIWGFFE Topl0 H . PEIEKMHFTF I pGAPZaA %k
PR PR FERE G IR S TR PCR %08, I
WS TE A B4 B PR e B 2 B Tk (R Y A= W
BHEABR A FI T

WP IER R R BTRE ] Bin T (A TN
P TERNMEAL, SRR B E TR fL, K
DR SEaREE B B AR 3l 450 GS115/pGAPZaA-
DN6144 . GS115/pGAPZoA-DN8610 . GS115/
pGAPZaA-DN7311 . GS115/pGAPZoA-DN3993
F1 GS115/pGAPZaA-DN10886,
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Fz1 HMELHMER PCR S

Table 1 Constructing PCR primers for vector construction

Primers name Primer sequences (5'—3)

PGAP-6144-F GAGGCTGAAGCTGAATTCACGTGACTTTGCTGGCAATGGCTTCACAGGCCACT
PGAP-6144-R TTTTGTTCTAGAAAGCTGGCGTCGGGTCTGATAGCTCATGGGAAGTCACACAGG
PGAP-8610-F GAGGCTGAAGCTGAATTCACGATGGAGGTTATACGCACTGGTATTCACGGCATTGATG
PGAP-8610-R TTTTGTTCTAGAAAGCTGGCGAGGAAACATACAGCGCATCCCCAGGTGATG

PGAP-10886-F
PGAP-10886-R
PGAP-7311-F
PGAP-7311-R
PGAP-3993-F
PGAP-3993-R

GAGGCTGAAGCTGAATTCACGATTTTGAGTGCCCTGGCCTGTGTGACTACCG
TTTTGTTCTAGAAAGCTGGCACACTCTCCTGTAGAACTTCCCCCAACACACGGAG
GAGGCTGAAGCTGAATTCACGTGCAATTTGTTCAGGCTCCGGCTTCCGCATG
TTTTGTTCTAGAAAGCTGGCCTTGCGTAGCGAGATTTACGACGGCGAAATCTAC
GAGGCTGAAGCTGAATTCACGATGGCTCTCTCCATCTCCCAGGTGTCTTTC
TTTTGTTCTAGAAAGCTGGCTCAGTCCACCTGCAAACACTCGACATGGTAC

Hg e IR PR FH M v TR 2] S mL YPD
WK e, 30 °C., 200 r/min 15 {L55 3% 24 h,
Fie AT AT B0 1% i %4 % 50 mL YPD
Rrgegtrp, 30 °C. 200 r/min 3% 16-18 h, 133
IR . B 1 mL HIEER I ALK S 2 g/L
BT TR IR IR SR A v 30 °Cl) 10 min,
FHAE L) HY R 28 11 JOz , 458 HPLC A6 D e 423
FEFN W) A B
1.5 B RRIE

1 mL MBS P A LA Ny 2 g/L H7
17, TEARFREEA pH T 20 10 min, F%E EL
FH 2% 1k B, 435000 5 T 2H 1 AfRhase 76 AN [H]
TR AN pH R H3E
1.5.1 &RiEREMRERBEMERNE

FEAATR] pH 2545 F , 43901 F 40—65 °Cilll & 5
HF AfRhase MRS, T ENRE T EAH
AfRhase XS BFE 7 o H 045 ) d5e v TS 22
H 100%. K E 40 AfRhase 1E— R4 A ) iR EE
(45-65 °C) FRAE 1 h, HEARRE T HAHM
AfRhase JAHXT S 7o
1.5.2 &i& pH RUAE

TERGE B A5, 4300 F pH {H 3.5-8.0
(50 mmol/L Tris-HCl £& w3 ) I 22 = 41 if§
AfRhase M , T3 AW pH T #4240 AfRhase
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PR AR X TG D
1.6 JERYIFEFF MM

AR o-L- AT B IR R S E AR K
2558 ORTRI BT SRR A K SRR i 10 B Y
235 i A A A TG T AR R U YR g AL
AfRhase WIEMEMIEY), TERIESFMT, ¥
AfRhase 735 5T . BERHF . Ml . Wi
C. R FEZETT AT RV 10 min J5 A SE KT
F B L 1 52, 12 000 r/min 5.0 10 min J5 {8
F HPLC #4750 #7 o

PO S R AR ) HPLC A2
Kromasil EternityXT-5-C18 (4.6 mmx250 mm,
5pm); AR 5 pl; WE: 1 mL/min; il
Pt : 260 nm; FEAHEEE : 40 °C; ZJE(A):0.4%
LBRBYNILA, BEEVERL: 0-7 min, 20% A;
7-9 min, 20%—36% A; 9—11 min, 36%—90% A;
11-12 min, 90%—20% A; 12—17 min, 20% A.

B8 Kz FF A Bz 17 89 HPLC #6300 4514 AR ] , ik
FEg: 10 pL; . 1 mL/min; KK .
280 nm; AEif: 30 °C; ZME(A):0.1%BEIR /K7
B) MU shAH, #HEEDENL: 0-28 min, 5%-26% A;
28-36 min, 26% A; 36—48 min, 26%—40% A;
4857 min, 40%—5% A,

W C FIEEAT Y HPLC Al Z% R4
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[, #EFERE: 10 pL; Wi: 1 mL/min; Ao
K. 270 nm; HEE: 30 °C; ZHE(A)BEER(B) M
A, BREEVEMG: 0—14 min, 18% A; 14—20 min,
18%—26% A ; 20—48 min, 26%—52% A ; 48—64 min,
52%—77% A; 64—75 min, 77%—18% A.
1.7 AfRhase BIF5I53 47 RIEZIER D F
POEE

{i Fi} NCBI %} AfRhase BI#% R 751 F1 24 LR
FEANHEAT FXT, JEF 2R 3 ) Heoxd 25 SR
MEGA 11 8l VE 5> F 46 . FIF AlphaFold
XF a-L-FZS W AfRhase #1788 (125 /R4, 43
Mras R A1 2243 A, IHHE T CAZy Fdl i b B4
T RSS9 GHT8 IR a-L- AW 6GSZ it
FTHEF A 2 25 57 LX) o

#£ NCBI ) PubChem H R Y™ T ) 3D
4509, fi ] AutoDock Vina 43 X250 (4T 2
T4 AfRhase 2 [ 194> F X2, EFFpE i e IR
B, B %E AfRhase 57 T 456 HASA E DL
Y 4 AJERIN I AR, IS o-L-RZE
Wil 6GSZ PEA 454 AR B A M b 4 FE R
A EEXT, 3 i Al oG HE 2 R
1.8 5L ZBEERMK

X E2H 1 GS115-AfRhase #4175 L & IR
It o K BERERR SR TR i A e =X, A
Kt B 2 A0, Fr iR AE KRR E)S
AT T AT A WAL BN o B INEFERURE X6 e i
SEPY T R TEFE A TR, S FE N T I RERE
PN FERHE R 90%HT, BEFT T —IR3ERE .

2 BRS04

2.1 ATKBENIZEMNLEE
DABREUA ) 22 PRECE IR 4, 38
S RFAEEFE 00 24, 48 h 1Y HPLC #6455 5 ik
15538 , & BRICHR 40 TRIAR TG 1% SR R T AR
St Rz 2, M RE XT-1 0] DK T A St

FFR . BEPE XT-1 3R 8 LS T M —R i i
FERGSL AL [ AR IR F AT IRAE, TRVE FI SR
AR S S R 1) 35 S 5L 0 J R AR K, R
Kt fed = A w R AR, IERERI
Pl HH PR S A K P (] 1A, w048 0 % T Ak
oL

HPLC £l XT-1 BbE & BERRE b, 455
7N, XT-1 BARTE 5.2 min %5 T H 0§47 & 7.2 min
SEM R R I B IR E] g, 5IRA AR
AT RIS 2R A R ] — 35 SR AT 13.5 min
Mz 28 07 R A B e, 6B XT-1 R
B YRS K it S A R 2 A U R B RE D (] 1B).
X i R T ROAE €535 BTG E FH AL (LC-MS) A5l
M LC-MS 25K rp il 2 7012 608.2 mvz Fil
464.3 m/z i) 2 MLEWI(E 1C), Bl 57T (4
T 610.5 m2)FIRHEZ R (T 464.4 M2
X, ARG B A, A S5 IRER, T
PR XT-1 BA KA TSR Ziae ), |
ANCEift— 2K A A i B R A RAF R IR Ay
Sk

PATARE XT-1 (55 A1 A AR Y 1S 1TS #0
18S rRNA LK JF41, M7 454 NCBI
HEFFFEG X, #% XT-1 BRkAY DNA 4 FiF
et . AR XT-1 5 il 5 8 v id 8 4 ih &
(Aspergillus flavipes)iifk ¢ ZHHIT (K 1D), J&F
[l —AuE Ak, D e sk XT-1 & T il &
J&, EHfn4 N Aspergillussp. XT-1,
22 o-L-BEREHWERIZE. StaE
MRiIRRIE
221 ETHFEAEZESMEMTEBEUMEN o-L-
REREEREEZE

tege ) BRI Iy X b T A Ak 2 E
Y B A TR R 2 A AR RN B Ao R AT R
PEMERER, BB ek, WEHR
SR R ZR G N A e 8 RN g R KU o S
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T S 20 25 S 43 B T RE MER S H AR BRI £
o B2 18 P MER B S0 il AN RS SR )
Aspergillus sp. XT-1 fy¥6 sk K fig 225, LIAT
AL R b, 0 S N A SR 4 22 S R I o-L-
B T T DR %) 07 1B 5 42 90 o AR TR AR 1 7 S
MNP A5 R AHATIELESHT, IKAFEERN 60% M
SR FIKIER N 10%MEESR A 764 A~ LR
H(FE 2A) . I 2 (metabolic process) . 4k
1% P (catalytic i F| A (carbon

activity) .

utilization) . #% 7K 1k & ¥ 1t i (carbohydrate
metabolism) % A 5 A B2 i 43 2 4 /N i 36 915 [l
2 4134, Hop, FREER S AT R
RN 213 A, AEATE PEAE DGy B R 80
87 >, A FHAH S BE R Bl oy 25 4>, kKA
A AR S L R By 88 . CLAHIAY o-L-
SPGB o B A, LIRS S P
OB K R A OCAR BRI L A5, 220k
413 AN ERE/INZE 60 MIETE AR K iR RE A

on ¢ )0 o9 .
= 3 .OH
/ ; H
WOH HO e

HO O
OH \Q--.HOH OH

HO OH

Rutin Quercetin

Isoquercetin

Mixed standard

Response value (mAU)
o
(=}
(=]

M ~ XT-1

Rutin ~

510 15

ZJ ——— IVIHIU/UDD. 1 ASpergiius jiavus
94 \— OP02805.1 Aspergillus orvzae

JF824683.1 Aspergillus flavus

it o
1 23 45 6 7 8 910111213

MZ242029.1 Aspergillus terreus
6l l: MN160223.1 Aspergillus terreus

464.328 3
- ! A XT-1
Isoquercetin
Ll PR 05 MW522866.1 Aspergillus flavipes
- = AB002061.1 Aspergillus flavipes
1 23456 7 8 910111213 69{ . . .
#/min 36 NG063230.1 Aspergillus flavipes
1 Btk XT-1 WECERS. 4 HPLC i5E . LC-MS iEEMEk S FEHMULR A FEik XT-1
WVRIEZS. B: EMk XT-1 779/ HPLC 3% . C: Btk XT-1 71 LC-MS % &, D: Btk XT-1 5> 1
HEA B
Figure 1 Colony morphology, product HPLC and LC-MS spectra and strain molecular evolution tree. A:

Colony morphology of strain XT-1. B: HPLC spectrum of the product of strain XT-1. C: LC-MS spectrum of
the product of strain XT-1. D: Molecular evolution tree of strain XT-1.

<l actamicro@im.ac.cn, 010-64807516



HIE % | YRR, 2024, 64(9)

3481

A B
3593
@ 3000 Regulation
& ]
&
L) |
> 2000t _
E
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= Carbohydrate metabolism - 88

Number of genes

2 Aspergillussp. XT-1 EHkHEREERER B ERITA)SEFERINE D EK(B)
Figure 2  Statistical analysis of the number of differentially expressed genes (A) and functional classification
of differentially expressed genes (B) in the transcriptome of Aspergillus sp. XT-1 strain.

HHEBE T K R L ) KEGG . GO FIFRik
WM, SATERE R POKMIA S Rk E
S, BN 60 MVETE AIHE T A fife il 5L R i ik
5 MBEM a-L- R REEHE, 258
DN6144 . DN8610 . DN7311 . DN3993 7
DN10886., DN6144 Jt[H 4ifi )7 51 4= 947 bp,
SEIG2H 5% IR ZH 1Y log, fold change {5400 2.2,
KEGG F1 GO {1 B0 a-L- 247 i ; DN8610
JE R 5 4145 K 2 765 bp, log, fold change 1%
$°h 0.4, KEGG BN o-L-FAHEITEF, GO
TR H A AL ; DN7311 JLP il 751 4
1 2 753 bp, log, fold change {544~ 0.2, KEGG
TN o-L- BT ; DN3993 KL 2wt 1y 51
42 615 bp, log, fold change {54 K 4.3, KEGG
M GO TR o-L-FAHE T ; DN19886 J
K 2w 751 4K 1253 bp, log, fold change fi5%4
4 3.2, KEGG 7ERBHA a-L-RAWEHEE, GO i
B R T Qi 72

WAL Y o-L- B T 1 P 41 64 T NCBI
HPEH Nr X, #fiE DN6144 ., DN8610 .
DN7311, DN3993 Fll DN10886 JE[X 5 £ 4l i %t
A RELJE o e 8 AR S R DI RE R 1, T A1 AR

FE R 73.4% . 77.9% . 69.2% . 77.6%F 82.6%
(% 2). JagfiE i FRFEX L E 5 A a-L-F
MR T U RE SR IE
222 o-L-REFHEBHAMEMRIERIA

BT FAZFSMIBETRE, L
Aspergillus sp. XT-1 [H[) cDNA Jytitl, 45
5 AMEEVE o-L- B W T A L DR 17 B AR e B S U 2R
KRG I E K SE T IO 255 B, SEH
DN6144 . DN8610. DN7311 1 DN10886 [ e 7R
PRI SR Rk B TC KB T AR S & T
DN3993 FL K AYFE S 7E 5.4 min Al 8.1 min 4354
—ANEE 3), SIRERG AT SR R
H A B X, TEB DN3993 263k 1948 1 HA K
F T A AR R R RR DT A it KRR
R R o AR T RE T RS o-L- BT B L
DN3993 fir£4 4 AfRhase.,
2.3 AfRhase B REBL F5FLE 534

28 NCBI 2 IR )75 L X135 5 AfRhase
ABALLRE f v B 2 11 M 1 1 85 (Aspergillus terreus)
S VR () K K1 FE 11 HFD88 001559, AH AL EE Ky
77.6%. "N T #E—LHiE AfRhase HYINHE S5k
R, ePE AR GH28 Z R (41.44) . GHT8
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*®2 BE-L-RFEREBERRER

Table 2 Potential a-L-rhamnosidase gene information

Gene Length Early Post log, KEGG explanatory GO explanatory Nr comparison
number (bp)  expression expression fold change note note
level level
DN6144 947 69 285 2.2 o-L-rhamnosidase o-L-rhamnosidase Uncharacterized protein
CDV56, XP_026614490.1
(73.4%)
DN8610 2765 3922 4 851 0.4 a-L-thamnosidase Catalytic activity =~ Uncharacterized protein
APUU XP_041560449.1
(77.9%)
DN7311 2753 578 656 0.2 o-L-rhamnosidase Hypothetical protein
LIPSTDRAFT
0ODQ73385.1 (69.2%)
DN3993 2615 68 1325 43 a-L-thamnosidase o-L-rhamnosidase Hypothetical protein
HFD88 KAG2418458.1
(77.6%)
DN10886 1253 33 295 32 o-L-rhamnosidase Carbon metabolism Hypothetical protein
process HFD88 KAG2414607.1
(82.6%)
=3000 s Quercetin Bootstrap value & 99, A {5 JE &, £
é 2500 f lsoquercetin_?' Aspergillus sp. XT-1 VR o-L- 525 B 77 i
£2%9¢ | A Mixedstandard A fRhase t1J@ T GH78 5 (& 4A).
> 1500 | : ; GS115/pGAPZaA- e .
£ 1000 [ l\ A DN3993 FI ] AlphaFold )l AfRhase B9 145 F
§ 500 [ AfRhase HITZH 1 > o-Z5H (S A)FI
% . - J 440 B-LE M AL L) 22 A5 R A H , S R A (B
' " g B Sk 43076 RAEML, AT GHTS Rk

3 E4HE GS115/pGAPZaA-DN3993 KA T
A HPLC #:7

Figure 3 HPLC detection of rutin hydrolysis by
recombinant GS115/pGAPZaA-DN3993.

FKIG ()R GH106 KR (k)1 57 % a-L-Fl
HETTEG, M o-L-RET M R L EW.
AfRhase (¥ (1) 5 bR 240 GHT8 ZK KA
1) o-L- BT B0 R OC R B0, AfRhase 5
GH78 i 1 %% (Aspergillus terreus)sk i i
AFHS54529.1 Ft4 & il 2 (Aspergillus nidulans)sk
U5 EAA61403.1 7E—14r 3 b, BB EATIN %
% X R ik, AfRhase 5 AFH54529.1 1
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(FRE: 3-120). 4508 E (BREE 133-301). 4544
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(#l 4B). BT 50 HGE MR GHT8 Kk
o-L- B2 0 1 i 19 2 2 R 1 471 EE 45 AR R

AfRhase 5 FI4E5E %5 15 (Sreptomyces aver mitilis)
MA-4680 NBRC 14893 K5 AT 3WSN AH{UE K
31.3%; 5 ZIE4FT % (Bacteroides thetai otaomicron)
VPI-548 SRR 3CIH ARUE N 12.2%; 558K
ML 7 7 11 IS 6 (Klebsiella michiganensis) KCTC
1686 SKIEAY 4XHC HRIEH 9.9%; 5tz
(Aspergillus terreus) CCF 3059 3K 4 6GSZ 2,
FERR A FRRLE S 77.4%, 6GSZ Wi 14 o-
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The sequences and structure information of a-L-rhamnosidase. A: Amino acid sequences

phylogenetic tree. B: Schematic diagram of AfRhase protein topology, active pockets, and active catalytic sites.
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SER I (L5 R A)RT 4 A B-Zh R e (25 F e N
ZERYELE. A5 FORZS I O Y,
AWM LESY, #F—PE o-L- A=
Wi AfRhase J& T GH78 Kk, @it o1 *t
PEFNSE G 45007, AfRhase BTG 1E 480 B
5 6GSZ MM AR B —8, BT
IZER IR A b, 325534 AfRhase 1 1 114
4 A SRS SERIY, B2 GLU468 FI
GLU741 & AfRhase MG HEAEIL AL S, GLU468
E TSR N 2.8 A, GLU741 54T Hy
zSAHEES A 3.8 A (K 4B), 4 a-L- AR
it A AL SRR

2.4 EAFG AfRhase B4 FRIEFIRMIK R A
24.1 #HiERE pH AINIE

R T i —0E AfRhase (IFE2EERAE, LIRS
TORIRY), MEIREEF pH X AfRhase B Y52
M., AfRhase 2 Wi JETE 4065 °CZ 0], HidE e
BN 55 °C, T 55 °CZJ5 AfRhase fiff
TEIURIVEE, 60 °CHYHEIE T % 40%LA (K 5A);
ALY pH 7E 3.5-8.0 Z 1], Hifgid S pH A
4.5, 7 pH A 3.5-7.0 MR IE 5514 T HAT AT
T, ALIE JTRERS IR 70% LA b, T pH KT 7.5
Jr BRSO 80% 245 (K] 5B). PR EMEZE IR,
AfRhase 7EHE<S5 °CHMEL: 1 h, X AfRhase

A B
120 120
l:}/10()£ _a §mn|€ @
£ 60 : £ 60 b
g / \ B
5 40 5 40
z o X
s = .
3 20 § 20
0 0
£ oL ‘ ‘ . ‘
45 50 55 60 65
7/°C

E 5 E o-L-RFEPEEES AfRhase FIEGZ M4 R
Figure 5

A FIERNIRE. B: iSO pH. C: AR E

Enzymatic properties of recombinant o-L-rhamnosidase AfRhase. A: The optimal reaction

temperature. B: The optimal reaction pH. C: Thermal stability.
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00 B 4 24
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i I : 420 =
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Figure 6 The substrate specificity of recombinant enzyme AfRhase and its application in the 5 L reaction
system for rutin hydrolysis. A: Substrate specificity of recombinant enzyme AfRhase hydrolysis. B: Using of
AfRhase in 5 L reaction for rutin hydrolysis application.

http://journals.im.ac.cn/actamicrocn



3486

XIA Ting et al. | Acta Microbiologica Snica, 2024, 64(9)

HA—ERKERES], BAMLTF o-1,6 BEEH M
T AH R TCIE K AR AT T S L 2 ) B AR R IT
Yo FFIRWRE R HRSY, ik AfRhase il
ALY, 40 T8 i & @ R VY o-L-BRA W 1T 1
AR Y I TS
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b A A B R T R 5

3 W54

AL T KRR AR O L S S
SRALSTHT, o-L-BRAHE T R 2O . SOk S 3
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O3 F A 5 G5 A AR L 43 A i - AfRhase
J&F R KA GHT8 Kk, ST H 451
B E AfRhase HH 1 4~ o-Z5Hy R (Z5M 38 A)
4 A B-BEF RS N G510 E L 540 F
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<l actamicro@im.ac.cn, & 010-64807516

o-L- T B 0 IS e S R o, TR
P o-L- BRIl e Ak 5 MR A B AP A E 22
5o W& E (Thermophilic bacterium) PRI-1686
VRN o-L- BRIl X Al R RS H 1 A
R B T, (HIEAREEAK AR T IRE
H & (Penicillium griseoroseum) MTCC 9224 ki
M o-L- BRI AT LUK T, (HIEANBRIK A
R FERORE R A RY L R 4% S bR R
AfRhase EA 7K i i 4 W5 L 3% 2 RSB IR
PIRESIO T . R . Al A E ©), M
HHEAwEFT o-1,6 HEZRIIRY, TERRYZ
(] (4 2 AL ELA el A I OB o L 25PN i fif
FH 22 il 2% (Aspergillus niger) JMU-TS528 ki
GHI13 ZJ5HY o-L- B AHE 17 r-Rhal 5 & SR
EIBHSCCO)ZiAL, , il T 1 LE W A 1l 4 5+
Wiz, 7Efid pHAEN 5.0, WA 60 °C'F,
LB T Ak 2% 2.2 mmol/(L-h); Liu %!
% B i 2 (Aspergillus niger) DLFCC-90 )
o-L- BB TT W R T 2liAb 5 FH K T 6 4
S R, fEddd pH {E8 5.0 il EE R 50 °CTF,
AT R A S8 0.2 mmol/(L-h)
Ferreira-Lazarte %% /)3 1 fifi F A8 9 3L 4T
(Lactobacillus plantarum)>& i 9 GH78 FKik il
o-L- SRS BHTFR iE Ram2 ZK A7 T A LS
TEfE pHAEN 5.5, WBEN 50 °CF, B
THYFAL AR 2.2 mmol/(L-h). @it 5 L FOuiiA
ZABVIUE, 4 ¥ AfRhase ALK 120 g 7 T (4l
JE 70%) A it =, sl ORI, R
M B R A LR P RCR REAERFLE 2.0-5.4 mmol/(L-h)Z
], FEIREEALRIAF] 95.4%, HA BRI Tk
I A BRI T 32 i 55 o ASBIF 938 2o %) 2 S A U5
BT o-L-FRZEWE T AfRhase iE7 72~
FRAE R S I DA K B 2L S Y A
SEAUBIESY , B A B A R AR B RS G 4
HEPRIR I AL A A



Big % | WA, 2024, 64(9)

3487

S0k

(1]

(9]

NILE A, GANSUKH E, PARK GS, KIM DH,
HARIRAM NILE S. the
multi-functional properties of flavonol glucosides from
red onion (Allium cepa L.) solid waste: in vitro and in
silico approach[J]. 2021, 335:
127650.

SAHREEN S, KHAN MR, KHAN RA, SHAH NA.
Estimation of flavoniods, antimicrobial, antitumor and
anticancer activity of Carissa opaca fruits[J]. BMC
Complementary and Alternative Medicine, 2013, 13:
372.

SHI YW, CHEN XY, LIU JX, FAN XJ, JIN Y, GU JX,
LIANG JL, LIANG XM, WANG CP. Isoquercetin
improves inflammatory response in rats following

Novel insights on

Food Chemistry,

ischemic stroke[J]. Frontiers in Neuroscience, 2021,
15: 555543.

ZHANG R, YAO Y, WANG YP, REN GX. Antidiabetic
activity of isoquercetin in diabetic KK-Ay mice[J].
Nutrition & Metabolism, 2011, 8: 85.
JAYACHANDRAN M, ZHANG TZ, GANESAN K,
XU BJ, CHUNG SSM.

hyperglycemia and regulates key enzymes of glucose

Isoquercetin ameliorates

metabolism via insulin signaling pathway in
streptozotocin-induced diabetic rats[J]. European
Journal of Pharmacology, 2018, 829: 112-120.

REY D, FERNANDES TA, SULIS PM, GONCALVES
R, SEPULVEDA RM, SILVA FREDERICO MJ,
ARAGON M, OSPINA LF, COSTA GM, SILVA
FRMB. Cellular target of isoquercetin from Passiflora
ligularis Juss soleus

2020,

for glucose uptake in rat

muscle[J]. Chemico-Biological Interactions,
330: 109198.

CHEN M, DAI LH, FEI AH, PAN SM, WANG HR.
Isoquercetin activates the ERK1/2-Nrf2 pathway and
protects against cerebral ischemia-reperfusion injury in
vivo and in vitro[J]. Experimental and Therapeutic
Medicine, 2017, 13(4): 1353-1359.

WANG CP, SHI YW, TANG M, ZHANG XC, GU Y,
LIANG XM, WANG ZW, DING F. Isoquercetin
ameliorates cerebral impairment in focal ischemia
anti-oxidative, and

through anti-inflammatory,

anti-apoptotic effects in primary culture of rat
hippocampal neurons and hippocampal CA1 region of
rats[J]. 2017, 54(3):
2126-2142.

MBIKAY M, CHRETIEN M. Isoquercetin as an

Molecular  Neurobiology,

[10]

[12]

[14]

[16]

[17]

anti-covid-19 medication: a potential to realize[J].
Frontiers in Pharmacology, 2022, 13: 830205.
NAVEEN P, LINGARAJU HB, ANITHA, PRASAD
KS. Simultaneous determination of rutin, isoquercetin,
and quercetin flavonoids in Nelumbo nucifera by
high-performance liquid chromatography method[J].
International Journal of Pharmaceutical Investigation,
2017, 7(2): 94-100.

YANG J, LEE HN, SUNG J, KIM Y, JEONG HS, LEE
J. Conversion of rutin to quercetin by acid treatment in
relation to biological activities[J]. Preventive Nutrition
and Food Science, 2019, 24(3): 313-320.

CHENG LY, ZHANG H, CUI HY, CHENG J]M, WANG
WY, WEI B, LIU F, LIANG H, SHEN XL, YUAN QP.
A novel a-L-thamnosidase renders efficient and clean
production of icaritin[J]. Journal of Cleaner
Production, 2022, 341: 130903.

P, SRR, ARERE, BT, BMCR. R o-L-
SR 25 Y T 114 12 50 B G S5 B 3 A8 6 v 1) 10 P
FE0I]. B HAEWH R, 2023, 42(1): 102-111.
LU S, ZHANG SS, ZOU K, LU CN, ZHAO LG.
Characterization of an extremely thermostable
a-L-rhamnosidase and its applications in preparation of
isoquercetin[J]. Journal of Food Science and
Biotechnology, 2023, 42(1): 102-111 (in Chinese).
BEEKWILDER J, MARCOZZI D, VECCHI S, de
VOS R, JANSSEN P, FRANCKE C, van HYLCKAMA
VLIEG J, HALL RD.
rhamnosidases from Lactobacillus plantarum and
Lactobacillus acidophilug[J]. Applied and
Environmental Microbiology, 2009, 75(11): 3447-3454.
LI BC, ZHANG T, LI YQ, DING GB. Target discovery

of novel

Characterization  of

o-L-thamnosidases from human fecal
metagenome and application for biotransformation of
natural flavonoid glycosides[J]. Applied Biochemistry
and Biotechnology, 2019, 189(4): 1245-1261.

WU T, PEI JJ, GE L, WANG ZZ, DING G, XIAO W,
ZHAO LG. Characterization of a o-L-rhamnosidase
from Bacteroides thetaiotaomicron with high catalytic
efficiency of epimedin CI[J].
2018, 81: 461-467.

LI LJ, GONG JY, WANG S, LI GL, GAO T, JIANG
ZD, CHENG YS, NI H, LI QB. Heterologous
expression and characterization of a new clade of

Bioorganic Chemistry,

Aspergillus a-L-rthamnosidase suitable for Citrus juice
processing[J]. Journal of Agricultural and Food

Chemistry, 2019, 67(10): 2926-2935.

http://journals.im.ac.cn/actamicrocn



3488 XIA Ting et al. | Acta Microbiologica Snica, 2024, 64(9)
[18] HRDLICKOVA R, TOLOUE M, TIAN B. RNA-Seq MATTIASSON B. Two new  thermostable
methods for transcriptome analysis[J]. Wiley a-L-thamnosidases from a novel thermophilic
Interdisciplinary Reviews RNA, 2017, 8(1): e1364. bacterium[J]. Enzyme and Microbial Technology,

[19] SZEJA W, GRYNKIEWICZ G, RUSIN A. Isoflavones, 2004, 34(6): 561-571.
their glycosides and glycoconjugates. Synthesis and [24] YADAV S,  YADAVA S, YADAV  KDS.
biological activity[J]. Current Organic Chemistry, a-L-rhamnosidase selective for rutin to isoquercitrin
2017, 21(3): 218-235. transformation  from  Penicillium  griseoroseum

[20] GERSTORFEROVA D, FLIEDROVA B, HALADA P, MTCC-9224[J]. Bioorganic Chemistry, 2017, 70:
MARHOL P, KREN V, WEIGNEROVA L. 222-228.

Recombinant a-L-rhamnosidase from Aspergillus [25] LILJ, LIU XQ, DU XP, WU L, JIANG ZD, NI H, LI
. . o . QB, CHEN F. Preparation of isoquercitrin by
terreus in selective trimming of rutin[J]. Process bi " . c ) ) N "
. . t t t -L-
Biochemistry, 2012, 47(5): 828-835. iotrans orma. ion o. rutin using a-L-rhamnosidase
from Aspergillus niger JMU-TS528 and HSCCC
[21] OMURA S, IKEDA H, ISHIKAWA J, HANAMOTO . . . . .
purification[J]. Preparative Biochemistry &

A, TAKAHASHI C, SHINOSE M, TAKAHASHI Y, .
HORIKAWA H, NAKAZAWA H, OSONOE T Biotechnology, 2020, 50(1): 1-9.

’ ’ ’ [26] LIU TQ, YU HS, ZHANG CZ, LU MC, PIAO YZ,
KIKUCHI H, SHIBA T, SéKAKI- Y, H.ATTORI -M. OHBA M, TANG MQ, YUAN XD, WEI SH, WANG
Genome sequence of .an 1ndusTrlal mlcroo‘rg.amsm K, MA AZ, FENG X, QIN SQ, MUKAI C, TSUJI A,
Sreptomyces avermitilis: deducing the ability of JIN FX. Aspergillus niger DLFCC-90 rhamnoside
producing secondary metabolites[J]. Proceedings of the hydrolase, a new type of flavonoid glycoside
National Academy of Sciences of the United States of hydrolase[J]. Applied and Environmental
America, 2001, 98(21): 12215-12220. Microbiology, 2012, 78(13): 4752-4754.

[22] SHIN SH, KIM S, KIM JY, LEE S, UM Y, OH MK, [27] FERREIRA-LAZARTE A, PLAZA-VINUESA L, de
KIM YR, LEE J, YANG KS. Complete genome LAS RIVAS B, VILLAMIEL M, MUNOZ R,
sequence of Klebsiella oxytoca KCTC 1686, used in MORENO FJ. Production of o-rhamnosidases from
production  of  2,3-butanediol[J]. = Journal of Lactobacillus plantarum WCFS1 and their role in
Bacteriology, 2012, 194(9): 2371-2372. deglycosylation of dietary flavonoids naringin and

[23] BIRGISSON H, HREGGVIDSSON GO, rutin[J].  International  Journal of Biological

FRIDJONSSON OH, MORT A, KRISTJANSSON JK,

<l actamicro@im.ac.cn, & 010-64807516

Macromolecules, 2021, 193(Pt B): 1093-1102.



