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Bl 2-3 AL, DI, R DA AR A K A i i
TrEE A i 25 AH [R) 2 Y (016 P AR AT 9T

A TR RV K A il B AT AN TR B, K
AZ BB WAME. Wk 1 PR, FIHA
e FRA K St i ) A 265 AN [R) RO A N2 1
LK fiE NS AT Rbl, Rb2, Rb3 I Re #9 C-20
AEAMUDBE L AT L] 35 A AT Rde A 84
(China white jade snail)""Fl Thermus caldophilus™
Hr B AR B AT K B REIS S A S
1 Rb1 F| Rd M%:4k, Kim PR 57 ra e
AR L IERE Y AT REBS R A S AT Rbl 4L
N Rd BIEHBETKMERE . BEfS, BHIFTAER A

[22

Thermotoga thermarum™ 1 Bifidobacterium longum

H- 120 s AT S R A1 , B T 6Lk s NS
BAF Rd BIRCE . FIHEABARM Flavobacterium
Jjohnsoniae® H1 Thermus thermophilus™ W 3R15 )
AT BT PO A S 217 Rb1 F 10K Rd,

[F)AE AT UK i S8 e s 5811 XVIL (G17)Y C-20 i b
8, BMASRAT F2. B T RriEsh, WA
ZHPH Leuconostoc sp.P'WhIR1E T ek b NS
A Re 9 Rd B a-L- P {F Wk Mg 1 K il . A
Bifidobacterium breve™F Bifidobacterium longum™
HE] o0 LBl H RIS 7 PR oLl FI LR
BETKARRE, RERSHIL NS Re FIRb2 Ji Rd.

A SCHkRGE , Caldicellulosiruptor Saccharolyticus[3 0

OH

Rbo
a—Gle-(
] la-1,4
Soyasaponin I Rha

Protodioscin

FERBHEWRE
Structure of main saponins.

1 Rhodanobacter ginsenosidimutansm]q:' HJ a-L-Ba]
FLAFT Wk IR 7K A AN (AT LUK S AS R Re
A Rd, [A]EFAT LUK Compound Me; (C-Me )45 4L i,
F2. Yu ZEP2IN Aspergillus H 508 2l Ak (AR K f
Bl AL A S B AF Rbl, Rb2, Rb3 Fll Re 4%
B Rd. —SEMETF KA RE TS 58 4K i — I RN
ZE1F Rbl. Rb2, Rb3. Rc Ml Rd %4rFH C-20
RLRIBESE, A NS BT Re3, i1 Re3 BEAS AL
B, WOT RSP IIZ5Y) . Paecilomyces
bainier®'Fll Microbacterium esteraromaticum™*
ORI B RE EL K A S 24 Rb1 KA Re3,
MM Microbacterium esteraromaticum>'4 4y 55 4li
LT I RE R A2 21 Rb2 JKfi# AL Re3.

RIS F i RN Pseudonocardia®®' vi 15
PR AURE TR K B AT 2 A A S 24 Rb1. Rb3
1 Rd il 45 Rg3. [AIFE, KNS B C-3 /Y
B SE A T i) g — RAVE R A AS BT, N
Sphingomonas®" 1 Sphingopyxis alaskensis®* 5
e 2 Y L A AT IR BE KA S 21 RbL,

Rb2. Rc. Rd Al Rg3 ZrFH C-3 (obeES Ml )4
20, MR 25 G17 .Compound O (C-0).C-Mc;, .
F2 FI Rh2. A SERF B ELE KR C-3 A2l
PERE, WSKVET Terrabacter ginsenosidimutans®™
Il Esteya vermicola™ " A M BERE K R NS 2
1 Rb1., Rb2, Rb3. Rc il Rd 73F C-3 fiiHEEE,
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Table 1. Biotransformation of ginsenosides by glycosidase

Product Substrate Reaction Organism Reference
Rd Rb1 B-Glucosidase China white jade snail Luan!"!
Rd Rbl B-Glucosidase Thermus caldophilus Son?”
Rd Rbl B-Glucosidase Uncultured bacteria Kim[*"
Rd Rb1 B-Glucosidase Thermotoga thermarum Zhao!*?
Rd Rb1 B-Glucosidase Bifidobacterium longum H-1 Jung™!
Rd Rbl B-Glucosidase Flavobacterium johnsoniae Hong*"
Rd Rb1 B-Glucosidase Thermus thermophilus Shin!?*
Rd Rb1 B-Glucosidase Penicillium oxalicum Gao!*”!
Rd Rbl B-Glucosidase Cladosporium fulvum Gaol*™
Rd Re a-L-Arabinofuranosidase Panax ginseng Zhang?*®
Rd Re a-L-Arabinofuranosidase Leuconostoc Liu®"
Rd Re a-L-Arabinofuranosidase Bifidobacterium breve Shin[**
Rd Re a-L-Arabinofuranosidase Bifidobacterium longum Lee!®!
Rd Re a-L-Arabinofuranosidase Caldicellulosiruptor saccharolyticus Shin*”
Rd Re a-L-Arabinofuranosidase Rhodanobacter ginsenosidimutans AnP!
Rd Rb2 a-L-Arabinopyranosidase Bifidobacterium breve Shin!*®
Rd Rb2 a-L-Arabinopyranosidase Bifidobacterium longum Leet”
Rd Rb1/Rb2/Rb3/Re Glycosidase Aspergillus Yul
Rg3 Rb1 B-Glucosidase Paecilomyces bainier Yanl**!
Rg3 Rb1 B-Glucosidase Microbacterium esteraromaticum Quant®¥
Rg3 Rb2 B-Glucosidase Microbacterium esteraromaticum Quant®”
Rg3 Rb1/Rb3/Rd B-Glucosidase Pseudonocardia Dul*®!
G17 Rb1 B-Glucosidase Sphingomonas Wangl”!
G17 Rbl B-Glucosidase Sphingopyxis alaskensis Shin**
G17 Rbl B-Glucosidase Cellulosimicrobium cellulans Yuan*!
G75 Rb1 B-Glucosidase Terrabacter ginsenosidimutans AnP”]
G75 Rbl B-Glucosidase Esteya vermicola Hou!*”!
F2 G17 B-Glucosidase Flavobacterium johnsoniae Hong!?*
F2 G17 B-Glucosidase Thermus thermophilus Shin®!
F2 C-Mc, a-L-Arabinofuranosidase Caldicellulosiruptor saccharolyticus Shin*%
F2 C-Mc; a-L-Arabinofuranosidase Rhodanobacter ginsenosidimutans AnP!
F2 Rd B-Glucosidase Cellulosimicrobium cellulans Yuan™”!
F2 Rb1/Rb2/Rc B-Glucosidase Arthrobacter chlorophenolicus Park!!]
Rh2 Rg3 B-Glucosidase Sphingopyxis alaskensis Shin*®
CK Rd B-Glucosidase Terrabacter ginsenosidimutans AnP”]
CK Rd B-Glucosidase Esteya vermicola Hou!*”
CK Rbl B-Glucosidase Fusobacterium K-60 Park[*?
CK Rbl B-Glucosidase endophytic fungi GE 17-18 Ful*!
CK Rb1/Rb2 B-Glucosidase Sulfolobus acidocaldarius Noh!*4!
CK Rb1/Rb2/Rb3/Re¢ B-Glucosidase Aspergillus niger Liut*!
CK Rb1/Rb2 B-Glucosidase Microbacteriu esteraromaticum Quant®
C-O0 Rb2 B-Glucosidase Cellulosimicrobium cellulans Yuant*”!
(548
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C-Y Rb2 B-Glucosidase Terrabacter ginsenosidimutans AnP]
C-Mc Re B-Glucosidase Terrabacter ginsenosidimutans Anl*”
C-Mc, Re B-Glucosidase Cellulosimicrobium cellulans Yuan™”!
C-Mx Rb3 B-Glucosidase Terrabacter ginsenosidimutans AnP]
Rg2 Re B-Glucosidase Microbacterium esteraromaticum Quant®”
Rg2 Re B-Glucosidase Mucilaginibacter Cuit®"
Rg2 Re B-Glucosidase Pseudonocardia Dul*®!
Rh1 Rgl B-Glucosidase Microbacterium esteraromaticum Quant®”
Rh1 Rf B-Glucosidase Pyrococcus furiosus Oont*
Rh1 Rf B-Glucosidase Aspergillus niger Ruan 1%
Rh1 Rg2 a-L-Rhamnosidase Absidia Yul*
Rh1 R2 B-Xylosidase Thermoanaerobacterium Shin[>!
F1 Rgl B-Glucosidase Fusarium moniliforme Kim[®
F1 Rgl B-Glucosidase Penicillium sclerotiorum Weil®”
F1 Rgl B-Glucosidase Sanguibacter keddieii Kim[®

G17: gypenoside XVII; G75: gypenoside LXXV; C-O: compound O; C-Y: compound Y; C-Mc;: compound Mc;; C-Mc: compound Mc;

C-Mx: compound Mx; C-K: compound K.

A AR B R LXXV (G75) . Compound Y (C-Y).
Compound Mx (C-Mx), Compound Mc (C-Mc)#
C-Ko AN, —SORT K it B RENS [F) i /K i — e 7y
ANZBAFH C-20 Fl C-3 filiE. M Arthrobacter
chlorophenolicus'™" Hh i [ A5 21) () 5 200 4 26 BT Tl A
NS 2 H Rbl Rb2 Fll Re ¥ ALY F2 . Fusobacterium
K60, endophytic fungi GE 17-18"%) Sulfolobus
acidocaldarius™ . Aspergillus niger™F1 Microbacteriu
esteraromaticum"™* IR B K A T U] BE 95 7K i A
Z B4 Rbl il % C-Ko

RS AT C-6 il C-20 {7 B dLRE
PO TR B K. NS RAT Re2 Wl DB T A
Re 7307 HH) C-20 HYHIAMEIRSE, FHEAEAMN

Microbacterium esteraromaticum®™"  Mucilaginibacter™"

M Pseudonocardia®® v v A5 31| i 52 20 4 245 BT
AL ] LR N2 BT Re #6400 Rg2, L nl DK
NS AT Rl #5640 AL Rh1 Gl K i A S AT RE,
Rg2 Fl R2 H C-6 LM By H w8 . AR AIARE
Byaf LI Rh1P, 5 A S B4 Rhl AJH,

NS F1 RA— N HEEE T C-20 0%,

. o1 56 D . 57
Fusarium moniliforme®® . Penicillium sclerotiorum®”

Fl Sanguibacter keddieii™™ v it 4 % M il 1 L4
SRS BAT Rel (19 C-6 RLfi%h, A A
Z A Fl.

ARSI BV K A IR O RAR YR A
WOy B HA 2 P BRI AE W) 2yl i, 4ok, 78
NS BAFEYEAOEPBUS T —LE b . 7E1T
ATFEH, XA R LR A NS R AR
AL =i 47 T 2G>, N Penicillium
oxalicum™ 1 Cladosporium fulvum™Fh 735 4k,
A AS AT Rbl g Rd BB KRG, X5 T
TEBITSE, A SLE = MK T AR Y A S FiiE
LIEFRE T 24 RIRES AL AS R RIHR, IF
XHENTRIEALRE S M AL = Wi T T R G,
K IR Cellulosimicrobium cellulans sp. 21 /Kf#HE 1
SR, R S RE AR AT I T K R CeBgllA
RERS R MK iR NS e BU AT C-3 (LAMIIEHE
(AT, B AZ 1 Rbl, Rb2, Re Fl Rd 5642
Kf#EHN G17. C-O. C-Mec, Fl F2™, Hii, A7
A 2H A 2 Fh I 4R K R SE B T A e
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ML RAT(E 2). M Streptococcus LI-221
Il Penicillium purpurogenum Li-3' /325 ik iy
7 S TR Y A0 O 08 /K A% R A AR B 4
MEMR H HR , HBCA R H SRR A AR A .
Morana 21U SRR T Aspergillus niger F%%5
BERERRTT M, R H 5 2 7 AR AR 8 H Rk
2 . M\ Aspergillus oryzae®Wh 4y B alifk i) K G AT
IKFRTERERS K i R G2 T AR TR B, T
Neocosmospora vasinfecta'™ v () —Flg K & 21
S NS S N VN L NN
B, Jyilil 5 HABUA AR M AR 1 R G 3R T
AR TH fEERREH T, XEBURHREEK
B ST LA R G Inoue ZF1° Costus
speciosus 153 B AliAY S REAE 7K A I8 A 1 AR AR
EH R AR . Liu SN Aspergillus
oryzae oAb I TEREAS B B4 R E R K

@ W

2

R, I BEREK AR S HUR T AP A AR A o-1,4
B ML, A R BUK AT 1D, Feng 4510
Curvularia lunata 173 2 4640 1 o-L- A WH 1T FAE
K BT Y o-1,2 AL, A U BIK
T Vo Qian SETIHTfE A4 1 v 43 g5 4l Ak ) — b
a-L- BT G, 1% RE 08 /K i 3 B H P Y
a-1,2 A a-1,4 P4 RUEIESE, A s A -25 1
BTG, Fu VNN Absidia H 5 B 4L H gk
BUS TR K A N S T TR B e TR
2.2 HEEHREYRL

o AL S Y RA YRR )2 0 A 1 2 B 26
Y, ZLIBET BT, EE kB, BAAY
I 1 B9 B R A5 s B AR ) o i i B AT 2K
Wy, BAPRE. Srefl . U . hURESES
FIZEIAIERE T ), R S AT .
HT T AR 70 v i 1 e LA 3 /0 J B N B i v
W, AR A EEAR, DRI R AR B R AL S W A T
BER B A FRTOT AR o TR T K ik ity
I Sigp B A W R RS A — i v I A 5 i A
HIARORAR(GR 3)o W ULA BT (45T M
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Table 2. Biotransformation of other saponins by glycosidase
Product Substrate Reaction Organism Reference
GAMG Glycyrrhizin B-Glucuronidase Streptococcus Park!®"]
GAMG Glycyrrhizin B-Glucuronidase Penicillium purpurogenum Zou!®
Glycyrrhetinic acid Glycyrrhizin B-Glucuronidase Aspergillus niger Moranal®!
Soyasapogenol B Soyasaponin [ Soybean saponin hydrolase Aspergillus oryzae Kudou!®*!
Soyasapogenol B Soyasaponin Soybean saponin hydrolase Neocosmospora vasinfecta Watanabel®”!
Dioscin Protodioscin B-Glucosidase Costus speciosus Inouet®®
Progenin I1I Protodioscin Protodioscin-glycosidase Aspergillus oryzae Liul®”!
Progenin V Dioscin o-L-Rhamnosidase Curvularia lunata Fengl®®
Diosgenyl-glucoside Dioscin o-L-Rhamnosidase Bovine liver Qian!®”!
Diosgenin Dioscin Dioscin-glycosidase Absidia Ful™

GAMG: Glycyrrhetic acid mono-glucuronide.
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Table 3. Biotransformation of flavonoid glycosides by glycosidase

Product Substrate Reaction Organism Reference
Isoquercitrin, Prunin, Rutin, Naringin, o-Rhamnosidase Aspergillus niger Manzanares!’ )
Hesperetin glucoside Hesperidin a-Rhamnosidase Aspergillus nidulans Manzanaresl”)
a-Rhamnosidase Aspergillus aculeatus Manzanares!”®)
a-Rhamnosidase Clostridium stercorarium Kaurt””!
Quercetin Rutin B-Rutinosidase Penicillium rugulosum Narikawa!”®
Quercetin Rutin B-Glycosidase Penicillium decumbens Mammal”!
Quercetin Rutin B-Heterodisaccharidase Fagopyri herba Baumgertel®”!
Quercetin Rutin B-Rutinosidase Aspergillus niger Simgikova®!
Naringenin Naringin Naringinase Aspergillus niger Thammawat®*
Naringenin, Quercetin ~ Naringin, Rutin Naringinase Aspergillus niger Puril®!
Hesperetin Hesperidin Diglycosidase Acremonium Pifiuel®¥
Hesperetin Hesperidin Diglycosidase Actinoplanes missouriensis Neher®!
Daidzein Daidzin B-Glucosidase Unculturable microbes Lil®
Daidzein Daidzin B-Glucosidase Sulfolobus solfataricus Kim®”
Daidzein Daidzin B-Glucosidase Aspergillus oryzae Horril*®
Daidzein Daidzin B-Glucosidase Pyrococcus furiosus Yeom™”!
Daidzein, Genistein Daidzin, Genistin ~ B-Glucosidase Bacillus subtilis Xuel"
B-Glucosidase Thermotoga maritima Kuot!
Daidzein, Genistein, Daidzin, Genistin, B-Glucosidase Dalbergia Chuankhayan®®”
Glycitein Glycitin B-Glucosidase Bacteroides thetaiotaomicron Byun!®*!
Baicalein Baicalin B-Glucuronidase Scutellaria viscidula Zhang?®¥
Tilianin Linarin Naringinase Penicillium decumbens Cui®™
Butin Butrin B-Glucosidase Almond Jassbil®®
Phloretin Phlorizin B-Glycosidase Sheep small intestine Day”!

HAAECH, EATAHEE AR 7 18 O 2= B (a-1,6
4 1Y) B AW R 28 B VTR KB (0-1,2 330
SRR A W), DLW /K e iy LA 7K fie
& i B 07 X AL IE SN DTN DI R . A
Aspergillus niger’ F Aspergillus nidulans''Fh /43
B Al B REK AR o-1,2 Al a-1,6 AR o-FL
PR, IXBEREAKAR T kR IR B

IR R L R A B R A . A

Aspergillus aculeatus”" 1 Clostridium stercorarium'”

YRR BT o BUHE Y IR R A KA BT
AP PR RIS . XK bk =R e R,

B T AN AT, A DI A R BT AE
M Penicillium rugulosum® . Penicillium decumben'™
M Fagopyri herba™ W4y 5 4l Ak 1 it — WE 1Vl , L
KN Aspergillus niger™ ' ih v BESRAS AL T
iy, BRI T AR T A TR M A O R
M Aspergillus niger BCC 25166* /0] 43 55 4l
AE 7K A Al Bz T A= A Bz T oo B Rl B2 T

Aspergillus niger 1344 e {1kl Hz 1 1T 5] B 7K A
R AT, 3 A U B TP T A R &, H
ANBEK A8 K2 HF 1M Acremonium sp. DSM2469714
H Actinoplanes missouriensis'™ v i) — 1 i g
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S B B 2R S —Fh, FEAET
SARHEYI R, A BT BT MR . R
SR R A REAT . REFF I, YR
AH . JRARR ., HUERMETHRHIC, H
th AL T B A AR A G . TR
R A ST BE R SCPERS Sulfolobus solfataricus™
Aspergillus oryzae®™Fl Pyrococcus furiosus™ " 3g
GEARATREK AR R G AR R G C B2 -4
T s M Thermotoga maritima®F Bacillus subtilis®"
thTEREAS RN ELH - AIATHE AR K AR S A
BT A R HOTHIYRIARE ;. M Dalbergia™'h
Ay i Ak F1 M Bacteroides thetaiotaomicron®
Hh e R T 2H OO0 I T LUK R S L JuRER
TS ERAEMKRGI T, JRARRME G
BRI

BT 7 Aok il A Al 8 T K A Pt A i 1
PR 3). BHFERN, WA HADUME . HT
Y2115 M Scutellaria viscidula Bge® 43 554l
FRI B~ W T B RE 05 /K A 1 551 AR I 5 R

= 4.

TN =Wy 35 2 A B R 2 A
P86 A — i A B, FA B s I s A
FFSEIE I, (EME LU 1 B AR ORI AL 25 i
A ARA o Cui S5V A B G TR SEAE T P i B
WK, AR AT . ILAh, Jassbi PO B-
2B R SR O K A R s, PR sk
B 25 R W] L ME AL B 22 5 L SR 0 HA S
(5. Day P NG b s al Al Bl G
DI RT LKA AR B A SR B 3R

23 HALENEEREYHA

B 7 SRR AL, W K A T B
TR A AR 1 (3 4). A TARE—F{L
Gipbdy, MG O . AFIRSESOR . AE
TRIE PR R, (HARU RAUE
AR R AUE R, SRAE 0.01%.
M Penicillium nigricans® F Aspergillus niger™
Or SR B B BT T RE e A R JE A T
A, DA R KRBT e iR e 4251 H
A TR SRS B D RE B A TR, HAT USRI,
JEE TR M4 THIC, Grifola frondosa "'
Rhizoctonia solani Wiy -T2 BT BEAE S HE 1L

REEKRE L E S

Table 4. Biotransformation of other O-glycosides by glycosidase

Product Substrate Reaction Organism Reference
Genipin Geniposide B-Glucosidase Penicillium nigricans Xul™
Genipin Geniposide B-Glucosidase Aspergillus niger Gong!®”
Arctigenin Arctiin B-Glucosidase Grifola frondosa Kim!'?
Arctigenin Arctiin B-Glucosidase Rhizoctonia solani Kuo!'!
Arctigenin Arctiin B-Glucosidase Commercial Liu!'%
Resveratrol Polydatin B-Glucosidase Aspergillus oryzae Chen!'*!
Resveratrol Polydatin B-Glucosidase Lactobacillus kimchi Kol'*
Resveratrol Polydatin B-Glucosidase Unculturable microbes Mait'?
10-Deacetylpaclitaxel 7-Xylosyl-10-deacetylpaclitaxel  B-Xylosidase Cellulosimicrobium cellulans Dout'%
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AT A 0. Liv FUE IR AL B-
A BT O R LUK A 3% 1 58 2K RS AR 35 1
oo, 43T 435 T TR e AL
Pem R R o AR Tt ELAT TS e g ik
SRERE AL IhRE, M Aspergillus oryzae sp. 1001
M1 Lactobacillus kimchi' v 2y 85 alifb i) -4 %
FElE, DLK Mai Z5U O AZTREBR - 98 1 7 R R 41 o
SOREARAF I A B AW T T RE % A Al PR A H AR
BLAREPTEE . AN AL G AR A A
Yy, xr BRI A FLRE S B R RN RCR
GAZH BN T HAUN 0.02%, TEREY 5
f) 7-AWE-10-2 LMt EEAZEE R & R S A2 10
f5 A o Dou ZEUNH F  Cellulosimicrobium
cellulans strain F16 53R IAPAHE T BERIG 7-A0E-
10- K OB REREAL N, 10-25 AR A2, Pl
i — WAk Sy RV AT AR SRS

3 BB H KB A

B TSR A, OB A AR T TR A N Tk
B ABBE T 80K BT (36 5). BRI 2
PG B R P 4 A ) 08 7 B0 o7 14 S-S R
IKGRE T B BT S HAT BURIN B . BT |
I8 A T 5 S 2 2 Pl 0T 4T R A
PO, B SR B A S ARE N, Al BB SE Bk
e, BCATELERZG o F U BRI SR L

PR AR, DRI T B IR A K S I T AR D
Sanugul ZFUTNASRAE AR IR AW oy 15 5] —
PRANTE, IXRAECSRAT T - — AR, AE
TR AT o T B, A B PR B A v R
JG . Nakamura 55" 38 41 1 43 2575 5] strain
PUE, WM RE S B Al ) — oK i B AR AR it
JURIBINE T o X T Bl T s i i PR ) A5 o
Braune 25" % B8 Eubacterium cellulosolvens W& 1
ISR dfgA . dfgB. dfgC. dfgD H dfgE $L[FF
Tk H BB K iff 5 21 5 2R A U B TG R Bl T
T A A — R LS,
e FAERHEY ) I AF T, oSk . HAER .
g SRR, B AR T A L
TRG LR . I DL S g W AR 2 A,
ST I hy e AR AR R A S 7 A Y R R
BREEY . AR PRSI N, R
THFAERHEY b, S EACHE AR AT TEA
[FIOLE . HA SHMBRER, eNTA4SRG K4
RN, HT NIRRT RS R, LA RUK
i AR AW LR TS Y . B MRS
FLAT 2R P (4 S+ R T , Shen S5SNI
IR M R S MR . B,
X A RO T 2T K B R R s b, ok
O U 22 B RME HF RN B T 00 i ML S5 F B ks Sy
25T R AR B Z e 4o

x5 BEERRETMTES

Table 5. Biotransformation of C-glycosides and S-glycosides by glycosidase
Product Substrate Reaction Organism Reference
Norathyriol Mangiferin C-glucosyl-cleaving enzyme Bacteroides Sanugull'®”!
Daidzein Puerarin C-glucosyl-cleaving enzyme Human intestinal bacterium Nakamural''®
Luteolin Homoorientin C-glucosyl-cleaving enzyme Eubacterium cellulosolvens Braune!''!)
Sulforaphane Glucoraphanin Myrosinase Broccoli seeds Shen!''¥

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



1228

Ye Yuan et al. | Acta Microbiologica Sinica, 2017, 57(8)

4 K2

B HADURAE . LA FGTIIR 55 2 Fh A
Vil vk, PAIT 250 . RAdbh AL bt i) R4
Ao B B EOR ML, $REU S &)
Prii T A A Was o B i R IV T AR RS
PEEARR T2 3, R A Ok sz 3]
FA o DR K o BT OB SO, R
B R LE SRR, A2 R L n AR A
BT R B AL AL A SR s
JEH IS TR AT B S ARZE A | IRTE RG4S
LARSEERTIRES X UP S Pt o U 0 N 27N
T AW 5 R A ) S AU E BN 12 A i
Pk SeReA ], A W AL i R AR TR A S
PR Bk 32 AR AR A = v

2 % L MR

[1] Gleadow RM, Woodrow IE. Mini-Review: Constraints on
effectiveness of cyanogenic glycosides in herbivore defense.
Journal of Chemical Ecology, 2002, 28(7): 1301-1313.

[2] Moghadamtousi SZ, Kamarudin MNA, Chan CK, Goh BH,
Kadir HA. Phytochemistry and biology of Loranthus
parasiticus Merr, a commonly used herbal medicine. The
American Journal of Chinese Medicine, 2014, 42(1): 23-35.

[3] Mochizuki M, Yoo Y, Matsuzawa K, Sato K, Saiki I, Tonooka
S, Samukawa K, Azuma I. Inhibitory effect of tumor
metastasis in mice by saponins, ginsenoside-Rb2, 20(R)- and
20(S)-ginsenoside-Rg3,
Pharmaceutical Bulletin, 1995, 18(9): 1197-1202.

[4] Chauhan PS, Satti NK, Suri KA, Amina M, Bani S.

of red ginseng. Biological and

Stimulatory effects of Cuminum cyminum and flavonoid
glycoside on Cyclosporine-A and restraint stress induced
immune-suppression in Swiss albino mice. Chemico-Biological
Interactions, 2010, 185(1): 66—72.

[5] Zhang SZ. Glycobiology: A new frontier of life sciences.
Chemistry of Life, 1999, 19(3): 103—106. (in Chinese)
KRR B BEAEY R A b TP BT, A A ik,
1999, 19(3): 103-106.

actamicro@im.ac.cn

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Laine RA. A calculation of all possible oligosaccharide
isomers both branched and linear yields 1.05x10" structures
for a reducing hexasaccharide: the Isomer Barrier to
development of single-method saccharide sequencing or
synthesis systems. Glycobiology, 1994, 4(6): 759-767.

Zhao Y, Kang LP, Liu YX, Liang YG, Tan DW, Yu ZY, Cong
YW, Ma BP. Steroidal saponins from the rhizome of Paris
polyphylla and their cytotoxic activities. Planta Medica, 2009,
75(4): 356-363.

Scigelova M, Singh S, Crout DHG. Glycosidases—a great
synthetic tool. Journal of Molecular Catalysis B: Enzymatic,
1999, 6(5): 483-494.

Lombard V, Ramulu HG, Drula E, Coutinho PM, Henrissat B.
The carbohydrate-active enzymes database (CAZy) in 2013.
Nucleic Acids Research, 2014, 42(D1): D490-D495.

Yue HA, Xie YM, Zhang SZ, Fang XF. Studies on the
Rhizopus 1V. The amyloglucosidases of Rhizopus. Acta
Microbiologica Sinica, 1966, 12(2): 187—193. (in Chinese)
IRARE, WM, SRANEL, 500y, RNV, R
WHEIERETT G AT, A4, 1966, 12(2): 187-193.
Yu W, Zhu LX, Liu WF, Jin C, Dong ZY. Isolation,
identification and phylogenetic analysis of an endoglycoceramidase
producing bacterium. Acta Microbiologica Sinica, 2003,
43(2): 151-155. (in Chinese)

TH, B, XMEE, S, EEY. HE RN
VIR R R0 B . BE R ARG R B, WA
%, 2003, 43(2): 151-155.

Peng P, Wu J, Cheng AC, Gao QY, Zhang SZ. Cloning and
expression of the a-amylase gene from a Bacillus sp. WS06,
and characterization of the enzyme. Acta Microbiologica
Sinica, 2005, 45(6): 876-880. (in Chinese)

WOV, R, PEAE, WA, RREL SRR o-lER
B ek . SRIKFNEGEME BTN BT. SR 2R, 2005,
45(6): 876-880.

Tang SY, Le QT, Shim JH, Yang SJ, Auh JH, Park C, Park
KH. Enhancing thermostability of maltogenic amylase from
Bacillus thermoalkalophilus ET2 by DNA shuffling. The
FEBS Journal, 2006, 273(14): 3335-3345.

Muffler K, Leipold D, Scheller MC, Haas C, Steingroewer J,
Bley T, Neuhaus HE, Mirata MA, Schrader J, Ulber R.
Biotransformation of triterpenes. Process Biochemistry, 2011,
46(1): 1-15.

Shin KC, Oh DK. Classification of glycosidases that

hydrolyze the specific positions and types of sugar moieties in



JRMFEE | AR, 2017, 57(8)

1229

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

ginsenosides. Critical Reviews in Biotechnology, 2016, 36(6):
1036-1049.
Das S, Rosazza JPN. Microbial and enzymatic
transformations of flavonoids. Journal of Natural Products,
2006, 69(3): 499-508.
Christensen LP. Ginsenosides: chemistry, biosynthesis,
analysis, and potential health effects. Advances in Food and
Nutrition Research, 2008, 55: 1-99.

Lee JH, Ahn JY, Shin TJ, Choi SH, Lee BH, Hwang SH, Kang
JY, Kim HJ, Park CW, Nah SY. Effects of minor ginsenosides,
ginsenoside metabolites, and ginsenoside epimers on the
growth of Caenorhabditis elegans. Journal of Ginseng
Research, 2011, 35(3): 375-383.

Luan HW, Liu X, Qi XH, Hu Y, Hao DC, Cui Y, Yang L.
Purification and characterization of a novel stable ginsenoside
Rb,-hydrolyzing -D-glucosidase from China white jade snail.
Process Biochemistry, 2006, 41(9): 1974-1980.

Son JW, Kim HJ, Oh DK. Ginsenoside Rd production from
the major ginsenoside Rb;, by p-glucosidase from Thermus
caldophilus. Biotechnology Letters, 2008, 30(4): 713-716.
Kim SJ, Lee CM, Kim MY, Yeo YS, Yoon SH, Kang HC, Koo

BS. Screening and characterization of an enzyme with

B-glucosidase activity from environmental DNA. Journal of

Microbiology and Biotechnology, 2007, 17(6): 905-912.

Zhao LG, Xie JC, Zhang XS, Cao FL, Pei JJ. Overexpression
and characterization of a glucose-tolerant B-glucosidase from
Thermotoga thermarum DSM 5069T with high catalytic
efficiency of ginsenoside Rbl to Rd. Journal of Molecular
Catalysis B: Enzymatic, 2013, 95: 62—69.

Jung IH, Lee JH, Hyun YJ, Kim DH. Metabolism of
ginsenoside Rbl by human intestinal microflora and cloning
of its metabolizing B-D-glucosidase from Bifidobacterium
longum H-1. Biological and Pharmaceutical Bulletin, 2012,
35(4): 573-581.

Hong H, Cui CH, Kim JK, Jin FX, Kim SC, Im WT.
Rbl and

Enzymatic biotransformation of ginsenoside

gypenoside XVII into ginsenosides Rd and F2 by recombinant

B-glucosidase from Flavobacterium johnsoniae. Journal of

Ginseng Research, 2012, 36(4): 418-424.

Shin KC, Seo MJ, Oh HJ, Oh DK. Highly selective hydrolysis
for the outer glucose at the C-20 position in ginsenosides by
B-glucosidase from Thermus thermophilus and its application
to the production of ginsenoside F, from gypenoside XVIL.
Biotechnology Letters, 2014, 36(6): 1287-1293.

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Zhang CZ, Yu HS, Bao YM, An LJ, Jin FX. Purification and
characterization of ginsenoside-a-arabinofuranase hydrolyzing
ginsenoside Re into Rd from the fresh root of Panax ginseng.
Process Biochemistry, 2002, 37(7): 793-798.

Liu QM, Jung HM, Cui CH, Sung BH, Kim JK, Kim SG, Lee
ST, Kim SC, Im WT. Bioconversion of ginsenoside Rc into
Rd by a novel a-L-arabinofuranosidase, Abf22-3 from
Leuconostoc sp. 22-3: cloning, expression, and enzyme
characterization. Antonie van Leeuwenhoek, 2013, 103(4):
747-754.

Shin HY, Lee JH, Lee JY, Han YO, Han MIJ, Kim DH.
Purification = and  characterization = of  ginsenoside
Ra-hydrolyzing B-D-xylosidase from Bifidobacterium breve
K-110, a human intestinal anaerobic bacterium. Biological
and Pharmaceutical Bulletin, 2003, 26(8): 1170-1173.

Lee JH, Hyun YJ, Kim DH. Cloning and characterization of
a-L-arabinofuranosidase and bifunctional a-L-arabinopyranosidase/
B-D-galactopyranosidase from Bifidobacterium longum H-1.
Journal of Applied Microbiology, 2011, 111(5): 1097-1107.
Shin KC, Lee GW, Oh DK. Production of ginsenoside Rd
from ginsenoside Rc by a-L-arabinofuranosidase from
Caldicellulosiruptor saccharolyticus. Journal of Microbiology
and Biotechnology, 2013, 23(4): 483-488.

An DS, Cui CH, Sung BH, Yang HC, Kim SC, Lee ST, Im
WT, Kim SG. Characterization of a novel ginsenoside-hydrolyzing
AbfA,
ginsenosidimutans Gsoil 3054". Applied Microbiology and
Biotechnology, 2012, 94(3): 673—682.

Yu HS, Liu QM, Zhang CZ, Lu MC, Fu YY, Im WT, Lee ST,

a-L-arabinofuranosidase, from Rhodanobacter

Jin FX. A new ginsenosidase from Aspergillus strain
hydrolyzing 20-O-multi-glycoside
Process Biochemistry, 2009, 44(7): 772-775.

Yan Q, Zhou W, Li XW, Feng MQ, Zhou P. Purification
method

of PPD ginsenoside.

improvement and characterization of a novel
ginsenoside-hydrolyzing B-glucosidase from Paecilomyces
Bainier sp. 229. Bioscience, Biotechnology, and Biochemistry,
2008, 72(2): 352-359.

Quan LH, Min JW, Yang DU, Kim YJ, Yang DC. Enzymatic
biotransformation of ginsenoside Rbl to 20(S)-Rg3 by
recombinant B-glucosidase from Microbacterium esteraromaticum.
Applied Microbiology and Biotechnology, 2012, 94(2): 377-384.
Quan LH, Wang C, Jin Y, Wang TR, Kim YJ, Yang DC.
Isolation and characterization of novel ginsenoside-hydrolyzing
that

glycosidase from Microbacterium esteraromaticum

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



1230

Ye Yuan et al. | Acta Microbiologica Sinica, 2017, 57(8)

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

transforms ginsenoside Rb2 to rare ginsenoside 20(S)-Rg3.
Antonie van Leeuwenhoek, 2013, 104(1): 129-137.

Du J, Cui CH, Park SC, Kim JK, Yu HS, Jin FX, Sun CK, Kim
SC, Im WT.

ginsenoside-transforming B-glucosidase from Pseudonocardia

Identification and characterization of a
sp. Gsoil 1536 and its application for enhanced production of
minor ginsenoside Rg2(S). PLoS One, 2014, 9(6): €96914.
Wang L, Liu QM, Sung BH, An DS, Lee HG, Kim SG, Kim
SC, Lee ST, Im WT. Bioconversion of ginsenosides Rb;, Rb,,
Rc and Rd by novel B-glucosidase hydrolyzing outer 3-O
glycoside from Sphingomonas sp. 2F2: cloning, expression,
and enzyme characterization. Journal of Biotechnology, 2011,
156(2): 125-133.

Shin KC, Oh DK. Characterization of a novel recombinant
B-glucosidase from Sphingopyxis alaskensis that specifically
hydrolyzes the outer glucose at the C-3 position in
protopanaxadiol-type ginsenosides. Journal of Biotechnology,
2014, 172: 30-37.

An DS, Cui CH, Lee HG, Wang L, Kim SC, Lee ST, Jin FX,
Yu HS, Chin YW, Lee HK, Im WT, Kim SG. Identification
and characterization of a novel Terrabacter ginsenosidimutans
sp. nov. B-Glucosidase that transforms ginsenoside Rbl into
the rare gypenosides XVII and LXXV. Applied and
Environmental Microbiology, 2010, 76(17): 5827-5836.

Hou JG, Xue JJ, Sun MQ, Wang CY, Liu L, Zhang DL, Lee
MR, Gu LJ, Wang CL, Wang YB, Zheng Y, Li W, Sung CK.
Highly selective microbial transformation of major
ginsenoside Rbl to gypenoside LXXV by Esteya vermicola
CNU120806. Journal of Applied Microbiology, 2012, 113(4):
807-814.

Park MK, Cui CH, Park SC, Park SK, Kim JK, Jung MS, Jung
SC, Kim SC, Im WT. Characterization of recombinant
B-glucosidase from Arthrobacter chlorophenolicus and
biotransformation of ginsenosides Rb;, Rb,, Rc, and Rd.
Journal of Microbiology, 2014, 52(5): 399-406.

Park SY, Bae EA, Sung JH, Lee SK, Kim DH. Purification
and characterization of ginsenoside Ry-metabolizing
B-glucosidase from Fusobacterium K-60, a human intestinal
anaerobic  bacterium. Bioscience, and
Biochemistry, 2001, 65(5): 1163—-1169.

Fu Y, Yin ZH, Wu LP, Yin CR. Biotransformation of

Biotechnology,

ginsenoside Rbl to ginsenoside C-K by endophytic fungus
Arthrinium sp. GE 17-18 isolated from Panax ginseng. Letters
in Applied Microbiology, 2016, 63(3): 196-201.

actamicro@im.ac.cn

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Noh KH, Oh DK. Production of the rare ginsenosides
compound K, compound Y, and compound Mc by a
thermostable B-glycosidase from Sulfolobus acidocaldarius.
Biological and Pharmaceutical Bulletin, 2009, 32(11):
1830-1835.

Liu CY, Jin YH, Yu HS, Sun CK, Gao P, Xiao YK, Zhang TY,
Xu LQ, Im WT, Jin FX. Biotransformation pathway and
the the 3-O-

ginsenosides by

kinetics  of hydrolysis  of and

20-O-multi-glucosides of PPD-type
ginsenosidase type 1. Process Biochemistry, 2014, 49(5):
813-820.

Quan LH, Min JW, Jin Y, Wang C, Kim YJ, Yang DC.
Enzymatic Rbl to

biotransformation of ginsenoside

compound K by recombinant B-glucosidase from
Microbacterium esteraromaticum. Journal of Agricultural and
Food Chemistry, 2012, 60(14): 3776-3781.

Gao J, Hu YB, Ji L, Wang N, Wang J, Tai GH, Zhou YF. A
novel ginsenoside-hydrolyzing enzyme from Penicillium
oxalicum and its application in ginsenoside Rd production.
Biocatalysis and Biotransformation, 2013, 31(6): 305-312.
Gao J, Zhao XS, Liu HB, Fan YY, Cheng HR, Liang F, Chen
XX, Wang N, Zhou YF, Tai GH. A highly selective
ginsenoside ~ Rb-hydrolyzing  B-D-glucosidase  from
Cladosporium fulvum. Process Biochemistry, 2010, 45(6):
897-903.

Yuan Y, Hu YB, Hu CX, Leng JY, Chen HL, Zhao XS, Gao J,
Zhou YF. Overexpression and characterization of a glycoside
hydrolase family 1 enzyme from Cellulosimicrobium cellulans
sp. 21 and its application for minor ginsenosides production.
Journal of Molecular Catalysis B: Enzymatic, 2015, 120:
60-67.

Quan LH, Min JW, Sathiyamoorthy S, Yang DU, Kim Y],
Yang DC. Biotransformation of ginsenosides Re and Rgl into
ginsenosides Rg2 and Rhl by recombinant B-glucosidase.
Biotechnology Letters, 2012, 34(5): 913-917.

Cui CH, Liu QM, Kim JK, Sung BH, Kim SG, Kim SC, Im
WT. Identification and characterization of a Mucilaginibacter
sp. strain QM49 B-glucosidase and its use in the production of
the pharmaceutically active minor ginsenosides (S5)-Rh; and
(S)-Rgo. Applied and Environmental Microbiology, 2013,
79(19): 5788-5798.

Oh HJ, Shin KC, Oh DK. Production of ginsenosides Rg; and
Rh, by hydrolyzing the outer glycoside at the C-6 position in

protopanaxatriol-type ginsenosides using S-glucosidase from



JRMFEE | AR, 2017, 57(8)

1231

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Pyrococcus  furiosus. Biotechnology Letters, 2014, 36(1):
113-119.

Ruan CC, Zhang H, Zhang LX, Liu Zhi, Sun GZ, Lei J, Qin
YX, Zheng YN, Li X, Pan HY. Biotransformation of
ginsenoside Rf to Rh; by
Molecules, 2009, 14(6): 2043-2048.

Yu HS, Gong JM, Zhang CZ, Jin FX. Purification and

recombinant B-glucosidase.

characterization of ginsenoside-o-L-rhamnosidase. Chemical
and Pharmaceutical Bulletin, 2002, 50(2): 175-178.

Shin KC, Seo MJ, Oh DK. Characterization of f-xylosidase
from Thermoanaerobacterium thermosaccharolyticum and its
application to the production of ginsenosides Rg, and Rh,
from notoginsenosides R; and R,. Biotechnology Letters,
2014, 36(11): 2275-2281.

Kim YS, Yoo MH, Lee GW, Choi JG, Kim KR, Oh DK.
Ginsenoside F; production from ginsenoside Rg; by a purified
f-glucosidase from Fusarium moniliforme var. subglutinans.
Biotechnology Letters, 2011, 33(12): 2457-2461.

Wei Y, Zhao WQ, Zhang Q, Zhao YQ, Zhang YX. Purification
and characterization of a novel and unique ginsenoside
Rgl-hydrolyzing  B-D-glucosidase ~ from  Penicillium
sclerotiorum. Acta Biochimica et Biophysica Sinica, 2011,
43(3): 226-231.

Kim JK, Cui CH, Yoorn MH, Kim SC, Im WT. Bioconversion
of major ginsenosides Rg; to minor ginsenoside F; using
novel

recombinant ginsenoside hydrolyzing glycosidase

cloned from  Sanguibacter  keddieii and  enzyme
characterization. Journal of Biotechnology, 2012, 161(3):
294-301.

Zhao XS, Gao J, Song CC, Fang Q, Wang N, Zhao TJ, Liu
DB, Zhou YF. Fungal sensitivity to and enzymatic
deglycosylation of ginsenosides. Phytochemistry, 2012, 78:
65-71.

Gao J, Hu YB, Meng Y, Meng FL, Guo XQ, Wang N, Wei M,
Zhou YF. Simple and efficient preparation of ginsenoside
(S)-Rg2 from ginsenoside Re by biotransformation with
Cellulosimicrobium sp. 21. and
Biotransformation, 2015, 33(1): 51-60.

Park HY, Kim NY, Han MJ, Bae EA, Kim DH. Purification

Biocatalysis

and characterization of two mnovel f-D-glucuronidases
converting glycyrrhizin to 18p-glycyrrhetinic acid-3-O-f4-D-
glucuronide LJ-22.
Microbiology and Biotechnology, 2005, 15(4): 792—799.
Zou SP, Liu GY, Kaleem I, Li

from  Streptococcus

C. Purification and

Journal  of

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

characterization of a highly selective glycyrrhizin-hydrolyzing
B-glucuronidase
Process Biochemistry, 2013, 48(2): 358-363.

Morana A, Di Lazzaro A, Di Lernia I, Ponzone C, De Rose M.

from Penicillium purpurogenum Li-3.

Enzymatic production of 18-B-glycyrrhetinic acid from
Glycyrrhizaglabra L. Biotechnology Letters, 2002, 24(22):
1907-1911.

Kudou S, Tsuizaki I, Uchida T, Okubo K. Purification and
some properties of soybean saponin hydrolase from
Aspergillus
Chemistry, 1991, 55(1): 31-36.

Watanabe M, Sumida N, Yanai K, Murakami T. A novel

oryzae KO-2. Agricultural and Biological

saponin hydrolase from Neocosmospora vasinfecta var.
vasinfecta. Applied and Environmental Microbiology, 2004,
70(2): 865-872.

Inoue K, Ebizuka Y. Purification and characterization of
26-0-f-glucosidase
speciosus thizomes. FEBS Letters, 1996, 378(2): 157-160.
Liu TQ, Yu HS, Liu CY, Wang YH, Tang MQ, Yuan XD, Luo
N, Wang QY, Xu XD, Jin FX. Protodioscin-glycosidase-1
26-0-B-D-glucoside 3-0-(1—4)-0-L-
rhamnoside of steroidal saponins from Aspergillus oryzae.
Applied Microbiology and Biotechnology, 2013, 97(23):
10035-10043.

Feng B, Hu W, Ma BP, Wang YZ, Huang HZ, Wang SQ, Qian

furostanol  glycoside from Costus

hydrolyzing and

XH. Purification, characterization, and substrate specificity of
a glucoamylase with steroidal saponin-rhamnosidase activity
from Curvularia lunata. Applied Microbiology —and
Biotechnology, 2007, 76(6): 1329-1338.

Qian S, Wang HY, Zhang CZ, Yu HS. Isolation and
characterization of dioscin-a-L-rhamnosidase from bovine
liver. Journal of Molecular Catalysis B: Enzymatic, 2013, 97:
31-35.

FuYY, Yu HS, Tang SH, Hu XC, Wang YH, Liu B, Yu CX, Jin
FX. New dioscin-glycosidase hydrolyzing multi-glycosides of
dioscin from Absidia strain. Journal of Microbiology and
Biotechnology, 2010, 20(6): 1011-1017.
Heim KE, Tagliaferro AR, Bobilya DJ. Flavonoid
antioxidants: chemistry, metabolism and structure-activity
relationships. The Journal of Nutritional Biochemistry, 2002,
13(10): 572-584.

Meda AL, Lamien CE, Romito M, Millogo JF, Nacoulma OG.
Determination of the total phenolic, flavonoid and proline

contents in Burkina Fasan honey, as well as their radical

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



1232

Ye Yuan et al. | Acta Microbiologica Sinica, 2017, 57(8)

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

scavenging activity. Food Chemistry, 2005, 91(3): 571-577.
Matsuda H, Morikawa T, Toguchida I, Yoshikawa M.
Structural requirements of flavonoids and related compounds
for aldose reductase inhibitory activity. Chemical and
Pharmaceutical Bulletin, 2002, 50(6): 788-795.

Manzanares P, de Graaff LH, Visser J. Purification and
characterization of an a-L-rhamnosidase from Aspergillus
niger. FEMS Microbiology Letters, 1997, 157(2): 279-283.
Manzanares P, Orejas M, Ibafiez E, Vallés S, Ramon D.
Purification and characterization of an a-L-rhamnosidase from
Aspergillus nidulans. Letters in Applied Microbiology, 2000,
31(3): 198-202.

Manzanares P, van den Broeck HC, de Graaff LH, Visser J.
characterization  of different

RhaA and RhaB, from Aspergillus

Purification  and two
a-L-rhamnosidases,
aculeatus. Applied and Environmental Microbiology, 2001,
67(5): 2230-2234.

Kaur A, Singh S, Singh RS, Schwarz WH, Puri M. Hydrolysis
of citrus peel naringin by recombinant o-L-rhamnosidase from
Clostridium stercorarium. Journal of Chemical Technology
and Biotechnology, 2010, 85(10): 1419-1422.

Narikawa T, Shinoyama H, Fujii T. A B-rutinosidase from
Penicillium rugulosum IFO 7242 that is a peculiar flavonoid
glycosidase. Bioscience, Biotechnology, and Biochemistry,
2000, 64(6): 1317-1319.

Mamma D, Kalogeris E, Hatzinikolaou DG, Lekanidou A,
Kekos D, Macris BJ, Christakopoulos P. Biochemical
characterization of the multi-enzyme system produced by
Penicillium decumbens grown on rutin. Food Biotechnology,
2004, 18(1): 1-18.

Baumgertel A, Grimm R, Eisenbeifl W, Kreis W. Purification
and characterization of a flavonol 3-O-f-heterodisaccharidase
from the dried herb of Fagopyrum esculentum Moench.
Phytochemistry, 2003, 64(2): 411-418.

Simgikova D, Kotik M, Weignerova L, Halada P, Pelantova H,
Adamcova K, Kfen V. a-L-rhamnosyl-p-D-glucosidase
(rutinosidase) from Aspergillus niger: characterization and
synthetic potential of a novel diglycosidase. Advanced
Synthesis & Catalysis, 2015, 357(1): 107-117.

P, Juntharasri V,

Thammawat K, Pongtanya

Wongvithoonyaporn P.  Isolation, preliminary enzyme
characterization and optimization of culture parameters for
production of naringinase isolated from Aspergillus niger

BCC 25166. Kasetsart Journal (Natural Science), 2008,

actamicro@im.ac.cn

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

42(1): 61-72.
Puri M, Kalra S. Purification and characterization of
naringinase from a newly isolated strain of Aspergillus niger
1344 for the transformation of flavonoids. World Journal of
Microbiology and Biotechnology, 2005, 21(5): 753-758.
Pifwel L, Breccia JD, Guisan JM, Lopez-Gallego F.
Production of hesperetin using a covalently multipoint
immobilized diglycosidase from Acremonium sp. DSM24697.
Journal of Molecular Microbiology and Biotechnology, 2013,
23(6): 410-417.

Neher BD, Mazzaferro LS, Kotik M, Oyhenart J, Halada P,
Kfen V, Breccia JD. Bacteria as source of diglycosidase
activity: Actinoplanes missouriensis produces 6-O-o-L-thamnosyl-
B-d-glucosidase active on flavonoids. Applied Microbiology
and Biotechnology, 2016, 100(7): 3061-3070.

Li G Jiang Y, Fan XJ, Liu YH. Molecular cloning and
with  high
hydrolyzing ability for soybean isoflavone glycosides and

characterization of a mnovel p-glucosidase
glucose-tolerance from soil metagenomic library. Bioresource
Technology, 2012, 123: 15-22.

Kim BN, Yeom SJ, Kim YS, Oh DK. Characterization of a
p-glucosidase from Sulfolobus solfataricus for isoflavone
glycosides. Biotechnology Letters, 2012, 34(1): 125-129.
Horii K, Adachi T, Matsuda T, Tanaka T, Sahara H, Shibasaki
S, Ogino C, Hata Y, Ueda M, Kondo A. Improvement of
isoflavone aglycones production using [-glucosidase
secretory produced in
Journal of Molecular Catalysis B: Enzymatic, 2009, 59(4):
297-301.

Yeom SJ, Kim BN, Kim YS, Oh DK. Hydrolysis of isoflavone

recombinant Aspergillus oryzae.

glycosides by a thermostable B-glucosidase from Pyrococcus
furiosus. Journal of Agricultural and Food Chemistry, 2012,
60(6): 1535-1541.

Xue YM, Yu JJ, Song XF. Hydrolysis of soy isoflavone
glycosides by recombinant B-glucosidase from
hyperthermophile Thermotoga maritima. Journal of Industrial
Microbiology & Biotechnology, 2009, 36(11): 1401-1408.
Kuo LC, Lee KT. Cloning, expression, and characterization of
two B-glucosidases from isoflavone glycoside-hydrolyzing
Bacillus subtilis natto. Journal of Agricultural and Food
Chemistry, 2008, 56(1): 119-125.

Chuankhayan P, Rimlumduan T, Svasti J, Cairns JRK.
Hydrolysis of soybean isoflavonoid glycosides by Dalbergia

B-glucosidases. Journal of Agricultural and Food Chemistry,



JRMFEE | AR, 2017, 57(8)

1233

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

2007, 55(6): 2407-2412.

Byun DH, Choi HJ, Lee HW, Jeon HY, Choung WJ, Shim JH.
Properties and applications of B-glycosidase from Bacteroides
thetaiotaomicron that specifically hydrolyses isoflavone
glycosides. International Journal of Food Science and
Technology, 2015, 50(6): 1405-1412.

Zhang CZ, Zhang YF, Chen JP, Liang XM. Purification and
characterization of baicalin-B-D-glucuronidase hydrolyzing
baicalin to baicalein from fresh roots of Scutellaria viscidula
Bge. Process Biochemistry, 2005, 40(5): 1911-1915.

Cui P, Dou TY, Li SY, Lu JX, Zou LW, Wang P, Sun YP, Hao
DC, Ge GB. Highly selective and efficient biotransformation
of linarin to produce tilianin by naringinase. Biotechnology
Letters, 2016, 38(8): 1367-1373.

Jassbi AR, Singh P, Krishna V, Gupta PK, Tahara S.
Antioxidant study and assignments of NMR spectral data for
3',4',7-Trihydroxyflavanone 3',7-Di-O-B-D-glucopyranoside
(Butrin) and its hydrolyzed product. Chemistry of Natural
Compounds, 2004, 40(3): 250-253.

Day AJ, Canada FJ, Diaz JC, Kroon PA, Mclauchlan R,
Faulds CB, Plumb GW, Morgan MRA, Williamson G. Dietary
flavonoid and isoflavone glycosides are hydrolysed by the
lactase site of lactase phlorizin hydrolase. FEBS Letters, 2000,
468(2/3): 166-170.

Xu MM, Sun Q, Su J, Wang JF, Xu C, Zhang T, Sun QL.
Microbial transformation of geniposide in Gardenia
Jjasminoides Ellis into genipin by Penicillium nigricans.
Enzyme and Microbial Technology, 2008, 42(5): 440—444.
Gong GH, Zheng ZM, Liu H, Wang L, Diao JS, Wang P, Zhao
GH. Purification and characterization of a -glucosidase from
Aspergillus niger and its application in the hydrolysis of
geniposide to
Biotechnology, 2014, 24(6): 788-794.

Kim JH, Bae JT, Song MH, Lee GS, Choe SY, Pyo HB.

genipin. Journal of Microbiology and

Biological activities of Fructus arctii fermented with the
basidiomycete Grifola frondosa. Archives of Pharmacal
Research, 2010, 33(12): 1943-1951.

Kuo PC, Chen ZY, Chen MF. Biopreparation of an
anti-inflammatory agent, diarctigenin, from arctiin isolated
from Arctium lappa by Rhizoctonia solani AG-4. Tetrahedron
Letters, 2013, 54(50): 6955-6958.

Liu F, Xi XJ, Wang M, Fan L, Geng YL, Wang X. Isolation
and purification of arctigenin from Fructus arctii by

enzymatic  hydrolysis  combined  with  high-speed

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

counter-current chromatography. Journal of Separation
Science, 2014, 37(4): 376-381.

Chen M, Li D, Gao ZQ, Zhang CZ. Enzymatic transformation
of polydatin to resveratrol by piceid-p-D-glucosidase from
Aspergillus oryzae. Bioprocess and Biosystems Engineering,
2014, 37(7): 1411-1416.

Ko JA, Park JY, Kwon HJ, Ryu YB, Jeong HJ, Park SJ, Kim
CY, Oh HM, Park CS, Lim YH, Kim D, Rho MC, Lee WS,
Kim YM. Purification and functional characterization of the
first stilbene glucoside-specific B-glucosidase isolated from
Lactobacillus kimchi. Enzyme and Microbial Technology,
2014, 67: 59—-66.
Mai ZM, Su HF, Zhang S. Characterization of a
metagenome-derived f-glucosidase and its application in
conversion of polydatin to resveratrol. Catalysts, 2016, 6(3):
3s.

Dou TY, Luan HW, Liu XB, Li SY, Du XF, Yang L.
Enzymatic hydrolysis of 7-xylosyltaxanes by an extracellular
xylosidase from Cellulosimicrobium cellulans. Biotechnology
Letters, 2015, 37(9): 1905-1910.

Courts FL, Williamson G. The occurrence, fate and biological
activities of C-glycosyl flavonoids in the human diet. Critical
Reviews in Food Science and Nutrition, 2015, 55(10):
1352-1367.

Ghosh RK, Ghosh SM, Chawla S, Jasdanwala SA. SGLT2
inhibitors: a new emerging therapeutic class in the treatment
of type 2 diabetes mellitus. The Journal of Clinical
Pharmacology, 2012, 52(4): 457-463.

Sanugul K, Akao T, Li Y, Kakiuchi N, Nakamura N, Hattori
M. Isolation of a human intestinal bacterium that transforms
mangiferin to norathyriol and inducibility of the enzyme that
cleaves a C-glucosyl bond. Biological and Pharmaceutical
Bulletin, 2005, 28(9): 1672-1678.

Nakamura K, Komatsu K, Hattori M, Iwashima M. Enzymatic
cleavage of the C-glucosidic bond of puerarin by three
proteins, Mn?*, and oxidized form of nicotinamide adenine
dinucleotide. Biological and Pharmaceutical Bulletin, 2013,
36(4): 635-640.

Braune AW, Engst W, Blaut M. Identification and functional
expression flavonoid O- and

of genes encoding

C-glycosidases in intestinal bacteria.  Environmental
Microbiology, 2016, 18(7): 2117-2129.
Fahey JW, Zalcmann AT, Talalay P. The chemical diversity

and distribution of glucosinolates and isothiocyanates among

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



1234 Ye Yuan et al. | Acta Microbiologica Sinica, 2017, 57(8)

plants. Phytochemistry, 2001, 56(1): 5-51. [114] Shen LQ, Su GY, Wang XY, Du QZ, Wang KW. Endogenous

[113] Tse G, Eslick GD. Cruciferous vegetables and risk of and  exogenous enzymolysis of  vegetable-sourced
colorectal neoplasms: a systematic review and meta-analysis. glucosinolates and influencing factors. Food Chemistry, 2010,
Nutrition and Cancer, 2014, 66(1): 128-139. 119(3): 987-994.

Glycosidase: An effective tool for the preparation of active
glycosides and aglycone

Ye Yuan, Yanbo Hu, Yifa Zhou'

School of Life Sciences, Northeast Normal University, Changchun 130024, Jilin Province, China

Abstract: Glycosides widely distributed in nature have many pharmacological activities. A lot of drugs belong to
glycoside and the sugar chains are closely related to its pharmacological activities. The modification of sugar chains
can change the pharmacological activities of glycosides, which provides tremendous glycoside resource for drug
development. Because of high efficiency and low pollution, biotransformation by glycosidase is widely used in the
preparation of active glycosides. This review summarized recent advances in the preparation of active glycosides by
glycosidase transformation, and provided useful references for preparing active glycosides and related research
work.
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