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Glucosidases from Flavobacterium saccharophilum:
characterization and application in the preparation of minor
ginsenosides

DONG Boyan, YAN Xuecui, ZHOU Feng’en, WANG Yibing, ZHOU Yifa, YUAN Ye'

Engineering Research Center of Glycoconjugates, Ministry of Education, School of Life Sciences, Northeast Normal
University, Changchun 130024, Jilin, China

Abstract: [Background] Some minor ginsenosides possess valuable pharmacological activities.
Mining glycosidases with high activity and specificity can realize the directional preparation of
minor ginsenosides. Flavobacterium saccharophilum carries abundant and uncharacterized
glycosidase genes, which are potential sources for excavating new glycosidases. [Objective] To
obtain highly active and specific glycosidases from F. saccharophilum for the preparation of minor
ginsenosides. [Methods] Fifteen putative glucosidase genes were cloned from F. saccharophilum
and expressed. To screen out the enzymes for the preparation of minor ginsenosides, we fully
characterized the recombinants and identified the biotransformation products by employing thin
layer chromatography and high performance liquid chromatography. [Results] Three
B-glucosidases (SA2629, SA0236, and SA2851) with high activities were obtained from F.
saccharophilum. SA2629 showed the highest specific activity (78.7 U/mg) and catalytic efficiency
[kea=(27.38+1.40) s"']. Furthermore, it could simultaneously hydrolyze the B-1,6-glucosidic bond at
the C—20 position and the glucosidic bond directly connected to the aglycone at the C-3 position.
SA2851 and SA0236 only had hydrolysis activity on the B-1,6 glucosidic bond at the C-20 position,
and SA0236 had higher activity. Furthermore, we completely transformed ginsenoside Rbl to the
minor ginsenosides CK and F2 by using SA2629 and SA0236, respectively, with a
B-1,2-glucosidase obtained in our lab. [Conclusion] The glycosidases that can be employed to
prepare minor ginsenosides were obtained, which filled the gap in the study of B-glucosidases from
F. saccharophilum.

Keywords: Flavobacterium saccharophilum; B-glucosidase; enzymatic properties; minor ginsenosides
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VFZ A YRR B-A 4G BE 1 il 2 S8 K
SA PRz N {H H R TGRS T R R U
B~ 26 T () A AR E o ASAIESY B A ARG B B
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1 MRETE

1.1 ##
1.1.1 &
M 5 AT 1 (CGMCC  1.12072) 1 3L F Fp [

e 0 2R ) TR R DR R PR o RO AT T
(Escherichia coli) BL21(DE3)F1Fik: pET-28a(+)
Wy B RARAALBHL AL RO A RS A
1.1.2 EZRXFIFMER

pNPaGal, pNPBGal. pNPaGlu. pNPBGlu,
pNPaMan., pNPBMan. pNPaArap. pNPaAraf,
PNPaXyl. pNPPXyl. pNPuRha # pNPaFuc,
Sigma /375 MUBEFIZE4E i, BTH T A AL
WM AT BR W) 5 BAT 8, dbat | R B R
2wl JEAR T, JERUERSEE R IRA R 4i
LN 4] DNA $2BGAG &, A= TAEY) TAR( i)
B ATBR AR . PCR AL, RO B2
BRAH]; mIRSIEAL, ATS Tolk RE4 RA

MR, BioTek Aw]; mysitHEIE RS, It
IR R B W 5 SR A B TR
T3, Thermo Fisher Scientific 2> H) -
113 EFE

LB HiFidl(g/L): BERERFY 5.0, A
10.0, & 4k4M 10.0, I pH (EZ 7.0; 50 15.0 g/L
TRREA BRIy LB AR SR 5L, W 50 pg/mL Kan
B4 Kan i AR o
1.2 B-HEREEEFIISH

i NCBI il 22 P B Bl s AT e 5 [H 4
(GenBank & 3¢5 4 GCA_900142735.1) 1 fiF A5 -
A PETTIGSED, MIA ExPASy FEZE 53 HT 3k
(https://web.expasy.org/protparam/) %} H: 2 [1 53 F
AT T ] MEGA 7.0 SR AL T
S o 30 1 O ST 48 ) 38U B 2 (https://www.ncbi.nlm.
nih.gov/Structure/bwrpsb/bwrpsb.cgi)F TBtools %X
% (https://github.com/CJ-Chen/TBtools/releases) il
PSS AR
1.3 EHEEKREE

PGS AR BT R AP 2 LB Kkt
fr, F30°C, 180 r/min £/ FHi3% 16 ho FIH
YT ZH DNA $REGR G e B b AT iy
FERZH . DAFERZH DNA ity $8 H i3 A, 5]
YIFFIE 1, PCR KWK : 2xGreenMix 5 uL,
RS #9(10 pmol/L)Y4S 0.5 pl, AR (58 ng/ul)
1 uL, Phusion HF 0.2 uL, ddH,O 2.8 uL. PCR
R4 : 98°C30s; 98°C 10s, 52°C45s,
72 °C 2 min, 30 ME¥F; 72 °C 10 min, PCR j*
Yz Wy N & S 1% 4% % pET-28a(+)
BAKIEH A E. coli BL21(DE3)EAZ A2t . 2
Kan Hi#E(50 pg/mL)-H i i | 7% PCR FIBURL
XU 55 i R A P A B 2 TR PR A DU A A )
HER
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%1 PCRY¥#E351
Table 1 Primers for PCR amplification

Name  GenBank accession No. Primer Primers sequence (5'—3)
SA2505 SHM14299.1 SA2505-F ATGGGTCGCGGATCCATGAATAAAGTTGAGAAGTC
SA2505-R  GTGGTGGTGCTCGAGTTAAGATAAGAAGTCGCGAA
SA1638 SHL81209.1 SA1638-F ATGGGTCGCGGATCCCAAAACAATGTTCCGGTTTA
SA1638-R  GTGGTGGTGCTCGAGTTATTGAAGTGAAAAACTCA
SA1023 SHLS52973.1 SA1023-F  ATGGGTCGCGGATCCCAACAACAAACAATTGATCA
SA1023-R  GTGGTGGTGCTCGAGTTATTGTACTAATTCAAAGT
SA2629 SHM17997.1 SA2629-F ATGGGTCGCGGATCCCAAAAGAAGCCGTATCTGGA
SA2629-R  GTGGTGGTGCTCGAGCTAGCCTTTTATTTCAAAAC
SA2489 SHMI13873.1 SA2489-F ATGGGTCGCGGATCCCAAACAACCGTAGAAAAATA
SA2489-R  GTGGTGGTGCTCGAGTTATTGAATCAAAAGACTTT
SA2840 SHM31064.1 SA2480-F ATGGGTCGCGGATCCCAACAATATCGTTTTAAAGA
SA2480-R  GTGGTGGTGCTCGAGTTACTGAATTGCTACTTTAA
SA2851 SHM31376.1 SA2851-F  ATGGGTCGCGGATCCTCGACTGAAAAAAGAATTCA
SA2851-R  GTGGTGGTGCTCGAGTTATTGTACCGTAATAGCAA
SA4465 SHMS88229.1 SA4465-F ATGGGTCGCGGATCCATGAAAATGACAGCTGAAGC
SA4465-R  GTGGTGGTGCTCGAGTTATTGAAGGTCAATATTTA
SA1764 SHL84624.1 SA1764-F  ATGGGTCGCGGATCCCAAAAAAAGAACACTAAAAA
SA1764-R GTGGTGGTGCTCGAGCTATTTAGTTAACTCAAAAC
SA2453 SHMI12971.1 SA2453-F ATGGGTCGCGGATCCCAAAAGACACCACAACTTGG
SA2453-R  GTGGTGGTGCTCGAGCTAGTTTGAATGCATTTCCT
SA0236 SHL28930.1 SA0236-F ATGGGTCGCGGATCCTGTAAAAAAGACGTACAGTC
SA0236-R  GTGGTGGTGCTCGAGTTATTTGATCGTTATCGCAA
SA3179 SHM40893.1 SA3179-F  ATGGGTCGCGGATCCCAAAACACTCCAAAATATAA
SA3179-R  GTGGTGGTGCTCGAGTTATTCTGTCACCGTAAGAA
SA0238 SHL28985.1 SA0238-F ATGGGTCGCGGATCCCAGCAAAAGCAATATCCCTT
SA0238-R  GTGGTGGTGCTCGAGTTATTTGACAGTTATTTTTT
SA3394 SHMS53306.1 SA3394-F ATGGGTCGCGGATCCTGTGTTATCGCTACATCAAC
SA3394-R  GTGGTGGTGCTCGAGTTATTTTAATTTTATATCTA
SA3191 SHM41242.1 SA3191-F  ATGGGTCGCGGATCCGTTTATAAAAACCAGGATTT

SA3191-R  GTGGTGGTGCTCGAGTTACTTCCCAATTTCAAAAC

FEDIAL LA RIZepR IR

Restriction sites are underlined.

14 FTHEERFTIE. v REE 100 mmol/L NaCl, 10 mmol/L kB, pH 7.0),
¥ 5 uL —80 CLRAFHY AP E] 5 mL LB i & IR A RHLALEE 10 min /5, 4 °C. 13 000xg

FiFedE, 37 °C. 180 r/min Z51F FHiFR 12-16 h S R0 1 h 8 R BN HLEG R, A

JEHeAE] 500 mL LB By fRAEp4kZitigs, ODgo  F Ni-Sepharose £ FZMr (i t:, 300 mmol/L

] 0.6-0.8 JFMIA 250 L 1 molL MR- BRIERILEADANG . FIF | M -3

B-D-Hi A2 FLMH (isopropyl B-D-thiogalactoside, I T B BE B B K (sodium  dodecyl sulfate

IPTG), F 16 °C, 120 t/min 5 16 h J5, polyacrylamide gel electrophoresis, SDS-PAGE)#i;
5 000xg B0 10 min WAERA, IR HEET RGOSR, (6 FH 2 T3l i ki 8 1
W% R (20 mmol/L pH 7.0 BFREL 2% vhifk We s

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



oSS REWE TN B B AT B B X T e S AE R N\ S A & 1 B 3837

1.5 EBRGKEE pNP-HEE &8 BN E

fi /| pNPaMan ., pNPBMan . pNPaAraf .
pNPoArap . pNPaXyl . pNPBXyl. pNPaGlc .
PNPBGlc . pNPoGal , pNPBGal ., pNPoFuc #l
PNPaRha 3% 12 FoH T R4 50 Hr B2 2 1 () Al Jek ik
PEVE L SOMARZ A 20 uL 200 mmol/L f4 pH 7.0
WEBREL 2% i, 20 uL 5 mmol/L ) pNP-H 17 JiE
Py RN T R (M S IR R EE R EE R 121 000),
FEMEIK AN 2 200 pL, 37 °CKZJv 5 min & 7. B
A 50 pL 0.5 mol/L Na,COs L& i, F
405 nm P I E BOGAE(ODyos). LA pNP 1Y
Py 53 1) it (umol) A AR FR , ODuos AL AR 22 ]
PR LR, 3 AR i R TS Y
W61 R TERIE RN AT, BB Bk
1 pmol X} AH LAY T s ok 1 AR, il
N 1U,
1.6 FJHMBHMRERNFZHEAR
1.6.1 &i&E pH #0 pH i E MBI E

il pH 2.0-11.0 AL MR (pH 2.0-6.0:
NaAc-HAc; pH 6.0-8.0: NaH,PO4-Na,HPO,;
pH 8.0—11.0: Gly-NaOH)| & 5 £H i (1 5 & pH.
200 pL JZ AR R ALHE 150 uL Z&48/K . 20 pL
200 mmol/L ZZ# . 20 pL 5 mmol/L pNPBGlc
F1 10 pL # Be—E 50 SERE . 37 °CRN 5 min
J& 7 B 50 uL 0.5 mol/L Na,COs ¥ ik 2% 11 2
N, T 405 nm B NIEROGIE . WOt
M) il pH, 0T WREE J1 € X
100%, HoAth 2504 T Al s 7 5 Hak 17 He A

Wi e — e B 2l A AR [R] pH 1)
ZER Y, 4 °CIEE 24 h JF A 20 pL 5 mmol/L
PNPBGlc, 37 °CJZ 5 min J5 7 BIfiIIA 50 pL
0.5 mol/L Na,COs VEWR £ 11 [ i, T 405 nm K K
DEWOGAE . KA pH 25 T R0 8 1S
JI5E LN 100%, W H A5 H

1.6.2 HEEREFREREMENE

E 2070 °C3t [l PN I i 2 il P e o ek
200 pL KN IAFRALEE 150 pL Z&487K . 20 uL
200 mmol/L ZZ 1 . 20 uL 5 mmol/L pNPBGIc
10 uL FiB— e MR S, B I AR R B
TR 2T KO S5 min J5 57 BRAIA 50 pL
0.5 mol/L Na,CO; i R 1F i, T 405 nm K
IR WOARL . WO R e R B T, B
SR B BTS2 SR 100%, HoAth 244 F 1 it
15 77 5 AT A

W T e — o A5 B 2Bl A fe 3 pH 2% v
F, EAFEREE T E 0 min, 20 min. 40 min,
1h.1.5h.2h.2.5h 13 hJFH1A 20 uL 5 mmol/L
PNPBGlc, TEFRE R T 4k2E 2 5 min J5 7 B
JA 50 uL 0.5 mol/L Na,COs IR & 1 hg, F
405 nm AbIEW G . LAAS[RITEEE T 99 & 1 AY
fitg % J1o0 100%, W8 5 5T
1.6.3 s AFEEHHINE

L pNPBGle A E 3 Flv B-7 25 b5 11 i
1 Vinax Bl Ko {8, AR AT Keae FI Koot/ Kino
200 pL SV AKR R ALHE 0.1-2.0 mmol/L ¥R J& iz
WYY . 10 uL () 2EEHR , 22 M AR 22 200 pL.
BN ARRE T 37 °C4&MF T, HME 30 s iMA
50 pL 0.5 mol/L Na,COs L 1 —41 i &
5min, £ 1040, T 405 nm K FERGE,
VERA TS IR CAETE R, AR E T 1
VAT . 5 min KNI R I AR GRS E
S, B30 s Rl —IR . HRAEOBIETHEA R
W N BN I . 7 GraphPad Prism VS k{4
Hrif 1 Lineweaver-Burk 73158 Koy Fl Viax {H.o
1.7 EHRKEE ZERE HRNE

I 4 FhoAS[m] 34 45 07 X B3 R (ks . B
A5 ZWE SR RO I ) S IR o A
B EERLEREME . 200 pL S AR RAIHE 5 uL
1 mg/mL A9 —HHICY) . 10 mU B, 22 vpiieh =
200 pL. FERGEIRE TR 12 h 5 100 °Chn#k
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5min, 13 000xg B.0> 10 min BREBMEREN,
B2 0.22 pm PEBERL UE , PERE T T (35 (high-
performance anion-exchange chromatography,
HPAEC) Kl — Bl /K i1 00 o A5 I BT I B 2R 5
A Thermo ICS-5000+, 73##1: >l CarboPac PA-200
column 4 pm (3 mmx=250 mm), FEs A Pk pés
BRI ES, VESIAH AR AIK . 1 mol/L A A ki
VR 1 mol/L BEPRENIA R , i 0.5 mL/min,
HEREIAF 25 L.

1.8 EAMKBASETENBINE

W 4 Fh A REMLEM I AN S AT RbL
Rd. Gyp XVII #1 Re, o HrE AT NS 2H
W SRR L X 4 Fh 2 B 35 25 A
B, (AR E | BRI . SO IR R A
200 pg A1 M R AE (R FR B IR LG Ry
1:1 000), ZEhAbZE 200 pL, fERGERE T
W12 b, IASEARUKMANE T RS20, |
15 FH i )2 {4,3% (thin layer chromatography, TLC)#:
R RO A 2 5% (high  performance  liquid
chromatography, HPLC)#: A6l 4% {25 5 .

TLC A J5i: 10 pL A5 R RE AR
G60, B FIE TR TR K=4:4:1 (EBL)
JEZ . JEJZE B Y e R R U T, RT
5% IR - CEHAE WP AL, )5 BT 105 °CHit
RN 3—5 min 40 KGR TVAE S SRR ERE L Y
1T #% & (relative mobility, ROUEAT HLEE, #)H % E
B EALY)

HPLC #alJ5ik: KM CI8 JAHZ AL
(4.6 mmx250 mm, 5 um)#17 HPLC 4347, FIH
RIGOL L-3000 fR&R{0 AR (i REHETL UV-VIS K
DT 203 nm AN o FH 2 -7k A A it ]
N 0.8 mL/min, #FFERH 20 ul, A 30 °C.
1.9 EHERBEASEFPHEA

A= R ASEH Rbl Hl&HAASE
TF F2 Ml CK. LB FrmisE k3, CeBgllA

il £ NS RAF Gyp XVII By A4 78 30 °C,
50 mg/mL Rbl F1 0.4 U/mg (FE/ 21 FiiE)
CeBgl1A i 2 h B AT 3RAS 4605 R 90.5% /) Gyp
XVIL, Et, 20 mL i ERFINA 1.0 g AS
= Rbl., 400 U CcBgllA, 2%k #h5% 20 mL,
16 30 °C&MFFIUM 2 h JE2r3ImA SA0236
(1 000 U)F1 SA2629 (800 U), 43HILE 40 °CHl
45 °CIV 2 he RWASHEHUESE T TLC
HPLC £, 4558 SRS o

2 ZERE54

21 MEWEENE p-ARREHRERNTY

EERFED

NCBI H ¥ e v v B T W8 b5 20 FF 8 1y
15 AMBGE B-H A M BESEIN , SA2851 (GenBank
5 SHM31376.1) ., SA0236 (GenBank % 5%
5}y SHL28930.1). SA1638 (GenBank & 54
SHL81209.1) . SA2453 (GenBank % 3 5 &
SHM12971.1) . SA2505 (GenBank & 3% 5 N
SHM14299.1) . SA4465 (GenBank & 5%t 5 W
SHMS88229.1) . SA0238 (GenBank & 3 5 Wy
SHL28985.1) . SA2840 (GenBank % 5% 5 K
SHM31064.1) . SA2489 (GenBank % &% 5 H
SHM13873.1) . SA3394 (GenBank % % 5 W
SHM53306.1) . SA3191 (GenBank & 55 N
SHM41242.1) . SA3179 (GenBank % 3% 5 N
SHM40893.1) . SA1764 (GenBank % 3 5 N
SHL84624.1) . SA2629 (GenBank % % 5 N
SHM17997.1) il SA1023 (GenBank & 55 W
SHL52973.1). BN ZIERR KR 450 891, 4
T 51.2-99.1 kDa, %ML 5.19-8.38, R4k
WA ER, 15 M p-HAG B A Fl B
P332, AL 8 PR FES MK 1), B,
A BB DA B B BT IR AR AR B A A W) R BT RN 2 RE
1) -4 7 W o
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100, SA2851 = PRK 15098 superfamily
100 SA0236 Glyco hydro superfamily
2 SA1638 —s— BglX superfamily
A 100— SA2505 - = BglX
SA4465 - — = Glyco hydro 3 C
SA0238 s—— ® Fn3-like
D 100 97 SA2840 —seeessesssssem——
SA2489 - ——
100 SA3394 —mee——
93 SA3191 — -
B | SA3179 -

QA17AA

1 BEREEFET p-AEEEBMNARLFMIRTEWES

Figure 1
22 B-EEREHBMREREL. GUREE

DAFER A Bty 3 1 10 A~ H AL, R/
SA2505, SA1638. SA2629. SA2489. SA2851,
SA4465. SA1764. SA0236. SA0238 Fl SA3394,
Friy et T EAHE M, £ 0.5 mmol/L IPTG %5l
Ni-Sepharose BEfZ4lifk, 315 T 8 R4l = 1Y
fiti SA2629 ., SA2851,SA0236,SA0238 . SA1638.,
SA2505, SA2489 Fll SA4465 (I 2), iﬁ?%ﬁﬁ
RIS T REEAR -, HIEAFE
%2 FiR.
2.3 EARBRIPEEIEEN

DL 12 Fh pNP-BEH MW, 7 A Bk 8 Fhiig
PR ILVEFME . SA2629. SA0236 Fll SA2851 fiE
& —IKff pNPRGle HiE hidws, Hith 5 s
T 55 (3R 3). Rtk , TRABFSE SA2629 .SA0236
F1 SA2851 3% 3 Fve2H B 2 4 11 186
24 EHRMBIRERNENY
24.1 Hi& pH F pHIREM

Pl pNPBGle “MJIKH, 7E pH 2.0-11.0 FYTERTN
MIE SA2629 . SA2851 Fil SA0236 AR pH Fl pH
FoEPE. G5 3 Fros, 3 Fh B A T Y
il pH (E340 6.0, W¥H 24 hJ5, 7E pH 6.0-9.0
T RS E VT, WS 1Y REDRARTE 70% L |
242 HEREMEREREMN

TE 20-90 °CYEE N, L pNPBGle A4 &

Phylogenetic tree and conserved domain analysis of glucosidases from Flavobacterium saccharophilum.

3 FPREERTEM: . AWK 4 FUros, SA0236 Fl
SA2851 figidi i 4 40 °C, SA2629 s & hy
45 °C,

TE 3050 °CYEFEINIEE 3 h, Ll pNPBGle K
IR AE 3 RO TE 17484k . S5 R ANEL 5 R,
SA2629 F1 SA0236 7E 30-40 °CH —&EMFE
PE, FEANIEE TIFE 3 h JSEHE HITE 50%LA
o SA2851 FREPEEAT, TE 30-45 °C41F T

H 3 hJEEEIE ST RKT 60%, {HFE 50 °CE1F T
BIG S JIGE N, 456 iR RaE R g
A, 40 °CHE 3 il %) d A ST E
243 FAOESH

L pNPBGle A E 3 Flv B4 2 b 11 it
MIZN 12280 G5 RANER 4 7R, SA2629 1 K,
B/, SIEYIRI TR, e SN 45 5
HEAT s H Ve W THA 2 P, SOk
e, I, SA2629 1 Ke/Kn HRK, HA
B AR
2.5 EifAMRIHERELEREM
251 EARME ZHEANEEMS

L #E B (Gle-B-1,2-Gle) . B fi — B
(Gle-B-1,3-Gle) . £ 4E B (Gle-B-1,4-Gle) Al 0
“HH(Gle-B-1,6-Gle) MM 43 HT 3 v Ay i 760 ke
Felk o il 6 B, 3 Rl RESE /KRR A
Fr Xm0, HA T Ik ek,
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kba M 1 2 3 4 kDa M1 2 3 4 kDa M1 2 3 5 4 kDa M1 2 3 4
130 — - 130 — &= 130 —= 130 —== =m
95 — . 95 — 8 : 95 —Mw ' 95 —.
72
n— WEE ., 8 W 9 — -
55 — 4 55 . 35— 55—
43 — 43 — - 43 —w v ’, 43 —w
il 34— ' 34—
34 — 34— 3
26 — 26 — 26— 26 —= &
- S S
SA2629 SA2851 SA0236 SA0238
E F G H
kDa M 1 2 3 4 kDa M 1 2 3 4 kDa M1 2 3 5 4 kDa M1 2 3 5 4
130 —es 2 130 — 3= 130 — 130 —
95 —w 32 - 95 — b ' 95
72 _. . 72:—3 hd 72 —
55— @ e 55— -
45— 43 —w 55 — . . . 8
34— 34 —W !
43 — 43—
2% — £z * 4 26 —m = :
- 34 —‘4' '
uEN i . . 34— :
SA1638 SA2505 SA2489 SA4465
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Figure 2 Analysis of glucosidases by SDS-PAGE. A: SA2629. B: SA2851. C: SA0236. D: SA0238. E:
SA1638. F: SA2505. G: SA2489. H: SA4465. Line M: Protein molecular weight standard; Line 1: Culture
lysate before IPTG induction; Line 2: Culture lysate after IPTG induction; Line 3: Supernatant of lysate; Line 4:
Purified enzyme; Line 5: Precipitation after IPTG induction.

VIR 2. IR ARG 3. BT

x2 J\MEHABHEKXER

Table 2 Basic information of 8 glucosidases

Glucosidase GenBank No. Length of gene (bp) MW (kDa)
SA2629 SHM17997.1 2295 84.2
SA2851 SHM31376.1 2166 80.4
SA0236 SHL28930.1 2244 81.8
SA0238 SHL28985.1 2157 80.1
SA1638 SHL81209.1 2154 81.3
SA2505 SHM14299.1 1353 51.2
SA2489 SHM13873.1 2631 94.8
SA4465 SHM88229.1 1614 60.1
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*3 EHWARE pNP-HEH KA LLEE
Table 3  Specific activity of glucosidases towards pNP-glycoside substrates

Substrate Specific activity (U/mg)

SA2629 SA0236 SA2851 SA0238 SA2505 SA1638 SA2489 SA4465
pNPBGlc 78.70+5.20  4.90+0.30  3.60+0.40  0.30£0.03  0.13£0.01  0.02+£0.01 - 0.02+0.01
pNPBGal - - 0.05+0.03  0.06+0.01 - - 0.02+0.01
pNPBMan - - - - - - - -
pNPBXyl - - - - - - 0.24+0.01 -
pPNPaGlc - - - - - - - -
pNPoGal - - 0.70£0.05 - - - - 0.30+0.01
pNPaMan - - - - - - - -
pNPoXyl - - - - - - - -
pNPoArap  — - - 0.05+0.01 - - - -
pNPaAraf - - - - - - - -
pNPoRha - - - - - - - -
PNPaFuc - - - - - - - -

—: AN F
—: Not detected.
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Figure 3 Optimal pH and pH stability of glucosidases. A: SA2629. B: SA0236. C: SA2851. m: pH 2.0-6.0
acetate buffer; ®: pH 6.0—8.0 phosphate buffer; A: pH 8.0—11.0 Gly-NaOH buffer.
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Figure 4 Optimal temperature of glucosidases. A: SA2629. B: SA0236. C: SA2851.
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Figure 5 Temperature stability of glucosidases. A: SA2629. B: SA0236. C: SA2851.
x4 Pp-AEREEHEINFSH
Table 4 Kinetic parameters of B-glucosidases
Enzymes Ky (mmol/L) Vinax (mmol/(L-min-mg)) ke (s™) Keat/ Kin
SA2629 1.93+0.16 20.34+1.03 27.38+1.40 14.19
SA2851 4.62+0.34 3.94+0.22 5.1£0.28 1.10
SA0236 2.98+0.29 4.22+40.28 5.6+0.37 1.88
Response Response Response Response
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Figure 6 Analysis of the products of disaccharides with different linkages by HPAEC.
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252 EAMMASEEREESE

L&A NIRRT # M A S 217 Rbl, Rd,
Gyp XVII #l Re i) 3t 3 R 9 b #5644 . an
Bl 7 B, 3 R R Rbl Ak hME— ")
Rd. 4, SA2629 iRBENS Gyp XVIITE 2 ik N
CK, Hi4x 2 Fiifg L BBK: Gyp XVIITE 2R 1L R F2,
gL, SA2629 AT LK NS AT C-20 {4t
MFR C-3 {57 PN ) #5545 43 , T SA0236 F1 SA2851
HREKM C-20 DrAMUMEEE . JE—2 i
SA0236 F1 SA2851 H/KfkRE ST, 45 RAnEl 8 fr
/N, SA0236 fEMLECE ST SA2851., ML,

SA0236 A Tl & A AT F2, SA2629 Al H]
Tl #A B CK.
26 ERUHEHBEASEFDHNA
ASEAT Rbl 2 it gif, AT AS TR
O ARSI ERTIAIRAT A — Rl B A WG
CeBgllA fefEf AS BT Rbl B2l Gyp
XV FEMEEAE |, AHF5E I CeBgl1A . SA0236
1 SA2629 HHEHALAS BT Rbl, 45540 9 i
/N, CcBgllA 5 SA0236 ZHARENK: Rb1 524K
P NSRBI F2, CeBgllA 5 SA2629 44 NIREM
¥ Rb1 584K A NS AT CK.
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Figure 7 Specificity of glucosidases to ginsenosides. A: Analysis of the effects of glucosidases on ginsenoside

by HPAEC. B: Transformation pathway of ginsenoside.
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Figure 8 Analysis of the products of the ginsenosides Rbl and Gyp XVII by TLC. A: SA2851 transformed
Rb1. B: SA0236 transformed Rb1. C: SA2851 transformed Gyp XVII. D: SA0236 transformed Gyp XVII.
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Figure 9 Ginsenoside Rb1 transformed by glucosidases. A: The transformation was detected by TLC. B: The
transformation was detected by HPLC. 1: Standard; 2: Rb1+CcBgl1A+SA2629; 3: Rb1+CcBgl1 A+SA0236; 4:
Rb1+CcBgllA.
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PP 5 I EE

HETR ZEC RIE 1 B 20 i 1Y) o
pH DIERTEsk sh ik E 2!, SA2629. SA2851 il
SA0236 1HiE pH {E N 6.0, 1X—&5 5 [FFEk
BT AT B 0 A 3-SR A AT R R
Flavobacterium chilense 1) BglFc A& pH' ™4
], & TRIETIENE Talaromyces thermophilus
[ B- 2 W Bgl.tls (pH 5.0)"', SA0236 i
SA2851 flFRIE TR M 40 °C, SA2629 M ficid i
JEH 45 °Co 3X 50 UR T 7% kR4 SCIE Y - %
RETEEE KsSATPORAML, & 1ok IR T radl 134t
A i) EaBgl1A (30 °C)*! XT3k IR T Pyrococcus
furious ) p-HZIHITFEE(95 °C)*, AWfsE3ids
()3 Ff - 2 AT BT SR 1 v I P R
A R HAE Tl A = rp i 0 o

BARADIGE R ik 3 Fh -2 v iy
HA T Z IR, B A KA S 217t
FAEZES . SA0236 X 21 C-20 {7 L/ B-1,6-4]
APPSR I e PRI AL AL %, SA2629 FRIU
AR IhAE, BRXT C-20 7 | B-1,6-H4g T4
FLA ARG PESD | 3% C-3 o7 A 3 28 M 4k L.
HoKfRTEYE . I, SA0236 Fll SA2629 TE/Kfi#
P o SR A TR R S AR A B A AL
B RIFHET

FIFH SA0236 F1 SA2629 435 5 A SL K 2 £
RIBM B-H %M EE CcBgllA ¥ b NS 2
Rbl, AJSEEMGA ASRAT F2 Fl CK il .
WA ANSBAT CK ZAERBKMIEANS g
H, AR ERM, CK RAIEANS YA
PRI A RO 5 22— o R B e Ak s B e Y R
Kl &M A B R RA WML Ak CK 1Y
N2 BAT KA B T 8 5 B Al AR, Yan 251
AT T —Fh KI5 T 401 75 B (Paecilomyces bainier)
sp. 229 1) B-HIAWETTEG, Z M LSRR,
25 24 h W[ 84.3%F Rbl 4Kk CK., H B 4240

PEFREL = 5 /N o Quan 28PN 1K fOFF A
(Microbacterium esteraromaticum)H %) B-7 25
TR A R AT B SRR TEE 1 h IR
77%H) Rb1 %4k 3 CK. Zhong 25 KA HT i
b SRR T P LA (Lactobacillus brevis)
KRR - AT EE, 23S T GypXVIIL Al
F2 [1] CK %Ak, FAb500 0100 89%H 91%.
B i BE ORI R PR ST S SR SRR T 2R
ZEfAF I (Paenibacillus polymyxa) Fil it Rk 2L G
[ (Cohnella thermotolerans)> I AU &l -7 %
WETFEE , Y] SC8L Rb1 [0 CK B4k, Fib 34y
Bk 42.85%F1 78.36%. SR, H HI M A 5L
Rbl E4%1bh CK, A5 K SA2629 5
CeBgllA 414, LM T Rbl Ee¥ibh CK H
TCRIH 7 A o AR A RABER T g AT
RO KRR 25 11, I B A A S BT CK
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