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Protopanaxadiol-type ginsenoside hydrolases and their
application in the preparation of ginsenoside Compound K:
a review
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Abstract: Ginsenoside Compound K (CK) has anti-cancer and anti-inflammatory
pharmacological activities. It has not been isolated from natural ginseng and is mainly prepared
by deglycosylation of protopanaxadiol. Compared with the traditional physicochemical
preparation methods, the preparation of CK by hydrolysis with protopanaxadiol-type
(PPD-type) ginsenoside hydrolases has the advantages of high specificity, environmental-
friendliness, high efficiency and high stability. In this review, the PPD-type ginsenoside
hydrolases were classified into three categories based on the differences in the glycosyl-linked
carbon atoms of the hydrolase action. It was found that most of the hydrolases that could
prepare CK were PPD-type ginsenoside hydrolase type IIl. In addition, the applications of
hydrolases in the preparation of CK were summarized and evaluated to facilitate large-scale

preparation of CK and its development in the food and pharmaceutical industries.

Keywords: protopanaxadiol-type ginsenoside hydrolases;

preparation; ginsenoside Compound K
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Table 1 Chemical structure of PPD-type ginsenosides[6]

Chemical structure PPD-type ginsenosides R, R,
Rb; Gle(2—1)Glc Gle(6—1)Glc
Rd Gle(2—1)Glc Glc
F, Glc Glc
Rb, Gle(2—1)Gle Glc(6—1)Arap
CO Glc Glc(6—1)Arap
CY H Glc(6—1)Arap
Rb; Gle(2—1)Gle Gle(6—1)Xyl
CMx, Glc Gle(6—1)Xyl
CMx H Gle(6—1)Xyl
Re Gle(2—1)Glc Gle(6—1)Araf
CMc, Glc Glc(6—1)Araf
CMc H Glc(6—1)Araf
Gyp XVII Glc Gle(6—1)Glc
Gyp LXXV H Gle(6—1)Glc
CK H Glc
Rg; Gle(2—1)Glc H
Rh, Glc H
20 (S)-PPD H H

Glc: B-D-glucopyranosyl; Arap: a-L-arabinopyranosyl; Araf: a-L-arabinofuranosyl; Xyl: f-D-xylopyranyl.
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Figure 1 Class1ﬁcat10n of PPD-type ginsenoside hydrolases (A) and transformation pathway of PPD-type
ginsenosides (B).
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Z T RER B KRG, B 1B BoR TIRAS
PE BT Z [ AL OC R . R 250 T i LA
2400 09 N 2 U R R K R, X 2R OK i
il SF 5 A [m] ) TR R L RO A Al AR A R
K25

L1 [EFEASZEE B HKRE

WE 1B s, FHRE 2 k158 i 5% b ik
BB T RE NS A B K T
HEAE .

Zhang SF 4 1E T — Bk A OB A R
(Bifidobacterium breve) ATCC 15700 f) GH3 &
R B-AAREHEE, % 1 BUKM#MEAI/E 12 h
WH: 5 mmol/L Rd ¥ 16 A CK, REWZE S
IKfEHEAE RA 1 C-3 EHYNFRPAS B-D-Nit R
AR Shin S5 K BL—Fihoke B BB
T W5 £ 1 (Sphingopyxis alaskensis)i) GH3 Kk
W) B-HI A BTG, % [ BUKEREPTAE 1 h PR
8 mg/mL Rb, ¥4kl 6.8 mg/mL Gypenoside
XVII (Gyp XVII), FAJ#& 2 KMEI%ETE Rb, /) C-3
IR ANFI A B-D-Atk IR A 2 A S Yuan K
B — Fh ok B £F 4k £ 4 534 5 (Cellulosimicrobium
cellulans) 21 ) GH1 ZJRM) -z bi g, % 1
RUKFEREATZE 2 h B 1 g A S il a7 %
fEh 292 mg Gyp XVII, 134 mg CO. 184 mg
CMc, 162 mg F,, AJ/Kfifi%ETE C-3 LN INM
A~ B-D- itk M i A L 0

i BTk, 1 R N2 A R K i i
TE R A (E) FE 2 S OL S, AR C-3 ik
FI N A1 B-D- Mt AR ] 2 W 28 A0 K
12 [NEFRASZEERESH KRR

WE 1B o, PS4 kI8 i etk ik
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Quan %5 #ft 1 — Fh % A Wi & A &
(Microbacterium esteraromaticum)f) GH3 E 33
1) B-HI A BT, % L BOKMFEAE 1 h NERs
10 mg/mL Rb, 1L} 6.9 mg/mL Rgs, AJ& 4K
fift C-20 FAINSMFIAS B-D-MH IR A 5 Bl L0,
Quan 55 KB —Fh >k H M. esteraromaticum GS514
() GH2 ZE Y B-W I, 2% 11 RUKFg g Al 76 2 h
NH: 1 mg/mL Rb, #16°H 0.47 mg/mL Rgs, /K
fETE C-20 LB a-L- BT A BRI B SE A B-D-
N B P Li SRR B — ROk A AR
¥ & (Flavobacterium johnsoniae)f) P-4 %5 Bt
B, % AUKEEETE 24 h NEER Rb, F LR
Rg; (BE/RFEAL RN 61%), FIZEA KR C-20 |
(¥ N S B-D- ML 7 %45 B 5512, Zhang 454k
1B — P>k B 8 ¥ A (Thermotoga petrophlia)
M9 GHI ZEHE M B-WH 1 M, 32 113U K fige g ]
£ 3 h N¥ 10 mg/mL NS AL N
3.93 mg/mL Rg;, "iEHKfE C-20 FAgH b
A~ B-D- ML I A A ML Xie 55 & B —F ok
H ”%,ﬂ@%i(Thermotoga thermarum) DSM5069 1]
GHS51 ZJ5 I o-L-Bal i AFT ik i b 1 /K e it , 1%
I AKfERERTZE 1 h K 25 mg/mL Re 16K
21.8 mg/mL Rd, 7Kf# C-20 Ay o-L-Bf Fi7 {F ik
Mg A 2

gi bRk, B NS AR A7 K
I AT E T C-20 bEHEMY B-D-MHk W A 4G
WL L o-L-BAT 7 AT R R L L oL B 74 i
e % 5L AN B-D- it e AR B o AN, MR
M. esteraromaticum %5 2. AL R
Wy bz At 22 B DAY N S O R R K
fitt 1t
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WE 1B i, Ao PR RIE Sk 5 1L
AR BRI A K i B A 7
ffk

Quan F54RIE T —FPk B M. esteraromaticum
() GH3 Z TG 1) B-Ai A W, I IR K i B AE
1 h NAEF | mg/mL Rb, #1L~ 0.46 mg/mL
CK, WJ/Kf# Rb, iy C-3 A1 C-20 b HBiIEAE g
CK™), Noh %Kk ¥l—FPoRk B Bl 6 ki
(Sulfolobus solfataricus)i) -, XITAIK
fREETE 12 h ¥ 1.9 mg/mL Rb;. 0.52 mg/mL
Rb,. 0.92 mg/mL Re 1 0.23 mg/mL Rd #1k K
1.63 mg/mL CK, AJ[A]Af/Kf# Rb;. Rb,. Rc Fll
Rd 9y C-3 Al C-20 FAYBEFEA AL CKP®. Shin
HERIET —FOK A S. solfataricus B P-HEH
fit, ZIAUK@EEE 1.5 h NEER 2 mg/mL
Rb, 58484k} 1.12 mg/mL CK, A /Kf# Rb,
f) C-3 Fil C-20 b AR LA i KPP, Cui % %
P — Fh >k B A i R 22 2L B (Actinosynnema
mirum) KACC 20028T f¥) B-1i %5 bl 118, %111
R K B PR KSR 24T Rby . Rb,. Re Al Rd %
A NS 2 Rgs. CK 120 (S)-PPD, /K
fift ZFh R B A S BAFH C-3 il C-20 FApHIL A
WA NS B, Ko 5% B —Fhk A Kl
% (Aspergillus oryzae) [ FUREHE , 1% ITHY K fi
fifi s KSR IETFF Rb, . Rby, Rc. Rbs #ll Rd %
A NS 2 H Rgs. CKHI20 (S)-PPD, /K
fif Z R AR C-3 F1 C-20 b HBEEL A i A
NS B,

gi AT, TALE N 2 AL B A K i
Wil A4 F T C-3 F C-20 bRy B-D-t R 7
PR | o-L-BT R AE Wk R RS L L o-L- BT A
MR B SR B-D-ML IR A BESE o BbAh, AL M.
esteraromaticum F1 S. solfataricus 55 F. A5 F AL AL
TR TR I S 2 R RN 2 — A
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o T XS TR BAY K AR B A 5
X, mILFKEREE CK A Fag &6 d
SS9
2.1 RAFGKMRE & CK

BRFMETHMAEYHE I AS BT
AR T — R BRI R T2 SR
A, HA NS BAT AL B A Y B FE
SR AR R, AT LK AR RN S T
A CKo

15 B (Paecilomyces bainier) 229 A
M etk 15 28] 7 Fhal sy, R AR HA
KBNS BATHEE ), Hh—Fhle SO -
25 WE T W 19 21 43 AT R S PR K Rby KRN
CKPY, Chang 318 T — bk B ih 5 (4spergillus
niger) L AN AT FE Rb, KA A Rgs A1 CKPY,
KR T BN H (Armillaria mellea) T 221K i) I N
B 1 mg/mL Y Rb, Hl Rby KN 96 h, L34
LK AE R CKPPP, Kim % MR BER 56
ST —F AT A CK I 85 (Aspergillus
tubingensis), H25 g aifb AL B2
Big5 IS TR (5% Rby . Rby, Rbs Al
Re) W 20 h J5, ¥ 13.4 mmol/L i A2 —[i%
B AT SE LR CK (B 24), R4
KA R AS R B w2 CK W
B i % 4= (generally recognized as safe, GRAS)
MY, BRILZ AN, ZWEEIRIRGE TR KSR
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Figure 2 Application of native enzymes (A), recombinant enzymes (B), immobilized enzymes (C), and

solvent engineering (D) in the production of CK.
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GH1 F1 GH3 ZEHR 1 B- il A WS IS 2
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>k B ¥ AT (Flavobacterium chilense)f) GH3
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TEIZ I 45 °C W, MBS TR RELESFH A%
TRV TS PR 20%. B0 i 02 SO It 2%
e KSR Z R (B, RZEASBH)
TE SOV P VA AR RE X ] A DR R P 25
JPR R 4 -5 Tl ) 790 =2 ) P 4% S 48 AT AR A=
PRI SAS . AHALLHL, T E. coli BL21 H K,
NGB P-H] 2 WE T i AT i 52 =ik 40 g/L 1
AZ A RA", SR R R I i 22
AT A Ml AR 7 F 6 AR I R0 9 e AR

WAL, TR AR R T (Corynebacterium
glutamicum) ATCC 13032 " £ ik 09 &F 41
C3a-MT619, {UHATE E. coli BL21 Hh 7K
(1) MT619 19 61.9%M G, ik, ANF
FIR RGNS T R Fh g ) R IR BORIF A . ok
TRTF 220 o Fe [t A B (Talaromyces amestolkiae)
[ B-7i) 26 A I A2 5E IR B B (Pichia pastoris)H
sk, 75 U/mL A 72 7K S SCHR AR i
HAEA B- A R RS K
ey, TEMIERIRIERGEN, RIXREN
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W2 A oK L Rk e DL R vt 5 B G i 1Y)
UF Ve S5 R R T PP AL I AR . Ak, TR
T YK G 2 T K B — R, X T g Y
JIEH 3 P BRSO 7 RIS o 7 Y AR WAL
RIS Al = AT Fp Sk 2 TR b 5 A B 23
i, AR WAL R A R 1Y, IR Lk
oA E ) R A AN S BT RCR MY,
& R PR B A A R B BOR 5 R (] 2B).
ARk, SE AN T H Y AR P A AR R YRR 22T
K, RMESNFA NS B A W 2 0 H g
HocHE—2,

WA, NS RBTSHMEZH, AR
N S 5 K ik il ] o S K NS B R
AT Bl 4 0O R R 2R AL N 2 BAF K
ik TG 2E 5 8 P SR Sy S 3 CKC I i R0 7= it
T2%M1 3T BelSk 5 BglPm i 41 4 Bif 1k
SEWE AT H175(277.6144.27) mg 19 CK, & T8 —
B R i A R R, AT LAE i
BEAIL 5 A2 B BRI BT ) O el 2 s Y
BLRR T A, T 035 2 1 B BRAL BE ) A Ak
REPY, Wi XS IET S, solfataricus 1) P-4 T
AT, CK B9 % 306 mg/(L-h)$2
FHZE 843 mg/(L-h)*"), Shin & X}E T 7% i 5t
%% 9% i (Clavibacter michiganensis)H) P-4 %4 bl
TrlG 512 (s BEMRARILHEAT T L7, #h
Fi TSR X B PEE, ARG A T
K¢ Rb #4kK CK RE ST (LARTASRE)E ! X Fh
BT Y A€ 1] FE AL B R RS AR AR S L AT
i 3 1 5 22 I T 9 R AR 1 e A AR A2
Ak, A LU o E i ARG AR DG 8 Y
HEALPERE R BEAL IO RE , S CK Al 45 B AIK I
il 77 AR o
2.3 [EEHEgKET & CK

S PR R 3K 1Y J7 A R T P O R ) g 2
PR S R ) R R R AT RE . HR, FESE
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PRy ol 2 e, andeg RS & H4 1 ) A Ak v g
DA % 7 A (it ) 390475 S A 1 A e g ) i1
PRItk , 55 IRl HRE 4 4 B A 1 s 1 1 [
A Z B R BN T . X RHERE . &
R R AR A 7 CR AR T 2%,

f#f /1 GRAS W ¥ C. glutamicum ATCC
13032 ik T —FkIET M. testaceum HRHELT
PERZEGRHTY B-ATA T . AR
DA 8 i (B ok 984 mg/g £F 4k 2 A SO [ & 75 G
EIRLYER I, R T 286 1. Sk E
B [ 7€ AL T 7E 24 h Tl 4% 7.59 g/L CK., Shi 4§
¥ GH3 ZKIGM) B-#i % B 1 i (Tpebgl3) 1 2 7E
Fe;04-Si0,-NH,-Cellu-ZIFs |, XFh4 &7 Hl
B BRRGE ORI T T Tpebgl3 B4 5 19 i i ke
SEPERNIH B PERY, i HAE 10 AR EERLER
BF, [ E B PR B T 74% M W) bR TR T
Aslihan ZFF 584 1 —Fh T 3R R 0 [ 1k
-] 2 B G ) B OROS NL BY IR R AR IE S
T ia1T, RS0 Rb Kfgh CK™, Li
FEART 50 nm BERIE Fe;0,@CYCTS 44K Hir
FPO A 2C B, kR B AL ST BB B
T R0 ) B 1) 400 K R A g 2 i 1 [ S 3t
TR R, [ b r W 28 B AT T 3%
SiA " CK, £ 9 LG IR G [ @ LA,
TRE T2y 56%MBIAfEfLIE . Wu Sk
H A. niger W -7 A5 4 1 i 38 1 Ak~ R A Ty
P E A AR, [ LRI A L
Ui 25 Tl O SE Y pH Y LR S i R E I, TF
HEE L HH % CK (1 45 DMEIR A A%
Fr 97%HIPI R T PR

ST TR R B b AR Ve R,
K 2 W WF Y & T T T Y T O RN 3R
WSO ER B LA [ E AR R e 2 L TR
—HAMEE ., Kk, MizFESMHEANA
A 15 s
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24 BEFIIRERBAFKESE CK

YA PR R, [ AR AT DR 2
HCEBEE R AIVER . (HJE, 3T RZHE U
REEUE, BKPERRPI (I, REZEHANS BT
E TIN5 700 R A A SR S ) S N B R 1Y
— RO A ML A — R AT AR
HE BT K PR IR P00 R, R 5 K TR
b, R 2 B0 i 700 76 A BILV R0 b e Al R
BAR, BEEVEN TRAARE R, 5T
(deep eutectic solvent, DES)A HAKZE . 49
658 N W N N A o B B B B
Sl &M eE Y, eam Ry, Kt
v R0 AT T B oK A S PR B DL K A
AR S iz 001

FEXTF A5 B R EMA VLR . SR A
i () A A 5 e At 1AL A2 MO 7k, Jeong S5 DF
ST —Mas Hl . C-IfE A RERE T DES,
AU A SR RE . Bk NS
BAFU Li L T R T AR . 1,4-
T TEEAICHLER ¥ T (Ko HPO) Y 7K A1 1 AH 2
gt , ALK 24 S ) O 2 T S ) Hh R A
90%M NS BT (UG NS 1T Rg. Re. Rf,
Rg,. Rb;. Rc. Rb, fll Rd)iEF7THEHEN ",
Han Z5#57 3T 31.9% (Fis4r4%) DES
24.5% (B350 K.HPO, /K MW ARAA R, 7]
A TR AR AR H BT 75.79% Ak 7= 4 CK
1 61.14% 1% B-HI A W17, B RISy B-7i 20 b
TR AT B EFR T CK &7, R E
PRIV 7 F A Ak AR 7= CK R .
W 2D FioR, Ma Ik T —MIEFEMALM
B Z s H) DES, 1E 30% (KF143%0) DES
FEAEMIIEOLT , -7 28 W8 7 A 1) > s A i 1
96%, Fa [REEEREINT 120%, CK M=
T 54%, 7F 60 °C. pH 4.5 (U514 F, 8 mmol/L
Rb, W[4k CK, A3k E] 80.6% ),
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DES i i 2= 4 £ w5 U A 2%
AR, A 2T TEUE I HAE A Ptk AL 4
AR, S AUE s CK ORI TR
2%, WO, TESLPREINI T, 2SI
J8 ¥ DES f9£E Yy 3t o i i g s L
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