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HMIM R A K(C) K. EARREE R E UMK i, 8K =L 21 ST-4 19 C20 (Mt
O =L R ST-4 B AL NI NS AT R7. SR, BRI &I 554k = 2 g Eee 1 IH -+
SRR, JF EAEHERUR SR 22, AR RO A 0 T & RN .

AR SN R T B R 2 P s B R 1 AN B R AR e R RN, R D Ay B - DU AR AT AT R
[i] B3 B A ( RRLC/ Q-TOF-MS ) X 8 2H N DI £F 4E 2 i ( FpendoS A ) S Ak =L BV AT I 7= W) S5 A EA T 46
SE, I HEEALALE]. B N VILT4E £l FpendoSA BEMSH: 1L =L M 23 ¥ % Ra,, Rb,, Re, Rd F
Re, 43 3IE K Rb,, Gyp XVI, CMC,, F, I Rh,, 555 56 A e SR se 6 S oA Sl Ry 2 il
FHEIAC BTG, TF R S PR g B S R 24 25 Sl

1 SRIGERSY

1.1 RKFENEE

LR (5. 00812AS, 4l 98%) W H Ki%EECEDHE ARG AF; Ra,, Rb,, Re, Rd,
Rg,, Rb,, Gyp XVII, Rh,(4lE¥1>98% ) Fl F,( 4l >84% ) ¥4 [ LR AW RHE AT BRA ] (@il
CMEFH EEE B € F TEDIA i35\ Fl ; WA Fervidobacterium pennivorans DSM 9078 W4 H 1 £ DSMZ
/N Escherichia coli BL21(DE3) CodonPlus Fl pET-28a Bt T Novagen A7 ( FFHE ).

Agilent RRLC 1200 SL-6520 Q-TOF-MS B¢ ( 32[F Agilent 24 F] ), HiH RRLC 1200 SL Bt A 7F £k
MM, ok . ATEIR A SR R AR REAEIRAE, Q-TOF-MS BiA WU %5 B 25 . Syncronls
C o AHEIER (150 mmx2. 1 mm, 2.7 pm; FE[E Thermo 23 F]).

1.2 EARAYIFHEE FpendoSA EEMERE, Rk

MIBERAN TR Fervidobacterium pennivorans DSM 9078 3 K 2 vh F1] H 51 ¥y ( L 5'-CAGCAGGCTAG-
CATGGATCAGTCAGTTGCT-3" F1 T ¥ 5'-CAGCAGCTCGAGTTATTCTTTGCTTTCTCCAA-3") i £7
FpendoSA JE[H %) PCR #7314, 4 PCR /=¥ i £ 2 4044 pET-28a 11, Jf % b2 K% #F 4 BL21 ( DE3)
CodonPlus H1FH T Ik, ZFELH AT T7 J5 sh T4 H ~ Hoo] B 58 3 -B-D-Bi A 2 FLBE (IPTG)
Y. 162 L IR (LB) MRS SR B h 5 R AT, M RAE I 600 nm AR ARG E(E (0D, )
kF]0.6~0. 8 B, INAFHIEB-D-FRACEFLEF (TPTG) (LKW E A 1 wmol/L) 47115, J+F 16 C1H
BARGR AT ASER, RERAE ORBERE, HT i,

FIFHBE R S — A-F B R 22 1P (20 mmol/L, pH=5.0) S A, HEWS ARG, wis
BLODUR 25 R R A A B R 28 U A AR bn 2, WOE R HE MR ik i T B A
) B alidb. alifk )5 ) 20 28 1R 25 007 0 DN B VR B, 48 o R R ) 5 A s O A
JiE (SDS-PAGE ) FLJK S sERE SR AL IR, T -20 CARAE, T At i S b7t
1.3 HFHZEEENNE

K2 3L Miller 77k 0 22 27 4 28 W A /K M35 . 8 OB 9% 2 B AG I 4 ) DNS 30790 (3, 5- il
FEAKAIR ) . T 7 A0S 38 22 0 2 22 RS 0 T e T3 P s D e

P& 10 o/L LT 4R [ IR I ILLT4E R (CMC) | R AT 4E R (Avicel ) | ATIEPETERY . AREHE
FEWE | 88 B0 | 213U H 87 SRR B | 1922 hRAE 80 CoKIB T 15 min. fIDAGE R EHE, 5IEY)
W FESH IR, TE80°C TR 1~5 min. Z 1k RN, HU500 wL S BAZ] 1 mL DNS 12450, 253
5 min, WKW HG, SEEL, AN LB FOKFEREE 20 mL, KISR0 529 nm & O
(Asy ) S HIETHERRUE I ZRIEAT HLER , ST SO 7= A 19 140 JROME ( FHAH 224 8 1) R 4 A 28 ) . TG 0 BLqr
(TU) : BB AL 4 1 umoll 38 JFUBE BT By i 2 X 1 TU.

1.4 [RYNEFHENE

LA Z W FpendoS A HEALAK A H & 208 (WK SO . H 88 B A-E 3L H 8 B 0ESE) 09i& J1 R

Miller J7 V5 #EA T .
1.5 FpendoSA KI5 iE IR M iE B E
WEFAEZR Y CMC (10 o/L) Wi T W52 & — A-Fr 4 IR 22 Wl (20 mmol/L, pH=5.5) "1, 7E
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40~90 °C ¥ Bl N AN TRIRLBE N ARG . RN TREE I 3 4 PAT AR, ICHOT 3406, DA S e A
B, X7 il BE T A AR XIS 7 A AR, 22 il i - g 4k
1.6 FpendoSA RJ5xi&E pH MIE

1E.80 CF, BEF4E R Y CMC(10 o/L) i i TR & 4N IR 22 th S i (pH=4.0~8.0) 1,
MREAE pH £&0F N BTG 77, B4 pH (EIE 3 4178, SO, DL pH (E AR AR bR, YT R
pH A T W BEAIXTE J1 bR, 2] pH-FEE 77 28,
1.7 SEs

RRLC (%44 FEIR 35 °C; Jsht A 4 0. 1% (IRFU50) B BRKIETR, st B b LB
T OCER MRS EE VR BEBIESEE . 0~2 min, 25%B; 2~6 min, 25%~27%B; 6~10 min, 27% ~28%B; 10~
15 min, 28%~30%B; 15~17 min, 30% ~35%B; 17~24 min, 35% ~40%B; 24~29 min, 40% ~45%B;
29~37 min, 45% ~65%B; 37~42 min, 65% ~80%B( LA e EX MARTR 340 5 Wik 0. 3 mL/min; HEFE
i 5 pl.

Q-TOF-MS ik 55 F, mmiss i g 7B, E AW E m/z 100 ~ 1500, TS (N,) 7t &
4 L/min, TSR 350 °C, FALSETT 255 kPa, EHITBANAE L E 3500 V, WEZEERHLE 200 V, #EFL
HLE 65 V, NI R 250 V. — B RAEER N 2 s. R BERERHL T 35 eV, 289F3% 12000.
1.8 FpendoSA B =t 2 EFH

Bl 1 mg/mL B =-E B B FERAE RIEY, A — & W SRR BRR, T80 °C R LI, 4337
SN HEAT 0 A1 12 h IPECRE ) SR B AY K R E T BRSO, i€ 2~3 s J5, T 4 °C, 10000
t/min F53E N B0 2 min, FHE 10 min, WEEER FJZIETESRR, T 60 CAIBZET, WAL BEARRE S,
AR PRI EAZE 1 mL, JHT RRLC/Q-TOF-MS il

2 GRS

2.1 FpendoSA Wi IE & M & BN pH

T 5 FpendoSA B EeE W IR, %% T FpendoSA 1E 40~90 °C I Nk CMC RIS 1
AEAEAEDL. I 1(A) AT I, FpendoSA Y teidi I b A 80 °C, HLAE 75 Fl185 °C MR HA #em st
FE 40 CHFRERE AT 30% LA BTG 1. 5546, %551 FpendoSA 7£ pH=4.0~8. 0 Ju B WAL CMC JEY)
P3G SRS O, B 1(B) WL, FpendoSA FEMRM:F5 14 T~ HAT B4 i AL TE ), Al pH 4 5.5,
FEPESAE T T AR E] 30% 36 1. DL LT 2B, FpendoSA J& TR 1L RS #AME 1 K.
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Fig.1 Effects of temperature( A) and pH(B) on the catalytic activity of Fpendo5SA

2.2 FpendoSA HIEMNESFEM

7E 80 °C, pH=5.5 MHE 1T, % T FpendoSA HEALAIRIRY), 645 CMC | ARRME | FEREFIE
FLH 85 RAHSF DKM ). 455K, FpendoSA X3 H & A CMC A8 &G 1, HAHXHE J1 5353
H 100% H 61% 5 Xf A SEMEFNRENE A 458 B AR 1, AHXTIE 33850 1% 5 AKX 0] v E ¥y
FIEE M B K A 15 1. CMC S N UTEF 4 X B AR ME IR Y, T Avicel & SM U021 4E 3R i 1Y R HE IS ).
Fpendo5A X CMC 893 /1 w5, VLB B A N U&7 48 X W% 15 XS Avicel JL-F- 3% A6 71, Ui B
FpendoS A ANEA SN A 4t R G J).
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2.3 FpendoSA H#U =t EBEH

FIH RRLC/Q-TOF-MS X} FpendoSA #fb =L BB =Wt 17 T 45 %58, I pr Hist Lk 7.
i e #E FpendoSA #546 =-E A4 0 h[ B 2(A) 1112 h[ & 2(B) 1AM A FAC B P ik &
B, A 10 AL AT B AL, ARE O ER I RBUT43 B 1~ 10 2R BRI .

TEA B TR AT W — Rk b, AW A [ M-H] 5+, mTLL0. 1% RRAKER R
SitH, FEE TR R [ M+HCOO ] & 81, 3 Wi fb & W AR 7 i 2 44 T R B
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Fig.2 Total ion chromatograms of enzymatic transformation of total notoginsenosides by FpendoSA
in negative-ion mode for 0 h(A) and 12 h(B)

MR B 8 PR ) TSR 5 B, XX 10 M EL A et — 250 Hr S e, e AT RE 4544 =X
o, 5008 KA G SCik T % BRE e X R Ak &8, AR R ], — 2% s
RO EE R IR 1, W 53 i FS 7 5 0 22 38/ T 5x107°. SCH iR i 85 F 1A 44 02 R
Costello iy 22 | FE FEATFIEH, BT 8 m/z (HHEEFOR.

H Q-TOF-MS 1 & BT MHEST B M AR s B AT A, g 1~ 10 76 ik g
SRR 246 7 X R BN BN R E AR R RS, AR BT TR B (LA 3) .

Tablel Analysis results obtained by RRLC/Q-TOF MS

Peak . Molecular ~ MS( caled. mass) , MS/MS fragment ions of
Compd. tg/min 10° Error
No. formula m/z [ M—H] ™ (mass accuracy < 5x107%)
1 Ra, 21.74  CggHygOs 1209. 6242 2.7 1077.5839] M- H - Xyl ]~, 945.5418 [ M- H - Xyl -
(1209. 6274) Ara(p)]~, 783.4874[ M—H-Xyl-Ara—Glu]~, 621.4336

[ M-—H-Xyl-Ara-GlcGle ] ™, 459.5418[ M—H—-Xyl—Ara-
GleGleGle] ™, 323.0862[ GleGle—H ]~

2 Rb, 22.67  Cs5yHgy 0 1107. 5957 1.7 945.5294[M-H-Gle ], 783.4787 [ M-H -GlcGle ] ™,
(1107.5976) 621.4295[ M-H-GlcGleGle] ™, 459. 33790 M—H-GlcGl-
cGleGle ] ™, 323.0832[ GleGle-H ]~
3 Re 24.01  Cs3Hgy04 1077. 5851 2.2 945.5193[ M~ H - Ara (f)]~, 783.4760 [ M - H — Ara -
(1077.5875) Gle]™, 621.4169 [ M - H - Ara - GleGle ] 7, 459. 3660
[ M-H-Ara-GlcGlcGle ]~
4 Rb, 24.93  Cs3Hgy0y 1077. 5851 3.6 945.5348 [ M~ H—-Ara (p) ™, 783.4898 [ M- H — Ara -
(1077.5812) Gle]™, 621.4365 [ M - H — Ara — GleGle ], 459. 3852
[ M-H-Ara-GlcGlcGle ]~
5 Rd 25.76  C,Hg 04 945. 5428 3.6 783.7832[M-H-Gle ], 621.5318 [ M—H-GlcGle ],
(945.5462) 459. 5767[ M=H-GlcGleGle ], 323. 3125[ GleGle-H ]~
6 Gyp X  26.57  CuxHg,Op 945. 5428 0.95  783.4615[M-H-Gle]™, 621.4111 [ M~H~-GlcGle ],
(945. 5437) 459. 9876] M—~H-GlcGleGle ]~
7 CMC, 28.28  C,;Hg 0y, 915.5323 2.7 783.1984[ M—H - Ara (f)]~, 621.6952[ M - H — Ara -
(915.5348) Gle] ™, 459.4832[ M—H-Ara-GlcGle ]~
8 F, 29.11  C,H,0, 783. 4900 3.8 621.3217[ M=H-Gle] ™, 459. 1521[ M—~H-GlcGle ]~
(783. 4870)
9 Rg, 30.83  CypH,0 783. 4900 4.2 621.4223[ M-H-Glc] ™, 459.3791[ M~H-ClcGle ]~
(783.4933)
10 Rh, 33.66  CyHe Oy 621.4372 4.0 459.3563[ M—~H-Gle]~

(621.4347)
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Fig.3 ESI-Q-TOF-MS/MS spectra of ginsenosides in negative-ion mode
(A) Ra;; (B) Rby; (C) Re; (D) Rby; (E) Rd; (F) Gyp XVI; (G) CMCy; (H) Fys (I) Regs (J) Rhy.
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DA 1 o], FLARBABSIRI 21. 74 min, SHRUES Ra, OO EA B [A]— 30 ARYE — RS EI[ M-H] 1
[M+HCOO] BF, #EMHAF5 R 1210, 7206 1 A RGOSR E 3(A) 19, FTRLAEE] 162 F1 132 1)
HPE e, A3 R I Sk 7SR (AR ) R AR R (R IE S BT R IE ) | m/z 1077 F1945 435
R T m/z 1209 % 1 50FH1 2 43 oM EE R0 251, m/z 783, 621 Fil 459 AREES 12K 2 41
T BB A RIS A3 B 52K 1, 2 R 3 Ay TR A BB e s, o m/z 459 BIEAS TR BRI IT
PIFRIERE B 7, RIAMIE S & A 2 A T3 3 SR AL 1) R\ 2 B 4F. 2% 30k
[25]XF Ra, 25Kt 4RGE , 45 G ASCEn T i B A 25 51, #EDIE 1 S NS 4T Ra,. FIH iR 4
Moy g ml DAHEIIG 2 S NS84 Rb,, 1§ 7 W AS AT CMC,, 1% 10 A2 21 Rh,.

HRYE— G PRI G 3 0 4 (43 T8 1078, BRI R BHSIE [ K 3(C) FM(D) 1A B T
FRISARIE] , MIXT A AE 225, DRI 0g 3 70 4 S Ao SR IR, FE06 3 i 4 /9 9 K, ¥R
m/z 945, 783, 621 F1459 W R BT m/z 945 NEEEF m/2 1077 ER 1 40 F HARBEE R BT, m/z
783, 621 Fl1459 HEFESFEK 1 43 F WL IR 20 B2k 1, 2 F 3 3 F A A M L i i g5+,
Him/z 459 IR ANS T EER BT ST RIERE R B T, Rk, 0 3 T4 S EA 1 A FRBESE R 3 S A
BEIER) BN S B 16 3 IR B I R SRR UE S Re AOPR B —2L, 4 24. 01 min. U 4 )44 B ]
5 FRAES Rb2 BIPR B[R] —2L, R 24. 93 min. AR DL 534, RTHEDNIE 3 71 4 23 5 9 A S AT Re
Rb,. BT 56 3 F1 4 AHFE R SHr 7, ATHENIE 5, 6, 8 F19 435124 Rd, Gyp XVI, F, il Rg,.

2.4 FpendoSA HU =t B EEFHHELIEH

W RS i S e, JER B 10 A kAR AL &8, 2310 Ra,, Rb,,
Rc, Rb,, Gyp XV, Rd, F,, Rg,, CMC,Fl Rh,. Fpendo5A b =L EH 12 h J5, Ra,, Rb,, Rc, Rd
M Rg, MI&RIEMR, R 5 M-S YIBERBE FpendoSA #44k. 1if Rb,, Gyp XVI, CMC,, F, 1 Rh, A%
IR, TR 5 M LA YR SR A . =B RS s R, 5A
Z A HAMMIEZEH. Ra,, Rb,, Re, Rd Fl Rg, #h “EEAURAY | S5RgAHMRL, HoA AR 00 o2 B
C3 PE¥ZLL B-(1,2) BT HlES: 2 MR T A5 22 RAET C20 (BRI Al 2E | Bt
PIBGER T BIARTF. NS BA Ra, (B C20 L7 WEIIGE 28 | BT ApE AR R ; AS B4 Rb, 1Y
C20 L AP EE Fh 2 43 F AL a, B4 = B-(1,6) Bl 175 ; AS R4 Re 19 C20 M 1 73+
WM RIS R 1 7 PRI L o-(1,6) BT BRI M A, A1 Rd 19 C20 1 A A 1 A4
BEFRIL, Re, 19 C20 S JOATATREREEHUR. 55— 71, HeAk/™ ¥ Rb, 19 C3 (RISt 2 2 F A b4
B, T C20 A FH 1 A FRIAIHES 1 5 T i BT RLAA R DL a- (1, 6) BEET AL #5409 Gyp XVI,
CMC,, F, Fl Rh, B C3 #8153 FHidms, ARZAATET Gyp XVIAY C20 17 2 40 i &0 LA
B-(1,6) MEtrEd AR, CMC, 1Y C20 fiLF 1 43FPKmgBIBTHi AR AN 1 43 F R DL a-( 1, 6) i i
AN, F, 76 C20 AU 1| 3 FHi%50%, Rh, 78 C20 {57 JoAT AP pE5R I,

[HH, FpendoSA it /K f# Ra, i C20 1 [ a-(1,4) AMEF 54 i Rb, ; it 7K f# Rb, 19 C3 H7AY
B-(1,2) B A Gyp XVIL; @it 7K f# Re 19 C3 71 B-(1,2) M8 A il CMC, 5 i 7K f# Rd ) C3
DLEY B-(1,2) WEHrsdAE i F, ; /K ff R, 19 C3 289 B-(1,2) BT #EAE AL Rh,. AT IL, FpendoSA
fefs b — L 21 Ra,, Rb,, Rc, Rd il Rg, MIBEMEEL MK i, (HHAEAEAS [F] =& B IR i i 4%
PEARE. 3@ D34, #EW FpendoSA %4k = L B M 4L #42 F Ra,—Rb,, Rb,—Gyp XVI, Re—
CMC,, Rd—F,, Rg;—Rh,( L Scheme 1).

25 AR, MR HANTE LN A s e 2 1 A A g R BRI, IR e KA B TP T 7 s
PEFRIK. B2EPE B9 R I, FpendoSA SHTRYEEIMNUILF4EZ . FpendoSA BB — L S iF iy 3
ZLRATHS, ) Ra,, Rb,, Re, Rd il Rg, 43l 4k~ Rb,, Gyp XVI, CMC,, F, Fl Rh,. 452 Rk
AL AT AL S YR AL T R BR , FpendoSA X T R TF 3SR M40 5 A /K MR 16 1k I s e M L B A
AR R FH R R RIS, 5340, R B e A AR AR 20l B0 2 1 A0 & W0 25 W i s B 4t T 4k 3k 43 7
[F] s 13, SA P DG 245 it B AR it PR T R IR B9 T Sl
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Transformation of Total Notoginsenosides by
Recombinant Endocellulase Fpendo5A "

LI Nan, ZHAO Huanxi, LI Jing, WANG Nan, YU Bohao, YUE Hao" , YU Shanshan”
(Jilin Ginseng Academy, Changchun University of Chinese Medicine, Changchun 130000, China)

Abstract A novel endocellulase ( Fpendo5A) was cloned from Fervidobacterium pennivorans DSM9078. After
being overexpressed and purified from Escherichia coli, the enzymatic properties of FpendoSA were
investigated. Also, rapid resolution liquid chromatography coupled with quadruple-time-of-flight mass spec-
trometry ( RRLC/Q-TOF-MS) was performed to investigate the biotransformation process of the total notogin-
senosides by Fpendo5A. Fpendo5A exhibited an optimal activity at 80 C and pH=5. 5 and showed the highest
activity for carboxymethyl cellulose (CMC) , which indicated that Fpendo5A was a thermophilic and acidophi-
lic endocellulase. Also, Fpendo5A showed high biotransformation ability for ginsenoside Ra,, Rb,, Rc, Rd
and Rg,, which are the main components in the total notoginsenosides. Ra,, Rb,, Re, Rd and Rg; were con-
verted to Rb,, Gyp XV, CMC,, F, and Rh,, respectively by FpendoSA.

Keywords  Notoginsenoside; Endocellulase; Biotransformation; High performance liquid chromatography-
mass spectrometry ( HPLC-MS)
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