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W OE:. B MR ZEmT L4 Bupleurum chinense B-&# iREE AW (B-amyrin synthase, S-AS) R kK AT %
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Je4eifd 6 MATURM B-AS ZEF KRR A AT T %8 FAEME B2 00T, 3/18 7 BcBASL Al MEEME A, 7R IRIE
T BCBASL A UIRER B-AS, ALEHA BE A R A YA SO 7T B T R
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Abstract: Objective To conduct identification analysis of the B-amyrin synthase (B-AS) gene family in Bupleurum chinense from
the transcription level, and evaluate its expression and function for elucidating the biosynthetic pathways and regulatory mechanisms
of saikosaponins (SSs). Methods Based on the transcriptomics data of B. chinense, the B-AS genes family (BcBASS) in B. chinense
were mined, a series of tools were used for bioinformatics analysis and expression analysis of each gene, the key genes were
transformed into Escherichia coli and tobacco for the functional validation. Results A total of six BcBASs members (BcBAS1—
BcBASG6) were identified in this study, they were divided into three groups, all of them contained conserved regions including
DCTAE, MWCYCR and QW. Evolutionary analyses indicated that BcBAS1, BcBAS2, BcBAS4, BcBAS5 and BcBAS6 may be
monofunctional B-AS, BcBAS3 may be a multifunctional B-AS. Analysis of gene expression patterns showed that BcBASs were
specifically expressed in different tissues. BcBAS1 was successfully expressed as solubl recombinant proteins in E. coli BL21(DE3),
approximately 8.7 x<10*. The tobacco transient expression assay showed that BcBAS1 coded as B-AS, which affected the
accumulation level of B-amyrin. Conclusion The members of B-AS gene family in B. chinense were identified, analyzed and
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validated. BcBAS1 soluble recombinant protein was obtained, and BcBAS1 was verified as a functional 3-AS in tobacco. The results
of this study will provide an important foundation for revealing the biosynthetic pathways and regulatory mechanisms of SSs.
Key words: Bupleurum chinense DC.; B-amyrin synthase; gene family; expression analysis; function verification
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GAGCTCGGTACCATGTGGAGATTGAAAATCGG-
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B UIAC B, St A 2R I Bl I [R5 3 2H K77
R H R B S M EAR, SRR
J7 T B DHSa, S8 B 78 PCR A s B v B R0 7
24 BBHERFTIA
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mmol/L, 16 °C. 160 r/min fE#157% 16 h IS E A
BRFREE I, WUER BV, VKIAER 75 RN 170 Hz R,
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Table 1 Basic information of g-AS from B. chinense
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Fig. 1 Evolution relationship of g-AS with other B-AS proteins
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Fig. 2 Comparison of deduced amino acid sequences of g-AS from B. chinense with g-AS from other plants
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Fig. 3 Conserved putative motif analysis of §-AS domain proteins in B. chinense

2 JdviEdA p-AS EA_REHMER

Table 2 Secondary structures of B-AS proteins

N -2 e/ % B-4Ir /% TERLNIA /%
BcBAS1 45.41 7.61 33.86
BcBAS2 44.63 7.46 34.82
BcBAS3 43.82 6.97 36.84
BcBAS4 45.30 7.55 34.44
BcBAS5 42.98 6.51 35.97
BcBAS6 4359 6.94 35.73

BcBAS4

BcBASS5

BcBAS6

&4 db4edA B-AS EH = RLEMTUN
Fig. 4 Prediction of tertiary structures of B-AS proteins
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3.4 dbietd p-AS EERIE S

NT T IRACSEN] B-AS FEHFIEZ 7, MIbLEH
FRIRHEE (methyl jasmonate, MeJA) AbFHE S
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Fig. 5 Expression analyses of -AS gene in B. chinense

3.5 JtLEdd BecBASL EEHEHRIL

A BE LR T M &R & R B B K
PMALCSE-BcBASL (|8 6-A), SDS-PAGE 4%
ZNAE 120 000 ffti A B E % (B 6-B), &
467 K /N4 119 000 (MBP #1545 42 000+ H 2K
1 87 000), ARIEEEH, HIMEE KNS AL
—8. 4REY, R BL21 (DE3) HEL)
#9577 BcBASL I MEE A
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3000 bp ot O @ W &Y
2000 bp
B M 1 2 3 4 5 6
1.20X10° HIEE
1.00X 108
0.70 X108

AR RIBBARE IR PCR ¥4 R B-Afb i EAM
SDS-PAGE

A-Bacterial colony PCR identification of the prokaryotic expression
vector for BcBAS1 B-SDS-PAGE of BcBASL protein purification
analysis

E 6 BcBASL ZEREEZERAFRIESH
Fig. 6 SDS-PAGE analysis of expressed recombinant
protein of BcBAS1

3.6 dtiedA BcBASL EEEFE T RIA
Wy J6 i i B 3R Gk & pC1300S-
BcBASL 3 AR AT H GV3101, H % PCR Zn#
i Ny (B 7-A) . K pC1300S-BecBASL 7/
B R B R IA, DLASE p)CAMBIAL300S 5 A
SRR B A AR AR R R, X B A B
HATIE . SERERE (B 7-B), 5XF A
AR E A JR E FAE LG, 5 N pC1300S-BeBASL
AR (1) B DR R By op B IR I i L
35

~30

225

BEREDY BT B

A-JEE S RIEFARB R PCREELIR  B-id ik BcBASL # K
JRE A B-EM R SR M-Marker RFE/NG FERERRES
23, P<0.05

A-Bacterial colony PCR identification of the tobacco overexpression
vector for BcBAS1 B-The content of B-amyrin in tobacco leaves
M-Marker different letters means P < 0.05

7 BcBAS1 EREEMETRIESHT
Fig. 7 Overexpression analysis of BcBAS1 gene in tobacco
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0, 43 A 25 O BN B AR R 1.77 A1 1.70 £,
Ui B-FF T B S B G N B BcBASL K A1
#7742, BeBASL 1E Fp M B Fy v A A AT A
B-AS HIfEfLThAE, (2iF B-EFMIREEMMA R,
BCBASL &K 4 i B-AS FE A

4 iR

=i A YR R EBE IR Z AL
THYH, HAERREEEER, BAAZERES
M2 5 . B-AS F 5T R A =i S
ZRR g, TR = s 0 A S A B e R B
TER, IRABEFE B-AS 0T LA B AATIR N 43 BT =il
WA A& R DR & =i SRR,
X B-AS FRIFATHE B HE S . SN
VM [X R h 2 B, HL B-AS He PR e
FART He AFFILIEIEH 6 ZIETTRIIgMAGIX
SERMAL S B-AS LR, 4R O ol HAb R
B-AS ZJF 760 NEEMR, HAMI S THRELN
87 000, Z:HiHiEH 5.70~6.301, AHF7TIHIEN 6
Znts B-AS JEDR RIAH SCER Ak 1 i 5 2 R o FoAth
1) B-AS B[R —3. ZFFILbxtRE, JbSEH] B-AS
BT 14 DCTAE. 1> MWCYCR Ff1Z4 QW
By, ZAERECRIEINREM LS g-AS HH
BCBAS (GenBank &35 : MN186093) EIfE 57 (1)
FhEFEE EACNARL,  HAEREL /3 Hrh BeBAS
RGOR RO, TRIAHT TE ik )BS850 B-AS
1 HA 5 BcBAS ALK T AE .

AFREYIN B-AS FERTEA R 2L h 1 3RIA A7
TEZE S, B8 B-AS R TEA R LI (1R IA 7 bt
T EAE L A SR ZE 1 S oK B m ) R
B-AS FERIFER Frh Rk B, Rk, RhRE
B ip/bUsl, JbsEl] p-AS JERIZEMR . 2. mF. FE.
R Rk, KZHACSEH B-AS R TEAR ik
W m T HARH LN, AR T RE Y 6 2% B-AS
BRI R ) 5 2% B-AS B RIFERR Th RIS B B 3 = T1E
MR IR R, 52 ATACSEEHRT Fo B-AS JE IR R
IREBAE— 3. SEEA R R AR AL, B-AS
FERR S B A OB R R, FEER T EER
ik, SRR T HAEAR A R ) FRA T B RS I S B
P B o

TR AR B, FHA TR Z WA B-AS JER &
WIS T EARE, I RRAR, &
JURAL AT NSRS, B E K/ 87 000~90 000,
JuLed] g-AS FE[K BcBAS1 I EEAEAR b ik H X}
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A, B A AL = P 36 IE S DK B Th g, I e
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s 3% A HA = A S DU BRI BT B AR AR
it B A AR AL 1 ] e,
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