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Abstract: Objective Bornyl diphosphate synthase (BPPS) is an important enzyme in the synthetic pathway of Amomum medicinal
terpenoids. To investigate the molecular mechanism of AvBPPS high expression in seed, the promoter of AIBPPS was obtained from
Amomum longiligulare and was compared with the promoter of AvBPPS from A. villosum. Methods The promoter of AIBPPS was
cloned from A. longiligulare gDNA by FPNI-PCR, and its sequence was compared with the promoter of AvBPPS; The similar
regions of the promoter were truncated, and the corresponding truncated sequences were obtained. Meanwhile, the GCN4 motif was
mutated from the truncated sequence of AvBPPS promoter. The recombinant expression vectors of B-glucuronidase gene (GUS)
driven by the above-mentioned promoter were constructed, and the Agrobacterium-mediated method was used to infect the leaves of
Nicotiana benthamiana for transient expression to verify the promoter activities and the functions of GCN4 motif. Results The
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365bp AIBPPS promoter sequence was cloned. The 3'end of 300 bp sequences was 93% similarity to the corresponding sequence of
the AvBPPS promoter. In this sequence, only the AvBPPS promoter contained GCN4 motif. We successfully constructed a series of
vectors fused with the reporter gene of GUS: VBP::GUS (AvBPPS promoter full length), VBPT::GUS (AvBPPS promoter truncated to
320bp), VBPT-GM::GUS (the mutant AvBPPS promoter on GCN4 motif), LBP::GUS (AIBPPS promoter full length) and LBPT::GUS
(AIBPPS promoter truncated to 305 bp). Through GUS staining, it was found that all of the above-mentioned promoters have the

activity of driving the transcription of GUS. However, promoters containing GCN4 motif, including full-length or truncated AvBPPS

promoters (VBP::GUS and VBPT::GUS) are more active than GCN4 motif mutation (VBPT-GM::GUS) or the promoters

lack of

GCN4 motif (LBP::GUS and LBPT::GUS). Conclusion This study improves GCN4-motif has a positive regulatory effect on
AvBPPS and provides a basis for further exploration of the regulation mechanisms of AvBPPS promoter.

Key words: promoter; BPPS; Amomum villosum Lour.; Amomum longiligulare T. L. Wu; GCN4-motif; transient expression

WAZRIE “IREZ” 2 —, HAHETT
B mBEESED A, AT TR R B S
FEESE, (EZGH) 2020 FERRUCRRM T RIE T
LR E R Y 2R Amomum villosum Lour..
# R A. longiligulare T. L. Wu Ei &%/ A
villosum Lour. var. xanthioides T. L. Wu et Senjen ]
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BPPS) WM 2GRS G BUSATI CHE, fEfL L-2f
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P79 S JR Bl b ] DA 3 R E b R e
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MR AATEE EHAL05. DHS50 832 A4 I T- b i
WM ARG AT Infusion R, FREITEAN D]
fitf. PCR i} PrimerSTAR. LA Taq A1 DL2000 Maker 1
T Takara A#); ANYIEE Neol F1 BamHI 20T New
England Biolabs (NEB) A#]; GUS il Gy T
FRFAEVRHARAR: 51906 BORBEEER T B
IRV EVIRHEA R A 7] 58
2 FHE
2.1 SrafbEFE4H DNA B2 E

SRR F 4 DNA $2 B & 048 1 Ui
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B, $ERCE R R 41 DNA (gDNA)D , H
1% I3 J R 8 JI H K AR 4Rl 5K 0 43 D O B T A U
DNA 58 SR JE .

2.2 AIBPPS Bzl FFFIRI 5k

W4 FPNI-PCR 5| ¥ & i J& U LA J 2 2%
AVBPPS Fil AIBPPS gDNA J#31|18l, £ 532 2% {ifi F]
3 %75 Il —EX e 1% 514 (gene specific primers,
GSP) , Bl GSP TPS3-1. GSP TPS3-2 #l GSP
TPS3-3, W% 1.

FPNI-PCR 7}y 3 #e94, % 1% PCR BU&E =
#Eraf gDNA, H 9 SIBH T 514 FP1~9 433
5 AVBPPS #:55[4) GSP TPS3-1 47 #AKEFi
PCR; i 2 & PCR HUZ 1 % PCR F=#ufsit, #
X519 FSPL 73l 5 3 NEEHFR: 7514 GSP
TPS3-2 #4738 PCR 28 3 #7715 55 2 %K 4,
PLIZ A2 53 85 H 1) DNA B, K 3 % PCR =43tk AT
BRI B vk R, 36 34 PCR =4 ELHEII 7
BN pLB AR F. FIH Snapgene HAFXF I P
5 CR1E I H LK gDNA 7514 A EE X,
A 355 H gDNA 7 F1 ) 57358 53 7 41 2 1 B S o
2.3 AIBPPS BahFF5I73#. EEER

F) B Neural Network Promoter Prediction
C http://www.fruitfly.org/seq_tools/promoter.ntml ) i
M ¥ k2 46 A &, FI A PlantCARE  ( http://
bioinformatics.psbh.ugent.be/webtools/plantcare/html/)
T AIBPPS J& 211 £ B oot . R Jalview
BAE¥ AIBPPS il AVBPPS i 5l 1 ¢ A1l BEAT EL X,
FHALEH TBtool HAFXTiZ /A 3 N ST B 7

At — LAk
2.4 AIBPPS #1 AVBPPS BriF# 5. AVBPPS |3
B F GCM4-motif =R R EFRIATFRIIIE

6 i R R AP H RS BPPS JH 8 T T
F1), e r iy FEARARA DX e 0, 5 A SRR AR A s 2R AR AR
72 RiT%1 50 bp, FIFH In-fusion JE ¥t 7 U5 B
1YY 1G5 3 T A KA A LIX 387 5. PCR ¥
W% 98 C, WAk 5 min; 98 C, A 10
s, 58 ‘C, Bk 30s, 72 ‘C, ZEf# 2.5 min, 304
fE¥R; g 72 CIEM 5 min. 43 5[EUL PCR 7=
), P E SRS U, Wt It
AT RAE, K ABPPS B Bh T EUE A BRI
TGAGTCA %7485 TGTCA, 1% VBTp-F il Bp-R
(5199 1 3 [l 0ii% PCR 74 (BIMIWE 1 .

BB E A B, B AVBPPS fil AIBPPS 4=
KE3T. &EEHERTXENEZT, YR
AVBPPS J&i 3 # il GCN4-motif 2842 15 2+,
it In-fusion E§iERE F 24 A UIEE Ncol F1
BamHI 1) i) pPCAMBIAL301 2k Mk sk, Hadts
GUS H: (Kl fil & a3k 8k, K i He =4k
% E. coli DH5a 1, FFH K PCR Al 758k 2
A H P BB A 57, I SR 4331
4N VBP..GUS. LBP..GUS. VBPT..GUS,
LBPT . GUS 1 VBPT-GM." “GUS.
25 RIFENSEHCBEERIES N FiEMS

¥ «2.47 T 2H TR A R RGE VR IR R AR
FFE EHALO5 B bk, 16 HUPH 14 1) 5 B 74 £ 25 pg/mL
FIFET (Rif) A1 50 pg/mL KAEH KR (Kan) ) LB

&1 51955
Table 1 Primers sequences

51 & ElEEA S SR (5—37)

BT Ay GSPTPS1-1  GAAGCCCTCTGATCTGGTCCTCACA
GSPTPS1-2  CAGCTGCGAGCTCACGCCGTCTAAA
GSPTPS1-3  CGACGACGACCACTACACTCGATCG

GCN4-motif 3¢ GM-F GGAAAAAAAAAATGATTGTCAAATTTTCTAGGGAAGG
GM-R CCTTCCCTAGAAAATTTGACAATCATTTTTTTTTTCC

PCAMBIA1301-BPPS J5 VBp-F GCAGGCATGCAAGCTTTGTGTAGTACCAAACATATTTTCTATTTTCTAAAAATATATTAGA

BT RIEEMH

L/VBPTp-F*  GTACCCGGGGATCCGGTTTGATTAAAATATACTGCCCTATAATTATTATTAAATTTGTAAATAG
LBp-F GCAGGCATGCAAGCTTAGACGACTGAAAAGAAGCGCTG
Bp-R" CAGATCTACCATGGGTTTGCAATCAAAAAATCGTAAAATATATCTCAACTCCA

“VBPT 1 LBPT [ 5°uiii Al 3°ui—3%, (FH R —XF 5149

The 5’end and 3’end of VBPT and LBPT are the same, and the same primers are used
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WitkRsge3edh 28 “CH:9% 36 h, %M 1 50 1 ELA
PR 2 25 25 pg/mL Rif 1 50 pg/mL Kan 7]
100 mL ¥tk LB K773, 200 r/min, 28 CHi¥%
% Asoo fHi N 0.6, 4000Xg. 28 C&.0» 20 min # I
HIRE R, & 10 mmol/L MES. 10 mmol/L
MgCl, A1 100 pmol/L AS [1] MS ¥ #4157 5 8 2
1, JR%E Asoo N0.8~1.0, AHEEEFE3h, &a
FEF SLAE ML 735 Th A2 RIS/ O, F B2
1mL RS (Pt , MRS By 2218y
AN drbsid, PRERFE 2d, FH GUS HE UL
EIEAI GUS W&, GUS JtZ | GUS Ytk
F &V B AT

M1 23 123 123

750 bp —

1 2 3

3 H#RES
3.1 AIBPPS Bz FRFIIRIRE

FIH AIBPPS gDNA #%.0 7 81 B T4 57 14 5
¥, UL R RY M A gDNA N B B, i AT
FPNIPCR, 4 877 W) 3k A7 % I r kRl 45 31
FKALEEE 3 % PCR ¥ 14 FP3 Fl FP7 3845 T &
KEERI%a, W 1. LLPCR =¥y, R FP7
) 3% A 262 bp 5 AIBPPS gDNA FEAI/ 55 &
&, WIENE N AIBPPS [ 570 L4, 2
SEAEUBD B3 P AN G, RIS A JA B X )
Jr Bt 365 bp, JL AT &EA4 70%, NEYEZITE
BRHiEZ —, LK 2.

A I A o =23

FP1~FP9-35 1 % PCR 4 9 &AM I 514 PCR =4 1. 2. 3 4 MIMREREE 1. 2. 34 PCR=# M-Marker HSHEJy AIBPPS J5 3+

FP1~FP9-PCR products of first PCR amplified by nine different degenerate primers 1, 2, and 3-PCR products of first, second, and third round of PCR

M-Marker The orange box is the AIBPPS promoter
1 AIBPPS FEFF5 FPNI-PCR # #&/=4)

Fig. 1 Amplification of AIBPPS promoter using FPNI-PCR

>AIBPPS promoter
+ GACGACTGAA AAGAAGCGCT GTCAARATTT CTAGAGCAAT TTGACAACTG ATCCGAAATT GAGAATAAAA
- CTGCTGACTT TTCTTCGCGA CAGTTTTAAA GATCTCGTTA AACTGTTGAC TAGGCTTTAA CTCTTATTIT

+ GAAATTAAAA CCGTGAGAAT TTATABGGGA TTCATTTTAT TGGTTTGATT AAAAFASACT GCCCEABRAT
EGTTTAATTTT GGCACTCTHAIAATATGCGETIANGEBAAAATA ACCAAACTAA TTTTATATGA CGGGATATTA

+ TATTATTAAA TTTGTAAATA GTATTTGATA TGAACEASAC GAATCAAACT AGAAGGAAAA AAAAATGATIH
- ATAATAATTE AAACATTTAT CATAAACTAT ACTTGATATG CTTAGTTTGA TCTTCCTTTT TTTTTACTAEN

BIEESEAATTTT CTAGGGAAAC TCTGTATTAA TTGTTCATCC ATTTTTAATT AAGAACTAAT TTCCACGAAT
BiGagErTaaAA catceeTTG AGACAJMMBACAAGTAGG TAAAAATTAA TTCTTGATTA AAGGTGCTT

Motifs Found
- Il ABRE

[[+]

ARE

_+ Il AT-TATA-box
+ I Box 4

|

+ |

[

CAAT-box
CGTCA-motif
G-Box

LTR

MBS

Myb

+ ATATATTTTT TAATGAGTTT CTGTAGCATA [JEAAGCT GAATTGCTCT CTCTATTTAT ACGCGCGCTG
S S OO CRTASEEA Sae .

r.’u,. CGTAT TGCACTTCGA CTTAACGAGA GAGATARATA TGCGCGCGAC

+ CGCTTGTTCT TCTC

™

+ I TATA-box
TGACG-motif
Unnamed_1

_+ " Unnamed_4

+ W as-1

2 AIBPPS BEIF IR EIRRAEREE T

Fig. 2 Sequences of AIBPPS promoters and their cis-regulatory elements

3.2 AIBPPS BaiFFIIMNEMEEZED

50 B3R5 1 365 bp SR A AT MG B ¥
¥1. FIH Neural Network Promoter Prediction #E4T
e ah Ar RPN, ATRINAE 0.9 A cut-off {H,
T € AL AR % S A R AL T AZ AR %S+ ATG LU 62
bp 4t . 3FF] ] PlantCARE X J& 51 i GE A7 1E 1)
it XA oA R AT T, 434 AIBPPS JE 3l F 7T
PR, HE N E (B 2 fisk 20, Hd “+”
“=7 X BE AL B IE U dE, 3667 NER R

AT IR E . R IESEHE . AIBPPS J& 3 74 &
T B K% O 01 TATAbOX R4 15 7 55 0% M 1 184
58 IG1F CAATbox 252 AN H A% W) 3 T IR 5F It
P AL, % B B I8 A Jema BG4 Box 4.G-box,
# KT 55 SIS0 A MBS, ¥ REE S
KXAEMM ARE Jofh, W RARE 50 AE 1)
LTR Juff, ¥WRMERX NI ABRE, LLkS Y
ZE B2 G I S ) TGACG-motif A CGTCA-motif
T
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F 2 AIBPPS BahFHulayn=1E R EE T
Table 2 Predicted cis-elements in AIBPPS promoter

Juft il g frE
TATA-box TATATA %08 3 1 oot 280-
TATA-box TATAAATA 334-
TATA-box TATAAAT 89— 335-
TATA-box TATAAA 90- 336-
TATA-box TATAA 91- 337- 92+
TATA-box TATA 125+ 135+ 176+ 282— 338-
TATA-box ATATAT 279- 281-
CAAT-box CAAAT JA B R 8 X 3E LA AR ok 39- 150- 163- 213+
CAAT-box CAAT 37+ 58— 240- 323-
CAAT-box CCAAT 109-
AT~TATA-box  TATATA 280-
ARE AAACCA %5 REHE S AR R opE 111~
MBS CAACTG ZH5TRESH MYB &40 45+
G-Box CACGTT Z 5 5amm B AR 4 ot 310-
Box 4 ATTAAT Z: 55 mm B R AR 4 ot 236-—
LTR CCGAAA Z SRR N AR B RS o 53+
ABRE ACGTG V5 R M vE R B () =G AE R R e 311+
TGACG-motif ~ TGACG VO I SR FT I G S N I A FE R 4% oA 210-

CGTCA-motif CGTCA

P R RFTIR PG s S B A P i 2 e 1 210+

“7E- FoRIEREE, FesGRIGHR AL E D 366

“+”and “—” indicate the positive and negative strands, and the position of the transcription start site is 366

3.3 AIBPPS 5 AVBPPS BEiTFFIRILLE S o #

3R AIBPPS 5315 AVBPPS J& 3l 1k
ITRFFIRT G, I — BOHALRE fRik 93%. KAL)
300 bp X3 (AL &SRR M BRI HE I T2
B 50 bp) (& 3) , HEMZAHATFI M= BPPS
JA B TR X 7EX BR S X34, AvBPPS

AvBPPS

AIBPPS L --r-se s

& B T & A M ALK 5 %t GCN4-motif , 1
AIBPPS  J3 517 7F % N [ 67 8 T Sy 54 1T 1 HH I o 2
Juff CGTCA-motif (B 3. Kl 4) . %T AVBPPS
FTAIBPPS Fi 2 JiL (1) i 5% 72 7 F1 GCN4-motif 1 D g
e, WEHEN GCN4-motif £E AvBPPS [ ikt A
A IEFLRE R IA LR E PR IR

1 TGTGTAGTACCAAACATATTTTCTATTTTCTAAAAATATATTAGAAAATACAAAAATAGAAAATGGAAATBGAA

TA TTATA
------------------------------ ABGACGACT GAAGC

AvBPPS 88 cBaaABHCET caffc G cTAccArBBAaccecTeTCTClTTART TRETAT CRFcAG T TRARRACART T TE8AGAGC!
AIBPPS 19 BT TCAARA - -HABAGCARTHTCACAACTEA - - - - - - -- - - - CCGAAA GARTIAAA - - A TTRAAA TGAG

Aeprs or B RHREo I

AVBPPS 262
AIBPPS 174

AVBPPS 349
AIBPPS 258 AATTAAGAACTAATTTCCACE - - - - - - - - - - - -
AVBPPS 436
AIBPPS 332

Al GG G
- C- - AC| i

SO MR FAIAAL T, BRI ARG IX , ZIHE A s BEAT A, R 10 R 7 5 f8 3 GCN4-motif A1 CGTCA-motif

the green triangle represents the transcription start site, the right side of the ranscription start site are untranslated areas, the red box is a highly similar

area, and the black underlined lines represent GCN4 motif and CGTCA motif respectively

& 3 AIBPPS #1 AVBPPS B FFFILLER
Fig. 3 Comparison of promoter sequences of AIBPPS and AvBPPS
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I AT-TATA-box
CAAT-box
I TATA-box
! ¥ I Gena-motif
AappPPSp —H—Ab—F+-HHH— B vyh
i LR
AIBPPSp -ﬂ—|—|i+-}___}_|_ I G-Box
1 Box 4
I viBs
ABRE
I sTART
B TGACG-motif
0 ARE

3
I | T I T | I
0 100 200 300 400 500 600

WO RSAL XIS, B H k#R GCN4-motif
The right side of blue dotted line is the similar sequences, and the black arrow indicates GCN4 motif

4 AIBPPS #1 AVBPPS Bz FIRAE A T E 5 ELiR
Fig. 4 Comparison of positional distribution of cis-acting elements in promoters of AIBPPS and AvBPPS

3.4 BPPS BEITIREN GUS FTikFHIXHIME TR R BRSERBRN—5 (K 6,

¥y # T VBP.JGUS . LBP..GUS . RAGFHPEE A1, WP 45 I UE T #0470 2 g
VBPT./GUS. LBPT. GUS 1 VBPT-GM./GUS*  Zj; H 1 VBPT-GM..GUS ] GCN4-motif——
IR CE 5, XEMAMA AT PCR %%E, PCR TGAGTCA R T TGTCA.

LBP (417 bp)
LBPT (305 bp)
VBP (520 bp)
VBPT (320 bp)
VBPT-GM (318 bp)

BamHI Ncol
lac, T

TB(R) promoter 6xHis  TB(L)
!
GaMV CaMV35S lac CaMV35S NOS
poly(A) signal promoter(enhanced) operator promoter terminator

TB(R). TB(L)/ T-DNA {14145 HygR #1% KIIEME  GUS-B-HItE L EL G
TB(R) and TB(L) are the left and right boundaries of T-DNA; HygR hygromycin resistance gene  GUS-B-glucuronidase

El5 BPPSp..GUS #Ji
Fig.5 BPPSp.’GUS construction

35 RBohFiEttbR S

4399\ K B 2E S5 R AN BH 14 5 i pCAMBIAL301 F)
HARFF B PR PR KA, fRIBEEFE 2 d,
[ DAARAZ Gyt oA I I, 3847 GUS 4
o, RWE 7 R, BAMEXTER CEFAERD ARy

750 bp

M 1 2 3 4 5 . N
R, AT 35S 5 GUS I KT AR AR I
1~5-VBP/GUS. VBPT. GUS. VBPT-GM. GUS. LBP..GUS . VBP 'GUS . LBP.-GUS . VBPT..GUS
AILBPT . /GUS PCR 5l M-Marker .. . " N
1—5-PCR products of VBP - /GUS, VBPT/GUS, VBPT-GM . “GUS, LBPT./GUS fl VBPT-GM ."GUS g4 LI 4, il
LBP 2 GUS and LBPT -/GUS M-Marker B F3R S 2 R RE UK S GUS LR () =ik . SRT,
6 BPPS EZhFEAIIAL PCR L= AVBPPS JH 3 7 4 K B # F 1) VBP.JGUS Al

Fig. 6 PCR identification of BPPS promoter recombinant ~ VBPT.'GUS ¥ S BLEUKTH R H BRI B, M
vector GCN4-motif 242 ] AvBPPS J5 ¥ VBPT- GM./
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Ligecit] 35S../GUS VBP . 'GUS LBPT.'GUS VBPT-GM..GUS LBT."GUS LBPT./GUS
Sample 1
'3
Sample 2 e
¥ 2% " i d I3
'f‘ 'j&.‘ B -

7 BPPS BEIFEERIRIAR GUS R
Fig. 7 GUS staining of transient expression of BPPS promoter

GUS 5 HBp4 ANt IE VBPT . 'GUS AL, BithiiE
ks A7 GCN4-motif 1] AIBPPS Ja 37, flfE4
K LBP../GUS FI# %1 LBPT.'GUS, S5HAMK
Xt E AvBPPS J& 31 VBP . GUS il VBPT. . GUS #H
b, BB REE, [ERIHEMESEE. 4558
BIRE A GCN4-motif [1))5 25t GCN4-motif 58745
) N = ) B T A N s B S 3[R P o
GCN4-motif X} J& 2l 1% ke iR 1 H
4 g

FHED R FEEE T BT, m
BPPS 1y Wb A= 24 24 ik 58 & il ik 42 1) O B il
AVBPPS A B 1 3% L H B 1o S R SRR 181, 5
4b, AVBPPS fERHFHE DI 1 B R IE EAM L E =
T H A ) s 2K G B, 40 05 AR B A B Clinalool
synthase , AVLIS) F1 7 5% A B ( humulene
synthase, AVHUS) &K & B, JFHIEI LR
45 d Fp7 B AVBPPS {131k & 414 AIBPPS 1)
200 {081, JER Rk & 1) 2 7 %2 L a3l F RIS
mg, [Kt, H# AVBPPS. AIBPPS. AvLIS Al
AVHUS 5 3l Z 8 i 5 SR I et 22 7, A B
Tt AVBPPS TEM ¥l s Rk M R R . XA
6815 2 7 AVBPPS. AVLIS I AVHUS [RB 37, &
Bl AVBPPS 5 5h 1 B A AVLIS Al AvHUS J& 37 H
%1 GCN4-motif. AHF7TLE LIRS b5 iR
W AIBPPS a3+, ZashFEAZMEH T
fF, S5, KR, T2, KART RS
ey 7 4 I = I 4% c#F s AIBPPS JE B T 5
AVBPPS 531 3 %7 4 s EARAEL,  SR1M, AIBPPS
BT HAR B GCN4-motif, AHRAT B IHHIE 5
HAF R Y CGTCA-motif— — 42 5 7 Fi & F g

(methyl jasmonate, MeJA) i N [ $5 ot . 8l
B0 (R I8 LI HAT IR, R I 2 AL
XI5 % BN KBRS AL, HE R IR
N, I B B AR X I P BPPS JH
BT R I BE R X I BhAh, TEIXBZ O PR
SEIX A, A8 GCN4-motif (1 FH b 15 3h 10
B2 & T A B GCN4-motif HIHFFIHD B 50T
I, DN GCN4-motif /2 il 45 AVBPPS & 1] =1
EMEEREZ —.

PR SCHR IR G, GCN4-motif 3 5 DL & 1A =X
FENE 5B R PR S v R B T AT . B, E
B W% | A B 3 F F, GCN4-motif 5
prolamin-box-motif # XK T EA &, NEE 5
bZIP 4% 3[R BLZ2 &4 b i 17 B v & A 1R
XML i GCN4-motif EA & A HE)Trh R
REEMAFERERENMEH, BF 5
ACGT-motif Al AACA-motif 41 s /N e ih 4l & el
5 bZIP 2K#:5: K 7 RISBZ1 45 & 4 B B ZE IR AL
R RIS, IREIETREER . AR R b A
FH&ER BPPS # i\ g sh 141, HEM s
GCN4-motif X B 85 [ AvBPPS & I 7L 57 14
5 DA B IE R 2/ 1081 A HfE Fe Xt AVBPPS J&
BT GCN4-motif HHTHRAR, bRk KIERILE R
WoR, RARK VBPT-GM S58B4 % VBPT LL#, i
PR RFEAC (B 7)) o ABFFLIIE T GCN4-motif
FEARN AR 1 AVBPPS JH BT I IE A O, X
AVBPPS [Pk ENEHEE

AR IR ERE TR R AIBPPS 3T, 3
e 5HER ABPPS Ja 3 T T, RIMAM
BPPS Ja 3l KRB R <7 P41 3 %5 5€ 1 AVBPPS JH



© 6166 * ¢ 8% 2024108 #53% B 198 Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 19

T EINR T GCNA-motif AYIERIE/EH .
TR A BB AR RN AR R R AR B AR
HERIMHE, 73BT GCN4-motif 5 AvBPPS 14 5
PERIERIR R, IEININ GCN4-motif 754 5
H B3 R L, Dyt — 23 i B BH A b A
R ] BPPS 5% 72 5 3 B4 B FE Al
FBAE FIAEEHE AR LA SR

SEHEk
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