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% E: BR) AEIRE P8 E R BSOS OCHEEF— M (3 P4S0 AR ISR (eypTlavD) MRENT
FEAIFRTF R E R, IRRR Sz R R It B AT E RSN RE. 3 RPN FRRE PCR kN1
i DNA 1) £ cyp7lavl 5 uidE R FPal, W@ S B- w4 B iRaE (GUS) & He KR & I Fik ik, il R
FRACIH L, KH GUS HAU 22 G 0 53 0O 73 i & PEANE S cyp7lavl 5°uidER X 741+ GUS SERITEIE
WA A FINFRIE. £8R MEE TS EHEM 2 4 cyp7lavl SuidERIRX FH, 4503k 19 5 GUS R @& %
IR AR AT, BRER IS GUS yHTE W # E B 25 . GUS 3P A 45 ik SR, 7EiK. 4 CRUESMES & 1F
N, HAHER GUS WE RS 1.4~2.7 £ ERiE MIRTEHE MBI 2 A cypTlav] S o AR R R AR AT R 3 T ThRe, IF
HEATIEG 7 SRR

KR BIEE: cypTlavl; HzhT FHEw: B-AARIHEREE (GUS)
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Isolation and expression characteristic of cyp71avl promoter from Artemisia annua
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Abstract: Objective Trying to find the ways to enhance the expression of cyp7lavl gene encoding cytochrome P450
mono-oxygenase which is a key enzyme in artemisinin biosynthesis pathway accelerating the artemisinin synthesis, the promoter of
cyp7lavl was isolated and characterized. Methods 5’ untranslated regions of cyp71lavl were isolated from Artemisia annua with
thermal asymmetric interlaced PCR. For functional characterization, the isolated fragments were fused with B-glucuronidase GUS
reporter gene and introduced into Nicotiana tabacum by Agrobacterium-mediated transformation. The GUS expression regulated by 5’
untranslated regions of cyp71avl in transgenic N. tabacum under the normal or stressed conditions were detected by histochemical
staining and quantitative spectrophotometry assay. Results Two DNA fragments upstream of cyp7lavl coding sequence, a long
fragment and a truncated fragment, were isolated from 4. annua and introduced into N. tabacum respectively. Histochemical staining
showed that two isolated fragments confered stable GUS expression in transgenic plants, and no significant difference was found
between the two fragments on the GUS activity. The quantitative results also showed that the GUS activity in transgenic tobacco plants
treated by dehydration, low-temperature (4 ‘C), and ultraviolet irradiation were 1.4 to 2.7 folds higher than that in the controls.
Conclusion It suggests that the isolated fragments has promoter activity and may be responsive to adverse environmental stresses.
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B, A=A, (ENH7TZ, iU ERENAEY)
GG TR BT S R A U AR AL, gk
ERIIFTERES | AN OCHEM— 2R 45 5 B 2 f
JEN Cads) U, JEAE HRSRSERE T 41 M0 (5 3% P4S0
PN EEE N (cyp7lavl) FN40H (4 3 P4SO S ALIE
JREEHER Cepr) M. FEEE A 11 (13) XU 5
JEPR (dbr2) YLLK 3 e i AU R ) Caldhl)
[ A AT F0E R A e B b ik FIRBERZRAG T
A P A R — RO T R
cyp7lavl Zwtdfr4n ot 3 P450 FnsAlE e N2
D REAS 1wt A0 Bl w4k 2 AN 95 8 28 5 A4,
ARG ERFERE . . AT R S
S RN, AERIRTSL R cypTlavl &L R
AHR, KELFMEFFRE, RS HEERNE
B IEARDEE, I, ABFRA BT cyp7lavl B
R B8, LL B-EA b IR (GUS) ARy
FEDRL, FARHRE, %) 31 RIS R AT T )
W HIHT, RN IESY cypTlavl 1548 & R I
Fefk, femilRilsa, DL E S =AY
A B E B
1 Mi5AEZX
11wy

A6 Artemisia annua L. i CEEERPYFH, 4
FH 2 5 ) A S5 = AR A7 ; W5 Nicotiana tabacum L.
K326 P17~ Hin] g A b Ko R 50 o B AR B AR AL
B FURE IR 2T 2% 15 o KA B (Escherichia.coli)
DH5a. MR A FT 1 LBA4404. JFoki pBI121 HIASE
B0 = ORAF: pMD20-T Zidk, FREIPE AN DI 1% B8
NGO ARP R RS (Genome Walking Kit) #4014
AEAY TR (K8 ARAW; SRtz
FI B AL E AR RA A 5-35-4-5-3-15]
W B R (X-glue) 1 H Sigma-Aldrich 2 F];
T RNV BR B (Sarcosyl) FI i 3 8K F-B-D-
HIZPEE T (pNPG) W H Amresco Al Rkt
) B Oxoid 2> vl s HAhAk 2= 25 i 35 2k [ 7= 43 Hr 4l
HY) DNA $2 50850 E0W H Omega 2wl FURIHZHL
WA BIEHER DNA [ICARF G B RAR B 4L
B bR AR AR . 51946 %5 DNA 7
Invitrogen A 7 58 .
1.2 cyp7lavl BIFHIRE

PLE A6 i i oA A R RS DNA 2 B0 7]
Ul HC DNA. 4l cyp7lavl DNA ¥4
(GenBank Wk*5 DQ826743) S [l L F 514

CYPPSP1: 5-ATCAAGTGATGCATGTGACC-3’,
CYPPSP2: 5’-GTGGATTTGGAACGAGTAGCGA
AC-3’, CYPPSP3: 5-AAGTGGTCAGTGAGAG
TGCCATTG-3’, 43l 5 G i b Bl ) a2 A1k 1)
4 FPfRIIES 14 (AP1. AP2. AP3. AP4) HE{T 3 X
PAXIFRELE PCR N, LIIRTS cyp7lavl 53wk
BHEEX (5°UTRD 741, 55 1 X PCR ] %, LA 1 pg
HiAE 5 DNA W, CYPPSP1 FIfHi 35514 0514,
NN N 94 C. 1 min, 98 ‘C. 1 min, 94 C.
30s, 65 ‘C. 1min, 72 C. 2min, 5 /MEIF; 94
C. 30s, 25 C. 3min, 72 ‘C. 2min, 1 PMEIH;
94 ‘C. 30s, 65 C. I min, 72 ‘C. 2min, 94 C.
30s, 65 C. 1min, 72 C. 2min, 94 C. 30s,
44 ‘C. 1min, 72 ‘C. 2min, 15 /ME¥f; 72 C.
10 mino 25 2 X PCR Jx Y, LA 1uL % 1 ¥ PCR X
N A REAR , CYPPSP2 RITR I 5 M0 A 514, &4
£ 4: 94 °C . 30s, 65 C. 1 min, 72 ‘C. 2 min,
94 C. 30s, 65 C. 1min, 72 'C. 2min, 94 C.
30s, 44 C. 1 min, 72 C. 2min, 15 PME¥F;
72 C. 10 min. %5 3 X PCR JZM, BL1uL 552 &
PCR [ WA, CYPPSP3 Flfi 3514 514,
SN ZRAT RIS 2 ¥k PCR X W.o 3 K PCR V)
1% JTe e i FL Uk R Wi 4lifk. PCR 724, 3
pMD20-T %A 3544k DHSa, X 20l Wi 1) 4 5 3143
(1 BH I v B 3EAT P 41 434
1.3 #EMREZERIDE
AP 25 SR B RE S 5 1), IR IE
I8 Hind 111 5 XbaI. CYPPBII21-1: 5°-CGCA
AGCTTAGTCGACTGAGATGAAAG-3’, CYPPBI
121-2: 5’-CACTCTAGAGGTGTCAAATGTTAATT
A-3’, CYPPBII21-3: 5’-CGCAAGCTTAAGTAGA
AGTAGGTTCGC-3". VAR A A cypT-
lavl 5’UTR J#51)[f] pMD20-CYPP-941 Fll pMD20-
CYPP-512 Bk W AA, 4379 Lh CYPPBI121-1, CYP-
PBI121-2 Al CYPPBI121-3. CYPPBI121-2 45 |#it
1T PCR A1 cyp7lavl 5°UTR 541, J v 41t
WF: 94°C. 5min, 94 °C. 30s, 55 C. 30s,
72 C. 1 min, 30 ME¥; 72 C. 7 min. PCR j~
W25t Hind I 5 Xba I WS, 1%58 GBI
HL ik [l atifh, 5 [RFEZe 0t Hind TIT 55 Xba T #1625
B 35S BE) R TR pBI121 4%, g F 4 k.
P 283 W) s 52 SRAS R B M S B AT P 51 23T
1.4 HEYREHREIEE
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H I IE A (1) pBI121-CYPP-919 1 pBI121-CY
PP-490 FA1FURLFE A A TR LBA4404, i 1 B V%
PEHUFRL, Hind I 5 Xba I WEEY) % EH 7. &
HEA TR LBA4404 HEALHH LK) 5925 DL STk
WIE®, 25 me/L RIS E R IEATIHIE, BEEETIERRT
Ji DNA, PCR ## cyp7lavl 5°UTR JE41% 5 54k,
JHEE
1.5 GUS AR F LGB TE RIE RN

¥ PCR 458 B IR A I R e v B /s
HHT GUS Yt GUS A0 (0 feib v e Al 7
122 30RO VERY, DAAESY BlK Al pNPG 42 1 nmol
X B R 2R T (1 I S — /N ) S, GUSS TEE A
R TR (mg) VR MBS R .

1.6 BB &G B L IRE

PiEZ it GUS ik e ta % H R B E I
TR, ARREEFE (25 C, 16 hJ6/8h i) 30d
Jis HLUR AT (1) AAbHE, 4 CRiF
24 h, JEREIHIN 16 hO6/8 h s (2) EAMES Ak
i, AMT (254 nm, 20 W) N 20 cm ALE5 1 h;
(3) Bi/KALEE, HAuHiR MRt B T I M g4 I,
4kgf 25 CHHEEFE 6 ho
2 R
2.1 cyp7lavl 5’ UTR BY% B R JF5I4HFE 2 #7

5514 CYPPSP-1. CYPPSP-2. CYPPSP-3
Sl 5T IE514 AP1. AP2. AP3 &% AP4 #E4T 3 IX
PRI IKE PCR R M JG15 2] 2 AN =45 o B
FEH R T 23 A e 24k 28 3 ¥k PCR M IR 724
W, ST pMD20-T #ifk, 275 )74 L
43 #T Chttp://blast.ncbi.nlm.nih.gov/Blast.cgi/) i 7~4F
S EIIESI AP2 54 3 Yk PCR ¥ )5 11 2
Bo=d (1), Hod 512 bp FBUFHIE 941 bp Fr
B3 ui)pHAHIE, A2t 512 bp B 941 bp
F B S P B 30745 cypTlavl
it P HIATY, 50415 GenBank WSk F B 168
cyp7lavl 5°UTR J##1(EF015297 ) If [ 51 4y 68%.
Hodr 941 bp ¥4I EAE GenBank, W{k'5 N
HMO048927.

G RNA EZE AT Y 1S 5°cDNA K
3k (RLM-RACE) 4k At e Meyp7iavl Mkt
EURAT AL T HMO048927 5155 899 41, LA
1 &/~. i PlantCARE %45 %2 (http://bioinfor-
matics.psb.ugent.be/webtools/plantcare/html/) 4347 ¥l
I TATA FF1 CAAT &5 AL T S AR 1 vt i

M 1

1000 bp
500 bp

<941 bp
512 bp

M-DNA #I%t 4> F i fithsifi  1-CYPPSP3 & AP2 PCR 4
M-DNA molecular weight marker 1-CYPPSP3 & AP2 PCR products

1 ARIFREZE PCR P4 84 ik
Fig. 1 Electrophoresis of thermal asymmetric

interlaced PCR products
30 bp 1 76 bp 4bo BR T XA T sk T h4b,
AN A 1 N s 45 0 F (AT-rich element), 1
MG T el (LTRD, 2 M % 3 I5F (MBS),
1 M FE 0 (W-box), 3 MNMEE I/
L5 CREA R 1.
%1 Cyp7lavl 5'UTR FHIIRRIER T4
Table 1 Cis-acting regulatory elements in cyp71avl S’UTR

I A e 5 & £
ATrich 336 AACTAAAGGTA-326 AT-ich DNA & E A4 &
element Prss, SR
MBS -864 GTCAAC-859 MYB &, 5TRiET
-426 GTCAAT-421 GiiFS
LTR -268 AAAGCC-263 {GRIARA R 7o
W-box 211 CCAGTT-206 HREEST RO
ABRE -231 GTGCAT-226 IV RR R LAt
G-box -232CCACGTAA-22S  oh. EAMSER RN T
Ibox 746 GATAAGATA-T38 St TTIE:
743 AAGATAAGTCT-733
TATC-box -546 ACCCTAT-540 TERERN T
TCA-clement  -195 ATTTTCTACC-186  /KMRR MiTti

PR B AR AT e e a7 s (B3 7 3

Positions are given with the respect to the putative transcription start site
22 EYIFREEKEEE
Wi PCR ENE LM P cyp7lavl 5°UTR
¥4 pMD20-CYPP-941 Fll pMD20-CYPP-512 Ji
Firp K 2 A cyp7lavl 5°UTR 41 (919 bp
F1490 bp), ff A pBI121 ki JEHUR 35S B3l 17
BRI LA cyp7lavl 5°UTR JFATE GUS KIAMH
415k pBI121-CYPP-919 F1 pBI121-CYPP-490, %
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Rt D) 45 5 R 43 AT 2 B 7 41 S5 48 AL RUER o
23 H{LIEE PCR M. GUS FEREMHERE

TR pBI121-CYPP-919 A1 pBI121-CYPP-
490 H NARFTHH LBA4404 )5, 30 i 35 7710042 e pil
B R RS TR IR R R, SRR R IE IR
PR SR EPTE R DNA My Rkt T PCR A0,
I3 ERTE 5 ASF 3 A4S PCR FHTERKZR . K} PCR il
BH P 1) 3 S DR Bobk AT GUS B e, BRI
WEEYTERE A, o 2 4 pBI121-CYPP-919 443t [A]
FE (4 Fi15) F12 A pBI121-CYPP-490 ¥ LK bk (2
3D M AR BN (B 2). A5 R
WK pBI121-CYPP-919 #: JE Ak 4. 5 F
pBI121-CYPP-490 % HE KB 2. 3 (1) GUS ¥& 1% 4331
H 1.69. 1.75. 1.52. 1.68 nmol/(min‘mg), FHK
¥22 /> cyp7lavl SUTR J¥HI3 Ja sh &t H oG
B2 (P>0.05),

1 2 3 4 5

1, 2-pBI121-CYPP-490 #£ P bk 2 F1 3

3, 4-pBI121-CYPP-919 #3EHkk 4 F1 5 5-Hy L

1, 2-N. tabacum transformed with pBI121-CYPP-490 2 and 3

3, 4-N. tabacum transformed with pBI121-CYPP-919 4 and 5 5-wild type

2 HERMEER GUS e

Fig. 2 GUS-staining in transgenic N. tabacum
2.4 FMBEEHT cyp7lavl B FHIREIFIEER

BEHL pBI121-CYPP-919 # FE PRk 5 AT (G IR -
BEANR AN N K AT o O 28 Kb B I A A A e
1 GUS #WEPEA (1.75£0.21) nmol/(min‘mg). T
280 W 30 45 A0 B B AL B GUS W PR
1.4~2.7 %, Hrp ik ab 305 # AR RS GUS i
Frigf s A (4.76+0.42) nmol/(min‘mg), 4 ‘CHl
SOME S RIS A GUS i (2.52+
0.16). (2.4740.41) nmol/(minmg) (n=10), UL
Kl 3. REHIXLEp a4 BEXS cyp7lavl JA 3+
AT RN
3 itie

AT TAEE T3 85 T cyp7lavl K52 /N A
BT FA, SHEHASERERNY], BREREIS K
JPH—FE¥ BATIEE GUS JERREMIhRE. 27
H) Y5 GenBank Wk )5 — /N4 cyp7lavl
5’UTR JPHIFEAAHIE, KB cypTlavl JE 3§ 1l fEfE

Ser .
g i

=

g 4 r

»—01 %

g I

=2 F x 7

Jcns

% R

20

M RIR (4 C) EAMES K

SR 4L TP<0.05
*P<0.05 vs control group

B3 HEREE GUS FEEESRN

Fig. 3 GUS activity of transgenic N. tabacum
FEZASE, JF HIX ISR AT RELS AN [H] i 28 AR 1Y
HH R BAAE M. Kim SO HH SRS
B R R MM S (ads) E 3T
WAFAEZ FENE

FER M R, cyp7lavl JAEh T F8I&H A
PRBEm RS oot S0 R AN A%
A AL G, GUS BTG PER A AN R BE 1) 4
i, AT cyp7lavl i 870 JiE BRI IA i) 4552 S
AR . N, R 1R
W, ARSI, AR R, miEh . T
Y R 28 R OKER. oK
FIRR TG 7R85 20 SnT LMEk Al pu
AU S K b Bl ek 1 7 7 2 A I R A
TR 2R R ORI A 3 1 S i 2R
WAL 2 Z@ A Kb H R AN AR A
I3 22 Tl N TREADL A0 45 P PT 5 3 7 8 3% B B A
ik, ALl ads. cyp7lavl A dbr2 & [Kfr) i v
AW, 78 4 CEAER, cyp7lavl Al ads [f)&
239 iR 80%A1 50%™. It E K, cypTlavl 2
RO AN A SRR H R R R S
ERAMGAK . cypTlavl JHE) TP ik &1 %
AT, BHIZR 3 TR AT e DG,
FE SEI0 B K DLAE RIS B 95 06 4 T, v AL BEXY
cyp7lav] FPIZIA 153 T A1 95 B, H
BRI A A RIS Ty ik fpadt— 2
3T o

TAh, HE R R B A Y BR8N
RERFIE, BEEMATIERE RS R ARET, B
FEIAT B G i h d e AN, TR
W R R IA R 2 B AR B Rk
cyp7lavl. dbr2 Al aldhl JERI#S /2 MIRTE (glandular
trichome ) 1A 7 I FRAE e 43 25 K 1), 2L mRNA



¢ ¥ % Chinese Traditional and Herbal Drugs

FEaE F4H 2011548 <769 «

FEMR BB AL b 2P R0, AR e
BRI T S AN R A K B T S A B R A
IRIE K K ILAFE ) mRNA 7R
LR, AEIMIEITAERTIE B A8, T ads A
cyp7lavl JE [ FHiE R AT, 5 R A Ok
R I 2 B LA () AR P T R S O
1B cyp7lavl JA 37 HIALR H RIBFFIEIEA fr
T

FACHEAE I A EE A 2, HAgER 2 HhX
FEH PR F AR, AT
R IRV BRI, g R iR
AR SRR AR R . IRAITIUTE R G gk
TR DRl D 26 T IORIEAFIE . FEA
NIRRT TCIE . Feok Dy RHAR AR R R AT B
T I E R AW A R, R IR K
i, ARACH A A, Sl A TR T B T =
RO, MRS E i e 7 T B OB )
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