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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. fabacum 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)
G B TR — BT o R A U AR AL, gk
RIS | ARG — 2R 455 Bl 2 fLd
BN Cads) U, TAE OHAZRSERE T 41 M0 (5 3% P4S0
BINAEBEEL Ceyp7lavl) FI4H (6 3 P450 S Abit
JREEER Cepr) M. FEEE A 11 (13) XUEE 5
JEPR (dbr2) YLLK 3 i AU R ) Caldhl)
[ A AW T AR R B b ik FIRBERZRAG T
A P AR — RO AL TS R
cyp7lavl i I4i futa 3z P450 FINAREZ — 12
DI REAS 1t A0 B, mT Ak 2 AN 95 8 38 5 e 44,
ARG ERFERE 0. T Rl O B R R T
S RN, AERIRTSL R cypTlavl &L R
AHR, KE LK FFRE, FHSEERNE
B IEARDEE, I, ABFRAE T cyp7lavl B
R B8, LL B b RS (GUS) ARkis
FER, AR, XA B R R AT T )
ST, RN cyp7lavl 763468 I RiA
Fefk, femilRida, DS RETERED
A B E B
1 MR5AEZ%
1.1 #Hy

WAL= Artemisia annua L. Fh1 (R FH, 4
FH 2 5 FHASEEG % R A7 s ML Nicotiana tabacum L.
K326 -1~ FHHT g AR b K 2 [ S0 ek s A2 LA AL
A GUIE A 21 2% 1580 o K 1 (Escherichia. coli)
DH5a. MR AR FFH LBA4404, JiOkL pBI121 HiASE
= RAF; pMD20-T 44, FREIMEN DIl 128
Mgt RO DRI S (Genome Walking Kit) 3404
AEAY TR (KB ARAW; SRl =
2 B AU E A ERA R A A 5-5-4-5-3-1]
WREIE BT R (X-glue) T H Sigma-Aldrich A
+ T EENVE RAN (Sarcosyl) FUXS AL HE-B-D-
HIZEBERETY (pNPG) W H Amresco Al Kigidk
6 H Oxoid 2wl HoAh 4k 22 2 i35 2k [ = 43 Hr 4k
FE4) DNA $EHGAR G H Omega A w5 ki e
WA BEHER DNA [AIBGRFA & | AR 4L
B CERD AHRAF. 51965 DNA T H
Invitrogen 2 7] 56 /i o
1.2 cyp7lavl BIFHIRE

PLEAE S i B oA A R RS DNA 32 07
UL T E. DNA. 3 cyp7lavl DNA J¥ 4
(GenBank W(3&'5 DQ826743) [ [m & LA T 514

CYPPSP1: 5-ATCAAGTGATGCATGTGACC-3’,
CYPPSP2: 5’-GTGGATTTGGAACGAGTAGCGA
AC-3’, CYPPSP3: 5-AAGTGGTCAGTGAGAG
TGCCATTG-3’, 73l 5 G i B B il ) rh B2 ik 11
4 MEIHS1M (AP1. AP2. AP3. AP4) 4T 3 X
PAXIFRIKE PCR N, LIIRTS cyp7lavl 57wk
BIPEX (5°UTR) J¥751. 55 14k PCR XM, LA 1 pg
WAL DNA kR, CYPPSP1 AT 5140 4 514,
NN 94 °Cy 1 min, 98 C. 1min, 94 C.
30s, 65 'C+ 1min, 72 C. 2min, 5 MiE¥; 94
C. 30s, 25 C. 3min, 72 ‘C. 2min, 1 PMEIH;
94 ‘C. 30s, 65 C. 1 min, 72 ‘C. 2min, 94 C.
30s, 65 C. 1min, 72 C. 2min, 94 C. 30s,
44 °C. 1min, 72 ‘C. 2min, 15/ME¥; 72 C.
10 min. % 2 /X PCR X%, LA 1puL 25 1 X PCR Jx
IR, CYPPSP2 FIfiJF 51900 514, N4
£%5: 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. 1min, 72 C. 2 min, 15 PMEH;
72 C. 10 min. %5 3 X PCR JZM, BL1uL 552 &
PCR N A4, CYPPSP3 FIfR 51404514,
SN ZRATF RIS 2 ¥k PCR X Wo 3 K PCR V)
1%5 IR Rt i B vk [Pl 2lifk. PCR 724, 3E#:3)
pMD20-T %Ak 3544k DHSa, X0l i 1) 46 5 31453
(1) BH P T B 1R AT 51 23T
1.3 HEYFTEHAEEE

AR I 25 B RS 5 1), ISR
YJl Hind 111 5 XbaI. CYPPBII21-1: 5°-CGCA
AGCTTAGTCGACTGAGATGAAAG-3’, CYPPBI
121-2: 5’-CACTCTAGAGGTGTCAAATGTTAATT
A-3’, CYPPBII21-3: 5’-CGCAAGCTTAAGTAGA
AGTAGGTTCGC-3". VAR R Ml A cypT-
lavl 5’UTR J#51)[f] pMD20-CYPP-941 Fll pMD20-
CYPP-512 JFhi WAAR, 4373 LA CYPPBI121-1, CYP-
PBI121-2 fil CYPPBI121-3. CYPPBI121-2 4 5|43k
17 PCR N4 18 cyp71avl S°UTR J#51, JN44F
WR: 94°C. Smin, 94 °C. 30s, 55 C. 30s,
72 C. 1 min, 30 ME¥; 72 C. 7 min. PCR j=
Y%t Hind T 5 Xba T WEEYI G, 1%30IRREEER
HL vk [Rlclifh, 5 R FEZe 0 Hind TIT 55 Xba T 1625
B 35S HE) R TR pBI121 4%, Mg FE A Tk .
X2k U] % e SR I BE A S B AT B 2 #T
14 HEYREHAKREIEE
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H4 I IE A (1) pBI121-CYPP-919 1 pBI121-CY
PP-490 FA41 FURLFE AL A KT TR LBA4404, 61U B V%
PEHUFRL, Hind 11 5 Xba I WEEY) %5 HH 7o &
HEAFORY LBA4404 FALHH B[ 5732 DL STk
B, 25 me/L RIS E R IEATIHIE, BLEBTRERRT
J7 DNA, PCR "3 cyp7lavl 5"UTR J#41 % & #:4k,
JHEE
1.5 GUS AR F L LT RIE RGN

¥ PCR 852 M IR A IR R e i B /s
HHT GUS Yt GUS AL Get J b v e mAs il o7
122 50RO VEY, LIRS BlK Al pNPG 7 1 nmol
X B 2R T (1 I £ oA — /N ) ST, GUSS TiEE A
FEPAL TR (mg) VR MBS R .

1.6 AMBEHLIBEHLEE

Pkt GUS ik ta % H R B e I
LA, ACREFE (25 °C, 16h)6/8hE) 30d
i, FHUURAAFREATATE: (1) AP, 4 CHiJE
24 h, YCHEHYIY 16 h /8 h ify; (2) AMESHAb
PR, AHMT (254 nm, 20 W) %20 cm 45} 1 h;
(3) BKALEE, B iR R B T e wiseal L,
el 25 CHIEREFE 6 he
2 #R
2.1 cyp7lavl 5’ UTR B9 B R FFIHE S

554 CYPPSP-1. CYPPSP-2. CYPPSP-3
S TRIIES 14 AP1. AP2. AP3 5t AP4 HEAT 3 1K
A FRHE PCR RNV JE 13 B 2 A=) 4571 o IR
JE B vl T 24K SR 3 7k PCR S BB (K17~ 4)
W, T pMD20-T #itk, Zidillfy5 7ot
43 #T Chttp://blast.ncbi.nlm.nih.gov/Blast.cgi/) i 7~4F
S5 REIIESI AP2 £33 Yk PCR ¥ #9511 2
Bo=d (B 1), Hb 512 bp FBUFHIL 941 bp Fr
B 37w e HAHIE, A2 512 bp J B 941 bp
R BB Y. PR BE 3 Al cypTlavl
tS P IARTT, 507415 GenBank WK IR 216 5
cyp7lavl 5°UTR ¥4 (EF015297) (A1 1 Ky 68%.
e 941 bp /@4l E AL GenBank, Wsk*5 N
HM048927 .

FRAE RNA &A1 5°cDNA K
Btk (RLM-RACE) {145 A 2 Meyp7lavl (%%
EURAT AL T HMO048927 [ 41fI5S 899 41, LA
1 &/~. L PlantCARE %45 %2 (http://bioinfor-
matics.psb.ugent.be/webtools/plantcare/html/) 4347 ¥l
I TATA AT CAAT &3 AL T sl i A s FJiE

M 1

1 000 bp
500 bp

<941 bp
<512 bp

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

1 ARIFREXE PCR P4 04 kAT
Fig. 1 Electrophoresis of thermal asymmetric

interlaced PCR products
30 bp A1 76 bp Abo ER T IXPAN R KIS T4,
I3 R 1 AN s 4% 70 (AT-rich element), 1
ML e (LTR), 2 M543 3 70/ (MBS),
1 NI S0 (W-box), 3 Mol LA
L5 E R R LR 1.
%1 Cyp7lavl 5'UTR FHIIRRIER T4
Table 1 Cis-acting regulatory elements in cyp71avl S’UTR

I o 51 E £
ATrich 336 AACTAAAGGTA-326 AT-rich DNA 454 E A% &
element Pty SRACHERARR
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 G
Ibox 746 GATAAGATA-T38 St TTIE:
-743 AAGATAAGTCT-733
TATC-box -546 ACCCTAT-540 TERERN T
TCA-clement  -195 ATTTTCTACC-186  /KMRR Mol

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

Positions are given with the respect to the putative transcription start site
22 fEYFRIEHAEEE

Wi PCR ENE LM P cyp7lavl 5’UTR
¥4 pMD20-CYPP-941 Al pMD20-CYPP-512 Ji
Firp P K 2 A cyp7lavl 5S°UTR 41 (919 bp
F1490 bp), FH A pBI121 ki JEHUR 35S B8l T
HIKYRLA cyp7lavl 5'UTR FE#1ifs GUS Rk E
24 J5Uki pBI121-CYPP-919 A1 pBI121-CYPP-490, £
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Rt U) 4 52 R 53 AT 7 41 S5 40 AL RUE A
23 H{LIEE PCR M. GUS fERFEMHERE

YLk pBI121-CYPP-919 il pBI121-CYPP-
490 H NARKFT H LBA4404 )i, 30 1o 385 5710042 e pH
T RS TR SE L, SRR R IR IE IR
EPUERR BRBTERE DNA B HEFT PCR A,
Iy HIERTE 5 MR 3 AN PCR FHMEAR R . X PCR Kl
BEVE PR A I DR R 34T GUS Geth, IR
WO PIRERE s, o 2 /> pBI121-CYPP-919 4L [H
FE (4 F15) A2 4> pBI121-CYPP-490 #:KEK kR (2
3D MIEABE B IE (B 2). th2E0eE
LKL pBII21-CYPP-919 # JL Ktk 4. 5 Fl
pBI121-CYPP-490 #H5LPAIFE 2. 3 1) GUS & 14371
H 1.69. 1.75. 1.52. 1.68 nmol/(min‘mg), F WK
$121cyp7lavl S’UTR P A B 81 idtk HIGHH
BZER (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

B2 FHEREERN GUSAHLERE

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

B pBI121-CYPP-919 # FE PR K 5 AT (%I -
BEANR N N K AT o O 28 Kb B I A AR A e
1 GUS #WEPEA (1.75£0.21) nmol/(min‘mg). ]
200 a0 A% 1 AL B B AL B GUS i PR
1.4~2.7 %, Jrp K ab 315 AR RS GUS i
THigE A (4.76+0.42) nmol/(min'mg), 4 CAll
SR AL B S AR GUS 3SR 0N (2.52+
0.16). (2.47%£0.41) nmol/(min'mg) (n=10), W
3. R LA A AT REXT cypTlav] JH 81
AT RN
3 itie

AHEFNTAEE 508 T cyp7lavl KH 24N H
TR, SHEHALSER AR, BRI S K
FFA— R R GUS ERFRIAN IR, X%)7
55 GenBank W15 — AN AL E cyp7lavl
5"UTR JPUIF AR, KW cyp7lavl JH3h 1Al sy

6T *
on

= i

e

g 4

»—ol ES
: i

=2 F =z 7
e i

4

OO

M IR (4 °C) RSMEST UK

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

B3 HEREE GUS FEEESKEN

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

B M R, eypTlavl JHEI TR A& H 24
MmN oo, Al AR S AT AR
MBS B, GUS BINEPER A AN R BE 1) 4
=1, AT WL cyp7lavl Ja 30556 2 R R IA B % 52 21 3
BEAATRISEN o I, R 1A
W, A FAIERIE, AR R, midh . TUE
YN HE B 20 HOEE OKBR. K
FIRR TG 7R85 3) SHmT LEk LA, pu
AU K b B ek 1 7 7 2% A I T A
UE T 8 28 ARG ORTR 0™ AR T v UL R
WAL 2 Z@ ARG H R AN AR A
I3 22 Tl N TREAD A0 45 P PT 5 3 7 8 3R A Ak A
(L, APl ads. cyp7lavl A1 dbr2 & K¢ v
e AW R 78 4 CHER, cyp7lavl Al ads (4
4350 I 80%A1 50%* . HikE K, cyp7lavl 55
RO A A SRR H R R R ST
ERGBGEAK . cypTlavl A3 T)PH ik &1 %
AT, SR S TR TR DG,
FESEI0 B K DLAE RIS B 95 00 5 AF T, v AL BEXY
cyp7lavl FPIFIE B3 F A1 98 2, H
R TAECII A T i RIA T ik A fyadt— 2
AT

FAh, HE R R S Y RS
RERSE, EEAEREFE R ALET, B
FESIAT B G I i e AN, TR
W R R R IA R 2 BT AR B Rk
cyp7lavl. dbr2 F aldh1 £ K #RHE M IREE (glandular
trichome ) 1A 7 HIFRAE g 43 2 H K 1), 2L mRNA
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FERRE T & AL h R /Ko s, AR 4ia
BRI T S Kﬁik%&ﬁ%%i%%&%l

IZIL K RILAFEA ) mRNA KPR AR R
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R I 2t B[R] () B R S A
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TP

FACHEAE I A E A 2, HAgERZ HhX
FCHE P R ARG, A ME.
R IRV 2RI, WrE A, iR
A SNSRI . RIS 8 3R 5
TR DRl ) 264 R IORIEAFIE . FEA
IR TCIE . Fesk Iy RAR AR I R R A7 B
TIWIE E R YA R, RS IRE T K A
i, AR A, BOE AU TR T B R
BT, MRS i e 7 T B OB )
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