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Ri RUE AN EERAREFREEEZNED SR

EEFE FEB' HRFE HER?
(CIEEMR-kEEmE b 100088)?
CREREREHTRHF JEX  100044)°

W B HEBERE (Agrobacterium rhizogenes) ¥ (L ¥ A H I # (Artemisia annua L.)
Rt T BARASME T B, Southern 2235 NPT I Moy W{IE 80 Ri BB T-DNA B34
LT EPMBEERAL. FERERALE D, RETHEOEER A —FHENY
B, R TARECE FHEARERAFERTRNBW. 5R%W. R (BT, 1zh 3
JHE, 2000l HHTRAFYHFEREORR. HREWpHEN 5. 4. BERIRER 3N AR
R ERaEk, MARFEHEENTR. BERERZE NAM MERBERKBEHRIHERER,
HuHEREHER. REBEGA MEARNERERIAF YN SRBEY RAKRE, K8
WA 4. Bmg/L.

X HE, RiIEE, %, FER

ITEERRY H Ri BB b Y, LR A EY MR ITRERE5Y 4 HE %
WEWRE, HERFRRELY. HERISEEER—BLAL RS, B4 156~
157°C, A4FRH CullnOs, BETHEAMEEBEANEY. SREME. FEEWMETF
R, KRR E SRR E DR AR R RN A Y. BTE, 2R EGEE
20 Z AOSEERE AL, ERWHE, RHERHTAMMEE, HEASEEDEY
ARBEMKE, ARIEEMFCERY . HEEER IR DEASRENEL. §
B BLAT S R A S RV R, EBLEBRR TR

Hol, A SSELEEATEEYYRIEE RN, REKYES, B#uRy. B
ERBFHEAFERRK, FHEERCEALSR, HHTHRAT. BHATRER™. &
GBI G ERET 2R, HETFHARLTRIARES, FEENSRAT
TEHMM R LB A BEER IS, Woerdenbag® S A H R, FHHES B iLMER
YT EM 0.08%, HAEKFWN 6 MES. HCEHEHEMOMH I, BT RHE
BRAL, BERRYPRAIEEENETE. I—HRRKWE Y, FURRIES
ETUEFEHERR.

1 A
1.1 HEER RIS

EXERBEESTRME.
= WAk E A
EXTF 19944 6 F 4 H .
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R R FERIGOLEH Ri R pRiAb, FFHH Hind 1}y B 21 %4 NPT I
(Neomysin phosphotransferase 1) #H, Rk FRSE CHFE. R EEERTHEN
¥ (Supervirulence) BB RIFE pTiBo 5421 Vir Kag¥i ik pTVK291%,

R 16017E YEB ¥ 33t LRHES, BN 27C, 0~ACHEF. BHMET 27C. &
100pg/ml K37 25 %K 3k 1T J0 2 E AL PG K B AT A T 64k
1.2 EEEXKNRXE

WMESMHTH SURERBAEENE 10min, ALEAKME s K, BREENHTE
FREMEM MS ERE L, 7F 2000x, FFRNEH 12h, 26 CTHERITHE.

1.3 ERNES

a8 IE S A2 smm K A/h R, 7EMS BAIERE RIS 3d 5, B
B 10min FHRHE, BRTFLRER, BHEIREHEN MS IE5xE HIgsF 3d
B BAESB T HEE 500pg/ml i MS B3 EHIT R, 4 10d B RM, BARH
HESTRAEEFAELHE.

1.4 RBSROBIERERGSN

#MS EARHE L RAWR SR, HE L BHSHE KNO,, NH,NO, #ik I 4 MS
By 1/5, WEMREER 2%, pH{EN 5.8, HRMA 5 MS HFED LakUiEss. dBEARR.
SR RRETREE S, BEAEY 110r/min, M ELBAERMERTEREW
SR, '

ERAERHASE (o MERK WENSE/EPR) RR. RRPFEENR
WK ARSI BT EEEN S HY me/g (THE) X5, EERVE™
B me/L XR (GRS ERFEPAR . MBS FRA ARS8 27d 5 35d.
1.5 AEBAAFHABREEETFERSRVEN

RS, SHELETRAMERIFIEM, HRESEREFNE 1 RFH, 24
BE 2K,

1.6 NPTH EGEMAS M

BEIEAG 2 18 Roy iy ™,
1.7 Southern 3 434f

#2745y 72 BB Rogers Hpy ™,

2 HRE53%w

2.1 RBEHFESNEREFERIES

2.1.1 RBHES: BUEH 3d WHEBHHERESR 3d )5, &5 6 R4 v i 4%
BIEMEM (EM1-A). K& 10d JFRIVEMER, TRIEW, R16012F & N #E
GRECRIA: E N ‘

2.1.2 RWERERPRBRYL. XTRARAAIEFROEFE, TR EIE 1991 FH MR
BRR A 38 37 2 A BR R v B W X AR R R A BRI ¥ B R P KNO, 5 NHLNO,
i1 & BBy MS S 3R BH 1/5. Woerdenbag SV UM EREH BRI 220, FH R
FRFPEERREREL. dok, WSS R 3KEE 2%, pH{EN 5.8, HARN 1,
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K R MS SRR LR .
2.2 REHERAM
B 1B RAREBREEFETHER

. B RMEEREREREE, RRES

12 KRB 24 RAMBAERWY, 24d BRWIF
swi eI, BEEH.

LigsEEd, RETENFERAHT
60% M BBRBIFERES (WE D, XXMTF
FB A BV % HEAT KA T R AEH
.

2.3 BARFHERNEERFERSR

B9 §Z )

2.3.1 XEEFHEWEXLTERNRRE
g, LEFE LR RAREREK, S
%, HEL, MS HEHE EMRAEEL, & -

Wi, X TTRE L MS R EM A H BERGHASHREZ — AR 1 BT B E

FETE T AR EIEF.
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Fig. 1 Time-course of hairy root growth of

artemisia annua in L liquid medium

*1 TEABKEHATR\EEEWERES ROLR

Table 1  Comparison of the hairy root growth and content of artemisinin

in the different culfure conditions

Medium Tllumination (2000ix) Growth-rate Artemisinin content/mg « g~ !
MS Solid culture 12h/d 2,503 0.421
Dark 2. 667 0. 000
L Solid culture 12h/d 5.790 0. 465
Dark 3. 766 0. 000
Liquid culture 12h/d 264981 0. 560 (In hairy roots)
1. 621 (In medium)
Dark 9. 056

0. 455 (In hairy roots)
0. 457 (In medium) )

FHENE AR TI. £ 1FEREEEFTHAREAGEELEER, HR
—iRB BRI T T A M BRI IR R TEEWN T ER MM, TR MS
EFRAER L BRE, WA AT EE. L E—EERED T RR&EN Y.
BEMERPBARKD. SHFRIEMET FEREFRIALHELE, AWl 7K
g MS B3 EM L 3R E RARKMER, TEHEFERNTERMER

P AROY,
W3 R IE A%

2.3.2 MERMARNERREEESSOEWN: ERRETARNEK. FERATR
Rpegay g W 2. AE 2 /&, E—E A, BREA I, RBEARN AR,
{E 2k AT 820 B, MAE S TRAETN, 280D, B, REFR, BB

BROTHBRE, EREFOFE TR, sSHARRAREFRGERIRE.
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Growth rate, @ Artemisinin in medivm
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Growth rate; fresh weight/incculum size

growth and artemisinin content

[’,','f"/-,i Growth rate, N Artemisinin in medium

@ Artemisinin in hairy roots

2.3.3  BiFvdk pH E X R B A KAR AR L. AE 3 FREERY, pH EB"R
fﬁtﬁﬂ?ﬁﬁi&ﬁ&iﬁﬁF%%%ﬂ&%&m%%ﬁ%ﬁ&ﬁﬁﬁ%ﬁ%*é&
PHEAT 6. 0B, £KZIUNM, 3 B HIAERFEFR W HE KOFRE, REPRE

A s L

234 MEMEMEKRFERBRGEM. K28 (NAA) B & RN &84 K
RO PTG L Rk 2 . SEIRE AT, NAA X3 8 M2 KA A i R R
P (F2), B NAA TEMEWREE T A — SR, (FLA0 P2 A A R
&R . WNRITESE, MEKE NAA BSHERILERA 41, BRE, MKEAT
0. 1mg/L b, RHHETREBE, FASKBMLTERDHAS, BE—RIE,
NAA SRR R AR R A IR HE O, RER GA, X HERR A% K R HE
R ITE A R A . 0 R e B RS N I o TRy 3d W% 1d. RABAETE S LA

FHK, AEHH, L, REE,

T2 NAAXHERARREERSENUS

Table 2 Effects of NAA on the hairy root growth and content of artemisinin

NAA/mg+ L™! Growth-rate Artemisinin/mg » g~ !
0. 025 ’ 34. 457 0. CBO
G. 050 33. 500 0. 166
0. 100 29. 400 0.128
0. 250 15. 813 0. 00C
. 500 13. 052 0. 00C
0. 750 8. 706 - 0,000
0. GO0 27.101 1. 480

Bl 4 5 GA, HBEH 7. 8me/L RARM A K M4, 7 100m! Y L BBFHRS, GA, W
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B GA, SRR MMER, ANTHER :su
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HABE R REN, RMAEGA, & " 5 " e”pmdfd s o

LREF BT EAE. WHolCH g, wweca we . Bme/L i £ KD
REHRBREABHEHTLES, GALH g, 4

Time-course of hairy root growth of

AL R RS . B, T DNA ML H artemisia anma with GA; (7. 8mg/L)
ién[ﬁ]ﬁ‘ﬁﬁ?fﬁiﬁjéﬁ[ﬂ?o Prodeution {g) is fresh weight
160!' — F2e T 11+
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_ N \ 451 F
@ 100 :54 4 :!.') g:w .g
= w % | o 16 E
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S 0.6 2, &
7 042§
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AN ) o €17 2
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(
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Fig. 5 Effects of different concentration GA; on hairy root growth,

artemisinin content and its production

7 f .

/A Growth rate, % Artemisinin in mediom,
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Artemisinin production, Artemisinin in hairy roots

REBEREWAKFAYH, ERASHEDTFE, WHFRXREXAEYHEEEWNE
BEMERIRELERY . FAREATIWAREEABER, TERAHE RN MR,
AE S HEEL, REERFEY 3~4 Smg/L I, EHEGSEEDNH/RE (49 1. omg/
g)e WEBLIHE, W4 8meg/L WENFRERRZRGEMNIKEE.

2.4 NPT UERiEH:

NPT I BEiE R MR . HE AL MRRAEAQGEHARNHEER. HH
Ri iy & NPT I EFEHBER THYAROZEEA L BEKRI-C.

2.5 Southern F%3F ‘

FI & AR HFE Ri BUR pRIA 4bify pFW 302 fE 8§, 14 DNA B0 sc AR, R

© PERFRHBEMFARAATIKSGwEET http://journals. im. ac. cn



320 £ 0 I B ¥ B 1%

AL E A OV, WMEAREH (CREEEERERBEESR IRETEH
f SR R I (BRI D), B T DNA B A B S RIEYHEEEAL.

£ F X MW

[17 Chilton M-D, Tepfer D A, Petit A 2t al, Nature, 1982, 298. 432~~434,

(21 Hamill J D, Parr A J, Rhodes M J C ef al. Bio/technol, 1987, §: 800~~804.
(3) peResd, POE., FEN, #HHrie®, 1983, 3 (. 4.

(0 BME, FHR, AHR%, PEREK, 1981, 6: 63—66.

[5) B$RE, @i, FEAS, HPFER. 1983, 25 (1), 87~0.

%] Woerdenbag HJ, Luers JF ], Uden W V &£ af, Plant Cell, Tissue and Organ Culturc, 1993, 32: 247~257.
(7 ik, EEP, HAEFES, MWEHR, 1994, 36 HTD. 165~170.

(8] Roy P Sahasradbudhe N. Plant Mol Biol, 1990, 14; 873~~876.

{91 Rogers S O, Bendich A J, Plant Mol Biéll. 1985, &, 69~76.

[10) Sauverwein M, Yamazaki T, Shimomura K. Plant Cell Rep, 1850, 9, 579~539.
(11) Sauerwein M, Wink M, Shimomura K. J Plant Physicl. 1992, 140, 147~-152.
[12] Ohkawa H, kamada H, Sudo H et al. ] Plant Physiol, 1%89, 134: 633~636.
[13) Nilsson O, Moritz T, Impault N et al, Plant Physiol, 1993, 182, 363~371.
{147 Singh A, Vishwakarma R A, Husain A. Planta Med, 1488, 54, 475~474.

Hairy Root Culture of Artemisia annua L. by Ri Plasmid
Transformation and Biosynthesis of Artemisinin

Cai Guogin Li Guozhen
{Biology Department,Beijing Normal University, Beijing 1000088)

Ye Hechun Li Guofeng )
(Institute of Botany. Academia Sinica, Beijing 100044}

Abstraet  Hairy root culture system of medical plant Artemisia annua .. was estab-
lished by infection with Agrobacterium rhizogenes R 1601. The transgenic state of trans-
formed roots was confirmed by Southern blot hybridization with TL-DNA of pFw302.
The expression of NPT I gene was comfirmed by enzymic assay. The important sec-
ondary metabolites—artemisinin was obtained in the hairy root cultures. The effects of
various physical and chemical factors on the growth of the hairy roots and production of
artemisinin were studied. Artemisinin could be detected in hairy root cultures in the
light. The optimum pH value of medium was 5. 4. Fast growth of the bairy roots and
maximal production of artemisinin was observed in the presence of 3% sucrose. Low
concentration of NAA (0. 025mg/L) enhanced the growth of the roots, but inhibited the
production of artemisinin. The growth and artemisinin production in hairy root cultures

were greatly promoted by addition of GA; to the medium. Its optimum concentration was
4. 8mg/L..

Key words  Artemisia annua 1.. » Ri plasmid, hairy root. artemisinin
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KEZF%. RIFEEACHFHEAREEARFERAED AKX BT
Cai Guogin et al. ; Hairy root culture of Ariemisia annua L. Plate I
by Ri plasmid transformation and bicsynthesis

of artemisinin

A. TInduction of hairy roots by leaf disk method
B. Hairy roots in liquid medium {24d)
C. Detection of NPT 1 activity
1. A positive control
2. Untransformed leaves
3. Hairy roots
4. Callus derived from hairy roots
D. Scuthern analysis
1. Containe Hind T digested pFW302 DNA
2. Untransformed leaves
3. Hairy roots in solid medium
4. Hairy roots in liquid medium
5. Callus derived from hairy roots
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