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(FEMFREREYHFTHN B 650204)

B E FIOHE T EBREMAEKEREEE SRR R RS R RS R
LR T b .
dghin  BARE RERB S EY SR

U =1

HHEUE B R R AN LR R U R R L RS A B BRI AR AT HY
YEURER HOR A (L3 & A A IR 10 A 7 T P AR BE U SRR P B R (1R . 80 4E4X LA, R A AR AR
FERAEFFRAEHIAERYEE=YE HHRAATEMNES. aTHYHRREFRERAR
b AR . R R PR S R EE AR ER RS MES LA AR ZEY . AREBATH
AL H A HIE BT AR (hairy root) BER B R BREMERZ . ERERR . FAMS T E
EOCAKBEFESTHFRANFR. BB RRATFREEH T HE R e B0 8ie CnRT
ESHEARE M EER. WAERBIAE. EUHbsEY R B% EE TEFINH
F. RNEBLGRTHHBR\MBEIFERSEFDL.AOCHEHYBRBAOR AR EHY
i

L BRI A R HR AN

TRERTHERRERZAFTERN A WS REE JRFFE, TR RO
Ay AR, e EMN A URETEERBERBRAKAESFHERTEN. &
MERRBERERHKERBEYERNERES TESFRSERESER . 2 EFEKN -
WL E T ER R IMNEER AR BESETEE T,
L1 HETENEN

EHEFED N 1 KEEBEERBFURRBRE BT A RE B (Scopoha japorca) TR
A EERESEME 3 {531, E3EZE T 50 mmol /L B8, B KT (Hyoscyamus atlus) T il

e B8 H . 1998-02-23
»BEPEHELRZHMFTEZETHE
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EIEHE 19 R EEK M B E RN, BB E R EYHEE S REMTEE;
M7 WPIFFHESR,15 mmol/L HRTMFERBPIRWFENETELERET. B HHFFEHS
mmol/L B3 & BT (Vatura quercifera) AR RAEMBA S AR ERH . ¢. 5 mmol/L ) B
S AR A AE R YRR B B MBI R A A O MS IR R PR S BT
(Beta mutgars) BRBHERTEREHBERX B ETEREREAN TFEREAT RS,
1.2 fBTENRT

% ] Fe-Na EDTA (MK BEA 0. 078 mmol/L)R 8 FeCl B}, H AR HZ T RB MR EEZR
Y, Cu* IR BTN 0.5~ 1. 0 p mol/L B . %t H R FEARR A E KT EYWET & B3R L E
FU,
1.3 BRIRNR M

BRI E EREMERHRERN DR ERENE. LN EETERES
FARBETE R YA S RIEFL 3 ~5 X EE LA ERF RS, BEAER TR ELE
F AR A catharanthine §9 5 A&, T 2 SE 00 Fl F BARBrE KT,
1.4 pH {EAEI0H

pHEMEWAERE T ZWEA R REREMEEH. pH EX L €5 (Tugetes
patuta ) B IR 1R 8 A5 15 FIER A} (thiophene ) FI B B 194 BoE ), pH {H 2 4 B3 B R H Al A
5 0 IR AT AR A A S TRHNERFR.
1.5 }XBrEm

FEITERBE MR ERBYERA BRI EE R ABYALEEBRBERAN
HE H L TR R Ry 28 L S AT TE B U (R VE A,
1.6 BEMTEDE

ERBEFEEHRELE D 15~32C, il MK AR ERNREREHE L
AR, BEESCHANTFEELAERBENAER MREEEENEN TFEELAERRPEY
TR BT H e B AR A B A R gt
L7 BESERENHARER

B Z B REENSERBPECRYTER, MW 2, 4- ZFFEE L8 00 H @ F 5
B, BMRE TR (Cotens forskortiD) I ERIBETLTHE B W EPER. Wit as ol
forskolin B¢ &y .3 Bs IRFEFEM 0 1BAL me/L FAKBEEEE G 600 mg/L BT . forskolin {78 B 2 3|
M I HE TR R B (1, 9-dideoxyforskolin Fl coleol) i 7= R B P B0, Mok H R
( Fusarium conglutinens) {2 BN PEBVHEA RS F HEFAEEESRKRBRPRGHE
B,

2 BRBFIRENW=Y

TE— 8 AAF T R A Y B AR RET BRI IE B, WA s 3l 7 & IR 4 1 A (3 AT
Rl R e e, WA TTRER R hE PR AT 4, AT A H A e PR R T . th
HEYERAFREBHE TR, NEHERRP S EIMMEE T EDR. B R B, F
TE W R R AR EFERAS. R AFEERAEDBRRFHEIIHLEY.
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Table |  The compounds first separated from plant hairy roots

FARM AR & &% TRk
Name of hairy roots Compound Tlocument

agroastragaloside | 14
agroasiragaloside | 15

M FE BT B Astragelus memndranacheus agroastragaloside 1 16
agroastragaloside IV 16
Anthraserpine 17
dimethoxyanthraserpine 17

- FE IR Catkaranthus tricko phyttus pseudoanthraswepidine L7
desanthraserpidine 17
dimethoxydesanthraserpidine 17

B FAlF Hyoscyamus atbus hyalbiidone 18
lobetyolin 19

A% Lodela wflata labetyol 19 ®
lobetyolinin 20

dellar 2 7.2, 6 -tet L D-

%% Sa i bawcalensis 5.7.2, e_rnhydroxyﬂavone 2r_0-p- 21
glucopyrancside
3-0O-primeverosyl- bellidifolin 22

18 T 3 Swertir japonica 5- ( 3’-gluccsyl ) benzoyoxygenttisic acid 23
2, 6-dimethoxy-4-hydroxy-phenol- 1 -glucoside 23

35 % Tanacetum parthemum 9-epipectachol B 24

A Vateripa of fuinaghs var, sembuctfofta valdiate 25

3 EEE

AL EA AN ER. EMAR R REFHEIRDENEEATNE
A TR, EEX, B REERYHETEYE LA TEEE  XTERBETERSR
HIEFMEFERA SRR N2 —SRARHEAEAHELEEY Y S Ex. L3 E
TH A BREFTHEDELHF. FHASBRA T E 1 87 T R E (digitoxigenin ) 11
188-H B ELER (18 B-glycyrrhetinic acid ) B A M ¥ (b Feib P i R 1 FOEL 2 B .

4 £PEek

HFREER AR SRAEESER L, BRI BRI rEE REAL TR SHIEE, W #E
B B ST R A R A A B IR AT R S R AT A A A A BT N (L SR
3>, N Robins 85 F{ (RS)-phenyl-[ 1.3-2C.) -lactic acid {FVE G F £HB O, A E— A 53510
7 {4 #5110 . apoatropine , littorine , aposcopolamine , B 25 58 Chycscyamine ) . 7 B-hydroxyapoatropine .
#* B & (scopolamine) , 7 - EM 7 -hydroxyhyescyamine) , M T E A T LIETIA 0 B =B
(tropic ecid) R EHFRADHEAY G AR N EEIE Y4 emE 3 rr.
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Fig. | Biotransformation of digitoxigenin by Paner pnseng hairy roots
1. digitoxigenin 2. digitoxigenin stearate; 3. digitoxagenin patmitate ; 4. digltoxigenin myristate ; 5. digitonigenin laurate; 6. 3-epichgitoxi-
genin 7. periplogening 8. 3-epiperiplogening 9. 3-epidigitorsgerin B-D-glucoside; 10. digitoxigenin B-D-glucoside; 1 1. periplogenin f-D-
glucoside; 12. 3-epidigitoxigenin B-D-gentiobioside ; 1 3. digitoxigenin B-D-sophoroside

5 WANMHYIRY Lol 1k 4 ™

F R 41 (bR 50 40 B A 7 A PG P O S 3EL TT B R AR K SR . T T ol A P
FEAESMILE . ARAFERAEDR T B BR\ER#TASLEER RN —£. 8
HI A B Tk b AU S B RAR A B 2180 A2 BRIRETIFFR BB 2 000 L0,

B F BRI A PSR, TR AR B4 EnERse 268+
7M. Rhodes (1986 M Z LWL R 28, BHARAEHR A 30 ¢ TE/LL. FIAE
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Fig- 2 Biotransformation of 18p-glycyrrhetinic acid by Panar ginseng hairy roots
1. 30-O- (p-D-glucopyrancsy| ) |BB-glveyrrhetinic acldy 2. 30-0Q-[ B-D-glucopyranosyl-{( | — 2 3-B-D-glucopyranosyl ] 18 p-gly-
cyrrhetinic acid; 3. 30-O- (6-0-malonyl-6-D-glucopyranesyl ) 13 B-glycyrrhetinic acid; 4. 3-0- [B-D-glucopyranosyl-{1 — 27--D-
glucopyranosy| ] 18 p-glyeyrrhetnic acid; 5. 3-O-[ 6-0-melony I-B-D-glucopyranosyl-( | — 2 }-f-D-glucopyranosyl J 1B B-gly-
cyrrhetinic acid§. 3-0-[B-D-glucopyranosyl-( 1—2)-f-D-glucopyranosyl J30-0- (f-D-glucopyrancsy ) 18 B-glycyrrhetinic acid
&2 HAtERHHITE RS HEBiiit

Table 2 Biotransformation of useful components by plant hairy roots

FERP B bt 4 [FinE—Fitl £ wmk
Name of hairy roots Substrate Product Reaction type Document
digitoxigenin laurate fis 1k Esterification T
digitoxigenin myTistate #i5 k. Esterifleation 27
digitoxigenin palmitate fig ik, Esterification 27
digitoxigenin stearate B 4 Esterification a7
. . digitoxigenin B-D- BCHE L Glvcosylation 27
P
A Paax ginseng digitoxigenin glucoside B #¥ 1k Giycosylation 27
digitoxigenin B-D- Al 1k Glycosyiation 27
sphoroside
digitoxigenin 3-D-
elucoside
, (RS)-2-pheny1- (RS)-2-pheny | propionic .
P k(b Este i
AB Panaz ginseng propionic acid -B-D-glucoside A rification 28
2-(3-benzoylpheny!)- 2-(3-benzoyiphenyl)- L
propionic acid propionyl-glucoside i 4t Esterifleation 8
Brdens butylated
ki utyla dimeric stibenequinone ¥ {k Oxidarion 29

sulphureus hydroxytoluene
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Fig. 3 Bicsynthesis pathway of tropane alkaloids by [atira stramozium hairy roats
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Table 3 Biosythesis of secondary metabolites by plant hairy roots
} 0 R
ERBEFF frin % SR AL £ 3CHR
Name of hairy roots Labeled precursar Compound type of Document
biosynthetic pathway
B [2-1C]acetate, . ~
; 3z
Ajuga reptmls var. atropurpurea [ 26, 27-°Ca Jcholesterol S LUK
ﬁ %E 13 ]
] - 2 1
Ajuga re var. atvogargurea [26,27-C, Jdesmosterol cholesterol #] codistera 33
BE (1-*c},[2-"C]-. [1, . .
Amdrosta artemusa foha 213, J-acetate thiarubrine A 34
L-[2*-3%C]phenylalanine,
Tmﬁfiiizxs rere L-[3"-2C]phenylalanine, B 31
v ) DL-[ 2-*3CJwaline
L-[2'-2C]phenylalanine, ..
MHEEiEYy . ) 1’ -isobutyryloxyeuge-nol-4-
Corew tcturia L-[ 3"-'%C]phenylalanine, sobuTyrate 35
pows DL-[2-12CJvaline isabuty
g L-[2'-"C]phenylalanine,
L-[37-13%C]phenylalanine,  BLEE 42 HIHk 31
Datura stramesiuta
DL-[ 2-*C]valine
FAl T Hyuscyarans atbus CH,-"*CCOONA BEEmE e 35
1-13¢]-,[2-C]-, .
BE El 5 J:SIC ][ aceti:tle lactuein fi5 4 37 lactucin 57
Lactucr flurdang PeT o ; ivari
“ % [2-'3C, Jmevalolactone derivatives
HER " "
Nicotuana kesperts L-["C]-l¥sine anabasine 3B
HE B (RY-and (8)-1,5- . .
Nicolwaner tabaviim diaminopentane [1—*H]-anabasine 39
P ) 14 seratonin 1 f-carboline
Peganum harmale wyptophan-3-[C] alkalowds 10
WETEL IR Rl 3 B2 chalestrol WML SY 41

Serrabula tactora

VR AHEEE R BRIR LA R . (DEHELHSNERB R E: O ERBESE
EHRERPERTAERERED G ERMNER TR #TT.

6 LERIE

HAT FAALEFRYETRKE RS E LT & BB ARG LA MR EFYEL, £
WA ERENEN  ERXAEFEREER. & RE R GBEE ST SH05 . 7 Bi&
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HF R MEERE EREAEFRYERALEYRERTHERBIRENEL ARE
RIEWFBSHER AL RAERANTARER LSRR, BEATREREN P EE ) 0
MTFILSHE A DFREH# S FEERRENESNH ER2RHATIHHEBTRREAES
SHEG UERETHEDBRRMFFE, O# SHRBRBHFRRFRIHAIER
HALER L. EMER U E KA E = SR OEE-EFHEIERTE . AR
BWERBRPRBEFREALR.
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PROGRESS ON PLANT HAIRY ROOT CULTURE
AND ITS CHEMISTRY
2. SECONDARY METABOLISM OF PLANT HAIRY ROOTS -

Zhou Ligang.Wang Junjian
( Iustitute of Materia Medica, Huazhong University of Science and Techrology, Wuhan  430074)
Yang Chongren
(Kunmang Insttule of Botany, Arademia Sinica,Kunming 650204)

Abstract This review outlines the progress of secondary metabolism of plant hairy roots including
hairy root growth,secondary metabolic regulation, production of secodary metabolites, biotransforma-
tion , biosynthesis ,and industrial application.

Key words hairy roots,secondary metabolism , biotransformation . biosy nthesis
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