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Summary
I. Title

Development of Secondary Metabolite Production Systems by Plant Cell

Cultures.
II. Objectives and Needs of the Project

Vinca (Catharanthus roseus) produces pharmaccutically important
indole alkaloids such as ajmalicine, vinblastine, and vincristine.
Ajmalicine, a monomeric indole alkaloid, is used as an
antihypertensive agent. Vinblastine and vincristine, dimeric indole
alkaloids, are used for the Ltrealment  of" leukemia and malignant
lymphoma. Because ol thcir extremcly low concentrations in Lhe plant,
the cost to extract them from cultivated plants' is high. Furthermore,
their complicated chemical structures discourage chemical synthesis on
a commercial scale. Therelore, many .rcscarchers have tried to
develope methods to produce the compounds by plant cell cultures.
Vinblastine and vincristine are produced by coupling two different
monomeric indole alkaloids, vindoline and catharanthine. The lormer
is not detected in cultured cells, whercas the latter is. In
conlrast, the former is contained in the plant at a relatively high
level, whereas the latter is at a much lower level, Therclore, 1t has
been considered rational to produce the dimers by coupling
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calharanthine obtained [rom cell cultures with vindoline obtained f(rom
cultivated plants.

Two methods are generally adopted to select cell lines for high
vields of secondary metabolites : plating small cell aggregates and
repeatedly subculturing calli after division into smaller ones on
solid medium. However, cell lines selected by these methods are not
guaranteed to be of single-cell-origins. Alternatively,
protoplast-derived clones (protoclones) may be cemployed to avoid
chimerism of selected cell lines. Such is the case with Lithospermum
erylhrorhrzon cell lines for shikonin productlion.

in this context, we have aimed 1to ‘establish systems for 1the
production of economically important indole alkaloids by vinca cell

cul tures.

i1I. Content and Scope of the Project

In the second year (1990), the project has aimed at the followings :
1. Sclection of protoclones for high yields of 1indole alkaloids
from suspension cultures of vinca;
2. bstablishment of optimum culturc conditions for improving the
productivily of indolc alkaloids;
3. Analysis of specific-proteins related 10 the indole alkaloid

production by lwo-dimensional gcl clectrophoresis;
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4. Production of indole alkaloids by hairy root cultfures; and

5. Extraction of indolc alkaloids by supercritical carbon dioxide.

1. Selection of protoclones for high vields of indole alkaloids from
suspension cultures of vinca.

1) After 10 days of culturc in production medium, indolec alkaloids
were extracted from the cells and analyzed by IPLC. Among 40
isolated protoclones, only half of them produced indole alkaloids
such as ajmalicine and catharanthine and they showed a wide range
range of productivily.

2) Although the original cell linc did not produce catharanthine
at a detectable level by HPLC, protoclone VPV-10 produced it at
a level of 5.9 uglg fresh weight of cells. Protoclone VPC-15
produced ajmalicine at a level of 133.6 ugl/g, which was aboutl 3
times higher than the productivity of the original cell 11ine.

3) Catharanthine and ajmalicine were qualitatively identified by

LC/MS.

2. Establishment of optimum culture conditions for improving the

productivity of indole alkaloids.
1) When 0.5 g fr wt /| 50 was inoculated to MS medium of which basal
salls were serially diluted from 1/2 to 1/16, tLhe calharanthine

content rcached thc highest (114 ugl/g dry wt), which is about 3
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2)

times higher than that of thc intact vinca lcafl.

Growth rate of cell and final ccll mass in production medium were
ruled by inoculumn sizc and nol aflfeclted by tLhe concentralion of
basal salts.

With the incremenl of inoculumn cells, the productivily of catha-
ranthine was sharply decreased, but the addition of basal salts
and sucrosc restored 1t and cnbance the volumetric yicld of

catharanthine.

3. Analysis of specific-proteins related to the indole alkaloid

production by two-dimensional gel eleclrophoresis.

1)

Proteins were extracted from suspension-cultured VPC-10 cells and
analyzed by two-dimensional gel clectrophoresis. When the protein
electrophorogram of cells in the trophophase was compared with
that of cells 1in thec idiophase in suspension culture, it was
detected that two polypceptides were newly synthesized and three
polypeptides disappeared at the idiophase.

The newly synthesized proteins (pl 8.2, M.W. 24 kD ; »pl 7.0, M. W
29 kD) werc rctainced or cven magnificd at the fater stage. Thesc
results putatively suggest that the newly synthesized and disapp-
eared proteins play promotive and inhibilory roles, respeclively,

in the production of alkaloids in vinca ccll suspcnsion cultures.



4, Production of indole alkaloids by hairy root culture.

1)

2)

Hairy roots of vinca were induced by infeclion with Agrobaclerium
rhizogenesis Ad and 15834 strains. Productlion of opincs was
detected in the cxtracts of hairy roots by paper clectrophorests.
The production of indole alkaloids showed a wide varialtion among
the hairy root clones. All clones produccd ajmalicine, but LBI

produced a high level (ca. 3.5 mg/g.dry wi) of catharanthine.

5. Extraction of indole alkaloids by supcrcritical carbon dioxidec.

1)

Indole alkaloids such as vindolinc and catharanthine were effecti-
vely extracted from vinca leaves by supercritical fluid extraction
method using nontoxic carbon dioxide as a supercritical solvent.
The contents of vindoline and catharanthine in the extract were
determined by HPLC. The final confirmation of the compounds was
done by LC/MS. Sixty-seven % of tLhe extract obtained under condi-
tion of 40 °C and 150 bar was vindoline, whercas 8% of that at

40 °C and 400 bar was catharanthine.
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BA 6-Benzylaminopurine

p-CPA u4—Chlnr0phen0xyacclic acid

2,4-D 2,4-Dichlorophenoxyacetlic acid

DTT Dithiothrcitol

HPIL.C High performance liquid chromatography
[ AA Indole~3-acetic acid

sl Ispelectric locusing

1.C/MS LLiquid chromatograpy/Mass spectrometer
MS Murashige and Skoog

PMS |- Phenylmetyl sulfony! luoride
SDS-PAGE Sodium dodecyl sulfale-polyacrylamide gel electrophoresis
SIH Schenk and llildebrandt
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H2E 3 AlEel Addx(Catharanthus roscus)7} WAL= ajmalicine,
vinblastine, vincristine 5¢ indole alkaloidye ¥<k7bsl, 3letzba
2 gy x|l =L olatdAAbEolrk. E3] o] A indolce
alkaloid)] vinblastine®} vincristine® 228t nj3} 5, 00089 Abetsh=
a7h LUECE MAAAFEE A 5-7.59EC  dsla 9l
A Fo ol §FS FUIH(F ppm A E)ololA A EANERE A
qFF=37) ol = vl8o] el €9 BHI IFFgFRE 3l 3’1-9—-_-55

A AHoR digALsZIdE s el . wErA

Al-S-Z Rl oko]] 2|8l AU xe] F8 indole alkaloid AL Z3dlL od FL7}
L= Y Fo4H o} Parr, 1989 : lLounasmac and Galambos, 1989 :

Deluta and Kurz, 1989).

Vinblastine3 vincristlincg] RS g1 Fe|HQ w2 Fig.
19| A& o] LAxpHOoE olEL HFERQ catharanthines} vindoline&
A Aade wBEY  F, ol BTITIRRYH xA%Hd
HE-S- 0 2 o|¥A] alkaloidd At Aoleh(Fig. 1)(Fujita et al., 1990;

Endo et al., 1988 ; Misawa ct al., 1988). HF53 9|4 vindo!lincg]



CH0 " H T oH H -
(-lfHS éOOCH3 COOCH, .
Vindol ine Catharanthine CHA0 HOCOCH3
R '.
COOCH]

R = Clls Vinblastine
CHO Vincristine

Figure 1. Synthesis of vinblastine and vincristine by enzymatic
or/and chemical reaction of vindoline and catharanthine.

THE AEFE 0.12%E vz Fof FeFAHL 3FHI=E
HAad k& BHI 4~ QlE AHo|Y catharanthineg] L 0.003% =
dtong AEujekd &%t catharanthine AANEFE AHubsl=

__('i‘l__
e datx gioh. FE AEANE $Uo TPMY AEFE Auel

ded deguidrl HGAEY £l AEE A AEZEE (cell
aggregate)s el dt calharanthine$ AN EAY e Fekxcoh 3w o)Ak

WA 2 e AESFE AEE 4 Aok (Kurz et al., 1981). 23}
olg|¥t W @I Tto] ARQEAY ZlEgAte] HAE-E i E&
AEF Aol =z X, H O ARxe] AS A EAAA HFE

A EFEHE  shikonin Aol 7|E AEFH FAAE AEZFE

»

i

gAYl vz Lo|stA Awdd 4 deh(lFujita et al., 1984).

weta], B AFAdAE oA indole alkaloid®] F8 HFFZ<L
catharanthine] AALAAIE &Y 37| A3l LR dgujthEERH
AHZAANE w8, vludstgd A& protoclone2E=X-E indole alkaloid

2ARR AEFE Adstaa stedch



BlE fFE W BEulk

QA X(Catharanthus roseus (1..) G. Don ; cv. Little Delicata)$]

i

Fadol3t wAEAe] ShiEE 1 e FEebA 2.0 mg/  p-CPA, 0.5
mg/ ¢ 2.4-D, 0.1 mg/ 0 Kkinetin H7}3 sil A wl ] (1972) o} =] AF3k
T 677 wiokdted AY2E A}t frEE A2 FAd=AQ SsH YA
o X & M 7% 250 ml Erlcenmeyer flaskol] €& £ 100 rpme] &
shakero] 4] & ehuljeksleiom o 10d ZTAHCE  Adufoksigde. B

AT A SHG AFo] g RE W 25°Ce] Aol A Fajadch.

2, UYAN 5 % ik

et 2258 dyAAe Fg Y wjkE Frearson$(1973) 9
o E3tich. AldudFE 55U A Az EgR L 10 ml tubedl] il
100 X g2 10 7 AR 3tg9el. Packed volumee] 2F 1 en¢l A XSS
TH3sd 20 mle] 13% 9] mannitol& AHIFZF  CPW(10)8-Ho] &7l
HEHHA(90 X 15 mm)o]  EAAA A FE FHA Y
Mannitol8-H-g& A AZ T 10 mle] §LN o8 AT AEE B4 F 0.
TN 2% Cellulase R-10 (Yakult) , 0.5% Macerozyme R-10 (Yakult)

3 mM MES, 9% mannitol, CPW ¥7]go2 A3, M¥Ee F45A S
Mo HEgH4ls Parafilme2 23 X 30 rpme] gyratory shaker$l
FaA 27°Ce] xeA SAIZE F Wik, wEE JAEAAE

=2l 3l7] #18led ZALE F73 100 e stainless steel meshE A2 H £
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s 100 X g2 33 fAdET et AA g 7 (¥ A=
9% mannitolel] CPW F7|d& Y2 &0 AL F dAEY3A
She AAINZ sl ABE 23] WEFToEH ZH FLfdo] EF
REF ot FHF JHETE 21%  sucrosed] W FI7|FdE &
ez JAFHANE AN+ g3t E2 AR vhEeks A
YA = A2 A HEHH. o] dFAAE 22 A 351

MSZ] E-ul X] (1962)°l 9% mannitol, 2 mg/ 0 NAA, 0.5 mg/ 0 BA & A 7}gH

>
bad

vl | (3 A A ull ekul 2] ) o} -AFA]|Fl  ©}L hemacytometerE mied 1 X 104,
5X 104, 1 X 105 2 X 105 719 4¥AA 7} 5 EE 35, oA &
HEZYF (60 X 15 mm)o| 7}53HgF kAl HolA (thin layer plating
nethod) WoFal® A 24xZbub AAA EW WuERo®  Bastsd
22]3 o] gelling agent7} A A wlj kol vzl &35 A7) $3
Z+ZF 0.4% 2] Bacto-agar, Sigma agarose (lype VII), Scaplaque agaroscg
VA wljokol] o] 8-3slodct. HEAAM wieF 657F WLR microcal luse

s AR o] A A ul Fag ot

3. Al Xkl &% indole alkaloid A AL

LHAAE vl oFsl] AL microcallusE Sl YA vfR|ol A FAHA|Z] +
3-53] Alchull <t et. Indole alkaloid®] AAbs #3td Adulet +
1Y A s FHEE FASIH AFHF 0.5 g 78 FUE vES
o2 7+ A 71 MSulXloll 50 g/ 0 sucrose, 1.13 mg/ @ BA, 0.18 mg/ £ I1AAS

2 7}8) indole alkaloid ABAMiX] 15 m0& 100 ml Erlenmeyer flaskol
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oA A uleksled o). ol YRF= o e FAE(RAEF)E
AL-&8}53 o

4. Indole alkaloid & % AHHEY

Indole alakloid AAMaR]RA 1047 wickdted AHEE ZUoAd3=E
TAHE F HAE v Eo F3ld crude alkaloid exlracts
FZ-3}9i ©}(Renaudin, 1984 ; Hirata ct al.,1987). TAZ vy E A F
1 g9 methano! 10 mdE 73k X, 40°C &49 4 1087} sonication

AIAA (o] A& 338 WbE) € methanol F+FHE A S 3.

=ML | N HCl 3} cthyl acctate] E38-M(ZF 20 mi) 2.2 Bul3l I,
TEAFEs 5 N NaOHE A§3tq pH 1022 A3 8R4 T2

ethyl acetate® 33| =3 F < ==3}d crude alkaloid extract®
A 3Tt

2} protoclone®] AALSIE= indole alkaloids  HPLCE  AFE3)d
A& ). ojw] < AF chromatographyQl ODS column ( ¢ -Bondapack Cis
column, 30 x 0.39 cm)¥ ©o]&£3%led IEXF indole alkaloidel 8|3l
HegFw-A-g dl99vt. 89 (methanol: acetonitrile: 5 mM diammonium
hydrogen phosphate, pll 7.3, 3:4:3)8 %< 1 ml/mingd o™ UV 298
nmol| A 2+ 3ES HAEddd. & A¥d] o]8% EF catharanthined-
JIvte} British Columbia &8¢ J. P. Kutney XAFREE 7=

el o™ | ajmalicined FlukarlZH-¥ 938l A}8-3}9d cf.
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5. LCIMSY] £l%F indole alkaloide] AHAIEREA
deolx elufjokM| T} AWAFE indole alkaloid®] & EZ <)
F-ZERL JCIMSE AE-8lHo 3 5} 9] T} Particle-bcam interface”}
odAElo] gl llewlett-Packard 5988A RAFEAAES A3 . LCIMS
EXE& S wrLce] B4 AFEHRAS o dH¥yEe, 7
LNzl X 5 mM diammonium hydrogen phosphatess S5 mM  ammonium
acetate® X232 FL& 0.5 ml/minE FFYe}t. 7)ge] 1C 248
G A o] HgFEMIY Ao, 1CEFEH FE5dH 4 IA}EL] HEEHZ
Z 2}p3A o]l &3} (Electron  impacl ionization)¥ & AFE39 =4l o] df €
FAAzZHL &3 Zro)., fon source 25 300 °C, HARHJ}L 70 eV,
A/ 278 pA, A2 e W= 70-500 amuo) A FA 319 .
3}¥bEe] AAEAL vpe-102] crude alkaloid extracts LC/IMSO charge®t
< = 1

A&l indole alkaloid® mass spectrume® X552 2 mass spectrumd}

M) Zabe] @ 3hod o}



L VAN wi s

AEAA(rig. 1A)s vk 3d F Az AWz P AZEGo)
dojwten 154 3 F 23 AELYEo] deoyd. Wk 37 F
colonyZ} HAAEA S, 657 F Qo AHIT £ = microcal lus?)

HAAE AT (Kim ¢t al., 1991).

2. Protoclonc?}e] indole alkaloid ABAFA] ' o]
2} protocioneo| ALkl X[l A (0L 7 vhkgt F A 8 indole

alkaloidg AHHEFFATE A3 4074e] protocioneFE 207)9l A= indole

alkaloid A 4ko] o| F-of %] Z] oEF o, alkaloids A ALE) =
protocloneZ ol A & ajmal icined} catharanthinc Y Al e 2. Z}
protoclonen}e} tf$ &2 3}olE Rk table 1), E3) AWAFo] =9id

AR
VPC-63 T} protoclone®] B3] ajmalicinc® catharanthine AJAFeF0]
Bl A =<k},  Catharanthineg] AAko)]l glo]j A= vPC-100] AH|E AZe
W 5.9 wgeE 7P Eded oy el degujAxE
catharanthines A& A4S 23 33 vlad o FEZ g3l
A3oltt. Ajmalicine®] Akl gloj A& VPC-15914] 133.6 pglE 7}
zobsdl olne RAEFHch Aol ok | AP zoloh
Catharanthine?} ajmalicined  AAFS}=  protoclonedl 4  vindoline,

vinblastine, vincristine 59 indole alkaloidye ZHE EF XU},



Table 1. Produclion of indole alkaloids in cell suspension cultures of 40 proloclones of vinca. After 10 days of
culture in the productlion medium, indole alkaloids were extracled [rom the cells and analyzed by HPLC.

" iy

Protoclone I'resh weighl Aimatlicine Catharanthinc Proloclone I'resh weighl Aimalicine Catharanthine
ol cells of cclls
V(- (g/15 ml medium) (uglg Iresh weight of cclls) VIPC- (gl 15 ml medium) (pglg Iresh weight of cells)
[ I 1.2 19. 0 1.5 15 2.1 133.6 ()
G 4 b, 7 33.0 () 16 1.7 17.5 2.2
I 5 ). () J0). 7 0 19 2.5 2.5 0.5
§ 2.9 64. 9 3.9 22 2.3 43.8 (3
7 .7 34. 0 () 25 2.0 18. 5 (}
g 0.6 5.0 () 26 1.9 (] 2.9
9 2.7 12. 5 (} 32 1.7 46. () . 8
10 [.9 30.9 5.9 39 1.8 18. 1 {}
1 2.0 . D) (} 40 1.3 13.5 l. 1
13 2.3 10. 8 { The original
14 1. 0 35.5 1.8 cell line 2.3 42.2 Trace=*

P — il sl N

* Trace indicales an undcteclable level by lIPLC.



3. LCIMSOl| &}t indole alkaloid®] AAE4H

Indole alkaloid XAAARAEZE vpC-100] ABAFSE= alkaloide] & =ZH<
ZzEONL [O/IMSE AEstd 43l el. Fig, 2& 1.C/IMSO Al Aozl Ic
chromatogram®. 2. EFEZ ajmalicined} catharanthine®] £ZA7}3}
o] ]33} peak7} 18, 14, 24.489 A A HE2FPYY. Fig. 32 MSE
total 1 ON chromatogram 3} ViPC-100] 2B A5 = ajmal icine3}
catharanthineol] 33}l AE2  mass spectrum@ YVER  Zo|d.

VPC-100] A A3t ajmalicine®} catharanthine®] mass  speclrumng

ExEae A% wmEy A% W LAskd).

14

Ajmalicine

l

UV absorbance at 298 nm

J Catharanthine

* N
UL

0 10 20 10 40

-
-—

Retention time (min)

Figure 2. HPLC analysis of crude alkaloids produced by VPC-10.
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Ajmalicine
3. A4 ! Hewlett-Packard 5988A MS
A with Particle-Beam LC/MS Interflace
electron voitage | 70 eV
clectron currcnt ! 278 KA
ionization mode : Bl(clectron impact)
mass scan range ¢ 70 - 500 amu

Catharanthine

l

-. ‘t. - - h‘l.. . m e .

16 217, 30 40 58
Time (min. )}

Scan 683 (18.334 min) of V3:910226A.D

qu1o1%1% B 184 Ajmalicine MW = 352 | 35“?;-._\
80006 1o6 ///

Abundance
. .
N,
=
D
\\\\,
~ o
D

9415 158 4517 230 300 350
Mass/Charge

Average of 23.736 to 25.286 min. from V3:910226R.D

o

1SS0 {35 Catharanthine MW = 336
b
§ 10802 lii\ ﬁij:ii;;ﬁgg_
B 93 N
S 500 / 1 " coocHy 336
-n .
= 1 |

4217 150 200 2508 380

Mass/Charge
TIC of V3:318226R.D

Figure 3. LC/MS analysis of ajmalicine and catharanthine produced by VPC-10.
A. Total ion chromatogram of crude alkaloids.
B. Mass spcctrum of ajamlicine identificd.
C. Mass spectrum of catharanthine identified.
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Table 2= VPC-100] AALs}= crude alkaloid 59 &F IF=H U 2

A} B-=-9] pass spectrumse

727

2}

fragment® A3 A2 vl 3I3EES 9

of A= dA sjo] BT Ut

Table 2. Mass spectra of crude alkaloids analyzed by LC/MS.

Retenlion
time (LC)

S.
6.

1.
11.
13.
15.

15,
18.

min

19.
24.

36.

LNl WIW b O C NN LIV

Molecular
ion (m/z)

149
180
235
337
263
235
263
351
214
168
121

137
161
206
221
235
169
221
208
184
135
107

Basc peak ions

119
137
169
184
206
160
169
184
169
122

....36_..

Identification

Ajmal icine

Catharanthince




2 Ad7NA ez g EE R JYEAANE e, wl dEd

4 protoclonc2E2X-E indole alkaloid 2ZABAAR HEFE ALY 5

rlo

A-geol  BAJEYY.  Constabelg(1981)2 ALzl HFAE w3
Y AA wljckA] A Aol A UA 42 Wl X|(conditioned
medium) & 75l wjSFoE2HN FHHE JFAdI AEFE AU £
Ak, ey B AP olfE ddx HEFAE el A FAA =

etz Aol @zl WAz

Y,
=2
X
=
Hd
Shi
ns
L,
L
=il
2
o,
lo
ht
X

protoclonc®] =¥ 7} 7153519 o},

B ZA vjdkUdE e gelling agent7}F AAEZEGD 2L colony3 A olzj=

ol

& =AMt " ub Bacto-agarE o] &-3le]  JAAAAE  w ok
Aol A MEEDelY colony Aol #AAFHZA Yt Signma
agarose (type VI)& ©| &3l AFAAE vl kg A Fod A= v L =7t
S ZHAAE MELDo] ol FAF¥e. o HIAE Shillitod(1983)4
o} &l agarose plating®)y agarose bead culture?} Q& A <) plating
efficiencyE T7MAZos Eier dx%o. Iy 2 AdFdAE
ol ) vl oF-& =3l ol o] ] protocloneRhE- alkaloid AR AL of
ol &3l e Bn 2 %  agrosc bead culturceg Z3I) ¢ we 49
protocloncd FHF ofF o]FE2EFEH ILAMAE AHESF LAY AR
zA sl ok stk aelw 4w

2], wloksled doix|E  subcloncoll Al Kot iAol &2 AHEFe

M ghsAdo] AAIFE vl Q) B 2 (Tremouillaux~guiller et al., 1987) &




A& T3l Add TR AEFANAE o] il RA}So]t}.
Protoclone?] %7] AAFL protoclonentc}t Hulglk xpo]E K},

eyt 4 v f7|zte] AR ¥ protoclone®] dY-E FLdRAL SH

A u) Aol o] Al Bled TFZE  ufF g HI AAF L WHo|Zo] Fo]x|H A

AAH]] o)FEEE WeEblitt. wEbA protoclone ZHe] AAFE Wol=

AZAAS Bdds)  stolsh WRYA A P 2Eds
2ANA WYAYEL FST S 2=dad g A o] GE

4070 8] protoclone® 20709l A+ indole alkaloid AALo]l o] F-of x| A]
orrt}. b 2= v indole alkaloid® AAFS}=  protocloned| A%
ajmalicine®} catharanthine® AAFA<)] & xjo]F X, E3] VPC-6,
VPC-10, VPC-159| A= ©& protocloned] B]3lod A H o8 =2 indole
alkaloid A Ake] o] F-ojH et AMEF £ 9 AMELLo|Y DAlE 2
A Z o] QA Y G&o] dop. ey
protocloned A}E-Fo 23 RAHEF| A= HPLCA A SAHF R & AHEY

& catharanthine®] AAAAE YehJ g2y vec-62F vPC-109] 7399}

o3 FAAA M ESF el

‘I

ol Ay HEe ARAE bR MEFE wlmd folshl ALY 4

k. =IF VPC-159]  ASE EAEFHG ¢ 3wje] ajmalicine
ARG 7YX 9lgdtl.  Catharanthinegl Z-§ VPC-109] 104 8l %2
AAFE AEFeEs ASHESE FE2HE ARt ole AAAME
WA 2T wikzd el e W ¥y Fokd 4 e 2=
g Eag Ao )

ks o]gkA] indole alkaloid2A4 X7}7kx]7F &2 vinblastined}



vincristine AU Bl IFuF(y  ppm)d  ERbol
Al Zul & ¢ ZAMNAL AEFY 4y ag Havt A9 fls
A el o] o w2} A4  vinblastine®} vincristinesx JZHZHoE L5l

FAoegZ2 s olFe F82& HFAHQY  catharanthine®}  vindolines

al., 1990 : Endo et al., 1988 : Misawa ct al., 1988). Vinblastine3}
vincristinesr JZA2%Fd AYLE o] L3ld ol & A8 415 7] H 3 A =
vindoline3®} catharanthineg] cijskAAlo] AMAE oo} 3k}, Vindoline&-
N Qe vwy oY AUHER AEAYE vny 44 22T

= FEg 4 e 7idEd. 28y catharanthineg] 739+
AgFAJ el EEko] g ytoerm catharanthine&  Hj FA| X2 F-E
TN ATFE Austel dgAass e 9% & Ao ol
SHANA E o] B AFAdA A ve-102 ¥RE w2 k9
catharanthines A3 Q1 2B 2 vinblastine®} vincristine?] ZE &%

A ol gd 4 & Aol

ProtocloneZ}t 8] A ALE-, alkaloid?BAFEF(Deluca et al., 1986), AALE &=
alkaloid®] = (Shillito et al., 1983)2] =Z}e|7} YE= FHE&

g 34 dolups AMTHols AHE ARk B APl A=
ole|gt HE o]l&3le HEHulFHE Fl YFHANZEHE indole alkaloid
Aol o AEFE AWY 4 dddn.  ® APl ol Ve,
VPC-103} Zho] 2  protocloned] B|3le ARHOCE  ajmalicines?t
catharanthine AJAbAo]l ZHoew AAFo] T2 AHEFEFE o]-E3ld

BAEFR}  indole alkaloid AARAo] &  subcloned  AYH|



At 2y Bo Qb Ado] v AN MEFL o] v AL
Zle g}, Ze]a Myl AHEFEO] indole alkaloid AA¥Aldl A=
rate-limiling enzyme ©]V} regulatory genes cloningd}od IZAAALA]
A X250 Esls S o8 EAAETHA 7led o/ §F2EH  indole
alkaloid XXALHAE 2] P 72 & A} Fuirl 7hed 2=
A2 Et} (Hashimoto et al., 1990).

Jddzx ek Er} AASFE ajmalicined®} catharanthine$]
2 AL Lo/nsel ol SAEgY. 2T AEA P
vl kM| X7} A AFS= indole alkaloid® AAEHHLE GC == MSE AE-3) 4
st Foy, olg MWHhHZ WA B¥Eel 7IsMAdel dlelok dAY,
BAH AlZEgle] HErybs std7] dWEol AbEdls AFe]l sdddd.
ojdlulall & H3ANA L dFel LCd A BH7ER AlERe -3
HAE 3 YRE YYH R BF Lo/ HEdEe e 7R 9
Had B ZE=E AL FEA17HF mass spectrum 2 H-B §-0| 1A
TE2E]e] 7hedte, v HIEY AT mass  spectrum EH-E
T-Z2ZA =0 24 Jdv AEE A&7 Ao, wEgA 1o/Ms B4 &
oAt AMRES] T2 AAeE dhws #83 BAwwolg AR
=5, IPLCE] o] &3 & 1.CIMSLE] AlLo] Fdg ZACE 7|d .
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A 3 A ddxdew kA Indole Alkaloid AAA

A U X (Catharanthus roscus)?7} A AF3lE=  vinblastine, vincristine,
ajmalicinc $9 indolc alkaloide <, 4743 9 <eg)3so] =
aztel o]t ARibE oy, AW ©]& indole alkaloid ¥F-E wl§
wobA] AlaHESE AH FEIA o)L= A AHAAMo] P =3
S34% SERTRE JUstd #rIgAFHA WHeE dggAAss s
£-0]&lx]  ¢irt. FLAZ  AREHITYE  vinblastine  HFA|Q
vindo! ine3} cataharanthine ¢ ZAgozrz AAEXZ=dH, A
vindoline2 WB|XA oggo] Ff=o] <¢R9, catharanthincd =3
agos TAER FAE AlEufdal s A7l A A3
P Ee] k. o]F HIM  Zenk F(1977)F 2 A wjFHE
Mrslel =, 2,4-DE AU MS(1962)Y  B5(Gamborg et al., 1968)
wf 2o A dapH o8 M EFE FIIXF F o] F o|xRAMEL A Al
A A ZHL--S = 2,4-D HAl 1AAS} BAS AFE-3)3L, sucrosef] BEE
Folm, Fr|gde FEF & AR SFAHA o|at wid& ).

E o F-ol A= catharanthince®} ajmalicinc ZAB AL EF VPC-10(Kim et
al., 1991)-& A}8-3}led indole alkaloidE WALz Sal MS 7| E-ull %| €]
F719 x99 7] AEHSHF Y U] sucrose?] 57 A X9
A A3 indole alkaloid A s} % Fo3 A= FEIJoiL
FetE o] o] gt HYHE 4333



. AFAHE R HXEdF=

dAdx(C. roseus (L.) G.  Don; cv Little Delicata)$]
et FAEE FE Ay AAMuckd] 2l3dled Xd¥ indole alkaloid
SLARALA|ESE VPC-10 (Kim et al., 1991)& A}E-3}9cl). A} 3£ 2]
Z2 | A 2 2.0 mg/l p-CPA, 0.5 mg/l 2,4-D, 0.1 mg/L kineting * 7}t
SIT (1972) WiA]& At&3sisd o AEE 10 4 TH2E Al ksl o,
Indole alkaloid AN X2 1.13 mg/L BA, 0.18 mg/L 1AA, 50 g/L
sucrose® X713 MSoix]E A}L-3}9dc}. Indole alkaloide] AALS )3
SA | x|l A 7T A7 uwlokdt M|EE 450 um stainless steel mesh®
T AAAE FAHFAE. M Frlde FEE dEsid A¥E
AS- F719€ 1/2, 1/4, 1l6, 1/8, 1/10, 1/16 MSE 3 A3} Z flaskdl
A3 0.5 g& HEsdd. HEH 43¥E B AYPAAE FId9
FEF 1/2, 1/4, 1/6 MSE 3l Z4Zte)l AF%H 0.5, 1, 2 g9 AXE
A58l cl.  Sucrose®] g3l A HIY-E MS FUIHEE TEE 1/2 SE
33 sucrose®] ¥EE 3, 5 7.5, HW%E 3 #AZdd) 1 go] HAEE
AFstdd. A" AlXs AR 3 3] A3 F ALhlA] 50 ml7}
S92+ 300 mL Erlenmeyer flaskel] 33 100 rpme 25 °C ¥
gyratory shakerdl] W& }<hgt AedlA degujtsigget. HMES FA=
g sgel ol A AFFE FHIIIL olF 50 °CAllA 24X FL
Ha2F F AsHs SA3%c.



2. Indole alkaloid®] A &4

Alkaloid AR z| A Wk 7 A58 21 471X 3 d AR wj<d
AEE AT F BrE WY (Kurz et al., 1980)E°) 2%} alkaloid&
F&23tq AFEHEATY. A W FAE | g& AESte A 23 A 9}
Zd3 wpy o2 crude alkaloid cxtract®& 323 F oS LA & A3
HPLCE ) gk B4 5l of o), HPLCl) A} Z) eF B 4] %l ajmalicine3l}
catharanthine®] £ AHAEAE liquid chromatography mass
spectrometer(LC-MS)°l] ¢]3td X FZEFZUE mass spectrumd 8]}

Eel3lgcl(Jung et al., 1991).



13%% 3

. F7]g98 $X2 F¥%

MS F-Z7ld el T XS A dAR IHF Aihlx|d AlxEe] ABF 0.5
g HEsA uieF AIDHEE MR FEQ alkaloidBAbS ZAEE  w},
F71del  sE7F dobdd wel AlEe AAFEIL Roixlv =%
A X TEE a2, alkatoide] A4 F71skd 3d A4S
Hel 13 d AL ajmalicined catharanthine?] WA ESeFc)r AALA L
/e MSell A 7+ 2 3xE vehddd. 28y, Fride $EVF Y

ol Ak o] oA FAsg oh(Fig. 1).
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Figure 1. Effect of dilution ratio of MS basal salts on cell growth and
alkaloid production of VPC-10. The basal salts were serially
diluted. Ceclls were harvested after 13 days of culture.
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Figure 2. Effect of cell inoculum sizc on cell growth and alkaloid
production of VPC-10. The MS basal saltls in production medium
I, or 2 g (fr wt) of cells were
Time course of
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Zy1ge] wep ZA&Ev Wy 2 g HFATL 0.5 g HEFA B HEF
A2} < 2 v mopHck(Fig. 2-A). 2y FFTFol FUHl Het
catharanthined WM TG WAAH L FE3HA BLsle 2 g HFA 0.5 g
q23ed-e we) AAbskel 20%7F BAE Y THFig. 2-B).  Ajmalicine®]
Ao 0.5 g 1| g ABAAE 2 zolrt gleu 2 g HF A=
oA E WAl 10 4 7AXE v FAHAY 2FE ° o4
AL ol 0.5 g HEA Bu AAabgo] 30% 7HEF I3 (Fie.

2-C).
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[‘igure 3. Effect of concentration of MS basal salts and cell inoculum
size on cell growth of VPC-10. Onc-half (A), 1.0 (B), or
2.0 g (C) fresh weight of cells were inoculated, respectively



AEFE ol AFTARXEFEE F7/ME v dd2d HHAIESD
A2 ol Z¥Adle  alkaloid®l FAAMA o] YrolHcl,  1/6 MSol A%}
ulxk7lz] B 1/4 MSS} 1/2 MSOAAE A EL WAELEEES RIIEHSHFo)
Zotd e} welAH(rig. 3), HFAREFES JFTF HE BFE
Fr71ds 2] J¥yo] A AUYATHFig.3-A) HFZo] Wekxld
2rldsErl  E=oldd wi HBNIXEEZ Svbstgdch(Fig 3-B,C).
Catharanthinc®] AT AIELZ 0.5 g HFA  1/6 MSA

B (Fig.  4-Al), | g HAFNE /2, 14, 16 Mo EF
125 I — %
1040 | Az-?ﬁ
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Figure 4. Effect of inoculum sizc on the catharanthine production of
VPC-10. One-half (A1,2), 1.0 (B1,2), or 2.0 g (Cl1,2) fresh
weight of cclls werce inoculated, respectively. Al, Bl and Cl
are profiles ol calharanthine contents ( #g/g dry wi).

A2, B2, and C2 are profiles of volumetlric yields ( #g/50 ml)
of catharanthine.
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Hl >3l AL (Fig.  4-Bl), 2 g FHEA|= 1/2 MSA| A4 71A Zgdol(Fig.
4-Cl). AES AAE TP FAMAC dolME AEHE FrHAH
A EG AR AR HEFEZ FU37] WEe FU19
SE7F 2 Mol 1 g 2 g HEA M AAH(1.4 ng/L)E Bt}
(Fig. 4-A2, B2, C(C2). Ajmalicinc® A% catharanthinc ¥ & A3l
Aol & Mol ehshAwt WEFE Z/MATYE RYMTY AAdo]
izt o], 2ANHE 14 M, 1 g HEA (14 mg/L)AcH( o]

< A=A od2).



3. Sucroses] M| EAQA] w2 G

27] sucrose 57} Z7bg] W2 AEe) AR AFUH AFYSD

A = =

213 Az, A32G dJAE sucrosed FE7F SV whep Ao
AS B ou(Fig.  5-A), HWE3HE sucrosed FET}
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Effect of sucrosc level on growth of VPC-10 in production
medium. One g of cells was inoculategd into 50 ml. production
medium in 300 m! flask. A : Profilc of cel! growth as a fresh
fresh weight base; B @ Prolilc of cell growth as a dry weight
base; C : Profile of ratios of dry 1o fresh weight.



Z7tsbd AASEE7 Y Folslsdl 7.5%  ojAke] EHWH O AMES
W AE&E 7L A ElgdeH(Fig. 5-B). ¥y o]lEe AFHFLE AFHH
v )3} R] &=, sucroscd FET7F 71 wel AF:H [ AFHY

vl 7} 0. 139 A4 0.37}x] =718} (Fig.  5-0).



4. Sucrose®] indole alkaloid A Ao vl <&

A1 Zbe)] w2 9 A ET} catharanthined sucrosc®] HEE Y9 o=l
QAL o] ZItstd Edl(Fig.  6-A), 7.5% °]"<}°ﬂ_‘q£ o] o] ABAAE
Eolx] E3gd e, 3% Rl 7.5% AHSA] AR 2 v o] =3k
Ajmalicine?] A%+ sucrosc?d HEE =49 weg HxHoE G EHF

MALA o] ZFAFFE o Vig. 6-1). ole}  Zlol catharanthine3}
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Figure 6. Profiles of alkaloid production by VPC-10 cultured in varijous
levels of sucrosc.
A : Catharanthine ; B : Ajmalicinc.
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ajmalicine®] AL sucrosex-Eo] s Zr] ANtE JAE
weleh(Fig.  7-A).  AEel AReE AT FANFE SHAAET
QAo A EL 2EE F3ld Figure 7-Bll JERAEH,  sucrosc)
g7} 7.5%9)| A catharanthine (126 ag/50 ml.)3} ajmalicine (0.75
mg/ 50 ml.)o] Fh=]E EATt.

B dpo)A2] indole alkaloids®] WA FAE GAHE Al slo
Table 19 VERIiet.  ZenkS-9) wl X e} #-AFgE 1/2 MS, 5% sucrose, 0.5
g Azl AAAL=FS Z| 2o 2 3}93 & ) , catharanthine®}
S A ZG AL (/6 MS, 0.5 g HFA FHA (3. 1wl)Hdow], FALAELE
AZe] HE2FT sucrosed HH P AAA o 7.2 wiFpA,
ajmalicine?] %X wg] MEd WAz FAAAMA glo] 22 2,63

148 7R SR 4 Ao
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IF'igure 7. LEffect of sucrose level on contents and volumetric yields of
ajmalicine and catharanthinc after 16 days of culturc.
A : Contents of indole alkaloids {per unit dry cell mass);
B : Volumetric yields ol indole alkaloids (per unil volume)
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Table 1. Enhanced yields of catharanthine and ajmalicine by optimization of culture conditions.

Culture condilions Cell mass | Catharanthine Ajmalicine
Conc I noculum Sucrose Dry wt Content ® Volumetric Content = Volumetric
of MS (g/50 ml.) ( % ) (g/50ml.) (uglg dry wt)  yield={ & g/ 50ml) (mg/g dry wi) yield=(mg/50ml.)
1/2 0.5 5 0. 47 37 (1) 17.4 (1) 0.38( 1) 0.17( 1)
1/6 0.5 5 0. 45 114 (3.1) 40.7 (2. 3) 0.97(2.6) 0. 44(2.6)
1/2 1.0 5 (J. 85 70 (1.9) 82.4 (4.7) 0.69(1.8) 0. 59( 3. 3)
1/2 1.0 1.5 1. 19 106 (2.9) 126.0 (7.2) 0.63(1.7) 0. 75( 4. 4)

& Values in parantheses arc proportional 1o a valuc of the first row in each column.



Y AA el ko] ofs] A" vee-102 @YAEAE AMEEHE
ajmalicine®} ¥ LAE AEHIZ QU= oA indole alkaloid?l
vinblastine® X732l catharanthined WAL AEFol|rg.  o]F
indole alkaloid®] AALAl 3ALS Q3] Fr7|de %59 sucrosee] %5 %
MEHFFo] AE AR Ao vz G Al =Apshg
0.5 ¢ HEA AMNAZ A48 M A T ASES Mstde o
A| 2 2 AP A S = A% A vl ajmal icinc¥} catharanthinc®]
A EFAAA L FT713e] 16 MSAlA] R E BHA=ddl(dExe ¢
Z£2] 3}= catharanthine ¥%(30 uglg AEF)S 3 v &3l= AY),
ol dd 2] AMEuwjckolA WAL Aoy I4ke FEF ARshd
indole alkaloid® ABAlo]l Z7}3kc}t= H(Stafford et al., 1983 ;
Knobloch et al.,1982)2.2 w|Fo]Hol Frld Fo] indole alkaloid®
A2e A sts AEo] Azt FES F2AL AS Ao] Futsie
AR AAZY. a8y, Fr7de 555 AS 4T A5 GHAES
Aol "eolF = ol Wiz e Frlde]l EFdte AE] dfAa}EE-of
AEsHA FA A F3ledr] dEo2 AR, 1/6 MSA HEFEF
E3 & Axe] AAEHEEY FHFAXFEES F7HEIGE 24 indole
alkaloid €3] catharanthine®] AL FH3A FEslgct. HF=Ho
Folzd Frge FEE ToAFojol AAAMe] IEHUAR, 1/2 MS
Aol 1 g HEA AL dHHAETG FH WAL catharanthine?] 75
6 Ms, 0.5 g HEA 4 AW 0% YA

w2 ol] sucrose® WG S A% sucrose FEANAH 13 4

Mokl AT WrRoz waAsYE w 3% ALE A=)
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lysis¥ 91 2, sucrosc? EE7} ZolRd] ulal MEe 1ysis Ao
¥R 3 ZA3ld o (datas AXEH A 4ekg). =3 M Eeo] YR starch
granuleZ JkEe] A+ ZAE AFFE 5 Add=dl, o]HL A9
AFFIAEFe] v|7t S7HEAR- AlEe] AR S st Aol
T 4 A}, olehTo] w9l sucrosed Z7FXFH L W catharanthineg]
DG BAA(106 uglg dry wt)o] 1/6 MSO| A A& 42|( 114 uglg
dry wt)7}A] 3 8A1Z 4 .

Sucrose®] %57} F7}ge] Wi} catharanthine®] WA EGF ABAA S
BALE|V} ajmalicine?] AL FAAd=dl, o]l osmolaritye] F I}
712l &lw ajmalicine] AI¥YAIT E 9 = osmolarity©l o} 3))
rate-limiting® 4 Y= W7l Fol EATE AARIE. dAdzxOA=
indole alkaloid®] FL2ZFHFAQ strictosidineC 2R oAdejadAe =g =
WS- AR 7] B FF2FH EA-E zZt+= ajmalicine, catharanthine,
vindoline $°] ¥AIFc}t. wlekM|EdA = ajmalicine’} catharanthine-&
AL A B dACdA FFAL thylakoiddl] SRzt TLE
YR 3= vindolineE AAER =tk (De lLuca et. al., 1988).
u} 2} A wj ok Z | A catharanthineg) 2 2} A Z
stricltosidine . 258 ajmalicincEe] AAMNAIE Az a7}
2lc}(Liu et al., 1991). Catharanthinc®R.t} 10 vl 7}sF ABALAdo| &
ajmalicine 2. & 9] A 3} A 528 catharanlhineoL & A3 5| =
osmoticumO .2 AT 4 ¢lvbd  catharanthine?] AQAAAE FIH o=
Z7MI04 & A& Zolg. welA FFo AFoA e wlR e 4 AEoly
osmolarityS-9] 89ld] <3l indole alkaloid®] A v|xs F3dE

ZApslaLzl gl
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Al o A g 53l o] Fo X = HdHo| (spontancous mutation) £
A}E Y= A EHoe] (somaclonal variation) (Evans and Sharp,
1986) & o B-ate] WjobFe Ael2v) Webok MEZRE cloning Y&
3l SAT 23t xAbE L] Aol =2 AL AIESFE A (Yamada,
1984; Dougall, 1987) 3} AL =<l AFE A= Gl A A2 RH
nicotine AAL (Ogino et al., 1978), CFLuphorbia millii® 7422 HFE
anthocyanin A AL (Yamamoto et al., 1982) 3 C(optis japonica®2)
vl ok A| . 2 X-E] berberine ABAF (Sato and Yamada, 1984) S92 dF7}
b, Y AEFAE B AR AL AEF] 2t A E ABAL
TEL W ELASA, ASKHI] Aduid HAACNA FAeH o

A3 AHAY 248 £ o |ATFEAX Nicoliana rustica®l 78] 2= H-H

by

alkaloid 2B AF (Tabata and Hiraoka, 1976), Catharanthus roseus 4]
serpentine A AF (Deus-Neumann and Zenk, 1984), Coptis japonica©l A
isoquinoline alkaloid ABAF (lukui et al., 1982) & ZH$+= AAANe &
dolzh vehde  Hastgdch z¥EE dgmAdA olfelx:

x
AA TR TR ATFE Aists SHANNE EAHY SpoE



o8& 4 <sloy, Awtd aA4A AEFEREH AANEE A7
A2 FA A st SHAAA = 238 FH EfEF JERGH.
aetA FIZde 7858 2pdAPlEe didMEEYE AAFE
e Astz] feA 2t RIEel AEA ] #HHE regulatory geneg
cloningdle A FA SS9 A=z BAAESH &
o}]-8-3lqd AAAE

scopolamine WAHA S =3]7] 93] hyoscyamine 68 -hydroxylase®] cloning

7712z st AlETE o] FeAA sUe=d

(Hashimoto et al., 1990)& thE A<l o738} € 4 Qlr},

o2

w2tA B APdAE ddxuFHEA A  indole alkaloid B4}
gL % EAAEITH A 72 AFEA AL A ESF VPC-10E
A}2-3le] indole alkaloid A #HF gene product(Eo] Y3 )E

2219 A WA AEE ol gt Wl $FN FH et st
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1. Al Xl ok

Catharanthine SXAAFRAAN|EF  VPC-10 B Eu)MEE  alkaloid
AA 22 o]A)%F F alkaloid A oM AL MES alkaloid
At A 2] AEEH wjek 743 11K AEE FAS S iz &

A% ARE o] g3k}

2. 243 Fg9 2Y A HIFF

A 2o A 7d, HEZE wfRt AIRE PR A3l F
M A EE whzpabibe] Y A HEE HrbslH A F83] vhygd F
extraction buffer(50 mM Tris-HCl, pll 8.1, 0.04% SDS, 5 mM MgCl>, | mM
DTT, 1 mM PMSF)E X7}t 2 bulferd} 252 v|go] 0.5:1 (WV) o]
HASA Y. FEHE 13,000 rpm, SE ¢ JAEYHI F OATAE
HE  FHARE ARSI, 28 9WEE 100°C, 38 F<U
7hd st WHAAAIZ oS IFF AE o] &3l 1xd S slgdc.  IEF
AL 7ol 1.5 mm, Zo] 12 cne FEjHA Az A AL
Cathode buffer® 0.1 M NaOH 8-94-8& A}L&3}99 o1 anode bulfer®
phosphoric acidg A}-&-3le] 400 Vo Al 15A]ZF, 800 Vel A 2A| 7 H 7)o 5
155 8= .

Y #8]8§ 98] SDS-PAGE = 20 cm® el 1.5 mm 74| ¢
AL U g Fy AN AR 1IEFRAS FET Abojd] 7|9 W,

pY ]

tracking dye (bromophenol blpc) 7} separating Ao} 2943 u 7}X|= 25
mAR. 1 o|lFdl= 35 mAR HI|FFIAY. IR Fe] B A& silver

A (Bio-Rad) ¥t o} F AR A}ole) WA spot xpo)E 8l 3} of.



13% 2 3

1. WA A|Z71 indole alkaloid 2§ Ab

Indole alkaloid A HA3les FHAAES DSUHE 554 A4
Z A7) 9138 AR EZE catharanthine AL o] ==& M EFQ VPC-10&
o] &3} c}. VPC-10 EEhujok  AHNEE M EZFAufA]Al A alkaloid
Al ) 2 o] 2% F wl) kA2 T 3o & alkaloid A3t #5FF HHA
HPLCE  £43stot. Wik TR A= alkaloid AAto] o] F-o 2] 3|
ooy wjek 9dHAH-e Ael ajmalicine®} catharanthine A§AkFo]
o] Fo1x]7}  A|ZslH A wlik  11EA = alkaloid AAEsFo]  F )
st th(Fig. 1). WA alkaloid AAted whA|S] AlR=A 7 ks
AN EE 283 alkaloid BAGA L AEEA 111G vdd HEE 473}

D9 g4 et

2. S wiwie] H3

Silver @M <& &3 < 200 H7He spotE 2EE + U
alkaloid A o]l A A alkaloid A2 AR HIE)H A (pl 7.0,
M.W. 23 kD) <} (pl 8.2, M.W. 29 kD)8 polypeptlideZ} A=A YEO
(pl 6.0, M.W. 22 kD), (pl 6.2, M.W. 23 kD) Z28]laL (pl 7.2, M.W. 24
kD) ©] polypeptideZ} alkaloid At AR HEdwd Azl A A

& At (Fig. 2).
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Figure 1. HPLC chromatograms of indolec alkaloids produced by VPC-10
after 7, 9 and 11 days of cultures in production medium,.
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Siver-stained two-dimensional gels ol proteins extraclted Irom cells
in Lhe trophophase and idiophasce ol indole alkaloid production.
Cells were harvested alter 7 days (A) and 11 days (B) ol culture in
production medium. The electrophorograms ol A and B are drawn in C
and D, respectively, to clarily the dillerences. The locations of
polypeptides specilic Lo Lrophophase arc marked with open arrows,
whereas Lhose ol Hpucific']h idiophase wilth closed arrows. Molecular
mass markers arc indicated on the lelt.
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Alkaloid A+ o)A dA e MEL} alkaloid WA} whA 2] M EQ] chwiz
el zlo]F silverdM & Fall v AF} oF 2009709 spots EHIUF 5
olsdct. Alkaloid A oA Al A alkaloid BAF DAE H3E]H A} 23
kD&} 29 kD] polypeptideZ} A A YEFYFSw 22 kD, 23 kD, 24 kb

T U
YRt 22 silver M E  F3A 400~5007H 9 WA AHF 5 glow

o S A2 AEe HA DA A AHE gty did o]&

polypeptideZ} alkaloid AALA| 712} A x]3}d Afgtx] = AL E

S e Mer 2 71%AHA AHE 52 & A9 AAR b Qo
(Choi and Sung, 1984). ¥ d] & A= Au 4
spot& AHE £ Hld glgdem 200 A7) spot Fo) A indole alkaloid
AAEAI 710 w2l HgE A2 ST EA FohlA ] 2.5% ] Adedaisd .
22 A2 2] AR A2 AEe] Z]EH] AR vl aste] &
o =3 X2 A dAFAR L Fojoh. wEpA APAA BAHH Fa
H A A WHIE A Q& AR ALY silver S
3 AT ¢ FE AEE v EZ ARG E HEg AP FHA A A
2AR 812E #AEE JteAdE AL E o4 9. a2y ERE
indole alkaloid AAMAIZ7] 9} WY 3ted vehd @S gle] Xjojglo®
2ol YAy AR = @A S Jes 93T = doy, oyl
alkaloid o] HGAA A alkaloid HAGAR HFEHA A 2o vE

A 2 alkaloid Akl gl A "AAZZJIA" 24, 223 alkaloid

kol At o A EASA T alkaloid BASANAE AexE e



alkaloid 2B Akel]  SQlojA] "AAAARJA}" 24 FEsle w2 AEY

L2 2 7%5g A58 & © dd. 2EY ol& =¥HFo] alkaloid
A= F-31ZE VPC-10 Al EF2] Eol|3k fxz wdEe] ZHAIAE vEhys
bzl e) ZhsA X wiAE 4 ¢lvd. w2tA  indole alkaloid ABARA] 7] 2}
o) x}&ted o] 23 kD, 29 kD polypeptideZ} k}lic;] VeV 22 kD, 23 kD,
24 kD polypeptideZt A= 32 AHEQAS BEF O
AP Elej ol ATt F oS ALl ok WH3IIL indole alkaloid
Qe A #ol Yew YT vpe-10 MERolY Hojyom
dyEE o] ofdg g MEFE olgdtd FU =AY WA U

59 2AwAH  wEFEdEe wEFoRA HARW  Follof ol

it

Gl Aol W3yl indole alkaloid APAF} FAHHo= AHIL USF
dA"dg 4+ A& ZHolrhk. o]F EWE3A indole alkaloid A

=2 W3 7l FH™HI clonings &3 AW ETITEH

e
VR 3
FIF
=lo
rN
5
[

) % ek M|EZEE] indole alkaloids W=k AL F|7]

)
k)
x
e

o

23 vk © X Tremouillaux-Guiller (1987) 5-¢) Choisya ternata <2
protoclone®] 4| alkaloid A4 4 A3 WA Y EFEFH-E] reclonings
E3l] oA+ subcloned| A= EMEFH Aol ] & HEFE
AL F Ju= 7S AAZ vl dxel, o & protocloned] ¥]3}A
A 02 ajmalicine, catharanthine AALAIo] Fow  AAAFo| FHL
VPC-6 A EFZE o]8-3ld recloningd 3 DA = subclone 2 ZEH-E
BAESZR} alkaloid Aol =& subclones A3} AWUTFo2 s Ky

A A NEFE AU F ol HEFEFE QLML WHolE



Zol7] Y%t S+ R alkaloid AYPAo] H=FE rate-limiting enzyme
°|\} regulatory genedr cloning 3to] Al MALA A EF E4]3E
o 98 AR adE Add ZANAA HEF o E3eEH
alkaloid A2l AAHH] rz o AL S0 Jhed 2R AR

Elv] o] F &3l indole alkaloid®] g Lle] 715 ZF R 7| d FH.
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A 5 A ddzx BAZL(Hairy root) WlCke] Y8 Indole Alkaloid A

Gram -ZAE M|  Agrobacteriuma-L AlZof Zrddled o r}A

2ok fubdl= AEWYAFCRE A tumelaciens, A.  rhizogenes, A
rubi, A. radiobacter 5 W< 77} €8x <.  Agrobacterium

plasmidd] Wz} Ri(root inducing)®, Ti(tumor inducing)d SAACE
THElc)l, o] 2ANAM A rhizogenes= Ri EYAEE BF3Z ¢l
mAZolg BES$E RAHTE FrITc. o)gie BT fIHHE
Ri Zalxu|= Aol FA]35lE T-DNAZF EEle gHo] AlFdldlA Ads F
T-DNA Aol EAsls 2% A7 AEAZ] A DN Fo2 o7t
NEAEFNA HRF Weh BAZ(hairy root) S gt weky

BASE FAEASA Al & AA F FAE SAAHI S AS

AlZujekRo} - o2 QAT Hsle] 9ot (llamill et al., 1987).
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g 2 (Mano et al. and Kamana et al., 1986) 92w, dUdxel indolce
alkaloid AALE $13%) AF5E A|EEFZ gttt (Parr et al., 1988
Toivonen el al., 1989). H o Fo A= indole alkaioid XA A 3 =&
2lE 37l Y3l AEAEFRE RAZE FE3HA, catharanthines &
et EATE AuelE, dwd EATe) RARPARE SAsi



1. AEgA B

Hairy root®] X0 A8 S5 dYX (Catharanthus roseus |
L.) G. Don ; cv. Little Delicata(l.D), Little Lindal(LL), Littlc
Bright Eye(LB))”7} AF&=cl. 70 % cthanold] 2 & , 10 % Chloroxdl
15 £7F A Hsld T AdE FAE MS 7] 2wl XAl A wdobAAH 25 °C, 16

A1ZE gAde) ol wlj okl HAHZe] AMEE A3

2, Hairy roote] X 1l uljef

Hairy root2 X9 AFE-ZF bacterial strainS Agrobactcerium
rhizogencs A 42} 15834( agropinc-typé) 24 LB agar(Ycast Extract 5
g/iL, Trypton 10 g/L, NaCl 10 g/L)wjx]<] ARu)ekstedict. Petri

dishel A FFAENZ 3 F7 A ARA stem B AAARAA 2

N

b wlokEl A 4, 158348 ZAAA, 2 4 F coculture 3+ F, 2-3 3

BESTE LW &

ully
filo

| A 3}l carbenicillin®] 500 mg/L7} S
ol¥ 1/3 SH 7] Bulj x]o x]Arsle] 25 °C Lol wheksisict. #F53% root
tip ¥&°] | -2 cm AE A F cxplantol] A Zebie] 22be] root tip&
1/3 SIBM A ull x] o] wiekalgder. 2-3 F b wjkg rootE  1/3 SUBM

B A ] A ol] AHE3ted 25 °C, 100 rpme] gyratory shakerol] 2l &l oks}eq o},



3. Opine +4

Hairy root 100 mg& lysis buffer( 50 mM sodium phosphate pll 7.0, 10
mM B -mercaploethanol, 10 mM EDTA, 0.1 % Triton X-100, 0.1 %
Sacrosyl, 25 aug/ml PMSF) 500 19} &4 wxpxpalo A Zko}p |, 12,000
rpm oA 5 B3 ALY ASHE HUIGEY ANERE A3 .
A& 5- 10 x1E Whatman No. 3 papero| A3}, =M (formic acid :
acetic acid : water,1:3:16)0] o 9= H7Z|DZAX] A 300 V £
Aeer 2 AZbEt H7lG 3. AzE AERAZ F 94(0.25 %
AgNOs) 3 ®EA(2 % NaOH + 90 % methanol)AlZ] F 5 % NaxS20s S-A-&
A}8-3led 1A s} o} old] agropine, mannopine IZIAREE ZHo]

ANA|AH v ]3] o



435 % 3

1. Hairy root8] KX W ujek

Hairy root8] 5T YR F59 baclerial strain®] 3}olo| F3¢&
ek, LL, LB, LDS) 3EFFFNA 1Dl AE hairy root FE71 & 57
¢k9Fo v} LB, LLOjAl= FE7F £o]5t¢ct. Bacterial straincl] <%}
zlol+= A4 Kol 158349 oA v §f-X57F F =gy, X3 root
tip $-80] 1 -2 cm AE A2 F cxplanto 4] ZAalo] 49 root tipd
clonel & AAsled 1/3 SHBM A uhA| o] whokstgick., 2-3 3 7} ujok3b
rooltE 1/3 SHBM HAA|u] x| HF3sled 25 °C , 100 rpme] gyratory

shakerel] %€ wjj k3]l t}.

2, Hairy root2] alkaloid®ALA]l F-A

1/3 SHBM <A Ajul xjol A 3 =7F k3t rootoll A WAL ajmalicines?}
catharanthineg® A ¥4 3}¢ o). o] &2} A3E Fig. 1 o
vedigEdl, LLlA 5 hairy rootoll A ajmalicine Blo]l A A} ca.
0.5 - 1.7 mg /g dry wU)Egey, LBAA HEF LBl H$=
catharanthineOI LA A ca. 3.5 mg/ g dry wt)Ed.  ZAZe]  hairy
roots FE|H 2R o8 EgE dgded, 2 AEANAA fFEL LB
LB22] 73¢9 A E alkaloide] A4 3 v ol Hyeydez F33H
FHE|D e} (Fig. 2). < catharanthine 3ZAB A} clonedl LB1O| A= FE-&
¥gl(thick root)g ¥Wdg Hgod, cathara-nthine u] AL clonegl

LB2o| Al = 7}=¥38](thin root) 7} W3l o] BAE k& 59 o},
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4.0

N
~+- Bl Ajmalicine
= 35
. (] Catharanthine
~ 3.0
,-U
af) R.-9
N
o) 2.0
E 1
O
O 1.0
E 0.5 '
sl | | |
< 0.0 ,
Intact
ILLi LIz ILL3s Llg LLs IB1 LB |
Root
Figure 1. Productivity of ajmalicine and catharanthine of hairy root.

Hairy roots LLi,2,3,4,5 were induced from Little Linda and
LBl,2 were trom Little Bright Eye. They were cultured in 1/3
SHBM for 3 weeks.

Figurce 1. Morphological difference of hairy roots LB, and LBaz.



3. Opine ¥4 2% HIYAY ¥

5% hairy root2] Rz selFrSs) LB, 1L.B2, LL4S] hairy
root-g 78t opine 4 YT A}, H7|GFo] L3 EHA
agropine g mannopincg] 24 A} o] el =d|(I'ig. 3), o] =

agropine-types] F3< 158340 9ol WAABHAL S HAFE oo,

agropine

mannopine

Figure 3, Electrophoretic analysis of opine in hairy roots.
Lane A : Standard agropine and mannopine
Lane B, C, D : Hairy rools LBy, LL.,, and LB»

.._79.....



B Ao A+ indole alkaloid 22X} RAAZE 8L FE3F7] 93
e 73 HEAESEH EATS

Ad9t 15834 AME-3ld FAHTE ARl AdRThE 1583471 BAME
= 2l ™|, b, LL, 1B ZH FF2LE F¥H EAIES

232 LS} 739 A4, 15834 o ¥ RAITY [FEV HA

-‘%_l

53l e}.  Agrobacterium <)

So

ke, LLF LBAlA =¥ RAFAALY  alkaloidBAHE A wl,
LLA A - 25 BEATA A= ajmalicine wheo] A& DI, LBAA HFE
B A2 & catharanthine (ca. 3.5 mg/g dry root wt)& AA3= LBI
A= = 9 Udd. HAZHe BRAFL opine EH| 2|3 agropine,
mannopine2] AAro] HRIE|o] Agrobacteriumdl| 2|3 ARl EFHIUSE
gelslgdt. olgpgo] dejr LBlo] AASE=  catharanthine] ¥
A EA o] ik o 00 F2 ez FF dickzze A3}
NF B AA "ol Y2 E o|FA indole alkaloide] F2 HFEFHL
catharanthine A Ako] 7}=3lel g} 7)o ¥l o).
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. AEAQR

A U X(Catharanthus roseus, &< Little Delicata)S 2494 <F
2N AuligE F L& AMF3 AIAFZE s, AFHET 42 60 °C
AzAANA RAGES AEAZ F AR A ERE BE F 23

A}-8-81 5 T

2. A¥A2

ZHA oA AEE olfdld dUXEREH FEAEES FET AR
MEFEEE Fig. | 3 Py, FE2AX= d 700714712 Ad 4 9l o
compressor TS F--o] HE 3l rupture diskdE A x|sHg. ERE
Az el A el AL IYL stainless steels APE3Igdon dF
HEH 2. high pressure connection®] & ©]-£-3)<] o).
1) ojatstgbd QIR

o] Al el Ay A 2bde]l =S FHel cylinder& o] £33t
sadEt.  oliFwae FEWUAE HEHd FHE cylinderd] FH

27 A= tetlong o] 83Fd BH3M O cylinderet process® <d7d-&

o| AL}l el A8  7}9MEl=  compressor®] < AE-E  pressure  gaugef)
AoE Az HagEde dYsted o UE AoldA s4dug.

pressure gauge?Zl HAYHFH Bo B2 4d¥E YHEMWWH compressorss
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I
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l 'le E;l 1l 19
6 I HE >
— 2C
- .
S | . |>
V3
e 1
l L |
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V]
. :
YZ .
(S =
. Compressor Pressure Gauge 14, Separator
2. Solvent Pressure Gauge 15.17. ‘lhernmocoupie
3. Copressor 16.18.  Pressurc Indicator
4. Pressure Regulator 19. Extractor
3. Solvent Reservoir 20. Solvent Preheater
0. Control Box 21. Extractor (Liql.lld)
7. T'emperature Indicator (Air Bath) 22. Fan
8.9. Temperature Controller (Air Bath) 23. Plate heater
10, ‘Temp. & Pressure Indicator (Extractor) 24, Voltage Controller
11, Temp. & Pressute Indicator (Szparator) Vi~VE8 Valve
12. Gas [low meter Y Wel test meter
13. Rotameter

Figure 1. The schematic diagrams of thc experimental apparatus.
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A otadde T2 w7z ZEE sty AP P 223 F pressure
gauge?} HA2LHE A7 JezkA B7kx FE5E WE AHE A Ao
o] control parte A2 ¥ HPAL rupturc diskE EUYH
2z7)1a2xng ojAzletie AFE U P L check valveB H o]

k. AR compressorel] E¥  pressurc cauges 712 FEIY

du e 2AY 4 YOEE oJyBwA YR FF20l pressure

2zl T¢E autoclaved AHE3t W7 40 mm, 9|73 60 mm, %o

272 mm

'\.\.\"'L\.\L\.

S 7 S
D =% %ézaw ¥
m-:?f/ =~ AN 23
m\‘;;//// 72 .«///f’i;fg““ i
N N N ]

Figure 2. The details of the cxtractlor.



4) £27| FaF
2gzeyE UL T ousEar RN EoluA
3l A S 2 Joule-Thomson &2 18 252 Yol 2l3] valver}

=2 279 valve F-&9

ai)
o)
4o
e
o
s
lo
B
°
M
o
o
pa)
of,
N
4o
ol
8
3

H2AzE giudd. 27| 294A AeEdA ZiAAddE Y
ol ARt s AFFHE-E, A/AA e FIAELL IFH-E XFE g UEF
o]l qloh. AA FEo] TBoAE o|ibEgAe 2 rotameterst FHAE
&35t SAEY hosed: F3td d7|E WHEd.
5) Cabinet

g2y vFo] QFEHE = FEFRY prcheating FE-& cabinct Y| F-9
A x)3tedct.  cabinet WX Hwd Mz IR cabinct A3

7}
A2 E rane & 3t cabinete] AR - HWIZFo| I Fhr}.

3. AYuy
2 Aol HE 2YA olABWAE oldled YUXZEE indole

alkaloid® F&3dch. 2 AYe) ALd JAxE o 7 golgow

Y
N
i)
Sh
(it
o
puj
L.
M,
£
)
N
)
N
5o
rlo
o
£
x2
I

FEZe 2E5F 30°C, 40°C, 45°C a8l3l 70°CE WHskajzied

FZ&¢¥L 150 bar, 300 bar, 350 bar L8| 400 barE *H3}A|Z ). vl




) ddz AREe A2 Al A st $UZ whE F oF 78
depate] ZAANRS 222 2uv. ol beadd WA FEZ FBE
o 92 2 9o AR bead® MRl WULSH filters FE FEE

2| ALH.2= pead7} £ EF 3}9itt.

2) =& 7% 27| 79 valvert FAA ke 3.

3) Circulator% cabinct®] hcater®} fang ZFA|H FSIEE
X3t E=S A3}, Bylr] BEE circulatorg AE3dld  -15°CE

A E| W o]Abs}elAa cylinder®] main

>
ko
gt
-z
gt
1o
rlo
bl
A |
N
i
O
Ol
ok
=X

valves U3 oAb 4AF compressor®E Xl o).
5) Pressure gauge®] U HA FAAEHSE #SE §F  compressorE
Z+=- Al 71 W pressurc regulatord o] 23 48 -& A3,

6) = =79 valveg H.L2-L £33t hecaterd ZEFAlZlc).
2]
)

9) =7 343 olAEAE FHAE AXH WEAIIZ I FHE
10) &3 A7} ¢ FE5:% F APE FH32 F87)dd =R H
11)

12) 2327¢ WA Sle 22 PHloE of AYS #3330
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4, Indolc alkaloid®] AHsf 3 HAJEH

ZUAIFZF 23l FZF3 indolc alkaloide] A% %W HARHYL
A 27l A AHE-RE W F FUEHA st AR onsTYEE ALS-’E
AAZEEIYLHE sl FE5Y FHI AAHEHLS 1LCMSE

xpgated 4o shed o).
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Table 1. Extraction of vindoline at diffecrent cxperimental conditions
by supercritical carbon dioxide.

e

Vindoline gampling Veight (g)
Temp. ('C)| Press. (bar.) p——— 4 C0z2 flow rate time |- s | Condition
HConc;_ Ratio 1(1/min) (min) .Pr(fiuctLMeOH | ‘
! 0.36 | 27.3 |  0.1154 240 0.047 | 3.67 | raw
2 45 400 | 0.92 | 24.3 0.2232 190 0.056 | 3.54 | raw
3 35 | 300 1.52 | 32.2 0.1213 150 0.075 | 3.93 | raw
4 5 | 400 | 3.66 | 53.1 0.2095 210 | 0.130 | 3.89 | dried
5 40 350 0.93 | 61.3 0.1643 255 0.059 [ 3.53 | dried
6 40 300 5 41. 0> 0.1924 210 0.038 | 3.32 | dried(stem)
7 40 400 0.14 | 43.1 0.2123 65 0.031 | 3.47 | dried
8 40 400 1.08 | 38.1 0.2533 30 0.063 | 3.45 | dried
9 40 400 . 1.51 | 47.1 0.2733 105 | 0.076 | 3.80 | dried
10 40 150 1.42 | 67.2 0. 2483 305 0.061 | 3.59 | dried
11 70 400 0.99 | 46.8 | 01124 | 145 _J_I 0.460 | 2.79 | dried
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A. Total ion chromatogram of crude cxlracts.
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