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Summary

I. Tatle

Development of Secondary Metabolite Production Systems by Plant Cell

Cultures.

II. Objectives and Needs of the Project

Vinca (Catharanthus roseus) produces the commercially important indole
alkaloids such as vinblastine and vincristine. These dimeric indole alkaloids are
used for the treatment of leukemia and malignant lymphoma. Because they
are present at extremely low concentrations in the plant, the cost to extract them
from cultivated plants is high. Furthermore, their complicated chemical structures
discourage chemical synthesis on a commercial scale. Therefore, many
researchers have tried to develope methods to produce the compounds by
plant cell cultures. However, there has been no reports on efficient production
methods of dimeric indole alkaloids by cell cultures in respect to economic
consideration. Vinblastine and vincristine are produced by coupling two
different monomeric indole alkaloids, vindoline and catharanthine. The former
1s accumulated at a relatively high level in the plant, whereas the latter could be
produced at a considerable level by plant tissue culture. Thus, it has been
considered rational to produce the dimers by coupling catharanthine

obtained from cell cultures with vindoline obtained from cultivated plants.
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In this context, we have aimed at 1) establishing the production
systems of catharanthine by hairy root cultures, 2) establishing the efficient
extraction method of vindoline from vinca leaves using supercritical carbon
dioxide, 3) producing the vinblastine by chemically coupling catharanthine and

vindoline, and 4) studing on molecular approaches to improve the productivity of

indole alkaloids.

III. Content and Scope of the Project

In the third year (1991), the project has aimed at the followings :

1. Production of catharanthine by hairy root cultures.

2. Extraction of vindoline from vinca leaves by supercritical carbon dioxide.

3. Production of vinblastine by chemically coupling of catharanthine and
vindoline.

4, Molecular biological approaches for improving the indole alkaloid

productivity

1. Production of catharanthine by hairy root cultures.

1) The cell hines for high yields of catharanthine were efficiently selected from
hairy roots cultures of vinca (Catharanthus roseus). The productivity of
catharanthine was increased by optimization of culture conditions. The efficient
production systems of catharanthine are expected by mass cultures of hairy roots

using bioreactors.



2) In cultures of LB1 hairy root clone, the optimized medium increased the
maximum yield and the final concentration of catharanthine up to 2.7 (mg/g dry
wt) and 28.75 (mg/1), respectively. The two stage culture using sucrose (1st) and
fructose (2nd) increased the biomass up to 20 g dry wt/l and improved
volumetric yields of catharanthine about two-fold, 1.e. 73 mg/l, than the one stage
culture using sucrose. The mass production of hairy roots was conducted by

air-1ift bioreactor.

2. Extraction of vindoline from vinca leaves by supercritical carbon
dioxide.

1) Indole alkaloids, particularly vindoline was effectively extracted from the
leaves of vinca (C. roseus) by supercritical fluid extraction(SFE) method using
the nontoxic carbon dioxide as the supercritical solvent. The quantitative and
qualitative anaysis of indole alkaloids in the extracts were carried out by HPLC

and LC/MS, respectively.

2) The highest extraction yield of vindoline in the extract was 58 % of intact leaf
at 35 °C and 300 bar, whereas the highest vindoline selectivity (63%) was
obtained at 35 °C and at 100 bar. The use of 3 % ethanol in carbon dioxide

only slightly improved the extraction yields or selectivites at some experimental

conditions.

3. Production of vinblastine by chemically coupling of catharanthine and

vindoline.



1) The production of vinblastine and 3',4'-anhydrovinblastine were etficiently
done by chemical coupling vindoline from cultivated plants by SFE and

catharanthine from hairy root cultures in the presence of ferric 1on.

2) The reaction mixture consisted of vindoline (0.5 mg), catharanthine (0.5 mg),
and ferric chloride (40 mM) in 6 ml glycine buffer (100 mM, pH 2.0 at 4 °C).
After shaking at 4 °C for 2hr, the reaction was stopped by addition of a molar
excess amount of sodium borohydride and 1.0 ml of 14 M aqueous ammonium
hydroxide. The vinblastine and 3',4'-anhydrovinblastine were predominant
products. The yields of each product were approximately 30 % by HPLC

analysis.

4. Molecular biological approaches for improving the indole alkaloid
productivity.

1) After cDNA library was constructed from mRNA of cells of VPC-10 (9 days),
the three plaques showing strong expressions were selected by the differential

screening method comparing with those of 5 days.

3) Plant regeneration of vinca (C. roseus) was obtained for the first time from
anther-derived callus through somatic embryogenesis. The regenerants showed
the normal diploid chromosome number of 2n = 4x = 16. Thus it remains to be
determined whether they originated from somatic cells or from pollens per se via

endomitosis.
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Figure 1. Establishment of C. roseus hairy root culture.

A : Formation of hairy root on hypocotyl segment.
B : Proliferation of hairy root from one root tip.

C : Hairy root cultured in an Erlenmyer flask.

D : Hairy root cultured in air-lift reactor.
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growth and catharanthine production of L.B1 hairy root
cultures. Hairy roots were harvested after 3 weeks.
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Figure 6. Effect of initial concentration of ammonium on the
growth and catharanthine production of LB1 hairy root
cultures. Hairy roots were harvested after 3 weeks.



2.5. Phosphate®] catharanthine 48 4tof u] ]-;'_—'_'- X B}
Phosphate2] 73-$-% NH, '} v]s3t 7 3k2 ¥ Q). Phosphate?] %7}
P mMAAA = S o] slofote by mais] HBE Bostsgent, 2 8t
o 5 £ o)A hairy root2] 4¥7%go] A3 ¢3tt. Catharanthine] T A X
A4 2HdL phosphate FE7F FolA|W F43HA ZFA3HSIT) Phosphate
7} A A 8wl ) ol A| catharanthine®] T A| EFAY LMY 3.5(mg/g dry wi)7}
| Z7}8} 9 tHFigure6). Catharanthine2] T3} AV AHI-E phosphate 2
5 5=7}10.6 mMoj A 2 it}

2.6. 77|95 X 23 3R] o] A9} catharanthine 484

olde AN BT I HYfZ H g FAE TEE
g 5lo] A} 22 vjZ|(MSH)E U= 3 MSH i 2| &} 7]5¢] 1/3 SH ujj 2] of
9] hairy root2] A&} catharanthine TH¢5-3] SFANALAJ o] ¥ 3]-E- Figure 79|
eI o MSH v} 2] o) 4] 9] hairy root 8] A} 345+ 1/3 SH uljA] oA K.
27 Wgon HZATET T 47 Btk MSH x| clA Y
catharanthine 2] SFJ A X FARALAN O] 2 T x| = 2.7(mg/g dry wHEA] 173
SH ¥z o] A 2] 2| 312](2.1) B} 30% 7} S7H8H5T. MSH | x| oA
catharanthine?] 2<% = 28.75 mg/I2A] 1/3 SH wjx]|oA g =%
(18.7) 2.t} 50% =7}stich,

3. €244 9 catharanthine 4 4}o] ] Xj= 4 &

3.1. Monosaccharides®] catharanthine A} 4tef] v x| = G &
B4 2] sucrose - fructoser} glucose 2 ol 4] 5} 91-&- ol hairy root2] A¥ A}

% catharanthine®] Ad4bo] o §t @3S Figure 89 1—}5}‘&‘3]:. Glucose L}

fructose7} S 9= Wl X|(G or F v} X))ol 4] hairy roote] AVA}-2 sucrose?}




10 4
— 8 NM
: 2 £5

4
]
2 1:3?

0 1 2 3 4 5 6
Phosphate (mM)

Figure 7. Effect of initial concentration of phosphate on the
growth and catharanthine production of LB1 hairy root
cultures. Hairy roots were harvested after 3 weeks.
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Figure 8. Comparison of the growth and catharanthine
production between modified medium (MSH) and original
medium (1/3 SH).

A : profile of hairy root growth

B : profile of catharanthine production



S Y= v A|(S vl A B} Z7]9] lag phaseZ} Z) ] |1 hairy root2]
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wZHA] A| &2 0 7 271813t (Figure 8-B).

3.2. SujA|ojA FuA| 29| 2 FA vl ol 2] T catharanthine AJ4Hg T4t

Fructose 2 ©HA Y 0 8 AL-3}1912 ul| catharanthine?] T A X FAVALA
+ sucroses AU R P& wf B} S7YA| T hairy rootd] HFSET
U DHFHY G S TN 2 2t =S
Sucroseof A} ulj F =50l & 15 Y F)f fructoseZ7} S U+ WA 2 RS
al) 9] hairy root2] AW A3} catharanthine2] AP AF2- Figure 100]] VEFR T} Hairy
root2] AW Atof+= 2 x}o| 7} A 9l (Figure 9-A), catharanthine2] TG4 E
GAALA =712 o18}e] catharanthine®] 2]<*=%7} 41 mg/l2A] sucrosed]
uj} eF 31 73-9-(22 mg/l) Bt} 2 vl o] 3FARS W th(Jung et. al., 1992b).
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A2 o] AP vpXFA| 2 S w x| o A wlj FELIL 2 Al 5 MF Hjj 2] of
A 3 ¥ A} Figure 110]] VERY I} Sucroseol| A vl &F =5 (W] & 18
Y F)of fructose} sucrose7} 5o 3l WA 2 & 72 w9 hairy root2] A¥
< fructoseZ} S Sl Wi R ol A T 2 FE7HA] 57181 T (Figure 10-A).
Catharanthine 2] <] Al LA AR o] 3.69(mg/g dry wt)Z7}X] S-7}H(Figure11-B)
stRem 35 Y7H ul ¥ AH 2F  hairy rootd] FEIH 20 gIFH-

Catharanthine8] == Byt =c = 738 mg/l Ft}.
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Figure 9. Growth and catharanthine accumulation of C. roseus hairy roa
cultures using different sugars. Hairy roots were cultured in medium
containing either sucrose, glucose or fructose at 30 g/l.

A : profile of hairy root growth

B : profile of catharanthine yield in hairy root.
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Figure 10. Comparison of the growth and catharanthine production
between one stage and (wo stage culture of C. roseus hairy root.
Arrows indicate the time of medium change from medium containing
sucrose to fructose at 30 g/l.

A : profile of hairy root growth

B : profile of catharanthine production.
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Figure 11. Comparison of the growth and catharanthine production
between one stage and two stage culture of (. roseus hairy root.
Arrows indicate the time of medium change from medium
containing sucrose to sucrose or fructose at 30 g/l. A : profile of hairy
root growth, B : proflle of catharanthine yield, C : profile of total
catharanthine.
—O : one stage culture in S medium
—&@— : two stage culture from S medium to S medium
—~— : two stage culture from S medium to MF medium
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0] Q) X (C. roseus)E ¥-E -5 5 hairy root5 || A] catharanthine2 31
T 2 AVARS}E=clone LB1-S Aulslg) o], o] AVAFH indole alkaloid
£ Zo] A ajmalicine} catharanthine-S mass spectrumo] &3l ¥4 3% A3
authentic compound &} &) %] 3+-2- 82155t}

S hairy rootS AHE-she] ulx] <] 25 8ho} 2 SHA M| TS YD
3142 Table 10] Aelshsich SH wjx|9] 77]9d Ael HAslo] o
catharanthine 2] Tr A EFAYAHY S 2.7(mg/g dry w7t R| F7HA|ZS S
2421 sucrose=- fructoseL glucoseE &) 312 vl catharanthine?] T
MG o] 2ul(3.5 mg/g dry w7t A] A S0 % FI1sEY. o] 9} &
o] B/ 59 A sho} BAP] AT SA|o] LT 2 A A,
= hairy root®] =55 20 g/l2 catharanthine?] 2]==% E 73.8 mg/l 7}A]

7 5 -

Table 1. Enhanced production of catharanthine in LB1 hairy root cultures by
optimization of culture conditions.

Culture condition  Biomass Catharanthine Culture Yolumetric
(g/) yieldimg/ddry wt) time(days) yield(mg/1)

one stage

1/3 SH (S) 11.8 1.75 21 21.8
MSH (S) 12.5 2.3 25 28.75
1/3 SH (F) 7.0 3.5 21 24.55
two stage

1/3 SH (§->F) 11.3 3.63 31 41.0
1/3 SH (S)

-> MSH (F) 20 3.69 35 73.8

1/3 SH : medium containing one-third dilutedbasal salts of SH, MSH : modified
medium formulated in this study. S or F in parenthesis means sucrose or
fructose used as a carbon source in each media, respectively.
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A2 ddxg o2 HE XA & ¥ vindoline
27l My

Aq1@ A &

o) oFE, A, AR Sol TuE opEe FENESS S YYo=
PPl WA BoFs et oS ol ] dlEol e AT FE 3
g8l AR A97F Wtk ¥ (Leukemia)d} P YIbsol5
(Hodgkin's disease)?] X|BA|=E de] 2ZRo|li <Ql+ vinblastine3t}
vincristine® FE T I A 521 U YZ(Catharanthus roseus) £ - =3}
ARS-3aL §) THMiura et al, 1988). 22y W7l G520 S ARS-slaL 917
g 3230 s 2ot Aol Yol B opizt 22 Eol
BESHE 22 80E EANe 2 AR ‘

o) 5 Yol Sk 0|23t ko] o8] S8} T 2 Eej YA} of
HAL 7| E S ol o3 P30t o2 Y] w5 v 7o feE §)
t}. wepA]  vinblastined}  vincristine®] A-FE-ZQl  vindoline3Y}
catharanthine-2- 7}X| 31 §/d 8] AL 5= Ql= W ol Al & F4d o] =oFA
7} gt} (Scott et al, 1980 ; Kurtney et al, 1988). o]2{3} E-29] Yoz
vinblastine 3%} vincristine?] 729 9 g FAFEZ L =L
AT A7 A AFESol &5t 3= ofA $i(Scott et al, 1980). W
=7 2] 8h}2] catharanthine- Kurz 5ol 2] 3] Y UZx wjj FA| X E o] &3t
ZFAAAES] 7570 o] 922 8913k v vindolined  wl| GFA| X o A 9] §Fo)
A oo FFEY 233 dobditt (Kurz etal, 1987). o] o} 7+
ol AM| XY vindoline 3IF}IFE 3t acetyl transferase 2} N-methyl

ransferaseZ} WA 2] 3p7] WjF22 42{A Y. o] ¢] Danieli 5-of 9
99




8| vindoline 3}/d& # ¥ 17t ol FAFA T VAZA] I 50| Rol &
3 o]A] X3l W2t vindoline] -7 FFAEEFH AH 23
e o] @ E I glT) T HAE FA v XYATAFEY o
HAAEZEERH FEATY 5o A3 H Yol &HA A (Schneider et.
al., 1980). XY AFAFZHol AHAFHY o]+ 2YATA L HE7} 714
o} u|3HA don ZAAsE YA o ARG N FeR FEYRS S
3 Y= el she 2 QA 3 w|d A I 22 23] 37
o Foltt S X UATAHE QAZE YA Y] v|A B2 o4t
A YA cxE F33hy g X2 A3Mdo] glo] rEHo = Fd
$19 o] gitt. webA o] e BH & o] L3t o]n] YYXRHE X9 A
S A & o]-2-3 vindoline FZof] EIA Y-S ¥ ThLee et. al., 1992).

TetA EATF oA YR Y2 EFE X YA HAE o] &7 £
YA-FA|FE 2 vindoline 52| AP 2QS FJ3tLA S F227
oA APE TR



A2 Ae 9wy

YUz 23 Y2YVE AP AL on] 582 A 5]
5101 60°C 2 7| S AZ Bl Y2 UAZ AZAFG AZY Y
2= 7obA BUT S0} YT T g W Do ALR AT YALE
= ASTM(American Society of Testing and Materials)o]A] J+A 3t mesh
number 70¢} 0.210mm2} YA}7} 7R 9ot 2 Hol v = 0.231mmY
o & XYAFEFARAA T F3M2 99.0% &9 o] LT A
stglom F2)7)o)q 222 B 0] 98 SulRE Aldrich M ES] GLC
2.9997% 4£X9° methanol® ARR3}gct B Z L= Merck A
¥ 9] chromatography£- 99.5% <X 2] ethanol-g&- A&}t

AR = 3/ o]t e4 9 RE G 55 527 28 HaH
o] AFF22 o] FojHon 7 A 554 o|t(Song et. al,, 1992). o|4t3} T
L AYUEHE FH 457|194 48 27 & 0|28l 2F0.3 w/min (17]¢}
28 °C)9] &0 7 T3¢ 2 ethanolS ISCOL] u-LC500 Micro Flow
PumpE AFR3} o] o] Ak3}etA §-4-9] oF 3wt.%Q) 20.4 pl/mino 8 F 2
Y7 HolM TIstyck AP YURE F2EHE Fol7] Hatol
3mm T3 EFEH FER | Y. FERY 2= 35 °C,
50°C 218|370 °C 2 ¥ 3}A| 7 0 ¢} 200 bar £} 300 barE. ¥ 3}A)|Z
o} el7lo] TNY 2229 TS 2xsjo] 482 AL

FEE ¥ gFRo| =9 HFE4 S HPLCE o] &3}3ith 294
22 EF Jde L2 methandl‘-"ﬂ =of (0.5 pum FH-type Millipore o3}
71 & ARS-8te] ZR-E-S A AZH 3 g ALe] pu-Bondapack C,, column(30cm x
3.9mm)of] 5= Y3 7|EFe] HPLC U MSe] #4202 A 17349 43y
% SUsih



A3 A4 AW 23

YYzo] PR3t YE YU EFo|E FRHO T FARsH] 0

o] AA JfA= e 18ty BAo] E7153cHGrog and Jovavovics,
1977). &-5-A| 2O & ceric ammonium sulfate (CAS)e} UV ZA=L o|83}
TLC (thin-layer chromatography):= 5 ng ©]3}2] ¢Fol] A= o Ri3}A gt
o 31A| 7 W2 F Y-S Zt-TH(Famswork et. al,, 1964).  wh2fa] o] 9} -2
HHS F5517] At A Foll= 43S o] £ HPLCE ¥43aL gle
B 7 AjZko] 78 F-Follv QAT LR F4317] Mo AUstHE ol &
st FEE U9 YHZEE A FEoE Yo F43rix
(Renandin, 1984). 2y} F A HNA S F2EY Z-5 47 o] di g
‘Ag)/do] Q1o Q43S ARE317| Wof Aej7dE AREE YUt st
A 12 2] B YA oAELEE o] &F FE2Ho
vindoline3} catharanthine2] £-2] o) 2|3t ZLH o] QA E oF 7 HAS
7 #| oF 3= Renaudin(1984)¢] 7| 8- w551 B 7hdéith. YA o]
ABlEALE o] S YURERE HSH 52 dE A% FHTH2
HPLCe} MS= 3}t o] AHAZFE FE5&° Fw¥ 39 diFTol
vindoline3%} catharanthine®)-2 ¢} 4= QIt}.

297 olAbgigize] chanolg MEEWE o] fsle] YYzeHH
vindoline &g o8] 2%k, ¢RAA At B AP A
ethanol®] FF-F-4-2 o] Arsta29] ¢ 3 we%<) 204 plmino] Qict. 7 =
AoA AojR 252 #4FHE Table 19]- & 5 1t Ethanole X
Z2U 2 ARRYE 735 YA o] A3t eA o ol 3 vindoline ] A= Ad2 ¢k
go| Zh2gtel et Soksh= A %S Eeln ok 28y 70°C Y 22

_an_
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Table 1. Selectivity of vindoline in various con- 2
ditions P 30
i . _ - , S
T(T) P( bar) Vindoline%s in extract 15 )
35 200 67 5 <0
300 55 5
=
50 200 58 10
300 50
70 200 54
300 57 0
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CO, Consumption ( 8 )

Fig. 1. Comparison of the yield of vindoline
obtained by using SC-CO, with and
without cosolvent at 350C.
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Fig. 2. Comparison of the yield of vindoline Fig. 3. Comparison of the yield of vindoline
obtained by using SC-CO, with and obtained by using SC-CO, with and
without cosolvent at 507, without cosolvent at 70C.



oA ol WidlY F¥}S B R In =7t FhYe] #E
vindoline2] A1&)/d2 w2 & oA Zhadh 22 F o)A 50-70 °C o] A
OAl 718 3 %0l 3le= A58 5 Y. AAFHo2 B2 L& ALE
3R] o4 7%B-T-(Lee et al, 1992)¢} u|wdl] & o H XLl ethanol?)
vindoline2| Zde)/de] digt FgFo] HZ AL & 5 Ut weEhA
vindolineo]] o ¥+ A&} /d S S7HA] 7] 7] 13l o2& xRl 9] ol &3
£ dTe<s ol §T o Fo] o3t

Z} 20| g2} B2 L& AR A9 29A] o2 7ol A
FAAZHE YA oLt erA g An|Frof o §tvindoline & &9 ¥
3= Fig. 1,2 28]3 3ojA Yeh o}t o714 vindoline?] 482 Hirata
o] (1988) 77| &1 2o AHE 7|22 ALY & dYx U=x
Z)0 7 HE| g vindolineZ AR F 1gd 1.8mgS 7|FL2 82 A
AR 7|4 BB 2 ethanolS ARFBS 75 50 °C , 300barof| A]
o] AIE AT qER DA Y FE582 FAH 2 XFH Folsl =
B BAY. B3 2271 SoH e m 2989 F7HEo| Fo. o]
A0 2 ethanol?| HXRu 22X &3+ 25 o e} S718h= 7 ¥l U5
= @ Ao B3 B gl o] ARRofief FaAstA 229 gt of ¥t
vindoline2] =& &2 o| 4t ehazof o ¥t 3o} AA sl ojLbs T4
o] Yo @2 FFS N JUSS U 4 o webA Fig 1,2 38 aL 3
oAA & 5 Y=ol ¢go| Z7t5e| Wl vindolined] &3 =7} F7lsle 5
S8 SR T 220 i3t @2 vz A U 4 T AT
o]2| ¥ A F= X YA o] AFTAEE o] -3 AEANEFHFEAATY F
o] % AP =FolA olr] g2 FIF¥A LDX| 3 (Schneider, 1980).
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A 3 &} Catharanthine3} vindoline 2| 3} 3} Z §}of 2] 3t

vinblastine ¥}/
A 13- AE

Vinblastine 3} vincristine2] §le]Z Q) AWAIEIY 0 2 A3 9= 7Ho 7
+ o] &2 A3+53 ¢ vindolineF} catharanthine & Z}Z} o] ZFAY A= uHy &
YAz YT F, o] 55 AT B 33y W2 B Fsto of
2]l indole alkaloid S A A= W ot} 57 &] AE-E-Z) F vindoline 4]
AU ggo| DE5Y 0.12%2 vy g2 XUA |13 Thaof o 3f
o AYES B ER B A 08 50| 7he3tHLee et. al., 1992; 5
£1992; Song et. al., 1992). t}2 Ht-E-Z) 21 catharanthine2 A) &2 J| 3&F
o] 0.003%2 Wob ATujoFe] o WAATI} To] AlEs|e] Utk
Catharanthine A} 4F2 Y Y& B/4FT(hairy root) ¥l F W HEN FA L2 5H
1843k catharanthine SIAYAE M| EFF- o] §5fof o FA4e] 7H5-8H(Kim
et. al., 1991; Jung et. al., 1992; Jung et. al., 1992).

=+2F2]| indole alkaloid¢! vindoline3} catharanthine peroxidaseo] 2] 3t &4
A A3 371 0| of 2] 3 3153 32 = vinblastine2] §1/d o] 7h5-3}
t}HGoodbody et. al., 1987; Vulkovic et. al., 1988)). ¢] &z indole alkaloid2] 4~
£ S A Y o] £ Y vl 33ty Fto] sk P gt 4
2)3tch shab AWME FEB 3o rhHold  EAselA
3'4'-anhydrovinblastine& 73--3}o] vinblastine .2 Z g HATHFig. 1). o] u
vinblastine 8] 482 pH, ¥, 37} o] £(Fe™)9] BE 9 WAL =



H CDOCHs
catharanthine

| o
Lo

B we i Swi:Y

EDDEH3 1 H COOCH=

CHz

.. catharanthine-N-oxide
vindoline

H /7 COOCHs
! 3' 4'-anhydrovinblastine
4
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RN
C COCH3
k | TOGCHs
R
' "COOCH=
- |
(7Y
ﬂCUCH3
| tﬂDCH;
CHO

vincristine

vinblastine

Fig. 1. The overall coupling reaction scheme.



Zste] A3y 4 JITh(Vulkovic et. al., 1988). o] uf 524 & vl =742
catharine, leurosine, vinamidine % 3-R-hydroxyvinamidine 3} 7}-2- ¥ 3}X| ¢+
o] FA| E A4 ¥t

webA] £ Aol YA oAttt o3 553 vindolined 4 Y
Z BAFE uloFel o3| AJAHH catharanthineS- 3713 0| 2(Fe™)2 AHS-8l+=
31814 ghut-S-of] 2]t vinblastine AF 4ol F3H A HE W3S T

A2d R QY

1. TLC(Thin-Layer Chromatography)ef 2] t indole alkaloid 2| # A

Z YA oAz}t ao] o) 3] 52%-¢ vindolined} Y Y= B /AF (hairy root)HH
oko]| o] &} AW4FS catharanthine-2 +3-8 TLC plate(Silica gel 60 F,,, 200 X
200mm, Merck)& AME-3}od 28b A2 A stdTh 13 WA Z 100%
methanol-Z, 2x} X 7ol © & BAW(n-butanol : acetic acid : water, 4:1:1) &
of 2 ALL-s} T} Z} A oA A7 Bd Fo] CAS(Ceric Ammonium
Sulfate) A| ¢k 2 LAMA|AH A7/ gl TLC plate/ye] HAHXRHSE
o135} s th(Fransworth and Hilinski, 1965; Fransworth et. al., 1964). Z} @+ &
Fol AL AN 5te] 7} sample 3 YRE 28 HPLCS 43}
Ao}t HPLCH#4)2 Jung5-(1992)¢] uh o] w2} ODS & ¥ (m-Bondapack C
column, 30X 0.39cm)-& AR2- 8+ & A} I 2ule Teu] 2 st

2. Vindoline3} catharanthine2] 3} %7 §}of 2] §} vinblastine2] A 4F
0.1M glycine &% (4°Coj| A pH 2.0) 5mLe]| & 2| ¥} vindoline 3} catharanthine



2 717} 03 mg# W& WhSA|ZE 1|2 4°ColH YZHs}aich wheo)(SmL)
o] 40 mM(20~100mM)2] =57} HEE 1.2M 933 (FeCl,) 2L 22
713 4 °Col A 2 A| g4 TGA|D Fofl B4 ES] B0l YUES
sodium borohydride(NaBH, )2 4 7}3t 1t} ¥hG-0] X8 F-of pH7} 2} 109]
)£ 14M bR o} 0.1mLE 7131t} ¥ho] 93] AVAHY o] 24 indole
alkaloid HPLC53¢] ethyl acetate SmLZ A 25| 9t} 77| 0= 7}
Sstel ] 39A17] 2 HPLCS 3¢] methanol 3004L2 A| 2.8 % 3t 22}
GBS T2 HolA DA indole alkaloid S Y A T of 9} gt
L, o] #F4]| indole alkaloide]] T3] 7 &332 UV 226nmo] o} =3+ X 9 A
o] Absbek 2ol o)) 329 vindolineS FAI5HR] G AEfZ o] &5te] $]
o A2 A= T

33423

1. TLCo} 9] Bt Vindoline 3} Catharanthine2] 3 A}

ZYA o|rtztsrao] &3 S22 ¥ vindolined} YUYX HAIZTOZHE
7]-8-vljoll &3 5229 catharanthined 24A TLCE A3l Rt A 3}7]
H 23 2Zo] 39 vindoline?] L 50%0] 312, 1A TLCH A ¥
= 60% 0| AL 2FA TLCHA| Fol= 97% = w5 o317 A= At
CASA| et = WAYA| & of vindoline ¢&7H o2 4542 YEHY T}
A2 5ol =34 o] AZiT. Catharanthine ¢ 7H 02 F o] =AY o]
= oAl w oot Fa) B o] S8t S Foll= ZH AR ol 2
A T g B S A 02 HEkgT.




7)o ¢ 3t 23220 £5H catharanthine ] ¥ 7~8%=2 st
O}, 19A4 TLCAHA] Foll = 37%0] 3L 2A TLCH A Foll= 75% 74|
7}81t}t. Vindoline®] AAEESE %= AHY BT IgFHoH

catharanthine?] A £-8-2 55% & Hyto| 2F Y+ 8= X

2. Vindoline3} catharanthine®] 3}%}7Z 3t o 2] # vinblastine2] A} Ak

ot Al ¥ o] A A} H =34 indole alkaloid$! vindoline 3} catharanthine2- 3
7ol 2(Fe”) & Fu 2 AHL3IRS vl A4 H s AUEHUY. S8 v
AN A) B2 3' 4" anhydrovinblastine 3} vinblastineo]$].2. v (Fig. 2), ¥F-S-0. 2 X
E leurosine 7} 72 YSEA] = o] FAE A A HHU L I L2 B
o} FA|7} =)= skt 373 o] Z(Fe™) 9] sourceZ= @3 (FeCly) 8-
A2 AHEstG o, Fu| 2 71 78 ¥ F = 40mMo| STt

W2 g g ¥h3-x 79| 87 ¢lo] sodium borohydride(NaBH ) 2} 74> &
YA E YA ol Frge 2 F A= ok NaBH, S 7138 Al 7| = 5713
W2 2t b5l oF &9, 40mM FeCl, ¢} glycine $59 5 4 °C
o A AR3-8} 1S w) vinblastine2] 37} 2|7} =7 k= HU A H 7T A7
= Whg-o] A|AHE F- 2| 7o) e wf qict. YA oAt o3 F
< ¥ vindoline(50%)& A 3}A] 9 A2 W=
NSAI RS ol e v AR Yooyt I e 2 1Y
Shabd Aol o 3 A4t 3t ehES A8t FAB mass spectrumoj 2]
3l 493} A3} authentic vinblastine?] X} Y x| 5} (Fig. 3) HPLC oj

o] &l 8215 3}3}E-0| vinblastine )-8 #<213} it}
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Fig. 2 HPLC chromatogram of coupling reaction products.
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Aad 3 3

T Aol A YA ol it3teAe] o3 558 vindolined} PP BT
(hairy root) #}] 2Fof 2] 3] AW AFS catharanthine-E 2%+ of] Z3 21 TLC(Thin-Layer
Chromatography) 2 F 4| 3l12 , o] & 37} o| 2(Fe )2 | = 3o
Z2 3A| A vinblastine S A 3= 2 & A4k 5 Q= AS FU -

o2 AREEHE 37HHo|2(Fe”)9 source® o] §7l5¥ AL 2+ Fe,
(P,0.),, NH, FeSO0,),, FePO,, FeCl,, 9 Fe(NO,), 50| o] Z & A Hl A&
H A& FeCl,o| it 3713 o] &(Fe ™)< catharanthine 3} complex& 3 /g 3}
vindoline} Z A 3} 2 3}-2- & B 3} electron shiftE o}7| §ic}. webA 3713
o] &(Fe*?)2| ==+ At ) catharanthine®| ‘5= 9} 7 ¥h-3-2o] 7] Ao
UApoltt T ¥H2 2 SX(20 °Col ol A K= B 254 °0)9)
A ZERH R PG IR 2 oA vhao] W W=y
Yi= ol FA Y F=7H Y vl ¥H3o] HAHEF 37| T BHA
7F A1 718) A o] oy o251, T]-9-7] YRHH R & A=A
= o| At 7| 5o AT WS 2 oA B A4 SUHE e
7FA] 7] wj Fo| ot WebA 4 °CH 2] W 2 oA S+ B A
© 2 Aojxn ¥3-2 FAA|7| = FUA Y HIRXPE By a7 0] A
o} g9 A3 %A ¢ vindoline?} catharanthine g YHg-E=2 ARZ-3}

2, YA o|At3tttio] &3 34 vindolined YHEE ARS8l
= U= A& 2] d& FAN Y A= w235




A53 AL

H. Lee, W.H. Hong, J.H. Yoon, K.M. Song, S.S. Kwak and J.R. Liu (1992),
Biotech. Tech., 6(2), 127-130. .

S, 9T o] & S, A, R E (199)), AN ET§ 3 A]
6(4), 407-412.

K.M. Song, S.W. Park, W.H. Hong, H. Lee, S.S. Kwak and J.R. Liu (1992),
Biotech. Prog., (1n press).

S.W. Kim, K.H. Jung, S.S. Kwak, H.S. Choi, C.H. Choi and J.R. Liu (1991),
Korean J, Biotechnol. Tech., 6, 1-7.

K.H. Jung, S.S. Kwak, S.W. Kim, C.Y. Choi, G.S. Heo and J.R. Liu (1992),
Biotechnol. Tech., 6: 305-308.

K.H. Jung, S.S. Kwak, S.W. Kim, H. Lee, C.Y. Choi and J.R. Liu (1992),
Biotechnol. Letters,

A.E. Goodbody, T. Endo, J. Vulkovic, J.P. Kutney, Lewis S.L. Choi and M.
Misawa (1987), Planta. Medica., 196, 136-140.

John Vulkovic, et al. (1988), United States Patent, 4 778 88)5.

N.R. Fransworth and I.M. Hilinski (1965), J. Chromatog., 18, 184-188.

N.R. Fransworth, R.N. Blomster, D. Damratoski, W.A. Meer and L. V.
Cammarato (1964), Lloydia, 27(4), 302-314.



A| 4 %} Indole alkaloid AJ AHg A4S B EANEYF 7|x
AT

A1 Indole alkaloid Al §}49 A& - HA52 cDNA #}4]

=.

| .

1. A

o)) X = 8}ota| & AFR-E]= vinblastine3} vincristineS-& B £33t T}hokst
indole alkaloidE AW AT} (McKnight et.al., 1991). o] £ indole alkaloid 2| A¥
dell A= 22 A gtk E3|uyptophanofA] tryptamine
0 2 A¥x|= (A gyptamine} secologanino| FHa] A A] strictosidine .2
gl 33 Fal 829 cloningo] o]w] 2AE 9t Mcknight et.al.,
1990; DeLuca et al., 1989). MA}= JFAHFLE A A8} antibody S A| X
& immunoscreeningS 3}, FA}+=Rauwolfa serpening?] I H-H A}
sequenceo]] oligonucleotide probe E THE-¢] screeningdted X A}-E- cloning &
F~ 90tk 5 A indole alkaloid A} /g A TdAE 10004 2] indole
alkaloid &) A ¢l strictosidineo] THSo] = Aot wapA] gene
expresion level' T}= indole alkaloidA} 34 A B T} =2 Aol #& § 4
o] &k WS Aoltt. 22y 57 indole alkaloidE- TtE+ A o A= FH
E20] o] Wl$ YE ALE 22U TUFT BAY AP Yo
FYs| Y2i A97h Sgo] HAE AV H T YYE BE2 $AA
£ clonings}7]7} o] ek, mebA] el thet R} e AN E
AR cloning® 4 I W0l RFE Rolth.  YYZ W YA
o] A indole alkaloid7} A} AHH w2} Z71-& indole alkaloid7} A ALE] 2] 93-S
de) 2R g 2w 270] B BA QYR YT



indole alkaloidS- A} 4§t} o]+ developmental stageo]] w}e} gene expression

o] ZA X+ 73-F4 cell type specific gene expression®] 73-9-2} -3-A}3}t}. o]
% 7] developmental stageol] @2} ZH == A A cell typeo] we} E-0)3}
A GETE S84 B DU o] s U7 AMe] A9 e o
substracted cDNA library\} differential screening=-2] 8% © 2 cloning ¥ o]
2t} (Timberlake et.al.,, 1980 ; Davis et.al.,, 1984 ; Koshland et.al., 1981 ;
Sargent and Dawid, 1983 ; Nagata et.al., 1989 ; Pillay et.al., 1990 ; Del.uca et.al.,
1991 ; Salamini et.al., 1991)

Differential screening2 &3 X A}7F A3 = A X 22 vl A oA
cDNA library S 9= oS, WA T 9o A|F oA 23 mRNAZR cDNA
probe -2 RNA probe 2 librarys- screeningd}o], ¥} 2 probeo] £-0|35}7]
hybridization = 3 AHE 3= Wio|th. & QoA+ o] WS A3}
o JYx el FAEE AHE-3}o indole alkaloid T AP FHVAE R
3} shgich

2. 3% 9 Uy

2.1. Total RNA 3 mRNA #g

Al o] AFE-3tF indole alkaloid AV A 3= Kim et al (1991)0] 731
VPC-102 ARR-3l4ich AV Ah R o A 5, 7, 9, 11 H catharanthine 1AYAHY
AEXE A5t CsCl YA E2) v (Glisin et al.,, 1974; Chirgwin et.al.,
1979; Han et.al., 1987)2.2 total RNAS 2|3} t}. 2 Y] Al X 5-10 g&
AL Z da|z oAb oA] FA 72Ut GIT buffer (4.0 M

guanidium thiocyanate, 0.1 M Tris. HCI, pH 7.5 ; Sml / g sample)o]| B-mercapto



-ethanol-2 1%7} HEE A7}l 72 9= sampleg YWY
Homogenizer2 #3}4 23t o2 20%(w/v) N-lauroyl sarcosine-2- g ©]
S 5=t 2%(wh7t HEF 3Gt Y48 st pellets A #3513
t}. CsCl 10 mlo] sample-2 loadingd}il W A)F-¢E- 24,000 rp.m. 2 F 36
A]7} =0} 2=8) 5199t} 510k DNA band7}#] CsCIZ A3} DEPCZ X
8l 23} Z2F42 2-33] washing S Q. Y X] CsCl cushiong- #| A3}
70% EtOH® 2-33] washing ¥ 400 ple] 0.25% SDSeo|| RNA pellet-2-
suspension3} ¢t} Chloroform/butanol(4/1,v/v) extraction 2 F-7HEo] 3}<F
bandz} Qo Wl 7] Saysteich F7Ha 70 °C A 1087 5

AT}l T}A] cholroform/butanol extractiongm %}ﬁ t}. Ice-cold absolute EtOH
£ 7}3te] RNAE precipitationX] 7] 31 13,000 r.p.m. of| A] Y A)+2|3}e] pellet
2. 42 51 70% EtOH=. 3+ ™ washing 3} t}. Pellet2 DEPCX|g] 3} DDW

o] suspensiond}Qt}. mRNAT total RNA o] A] oligo d(T) cellulose column
chromatography 2 2| 8} S t}.

2. 2. Denaturing gel electrophoresis
Total RNA 2] 2F 10-30 ugg DMSO 6 ul, 0.1 M NaPO4 1.2 ul, 6M glyoxal
2 Wl 2} Ao 50 °C ol A 1A 7H=<2k vk2A| 71 H 10mM NaPO4 buffer(pH 7.4)
o] =21 1.2% agarose gelo] loadingd}o] 7| Q=L T3}t (Maniatis
et.al., 1989). 7] =2 3}= =9l polystatic pump=E tank buffer ( 10 mM
NaPO4, pH 7.0)5 A< <3 A At 50 mM NaOHoj| 207+ 5§ 0.5 M

ammonium acetate 7} = EtBr (1 pg/ml) £V oj|A] stainingd}3l watero] A

destaining 3} & T}



2. 3. cDNA library A=
cDNA libray= 414t H{Z] o 4] 7]-:2] 991 S} Mol & mRNAG)
A 9=t} cDNAT cDNA synthesis system plus (Amersham)2- o]-£-3}of
/9351 2 librarys= cDNA cloning system (Amersham)2- o] -£3}o]
Jgt102] EcoRlI siteo]] cDNAE- ligationA| # A &3} t}.

2. 4. ProbeA] %

Differential screeningo] AR2-3} probe= PCRE2 o| &3} A x3tHc}. Ab
AR oA Wi oFE 2] 5, 92) A )& MEo)H mRNAS 2e]ste] double
stranded cDNAE 9H=91T}. EcoRl adapterg  ligationk] 7|3 ¢]& PCR
template 2 ARE-3} 4t} 10 X reaction buffer (50 mM KCl, 10 mM Tris.Cl (pH
8.3), 1.5 mM MgC12) 5 pl, 2 mM dGTP. dATP. dTTP E&te} 5 ul(H2=%
200 uM), 1 mM dCTP 0.7 nl (3 %—%—E 200 uM), 33 M -32P-dCTP (3000
Ci/mmol, Amersham) 15 ul (<% 099 M), 5, 99 EcoRI adapted
¢cDNA Z}Z} 1 ul ( 10-20 ng), primer (16 mer, 265 pmole/ ul ) 0.8 ul (H=
200 pmole), DDW 21.5 pl € 0.5 mixe] tubee] Wi 30 ple] mineral oilE-
reaction solution ¢ of| &1 ¢t} Thermal cycle2 94 °C 5%, 52 °C 2%, 72 °C
3R 3022 13], 94°C 18, 52°C 23, 72 °C 3% 3022 303,94 °C 1
+,52°C 2%,72°C 10322 13]9] cycle2 ZI33}¢c}. Chloroform 50
pl & A2 H 452 A 2F tubeZ FHH. Probe 1 plE 108 3433
whatman DE 81 paper 27g¢]| 7 23l 1 5 $ 2 0.5 M NaHPO, & 6,
DW= 2%, ,95% ethanol® 1*H washing3}e] Cerenkov counting-& 3} t}.

Northern hybridizationo]] AF2-3} probes= random primerE- o] &3 wtyjo =

A 23} ith. Template DNA 2 ul (2400 ng)of] N6 primer 2.4 ul (60 ng)



2431 10 pl glass capillary tube 2 2 At &= Eo 77+ §H =A] ice/
ethanol bathe]] 591t} 2 ul klenow reaction buffer (0.5 M Tris Cl (pH 7.6),
0.1M MgCI2), 5 pl NTP mix (dATP, dGTP, dTTP, 3=x% 0.25 mM), 3
ul -32P dCTP (3000 Ci/mmol, Amersham), 1 il Klenow fragment (7 units )=
A 7}33L DDWR 20 ul2 2391t} 37 °Co A 1A 7H=SH vk Al 7] 31 30 ul
9] stop solution( 0.1% SDS, 10 mM Tris Cl(pH 7.5), 1 mM EDTA )2 2 ¥l-&
= SAAI AT

2. 5. Spun column chromatography

Probe o] 5] DNA R incorporation 5| X| $§-2 0{-32P dCTPE A|| A 3}7] ¢ 3l A
spun column chromatography S 33} t}. 1 ml FA}7) o] HHEF9] glass
wool 2 FA}L7] 8] Y& A -F F sephadex G-50-2 W 31 3,000 rpmoj|A] 1E-71
A #2315t DDWE 1 washing3d}i probe sample2- loadingd}ed 3,000
rpmo]| A} 1E-7F ¥ A& 8-

2. 6.Differential screening

90 mm plateo]] plaqueZ} 200-3007] E == vl oF3t & nitrocellulose filter=
271 2] replicas AT} AL replicar 90X, FHA = 150X £2F plaque s
filter 2 transfer A] Z{T}. Denaturation solution (0.5 M NaOH, 1.5 M NaCl)9j] 1
-, neutralizing solution (0.5 M Tris.Cl, pH 8.0, 1.5 M NaCl)e] 5%, 2X SSC
(0.3 M NaCl, 0.03 M Na-citrate)o]] A 357+ & ¢)-F 3-ofl 3MM paper$] o] A &
51T 80 °C vacuum ovenolA] 2X] Z} =<}k baking 3} T} 50% formamide S
¥ 33k prehybridization solution (6 X SSPE, 5 X Denhardt's reagent, 0.5% SDS,
100 g/ml denatured, Herring sperm DNA, 50% formide)2 82 mm filter= 0.5
ml#] Y31 42 °C of| A] 2A| 7+ =<} prehybridization-g 5303} ¢t} 5,9 A wj



Nte] P2 A E oA F|3t mRNAZ 7= double stranded cDNA probe
(specific activity,>= 1X107 cpm/ g ;8.5 X 105 cpm/82 mm filter) &2 42 °C of|
A} T0R| 7t =<t hybridizationg &} t}. Washing2 2 X SSC, 0.1% SDS & 5
+2) 43},65 °C 1 X SSC,0.1 % SDS=E 30%7F138],65 °C 0.2 X SSC, 0.1 %
SDS 2 307} 13] 3¢t} 9UA] probeZ} ¥} 73317 bindingdh= plaqueE 2
e} E.coli NM5145- vl %t plateo]] X3}l TfA] plaqueE L3t} 5,99
probe 2 T}A| hybridizationd} S T}

2. 7. Northern hybridization

5,9¢ total RNA 2F30 g2, size marker ( DNAE HindIII£ *|2] 3} DNA)
1.25 pg=S- denaturing gel electrophoresisd} ST} 20 mM NaOHE-4 o]l A 10F
ZF 52 t}371 0.5 M (NH4) acetate S X 3}3F EtBr soultiono]| A staining 8} A}
Z1-g- & ot} 20 X SSC (3 M NaCl, 0.3 M Na.citrate)=- transfer buffer2 A2
815l 2 bufferof A -8 x| E 1 3 MM paper 3%, AX¥ T} 7 & 3
MM paper 3 &, 7, nitrocellulose filter (BioTrace, Gelmann Sciences), 3 MM
paper 37, 5-8 cm S/ A F SHFEUT W Hel= 300 g A
S718 St} 12X|7F =<t transferE A 7] 31 3 MM paper A}o]of it 80
vacuum ovenol| A 2A] 7+ = ¢k baking 3} T}

Prehybridization 2 2A| 7F =9t 4303} 31 probe (2 x 106 c.p.m. )= Y11 48
Al7¢F =9t hybridization® 3}¢lth. o]u] AR-3tF solution differential

screening o] AF8-%} prehybridization solution3} =3} St}

2. 8. ADNA 3
E. coli NM514 732 maltose7} 0.4% &+ LB brotho]| A B2 7|

. 1% 1 mlE LB broth(maltose 0.4%) 50 mlo]] Y31 37 o] A} 2F3-4X| 7t



oF uj &3 T 6,000 r.p.m. oA SFTF YA 3L cold 10 mM MgS04 10
mlo]| suspensiond} <) t}. §F plaqueo] 200-300 ple] F=u|H E.coli NM5144-
Z2 o] 37°C o] A 2F 10A]7F =<k ujj oF3l ). 200 ul chloroformE- @1
307+ ] vl oF5} 31 DNase2} RNaseS- 1 g/mlE £ 7}3Far 1A 73Sk 37
°C oA} vF2-X]|Zc}. NaCl (2.92 g/50 ml culture)g =o|i LS £of 1A|7}
Et}i7} 12,000 r.p.m. ol A 2077 YHANE-2] 3T} Pellet2 A 7-]'3']-,.1 PEG
6000 (Merk) (5 g/50 ml culture )2 Y1 g-2L0)A] 2-3A| 7 F24T}. 11,000
rp.m. oA YA)Ee]5} pelletg TEo} =21 & chloroform extraction& 3}
T} DNase, RNasex] 2] 3}od 3R] 7F =9¢F 37 °CofjA] ¥H-2-A| 7|3 2.5M NaClo]
+ PEG 60002 TUHFHE 40 d55olA 241 54 & 7 13,000
rp.m. oA {A)Ee]stE ). TEo] suspensiond} il 1% SDS £ 1/100 Fy 2
368 of 55759t 1/505-31 ¢ 5M NaClE Y1l phenol extraction-
4-5A17F =92t =35} t}. Chloroform extraction2- 3}3l phenol/chloroform
extraction & &2 34| Afolo] shek debrisst glojy w7Ex R
o t}. Isopropanol precipitationA| 7] 3L TE¢]| =%t}

2. 9. Subcloning 9 recombinant plasmid DNA #&]
ADNAE- EcoRIC 2 *{&]3}31 3% polyacrylamide gel electrophoresis2- &}od
insertE- ¥¢13}AL elutiond}sit}. EcoRI, CIAPase & *]&] 3} pUC193} ligation
A| 715 competent E.coli JM83¢]| transformationA| 31 }. MacConkey agar plate
(50 pg ampicillin/ml ) oA A== vl 3} 3 4 colonyS 10 ml LB
(100 pg ampicillin/ml §+7)ol] A=, vl Y38} T} recombinant plasmid DNA+
alkaline method ® 2] 3} t}. (Birnboim ,H.C.and Doly,J., 1979)



3. A%

3. 1. Total RNA 3! mRNA £¢g

AR oM 579,11 A Vel okt AT o)A £ 8 total RNAS] o
2 Z}Z} g sample T3 453.1 pug, 246 pg, 53.5 pg, 419 pg o] ¢t} RNA S ok
260nmel A optical density & 29 5ko] Fstsich. Wjoket dR7t 27hgolat
o} 343 RNAYFo] Z}Ash= AAE ¥ At}.(Fig.1) Denaturing gel
electrophoresis =S 3} E_‘i,l'—- of| 28S 2} 18S band7} 813} A4 T3] o] RNAS)

T}3)7} A8 $9EL o4 YT (Fig2) Total RNAS] -5, 280nmel A 3
8 §t absorbanceo]] ‘:H 3t 260nmol|A] 2] absorbance B]+<= 1.6-3.0,mRNA= 1.68-

2.70] 2t} mRNAZ} total RNA 5 X}X] 3= 1] 82 1.8-2.6 % o] gt} (Fig.1)

3.2. cDNA library 2] =
A Ahl R ol A 9Y A Fehull G5 A E oA 2] 3t mRNAR library § A=
31930 1 titer= 2F 20%¢ pfuo] T}

3.3. Differential screening

Plate™d 300-400 pfuo] ¥ & & vl oFs}eq & oF 19} pfug- screeningd} it} 9
R A X2 cDNAZ vkE probeo] E0]3}7] bindingdh= plaque= 2407} =
screening 3t plaque 2] 2 % A XS} Host¢l E.coli NM5145 w|g]| ul o3t
plateo] A& &} <T}A| differential screening2 2 oj] 477} ©fr] 9Y
probee] A1®% 2 2 bindings} 5t} (Fig.3)

3. 4. Northern hybridization

Differential screeningol A 21-& 47} 9] plaqueo} A insert=S £ sl pUCI9
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o] subcloning ¥} | random primer method 2 probeE =it} 543} 9¢)
total RNA ¢fF 30 ug denaturing gel electrophoresisd}ed nitrocellulose
filtero}] bindingA|7|32 42| probeE  hybridizationd} Gt} prober}
hybridizationl 3}}2] band7} &5 X| 952,99 total RNA || A band 2] A}
71 A9 xpo| 2 BolA] gpsct

4. 3%

°F 27l 2 plaqueE tf 4} = 3} differential screeningS- 3 ¥+ 2 3} A4}
2] o M SR v SR A Eol A S K] o3 92 0] 2|k M=
AR A4 SAFE AR paque A E BSkTh Tt oS3
shutglo] insertEs ZFX|3L 2092 ™ insertE probeE AR5} Northem
hybridizationS 3}2 uf] band] A|7]= 59U 99 9] total RNAO A X}o)
7t 3. weEbA] 5Y3 9Y M EofA,0] inserte]] 3} F3} transcription
levelo]| &= =}o]7} Q3-8 & 4 23t} ¥ differential screening-S A< X
PA L Aol o] 9} BjE-<] indole alkaloid A} FH/do] Tof Fotar Azt =
3 9) 91§ PSo] immunoscreening g WA Tk

A 2] o A F gl oF 3R] S5Y oA 11U R Flol| w2} cell mass= 57}
}A] T total RNAS] 3} mRNA 2 7+ 3t 280 BE 79 mRNA
754 AER 2y s JIPAT 294 ¢ 7= U oJE 5
mRNAZ} T % 73] 5= -5 4 mRNAS o] JA mRNAAAN 2A| 3= &
o] @eHd 5 31 o]¥ %-F Northem hybridizationg 35 o, AA2+=
transcription levele] ©e}X] 2] ¢ 3t5-oll = 9UA] A| X oA T go] LA ==
RAAY A7t g 5 ok U EGE A92 R AAR 48P ET]
SeU= A TP Aol
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A2 A= o (Anther)8l| P22 HE A FA] A3
1. A&

AAE Wy A2E ST AEAY AR 7|4 S48 §L A
A QU 7|E FFT= v AR ESA AT THAAST S MEE
2§32 £UL FVUEE gl EHHL2 o8 £ Y} ol
TAMAE LS FTAEA A3 7= BAY AE2 L (Chen
et al., 1985), W(Heyser et al., 1985), 2-5<(Armstrong and Green, 1985) =
S A Bl A E Fsato] HE)T 9on] ol AME WA 7]
e A, LAY EFA T e 2AL W Q7R EAR
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shil 3 o) W22 RE 7| BLIL T A LA AR 7l gho] By
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2.1. P FE W AEA A
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2.2. A ¥4

o el P2 5E AE3E AEA Y GAA 55 A A3 A
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23 AT 222t B
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A5 3 308 7+3 0 7 20% H-E| TBA (tertiary butyl alcohol) A|B8]|Z 2 €
8le] paraplasto] embedding 3}t Microtome &2 10 m 579 =32 &
H o 7 A= F Delafields hema toxylin &2 A 3}e] 35 Ho|HA oz F3
3kt



2.4, Wepu]oF 9 WA} MEF M

=¥ A2 E Fguj k2 JlAE] Y8 BeL 1g 2 MSNK o
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TS ATHFig 1, A-B). 22y} ohull F3F 2471 9] el x| A e] ALt
ol s+ =& on AT FEHA] YUt o|F A A xu7l w=H 7
22 YFS AR FAA7T I A 42 MS 7| 22| 2 o] A 8te] Pl F
g A3 W] A F 3-571 9] plantlet7} wbds} sl chFig. 1,C). AF3}5 plantlet
25Y AR AHEE wx3517] 3l Y 275 o)A i F§ A3 shoot ]
U571 A2 23 5 HA shoot XA 22 HY AFPH oz EHujrl LA
£ FFslgon o9 58§82 P22 FE shoot WA H&R T} 94t
(Fig. 1,D).
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Figure 1. Different stages of development of somatic embryos (0.2-0.5 ¢cm)
on MS medium supplemented with lmg/l. NAA and 0.1 mg/l. kinetin in the
light condition. A: early stage of somatic embryo; B: cotyledonary stage;
C: regenerated plantiet( C: cotyledon, H: hypocoiyl, Ri root); D production
of secondary somatic embryos on the surface of primary spmatic embryo.

Figure 2. Plant regeneration from anther derived callus of C. roseus. A:
anther derived callus cultured on MS medium with 1 mg/l. 2,4-D; B:
mutiple aggregates resembling proembryonic structures formed on the
surface of embryogenic callus; C: cotyledonary stage; D: regenerated
plantiet; E: a flowering plant regenerated from somatic embryo.



A 2o Ay o] u|ulrdA WA E J< AEE 5 YUUTHFig. 2,A). ¥
H 2,4-D7} 1 mg/l 718 MS LA ulj 2| ol A g vt M EFEFH
3717} 2F 2 mm P o] v gAY 229 u| gAY A2 EF AVFZP A7}
H7E 2] 92 MSBM f A ulj 2| o} 14| v x| 2 o] A) 5} 457} vl F3}3 2
L A A 2l o] g2 3 S AT 2 Ful F T A2 A= 10
Mol AL F 1719 A{ZolA v 25-F shoote] 3} W | A Xul of
g2 FAE 5 UNYH-

34. 4 ¥AA 2 AW

| F7HA|F 4 TLF7H 1AM EFFo| o] Fo{ R 2w vl F25F 2314
ETIES TEE T AU 45 M| FF A X232 dgS FLT T U3
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o Al X3 9] 5|37} o] Fo{ Rt v Y AAM EF 25 -H 722 4¥ WA =
iR MES o 4FPAHEY I HEFLFS 1IAREF U o] FoA| L
o] F A EF I o] Fol A A| o TH(Fig. 3).

fa

Figure 3. Protoplast culture of anther derived callus. A- embryogenic cell
suspension culture ( X 100); B: first division of cell derived from
nonembryogenic callus( X 400); C: first division of cell derived from
embryogenic suspension cells after | week in culture( X 400); D: second
division after 2 weeks in culture( X 400): E: cell colony derived from
protoplast after 4 weeks in culture( X 100).
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