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Production of Useful Compounds by Plant Cell Cultures
—De novo Synthesis and Biotransformation—
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De novo synthesis and biotransformation of secondary metabolites by plant cell
cultures have been studied in my laboratory for about 25 years.

Incorporation of traditional and advanced tissue culture techniques, i.e. chemical and
physical regulations, engineering of apparatus, selection of high-yielding strains and hairy
root cultures transformed with Ri plasmid, has made possible the successful production of;
ginseng saponins (ginsenoside Rb; and Rg;), morphinan alkaloids (morphine and codeine),
berberine, caffeine, vitamin E, retrochalcone (echinatin) and so on. Furthermore, a large
scale production of ginseng cells in 20 ton tank, morphinan alkaloid synthesis in redifferen-
tiated poppy cells, and detection of 6’-deoxychalcone synthase activity in licorice cells
have firstly been demonstrated.

The biotransformational ability of cultured plant cells has been examined, employing
terpenoids (citronellal, menthol, borneol, etc.), steroids (cardiac glycosides, pregnane deri-
vatives and androgens), alkaloids (isoquinoline and indole) and phenolics (phenylpropionic
acid, tropic acid, efc.) as substrates. Bioreactors with immobilized plant cells have been
also developed. The reactions including oxidation, reduction, glycosylation, esterification,
methylation and isomerization against administered compounds have been observed, and,
consequently, even optical resolution of racemic substrates could be performed.

De novo synthesis of plant products and biotransformation of organic compounds by
plant cell cultures will contribute to plant bioindustry by providing medicinals and other
useful compounds.

Keywords——plant cell culture; biotransformation; immobilization; Ri plasmid;
ginseng saponin; opium alkaloid; 6’-deoxychalcone synthase; menthol; digitoxigenin;
tropic acid
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TABLE 1.

Metabolites by Plant Cell Cultures

De Novo Synthesis of Secondary

Cell Product
Terpenoids
Panax ginseng Protopanaxatriol 2
Ginsenoside Rb; 5
Ginsenoside Rg; 11
Nicotiana tabacum Cycloartenol 2
Eucalyptus perriniana  Asiatic acid 8
Steroids
N. tabacum Campesterol 4
Digitalis purpurea B-Sitosterol 3
Digitoxin 3
E. perriniana B-Sitosterol 1
Alkaloids
Nicotiana tabacum Nicotine 2
Anabasine 3
Coptis japonica Berberine 1
Coptisine 9
Papaver somniferum  Morphine 4
Norsanguinarine  8(1)
P. setigerum Sanguinarine 7
P. bracteatum Oxysanguinarine 9
P. orientale Dihydrosanguina- 8
rine
P. rhoeas Protopine 8
Eschscholtzia cali- Aporphine 8
fornica
Chelidonium japonicum Sanguinarine 5
Macleaya cordata Sanguinarine 7
Dicentra peregrina Protopine 8
Corydalis incisa Protopine 7
C. pallida Protopine 8
Dioscoreophyllum Jatrorrhizine 4
cumminsii
Coffea arabica Caffeine 2
Camellia sinensis Caffeine 2
Amino acids
C. sinensis Theanine 2
Coumarins
Nicotiana tabacum Scopoletin 2
Flavonoids
Sophora angustifolia  1-Maackiain 2
Glycyrrhiza echinata  Echinatin 2(1)
Licodione 1(1)
Licoflavone 3(1)
5’-Prenyl-lico- 1(1)
dione
Tocopherols
Carthamus tinctorius  «-Tocopherol 4
Benzoquinones
C. tinctorius Ubiquinone-9 1
Anthraquinones
Digitalis lanata 4-Hydroxydigito- 3(2)
lutein
3-Methylpurpurin 6
Rheum palmatum Chrysophanol 2
Fatty acids
N. tabacum Palmitic acid 2
Glucosinolates
Wasabia japonica Sinigrin 1

Numerals indicate the number of compounds; in paren-
thesis, the number of new compound.
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TaBLE II. Effects of KNO; and MgSO, in Shoot Viability and Root Formation

Concentration Shoot viability Root forma-
No. X1 X2 (mg/1) (%) tion (%)
KNO,; MgSO, st 2nd 1st 2nd
1 —1 -1 640 79 0 0 27.7 5.3
2 1 —1 3420 79 16.7 41.6 22.3 39.0
3 —1 1 640 327 11.0 0 16.7 27.6
4 } 1 3420 327 66.7 58.3 33.3 44.3
5 V2 0 4000 150 91.7 66.7 16.7 44.3
6 -2 0 100 150 41.7 50.0 33.3 55.7
7 0 V2 2 000 400 66.7 58.3 27.7 55.7
8 0 -2 2000 50 16.7 66.7 22.3 27.6
9 0 0 2000 150 25.0 50.0 61.0 61.0
10 0 0 2000 150 58.3 83.3 66.7 77.7
11 0 0 2000 150 91.7 83.3 61.0 61.0
12 0 0 2000 150 58.3 83.3 55.7 61.0
DRI Bt L. Box-Wilson method (2 factors) (Root)
ANADPDLY 2 — PERECRETER® 5 b 600
kinetin 2 /& D8 % 3 -X, 0.2 ppm O{KJEE TR 500
K I5% LEFERVE ORI, oy a— Vo b 1T 7
A h B FB LM% indole-3-butyric acid (IBA) 400
& kinetin ® =2 v €k — v o VTHRE LIch, &4 ~ 300 / ™\ .
1 ppm CHER 58% ThH - iMBORE LS bh o V4 /—\ 3317
- 50
TEm o e, 200
> ¥ 1 B 0 St NH,NOs, KNOs, KH;PO,,
. N 100 <] _— .
MgSOs » 4 EHFEH v o — VEF LBRCRIETHE O e
Bk 3 oy AL FC S 17 L —
MERET DI, LEERRIICES SRRty 01000 2000 3000 4000 5000 6000
V, ZOMEBRE T, TORR, va—- g : X1
iz Nr=ap g = Ry .
LR KNOs "Em F54 5% L-‘&: FRRIL Fig. 1. Effect of KNO; and MgSO; on Root
NHLNO; & KNOs o M EEH B EFL T 5 05, Formation (1st Generation)
NHNO; % &% 7o\ W 5611 KNOs ik & < B8, Numbers in this figure are. the rates of root forma-
tion.
£72 MgSO, DFEEE b BETH 5 & 4 HT S hte. ¥ Maximum
s X1=KNO; 1953.8 mg/l
U7ehio €T KNOs & MgSO, o 2 BEEDOEML X2 =MgSO, 153.9 mg/l
% B B IC Box-Wilson 31z # 5 ER 4T - 1o . §2:94.3‘y 61%

Table II {2 % DB D &fth L fER A R LAY, SR
LRHE, 2B ZHIAICY o — AR & RRROFBEL R L1,

Yo b VREORATER ARSI 2 2 hic L 22 Y, F5HT 62.2% TREKRIE2, 2R
B OFFTImAEIEBREIEOF MRS . BIREO 1 REOMITIL Fig. 1 © X 5 CBAMEFERDRIE
HLD D, FERIL 943% LE L INEBICI 2 ELTeo Tk Y 2 RE OB IZER—Th - 1.

BLEDERS D, » 2 X9 HEOHCEE, BRCHEAT 5 REOHIRINL, + o — b RO
A K54 (Murashige and Skoog (MS) H5Hi) T Xy p%, FARICOU-Tia NHNO; %k ¥, MgSO, 7% 185 mgll
LA IIITA K\ 2 2 S S AT Ts o F2. BIFEVX A L A2 B multiple shoot TR, ARAET, Yok R~
ECHE LT %.

1-1-3. EBAZ~DO Ri 5 A3 FHALYR=vigE—@s ORAMYCEE 277 70 1 & Ag-
robacterium rhizogenes % &R 3%, 4 U-EIRIE hairy root 2 B8 T 2 RALEFEERCT LR TV 5.
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CRIMEHA~DA 7 TV T DT 5 A VEALVORETI¥MFEL LTOLE LT, ThrEEERHED
RECHBATA LV A0 bLER IR TS,

EHABOR LD 1980 i 4 A L4 4 BRBICRIER LTV BBk D » 4 A Pg-4 BT A. rhizo-
genes A-4 BRa LUT O TRE &2, Pg-d #he 3 BRI ASS CRRE, S0l fifasiy 17— €, <«

Fig. 2. a) Panax ginseng Hairy Roots Induced from Callus after Infection of Agrobacterium
rhizogenes, b) The Enlarged Photo of a, c—e) Hairy Roots Cultures in MS Medium
without Hormone, f) Non-transformed Pg-1 IBA 1 Tissues Cultured on Agar Medium Sup-
plemented with 2 ppm IBA and 0.1 ppm Kinetin, g—h) Non-transformed Ordinary Roots
Cultured in the Same Liquid Medium as Above
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B A A CUETS, ik, B Hla%y A. rhizogenes A-4 BrOBEEICANBRLAE LT, D¥CHE
DRAWME R Nz Tz MS Eikitrh CTHREAELY T, LT v BEMO MS HEARM CRER UL UM
WA SHEREE L

L TC BB AR L E v BRIND MS AR
BT REBE L, MfHE oL (Fig. 2). i
1967 1 » A A{b#%, IBA 1ppm f7E FIC/ 8L
7z Pg-1 IBA 1 §3 R Cidt Lo (b s v A 1L
ALELERZT Shcst, BERIBTCIIALCOHE L
RO ZNREINLONERTHD. AhcHE
B H 7z Pg-4 BRIZVC TR oI & s\ T Y,
F R LA AR ST - o B ERRIC s\ T
LR OB S b hioh - .

DX ERBOMBIKTOWTH A1 v OB
= AR KK ENE & b Ty, agropine & man-
nopine DFEAEXER L1 (Fig. 3). L7h - T Ri
7I L FOBANGEH I RIcZ LTl h. ; )

ERBORER, 4= aRBIIMCEEL R 1 2 3 4 5

LicDTHEA DR v EEYBRE LICHKER, IBA Fig. 3. Paper Electrophoretic Analysis of Ex-
CEhE AR Hivtc. B2K #5310 (IBA 2 ppm, kinetin tracts from Ordinary Cultured Roots and Hairy
0.1ppm #&7r MS M) Tith Lt v Wik Roots of Pa.nax ginseng

HICH N TIRERCRI2 M5, ¥4 = GRCH 3 Lane 15 mon-transformed ordinary cultured roots
@i%})ﬂ I bRt CDOWHE=y @Ehi%ﬁfﬁ@ 2 Lane 2; Lrg:;?;:}:ie l:;:l)i'un:;)ots (subcultured in
M, EHREEY 0BT bz L A LR Ul Lane 3; transformed hairy roois (subeultured. in
Ao Ltc. HICy A = v B (Rb/Rg) 4 KR AB D Lmﬂ;xﬁégmgiﬁg&ymmbyDW“
fECT L, BROCLER WA EAHER IR Lane 5; authentic agropine and mannopine

TABLE III.  Growth and Saponin Contents of Callus, Ordinary Cultured Roots, Hairy
Roots and Native Root of Panax ginseng

@ Saponin contefpt (mg) Total
y Dry wt (g per 100 g fresh wt Rb saponin
Tissue Medium® Grr(;\;\{;h” per (D group per dry
100 g fr. wt Rb Rg Total Rg group " mass
group group®’ (wWt%)
Pg-4 callus B2KO.1 2.85 5.97 28.25 10.59 38.84 2.67 0.65
Pg-4
Hairy roots — 3.07 10.09 24.78 11.08 35.86 2.24 0.36
Hairy roots KO.1 2.25 10.29 21.74 14.64 36. 38 1.48 0.35
Hairy roots B2 5.11 9.62 39.57 26.64 66.21 1.49 0.69
Hairy roots B0. 5K0.1 4.30 10. 45 56.31  39.97 96.28 1.41 0.92
Hairy roots B2KO.1 6.20 10. 58 55.70 44.54 100.24 1.25 0.95
Pg-1
Ordinary roots B2KO0.1 3.96 5.57 25.65 25.01 50. 66 1.03 0.91
Ordinary roots — 1.26 5.31 15.32 4.87 20.19 3.15 0.38
Native root 23.91 59.03 37.28 96. 31 1.58 0.40
a) Each tissue (duplicate flasks) was cultured in Murashige and Skoog’s basal medium containing the following hormones: —; no

supplement, B; IBA (ppm), K; kinetin (ppm). b) Growth ratio was determined by increase of the fresh weight after 3-weeks culture.
The values are the quotient of the fresh weight after 3-weeks culture and the fresh weight of the inoculum. ¢) The amount of the
Rb group was calculated as the total of ginsenosides Ra, Rb;, Rbs, Rc and Rd, having protopanaxadiol as the sapogenin, and the
Rg group was calculated as the total ginsenosides Re, Rf, Rg;, Rgs and Rh, having protopanaxatriol. Each value shows the average
of duplicate estimations in 2 flasks.
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(Table III).

B, ZOERAASERBEARACTAT oA F (2-2-3 2R) 7 = =AW AR VB 2-4-1 2R) e DX
ERAIT o fehd, BEEMREBIL2HEEDL/BEILBOLNR N5,

1-2. FLOMRBBECEIHAATILLOL FOEE  1-2-1. 7 o h VADRS—FE DIk 1966 F
<4 < Papaver somniferum (Papaveraceae) MO ZIMMOL L D A AV ARFEL, 2 25V 3 v 7 BHRM U]
TIERCHIEST L h VAR B, D AVAORSBREOIE, HiE D norsanguinarine % (% U sanguinarine,
oxysanguinarine, dihydrosanguinarine, protopine, cryptopine, magnoflorine 75 & A\##8 X huichs, 11”0 mor-
phine, codeine 7z F ik RH S hvichs» fe.

DX HEKRMERBED D VAT T 4 F VT AI v A FEELEATHIh o eh, LOBSMMET22o0
IA—FRLOAANAPDEDELT 4 F VT AIrA FOEEIRE SN, LiLl, £ 1 2% thinlayer
chromatography (TLC) DA CREL, fid *DEEIHVICETE AL EXOBRIGEME I TS, TL
7, BT CEE LU 1 MEE Bk A 2t LT 7 L AT codeine %, thebaine D4, # 5\ L codeine
& thebaine P\3LIC/EFE I N D L OMEND S, TICWl» 4 A1t morphine, codeine, thebaine 3 XTA &
FRhT\5Z & radioimmunoassay (RIA) B CHE I ent, 3 R EEO 9 BB VTho4E
LD ORIl EAWMEINRT AT LI END, ¥ YA VALK CUIMEEEALT 4 F v T A r A
FOERE L MNEBECEEL TS ERRE IR, FE, » LALLM LI embryoid RRICIVT
BT 4 FVT AN RA FOEEDPREIR TS,

1-2-2. 7 I AVADIME—FE SLROPR EXAT LTy v v AOTHMEERA, BEC/HE LK
HEAETCHELZ LT L.

7 < v AL 2,4-dichlorophenoxyacetic acid (2,4-D) 1 ppm, kinetin 0.1 ppm KOV 7% =257 I A2 kGl
MS AL (CM B#h) EC 26°C, BEATC CIEFCIERCHIET A, ZDH A A CM Btk ha=r > I
7R D, B BT 2,4-D D% b 1z 1-naphthylacetic acid (NAA) 7o & & 1o I BB L 7 v E 2 B A A%
NEEL Yo, DT A AR, O meristemoid & 4 I iciER MR R BT AMBAOMD TH .

= @ meristemoid 1T EE 87% TH I A AD 95—98% \HARTEL, MIERSCEA TS, Sudan
I RECLE SN DRSS, RIFESRGERY ) 341% Ldl, 7 YETO 33.6% WEE L.
Meristemoid (3% 1 + 7 1 = VEETF, RIBHC L BEEOFERLK primordium LA S ER WKL, F
ML CET O L 5 e BB BEEH T 5.9

Meristemoid 7> 5D 16—18°C DR, 3500 lux, 16 FfEREs, 8 BEfEmEAT ORI A R EL
Tt BHOBBEMBIRO 26°C 18\ T b ik shoot DF/MELITFITRD BB D, RS I HETILHEHE
o<, 2om BECHSE L L EICBUE Lishs > 1. 16—18°C T4{k Lt shoot {ZIEH Itk D B % Ex T
L, ZOBEYHRERGWE YR ERCIERCEE L, BEMQL7 5 A2 2T 15 cm BEOYEDHE
WL, RRBHOEPLAET S L X VBELBE IR BIAGRO bR 4DTER %L b LHTER
3 ERREXHT T (BT 1 H). ¥R IR SNCAARSETRIR Ihthote. —F, 77 A=
PG 5 ocm BECHEE L, B8 Uiy I Biies LR, BiE 3 7 Al 50 cm i H LBITE
L. TERIZAEA AR THELERL, AROAWIRD bhl. B3 BEERBCISHOBET IR S, €
DOFETIL 100% EVFEEER I b, BIEET 7T REFLTW% (Fig. 4).

1-2-3. 7 oMEHBFOH~AT A h v A F—L kD X 312 LTH bR pLBREOEET O H~A
Fadr 4 FEownwT, TLC, gas-liquid chromatography (GLC), gas chromatography-mass spectrometry
(GC-MS), enzyme immunoassay (EIA) 75 X CEM:, TEE{T- fo. 1820

FOEEE, Table IV IR LT k& 5 ICBECEHEL L LI (3—20 cm) TiX morphine, codeine, the-
baine DFFEMNRD b, FOERELEELLOYHEYE Sem i) LIZERU,1H B VI LAHRCEXIRL
72, Lo LB L@ o= shoot (2 cm £7 % T) ¥\~ C ik morphine DL GC-MS I X h R Sh
% % ® o codeine £33 T thebaine BENICED LI HICTE T, ZOBRIMOHRE & X <—FK L.

DE, FICHERRE OE AR T EIA ¥R X 0 FMI7eREN 21T - 1. b A AR T T
EAT 4 F VT AARAFE I codeine DFFENRD HIICH, T DFLH M ATIIIEHEFTME T CILE R
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Fig. 4. Plantlets Developed in Soil after Regeneration from Callus Cultures of Papaver
somniferum
a) The plantlets cultivated for 3 months after transferring into soil in pot from clonal shoots. b) The flower

of a plantlet developed in soil from clonal shoots, which had 4 different sizes of petals. c¢) The mature capsule
of a plantlet developed in soil, which contained many seeds.

TR AR BB O b ld Bz, Lo TaBLE IV. Morphinan Alkaloid Contents in
Loeic kb d » A A (Ps 5 4 A) (¥ meriste- Differentiated Tissues and Plants of

P. somniferum, in Comparison

moid IZ &\ T 0.5 pg £ TORIEE S 4,0 EIA with Young Plants

Bl Thearz s F v T rhad FOFELERR

N _ . by oH g Alkaloid content
BdbRighote, LIn->Tr vtk Tk flkd ' (mg/100 g dry wt.)
HULE (BT OIERR) ookt o Material®

. . Mor- Co- The-

FYTAh e FOEECIRARTHSZ LY phine deine baine
bhrkigote. Green bud (KO0.1, K1) 4+» 0.1 0.1

DED X s s vApbo pb&ENTEILSR, Differentiated shoot +0 5.1 0.9
DB ORI I DEA T 4 F VY T A A B A (0.5—3 cm)

FOEEARD b LI, r oSBT LD D’g‘ir_‘;gtzsd plant 2.3 58 21
BAAT N w A FOTRERDT RS 7L O Differentiated plant 57.0  11.8 9.4
Thb. (10—20 cm)

1-2-4. FEELy vHllE——BH~AT A h e A K Young plant (3—5 cm) 11.1 7.9 1.0
HEEBCBST5 2, 3 OEFICOWT, N, B Each alkaloid was determined by GLC and identified by

GC-MS
@, %E"%‘ﬁﬁf& AR, 80 F -k o H N AT a) See the photographs shown in ref. 19. K 0.1 and
. _ . K 1 indicate MS medium containing 0.1 and 1 ppm kinetin,

IBB~NAT VAR A FOE#, L I1IT codeinone respectively', b) Morphine was identified by GC-MS, but

# 5 codeine f\@ﬁwgﬁﬂﬁfifcfim (243_1 iﬁ,ﬂg) not determined by GLC.

ZoWT, r U HilaoEE L, BEMEY G A ) 7 2 2 — OFI LY RO E SRR L T,
PAECHA Lic#E DUA OSBRI F RS20 2R 50 A BB X i,
1-3. EFE{ta—c—Mle(C Lk D Caffeine Q&E 2 —t — / ¥ Coffea arabica (Rubiaceae) #5&E L
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Fig. 5A. Shake Culture of Immobilized Coffee Fig. 5B. Immobilized Coffee Cells by Polyure-
Cells thane Foam
1. Foam ball (diameter 2.7 cm, pore size 5 mm). The upper part shows the whole. The lowsr
2. Foam ball (diameter 2.7 cm, pore size 3 mm). shows the cut face. 1 Foam ball (diameter 2.7 cm,

pore size 5 mm). 2 Foam ball (diameter 2.7 cm, pore
size 3 mm).

A pE LT caffeine % B ic it 3 % 7o, EEL
R X % R ARG EE A D B AL E DO BRI
HWLTW5.

oM DK By (MS B2 2,4-D 1 ppm,
kinetin 0.1 ppm % &¥5) THIFHA R Infcsd 7 L+
VEEH AT ADF A — R LD [EE AL § T
i, BB 3IARE 3AERT 1% 1 batch L75)
Mo %<, HBET > CIHER X »
T — AN AT %.

LU ARV LEY 74—k 3hic DK E#C
A A Dol B B 2R U OB DhvcEERMRG, FLEE
3mm D7 4 — 2T 3RB Y BEECEE
ftLC%k b (Fig. 5B-2), —FflE Smm D7 4 —
AT Y + EE L L& Y (Fig. 5B-1), i | et O
Bt MFH % < A bt (Fig. 5 A-1). fLBIxZ O 1 2345678 91011
fit 2, 1mm JEE L7 3mm 2RO R Culture (batch?’)
B, LRE7 » — 2 ABROKE IEELICE Fig. 6. Caffeine Production and Growth in Im-
W TTTE £ bR, BEH 2.7cm OEREK O mobilized Coffee Cells
7+ = A TRALE 3 mm T 088 2R IR froe ool o TR P, (PR oefine S

. o (DK), A—A (B2K).
whHzi. a) 1 batch=3 weeks.

OX¥ie 1y lem O HETH 3Imm DILED
7 5 — & (§9 30 {H) TR L CEEMBERE, DK BT 230 B B 5858 RO caffeine 4 HVA]
BeTH - % (Fig. 6). Caffeine 04 EREIIHE T 28.8 mg/flask (8 f£B) TAH H, HIBEOKE L itADHBEZ RL
7o. DK £3#ihH B2K Ky (MS Hi#ic IBA 2 ppm, kinetin 0.1 ppm % &ir) ~BH LB E LML, #
BOBENL LR, 3RBITSED caffeine &£ L. Ui L 4 RB L caffeine oA B IEHE L. L
EofER S caffeine & RIFENCERAIE T 541 DK B F £ L, A B2K B M4 C©
HbHEEDLILA. B

MpaOBEMSIED 5, MEROKE X, 7 4 — 2 DARBROME (BUKHE, BUKE) 7o &@o0 TR K
FCCBD, BAMEETY + — 20T, BEIVDNE WSO xS S EE LT AEAN D - 7o Bk
¥ — AITFIE L DL EEL LIS, BIOREE CTIIAREETH - 1.

30+

g)

200

100

Caffeine (mg ‘flask)
Fr. wt. of cells (
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¥ 7- theobromine (0.4 mg/ml) 2> 5o caffeine A£FECDOWTIL, de novo ThHAEEIh BT, BEELMAL
4 BB 0.44 mg/ml DA EWERE % /R L, lzlc theobromine 11i% & A K HE S hic.

-4, HEOMMEECLZL FOAHL IO RTRE ZE LTV VY0 1 # Glyeyrrhiza echinata
(Leguminosae) BEHEMMNZ KT 7 54 7 4 FREEBEFE echinatin (1) OEFHL, 71 b7 vFvv=y
VR =AY S OMBESWEMA P VAL I > THEINRLS L RE L.

3
CHsCOSCoA CoAS 1 Jz
l HOOC HOOC”” NNH,

HOOCCH,COSCoA 5 (4-coumaroyl-CoA)

6 (malonyl-CoA)

Enz. OH

OMe

3 : R=H, formononetin
8 (liquiritigenin) l 7 (isoliquiritigenin) 4 © R=Gle, ononin
OH
OH
OH MeO
HO I 0 HO
0 0]
2 (licodi
l (ieodione) 1 (echinatin)

7,4’-dihydroxyflavone

Fig. 7. Biosynthesis of Flavonoids in Cultured Glycyrrhiza echinara Cells
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7R AFOERIAY 7 214 P Co (A BR) #4r & phenylalanine f13kd Ce (B 82)-Cs #ii4) & h #ER X
M %755, echinatin Til A, BROEGHEEFR HEL TR D, VEraray @RS 28T~
ERIR PR O 5 R X b Fig. 7 © X 5 1B S BUREAVES X ufc. 384349 Licodione (2) 117 5 4 v 44
WESBEERD D, 2 D2 F AL D 1 ~DOERBEBEIIREST BIA.

STHY VOERMRESAD 1 2B EAEEGET, AV 758 (3,4) RICAETDH M2 H2, {bfFHE &
MR X v B ohi. M2 Hfllas 7 A EvEEA A © 0 &y ACAEREEL LIl oA, 32 HEWS
BRI RED 1 2RI, TOREDE AR S hte. 949 1 o4 Ffila s HeE e B 5 2213 ¢
LEEIND D, BECD S AE VAL TE IR D BB Lic. » AL LTI T AE Vg ~ Y
VAR, MilT EEI A - ADHEIMC L - Th 1 AR B S . $4 1 U4, Ch b UBs X
> THEUBFLEWA R Sh, ZoiiE% S -prenyl-licedione L REL7.4P 208, LirAdiayRog
FREGIEEIITWE L LT, Lo, =9 v 2 —EENmbh w588 = % 2 (YE), E48, i
BEMTR IS EDBRCH D Evphote. 2O XH BRI, vk rarzvhis v Vo phytoalexin (PA) ¢
BBHZEEBRLTNDD, T AR —HDA V7587 4 FRPA LIFHIOFEKIFE Lic 2 S X RZEREE .

Licodione (2) ® + 7 L {Li S-adenosyl-L-methionine (SAM): licodione 2’-O-methyltransferase (LMT) * #:
Shh A F A IEBER (OMT) [ - TS A .40 7 v Vo s L ADKBEERT L, iy 7= v o
caffeic acid % AH & 3% SAM: caffeate 3-O-methyltransferase (CMT), —#f)7s7 5 X v, 754/ — A d ki
H &1 % SAM: flavone/flavonol O-methyltransferase (FMT) D% & FE7ET 5. M-2 PR (k3% M YE %
HmINT % L 824 B0 5 ©ic, 1 OARBEORK L & i LMT EE2W) 35 EH L. LMT oS50 L5,
1 DAEROBAL, &4 CHFLERORBEMCTMH . T, YEREMOBFEC»2bLTE L ~1 0
CMT, {Kv <1 D FMT OFEMAFCHEB S, YEWC XDV b ehrz v Ro OMT OERZEE A 5o
Wg ot

Hova v B EEFR (CHS) 1 4-coumaroyl-CoA (5) i< malonyl-CoA (6) # IFyk#i & LT Ce-Cs—Ces B s DK
HRBEL, 778 A VARGROBEMK EE2Z DN T 5. v /v IEHEMO CHS iEM: (04 R Bkl
LT 5k Fr¥ 75,3, v naringenin 2 &H X
nB) ik, YE MEW X s (1016 Ffd) E5
Liz. L LVvrmraAavil, < 2NCEsnte
5-FAF VAV TIIHEIAN e T oA T VEFYY
FEIU X 5, 6-F 4 F > L2 v isoliquiritigenin
(M) M BEGREND DT, B St CHS (Efki
B2 bk bodgicdBleE LTt by, 10
6-F A % o on v EREEE (DOCS) 114 % T
DO LH BB IRefinisv. Av oo sea
F 75 A b+ % “C-phenylalanine & & 121 v % o
N— b FTB LRS- FAF T 53
v liquiritigenin (8) 234 U, DOCS F#EHURKE X

. . Fig. 8. TLC Autoradiogram of the Assay Pro-
-, 50 Y v g o , .
hfe.*0 Blt, YE LR v SO Shitige X ) ducts in G. echinata Cell-free Extract with 4-

Coumaroyl-CoA and [2-'*C]Malonyl-CoA as

a

. & 3% N ¥ 5 = -

12 3 4 5 6 7 1 2 3 4 5

R FE O nicotinamide adenine dinucleotide (phos-

phate) (NAD(P)H) T, 7 & 8 & T 5 iE#: Substrates in the Presence of (a) Various Con-
% HH U7 (Fig. 8).50 B U3, £ E o centration of NADPH and (b) Different Re-
. . 1 S
NAD(P)H 077l naringenin 44 B3 7 ducing Cosubstrate
R . (a) NADPH concentrations in the incubation mix-
DT, AV VDAY FEERE invivo TILA tures; 0, 0.001, 0.01, 0.1, 0.5, 1, and 2 mu for lanes
e 1—7, tively. (b) Lane 1, 1 mM NADPH; |
% DOCS T b (CHS &7 BRI A i 2, Ut NADH lane 3. I'mu NADPH LT o
S o — b4 N ; 7 S NADH; lane 4, NADPH generating system (5 mm
CRESS A OD%EDE%%ﬁ )’ in vitro "TILaIuO glucose phosphate, 2 mM NADP+, and 5.2 units of
co-substrate DHFMEIZ Y - T 6/-F 4+ 2 {h L 6/-& glucose-6-phosphate dehydrogenase); lane 5, none.
R Abbreviations: N, naringenin; I, isoliquiritigenin L,
Fed RO A 5 L E bihd. liquiritigenin; O, origin: F, solvent front.
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2. Ei

TE RS B X B WE OB, W A iAW plant biotransformation, plant bioconversion (%, %
AT rANDET A r A FORDCTIHEN TR TR Y, BsoLBRIEHARHE IR WS, SFCits
N2 A RRLT 2/ =) 7 ATDNTHHED B, F-EE(LHYHN immobilized plant cell % F|f L% bio-
reactor'™ WX BFHULWEBRERL BEShD X5 itote. & 2 CREROESRCONT EE SO L
(Table V) LI 50, BEWZR microbial transformation & (3570 % MY A O S KM & H B MIC
R L, TOWRELER LT T\,

2-1. FIR/ 4 FOLH FH DSBSy v X P2 — Y Eucalyptus perriniana, =—% Y ) % E.
globulus, E. calophylla, E. radiata, E. dives D ¥\ 370, V¥ =—7 ) E. citriodora, E. polybractea o i
WHEE LMD, ThTNEECE NI VAT FE L. I AVAEBROFERF DR, WThosrag x5
Wy DERILRD bt o fens, WRBERED DWEERS G Ohe. e Thb Yy F2¥=—-% ) BAL ¥
(MS $5#ic benzyladenine 1 mg/l % i x o BEMCREAA L 72 b @) IIHETHREL B, WAEEN L V0T,
LA o BBptse e v i,

2-1-1. Citronellal—— v % % & = — 2 J 5 #AIKIC citronellal 2 8¢5 L, 7 AL % U CAMmA RS Ui,
FORER, AP L LTT AT e FEPEIL S i citronellol DFLEHHETE i, ® Citronellal o #y 5.3 s
& citronellol ~DZEBRRDOMBIM R T NTCHRER, RERELE T8 LABRRKIZETET T 52, LLHBE 1
BEETH Y, AR ESFET D LAERE 200400 ppm 2B TH D & L0 Db o fo. F BT
JEORRE LR B LICH, &5 DEREO 5 BICEBRRIZHCER L, RINEE LK TT54 0
tEZbNS.

2-1-2.  Menthol——3 MRIATAHE Lic” + % % = — % ) EBACRAWE 200me/l 275 & 51 (—)-
menthol =% / — VB & UTHRS Lic. Fio L ERERE, MELIEL, 22/ —A5RCI)=*2%
B, BEfg=F v, n-7 27 —VCIRRME LI, -7 2 ) =750V 2 v BV VA AN T A u= L IS5
+ —, high performance liquid chromatography (HPLC) &\ THREL L, BAWICOWTEEIL T « F 1Lk
HPLC X o8I L. DlbX v 10 BOZERY G b, ZOBEROHETERER Y Fig. 9 105 L .68

(—)-Menthol (9) 2> DR 26% Th % LAWY, (—)-menthol i glucose 2 /3T HELME(L L (—)-
menthol $-D-gentiobioside (10) TH%. BIEMMY L L TIZ#RY 10 OEMMATH S (—)-menthol g-p-cello-
bioside (11), (—)-menthol » 3 AL KMEIEDIE(L, BITIC X h BT % (+)-neomenthol (12) iZ gentiobiose 731
B L&) 13, (—)-menthol @ 8 fLAVKEAL I 7eic 3 2 X1k 8 fizic glucose # %\ % gentiobiose 7%
FifEib L ey 14, 15, 16, 17, 1 f220KER{E S 3 LT glucose 23FLBE(L U 7cZEiady 18, 2 fric K Ep i i
AEh, &4 OREEIEC gentiobiose P ELHE(L Lo 19, 20 13 i b, BT £y 14, 15, 16, 17
D7 7Y 2viTh% p-menthane-3,8-diol (21) X, VEV 22— ) I HHEEIHIWEMHED 1 >THY,
BIFE BB O ERC OV TRET TH 5.

DL EOBTBRYICT RO R EDILEWTH Y, L OBBREC OV TERY DS & (AR ko 3 5
FERC X DUTO XS HEE L. Tiob bR LW T, F# L Uit (—)-menthol monoglucoside
(22) XM T X Tedr o oy, B 16 fEH D gentiobioside (10) & B 14 54D cellobioside (11) 3:E 32 =
&, L» % (—)-menthol monoglucoside (22) % H45-3% L HEMERTH Z &b, glucose 73 1 HFF o8
FEECEEE L T b D EF X b, EoBUE(L & KL DOIEF @D\ Tid, p-menthane-2,3-diol (23), p-
menthane-3,8-diol (21) D5 X OXNET S 2 £, 3 f2h B\ 3 fiz, 8 frEkE{LD B 23 (—)-menthol 4.
DEE LENBEA EBEDIS S Eh b, BB CBKEMET 5 O Ciiin, KEME I hic REeR U CEE/L
NETTHEDEEZLRS.

—75, (+)-menthol %5 LB Eid, LERY (B3R 29%) L LT (+)-menthol gentiobioside, B|Z#
W (BHE 2.2%) L LCRMOAY (X) 28 Shie. X % fast atom bombardment-mass spectrum (FAB-
MS) & X b /¥ &S 642, carbon-13 nuclear magnetic resonance (*C-NMR) 227 L2 X b (+)-menthol
W6 REE 3 HTFHAREL DI LRI e, O¥ 12 X @ acetate ¢ proton nuclear magnetic resonance
('H-NMR) A7 p A X OED 1-2 fiE L 196 fHEOHFEEN TR S h, o BC-'H correlation spectro-
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TaBLE V. Biotransformation by Plant Cell Cultures

Substrate Product Cell
Terpenoids
(—)-Menthol (—)-Menthol B-p-gentiobioside 10 (10)  Eucalyptus perriniana
(+)-Menthol (+)-Menthol S-pD-gentiobioside 2(2) E. perriniana
(—)-Borneol (—)-Borneol B-p-gentiobioside 3(3) E. perriniana
Steroids
Digitoxin Pupurea glycoside B 3 D. purpurea
Digitoxigenin 3-Epidigitoxigenin glucoside 5(1) D. purpurea
Periplogenin glucoside 6 Strophanthus amboensis
3-Epi-48-hydroxy-178H-digitoxigenin 7(2) S. gratus
3-Epigitoxigenin 10 S. intermedius
Pregnenolone Pregnenolone palmitate 2( 2) Nicotiana tabacum
Sa-Pregnanolone palmitate 2( 2) Sophora angustifolia
Steroids
Progesterone S5a-Pregnanolone palmitate 1( 1) Nicotiana tabacum
5a-Pregnanolone 2( 1) Sophora angustifolia
S5a-Pregnanolone glucoside 11 ( 5) Digitalis purpurea
5p8-Pregnane-3,20-dione 3a-Hydroxy-58-pregnan-20-one glucoside 7( 4) D. purpurea
58-Pregnanolone 58-Pregnanolone glucoside 7(5) D. purpurea
Testosterone Sa-Androstane-33,178-diol dipalmitate 9(6) N. tabacum
A+-Androstene-3,20-dione  Epiandrosterone glucoside 8(5) N. tabacum
Epiandrosterone Epiandrosterone palmitate 2(2) N. tabacum
Alkaloids
(RS)-Reticuline (—)-(S)-Cheilanthifoline 4 Papaver somniferum
(—)-Codeinone (—)-Codeine 1 P. somniferum
14-Hydroxycodeinone 14-Hydroxycodeine 1 P. somniferum
Amines y-Glutamate 8 Camellia sinensis
Ethylamine Theanine 1 C. sinensis
Phenolics
(RS)-2-Phenylpropionic B-p-Glucopyranosyl 2-phenylpropionate 4 ( 4) Dioscoreophyllum
acid (glucosyl ester) cumminsii
Nicotiana tabacum
2( 2) Carthamus tinctorius
Daucus carota
5( 5) Panax ginseng
Ethyl 6-0-2-phenylpropionyl-3-D-gluco- 2(2) Aconitum japonicum
pyranoside
6-0-2-Phenylpropionyl-D-glucose 2(2 Glycyrrhiza echinata
B-D-Fructofuranosyl 6-O-2-phenylpro- 5(5) Coffea arabica
pionyl-a-D-glucopyranoside
(sucrose ester)
Phenylacetic acid Phenylacetic acid sucrose ester 1(1) C. arabica
6-0O-Phenylacetyl-D-glucose 1(1) A. japonicum
Ethyl 6-O-phenylacetyl-3-pD-glucopyrano- 1( 1) G. echinata
side
Tropic acid Tropic acid glucosyl ester 3 N. tabacum
5 P. ginseng
Tropic acid sucrose ester 5(5) C. arabica

Numerals indicate the number of compounds; in parenthesis, the number of new compounds.
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scopy (*C-1H-COSY) (long range) i X b, X D&

%% (+)-menthol 2/,6’-di-O-(8-p-glucopyranosyl)- ~_OH| :\. OH| _ [HO OH
p-D-glucopyranoside & Y58 Lic. FEMZEH T 1) u OE_ R [\1 ‘‘‘‘‘ - \Ea
5 3RO MR THS. (*)-borneo]Ezlﬁ)“

2-1-3. (—)-Borneol———Fk & » F A<y D b b b
1> (—)-borneol (24) % ¥ # % % = — 7 Y JHREER i/ Ogle | 4 Ogle] HO O-gle
Mz 200 mg/l #4511, HiGC & R A LA HO M,Vj T t];’ T \E
Wyt L. 225l (EHRR 11%) 13 (—)- 26 I b o7
borneol 2-O-gentiobioside (25), BIZ ¥4y 5-hy- ,_O'glc@glc
droxyborneol 2-O-B-p-glucoside (26) (£H#izE 6%) Ea
% 0¢ 6-hydroxyborneol 2-O-g-p-glucoside (27) (% 25
3K 4%) 7§ Hife (Fig. 10). (—)-Menthol D3 Fig. 10. Biotransformation of (—)-Borneol by
By LI LT, KR L S B D EIG DN E. perriniana Cultured Cells
VOB THB. a, hydroxylation; b, glucosylation.

2-2. ZAFAO4 FOE#E IOF XV ADNLAL
ARBT VAN NACBROEEADERYRD bleh o oD T, ZONBMEEN BT 5 i, Bk
&4 (testosterone®® 7¢ X)) REARAFHA L S AL OGO LMWK ZIT - 7.

22-1. Fu s F v EMk— %% bii v ¥ 2 ) A Digitalis purpurea (Scrophulariaceae), * -% = Nicotiana
tabacum “Bright Yellow” (Solanaceae), 7 ¥ 7 Sophora angustifolia (Leguminosae) © 3 D H VAT X%
pregnenolone,®™ progesterone®®® g K OMHE A, 3 67, 20 7, 4* fLORTC, 3 K OE{L, palmitic acid o =
2 5 LR OERE LT E OEBRER ZT 5 2 LB b L.

= OEEER-C progesterone 0 Sa-pregnane FOEH~OTHRILEZ A5, MORBEEEGRER ED 58 %
~OTYT GBS S i in - oD T, 5-pregnane-3,20-dione™ DOZEMERRA T, 3-7 b v DETLORKHKIX
B AATHEBEIR TS EDB B EhIeD, 30,38 ® OH (7e\ - L glucoside) F2ME 111 TER S
7 = 13 digitoxigenin DFE & R Y THRERIE .

2-2-2. Digitoxin— v ¥ # V AFIREROILE &L L TEH LDVRIUCH oo digitoxin (28)™ TH D,
glucosylation ~ 16p-hydroxylation 7z FORIEHARE St F0#EPEMoO Reinhard 5212 L b fibhicyr
o 2 Y A D. lanata FEERMC X 5 A HER L AT Fig. 11 IR7.

2-2-3. Digitoxigenin—— v ¥ # ) AFBRAFC T 38-OH FD 7 b v ~DOEEE & CHITHEC 32-OH ~
HE, 3-OH o glucosylation, 5 fiz~® hydroxylation 7g £33 2T is - f2.™ Glucosylation D3EIR{kIC
TUE, 3-OH s LT A b hhb b, 3a-O-glucoside NEZEBRY T, M—D v F X U AFE
I A RESLL 7o sterol: UDPG glucosyltransferase™ 7% 3-equatrial-OH X » axial-OH 1% U CEpFEE
RMh Rt o L LA T S, Tods Reinhard™ Bidy 0¥ 2 ) AL % digitoxigenin A5 digoxigenin 7g &'~
DEBRHEHREL TS,

B3, 2% 13 Srrophanthus &) (Apocynaceae) » /v A0 digitoxigenin (29) (X35 ZEHAE STV T
Bz Uic. Buiom A2k S. amboensis (Sa), S. intermedius (Si) RO S. gratus (Sg) D, %, {EHFE» HHE
Xhtd oC, o hHCHEUERARERYE digitoxigenin (29) %5 L, 1218 AREMIE Y 5 553k Lict,
wEC X R B L.

Sa » L AT ¥ HAHFER ((Hf Lios v~ 1.0kg, 29, 600 mg) Tix, ¥4y L LT periplogenin (30) 33.0
mg, periplogenin 8-p-glucoside (31) 26.5 mg % Hif L7z, ZDOfll 3-epidigitoxigenin (32), digitoxigenin f-p-
glucoside (33), 3-epidigitoxigenin §-D-glucoside (34), Jx T8 3-epiperiplogenin (33) & #H U7z,

Si» LA™ (1.4kg, 810 mg) CiL, 32, 68.0 mg, 3-epi-178H-digitoxigenin (36) 6.0 mg, 35, 6.5mg, 7z 33 &
O 3-epidigitoxigenin (37) % acetate & LCHEE L. #offh gitoxigenin (38), 30 & 42 OHFELXHERL, 3 H
Mo Z#EE T3 digitoxigenone (39) DL Ehic. KR Sg » A" (1.5kg, 960 mg) Wi\ Tk
17pH-digitoxigenin (40) 45.0 mg, 36, 64.5 mg, 17pH-periplogenin (41) 28.0 mg, 3-epi-17pH-periplogenin (42)
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0.0 0.0 0_0
(A).(B) (8)
OH pa— H - OH
" g H " .
0 digitoxin 28 4 Purpurea glycoside A g lanatoside A
D
! 0 / ) 0 ). 0.0
D 0 D-Ac (B)
A A
* G ® G OH  |—
OH (B) OH
' (A)
OH —— OH OH
0 0 0 H
D H D H D
D gitoxin D  Ppurpurea glycoside B , D lanatoside C
b D ®,/ DA
G // G
OH ):———_] OH |=—=
(B8)
OH — OH
0 0
[I) H [:) digoxin
D deacetyl-lanatoside C b
D D
G
Fig. 11. Biotransformation of Digitoxin by Digitalis Suspension Cultures
(A) Digitalis purpurea, (B) Digitalis lanata. D, digitoxose; G, glucose; Ac, acetyl.
Qo -
3 HO 3 OH OH
C -
. OH OH OH i OH
N W
HOT T4y HO™ "8~ 13 HO™ s HO® 37
BT =0 BT @:0 c =0 CT =0
B.C B C A.C
- - — —_—
o OH OH OH 2 } OH 32
HO . HO HO O HO“\
36 H 40 A,C}/ H. 29 39 H
Anv A,C
2 = Glc-O . Glc-0®
. H 33 c H 34
B, B A C
HO\\\ OH HO OH HO OH HVO\‘\ OH
Glc-O’d}
OH
31

Fig. 12. Biotransformation of Digitoxigenin by Strophanthus Cultured Cells

A, Strophanthus amboensis; B, S. gratus; C, S. intermedius.
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23.5 mg, 178H-acovenosigenin-A (43) 3.7 mg & 36 © 48-hydroxy f& 3-epi-178H-48-hydroxydigitoxigenin (44)
3.0mg ZHBE L. 2o 30 OfFEE L LT Lic (Fig. 12).

LLED X 5 38D Strophanthus J&h /v A% F\ T 29 OAMERC X ) HipE & LT 42, 4 M bh,
LFETUF 2 ) ARRAAB A A ATHE S LTIV HilcloZE gy & LT 31, 35, 36, 37, 38, 40, 41, 43 7}
B, 3 D H AT, 58-hydroxylation & 38-OH o epimerization %47 5 il L ABREETIOH S =
L et oo, —77, Sa L ATiE glucosylation, Si /LA TiL 168-hydroxylation, Sg 7 /- A Tk
18-, 48-hydroxylation & 178-5 7  vE&® epimerization 7¢c &, DRI D 7 L A KB IS EREDOH S
2k bbhiote. E 18-, 58-hydroxylation (IO & DN EEEMERD VAL THEREAINT S
L AREE SN KZEBBRTEL .

FLEAASERBIC LS 29 OLE™® I OWTHHRE L. 500 ml g4k 60mg © 29 % Tween 80
B LU THE L, 40—-50g OBREABMA LA, 25°C, 14 AR, 150rpm THEERRE 5 R LTV, AR
Witk Ute. RZ5Mp L LT 33 (B 11.6%) v h, BIZ#RY L LT 32, 30 RO 31 AR S e
DY HHEAASERBO 29 T HEMELEESNL, Digitalis % Strophanthus 7 v A LB L TR C &,
1L SRR O L A DN ERIBRICER S TR D, BbRoZRYE 30 & 32 T HERIE S
T En o LB bl st 4%, BIRBO X2 ENBEL (V772 - LTHE 2, WRE
BT AERIREEDDNDZ LB,

2-3. 7LAhO4q4 FOTH 2-3-1. Reticuline & Codeinone——H~A 7 H v A FO EBE AFHA
Rk (RS)-reticuline (45) (X, A7 4 FvE T A v A FhEER\ Y v Papaver somniferum 71 VA LD,
(—)-(S)-scoulerine (46) (ZifeR 14.7%) & (—)-(S)-cheilanthifoline (47) (0.5%) WwZ# =, Bl reas tlis )
100% o (—)-(R)-reticuline (48) (9.6%) »EUR Xt tc (Fig. 13).™ Ziudy ¥ 7 v AH (—)-(R)-reticulive 7> 5
AT 4 FvHT A v A FADEESBBRENA IR SR TWb 2 E&2RLTED, BRYSAVOHEOT LT
LEMT bR

SERELT 4 7 BT A5 w4 FO thebaine, codeinone (49), codeine (50), morphine (51) % #¢5 L T
R AT - Fc. £ OfEE, thebaine, codeine (50), morphine (51) (x4 < T X TEIR X i, (—)-co-
deinone (49) X v (—)-codeine (50) ~ 60.8% OERTHEH™ Xh, 51 LFEOTNTORERMKEEL T D
PRI LB B Shie (Fig. 13). 7220 49 0 50 ~OIASEIRINERTTL NADPH O TIC
cell-free RCHEE S I, —F, TAFVEEH A YT &7 T X BB LIy YR f CERRIG
BT 5 L WHEIIE X b BRI (70.4%) THATL, LavbAR LI 50 © 90% & Etic i35 & LR
Wte. B A4 H Y 7 7 X =BG L, NADPH oL 1 7 AM L ZREELRF LT LS L b

OMe
(RS )-reticuline (45) (+)-(S)-reticuline (—)-(S)-scoulerine (46)

(—)-(R)-reticuline (48) (—)-codeinone (49) (—)=codeine (50) (—)-morphine (51)

Fig. 13. Biotransformtaion of (RS)-Reticuline and Codeinone by Cell Cultures of Papaver
somniferum
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"0

T

H  CooCH, H  CcooCHg
tarbersonine (52) lochnericine (53) lochnerinine (54)

Fig. 14. Biotransformation of Tabersonine in Suspension Culture of Catharanthus roseus

o L. Bolt, 2 OREy vl X 5 BRI O EIE RN OEA TV 5. 52

2-3-2. Tabersonine—— =+ = 5 ¥ 7 Catharanthus roseus ¥, FilEE &M% 4> vincristine % vinblastine
KEDT LA e A FEEGEAT A, T2 TLOEERAFEAEE 2 b’ tabersonine (52) % = F =5 v v 5%
Ml s 2 CHEBMBE AR L. =5 = F v vE#EMIn:, NAA 1ppm, kinetin 0.1 ppm, » ¥ 3 /[
0.1% % &ts RT Bia AT, 25°C, 12 BefBAPTC 3 BB MRS R AT - T btk v, S OREM
Bas W AFE TR L, 2 SBIERE#4% tabersonine (52) 100 ppm 23 5- U, #5654 1—9 H BiCINEE L. IR,
B s MRC o, BT I ol L, FCia Xk b 2l 2 fE 53, 54 Bk L /o (Fig. 14).

MS, H-, BC-NMR OB X v, Z#4y 53 I tabersonine o 14, 15 2= £ * v (LI (L& loch-
pericine, 54 % 53 @ 11 (A3 E T £ + + o {b X 72 {b& % lochnerinine (11-methoxylochnericine) & RE I
. TRBERYY, WINBOBEREY 1,3,5, 9 AMEE2 %5 2 L2 X ) T oA ER RS bl T
Tedob S3XEEME 3 HETY — 2713 L, 54 1% 53 o Ll A A b,

2-3-3. Ethylamine R OV7 § v——22 5803 5 5. Camellia sinensis cv. Yabukita 5235 ifa o B & x 1T
\», a-spinasterol glucoside, 22-dihydro-a-spinasterol glucoside, 4 » = v ¢ A,-barrigenol % Hit, BEEL
7o. L caffeine 13 = — v — 52 MO 100 50 1 UTF & 4EEEID 7 L, caffeine 2D bDBERA L L
TBI 2 gt —F, BRAORRYE & L THM bR % theanine 1IEHE O MS Bltia AT
FULICHAE LA LAERRT, glutamine 24 BICAR Lc. Zhicxk LT MS bR 7 v € =7 2% 5F
ELDORIEN VY AL EEWZIBETRT I VBENFZ LA L. che 7 ve=va44 Y HAHWIE
ethylamine-hydrochloride ¥R L 7ckMiCEs#% 4% & glutamine # %\ % theanine 23EjE L7c. Glutamic
acid O¥RINIL theanine DA g EEBEL 5 2 e -7z, 2D X 512 LT ethylamine 40 mM, 2 5\ &
ethylamine 20 mm & glutamic acid 10 mm i X b, Hk dry weight 240 12%, 87 3 / Ei& D 80% o theanine
AR L.

T X O T BEEMEIEHR O 7 v = 7 H BT ethylamine & 7- 70 2 I LT AN L0 &M
oMo T, K7 I VvEREL, -0 % 3 MERIEOEEHE oK 21T - #-. Ethylamine & 4F
E DT\ methylamine, n-butylamine, ethanolamine 7 X 2\EINE CHINT B 7-7 4 & I VFEEATHR IR
fo. BER T 2 v Ch 5 aniline, benzylamine, phenylethylamine 7¢ & 4 FREIC 7- 7 4 & 3 (b o pMLERL
&<, diethylamine ® X 57c 2 87 3 v X T X ich - 1.

24, 7x/-NVOROER EYEEAR G BRI R E LT 7 2 = A0 A VB (benzoic
acid, phenylacetic acid, phenylpropionic acid, tropic acid 7 &) ZR-3 5 ZHEEL B S+ 5 B TEB A
ToT &t

2-4-1. 2-Phenylpropionic Acid——2-Phenylpropionic acid (55) ' = ® ethyl ester (56) (%, Y H 7 18
Aconitum japonicum, % -5 289 Nicotiana tabacum, serendipity® Dioscoreophyllum cumminsii OE:E MBI X
h glucose X U' gentiobiose D= A F ACEW I, = -t — /%8 Coffea arabica DM L v 55, 56
KU phenylacetic acid (X131 sucrose D= AFACEMINS Z L BRCHE L. BEHEIEFASOR
MAREE LIE () B5& (Fig. 15) 12 X 5 EE R oW THEBBRE L.

IBA 2 ppm, kinetin 0.1 ppm % &%y MS #5ih (B2K) TR LAEBAB I LA, I AR XKL E VT
i X v {biAFE L, IBA 5ppm, 4-PU 0.1 ppm % &1r MS B8 CREFS U= (AR, Agrobacterium rhizogenes
RS, horE v 7 ) —RHCHEE S EE, B2K WA TR LB RIR (1-1-3 2R vk, &
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M DERGRCBME L, 23 BESERE, 55 2851, 1-14 BEA]® L. ZRE, ROk MeOH
=% A QKEER AL HP-20 » 7 2128 L, Kyt MeOH THH L, MeOH i 0 & R4 HPLC i@

I EE L.

A A, SEARIL 55 & glucose D= A F v (57) WAL, HERIEE OfERE L AT Lic, BE
P AT 30-35% LAED o oy, AR T 80% Ll B s ER R Lic. Ly Lo bR » v A
BT B EDH D, OBCIIERKIREW TS, L THEEPICH L ADHEO R\ BRI X % ECHE(L
BHEL, MR ERRECERR AR LTc. EER AP KE T2 2 L RO BRI T, SN AF Y

T 7R =~DILHAERAE TS,

FRAEARIT X B 55 B OB E(LAHNL &, 55 BEEB LR EINE T AT vEY—D glu-
cosyl ester (57) 7%, 3 H#I1< S & 55 o primeverosyl ester (58) 3, 5 HI%C R BLiE 55 o inositol ester

(59) M iERR S, 55 DR LA T AEOBIEICEIR A b feh B,

2-4-2. Tropic Acid——Tropic acid (60) (Lt v v T Adh e FORE7 c =AW AFEVEEO 1 DT, §i
WD 55 OKRBECHEMCH IS, AWTIBEMBROCBRERIEMAAS, 2—-e—, 22T, & ZTHHE2

HO HOH HO HOH

0
0 O~ CH.0H

HO CH,OH

CH,OH
0 0 vy C\
H /
/ H
HO 00C R CH:0
OH
61
CH-OH +
HO 0]
HO 00Cw=—C
OH 1 s CH,OH
62
N. tabacum
P. ginseng
(root)
CH.OH

C. arabica

66 OH s

|
QCHCOOH

60 : (RS)-tropic acid

P. ginseng
cHon | (oot
HO 0
Ho OCHZ\ /QOOH
OH C —m [
R
64
CH.OH -
HO H
HO OCHQ\ /
OH C —=u COOH
S
63

Fig. 16. Possible Scheme for the Biotransformation of (RS)-Tropic Acid by Plant Cell Cultures
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FICOWTHBAT S, Hik, BRPYOSHE, BELLE S5 0L X L3LALRALTHY, £kt Fig.
16 iR L. %®

(RS)-Tropic acid (60) 12 H AL « HLBR O E A2 LA XY glucosyl ester D27 AF L A< — 61, 62
CEBRINWDD, EFAAS « HMEBTRZh & iEEBEO LY tropic acid glucoside (63, 64) 738 Hivte.

Floa—ev—h NVATIL, TOHEMRBEY THSH sucrose ester D7 AF L=< — 65, 66 MY
ELTHE LRI, BIZE#HY L LT glucoseester D 7 A F LA+~ — 67, 68 & tropic acid isotrehalose ester (69)
DEBES hicns, isotrehalose AEHRICIZRHE SR TWIRVETH B DT, £ OAREHPEHEIC OV TS
BoBECER .

2-5. THROT LD DAL, YRR CT > BBROBREYRIGIIC E L5 L Fig. 170 X 51l %.

1. reduction 2. oxidation
C=C —— CH,-CH, CH — C-OH
C=-C-CO — CH2—ClH2—CO CH, —— CH-OH
— CH,-CH.-CHOH CHOH COO
co —— CHOH CH-CH —— CH-CH
CHO — CH,0H C - C C=—C
| l — |
OH OCH; 0.0
H,

“N-CH, —— =N*-CH,

3. glycosylation

OH — 0!Glc COOH — COO0!Glc
1GIc™Gic (Gentiobiose) EGle, LGictEt
2GIc* - Glc (Cellobise) 1GIc22Glc (Gentiobiose)
1Glc:Glc (Sophorose) 2GIc-LGlc (Isotrehalose)
1GIcHGle SGIc2Fru (Sucrose)
i

Gic 1GIc Xyl (Primeverose)

4. esterification 5. methylation

OH —— O-palmitoyl OH — O-CH;

NH; — NH-y-glutamyl NH N-CH,

6. isomerization 7. optical resolution

B-OH — «-OH RS — R+ S
17-8-lactone —— 17a-lactone

Fig. 17. Biotransformation by Plant Cell Cultures

BWE  BOOVCARRIAEFZZER LES L ONAMRBOBLIIFH T L D fThRicb 0T, & ZICRKH
DEEETS.
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