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Ability for Biosynthesis of C,; Brassinosteroids by an Enzyme Pool
Prepared from Cultured Cells of Phaseolus vulgaris
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ABSTRACT A cell-free enzyme solution prepared from suspension cultured cells of Phaseolus vulgaris su-
ccessfully mediated conversions of cholesterol — cholestanol and 6-deoxo-28-norteasterone <« 6-deoxo-28-nor-
3-dehydroteasterone < 6-deoxo-28-nortyphasterol — 6-deoxo-28-norcastasterone — 28-norcastasterone. Al-
though conversion of cholestanol to 6-deoxo-28-norteasterone intermediated by 6-deoxo-28-norcathasterone was
not demonstrated, this strongly suggests that a complete set of biosynthetic enzymes catalyzing reactions from
cholesterol to 28-norcastasterone via 6-deoxo-28-nor type brassinosteroids is endogenously present in the cells,
which demonstrates that a Cy7 brassinosteroids biosynthetic pathway, namely the late C-6 oxidation for Cyz
brassinosteroids, is operative in the cells. Additionally, the enzyme solution mediated conversion of 28-
norcastasterone to castasterone in the presence of S-adenosyl-methionine and NADPH, providing that the Cax;
brassinosteroids biosynthesis is an important route to generate castasterone in the cells. Together with our
previous finding that castasterone can be biosynthesized by the same biosynthetic pathway in tomato, this study
demonstrates that the C,; brassinosteroids biosynthesis is a common alternative process to maintain endo-

genous level of castasterone, an active Czg brassinosteroid, in plants.
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NoE 59 FIT dAFAL 2 24-methyl H9] Cx BRs7}
Car, Co9 BRsE.T} A&7 W & HA Exst 2 &

Brassinosteroids (BRs):= 21&9] A3} 2318 = 34 vhebdit} (Yokota 1997; Fujioka 1999; Bajguz and
1= steroidal AETZFE O 2M HA/A] oF 409 F 4 4,21 Tretyn 2003). o]&]3t o]-F+% BRso} A &4 f A4 3
HelgtEo] Aoz e FAHUC HA9) BRs2 Cr, AL Ci BRsE FAHOE B4 31489 ¢2H2<] feeding

_qg

28, 29 steroids 2] C24 9] x]o| EA )1z alkyl7] 2] FFell Ade T3 AstEty A7 BRs APE E4 Y mu-
e} HEE, o]F 7MY w2 ARS8 ZH= brassinolide tants & o|-&¢ FAFHEH AFE Z8) Ad dz

(BL)< BLo] A4 %] A8 A 7412 castasterone (CS)  FHFH o2 o] FojHrh 71 B3 Cs BRs& YA Cas
BRs9} 53t ©hA FA S 2= 259 F29 sterol¢] cam-
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Z Agd T CN9 C-6 oxidation B 22(R) -hydroxylation
2 &3 5 ]—X]E] o2 A=, & ‘The early C-6 oxidation
pathway’ T ‘The late C-6 oxidation pathway’ & A A
CSS jMdela, CS2 A BLE AfEHE Aoz 434
t} (Yokota et al. 1997; Sakurai 1999; Yokota 2000; Bi-
shop and Yokota 2001).

Cas BRsol| tgh Aol #gh Ao+ 2] Cy, Cy
BRs 3 A ¢] BRs=2A th7t F4 53
2 AEA WollA AFAEE HFEg o] iAol
o o] sl 2 2eid U 2ok 2 Yokota
(1997)= EulEo]X Cy BRs¢l 28-norCS¥ o] 9} B
42 7AE zk= cholesterol (CHR)S 874 BT 2H
H49] 28-norCSe] A8l vol CHREFH 434 2
e Agom ANSRer d71dd, g, Az
Zo| 4 CHR®] cholestanol (CHN)&.2] Aga}7lo] &olx]
¢l (Nakajima et al. 2002), £3], CHRo] && & ufo
sterol 24 EA5te EnFEAA o9 Al Cy; BRsEA
o} A 6-deoxo-28-norCS 2} 28-norCS o]l AM2-E Cyr
BRs¢! 6-deoxo-28-nor3E 2] BRsZA] 6-deoxo-28-norcatha-
sterone (6-deoxo0-28-norCT)e} 6-deoxo-28-nortyphasterol
(6-deox0-28-norTY) o] A8t 2o LU (Yo-
kota et al. 2001). o529 +X& <IF2 = 6-deoxo-28-nor
3 9] Cy BRs E38}F 6-deoxod] Cas BRsS AEA #AA T &

93l Hhe-8 3] CHRES ATA2HE 6-deoxo-28-nor &
o] BRsS 7-9-3k] 28-norCSo2 Aaty ° 7hsAo] o

=59tk 7 o] d 7P Kim 5 (2004)0] 23k
EnlE AEAE o] &3t a4 W3t AYS Bolo] AAR
&71e] HAgoll 9ste] 28-norCS7F AFA Fol FAHA
t} w3 EulE ) Cy BRse) A3 242l 28-norCS+
C24 methylationel ¢]3}e] Cys BRSI CSE A gy o] kel
o] Cy BRs9] AgA Aol &3 Cis BR(s)S AA|
TE 28g JA% Fag AP A2 Fo shislo]

Ql\}\u}_

BEulE AEd glo} Cyy BRso| AP o] 2449 Cos
BRso] A4 gezdel Foi J3g 3ho] wayou,
olefg A Aol EutE o]9]9] 4 Fo oM E Lo

U WhSQ1 R0 #EjA e oA BHE A A Gtk o] o]
2 £ dFolME Cyy BRs2 A 9]5}04 Cz BRs
9] ggzdo] T2 AEA AT dojube BHEIAE &
oo 2 A EntE o]e]e] HEdXE Cy BR54 A5
Az ofgt 43 Cys BRsS] A Fagzao] 2 E 4
Qo] HFH o o] RoJA A& Yol sFTh ol &
9]3ked o]m] F 2 phytosterol 24 CHR2| F7o] o]Folxl
23Ee] de uFAETEEE 498 FE3A o] o
23] Cyy sterol L Cyy BRsS] E4HIZE 28
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7dF (Phaseolus vulgaris) EAZRE A AE F 538
| f5ke] ALSE = BE VT8 12 71 Baslla, B
£ A¥& clean bench Woll A 33t WA, 7hds &
AHE 70% ethanol® 10% ETWAZ ¥ 253 &, auto-
claved FH5 8 Fx}4 BT, conical tubeo] ¥ i, 9HA
ol A 27C2 5Uzk oA Zi ). olg *XH eplcotyl
22 lecm AFo AHOR A& F, o] %
21+ B5 #iA] (Duchefa)el] 5744
oA 27°C2] incubatorZ || %3}
oF 35,— 2} 40] Ty AY2E §
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Hi M EE vacuum ﬁltratlong %6]1
harvest3l 5] -80°C2) deep freezerol 4 A& of A}-&a w7}
Z] Lg% E.z_o})\;\]:}’.

o} §499 A= U4 harvest & h/olq Her H%Uﬂi
Z A} (sea sand)@ £33 7, 28f volume2] cold homo-
genization bufferZ A}-8-5}4] cold pestlex} mortar 2 homo-
genization 893t} Homogenization buffer<= 1 mM EDTA,
1 mM DTT, 0.1 mM PMSF, 15 mM 2-mercaptoethanol,
15% glycerol, 250 mM sucrose, 1% insoluble polyvinyl-
pyrrolidone 7231 40 mM ascorbateE -5t 0.1 M
sodium phosphate buffer (pH 7.4)E A}-£3}4 k. Homo-
genateZE 3739 gauzeE 53| filteringdt ¥ A7 48
8,000 XgollA 1047 91442 (Hicen 21, Herolab) 3}
t}, o] % o} thA] 20,000 xgoi| A 3087 ¢
AE 315 A58 cold acetone (final concentration
40%) & A7tsto] 25°CellA 1057 W3t &, 13,000 Xg
A 1023 AR ste] diAs HAAAZ o]F 1.5
mM 2-mercaptoethanol® 30% glycerol & &-5-3l 0.1 M
sodium phosphate buffer (pH 7.4) 2 AHESI U4 &E
2] cytosol#} microsome-S EF ¥3sl= E4Y (crude
enzyme solution) 2.2 Al-&3}%

3+ microsomal E4YS Z2A517] Y= 719 &
3l shHe E3)] dojx 20,000 Xg supernatantE THA]
190,000 xgol| 4] 1205-7F 214 4487 (Kontron Cen-
trikon T-1180) 3}tk A A pelletS
toethanol ¥} 30% glycerol-2 ¢33} 0.1 M sodium phos-
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1.5 mM 2-mercap-
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phate buffer (pH 7.4)2 ¥ €3} microsomal A2
= Agslan

ciE Y

zZA9 a2dge] oA ¢ke Bovine Serum Albumin
(BSA)< standard 2 AL2-3}o] Bradford 0.2 A 233l
t} (Bradford 1976).
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28-norCSe] €24 methylation W& 98k ¥ assay
mixture:= 1.5 mM 2-mercaptoethanol3} 30% glycerolo] &
G%]0]9)%= 0.1 M sodium phosphate buffer (pH 7.4)el] &
g3 5-6 mg protein®] &4 1 mLel 10 pg® 28-norCS
3} 0.4 mM S-adenosyl-L-Methionine (SAM), 2|1 0.4
mM NADPH=ZA FAsIETE 4088 NADPH<¢} 7}
o ol&] 7AAE ] 37CAA 3087 incubationdt F 1.2
mL 2] ethyl acetate® ol W& a3 om, WHEAE
o) 2L 913 internal standard 24} [26,28-"He]CS 50 ng
2 Wo]&t} 24 methylation®] cofactor &3S FA}
a}7] $la)xi= EF assay mixtureo] 0.4 mM NADPH =
= 04 mM SAM th3l &< volume®] FHF H= 04
mM$] NADHE o551tk T8 713 ol 4@ 23]
8| 43= 28-norCS thAl 52} 26-norCSE HolFurh

CHRo] CHNO 29| Aghg Frf ah= Aad SY& =
A517] 938k 1.5 mM 2-mercaptoethanol 2} 30% glycerol
o] 8-%50igli= 0.1 M sodium phosphate buffer (pH 7.4)
o) &ehs 2-3 mg protein®] &l 95% ethanolel] =<
CHR 15 pg& go}50 3l cofactor24] 0.4 mM NADP2}
0.4 mM NADPHZ &7 H7}ste] 37CelA 3087 ¥k
Al &49hg-8 1.2 mLe water-saturated ethyl acetate
& #rhete] FEate

CHNell 4] 6-deoxo0-28-norCTE A* 6-deoxo-28-norteas-
terone (6-deoxo-28-norTE)& A gky]i= 9k o] S4]
o] u}-¢- & Aoz 4#A ¢lo] microsomal TAUE A
gt xard Y]] sl dofzl pellets 1.5 mM
2-mercaptoethanol 3 30% glycerolo] &-f=oil= 0.1 M
sodium phosphate buffer (pH 7.4)oll @&3std 5 mg pro-
teino] ¥ %& 2|3} microsomal Aol 7|2 &4 CHN
2= 6-deox0-28-norCTE 20 pgd HolF1L cofactor 24
0.8 mM NADPHE #7}at 5 37°Col| 4 3057k 933k
t}. 30% T 1.2 mLe] water-saturated ethyl acetateZ 7t
dto] ganke-g Fnsch

C» BRs2) C3 epimerizationd FAL3L7] 913F &40 assay
mixture3= 1.5 mM 2-mercaptoethanol 3} 30% glycerolo| g+
&5)0}9)i= 0.1 M sodium phosphate buffer (pH 7.4)ell &
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el 5 5-6 mg protein®] & Aol 95% ethanolel] =<1 sub
strate = 6-deoxo-28-norTE, 6-deoxo-28-nor-3-dehydroteas-
terone (6-deoxo-28-nor-3-DHT)9} 6-deoxo-28-norTY E Zt
2+ 5 pgRS Yo]F Il 2a-hydroxylationd 913t assayell
M= 7132] 6-deoxo-28-norTY <} H,00 +¢1 0.8 mM NA-
DPHE 37 2] total 1.2mL volume .2 A3}t &
E assay¥ duplicate T3 triplicate 2 3513 1L 37°CA
A 308-7F vh A7tk 308 & 1.2 mL2] water- saturated
ethyl acetateE H7}sto} Wg-S FRHTH

28norCSe) A AP ATFAZ 2] sl
o] A== 7142l 6-deoxo-28-norCSE ©]-&-3F assay & T3
3}itk. 1.5 mM 2-mercaptoethanol 3} 30% glycerol©] &
50]9li= 0.1 M sodium phosphate buffer (pH 7.4)°] d&
% 5-6 mg protein®] &4 1 mLo 10 1g¢] 6-deoxo-28-
norCS< 7|A=Z Yol 5 37T 30&7t incubationd}al
ethyl acetate A7}l ¢J&] &2uke-8 F 53T} Internal
standard 2 4= [26,28-2H5]6—de0x0CS 100 ng& o] Utk

g4 B th=e| g

1.2 mL9] ethyl acetate F ol o3 W FTHEE ethyl
acetate 9} buffer mixture:= vortex$- 2,000 rpmoj| 4] 1023t
24 Balslo] 11 AFZ=oH9) ethyl acetate & IS, &
gt Wy ow 33 HkE F&dlo] A2 cthyl acetate T2
Fo} speed vacuum . ® FE 7133t ¢lth Speed vacuum
02 %% 7129 cthyl acetate £33 50% MeOHo|| =
Sep-Pak C18 cartridge (Waters) column® loading sttt
o] |, Sep-Pak C18 cartridget= H,09 MeOHZ & 3] ¥
Zol7} conditioning &9 0.H, HEH L= 50% MeOH
2 equilibriumA| Z v} ¥HE AHE-9] elution2 50% MeOH 5
mL, 100% MeOH SmL¥ 182 Z2FoH, o mel
100% MeOH #&7+e F33to] ¥5 - AZ3AT:

Sep-Pak C18 cartridge columng F3to] €o]3l i
£ reversed phase HPLC (Gilson 305 pump/805 mano-
metric module/811C mixer) & o]-&-3 FAstct ol A
423k HPLCS) A& thew Zth Pegasil ODS column
(10 X 150 mm), flow rate 2.5 mL/min, mobile phase; 0 -
20 min: 45% acetonitrile, 20 - 40 min: gradient to 100%
acetonitrile. 2+ B3 & 1&nit} =g3lglon, 7 205
moll A1 2] &4 34 0.2 monitoring 3}t dojl £
2= 2ol 27 ol A] authentic BRs Rtol] aj 3l 2 &yt
2 %o} 5% - A3 GCMSSIM £4E 93}

P

o

8 o

HPLC & ofzl £&e GC-MS/SIME EX3}7] ¢3)
)= BRs®] hydroxyl”]Z non-polard}#| maskingalof GC



66 - Korean J. Plant Biotechnol.

oA el 71317} 2 dojit peakd] tailingS =2 4= Ut} o]
o &Alstaat sk BRse] 723 &4 wel HPLC #
o] s} GC 4 # vicinal hydroxyl7]:= methanebo-
ronation (MB)A|3} 3tz @Y hydroxyl”]& trimethylsilyl
(TMSDA 3} 353t MBA| 9] €432 20 ug methaneboronic
acid / 10 uL pyridineS A 8ol 25 ul. F7F3F 5, 70°Coll A
3023 WA Eg MB-TMSiA & MB 8Hg-8 WA
3k & 10 pLe] MSTFA (N-methyl-N-TMS-trifluoroaceta-
mide) & H7kste] 70°CAlA 30837 ¥H-EAATH

ukg abEol B8 8] GC (HP 6890)-MS (HP 5973
: ionization voltage 70eV)E A}-£3l6 . GC columno 2
=025 m X 30 m, 0.25 g film thickness2] HP-5 (19030-
433], 5% PHME siloxane) columng Al-&3}g .o, o} uj
GCo Z7H 22 on-column injection mode, carrier gase=
He 1 mL/min, inlet temperature= 280 C, oven temperature

= 175TCoAA 287 X9 &, 280 C7HA| ol £ 40TCH AF
FAA 280CE HAAZ T

2 I

C24 methylationg £3F 28-norCSe] CSo.z o} A3l

28-norCS¢] CSo 2ol Hgle
717} A7 == C24 methylation W& E3)] &
2 A5t C24 methylation& E3F 28-norCS2e] CSo.
29 AgIgo] 7hdF BlGA LY EAs=R] Eelsta

28-norCS 2| C240l methyl
g R
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Figure 1. Identification of CS as the enzyme product of 28-
norCS in cultured cells of Phaseolus vulgaris. (A) Mass Spec-
trum, (B) Extracted ion chromatogram for quantitative analysis.
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o] &3t
13t th kA ol sterol9] side chain
2 side chaino]| o523 2] & A, methyl-
transferation, reduction 59| ¢# 9 W3- F3A dolu}
= Ao A 53], o] T AT FAL yeast oA
Cyt P450¢] 9] Zu] ¥ (Kelly et al. 1995) methyl-
transferation SAM-dependent sterol methyltransferase
(SMT)el| ¢J& Zuj =™ (Shi et al. 1996; Diener et al.
2000) reduction WS YA UnkHo=Z  electron
donor7} B3 % 7¢tste] B Ao x4 ¢] C24 methy-
lation ¥H&-2 93+ EF assay mixtureE 73FE §4Y 1
mLel 5 pgol 28-norCS™ 0.4 mM SAM, =281 0.4 mM
NADPHEAX A3ttt

Reversed phase HPLCE E3] doj3
CS9] Rt¢} dAJsl= 8L 3351y blsmethaneboronate
(BMB)A|3l3t 5| GC-MSZ 43k A3}, CS BMBA| 2] #
A}k ion peak?] m/z 5129} base peak 24 C20-C22 £
719181 m/z 155, C23-C24 HEol 2% m/z 441 8|
6-ketone7| & 7}l BRsol A Yehs m/z 3583} m/z 287
9] peakE X &3l= mass spectrum©] authentic CS BMB
A9 GC Rt} 5L Rt) 26.80 | 4] Aol £ uk-g A
B 7133wk T oA A8 EAU 9)3) 28-norCS

A ASE CSolzt Al5EH9]e™ internal standard 2
Yol Z [26,28-"Hs]CS 9] peakdl m/z 518% o]&3) AAtst
/3432 10.10 ng/mg protein® 2 Y}EIITE (Figure 1).
A+712] Cy; BRs methylation®] 28-norCSel| tal o]

methylation %

3] = authentic

1:(){1

O

Hk8-01%| E &+ol3} 124} 26-norCSe] C25 methylationg %
dl CSoz A 5 JYEAF 2ABIYEH. ol $shd
F A2 Ab7)9] HF assay mixtureo]A] 7] AEA] 28-

norCS W4l 26-norCS<& 2o F3al ek 37Tl A 308
7} incubationdt % ethyl acetateE o] vhg- 830
o, AR o] AaS 913 internal standard 24 [26,28-
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Figure 2. GC-SIM analysis of methylation of 26-norCS in
cultured cells of Phaseolus vulgaris.



He]CS 50 ng& o511 ethyl acetate 2 F23F HHSAME
& Sep-Pak Cl8ﬁr reversed phase HPLC & ‘8}@] Zg A8}
05| GC-SIM2o. 2 214 89t} Reversed phase Z

23] dojzrl $-3 2 authentic CS9} Rt9} o x ]o]— nie
48l BMBA|3} 3 5 GC-MSZ #2938 A3, Figure 2
o Vel 73} 7o) internal standard 2 2o] 3 [26,28-"Hs]
CS BMB#|2] 2. ionQ] m/z 518, 358, 287, 161 S| peak
o] E-9l¥l ¥ CS BMBA|Y 2. ion¢l m/~z 512, 155 5
2] peak7} F&EE R %o} 26-norCS-& methylations 3
CSo = A3y A Lg—o—, ol 0}01 C27 BRs2] methylation
= Q249 HolHom dojuhz vE o ¢ AU

CHROflA] CHNZ2| &

rlOI-

CHRo|A] CHN9] #&-2 CRe CNo2of #3a Fd
3l isomerization/dehydrogenation, reduction 5] W&
ARz ool NS HsiA EaAdol CHRE 7|2 =
7\1 HolFEa cofactorz24 0.4 mM2] NADP¢ NADPHZ

st A7}s }0% 37Tl A 3057 incubation®}it}. ethyl
acetate & F&3F WF2-A1E-2 Sep-Pak SiO,9) C18, 8|1
reversed phase HPLC %& el AA AL A

E GC-MSZ WkgAHLS FHZE BA39th Figure 3¢ 1}
E]—bﬂ A} zro] hAALE ¢S] HPLC B8 % authentic CHN
o] Rto] s|Fdhi= £8L TMSiAE dlo] GC-MSE %3
A3 Rt 12,39 of| 4] #2148 iong) m/z 4603} base peak
ion?) m/z 215% H]—‘i‘é}oi m/=z 445, 403, 370, 355, 306 5
o] 8 jono & UER= spectrumE A& F AU ©]
it authentic CHN TMSiA| &} v] 128t A 7} spectrum} Rto]
A5 QAste] ¥ UAMIES CHNEA 7224 8
ek o2 FdF A Eo A= CHREE] CHNOZ g
S O BRs®) 271 44 94 £@ AR A
% glaink

s

CHNOIIM 6-deoxo-28-norTEZ2| et

CHNOA] 6-deoxo-28-norTEZ.9) #3+& 6-deoxo-28-norCT
% AfelA dojrki= 22- 2 23-hydroxylation ¥F-g-© %2
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Figure 3. ldentification of CHN as the product of CHR in
cultured cells of Phaseolus vulgaris.
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cytochrome P450 Wil Zlof| ojte] Zu) Ho] 4 o0& A}
25} oo &H]E §4A Y cofactor£4] NADPH &
A7}k 7182 CHN# 6-deoxo-28-norCTS ARg-3led &
2¥ES AT e B g4 o= Y|
A2WHE-2] productE E<l & 4~ glich old Ea¢s o
4 A1) 2 microsomal EAYE FA5k] A
S-S AAIE o EdlE oA] VoiEE
- 501 6-deoxo-28-norCT ¢} 6-deoxo-28-norTE <]
£ o] Fo)A| A &gttt} (data not shown).
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6-Deoxo-28-norTEOIA 6-deoxo-28-norTY S22 A&k

BRse] 43H4 ¥4 F 7V B EA $4E Jehie
C3 epimerization ¥WF$-& 6-deoxo-28-norTES} 6-deoxo-
28-nor-3-DHT 2! 6-deox0-28norTYS 71d & AR&-&e] =%
ARt 94l 7T d8 iGN 25 E A aad
o] 6-deoxo-28-norTES 7|4 = Ljoi—rg_ 37°CoA 3087
incubation 3+ ¥ ethyl acetate® HF-AMES F=53l9ich
%82 Sep-Pak C185} reversed phase HPLCE- E3)
A HSAES AAT I GC-MSE FHFEAME A=

ok HPLCE #2|¢ BEE F ZoWSAEE o4
6-deoxo-28-nor-3-DHT2] HPLC Rtel| &fd3le= &
BMB A &-8o] GC-MS= 243 23} Figure 4A9] LFER
A3} 7o) Rt9}; =3} 16.48° oA authentic 6-deoxo-28-
nor-3-DHT MBA| £} 543t spectrume- 25 T AT 9]
o] 43T MEe F4Ud] EXJ3l= 6-deoxo-28-norTE
dehydrogenaseol] 2]&] 6-deoxo-28-norTE7} 6-deoxo-28-
nor-3-DHTZ A8t ¢)e-& #old 4~ 9leit}. w3 HPLC
23 = authentic 6-deoxo-28-norTY S Rt &)jgst=
238 MB-TMSiA|3lste] GC-MS® B4kl 1 A
Figure 4Bol Lehd Azt 2H-2 spectrumo] Jojxl=d]| o}
E authentic 6-deoxo-28-norTY 2] MB-TMSixl| &} v] a3
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Figure 4. Identification of 6-deoxo-28-nor-3-DHT (A) and 6-
deoxo0-28-norTY (B) as enzyme products of 6-deoxo-28-norTE
in cultured cells of Phaseolus vulgaris.
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A7} spectrum®] Rto] H&aHA AA|3te] & AMIEE 6-
deoxo-28-norTYE +2ZAA stgch oo Zdd HAE=
By A% 2498 St 7|22 YolF 6-deoxo-28-
norTE©] 6-deoxo-28-nor-3-DHTE 7 A 6-deoxo-28-norTY
7HA] AgkE Aoz Felx)

tgeog 7hdE wjdkMEoA = 6-deoxo-28-nor-3-DHT
9] 6-deoxo-28-norTY &¢] A&} 6-deoxo-28-norTEZ ¢] &
uhgo] EAlsh=A] FAFs T 6-deoxo-28-nor-3-DHTE 7]
A7 AR aANES 3 dojz] BkS-AME-S- reversed phase
HPLCZ Eg]3l 83 = authentic 6-deoxo-28-norTES} 6-
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Figure 5. Identification of 6-deoxo-28-norTE (A) and 6-deoxo-
28-norTY (B) as enzyme products of 6-deoxo-28-nor-3-DHT in
cultured cells of Phaseolus vulgaris.

Figure 6. Identification of 6-deoxo-28-nor-3-DHT (A) and 6-
deox0-28-norTE (B) as enzyme products of 6-deoxo-28-norTY
in cultured cells of Phaseolus vulgaris.
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Figure 7. Identification of 6-deoxo-28-norCS as the enzyme
product of 6-deoxo-28-norTY in cultured cells of Phaseolus
vulgaris by GC-SIM analysis.
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Figure 8. Identification of 28-norCS as the enzyme product of
6-deoxo-28-norCS in cultured cells of Phaseolus vulgaris by
GC-SIM analysis.
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Figure 9. A biosynthetic pathway to generate CS from CHR in
Phaseolus vulgaris cells. Solid arrows indicate the verified
biosynthetic steps. Broken arrows indicate the non-verified bio-
synthetic steps in this study.
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4 A4YE & F AU} (Figure 9).
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