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Identification and Biosynthetic Pathway of Brassinosteroids in Seedling
Shoots of Zea mays L.
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ABSTRACT The potent biosynthetic precursors, 24 -methylcholesterol and 24a-methylcholestanol, and the
endogenous brassinosteroids (BRs), castasterone (CS) and 6-deoxocastasterone (6-deoxoCS), were identified from
shoots of maize seedlings. In addition, the presence for activities of several enzymes involved in the late C6-oxida-
tion pathway from 24a-methylcholestanol to CS was demonstrated in the plants. However, activity for brassinolide
(BL) synthase which catalyze the conversion of CS to BL, the last step of the late C6-oxidation pathway, was not
detected in the enzyme solution obtained from the maize shoots. Together with the fact that BL was not identified
from the maize shoots, these results strongly suggested that BRs in the maize shoots are biosynthesized during
seedling growth and the active BR in the shoots is not BL but CS.
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Brassinolide (BL)= -] (brassica napus L.)2] 3ol A 3]
SO 2 32 AAH steroid AFY] EAE, 1 +2E (2w 30,
22R, 23R)-tetrahydroxy-24S-methyl-7-oxa-5o-cholestane-6-one .
Z 2 Ho1 (Grove et al. 1979), BL3 11 #8 3IFEL
brassinosteroid ¥ (BRs)Z £4 a0 15 ZZFolx 2234
B o|E277kA] AEA At AA of 409 Fol % HA
E¥aly 1ol HIHt} (Fujioka 1999; Grove et al. 1979;
Yokota 1997).

BRs9| A @40 #st 7] ArelAlE, ofFelA A
3 BRs7F AlZ9) A3} #ES FR8, A4 713 3
&7 w99 223} unrolling, w3} 2H, 2EFA HL
24, AERY IR R Fh ol BUE FAsH,

source/sink A}® ZH&-of] o3ty B I E QT (Adam 1994;
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Chory et al. 1996; Marquardt et al. 1991; Meudt 1987; Richter et
al, 1991; Sakurai et al. 1993; Sasse 1991; 1997; Suzuki et al.
1985). Tk, H 2ol WA (Arabidopsis), EVYE, 183 &
5 E94 BR-ZY SdHo|AE (BR-deficient mutants)o]
AN OT, o5& AT A ola sk F7)e] A
ol AsfE L, B4 FHol AstEH, k3t AAHL, F&
&7)9) WA BT §RaEd, o8 BARIASE
9)%ol4 BRsZ Aels) Folof oMBOE AR AYE
Bo} BRs= 489] 443 £3te] B2 48 22EYo)
B At} (Azipiroz et al. 1998; Choe et al. 1998; Clouse and
Feldmann 1999; Fujioka et al. 1997; Li et al. 1996; Nomura et al.
1997, Sakurai et al. 1997; Szekeres et al. 1996).

RE BRs= Socholestaned] A ZAS 7jEo = 133
Tepd e e, o) oM C24-methyl He] Cp-BRs7}
AEA Yol 713 WA £X31F 12w, o] F BLe| 7P &
3 A& JeRIT) (Fujioka 1999; Yokota 1997). 2] &%
ol A 2] C24-methyl BRs2] A3 #2 isotopes E2I3H
Z7HJAF 2HE-2] feeding A3 (Yokota et al. 1990; Suzuki et al.
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1995; Fujioka et al. 1995)7} BRs$} #A| g EQwio|HESY 7
A F7A8E B2 (Takahashi et al. 1995; Bishop et al. 1999;
Szekeres et al. 1996; Choe et al. 1998)2 &3l A& sterol £
C24-methyl BRs¢} 93 g4 T AE 7= 240-methylcho-
lestero! (campesterol, CR)-& A A2 3led 24@-methylc-
holestanol (campestanol, CN) 2.2 AZE o] Fo|, 4H3}, 314, o]
AR T3 FAF T dH vS B3 M 84
o] ZFataL Akt ZsjE Aefe} BLo] @A olRE Zo R
& A rh (Fujioka and Sakurai 1997). =3 27} C6 A+3}s}
A (early C6-oxidation pathway)3#} £7] C6 Atsl34 (late C6-
oxidation pathway) 2] 7 7FA] AAgHd #7go] 1= AT (Abe
et al. 1995; Choi et al. 1997; Suzuki et al. 1995).

& @7E 4719 BRs AT A+ 2AES EUE oFF
A ZASA B A% ol F A% 2719 BRs A
H4e WA SHeich 53] BRse) 2ol 5ol F719)
A7go] A AA P FEIS, SFF FAES WIS
2 2718% AL BAAA 271487 flstd BRs7F o%7
AP HEAE AR 3% ofE st ST
A= &7] W¢] BRs8 BRs M M7EZY 54, 88
BRs9] A AAo| #Ashz BAMIS TAlSY RAE
A7 A1 BRs7H AR E]=A], of T WolSA R E A2 H
=X E #letuAt sk £k S e ob47kR] BL
o] EAo] o]Fo|AR] ¥ glo] (Kim et al. 2000; Gamoh et al.
1990; Sekimoto et al. 1997; Suzuki et al. 1986) S5 F241E &
ote} £7] 47l BoshE 843 BRE FORJIAE WL
2} St

245 (Zea mays L., Golden cross bantam) A& S22+ &

Z838] AR T 71 TAVIF AXE F2 GolA] 24
ZH dol Al Th 11 & 8 X A" AR A, 25C
2 $ARA 397 YEAZ F 715 BekA ARSI

> 2

Bioassay

255 £7]9 WA BRs 84 7AE317] $13t rice lamina
inclination assay+= B] (Oryza sativa var., Koshikarl) 225 A8
ste] Arima F (1984)9] WHH o= stk

25 E7]9] WY BRso| S8

S5 £719] WAl BRsE Eest7] At S5 £7]
(1,320 )€ blenderE o]-&3le] 80% WE-E (MeOH)E £

, 8hE 3233t} (500 mL X4). o] FZE-E-Z rotary evapo-
rator 2 Qe E 74X F, 4ol FEEE Ulste SFH
=9} CHCI, Zz} 800 mLZ 43] ®¥HE- solvent-partitioning 3112
o, doiF CHCLy 7128l A BRs AAE -£olstH
stz SA¥ BRs9] AL 9Aste] HJE =X BL, CS,
typhasterol (TY), teasterone (TE), 6-deoxoCSE Zz}z} 500 ng¥
A7rstdch 2obxl CHCL 7H882 Adsd: Axsa, o
Al n-hexane® 80% MeOH 7+ 500 mLZ solveni-partitioning 3}
o, n-hexane £-8-& sterol 2A1o]| 0]-8-3}9 01, 80% MeOH 7}
L8238 719FsE AFF I, ethyl acetate (EtOAC)$} sodium
phosphate buffer (pH 7.8)2 solvent-partitioning 3} BRsE& X
ek BiOAc 7H- R8-S Ajith

EtOAc 7M-E8 S HA =] CHCLo =9 silica gel column
chromatography (C. C.) (silica 20 g)& 43 &}%ich. CHCl, 3
MeOH2] B]&-& 100% chloroform, 1,2, 3,4, 5,6,7, 8,9, 10, 20,
50, 100% MeOH7}A] z+z} 200 mLA X8 2 E8F9on, 4
o}zl ¥-EE2 bioassayE F3 BRs 4 Ak B2
A4S B BHE @~6%)7= Ko} Sephadex LH-20 C. C.
(bed volume 240 mL; 22 X900 mm)E 33t oo &=
$o1 24 MeOHS} CHCLS] wl7k 4 19) EZEA4S ALEsH
Bomn Bek 05mLe 502 25U BioassayE 3
Zijo] 7Fak 394088 (Ve/Vt=0.65~0.75) Ro} 7 5
235 %, reversed phase HPLC (Senshu Pak, Pegasil-B ODS, 10
X150 mm)E o)&-3}d AA5c) £& SujE 50% acetoni-
trile (MeCN) 42 L3 2587 SHFULH, 40714
100% MeCNO & 55 FHIE Fol, 29 2mLe] §408
EHFIUTE Pl £YEL bioassayE T3 BRs 84S
Aslg o, dojx A B3L gas chromatography-mass spec-
trometer (GC-MS)/GC-seleted ion monitoring (SIM) 2. & 2413}
7] 98l bismethanboronate (BMB)A) 38} 71}, methanboronate -
trimethylsilylate (MB-TMSi) etherl| 3}3t3 Tk 32 £45 98
GC-MS+= GC (HP 6890)-MS (HP 5973: ionization voltage 70
eV)E ARSIt GC column® 2+ HP-5 (0.25 mm X30 m,
0.25 pm film thickness, 5% PHME siloxane) column-g& ARE-3l%
om, o] o) GCo ZZALZ on-column injection mode, carrier
gast He | mL/min, inlet 2=+ 280°C, oven &&= 175C oA
237 FAAZL F,280C7HA] vl i 40CH ASAIA 280C
2 FAAZ

2445 =7(9| LAY 4-demethylsterol2| A

n-Hexane 7H-#-8& 5% 71x8}e, 5% KOHE 38k
80% ethanol (EOH)oll <] 90%-7+ 70CZE 713l 22 3}
&2 <] H)*+8luk-S (saponification) & Y 3tct ¥ & Bh-e-
N WZkA7] T n-hexane 500 mL-2 3 7}8hod unsaponified
lipidZ 33] ¥H2 $23}%i o} Unsaponified lipid= THA] 3 4%
9] n-hexanedll o] 20 go] SiO,7F A X column (30 X400



mm)$]ol] loadingd}37 n-hexane®} dichloromethane®] 1:1 &
FEAS o) g3l §E3AT Silicagel C. C. ¥ A7 7
EHEL stigmasterol 7} cholesterol 2 4-demethylsterole] 3
EZE dled F254 preparative silica TLC plate (Merck Co.) & £
Aalgut A7) &uj 2% dichloromethaneS A}2-39 01,
70% H,SO,E & & FA)g 5 UV 365 nms}ol| A a3k
ZE54 d-demethylsterol 2+ Rf 32 72t EEES
4-demethylsterol £3-& Al 4-demethylsterol &3-&

AZs & 1 mL2 acetic anhydride$} 2 mL&] pyridine 2]
TF L xof ALoA U7 BREAIFITE o] F WG S
34 (pH3.0) 0.8 AT E pH 72 AT, THA] 200 mLe]
n-hexane2 2 33| WHE F&E3}o) acetylation® 4-demethyls-
terol £8-5% Atk n-Hexane 22 F& 3+ 4-demethylsterol ¥
3< GC-MSE #4314

[o]

o
T

B aHEl of 1

[0k

HAEN T

Lo
re

Eagd 2AS BE H4L 4CE FAIRN TR
W, 9445 27] Q09 Al ERT H, 20 239 cold
homogenization buffer& AFE3}a] cold pestlex} mortar 2
3%t} Homogenization buffers= 1 mM EDTA, 1 mM DTT, 0.1
mM PMSF, 15 mM 2-mercaptoethanol, 15% glycerol, 250 mM
sucrose, 1% insoluble polyvinylpyrrolidone 3213 40 mM
ascorbateS ¥-7-3+= 0.1 M sodium phosphate buffer (pH 7.4)Z
ARE-319th Homogenate 2 15,000 xgoll 4 3087 945
(Jouan SR 20.22) & &, 71 A ATHS Fof thA] 190,000 xg
oA 60E7F 27& QAR (Kontron Centrikon T-1180) &}
ok AP N2 cold acetone (FFEE5% 40%)S A71std -25C
oA 2087 FAIAIZL F, 13,000 x gl A 1087F H4lE-2 st
o s AAHAIZ T °]8 1.5 mM 2-mercaptoethanol 7}
30% glycerolS @-3= 0.1 M sodium phosphate buffer (pH
THE AEE3te] cytosolic EAYEE AMREATH Pellet:
homogenization bufferol] &g ale] ThA] 190,000 xgolj A} 60
B7F 2374 423 Pellet?2 1.5 mM 2-mercap-
toethanol 3} 30% glycerolS §#-8h= 0.1 M sodium phosphate
bufter (pH 74)2 A & &rs}ed microsomal EAH O Z ALLE}Y
o}, ZA) ¥ microsome3} cytosol 49 A k2 Bradford
uhi o 2 A5ttt (Bradford 1976).

CN 22(R)-hydroxlyase, 6-deoxoTE dehydrogenase/6-deoxo-3-
DHT reductase, 6-deoxoCS oxidase 1] 1. BL synthasedl] 2]+
Zo) WS 9% EF assay mixturex 1.5 mM 2-mercapto-
ethanol® 30% glycerole] &f=Hol U= 0.1 M sodium
phosphate buffer (pH 7.4)o] dE¥ 6 mg protein®] crude
cytosolic solution B=+= microsomal solution®l] 95% EtOHel| *
o] 7]221 CN, 6-deoxoTE, 6-deoxoCS, 1#]37 CSS Z}2F S ug
3} ZF5) 5¢1 4.8 mM NADPHE 9] total 1.2 mL volume

02 FAFALE BE assaye T HA 3519 ch Incubation

oN

e

N

244 A5 ME0|M Brassinosteroid®e) S LU Aighy

NADPHS] 7t ofsf 7|Alate 37Col|A 3027 WAl
t} 308 ¥ 1.2 mL9 water-saturated EtOAcE A 7}8ke] vk
& 287 3, [C26, 28-"Hy)-BR (6-deoxoCT, 6-deoxoTY, CS,
BLYS 717} Song#g &4 whgolo] 77t A7hajed, GC-SIM
TAA A E4E AT BEELEA AR ST

1.2 mL¢] EtOAc F7tel 98] incubatione] £FF EtOAcS}
buffer £3H-2 vortex ¥ 2,000 pmol| A 1027+ U4 25l
T 7459 EOAc 52 dlon, 383 e g 33] v
Z3te] A2 EOAc T2 Fol AsE AXsth Aste
EtOAc £8-& 50% MeOHol| =4 Cl18
cartridge (Sep-Pak Plus C18, Waters) columns ©|-8-3te] £z
Ao, o] o, CI8 cartridge’= FEHOZ 50% MeOH
2 equilibrium AJ7) ¥, 9h5 AHEY 32 50% MeOH 5 mL,
100% MeOH 5 mL¥ A#2 FTFou, of we] 100%
MeOH ¥-82- 3sled 5% - Azaelch

Sep-Pak C18 cartridge column-g- 3t HAojzl 6-deoxoCS
oxidase$} BL synthase] &4 WFS JAMFE-2 reversed phase
HPLC column (Novapak C18, 8 X100 mm)S ©]£3le] RAA S
atgon, 82 Lul 2= 45% MeCN £48 | mL/min®) $4
© 2 Z#HF9UL ™, CN 22(R)-hydroxlyase, 6-deoxoTE dehy-
drogenase/6-deoxo-3-DHT reductase 2] & AR TJAMAIES
reversed phase HPLC column (Senshu Pak, Pegasil-B ODS, 10X

2

150 mm)S ARE-3FH 0. CN 22(R)-hydroxlyase 8] 8-Z&n) 2
= 100% MeOH €948 2 mL/min¢] §&02 ZTHFom,

6-deoxoTE dehydrogenase/6-deoxo-3-DHT reductasee] £&-&
mj 23 100% MeCN €948 2 mL/min2] §52°2 Z#F3th
HPLC & dojA ¥-F-g GC-SIMez EA3}7] $Jsle BMB

I = MB-TMSi ether) 313153t}

=)

2y

oE
23T FAIZ 27) W BRsY 2

Figure 19 et 213} 730 rice lamina inclination assay i
A Tre 4 BYSo] FAEUEH, o #HE9 retention
time (Rt)o] FY =71 slol|A a3k HPLCe| &5 BL, CS,
TE, TY, 6-deoxoCS ) Rt&} &AL ZAE, 1= TFER
Z A7k CHel-BL. ol [Hl-CS, MolE [*HglTE, el
PH-TY, 222 Vel: [’Hyl-6-deoxoCS7} T3 o] 9L 7}
S40] Aty AlgEol, o) EEEAR ) [Hl-BRs, &

A BRs7} EA3=AE GC-MSE E3td B 9 Aw &4
< Pk

AR [H-CSY 7FsAde] & @4%8 [0 tisi BMBA|
Z WE F, GCSIMeZ 2% A3 [*H-CS BMBo|A
AE ionE (m/z 5183 161)& A28}, FAL2F ion peak 7} m/z
5126), C24-methyl7) 2 $H5-5F= BR-BMBA 9] Ex4<l ion
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peakl m/z 155 (C20-229] #g)7} base peakZ, 6-keto BRs¢]
542 <l ion peakEQ! m/z 358, 327 18]35 2879] ion peakE
o] AU, oI ion peak S T H,l-CS-BMBA %
%93 ion chromatogram3} GC RtZ Jehlo] HPLC 84 &
g [yl 2EEAT F748 [HJ-CSe & e
PH-CS7H 2850} 124 SAB} T3 WA [Hl-CS
o gL HEFAE WG UHJCSSH wng Fajo
0.23 ng/g fr vtZ Q1= It} (Table 1).

FEFEA [Hl-6-deoxoCSe] EFH0] 31 71540 & &
428 Vel tg GC-SIM £41¢ A3 A3, ['Hel-6-deoxo
CSBMBE] F8 ionpeakEa &7 58 ionSo)A 6 mass &
oE ionE, = m/iz498[M'], 483 18)2 1557} FlEon
T GCReE 34 [Hol-6-deoxoCS$} PAs}, 2ol B

BL 0.001 ppm

Control

Activity (Leaf angle, Degree)

s 10 5 20 25 30
Fraction No.
Figure 1. Distribution of biological activity determined by the rice
lamina inclination assay after a reversed phase HPLC in extracts of
maize shoot seedlings.

2

EAZ H713h [‘Hyl-6-deoxoCSSH WAIE Q] [Hyl-6-deoxoCS
7 THET Y2 AT T WA RS [Ho)-6-deoxo
CS9} v 23 A3 3.8 ng/g fr wtE &=t} (Table 1).

9 HPLC 238 T, I, 182 Vo] GC-MS B ME 7}
ztol dojF MS = SIM ion chromatogramol| A z}z} [QH(,]-
BL, (H,-TE 23] T [Hel-TYSro] AZH 7, AR (Hy-
BL, "H,l-TE 283 [HTYE ZHESA 9ol o]Z BRsk
$45 §48 2719 o1F BRy} ZHEe] A Feg

SHE S
244 QAIZ Z7| L BRs2| AlEH MLEE0| =X

Total ion chromatogram (TIC) /}ol] 24-methylcholesteryl acetate
2 AR HEE peak7} UERGS ™, mass spectrume 3143 4
3}, AWk 0 2 5g-d-demethyl acetate®] 7%, BA-eF [M'] ion
o] UYel}A 93 [M-AcOH] ¢ iono] base peakZ UEh =
A3 I35k [M-AcOH]' 9] iono] m/z 3827} UYeht B 3}
e HEapgke 4429 A0 2 AR HITE B3 [M-AcOHI
9} side chain AFo]e] EHoll &3t m/z 255 peak 7t K+, ©]
= BE side chaino] unsaturated® steryl acetate®] 739~ C24-
C28 A Aol8 olzZggo] gl& 7 vethbes SAAU
ion peak 24 2 3E- side chaino] saturated® 24-methyl-
choresteryl acetated 7HgAdo] Erhy AAREeH, T 74
2 ®FEF 24-methylcholesteryl acetate?} ZHA <l GC-MS
24 0] 93] HaHU (Table 2. 3 354 4}
BRs ¢ H1E2< CRo] EAFE &8ttt B3 campes-
tanyl acetate®] 5312 ¢} peak?l m/z 215,257,384, 18] 444
peakE JEIE steHEe]l SAEJ 2, o] mass spectrum 7}
GCRt= 59 %A%} GC-MS 244 EFE3 campestanyl
acetate®] Aol ARt &, 54 £7] YoM campes-

Table 1. GC-SIM data for authentic and endogenous brassinosteroids (BRs) in shoots of maize

L 4

Compound* Rt** (min) on GC Prominent ions (m/z, relative intensity %)
[*Hg]-CS 26.96 518 (M, 84), 441 (16), 358 (24), 287 (39), 161 (100)
Endogenous [°H,}-CS 27.20 512 (M, 84), 358 (16), 327 (24), 287 (39), 155 (100)
Authentic [ZHO]-CS 27.20 512 (M, 84), 358 (16), 327 (24), 287 (39), 155 (100)
[*H¢l-6-deoxoCS 19.59 504 (M*, 28), 489 (20), 161 (100)
Endogenous [ZHO]—6—deoxoCS 19.70 498 (M, 24), 483 (19), 155 (100)
Authentic [ZHO]—6-deoxoCS 19.70 498 (M, 29), 483 (20), 155 (100)

* Compound was analyzed as a bismethaneboronate derivative.
** Retention time.

Table 2. GC-MS data for endogenous and authentic 24a-methylcholesterol and 24 a-methylcholestanol in shoots of maize

Prominent ions (m/z, relative intensity %)

Compound* Rt** (min) on GC
Endogenous 24-methylcholesterol 22.85
Authentic 24-methylcholesterol 22.85
Endogenous 24 a-methylcholestanol 27.29
Authentic 24a-methylcholestanol 27.29

382 (M*-60, 100), 367 (30), 274 (14), 260 (12), 255 (15), 213 (14)
382 (M'-60, 100), 367 (31), 274 (13), 260 (12), 255 (17), 213 (14)
444 (M, 22), 384 (39), 369 (31), 276 (33), 257 (10), 215 (100)
444 (M', 23), 384 (43), 369 (31), 276 (32), 257 (11), 215 (100)

* Compound was analyzed as a derivative of acetate.
** Retention time.



tanol®] EAZ 82135 (Table 2).

254 RAIS 37| W et g4l Z ol
4719 ABE Falel 255 §498 2710 BRsS ATA

AT E4A CRIY CNo] EAFS etk g WA
BRsZA] 7] C6 Ak} 339l F% BRs¢l 6-deoxoCSeF CS
7} FRHAL, 7] C6 st el ¥§EE BRse §F
HA gotth ol S5 FAEY F7) A Ao WA
BRs2 #7] C6 2statAel] ofdte] AFAAHL UeS HE
s Axe ARRFHAY 22y B AddA 19 6-
deoxoCS9} CS ¥ o]&9 WY AT+EZA CRA CNE ©]

S48 ZAZREE 5HE S3PESEA, F557 4=
27 4% B2 BRv} 944 FAERE ARE 5
olEd & AUA of W S5t F7) RS Hstd &)
AR A AT & AAAE FHsA Gtk old S
Z7\7F AR AL Z P 3le BRsE AR & 7 E

FAP) A8 254 27) F4

il

9% F7] C6 Askas] B SO MIES Fohole &
a5l F4% /el EAsEAS ZATE

A 300 A [2Hg]-0-deoxoCT ~ "
~ / FARN m/z 462
= T _ . tﬁd: L e
g 6000+ / E\\
I Y m/z 193
© — e —— s et L e -
2 T
g 400 i {2H,]-6-deoxaC T\/ﬂ: \\
< i - S LN miz 456
[ AP et SR KNI G < B e
5000- /-‘\
ﬁ /o \ m/z 187
15.00 16.00 17.00  (min)
Retention time
c 1500 } [P [2H,]-6-deoxoTY
it
5 [ m/z 446
U | BRI A —_
4000 ﬂ
3
c 3 A Aok A m/z 431
[ S A Bl S NS . -
°
£ 50000 A a {2H ]-6-deoxoTY
F ] /i
< ] I m/z 440
e - ,:ﬁi,,; —n —_—— e el
1500003 A
J /J :\ m/z 425
12.00 1 6'.00 20.00 {min)

Retention time

MZ0A Brassinosteroid®e| &

CN 22(R)-hydroxylase2| &t

BRs¢] $7) C6 248}4A 9] rate limiting A2 €212 CN
oA 6-deoxoCTZY ML ZFgl= CN 22(R)-hydroxylase
o] ZAZ W7 S5t GC-SIMo| o8 EAAT, YR
EFE229) [*H]-6-deoxoCT TMSi F-E4 2] EA A< peaks)
m/z 4629k 1933 FA) & AHEQ) [Hol-6-deoxoCT TMSi -
=A2] EAH peakel m/z 4563 1875 A=A+,
[*H,]-6-deoxoCT TMSi¢] GC Rt 34 [Hol-6-deoxoCT
TMSi®} dX3te, 54 F2E E7]d E48= CN 22(R)-
hydroxylaseo)] ¢}3ke} CNo] 6-deoxoCTZ HIAHUSS I
& % YA} (Figure 24).

6-DeoxoTE dehydrogenase®} 6-deoxo-3-DHT reductase2|
By

7] C6 A8} o)A 6-deoxoTEZRE 6-deoxoTYZ ] H
3L 6-deoxo-3-DHTE w2 % 294 2] C3-epimerization ¥t
S0t} o] C3-epimerizationo| 4] 6-deoxoTEZF-E 6-deoxo-3-
DHTZ¢] w32 2712] protond &= dehydrogenation Rt-g-
© 2 o] dehydrogenased]] &|5le] Zufl Eoix]d, 6-deoxo-3-
DHTo| A 6-deoxoTYZE S ¥H2-2 27)9] protongd U=

p]-0-deoxo-3-DHT

B 10000 % f »~ [H
: i
M m/z 456
8 250007
e E
] il
e 4 J
H m/z 231
I S B L
10000 3 ]
!Il
; J:\ m/z 155
12.00 16.00 18.00 20.00 (min)
Retention time
D 600 1 A wr PHICS
%_A H m/z 518
20007 A
3 ; '
s [N ) S o2 L
.g 8000 1 A e [PHJ-CS
3 E :
< N ,,,m.,/:\ - m/z 512
30000 4 \/VJ ;
’?MN/ _ / \A B35
15.00 20.00 25.00 30.00 (min)

Retention time

Figure 2. GC-SIM analysis of enzyme products for campestanol (CN) 22(R)-hydroxylase (A), 6-deoxoteasterone (6-deoxoTE) dehydrogenase
(B), 6-deoxo-3-dehydroteasterone (6-deoxo-3-DHT) reductase (C), and 6-deoxocastasterone (6-deoxoCS) oxidase (D) in shoots of maize.
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reduction §H2-0 8, o} ¥hS-2 reductasedl] o}F) ZujEojxth
2 E &2l 6-deoxoTE dehydrogenase®} 6-deoxo-3-DHT
reductase= cytosolic E4% 4HA Ut} (Park et al. 1999). ¢}
of 25 FAE E71RHEH cytosolic £4HYE AT F,
71 Z [Hyl-6-deoxoTE 5 g S A2}sr o) 3087 FAuHs
XX %—246} det uko] Byt & 50 ng] [PHyldeoxoTYS X
F5Z2 Hrleld AAS Foll, AHERA AAAE 6-
de0x0-3-DHTv.: MB §EF| 2 M, 6-deoxoTY+ MB-TMSi #%
A2A GC-SIMe] 3] BAsTh 7 B3 Hyl-6-deoxo-3-
DHT MB -5 B2} jon peak?l m/z 4563 44 jon
peakdl m/z 23134 1557} €4 [Hyl-6-deoxo-3-DHT MB&] GC
Rist B4 ATkl A AZEL, Hol-6-deoxoTY MB-TMSi
Sx Aol EAAQ) peakl m/z 440,425, T3] T 155 peak st

4 PH,l-6-deoxoTY MB-TMSi $-23)9} 2+ GC Rl A el |

=9} wakd] A3 6-deoxoTE dehydrogenase S} 6-deoxo-3-
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Figure 3. GC-SIM analysis of enzyme products for brassinolide
(BL) synthase in shoots of maize.
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Figure 4. The late C6-oxidation pathway to produce brassinosteroids (BRs) possibly involved in maize shoots. Asterisks indicate steroids
identified from maize shoots. CR; campesterol, CN; campestanol, 6-deoxoCT; 6-deoxocathasterone, 6-deoxoTE; 6-deoxoteasterone, 6-deoxo3-
DHT; 6-deoxo-3-dehydroteasterone, 6-deoxoTY; 6-deoxotyphasterol, 6-deoxoCS; 6-deoxocastasterone, CS; castasterone, BL; brassinolide.
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