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Importance of C-26 Demethylation for Homeostatic Regulation of
Brassinosteroids in Seedling Shoots of Zea mays L.
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ABSTRACT Regulatory mechanism for endogenous levels of castasterone (CS) and its biosynthetic precursors
in shoots of maize was investigated by the use of enzyme solution prepared from the plant tissue. When [*Ho]-
and [2H6]-CS was used as substrates, [2Ho]-26-norCS and [2H3]-28-norC8 were identified as products, indicating
that [*Hol- and [*He]-CS are differently metabolized into [?Ho]-26-norCS and [*Hs]-28-norCS by C-26 and C-28
demethylation, respectively. This suggests that both C-26 and C-28 demethylation can be involved in CS
catabolism. In fact that C-28 demethylation only occurred when isotope labeled substrate was used, however,
C-26 demethylation is thought be a natural reaction occurred in the maize shoots. When 6-deoxoteasterone
(6-deoxoTE) was used, 6-deoxo-26-norTE and 3-dehydro-6-deoxo-26-norTE as well as 6-deoxo-3-dehydroTE and
6-deoxotyphasterol (6-deoxoTY) were identified as enzyme products. When 6-deoxoTY was added, 6-deoxo-
26-norTY as well as 6-deoxo-3-dehydroTE and 6-deoxoTE was identified as products. These indicate that C-26
demethylation of 6-deoxoTE, 6-deoxo-3-dehydroTE and 6-deoxoTY as well as a reversible C-3 epimerization from
6-deoxoTE to 6-deoxoTY intermediated by 6-deoxo-3-dehydroTE are operative in the maize shoots, demons-
trating that endogenous levels of biosynthetic precursors of CS are also controlled by C-26 demethylation.
Therefore, it is thought that C-26 demethylation is an important and a common deactivation process which
functions to maintain steady state levels of endogenous brassinosteroids in the maize shoots.
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t} (Grove et al. 1979; Fujioka 1999; Yokota 1997).

Brassinolide (BL)= -2} (Brassica napus 1.)¢] a0l BRs¢] Ag] Aol T3l 7] dAFdds, ddlAd A

M Aqgo® 2 AXH steroid AlEY] BAR, I FF 23 BRs7} A2 AT £E8& FXsta, 44 7133

= Qa, 3 a, 22R, 23R)-tetrahydroxy-24S-methyl-7-oxa-5 oA e, 4o Z2 3 unrolling, +3} 23, 2E#

a -cholestane-6-one .2 9155 1 (Grove et al. 1979), 2 A ZA AEEY FA3 B F4 o] BHE £X

BL#} 7 #¥ 33E-2L brassinosteroidF (BRs)E £ 3 &} 319, source/sink 4% 2ol Hodditi B HAc) (Adam
i 55 H2FAA FAAE o2 7kA] A EA Rk 1994; Chory et al. 1996; Marquardt et al. 1991; Meudt

1987; Sakurai and Fujioka 1993; Sasse 1991; 1997). X3,
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o, o] 52 A Ao olidel ste] F7]o A
gol A= a1, A4 sHo| AstEm, w3r} (AN L, f
A HYH BRE FEskEE, oH T Eluol
52 9%olA] BRsE Aejs) Folof B OR FuEE
AR 8o} BRs: AEe) YT patel B4 A%
s 2Eol ¥ xt} (Azipiroz et al. 1998; Choe et al.
1998; Clouse and Feldmann 1999; Fujioka et al. 1997; Li
et al. 1996; Nomura et al. 1997; Szekeres et al. 1996).

2] BRsE Cyy, Cos, Coo ZH|ZO]J=224 5 ¢-cholestane
o) ¥ FAL 7|E o C-24 YA EAl5t= alkyl7] 9
ol wet 7R, o] FollA C24-methyl & 2] Cas-
BRs7} A&7 Well 7b¢ WAl #axska glom, o] & BL
o] 7p 7% Aej84& veEbdT (Fujioka 1999; Yokota
1997). A& Wl el C24-methyl BRs2] A3 7442
isotopeS F4]3+ S7HAL AHE9] feeding A% (Yokota et
al. 1990; Suzuki et al. 1995)7} BRs¢} #A1H S o)A
E9] B} §-28H2] B4 (Takahashi et al. 1995; Bishop et
al. 1999; Szekeres et al. 1996; Choe et al. 1998)-& 53}
215 sterol - C24-methyl BRs9} 593l gb4 48 zte=
24 @-methylcholesterol (campesterol, CR)-S AT A 2 3}
24 @-methylcholestanol (campestanol, CN)©.2 3t o]
Fol, Absh, B, ol AA, 83 Fusk o) P
WSS Bl 1E B40) Asha A5t e 4ol BL
o] gAlF oA = Ao ® 24 glth (Fujioka and Sakurai
1997). B3k 7] C6 Ak3lat4 (early C6-oxidation pathway)
3 7] C6 4+3}tA (late Cé-oxidation pathway)e] F 7}
A A 3 o] Q¥ A} (Choi et al. 1997; Suzuki
et al. 1995). 2o EvlE A Cy; BRs¢l 6-deoxo-28-
norcathasterone (6-deoxo-28-norCT), 6-deoxo-28-nortyphasterol
(6-deoxo-28-norTY), 6-deoxo-28-norcastasterone (6-deoxo-28-
norCS), 28-norCS 5-o| FA =% om (Yokota et al. 2001),
olg9 x4 54N Y &AFZE Ze cholesterol

(CHR)©] cholestanol (CHN)© 2 AHEtgti= B 119} 87

[s]

AEE 33 Cs BRs 5L A 432 53 CHRo
2] 6-deoxo-28-nord 2] BRsE 7Z&to] 28-norCSE A3t
3 Hojx= Aol AT ek Cyy BRs9 FHFAHES]
28-norCSof| A C-24 e uk-gof &Jate] Cps BRsSl CSE
Hghgo] gelxjo] (Kim et al. 2004a), Co; BRs] A A
o] B43 Cy BRO A & 284 & A3 T23 A
A A ow FHEHA .

BRs2] At 7} &l o] 8}2h8-2 W4) BRso] ghabg =
AsleE 23 Qxto|th (Yokota 1999). EntE Aol A
E&d Ao C26 F4ks) dkgo] At en (Winter
et al. 1997), of7|&Atholl A basl-D phyB-4 EqW¥olA| g
A5 E3}o] BLO| C-26 °AM) HEE-& cytochrome P450
F49 CYP72B19]| 9)3le] Zujjgo] ¥z} (Neff et al.

o

ga7F AAE 26-norBLE A3E = vhd S4402 3
% [*He]-BL& 289 ¢] &7} A4 € [PH;]-28-norBLE. &
glglo] WAt} (Kim et al. 2000a).

olNY ¥ AFAI} LREHUAT o} 7kA] BRse
ojglz-gof talME sl vEE Aejoltt. olo B
TFoll M e B AFAel 9fste] BRse] A #HA o] vzl
S FAE 27)8 dde® 34% BRI CS9t 1 5
8 AT AFEZY AR e § AEAEYY o
A7l EALE 0|83 in viro E2WE AS E 2A}

shurt sl
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fof

ST (Zea mays L., Golden cross Bantam) &2}
= Boll S8 AHg =, 7| x S ZAd
ol A 24X]7F o} AJZiTh 1 % 57 62 X" A

oA, 25CE FAsIA 3UT BEAIZ S5 74

4
so T B

i Ao ap

44 249 BE HHL 4TE $AFRA S
oH, S5 4= 27130 9)E siatet &5 5, 26
F319] cold homogenization buffer& A}l-&3}e] cold pestle
Z mortarz 343153tk Homogenization buffers= 1 mM
EDTA, 1 mM DTT, 0.1 mM PMSF, 15 mM 2-mercap-
toethanol, 15% glycerol, 250 mM sucrose, 1% insoluble
polyvinylpyrrolidone 721 40 mM ascorbate S &&3h=
0.1 M sodium phosphate buffer (pH 7.4)& A}-23}%
HomogenateE 15,000 x goll A 30E7F YA Ed (Jouan
SR 20. 22) 3 3, AFA -2 cold acetone (2F 5= 40%)
< FArstod 25Tl A 2087 FAIAZ F, 13,000 X go]
A 1083 daldefate] Gade FHAAAATE ol 15
mM 2-mercaptoethanol 7} 30% glycerol2- $H+3h= 0.1 M
sodium phosphate buffer (pH 7.4)= A& Este] o
2 ARt A" a4 oA - Bradford W
Ho g Aaksleir} (Bradford 1976).

aaEI2 3 jARiEe] B4
CS, 6-deoxoTE 71l 6-deoxoTY demethylaseol| 2]3}

¥ assay mixture= 1.5 mM 2-mercaptoethanol %} 30%
glycerolo] @hfEoj9l+ 0.1 M sodium phosphate buffer
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(pH 7.4)° ¥E®E 5 mg protein®] crude enzyme solution
off 95% EtOH9) =<1 7|2l [C26, 28- H(,] CS, [C26, 28-
*Hy]-CS, -6-deoxoTE 181 -6-deoxoTY S 247+ 5 ugTh
Z240 =2 48 mM NADPHE o] total 1.2 mL
volume 0.2 ?*és}‘;ﬁﬂ} BE assays F HA 3Etsich
Hl%-2 NADPH2| H7tel 93] 7Alste] 37 CollA] 3087F

ke A AT 308 3 1.2 mLo] water-saturated EtOAcS
H7bske) W8-S ZmAl T, 28-norCS, [C26, 28-°Hel-BR
[6-deoxo-3-dehydroTE (6-deoxo-3-DHT), 6-deoxoTY, 6-
deoxoTE]S 72} 50 ng¥ & &4 whg-olo) zHzt Hrhshe,
gas chromatography-selected ton monitoring (GC-SIM) &
A B FAE AT EFELEA AHES A it

1.2 mLo| EtOAc #7toll ejsf ko] S8 % EtOAcst
buffer =g+l vortexl,f— 2, 000 rpmol| A 1087 YAl £
dtof 71 47l EtOAc 52 Ao, Tdd W
33 WHE &3t A& EtOAc 3% ‘3—0} s
stk ke ® & A% EtOAc 82 50% MeOH
01] 0] C18 cartridge (Sep-Pak Plus C18, Waters) column

o] &ste] B2 AAsser, o] ul, C18 cartridge= &
Ao 50% MeOHZE equilibrium A7 &, 8hg AHE-9]
28 50% MeOH 5 mL3} 100% MeOH 5 mL& A2
E’#—??}l"“ﬂ ol w2} 100% MeOH 24 wH& 3t &

AzsE

Sep-Pak C18 cartridge columng& %3] dofd CS
demethylase®] &4 9F2 tiAbARE-2 934 HPLC column
(Novapak C18, 8 X 100 mm)& o|-&3te] AAEZE 3192
], &% 8 v &= 40% acetonitrile (MeCN) &S Et |
mLe] $-&02 dAsA &85 2eH, 6-deoxoTE, 6-
deoxoTY demethylased] & Aukg EH/\M}%% &% HPLC
column (Senshu Pak, Pegasil-B ODS, 10 X 150 mm)<- A}

A ot o O%N N\

g3t9lon, 85 8 45% MeCN 498 AdA3dA 20
B2y EHFgon, 402741 100% MeCNo# = ;LHH
2 o], B 25 mLA FEo7 EeFEdnh HPLC &

oAl 35“4 235e GC-SIMe®E B3] 93l bisme-
thanboronate (BMB)X{]Q &Y, methanboronate-trime-
thylsilylate (MB-TMSi) etherd] &3tk #+37 #42 9
3 GC-MS+= GC (HP 6890)-MS (HP 5973: ionization
voltage 70 eV)E A3t GC columno 2= HP-5
(0.25 mm X 30 m, 0.25 gm film thickness, 5% PHME
o] Wl GCY AL E
on-column injection mode, carrier gast He 1 mL/min,
inlet 2% 2807, oven L% 175CollA 287t FAA17L
3, 280°C7EA) o B 40°CH F5A1A 280 CER FAAH TH

siloxane) columng Al-8-3153 0™,

BRs9] &8 7A£3}7] 9131 rice lamina inclination (RLI)

bioassay= H (Oryza sativa var., Koshihikari) EA1-& AL&
3ted Arima 5 (1984)] =#ilo 2 sttt

Lo AR 2 DAY BREA] CSe) demethylase
o olgk ARE Lolry| gJake} (€26, 28 H)-CS, [C26,
28-"Ho]-CSE ©]43+ in vitro EAWg A¥S a5l
th WA 5 mg @A gae] -3 A [C26, 28-Ho)-
CS$} [C26, 28-"He)-CSE 77t 5 pge QA 47} 4.8
mM NADPHZ o] 37CoA 3087 w827 3, 1.2
mL water-saturated EtOAcS 3 7}3le] W8-S £5A7]
%, R EARA [C26, 28-"He-CSE 713;_2; A2 A
ol] 28-norCS 50 ngg Eil EtOAcE FEF 92 Sep-
Pak C18%} 94+ HPLCZ £3) AA|E &, oAte]s gaat
Bo] $&55% £ (#11-13)9] diste] GC-SIMe R HF
H}H;}o:h;],
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-2 A} 26-norCS 9} 28-norCS e GC-
MS -‘?“—1% REELS o83l Pt o A 26-
norCS %} 28-norCS<e] BMBA|= 22+2F jon peakl
m/z 4983} base peak?l m/z 1412 B]&E38lo] $=2 jon peak
291 m/iz 483, 441, 357, 327, 287%5°] VER) mass spectrum
o QelME FdEA el 22 GC2 retention
time (Rt 2J¢] 26-norCS BMBA|: 10.670%, 28-norCS
BMBA= 10310800 et GC JollA] &3] 22lde
Elsict (Table 1)

So% HPLC & dojxl nhgahEe] 28 (#11-13)%
BMB| 8} 3te] GC-SIMO.Z #48 A3, 7]|d2A [C26,
28-"Ho]-CSS A48 w82 e I8 26-n0rCS )
BMBH|¢l Fdsgt GC-Rt (10.6708)0 4 EA A2 ion
peak$l m/z 498, 483, 441, 357, 327, 287, 141& &35t

o, ]9} @] [C26, 28-"He]-CSE AH-&H HHgALE
EZFEA 28-norCSe BMBAJ2) GC-Rt (10.310%) Rt}
0430% =2 10.7408) A 28-norCS2] BMBA Xt} £}
2k 30] 271 m/z 5013 1445 X33 m/z 486, 441, 357,
327, 287¢] BHolEo] [*H;)-28-norCS Y-S #3193t} (Table
1). olei g Bapiz $-atol7le] Ae WA T A [Hol-BL
2 260 9] BATE AAE 26-norBLE H3tE] = gtA S
22 A9 H-BLE 28%e] ©27t AlAE [Hil-28-
norBLZ H3t== Ao} dxghe o, C-28 gy
Hhg-o] o8] Aol EAtA 2 [Hel-CSell A [Hs)-28-
norCS &2} Agle olglzlo] Hkgo|m, C-26 gl w20
93 [Ho]-CS ol 4] 26-norCSE 2] A gho] A 22 Ao
A dojvte whgow AR HATH (Figure 1). ol < 37

=
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o x
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Table 1. GC-MS/SIM data for authentic BRs and CS and [*Hs]-CS metabolite in maize seedling shoots

Compound II:t]JIf)(r:l Régn Prominent ions (m/z, relative intensity %)

Authentic 26-norCS" 11-13 10.670 498 (M, 74), 483 (5), 441 (7), 357 (14), 327 (11), 287 (42), 141 (100)
Authentic 28-norCS’ 11-13 10.310 498 (M, 52), 483 (8), 441 (5), 357 (16), 327 (11), 287 (66), 141 (100)
CS metabolite” 11-13 10.670 498 (M, 60), 483 (9), 441 (3), 357 (10), 327 (8), 287 (30), 141 (100)
[*Hs]-CS metabolite® 11-13 10.740 501 (M, 43), 486 (9), 441 (4), 357 (12), 327 (9), 287 (64), 144 (100)

* Retention time (min)
" The sample was analyzed as a derivative of bismethaneboronate.
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Figure 1. Differential catabolism of [*Ho]- and [‘Hg)-CS in
maize seedling shoots.
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Figure 2. RLI bioassay test of CS and 26-norCS.

26-norCS7} CS9] AR Ed9A olld 1] & FdA&
Hehlle 48 BRUAE dolwr] $18le) €S8 26-norCS
o] Aa]gA S RLI bicassay & S8} ZA}SILE 2 A
26-norCSE U3k 5 %7 (0.01-100 ng/plants)ol] A CS
Ru} Ht 21%9] 22 &S vehfo] 26-norCS+ CSE
oF Aol &% BReo| opd CSo A AHEds &

A 2 5 UG (Figure 2).
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6-DeoxoTES] C-26 2wd wh3ol &gk BE & Lofr
7] $18ted in vitro LAE AP FHsATE UA 5 mg
sl g aglo) 7] A2 A [C26, 28-"Hol-6-deoxoTE 5 ug
3} 4.8 mM NADPHEZ 20} 37°Coll A 3027} uh-gA)7) &,
1.2 mL water-saturated EtOAcE #A7}8le] 888 237 A
7] T, FaEARA [C26, 28-Hg]-6-deoxo-3-DHT S} -6-
deoxoTY Zz8]1 [C26, 28-"Ho]-6-deoxo-28-norTEE 7+7}
50 ng& #H7bslAt) o] 3 EtOAcE F%3 thg Sep-Pak
CI83} 94 HPLCE 58] 4Astaich. HPLC § clojnl
4hSAFE 2 6-deoxo-3-DHT (#50), 6-deoxoTY (#54-55),
6-deox0-26-norTE (#44), 3-dehydro-6-deoxo-26-norTE
(#46-47)0) 2= EYES Fof MBA shAY Ee
MB-TMSi etherd|3} stod GC-SIMO.2 #Z A a9tk

olml ASHA A o] UEH A 6-deoxoTEN A 6-deoxo-3-
DHTE 7 6-deoxoTYZE9] W3hE C3 epimerization §F
Lo #FEA 6-deoxo-3-DHT (#50)¢} 6-deoxoTY
(#54-55)¢] &&= HPLC £3S 7tz MB = MB-
TMSi etherA| 3} 3dlo] GC-SIMo. & EAlstgct g&E54
6-deoxo-3-DHT (#50)°] 3= HPLC 23 (6-deoxoTE
metabolite 1) MBA)|3} 3}o] GC-SIMo 2 B3 A3l
6-deoxo-3-DHT MB#A|¢] #2}2F ion peak¢l m/z 4563}
base peak 2 m/z 2318 H]Z&o] 9 ion peak=2] m/z
385, 301, 246, 1558 383} mass spectrumo] EFE4
6-deoxo-3-DHT MBA| ¢} 5L st GC-Rt (17.860)1A] v}
Blyton, wel FFEEZ 6-deoxoTY (#54-55)9) sfds=
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Table 2. GC-MS/SIM data for authentic BRs and 6-deoxoTE

metabolite in maize seedling shoots

Compound Rt on Rt on

Prominent ions (m/z, relative intensity %)

HPLC GC
Authentic 6-deoxo-3-DHT® 50 17.860 456 (M,
Authentic 6-deoxoTY® 54-55 15212 530 (M,
Authentic 6-deoxo-28-norTE* 44 15682 516 (M',
Authentic 3-dehydro-6-deoxo-28-norTE® 46-47  17.011 442 (M,
6-deoxoTE metabolite I° 50 17.860 456 (M',
6-deoxoTE metabolite I1° 54-55 15212 530 (M,
6-deoxoTE metabolite ITI° 44 16.190 516 (M,
6-deoxoTE metabolite TV* 46-47 17.712 442 (M, 73),

385 (8), 301 (21), 246 (23), 231 (100), 155 (60)
S15 (4), 440 (48), 425 (49), 305 (12), 230 (21), 215 (100), 155 (29)
S01 (65), 459 (25), 426 (23), 305 (35), 230 (26), 215 (100), 141 (20)

, 427 (12), 246 (11), 231 (100), 217 (24), 163 (23), 141 (26)

385 (8), 301 (24), 246 (23), 231 (100), 155 (64)

515 (5), 440 (31), 425 (29), 305 (17), 230 (34), 215 (100), 155 (29)
501 (65), 459 (25), 426 (23), 305 (38), 230 (26), 215 (100), 141 (21)
427 (10), 246 (10), 231 (100), 217 (24), 163 (23), 141 (26)

* Retention time (mim)
" The sample was analyzed as a derivative of methaneboronate (MB).

¢ The sample was analyzed as a derivative of MB-trimethylsylilic (TMSi) ether.

6-deoxoTE 6-deoxo-26-norTE

]

6-deoxo-3-DHT 3-dehydro-6-deoxe-26-norTE

OH

6-deoxoTY 6-deoxo-26-norTY

Figure 3. Metabolism of 6-deoxoTE and 6-deoxoTY in maize
seedling shoots.

HPLC &3 (6-deoxoTE metabolite 11)2 MB-TMSi ether
A gtstel GC-SIM2.2 A% A, 6-deoxoTY MB-TMSi
etherd| 2] E-2}2F ion peak3l m/z 5303} base peak 4] m/z
2152 v) £33t F2 ion peak 54l m/z 515, 473, 440, 425,
305, 230, 1558 3£&3l= mass spectrumo] EFEEE 6-
deoxoTY MB-TMSi ether#| ¢} 54 g GC-Rt (15.2123)0
A vel} 6-deoxoTE dehydrogenase®} 6-deoxo-3-DHT
reductasecl] &3+ AgA Azl 2A8S AEQ) s}
(Table 2).

EF#E53 6-deoxo-28-norTE (#44)2] 3|d%+= HPLC &
2 (6-deoxoTE metabolite TI1)S MB-TMSi ether#] 3} 5}
GC-SIMe 2 BA3% 23}, odAE = 6-deoxo-26-norTE

MB-TMSiA ] B2} ion peakQl m/z 5165 H]|FE 34
501, 459, 426, 305, 230, 215, 1412] mass spectrumo| %5
E3 6-deoxo-28-norTE MB-TMSiAle] GC Rt (15.682%)
BT} 0.508% =2 16.190%0 #&HLE £ ZFEH
3-dehydro-6-deoxo-28-norTE (#46-47)9] &|d%= HPLC
3 (6-deoxoTE metabolite 1V)-2 MB35} GC-SIM
B AT, o] A== 3-dehydro-6-deoxo-26-norTE MB ) <)
212k jon peakQ] m/z 4428 B E3le] 427, 246, 231, 217,
163, 1419] mass spectrumo] FF=32 3-dehydro-6-deoxo-
28-norTE MBAJ2] GC Rt (17.0108)x8 )t 0.7028 =&
17.7128] #Z=HJA (Table 2). o]e)g Aap= C-26 &
el wkg-o] wheAbEo] C-28 WY Hkg-o] WkSALEH T}
GC-Rt7} 0.42-0.72% A= =A Yebdths AMd 3 B&E
A 6-deoxo-28-norTE MB-TMSi#| ¢} 3-dehydro-6-deoxo-
28-norTE MBAS] 8 ionEY Ad Zwst 42 vk
AEEH FL3A e ASR Bol o] HEAEE|
6-doxoTE®] C-26 &wld whg-ofl 2|g 6-deoxo-26-norTE
9} 3-dehydro-6-deoxo-26-norTEY 7}Fa4lo] wTial A& E
At} (Figure 3). &3 6-deoxo-26-norTES} 3-dehydro-6-
deoxo-26-norTE7} A EITIH o] ZFEZ=Z ALE5HH
ur Ags) g Ao Amdr

6-deoxoTY2| CHA}

7] C6 ~talmA oA CSe] AFA AFEAZ Ly
6-deoxoTY 2] C-26 EoE uk-gof 93 YE|E Lolr7]
At in vitro 3473 AES 3% YE 5 mg @A
Al 7)1A2A [C26, 28-"Ho)-6-deoxoTY 5 pga} 4.8
mM NADPHE o] 37TCol|A 3087 884171 £, 1.2
mL water-saturated EtOAcE #H7}ste] k28 Z8A)71 3,
FFEAZA [C26, 28-"Hg]-6-deoxo-3-DHT$} -6-deoxoTE
Z18)3 [C26, 28-"Hol-6-deoxo-28-norTYE 742} 50 ng<
A7tk o] $ EtOAc® %3 thg Sep-Pak C182} <
4 HPLCE &3] Atk
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Table 3. GC-MS/SIM data for authentic BRs and 6-deoxoTY metabolite in maize seedling shoots

Rt* on Rt on .

Compound Prominent ions (m/z, relative intensity %

P HPLC GC ( v %)
Authentic 6-deoxo-3-DHT s 17860 456 (M7, 63), 385 (8), 301 (21), 246 (23), 231 (100), 155 (60)
Authentic 6-deoxoTE® 43 17802 530 (M, 49), 515 (44), 473 (17), 440 (17), 305 (28), 230 (26), 215 (100), 155 (41)
Authentic 6-deox0-28-norTY®  49-50 13.398 516 (M, 23), 501 (6), 459 (4), 426 (62), 305 (11), 230 (35), 215 (100), 141 (15)
6-deoxoTY metabolite 1° 50 17.860 456 (M, 64), 385 (8), 301 (24), 246 (23), 231 (100), 155 (64)
6-deoxoTY metabolite TI° 4;’1_0 g;‘gg 530 (M, 44), 515 (41), 473 (22), 440 (23), 305 (31), 230 (26), 215 (100), 155 (38)

6-deoxoTY metabolite ITI°

516 (M, 21), 501 (9), 459 (4), 426 (62), 305 (11), 230 (30), 215 (100), 141 (15)

* Retention time (min)
® The sample was analyzed as a derivative of methaneboronate (MB).

¢ The sample was analyzed as a derivative of MB-trimethylsylilic (TMSi) ether.

Wz BRsol AetA] wAo)lA] 6-deoxoTYL 6-deoxo-3-
DHTE AA 6-deoxoTEZ9] ®$to] C3 epimerization Wb
Soll oJgh Aukg A o] g A o] o]F Fdtusl, &
FE2 6-deoxo-3-DHT (#50)8} 6-deoxoTE (#48)2] &l
= HPLC 282 7tz MB ®& MB-TMSi ether#l] 3} 3}
o GC-SIMoz EA3%t. EFEA 6-deoxo-3-DHT
(#50)¢]] 3j3== HPLC 238 (6-deoxoTY metabolite 1)-&
MBA|glste] GC-SIMoz2 ¥A1gk A}, 6-deoxo-3-DHT
MB=|) 2] Ex}aF jon peakQ] m/z 4563} base peak 24 m/z
231& B|&3lo] FQ ion peakE<] m/z 385, 301, 246, 155
£ X3%s= mass spectrumo] B EZ 6-deoxo-3-DHT
MBA|¢} F93s GC-Rt (17.860%) 4 Jelyton, w3l
FFEZ 6-deoxoTE (#48)2] 3|9= &= HPLC #3 (6-d
eoxoTE metabolite 11)-& MB-TMSi etherx)| 8510 GC-SIM
o g B3 A7}, 6-deoxoTE MB-TMSi ether#l| 9] 22}
ion peak®]l m/z 5303} base peak=A m/z 2155 H|E 35}
T8 ion peak =2l m/z 515, 473, 440, 305, 230, 1558 *
&3l mass spectrum©] EFEZA 6-deoxoTE MB-TMSi
etherd|9} =Ygk GC-Rt (17.8028)0)| 4] YJeh} 6-deoxoTY
dehydrogenase ¢} 6-deoxo-3-DHT reductased] &3k AghA
BEZl EATES AL ATt (Table 3).

#5232 6-deoxo-28-norTY (#49-50)9] &%= HPLC
-3 (6-deoxoTE metabolite 111)-& MB-TMSi etherx)3}s}
o] GC-SIM 24 A3}, oA 5= 6-deoxo-26-norTY MB-
TMSiA| 9] #2}2F jon peakQl m/z 516 H]Fste] 501,
459, 426, 305, 230, 215, 1412] mass spectrumo] ¥ FE-2
6-deoxo-28-norTY MB-TMSi#¢] GC-Rt (13.398%)H.c}
0.391% =2 13.789%l #&AHU &3 FEED 6-
deoxo-28-norTY MB-TMSiA|] 52 ionE9] Aid e
7t REAFE T FYstAl YERY o] REGAFE2 6-doxoTY
9] C-26 € EL-2o] 93l 6-deoxo-26-norTYY 7154
| ®vha AlZ I (Table 3 and Figure 3).

AE2] 2o wep &3 BRo| A2 thE 754 o
A EE9 A BRs9| 48 F3) oiFsott} (Fujioka

[*]

1999; Kim 1991). &3] S5l glojrs o8 £5 2
Z1WES EAESSE ST CSE FAEoH BL
o] TAHA %om, w3k CSellx BLES] WES FHu
5k BL synthase®] @/do] HEHA| 931 3lo] Sae
243 BRE BLo] o}y CSY Ao & A2 AT} (Kang
et al. 2003; Kim et al. 2000b; 2004b; Suzuki et al. 1986).
HE AUz, $Atol7] 2Eal |3l AES 53 A9
o4 CS7} BLE 488 4 9ol Slsgiort Kim o
al. 2003, Noguchi et al. 2000; Suzuki et al. 1993), 2%
CSE o i3t e AEEY 29, BLe] 18 A&
HR] ¢kx gl o (Fujioka 1999; Yokota 1997), BL9] &%
Aol oJte] fFrEHE BE Az d4E2 CS9 9F-%
ol iM% =51 (Kim et al. 2000b), BRs 49 &
dAwolxe] A9, BL 7t oz} CS9] Aol o=
oAy o 2 3] E= ) (Yamamoto et al. 2001). *E3F BRs 2]
Az 3lo} BRse] 4842 e BRIITe] 2
AEol QOIAE CS 3 BRI 28 B4L Yehhm
A=ol #slA Aok (Wang et al. 2001). S A& ol 4]
£ CS ¥<es] BLY A ArE4d B9k oplg} 21 2}
A7} 843 BR2A BRe| A &44-& Ve 7hsidel =
oh3 AbE ol Rtk

CSo] AA Wolx &3 BRelgtd CSe] AAgF 7]
zto] AA| el EAjsteioF gt @A 7HA] BRE] A3

Aee HAFTd=ol AR ddAe a484S HAHY
220l A A qitk E3] CS¢ BL& Z5F BRE C22
(=18

W8l gg Zojshs CPD wjae] wile 24Tl &
HA Aot (Mathur et al. 1998). 12{v} A=k =4 7)=
S HeliMde A o e =-a A, 248 ¢
Ebdl BRO] A&l of§ ggFzdo] a3t} ARy
Atk oldl £ AFoAle CSe] MRS HAAL invitro &
2RSS T3 2AMSE A3, CSE C-26 2rd Hhgof ¢
3] 26-norCS = H3hEjo] o] JHES AFo 2
T Atk oln BLe| C-26 EWE WHE-2 Atol7)eh 7
FEo] wFA LA BelE wrgoz B BREA &

= Tl o
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Figure 4. The late C6-oxidation pathway to produce BRs and
metabolism of BRs possibly involved in maize seedling shoots.

S¢} BL 2571 C-26 EvE uk&o] dojdtie A
26 ©vE ¥h-g-o] AA Ul BRs9 gz Fa3)
A& Jeplls Relgt sl

ST E7]25E CS9 AgA A7E29 CR, CN, 6-
deoxoCS7k S SI ), o5& £ CSef A4 34
T sl £ C6 g Ao &9 JPERM S55 F
71elA CSE F7] Co 2tslaiAel o) A3A 2 74sA
o] hFHATE oW ATE B S EV)ERE &
ae A ZAME A3 9ty O sfeAS &
Q13F A3}, CR — CN — 6-deoxoCT — 6-deoxoTE — 6-
deoxo-3-DHT — 6-deoxoTY — 6-deoxoCS — CS<] =3}
o] ZRlHo] &g FAE E7]dE 7] C6 AHstaA o]
2Eskal Qle-S #9138kt (Kang et al. 2003). ©]o] &
AelAE F7] C6 Atstnge] F2 Z3F hAE A 6-
deoxoTES} 6-deoxoTYE 71A & dto] ZAE 4928 o
L3 in vitro EA2H% AHL 33 A7) 6-deoxoTEE

flo &
2
P}

6-deoxo-3-DHTE 7 5-3}0] 6-deoxoTY R g Bl o]
Uz} 6-deoxoTEE 6-deoxo-26-norTE, 6-deoxo-3-DHT:
3-dehydro-6-deoxo-26-norTEZ. A& ™, 6-deoxoTY = 6-
deoxo-26-norTYZ HEgo] i) ol C-26 Ev)
9 W&ol CSu} BLER ofe} o]59] AP A&
A& dojuti 9185 Yehhe Aoz, C-26 Evd ukg
€ 9] BRsoll A 984S 93] dojuhe Fa3 uks
dE & T AN (Figure 4).

drtH o2 duel whg-2 Aks), ddls= aelan At
71E AA olitstdid geHZ AAdAYn LA Yok
BRs2| 79 C26-hydroxyBLo] 4% o] BRs% A}7]¢] 1Bk
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olg]g 7be A& Kt &3] U] siME 33 BRsY
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