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FIRME B WG DF 7z T b0 L BB D TR 247
W, HEMIO A E & (REDERIC BT A EBEL L UG
KRTHZEEBMNCHELIT->230THY, LT
v/ ATaA R, JuuAfr F—)LERR, BLIUT 4 A
AT =BT AMENHEL LD,

. 73> /7Z2F704F

79y /AT a4 F (BR) OFRIz Wz RO
Zolditbng, —OREEDEL RAETERFON
RIN—TI2k b4 27 XEIZE F L5 Distylium factors
BT AR THY, L) —2l3 T 2 Y 7 EHEE O Mitchel
TN—TI2 L BBEET 7 7 T4k & £ 11 5 Brassin (2
T AR TH A, Brassin (3 VXV ) VRELETH B4 7
VEZERBERT AN EAWTRA ) —=> 7 &N, Dis
tylium factors (3, A —X L REETHLA AT I F+V 3
AT AL (=4 2%EHEMT 2+, LIT) 2 Hw TER
X {17z, Brassin i3, Z DFAEL MR S LT 54 10 Dk
A% #%872 1979 48, 3 L W BERBTE & L TEH L o
Wthkrm<t 7774 —HPLC) 2 Hn2bZ L2 L - Tl
YHE O HEEZ BT, X A REERTIC & - TiborheE

DREINT, FNL=— T hkEER b2 AT U MY
ez, 77+ /74 F (BL 1) rapgdns (Fig 1),

INEZEIC, BLYOEEZ T oA FUAAKEN, FA6D
LIT &M AW & 11, Distylium factors 5 BL [f] [k TH 5
ZEMRER AN, BL E ZDEBEAT e A P, 77/
Z7uaA4 F (BR) t#MHINLLHick), Fo6FHNH
WkvEy L L THROEE % 6 R EHE D—>
~NEFERL T2,

(1) 14X/ FEIZE FH D Distylium factors
A 2 /% (Distylium racemosum Sieb. et Zucc.) (3=
4+ 7%} (Hamamelidaceae) | J&T 2 Bkt T, BMBZH
AR TIEERICHC LN TS, ZOFEVIESLHIRICT
7T L HEET B & RE R ) U (insect gall)
PEBT S REKEEOIERITERWEDERICH
D LIT 2fwre, FHERICLD, BBDNATY
L EENTWBZ E05Hh 1), 1966 412 430 kg D Hrfet
AELZWED» LHREL, FT7LABETARCHED A S
J— Al A 3N R L 7o, MBI RAE L, WECRE
WIS NI TR ER G 2RI, ) AT
Sh, 777y 72 LH-20 7 )ViE#, ) A7V TLC,
BIUTNIFHTaru2 7T 74 —TCIEKERT S
Ttk 5Ty AP N TLC BT3RO EEWE (Dis-
tylium factors A}, A, and B X &%) DHFAEDITEEI N, £
N6 ORI N EN TSN, 50, 236 ug TH - 72 (Fig. 2) Y,
LEEN S BN TSR 217 1213, BErRDICLD
Ty ERLOICENERIGL, WETREL HH Tolr
P, AFEENE, BLOHEWRICBT 9% Sizizown
TRE 24T 12, FOKER, Distylium factors |3RIZRT &
U E AT AWHTH B Z LR E N
(a) Distylium factors (3/3= 1) > kil R MBS EB Y
&, UVEHIZIVEROBILLET S,
(b) Distylium factors (3 LIT icB W TIAADFEE D
BWEEE IR
(c) Distylium factors (3 BEAIREM) K )L & > 12 IR
HEEWZT LT LEET 5.
(d) Distylium factors |ZHEH R L < 2346 L, BEAAEH
WE Y &R DEH BN RREWE TH 5.
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AR/ XE2rH 7RUCET bR TH Y, LIT Tl
ERTA—X L VHKROWHTH A EFZ, =2t IR
NI B AT Hamameli auxin & —BEIG&Z L7, L
2L, HYIc@BIcZZ N2 HHEM R Ve BWE ThH
LEMEI/RONDE I > T, ZRI3A 2/ X4
# & V) Distylium factors & ¥ 5 2 &2 % - 72,

Q) XR7S5L /25704 FORE

BL 257 a4 FigE% AT, Distylium factors (3 BL &
FRRICHEEN W EERL 2, 22T, C8EE» L H
UA 2 XHEE3E (16kg) 24R5EL, HHEWHE 2 MRS
L, BREBEKETHSZ L #HLT LI LIZEFLE. £
KEMBEICWRAMZEHEIT- 72, Bb, BT
WEPHEWE 2 ) AN, Trox—74 + XAD-2, JEH
) A4 VA4 HPLC, 1841 HPLC 12 & - TIEKFE 8T 2
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Naturally-occurring brassinosteroids and related plant growth regulaters.

ZEIZENTODERT T v a v BB, IEEA R
g rRa  BIATICEEL 120512 GC-MS 4TIz fit
AL, ABIERERET2ZEICL - TRET 5 2 LITH
L7z, Distyliumfactor A\l A A7 A Fa> (CS, 2) &
-/ nHh2AZATar (28-norCS, 3) DIREWTHDL Z
&%, Distylium factor Bi3 BL (1) »* 28- /0752 /7
4 F (24) DRAWTH B 2 L 55, Distylium factor A, |3 %
47727 a—=) (TY, 5) 74 T7ATu> (TE, 6)
BAMTH D ENMRINTLD, E51, TE»SH TY ~
N IPKEEFED A VAEDBDESEPRERE L T3-7
L FoF 4 725 ar (3-dehydroTE, 7) AT A2 L
Gl o723, 2k iz, 4 2/ %@ Distylium factors |3 BL
EOHHOMBARTH S Z EERI NI LI LY,

Distylium factors 7°BR TH 5 & O-FHEHEERR)IC LA X
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nr. 42 XpUnogEi (XY, Fr, 4%,
), =2y re—y, Fa—=Ww 7, AV, e, 7
), e E) b A R X LRk, W4 BR Z iR
L, At 2z aRat. OB, BR Olh OfHE
LA E% L 72 (Fig. 3). B, 20Ky BR H—ik
W7k r L OHFASATWS, ZolEIcL DRERL
THLNBR 757 a3 Ay Rar—bE
B AZ Y ROF—F P AFALY ) LT —T VB ERICE
#arg, GC-MS e & N RE T~ 12, ZORR, 25T
B LAMORELZRLPICT LI LN TER, N6
DI b IEIFEWTHDZ Ebbir- 7z (Fig. 1),
BR A R ROV AT 2 2 &, HPOMBCHE
Lo THEBROEEVRL D Z VWM IIE-T

Distylium racemosum fresh leaves (430 kg)
Metanol, following Ethyl Ether Extraction

F|Jthyl Ether-Soluble Neutral Substances(195 g)
Silicic Acid Column Chromatography
40% EtOAc-Hexane Eluate
60% EtOAc-Hexane Eluate
20% EtOH-EtOAc Eluate (Distylium factor A/B Fr, 29.5 g)
Silicic Acid Column Chromatography
’ 40% Hexane-EtOAc Eluate
60% Hexane-EtOAc Eluate
80% Hexane-EtOAc Eluate (Distylium factor A Fr, 5.0 g)
100% EtOAc Eluate (Distylium factor B Fr, 2.7 g)

Distylium factor A Fr. Distylium factor B Fr.
Sephadex LH-20 (EtOH)
Silica gel TLC
Aluminum Column Chromatography
5% EtOAc-Hexane Eluate
10% EtOAc-Hexane Eluate
|
Silica gel TLC
[ Distylium factor A]
[ Distylium factor Ay}

20% EtOAc-Hexane Eluate
25% EtOAc-Hexane Eluate
30% EtOAc-Hexane Eluate

35% EtOAc-Hexane Eluate
[ Distylium factor B]

Fig. 2 A purification procedure for Distylium factors from
fresh leaves of Distylium racemosum.

(Table 1), Z 415 DFEFIE, BR A HEAO B EFHEGICER <
Db )k LREMRILES Thb I LR ORELT.
BR %, BEAAES R ILE IR TNE RS RImIZ D7
WONEHSTH B (Table 1), P BR OEFIEHOMREZ
#5292 Tld, BROMEBEERSHTLEDHESLHLATD
. Bkl k90, UTREHLICL > TH—% 2 R
S L TEEINLDOTHEY, 731F+Ya > M
B - L2 TAA L) L BRITH L T @R TR R
Mz K52 E0h & b k7% ) (Table2), BRD 7
QSN DDEWREHRI TR T HLENH L. LT,
£HEA R RBORE, BREREL EEEREL, BKEN
72l 7 S & B Vv C &R BR OfERCBERI R L ES D
EHE AT 7, FORE, RLBELZGED DL L
TTARY Ao AN, RRPER IR Z &, E

Plant Materials

| extract with methanol-chloroform

80% Acetonitrile-Soluble Portion

|  wash with hexane then extract with EtOAc
}_i‘;tOAc-Soluble Neutral Sabstances

Alumina Column Chromatography
wash with 80% EtOAc-hexane
EiO% EtOH-EtOAc and 100% EtOAc Eluates

(f18 Bond Elut or C;5 Sep Pak Cartridge Column Chromatography*®
]IOO% Methanol Eluate

l?eversed-Phase C,5 Develosil HPLC

LJT then LC/MS or GC/MS Analyses

* Sample dissolved 80% methanol flows through 1st cartridge
column then flows additional 80% methanol through the column.
The eluate add water to reduce to 50% methanol concentration
then through 2nd cartridge column. After flowing additional
50% methanol then elutes with 100% methanol.

Fig. 3 A simple and rapid procedure for purification of
natural free brassinosteroid.

Table | Endogenous free brassinosteroids and amounts in higher plants.
: . Isunoki Tea Cabbage Rice Mung bean Lily
Brassinosteroid
leaf leaf seed/sheath shoot shoot pollen

Brassinolide 23 4.6 9.4 trace id. 3.0*
28-Homobrassinolide trace
28-Norbrassinolide 156 1.3
Castasterone 133 110 1.6 13.6 id. 3.0%
28-Homocastasterone trace 0.1
Dolichosterone 8.4
28-Norcastasterone 16 2.0 0.8
Typhasterol id. id. 180*
Teasterone id. id. 1d.
3-Dehydroteasterone id. id.

Quantification data presented are underestimates by GC/MS analysis or LJT bioassay, Amounts present
ng/kg fresh weight but lily pollen presents xg/kg. id. : identified but not quantified.
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Table 2 Comparative activity of brassinolide and 1AA in
rice lamina inclination test.

Angle degrees between laminae and

Co?cer}tr;aiglon sheaths( + : standard error)

Ke Control Brassinolide IAA

0 93+8

0.00001 93+2

0.0001 116+9

0.001 150+ 16

0.01 156+9

0.1 169+11

1 91+6
10 9042
50 124 +8

Rice seeds
— germinated

— incubated at 28°C in darkness for 7days

Etiolated rice seedling
excised lamina joint section

|— floated on water for 24h

NN

NN
thﬂ!h
Phhhk[

CErr

Lamina joint section

incubated for 48h

Shadowgraph of lamina joint section

Measurement of angle degree

Fig. 4 A method of rice-lamina inclination test for
monitoring brassinosteroids.

MBI 2 SIC RS NS Z sz 72, B, LIT
EBRBERICAT R LT v w4 HE LTRS¢ <8
ENTw5 (Fig 4)Y, RE»LREREN2 BRI, Bk
TR BRECOIT), ZOBIZE 528 MT 2MEmic5 2.
MBS HEFIAIC L > THAEBR DEESELREL 2
0, FEIFIC IR oA L, Ko BRI B 5T 2
ZEDHL DT 5T,

RIXBR DIR L LB TROY - T E W B 5, HAM
DYDYBREFHET L e bhrot, 2 ) EHONE
BR » L T TE, 3-dehydroTE, TY, CS, BL #"fff£7 % = &
ML LI2h%, s EEER BR 09 b, TE |3 esEn
ELTHAETDIEDPIC, BAME L COVHEETLZ L0h
7572, GC/MS, LC/MS, NMR 7— % |z k ) # oKk
IR % 4T - 72459, TE 0 3AkEE LI 57 1) s 3
VAFVBOPRALIZZ ATV (8, 9)%, R kEExIz 7
V2= Z0kEA L 7 EHK (10)9 2 FE, b 0EAK
BRRTRMINDER 72, 2)EH Tld TE D AIcH

RO AFED b4, Moy BRIZIZEAEDIEHIT 2
LN E ) BIREWL DTH - 72,

(3) BR = AR

R BR DALFRER (3 5RIEE, 3R B & HRIE, M8 Bk
E2PHTY, ZOMEICEEEMEYH LI LITREN
Tz, BRDZ Ehh s, W L IO B0 72
i, FERBRENEBBR L& T, Lok L2 LIT %
R TSRS AR 2 /72, Z 0f R 5, (a) C2a, Cla
& C22R, C3IR DD v 2B o + — L3k, (b)24 fir
TNXOVERE, () A/B 7 2EEREE, (d) BB
T-FXFT77 PR 6-7 L v EANODERERITES
EHERFICBO TEETHY), TNHLD—DTLRITS
EEEDPBRT 52 &b oz, ZHLDEREIZOWT
AAICRES L TR R 2 e 523D % Fig SI2RL
72,

BB DR RS 5, TR BR Ot Tl BIRIC 7-4
X777V E2AETEHT 7 R BR AL IEMEAE
ZOHTH BL A L IEW DA - 72, T 7 b > hnifii =
T, RRIZIEROD > T hwvwe-rXxF5 7 b vlche s b
WHERBURL 72, REICHRCERZAETLLDIEBEN6
Pihsr bz ->726-4 F B BR ThH Y, BL DELHK
HIEA E FHE NS CS Th - 72, CS IR I D
(5 BRThD, RRICIZ6RCT F % L7
ZWBRHFHT LI EHHEREN TN B, 6-F %Y
BBR B EFEMEZ R v, 64ficr P #% b 247
DKEEFESRIT I 2-TH % B BR ThH5H TY R TEZ 7%
LERECTERETT 2L b o278,

ARB LU BRIC B b iE 0 b & Wit
NEALIZ, BL AR % FRT 5 ETIREICHRICT L, =
WALEW 2 A ERIC & ) AR~ & B R
N7z, 2L T, BLAESEIZ OWTIY, B4 6 AL
TR 6 WRRAUARRE D — DD RBAREMNC HAET 5 2 & H°H
AANBFFIZL > TREENTWS, $72, BLOELSKE
RELIT AR (T78 722, 2> F7) ORE,
BL IERZ RN FE R, BL AEARKILER 75 2+~
(11) DFER~ & BRI BAZ PLICEREE N, 2512
BIRFL VDR EHREL T 3,

@) 73> /7257n4 Fots

A AT IR e~ 7213 B T v 72, BR RBHED
HEN ORI TS MBI D RFE & SEAT L T BR A7 + 1
D7z, ¥ a7 ) R REEMIIC & 3 BL o40E T,
BL iz = & X Wb L AWML E 2T, £ BRIk -
B TIE L Tz, IRIFEE L 2 T LR R A
SNBY, TNUIKBESRELL ThroBmEnsZ
DHERE NIz, BBLH LT 7)) arBaokEReElid
ELT, 4BOBEE L THR-TWD. 94 03— 2%3E-
TREED L, MWKEY T BL 5 6 BRI CEEIC A0 E
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Fig. 5 Structure diversity and structure-activity relationship of brassinosteroids.

D, AEICRBIND Z L BES Nz, BL AHEMO LI
WERHENMIZ, TEHO IR WK, BE
PR, THRVEREERE L v o ZBREA P L AR BT
YR % L0 & b RER TOERICHITFIFE L1
Txh, LdL, BHETEELLZRSBIZC VD, £
FAGIZE - T e, SIROFHME & v ) A TIEHSIE T
MBI e A, RBERARL 2 & 9 ic, BL 5HEEAN TR
BICRBMENTLF ) Z EDRRIEREL 2 ENER
e Twb E%E2 b b, BROFERLICIIAH S LIS
(v, Bt b 2 ALEMDBRAFEHILETH 5.

2.1 {641 TE 0 3 KR I BRI OB D& L 728
AMBRPHEETH LI FBRLAEB) THDE, ZnbEE
KOMEER A 2 SR % v 72 AR EERIC £ ) R
7>, BRI TIE T 2 T OuK E BokEAIS TE %4 L T
HE#L &) ML RIETHE I EPHRATERY, o
) A6 D WA BR & b fE# T BL A& A i TE - 3-
dehydro — TE — TY — CS )L— } Tt 54 6 (LA L%
B (Fig. 6) 7 HAET 5 x %2 bbb, 2V BBt
BT AL ATNOBELBNT 2 &, TATILIZIERDK
BASEDICON TR L, #ic g o TE »8nd 5 2
LR b, BMPEE AR L SRR &K TE %4t
L CWSc BT 5 2 &, BL U I EAKTEER
BRIZRHEIN D Z & 2BARICEZ ¢ 5 &, TEHAK
Bk ok E#H S LT, CSX BL &\ o 72iEHR BR #
HEAWORE DA% b THEWMET TOBATREER BR
DBEFGICRVEDL N 24T 5 2 LARKRE N5 BIRE
(RS = S ToF (AN

Helz h k72 & 91z, BL A ¥R THERIGICTEY

Campesterol

Y

HO/"
HoY 3 OpL

Fig. 6 Metabolic pathway of teasterone in lily cell cultures
and endogenous free and conjugated brassinosteroids in lily
pollen.

Do TWBY, MEIFERL LTV E V) RENH - 72,
WAE, HEREOE WV BR AR ENTT7 4 — )V FRBD
ERE N T 5. —7F7, BL BEOH L WIS A7
WF5e b s & 11, BL 3 9H (12)10 <> BL A A ER 7
S+ —n (1) HPERINTWS,

ZNL 912 BRIFEOEREIR, 772 /2T a4 Frkl
R IL AT B2 2 LI T B 23RS, MHDE
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188 HABREY 25k

526 %

$25 FHIES A

HERICRCBES T2 2 L 2R DT, WKL
WEE L THRTRLERENS L J 12k - 2. Hiki®
VE Y BR DEGIIEMOREFRE ORI > 2 T L % Hig
T5LETHLW—U2HE, BRIZ L BH LhMET
BB 22 L5 L2 S 2 &9,

2. saonq4 s F=t—F2 0

TAA LSS F —% o VR E A RRICHAL T B WThEHE:
EPIRTEOPDOHFEDH S, Malus auxin () > ), Acid-
fast auxin (E-==7 1), Auxin 2 (2 7'1), Accelerator «
BEDBITH B, F—% o RRIEHEWE % W» & 2 7
V== 7L T 28T, 1934 EORIORKA—* 2
YTHHA Y FIVEERE (TAA18) OFRLLE, Zhick
CE2BEHORKRA—X > rvwzb4700 Y F—
IVEERE (4-CLIAA16)) B L UM 2D A F L2 2T L (17)12
R (Fig.7),

#k5. (Phaseolus mungo) @) hypocotyl swelling test (Jif
iR T 2 ) 2 EWREIC B THE L R E A
BHDBYWEIT-> Tz & &, x> 7 (Pisum sativum) %
PIETF (276 kg) D A 5/ — LA Hh & 27 L 72 BB = 5
VAR RIS, IREOME %35 L CIRMET 25 st
PEYOWEPHLAT L R, BEoREK E L

TUIIRER DM R A HIH] 2 41, B ELRAES 115 swell-

ing HE BRI NT:, ZOEPREFIT O T M7
WED L W2ols, ZOEEFEDL ) BRI L - 5]
QEIINIDOPTRTE L 72, 72 THRYWE % Bl
W8T 272002, 135 NRERR T F Ll % 7 &
b= N UOVICERRL, WTEY R n-~X s TR L C
WOETINIFTATLIu T T7 4 —I2hlt, B F

cl
cl o @TYOCHg
| ) o
(I j e}
N N
16 17
OH cl OH
[ LY o
0
N N
18 19
oH OH
I | b o
o N
c N
H a "
20 i
cl OH cl S on
le]
¢ H cl H
2 23

Fig. 7 Chemical structures of 4-chloroindolyl-3-acetic acid
and its related compounds.

Wo=n=~F 4 2 R CERIERIC ST 5 &, BB F -
-~ (15:85) [T I N AR ENWE 2 H
Ry bZLIcE NV EPICRBAL 7Y XL RKOEEWE
(25Smg) ZHBET 22 EHTEL, EHWEIZ R ERER
MSffric &) 7 e VEFofEx <L, UV, IRBLW
NMR D27 P UGHHIZ LD, 4> F—ILERD 4, 5, 6,
TRz 7 e VBT ERL 2 700 4 > F— LfiE
BROAFNVIZTIVERET LN TEL, EUWEE
MAKGHEL T 7maf >y F—LEERICHEE, MESINS 4
MO 7 oo > F—)UEEER (19, 20, 21) [31b5 A5z & -
TR, MR - 200 A F LT 2T LR K FER
AR INT =BT L L2k - T, HHEWE % »
Fd-7avfr F—=LTxT—F (17) THbEHREL
7.

WL, BRSOV AER MR D fAET A 2
PEICHBAL 2, BBUWEOR—x—Jue b 757 4 —
Q2-7ax)—j . TPrE=7  Ak=8:1:1) |Z_H0niE
2Ky P RF02-03, & RfF0.6-0.7 %52 7. &N
BHEME D Rf 13 4-CLIAA (16) IZHIMT 2 2 L 05h -
2. TNULBRYEME & R LB 2 72 oI BT S % ok
ERBRICT 2 = P YN E~FH Tl SERLT, T+
PR YVE ARG R (BT L- ) BRI,
77Ty 7ALH2 70 b7 T7 4 —, ) AT VAR
7u= b 7774 —CHEREHT2Z 212k, EBEWE
38 mg MK A Z A TE 2, IR, UV, TLC 7— %3
4-CHAA LRI =L 72, BmBESsOWmE Iz > w T
i, BICRE Sk > TD-4-7 0w } ) 7L 77 v Ek
BLUVACHAADL-T 2L T—F ThH A L BEINT
VB,

I 7 Pisum sativum OABIEF (1212, LA —*
vrELTZvn Ay F—VEEEEEN RV E Y 2955545 L
T3 Z EDHERE LTz, 4-ClHIAA (3T R HE T 2 b
RTXNFFERERT 2 P L XIcBWTIAA L) L%
IZERWIEHE AR L 720 TAA L0 LB 2R84 2 &I,
REIR: TRRAL SR % T B R TR O TH B 2 EDE
AES T 5, WG <, D OREMR T TSR
THDF =% ORLIH L YR EFESH R
V= FbamicfEI N, ABREHA—% 2 > 56-Cl,-IAA
(22) BT > F+—%2 > 57-Cl,-IAA (23) DAIEE~ L
RUOE, BIAIZRAMEER & | CERBET~DB%H 5
LNTW5BY,

3. BCHEF#3FIEEF Discadenine

MR OB TREFIZ O ONERTF S & O5RE
WFABS L CHIBEFRAS I N T 525 WYREEOT
RFICHE(ALNL L)L, WERFO—2ELTZo
EPOWRFICIHCORTEE 2B T 2HF (self-
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HN ,\A HN ’\)\ HN ’\fk 100 ° -@— natural discadenine
N N N O synthetic discadenine
UL Nq)i ) NJI N & 2iPA, -A—zeatin
NN NN k\N N d27
1 H —compound 29, —{}—compoun
N CHy
COOH
24 25 26
NH, g
HN’\)\ HN’\)\’OH NN 2
Q N 9 2 (e}
NN NN NN g
s LY [N LY NH, s
N N EHZ N H B g\
X COOH £
27 28 29 £
HN’\)\ HN’\)\
N
(DS, 0 2
NN NN
EN (_oH ,.4;
30 31 108 107 10°¢ 10 10+

Fig. 8 Chemical structures of discadenine and its related
compounds.

inhibitor) °FHE L, ZORFHHEFHEEIT-> T b Z &
NS NT B, ARFFEE 2 OHIER T O b a9 AR % 81
Loz L, T4 AAT = (discadenine, 21)'® r & 72
(Fig. 8).

(1) Discadenine DB & BIERTE

2T )M ¥4 v g~k a)) e Dictyostelium
discoideum % Kwm¥ifg L, BoNlzl % 80%xr Y / —
THIH L7z, =7/ — Vi, AGENE, EfrihEE
Tr—=F4 b XAD2 0 A F AL, WESNWE
PoKEy /—ITHEBLZ. 20~50%T % /— )L iE
43 % X 512 Sephadex LH-20 4 7 212 P H8IL,
$Hik o> discadenine % 15 mg Hi#E | 72, Discadenine {3 25
B, UVBIUMS DT =855 3-AF1-6-(3-4
FN2T7TF=NT /) 7N (25) LIEEI P EE R
AL, = b PN CRIBHBIETH S Z &b 5 6-(3-
AFN-2-TFT=NTI/) 7Y (2iIPA26) I a T 3/
FEAES LB L OZ EAUREI N, o T 3 S
FOREHEIZPC NMR 27 ML EBCH A 7)) v 7D
T4 & CH,CH,CH(NH,)COOH Th % = £ hihh 1),
discadenine M FHifE R A HEE TE 7219,

LI L, discadenine Db i3 3 & L CHERALFIRETE
FIZHED TSI SN2, ALEABIC & - TRER
CHER T A2 s TE I AL 72 7 & I B! discadenine (3
UV,TLCIR [ZR#MIc & < — L 72'®, F 72, WEOFE
B (ORD) & HIRAL-a- A F 4 = > B L UL-a-H €
L) BLUPINLT I VBT € IERAHD ORD D
Wi EEC L - THEEL R N7z, Discadenine 04 FHa 7 2
JEEAE S-TT ) oL A F A= b EMEND
FE» L, T /BEHGONE a-kEOLKEE LY &

Concentration (M)

Fig. 9 Inhibitory activity of discadenine and its related
compounds on the spore germination of Dictyostelium dis-
coideum.
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Table 3 Discadenine contents in cellular slime molds and its inhibitory activity on
spore germination.

Inhibition ratio (%)

Discadenine content: . . .
co s Discadenine concentration

Cellular slime mold

Species (1£g/100 plates) 1 ppm 10 ppm
Dictyostelium discoideum 298 92 —
Dictyostelium purpureum 11 86 —
Dictyostelium mucoroides 7 98 —
Polysphondylium violaceum n.d. 0 0
Polysphondylium pallidum n.d. 1 0

n.d. : not detected.

= > iEM2* discadenine [ iz & 2 b D2, BERIWIZ 3 &
ZAT ClE#E 7 2PA PR L CIEHERBLL 72 L h 2 X
57512, 2IPADT ) VRO LI A F LV, B LR,
EFex o FVE2EALILEMEAKL, FNL6D
A ML= EEEPMELL, EFex ez F i
(31) i3 discadenine » |2IF[EF L iEELRL, *FIL (25)
BIUE= L (30) 1Bz n A 2+ L EE»r 2 0LULE
OEHERL2, D EOgRD 5, discadenine 1 L 18 347
BHRO6-G-AFN2-TT=NT /) 7N 3FDLNHA
BTHERZAT LD TH- T, FE2ZT TEEZRT
LDOTLWZ Eh5rir o1z,

(3) Discadenine N4 % & {ERERM

MRESMERS TR IZBUE TR 0BV RE I NTED, 20
HTid g~k a) 2 (Dictyostelium) J§ & % F ¥
(Polysphondylium) Jg&» % FH7c L »TH 5. Discadenine
XA wgekal)h D. discoideum LI H R MR
WCEDREREL, 2 s> THERZZT D
PRI ez, A7 X FehRaY) A D purpur
eum, ¥ =i 2!) A D. mucoroides, L7 %X HEEF ¥
Pviolaceum, > a# &% Fx P. pallidum % L3520
discadenine N4 & YEF # F#~ 72 (Table 3), #D#EE,
THRICEMZERIH LD, X fnf=k2)HErETS
Dictyostelium J&7> 2 ¥ 3 discadenine 7 FAES 2 5%, JEHS
K7 b Polysphondylium JE7 2 F1213 7 DIFAEDER S 1
Lol 512, 4EEDOITFRIFEIINT 5 discadenine
DREGHM L BIET 5 &, discadenine # A TEX 2H DA
#iFE S 11729, Discadenine MR EEH % 521 24413,
ZNHS THERT*AEARTEIRAIZL-T S
Dictyostelium J& (2R EIERAT 230 TH L w2 5,
Discadenine B VEXGH 13 2 A K F TH 5 cCAMP BZ Pk
BE4ed—8%7T525107% 0, cAMP #» & discadenine 734
BHRENDRTREMCOFENOELIE > T2 L FRE
nr.

Discadenine |3 i -F- 535 % #0| 3 2 #4882 A5 2 & [IRE
IZ, NEMRERE D BURAETE Y L B L OF L w2 4 Tk
BIEMWE L L THEEZES, MYPREEO HORFIME

WEOWMFEEZRMT 2012, ZhE THATEY 12
PA P A = EOEASBERDY, ZotE T
TEIEI N2 &2 ), Kz BIT 2 EABREN % #
My 2B LFHrY 2522212k -7,

BRI RDFATIZH 2N, BEBRELEHZTH ), KEged
BETHNFLEAKEELEIZET I 72 TF 04 FIIROE
Y7 $ L7 Distylium factors BFZE % 4T - 72 FE B kst h &
SHICELFTEEL WY, SHEZBYE LA, 22, G
HREE R 7E A 0 RIS 2 St 12 13 Distylium factors iF %2 T
WEREBRICLLEMEL TR EE Lz, HRILEKRYS
BT MG TS, TR EI B Bz, R
PELTRRZ G ZHEUR, TR WREEE L e, BEEE
m LERASHIC B AR LI Ao ZE S 2w s L.
Btz BmL bFET,

BEIC, REBLKERTIAMHIELE (1BRR(LY) 5
FICHTR L 72 R I I3 e e L Tl e e &
RN, SEBRESDE LA ZZICECEROERRLET
ERIZEREZRICLLNELZENES RS LENZWER
WET,
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Studies on Brassinosteroids and Naturally-Occurring
Novel Plant Growth Regulators

In the course of searching for new natural plant growth
regulators which may be attributed to the crop produc-
tion and plant protection, the author discovered novel
three kinds of substances, named brassinosteroids, chlo-
roindole auxins and discadenine, respectively. This
paper reports the abstracts regarding their isolation,
chemical structures, structure-activity relationship and
physiological activity.

1. Brassinosteroids

Brassinosteroid (BR) is a sixth natural plant hormone
that plays an essential regulatory role in plant growth
and development. In history, there are two independent
studies at the beginning of BR researches: one was
brassin (1970), a crude extracts from Brassica napus
pollen by USDA group in the USA, and another was
Distylium factors (1968) from Distylium racemosum
leaves by Nagoya University group in Japan. An active
substance contained in brassin was isolated and
identified to be brassinolide that is the first BR clarified
in plant kingdom. Following to the discovery of BL
Distylium factors were successively identified to be the
mixture of BL and its analogues. BR is an unique
steroid, exhibiting a specific biological activity. BR can
be regarded as the most important discovery in the field
of plant growth regulation.

(1) Distylium factors in fresh leaves of Distylium
racemosum

Distylium racemosum leaves Sieb. et Zucc., known as
“Isunoki” in Japanese, is an evergreen tree belonging to
the family Hamamelidaceae. 1t is well known that
several varieties of aphids form insect galls on the young,
fresh leaves or buds of this tree. The attacked leaf soon
begins to swell and to form a quite small gall and the

insect gall on the leaf rapidly grows and enlarges.
Distylium factors research was begun in an effort to
identify the substance which induces the abnormal
growth, swelling and expansion observed during insect
gall formation. An active substance was found in the
neutral fraction of methanol extracts of the insect galls
when bioassayed by means of a rice-lamina inclination
test (LJT), which had been established as an auxin
bioassay. A preliminary experiment revealed the pres-
ence of the active substance not only in the insect galls
but also in fresh healthy leaves of Distylium racemosum.
MeOH extracts of the leaves (430 kg) were separated by
usual way to give an ethylacetate-soluble neutral sub-
stance. That was chromatographed on a silica gel col-
umn, Sephadex LH-20 gel filtration, Silica gel TLC, and
Alumina column affording Distylium factors A,(751 ug),
A, (50 yg) and B (236 ug), respectively. The amounts
were too small to technically perform their structural
determination by means of spectroscopic analysis at that
time. Their chemical characteristics, biological activ-
ities and the universality of distribution provided the
following significant information.

Distylium factors: (1) are detectable as a purple spot
under UV light after spraying 0.5% vanillin-sulfuric acid
and heating; (2) are a few hundred times more active
than TAA in LJT; (3) possess a broad spectrum of
biological activities compared with the known plant
hormones ; and (4) are distributed widely in the plant
kingdom.?

(2) Search for naturally-occurring brassinosteroid in
plants

Immediately after the structural determination of BL,
BL and homoBL were chemically synthesized. Their
dramatically strong activity in LJT strongly suggested
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that Distylium factors might be BR. We reinvestigated
to isolate and to identify Distylium factors from various
plant sources using LJT. The ethyl acetate-soluble
neutral fraction partitioned from Isunoki fresh leaves (16
kg) was purified by successive chromatographic separa-
tions on silica gel, Amberlite XAD-2, and on silica gel
for preparative HPLC, repeated HPLC on Fuji ODS-Q3
and on Develosil ODS-5 to afford the active substances,
which were identified to be BL, norbrassinolide, casta-
sterone, norcastasterone, teasterone (TE), typhasterol and
3-dehydroteasterone. Reinvestigation proved the Dis-
tylium factors to be a mixture of seven kinds of BRs.>®
The LJT bioassay, which was extremely sensitive and
specific to BR, was modified as a micro-quantitative
analytical method for BR bioassay.” Search for BR
using the LJT bioassay, coupled with the microanalytical
techniques using GC/MS and LC/MS, led to the
identification of fourteen BRs, nine compounds among
them were new congeners, with structural variations from
diverse plant species and plant tissues. BR presented in
all parts of vegetative tissues of plants, the amounts in the
tissues were less than one yg in one kilogram fresh
weight, and endogenous BR differed among plant species
and plant tissues.
(3) Structure-activity relationship of brassinosteroid

An investigation on structure-activity relationship
with LJT indicated that BR activity required : (a) Two
pairs of vicinal diol at C2«, C3a and C22R, C23R.
Removal of one hydroxyl group from the A-ring extreme-
ly reduced activity. (b) One alkyl substituents at C-24,
which enhanced activity compared with unsubstitued
hydrogen. (c) The A/B trans ring junction. All of
natural BRs were the trans fused A/B ring junction. (d)
The B-ring of 6-ketone or its 7-oxa lactone. The B-ring
variation divides natural BR into three groups, so that
7-membered B-ring lactone (6-oxo-7-oxa lactone), 6-
membered B-ring ketone (6-ketone or 6-deoxo) and lack
of 6-oxo group, the letter 6-deoxo BR was extremely low
in activity so the oxygen is essential for activity. Among
them, the 6-oxo-7-oxa lactone exhibited the highest activ-
ity. Unnatural regioisomeric 7-oxo-6-oxa lactone was
strikingly less active than the corresponding 7-oxa-
lactone. The structural variation at the A-ring and the
B-ring and their comparative biological activity have led
to postulate two hypothetical pathway for biosynthesis of
BL.
(4) Metabolism of brassinosteroid

A variety of modified BRs were detected in metabolic
studies of BL and its biosynthetic intermediate TE with
plant seedlings or plant cultured cells, including epimer-
ization, esterification and glucosylation. Metabolism of
BL indicated epimerization of the C2 or C3 hydroxyl
occurring prior to glucosylation in cucumber seedlings
and cell cultures. Metabolism of TE by lily cultured
cells showed glucosylation and esterification at 3g8-

position, being identified as 3-O0-8-D-glucosyl TE, 34-
lauryl TE and 38-myristyl TE, which had been already
found in the lily pollen.>® Acyl and/or glucosyl conju-
gation should be a reversible reaction.” The TE conju-
gates might be a storage form or a transport form of free
TE, being involved in regulation of the level of biosynth-
etic intermediate in BL biosynthesis.

As mentioned above, research on BR started with the
discovery of Distylium factors and brassin. Recent
researches is growing rapidly and advancing in the
knowledge of biosynthesis and metabolism, and also
molecular genetic analysis are opening a new insight in
the physiology. BR is an essential hormone for regula-
tion of plant growth and development. BR can be
regard as the most important discovery in the field of
plant growth regulation. BR and related compounds
will be made available in a near future for crop produc-
tion and plant protection as a new type of plant growth
regulator.

2. Chloroindole auxins

In screening work to find new auxins or auxin-related
compounds in plants, we observed that the methanol
extracts from immature seeds of Pisum sativum exhibited
fairly strong growth promoting activity, when assayed by
hypocotyl swelling of Phaseolus mungo. Preliminary
experiment suggested the presence of a new auxin because
of its faint coloration against the Ehrlich reagent and
fairly strong activity more than 1IAA in the hypocotyl
swelling test. The active principle was extracted accord-
ing to the usual procedure to give the neutral fraction
which is soluble in acetonitrile and insoluble in hexane.
It was chromatographed on an alumina column, and the
biologically active fraction was eluted with ethyl acetate-
hexane (15: 85). After repeated recrystallization, the
active substance (25 mg) was obtained as slightly brown-
ish prisms, mp 122°C. This substance was positive for
the Beilstein test, a molecular ion at m/z 223 along with
30% intensity of P+2, UV and 'H NMR data strongly
suggesting that methyl chloroindole acetate. The
active substance was hydrolyzed to the free acid which
was coincident with the reported value of either 4- or
6-chloro derivative. The substance isolated from im-
mature seeds and its hydrolyzed acidic substance were
completely identical with the synthesized 4-CI-IAA and
its methyl ester, respectively, with respect to the IR and
UV spectra, and biological activity. 4-Chloro deriva-
tive exhibited auxin activity comparable to that of methyl
indoleacetate in the Avena first internode and section
tests. It was noteworthy that chlorine containing
organic compound was found in higher plant as a plant
hormone.

PPC (isoPrOH : NH,OH : H,0=8:1: 1) of the acidic
fraction separated from the methanol extracts detected
two active substances at Rf s 0.2-0.3 and 0.6-0.7, respec-
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tively. The latter Rf corresponded to that of free 4-Cl-
IAA. The acidic substance was purified by means of the
counter current distribution, Sephadex LH-20 gel filtra-
tion chromatography, and silisic acid partition
chromatography to give 3.8 mg of crude crystals, which
was identical to a synthetic sample of 4-CI-IAA with
respect to IR, UV, Rf values on TLC and biological
activity.”  As methyl ester of 4-Cl-IAA might have been
an artifact derived from the acid 4-CI-IAA. Acetone
was used for extraction of immature seeds instead of
methanol. The measurement of their auxin activity
using the hypocotyl swelling test showed that there is no
appreciable difference between acetone and methanol
extracts in the activity of the neutral and acidic fractions.
4-CI-TAA was the second natural auxin since the discov-
ery of IAA in 1934. 4-CI-IAA was higher activity than
IAA in several known bioassay systems and the duration
of its biological activity in treated plant was fairy longer
than that of IAA. From these results many kinds of
chloroindole derivatives were synthesized and their bio-
logical activity was measured using various bioassay
systems. Some of them are undertaken to the field test as
a root initiator or root growth promoter.

3. Discadenine

The cellular slime mold Dictyostelium discoideum has
come to get many attentions from a point of view of a
model system for studying the mechanisms of develop-
ment and differentiation. Spore germination is the first
developmental event in the life cycle of this organism.
This process 1s regulated by a germination inhibitor as a
self-inhibitor. When the spore density becomes very
high, germination will not take place at all. The isola-
tion and characterization of this type of substance will be
very important because such substances will be offer a
clue to unveil so complicated germination mechanism in
fungi. To isolate and characterize the spore germina-
tion inhibitor named discadenine, Dictyostelium dis-
coideum was cultured with Aerobacter aerogenes on
agar plates. Spores harvested from twenty thousands of
Petri plates were extracted with 80% ethanol. The dial-
yzate of its concentrated extracts was passed through an
Amberlite XAD-2 column and eluted with aqueous
ethanol. The activity appeared in fractions of 20-50%
ethanol in water. The active fractions were chromato-
graphed on Sephadex LH-20 using 80% ethanol as the
elutant, to give about 15mg of colorless needles of
discadenine.

The UV spectra of discadenine resemble closely those
of a model compound Ny, 3-disubstituted adenine moi-
ety, 3-methyl-6-(3-methyl-2-butenylamino)purine. Peak
assignments of 3C NMR of discadenine were straight-
forward together with the additional information about
the structure from 3C-'H spin couplings. These results
indicated that discadenine is 3-(3-amino-3-carboxy-

propyl)-6-(3-methyl-2-butenylamino)purine.'® The
structure was finally confirmed by comparison with its
synthetic compound.’” Discadenine is the first natural
purine derivative possessing @¢-amino acid residue on the
3-position of the purine ring.

Discadenin completely inhibited the germination of its
own spores at the concentration of 107 M. Besides its
pronounced spore germination inhibitory activity,
dsicadenine exhibits significant cytokinin activity in the
tobacco callus bioassay. Identification of discadenine
have drawn much attention to study on spore germina-
tion inhibitors contained in pathogenic fungi. The
presence of discadenine was recognized in all species of
the genus Dictyostelium. The highest content was found
in the strain D. discoideum, and much smaller content in
D. purpureum and D.mucoroides. However, no dis-
cadenine was detected in the genus Polysphondylium ; P.
violaceum and P. pallidum. When tested for effect on
spore germination, discadenine effectively inhibited that
of the spore of all species of the genus Dictyostelium,
whereas two species of the genus Polysphondylium were
not inhibited. These results showed that discadenine is
a genus-specific spore germination self-inhibitor for
Dictyostelium'? and that there is a certain correlation
between discadenine and c¢AMP in Dictyostelium,
because discadenine inhibits spore germination of the
species of cellular slime molds in which an aggregation
factor is cAMP.
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