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SO E No.2489-11 ¥k HEFET %
X7 ) FET vw 7 4 VERREEEYE

FORAIHE, HILEZ, AR —RR

& B

SR UERET B AR EIS I 2 OfERNC & o TRE (I T b s, —Did
4 R BIETHRY (Gibberella fujikuroi) DHEFET BNV ) vicRESNHHHEL €
T, B B VIZE ORI AU 2R v BRI TH B, MiE, HEc N L O
MWEFT774F P X2 ThD, VEEE, B8 GURS 19914) Ltvl) 2 AR
Fhrevid=wA4a b Xy LTHESNTWAWETSH 5, WHEORYY i MRS
Rl 7 S B 2R A IS, AW Ao ic & - CTEOMERER LT
DR -THEY, P EERE AR THAL Ro e, Tk ) REBERIOWT, £o
A A Z XL E T BHIRIER IS D% <, k%ﬂﬁ%%wﬁ:'@% bHb.

& B—DDWH I FER 734’[‘% (F%R) 2RTHAICE, —BIICZOWEOMIAN THOER A

B 21BN A THIRT 5 2 LARIEHICHEL w e B 719:!12:. BEEE N B2 OEE R A R
7&' Zaﬁ;&b—f*’i’ﬁ Il PSE e LJK?”I TBYAR, BB VIG R BRI B GR - 2 EHBINL BB

AL F OBATIZ WM R LD A, — T CIIEFICBRIR N2 & Th H B

EiFa fv i, A&I3FvaAr MREEEEEEE L CoEBFEEREOMELIT-TEY,
FOWT, 1L DAL 72 Penicillium Bo—B R TH 5 No. 2489-11 #Rig R 74 7a >~ b
Lk LTCHWTW A4 > F— LB (BT TAA &889) & FEBREDNGEE2 R I WHE £
MY BHIERRM LA 22T, AHETIE No.2489-11 o2k Ed 2 G548 o) B I £ 4T
W, F AL B L ORI 3 AR T L R D W TR B,

ME e F &

1. HREkROEE
IEM R e & L s L 72 Penicillium JEO—##k No.2489-11 #Riz M EEBRK A &S
DL LHHEL 2L NTH 5.
BT 2 PC IS (Fva—2, 10g; BIRT by, 2g, BRI XA, 1g, WX
Z, 1gi L-TANT ¥, 0.5g; HMRF7 3>, 10mg/l pH7) 15m! #4548 L 2 E % H
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WT2TCT2 BRI RS2 L 72, KT, T4 VM (V8HEY »—2, 200m/ ;
Ina—2, 20/l  pHT100m! 240FEL2500mIBE=H87 5 224z 2ml $O8FEL € 27C
T4 HHREEE L 7, AREERIE 30 I BV o7 7 —A 2 F—% Fv, VS 8EM 15 7 1 BT3RS 300
mi{ ZHFRE L C27C T GRA, 15 [/min . 4%, 400 rpm.) L 7-.

2. 2489 B OIS HT

BRI L 72 2489 Wl o> NMR 227 F VlizEl, AYWH OB 7 ook VABREERR & L
THAETD GX-270 BFEEIc L D, $7, HRMITR A S/ —NEHEEE L CHEAETFD
JMS-AX 505 W BU58 % v CHEBEEARIC L N FT- 7o,

3. AXZ3IFZaqr ERESSUDNS O HORMBREERE
BRI R (R S 1991) %2 B,

4. 13 CrTFTRESS S UCFERBRERRE

FAay (WY 7)) HFES—IX%2T54 F RICBRELC27CTHRFEY, HLs'3~4emic
Lol bDERBEFOIT v E S ICB &Ry TRBICHEER L 72,

MEREHT T e b >~ B (1000 ppm) & L ¢RI L, MEEMBARL 2. 205832 0.2m/
TORELY BE2cm, #3em) 2k, BLICHRmHEER (/=3—n, 100ppm/T = F )
0.2ml ZMZTECWBL 2%, TPy —2W, BET B2, BEL 2R3 REK2
ml EMNZ TS &7,

LR Z A 2 o HERNE FIREES, A FREE L N T MRS 2HE L 21, 34A% 1#l& L
TR 2 MBI B L C 2TCHERT ¢ 4 AHBESEL 72,

PR, MERIC TR, ATFIEMEB L UNTFERORS 2MET 2 2 ik DK/,

5. A4 ¥ rBomBmERRE

A5y (Vb)) OfTFENECEREL T2TCTHRFEIY, S 5o/ EBUHBS
eRIETHEEGHEY Imm LT RF- b2 fviz,

BRI 0.5 m/ TORBE (B 8mm, Becm)ick D, F¥7—F N, WET CIE w72,
ol L 728837 7 ) v oo TR b33 (500 ppm) 0.5 m/l IR L T L (L 724, # o X
WA T DM T LA L BRESeTRE & T /) e DR E L TREICHEL 72,

LREFHFA > 7 o HE ORI NED W H AR R C oy b TGO RIS~ T TR £
BATLT, 2TCHEMHT T2 BREEEL 2, MEERIRERICEGHNORS 2NETLZ &
Ik » TRz,

6. # U FREEAREE

X7 (THFHYND) BFE—2 %254 b LICHBHEL CRS&ET TR 6~8em i
T HEFTEFIY, FEZUYR- TFHED L L2,

BEEEEIE 0.2m! ¥ v»—b (F3em, Hlcem) K&, ZHICHEFEER (/) =FK—
v, 100ppm/ 7T ) 0.2ml 22 CESHBIRLLS, Tor—W, WETCEES 2,
HEME L 72 SRS 40 mMIEEALY ) 7 A 2 mi 2N TR L D B & E e,
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T AR LE L, BER2WEL 2RI BRI B L T 27TCHEAT T4 BRI L
7z, IBARIEMEIRERIC TR OERZWET 5 Z Lic L VR,

7. FYYFES OO 4 LERRERE

X7 ) IEHEIC 72 & FRED S THI L, FHEE FREMISM 2 5 U COIW L CFIEY A 2
W& L OREIc Tz,

BEHER 0.2mI TOYe—1L (E3cm, Hlcm) &0, ZHICHREEER (/ =K—n,
100ppm/ T +F2)0.2ml M2 T IR L2, TPy —FW, WMETCHBES ¢, EH
L7288 40 mvEEdb sy ) 7 A 2 ml N2 TREEFKIC L D Bm 3 i,

ik oy % o ) FHEG T IZBRRIC BRI L, BT C I8 RIEEEL 2. 7o w7 4 ADERI
RIS FERIC L 04T - 7,

8. snn7 1 LOERFE

MEZRNDX 7Y FHERZ T I Fe75> (LUFTHF &8¥) 2m/ pCEBMT L2204
z7uan 74 VEAMBL A, S OBRE 2 v e kLA 2ml L ERIEEAK Lml & 22 TIRET
prrickNzuu 7y vE7eaRVABICEES S, ZOBRERER 3 EREDEL 2,
7uaak VA E Db TIBMER &Y, THF 1m/l s L CERMTHOBRENK & L,

7aw7 4 00 HPLC 447t 3o LC-7 A T3k 3 & 1 DuPont Zorbax ODS % 7 4 (4.6
X250 mm) # W CiT- 72, BEBRERIE Zovkris T b= ) THF(15:76.5:8.5)
&L, Wz 0.5ml/min, 7L CREEOMRIIZ 20l & L7z 72, ZJuu74vaBitf
b i3 440 nm DWE TR L 72,

R ER

1. BEEEENDEOMR

AWARIE VA W T v —7 7— A > ¥ —THEAERITV, EWEWEEE ORI E
Licg ko7, WO I~4 HHL SEE Y, 9 HEMECRKICEL 2, $72, 853EY
O pH [FH OBAI > CpHE 2 5 TANEW BRI EA L7z, SR IR )5 3 THR
L2 o BEft & L TR Uz, ARG COMMEWR O &I ORRIIZITIETL
THY, HHEIHEMMETRKE L7, INLDRRL Y, AEROBEEEREKZ 9 H &
L7

AR OB = F VI R B e LG, BB F— 7 aa kLA (10 1v/v) & RBEEIE
Fe LW ) A0 TLC (A7 No.57158) #4T- 7z, BE#% TLC 7L — ki3 UV IR
WB LU 10%HMRIC & 2FEMRIRIEE LT & & D 21TV, ZRENOMES % BERR - F VA
FTHIEICEDHMT B E LIS, FNFRDOART 2TV a4 v MRlNEEEREL 2 & 25,
Mi5r 6 (Rf 0.45 135) GRS DT 5 2 EARY, T OWE % 2489 WHE L AFR L 72,
TR DFAEDTA b DS 2 » 720 C, BEFRINM & WEEMIR & 10 & £ N 2 IE W E o5t % iR
Meat L 7z, SRRV o 724 60% 7 & P ok THIM L, W T £ v 2R L e RIc
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Fig.1 Time Courses of Cultivation of Penicillium sp. No.2489,
{O) Production of 2489, (@) Growth and ((J) pH

HER T S VA % 4T - TEB & Lz, WEDIKIE ik TLCH 2 E NHc L V77 L 2 A,

RIS 1 ORA THRPICE CHET 5 2 & - 72,

BLE#RIC 3T, 2489 Y oo HUBERS S AW MR D BERE AR & DBl & LR & L C

17z,

2. 2489 ¥ E D BBEREHL

Cultured broth
filtrated

{ i
Mycelial cake Filtrate
extracted with 60 % aq. acetone
removed acetone in vacuo
extracted with ethylacetate

1
Extract Waste

Silica-gel column
washed with chloroform
eluted with ethylacetate

Elugte

Silica-gel column chrormatography
{chioroform-ethylacetate= |+ 1}

Active fraction
Sephadex LH 20 {(methanol}

Active fraction
crystallized (ethylacete-n-hexahe)

Crystal

Fig.2 Summary of Purification of 2489.

15 I ¥ SR Z WAL T, 60% 7 2 F »RICEBL THIH L, 74 F > 285 L 2k
WY R F VA R AT - C, MER 2152, HERORMARRIZR 210 F Lo, MR
V=T 7= A I —TORRITIER L L THWRZL ) a v A A NEGATW DT, 7,
AT N(T 3= CIN AT LML I ST 74— 2 T, MERE AT L (2
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O RL) SRR EBIC AT LR IR R ATHRRL T ) a4 4 Lkl 98,
2489 W B R BERR = F NTH ISR, oM R R L 2RI, Zun kR a-ERF L
(1:1v/v) ZBBEBEE LY arn(=roay b, W00 Avia)hdaruelr57
£ —%4T -tz 2489 WPH S 2 o TUWHE L 72481c, A8 /— N2 BB LT 777
v 7 A LH20 X 37 NBEIT - 72, RiBic, 2489 W IZ B F ViR & L€ n-~¥ 4>
M TRERALEA TV, B8 1 [ 5 o0BR S 04 40 mg kiR 47,

3. 2489 MEDEMIR

LA}
I ud I MMWM

6 5 4

L ilu,h L

I T T ¥ 1 T
200 180 160 140 120 100 80 60 40 20 0

(8)

Fig.3 'H-and PC-NMR Spectrum of 2489 (in chloroform-d,).
(A) '"H-NMR spectrum and (B) *C-NMR spectrum

'H-NMR # & OF BC-NMR o#liE#EEEE 3o (A) BLY (B) 1o, #LCINEPT #:5 &
U H/C-COSY DllsERHR 2B L 28 7 BRREIICE EH, SALDFELY, Al
BUSBRFEH 22 DIbAMTH b EHEWM U7z, S22, AR Foigdhics o2 1L 5, =

XVAFLIMEZERAIMEEL EEZ 2,
)
L.
CH3
“ )

sHC  CHs

Fig.4 Chemical Structurre of 2489 (Macrophorin A).
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Table 1 Summary of NMR Spectral Data of 2489.

No. BC-NMR 'H-NMR Assignment
1 14.3 q 0.70 s - CH,
2 19.2 t 1.5¢ m —~CH,—
3 20.8 t 1.88 dd(/J=14.0, 11.5) 2.36 d(J=14.0) —~CH,—
4 21.5 ¢ 0.80 —CHj,
5 24.3 t 1.31 dd(J=12.5, 4.5) 1.73 dd(J=12.5, 4.5) —CH,
6 33.4 ¢ 0.87 s ~CH,
7 33.5 s >C<L
8 38.0 t 1.98 dd(J=12.5, 5.0} 2.35 dd(J=12.5, 2.5) ~CH,~
] 38.7 t 1.22 dd(J=12.5, 4.5) 1.76 dd(J=12.5, 4.5) ~CH,~
10 39.6 s >C<
11 41.9 t 1.19 dd(/=12.5, 4.5) 1.40 dt(J=12.5, 2.5) —CH,~
12 51.4 d 1.69 d{(J=12.5) >CH~
13 55.4 d 1.12 dd{J=12.5, 2.5) >CH-
14 60.8 d 3.79 d(J=3.0) >CH~O0
15 61.0 s >C—-0
16 62.4 t 4.33 —-CH,—0
17 65.4 d 4.61 dd(J=2.5, 1.0) >CH-0
18 106.6 t 4.54 m 4.81 d(/=1.0) =H,
19 120.8 4 5.93 dd(/J=2.5 1.0 =CH~-
20 149.2 s =<
21 156.7 s =<
22 193.1 s >C=0
(ppm) (ppm) (Hz) {ppm)  (Hz)

2439 WYH IS HRESR M COM B R MEL 2 2 2 A, m/z360 1 MY ©— 2 5588 L LTz
b, KYWHOSTFRIZI0THE EHZ . £, EIBEEHT COWEICLY m/
z 360.2824 VI 2 1, LA MOD T3 Cpp Hu, O, (BIEMIE 360.2924) #9352 515,

N DSHTRERICINZ T, H/H-COSY o illsgfhdt & 0 Rig L 223l ic 360 v CRpE
DALFREEZ R L 25, 2489z~ 2 v 7 4 ) > A (BUF MCA &{) rRIES LR
(4 4). %8, 2480 WH O AT ORERIZ MCA O3CHME (Sassa & Yoshikoshi 1983)
LKL T,

4. 2489 HHE DB IEWEHEER
() 127 3Fvaq> 8B
4273 v a4y VRBRET 2ERIIR S I E ok, FEHREERMOMBO ML 75
B, 2L TRST4 7arbto—nE L THWRZIAA (100ppm) Tt 113 EThH -2 & 542,
2489 WrELi% 25 ppm AT 110 BRIl 2R L 72, £ 72, RS oREREIL 25 ppm FHE % ok &
FToEE—T %o Tz, ZOFREY, 2489 WL TAA L DR ifi:2 L o>WE Th s 2
ENH LI o 2,
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Fig.5 Effect of 2489 on Rice Lamina Inclination Test.
(===) Control and (---) IAA (100 ppm) as a positive control

(2) 4 7 T PREMR R B

A7 T R R R ORI 6 12 F Lz, SHROMOMEIL 7.5mm TH 2 & EiTK
PT 472y bu—ndIAA CRERESETRAOMEREN A LN, —RZMRIC—KL
fz. TS LT, 2489 WPE TR TAA o & 5 HEER RS SN b » 72,

10 (A) (B)
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o b

CU'I- I3 —
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(3] - —_
8‘-"%9 S o & -
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Fig.6 Effect of 2489 on Gress Seedling Root Elongation Test.
(A) TAA as a positive control, (B) 2489 and (---) Control

(3) A > 5B AR R B
A 27 B P RRB AT » 2RI 7T 2 bk, HEToMRE 22mm THh - 72,
DL ) Ay (BT GAs EWES) 13 62 ppm A 2k (90 mm) & L CMR & 1RHEL 724%, 2489
W T34 CIREDA S ke - 72, :
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Fig.7 Effect of 2489 on Bean Second Internode Elongation Test.
(A) Gibberelic acid A3, (B) 2489 and (---) Control

(4) 74 2> TiIRE & CF3EmpE R

%nyTTMH;w{”mﬂW&uﬂ¢&Gmm%é%mﬂLt#%iQS R AT
IRl Tl GA; DN 5 F 0 A5 N - 72705, WS & USTFReic 8 » T iWﬁth
M#ﬂw%nn.un_ﬁUTMw%ﬁf mezxv%%ﬁmWinTh%#mﬁ
BTBLY, FlFRENSEABCE ORI A LI,

(A) (B) ©
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Fig.8 Effect of 2489 on Radish Hypocoty! and Stems in Cotyledon Elongation Test
(A) Inner stem, (B) outer stem, and (C) hypocotyl
(~--) contro! and (-+-) Gibberelic acid A 3 as a positive control

(5) ¥ 7 U FHEE AR

X7 ) FRECRRBORBRERYIcE ol KT 7arbue—A b L THWR Y
VT2 270 > (LT 6BA EWd) T3 7ppm FHE &K & § 5 TH AR MEBRE 2R L 72,
Z ORI AR E ERETH B, IS LT, 249 W Tl W T OB T L RO
KD LNl - 7z,
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Fig.9 Effect of 2489 on Cucumber Etiolated Hypocotyl Expansion Test.
(A) 6-Benzylaminopurin as a positive control and (B) 2489
(-~} Control
(6) X)) T a7 4 VBN
X7 FRCLD 70w 7 4 VERRBORRIIB 10 1S F L7, 70w 7 4 VR3]
WM CL.6ppm, FLTCKRY T4 72> u—) (6 BA5ppm) @ 2.6 ppm & T,
2489 ¥ 13 0.04 ppm U_L* DWETEBA LY LMoo 7 4 WERREERZ2RL, 0.7
pom {5 T 2 FRRED AL B L 1Lz, 2, 49 WHIZ-TROBRECBWTL 7u
Taakb o ~:d.m PN KELEEIRS Ah o2, &, FRWYWE D 50 ppm WBEIZ B W
T, BEBROTFHY b A 50z,

Chla: T
£ 5F =% Chib: 222
g 7
= gk %
=4 7
=y
g é =
8
o o
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) Z Z
015 0.0l
12 07 004 0003
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Fig.10 Effect of 2489 on Chlorophyll Formation in Etiolated Cucumber Cotyledon.
(-—-) Control and (----) Positive control with 6BA

5. e

B~z & 90z, 2489 M3 fli 2 RARERIC & 0 A — % & ik, v Y viEkEB LU
AL A= ERERELPT, 412735V > PB (F—% > o806 LUy
VTR w7 4 VERRES (VA LS4 = BRI o 2 ORI BV o A
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BRLZ, i, APHOWRBICNT 2 EEOMEN E— 7 R BT 5 2 &5 b ARWH I
RIE CREEEE D OWE CH 2TREMESE Z b, 72, RYHIE W< O»nREBRICEB W T
50 ppm DL EDWE CTFHENFLETI BRI L,

w7ua7x ) AMCA)IZ Y ¥ TIREORM A ERET B—BD7 74 F b %> (Sassa 1983,
Sassa & Onuma 1983) DV &2 & LTHEENTED, flicer/ue75 ) B, CBLUD%L
oKL & H 5 (Sassa & Yoshikoshi 1983, Sassa & Nukina 1984). MCA I3 Sia-
Dphylococcus aureus 12343 5 MIC A 25 ppm C¢H 2 Z &, =7 A Mg (L-5187Y) o4 3
IC50 #% 0.3 ppm & BYMINEIZ N 2 SR AT IRR I BV I LT Wv 29%, flidhic o4 5468
s T,

2 13 2489 WH O 2 K T AERIC DWW TR L 28R, A A5 3+ a4 > 8B
B WTA > F—n-3-H (TAA) L )RR E2RTH, o —% 2 v EEREIC K
LW Z E2WLIC L, E, AL, X7 )FEEHVW L7007 40 VEBERERRICE
W, BTy 7arro—nE L THWRZ-UNALT I 27 (6BA) L0 LGk
RYZ &R 2, AR BRI S L Ol SIS 2R 2 L YT T b LT,
AR L O L C R L S R VB VRS F L DS A L o 2, F 2, R
YR R R I S L C OB R RT 2 e o A, L3 480 (e 0y
F 0> A) PURT S O HE OB DWW IR ICRBRE L - TE Y, BAEEH 2 S
ZRLEDWTRBRE L TWwE L ZA5TH A,

i B

PR oI R L Y SHEL SRR 8 & L O BERETE W oOREET- T3, %
DT, Penicillium sp. No.2489-11 DR HALX 7 ) FE2HWT 70w 7 4 MERE
HERBIC N L ClEEERT I e 2 Rnis Lz,

TR (2489 WD) X AWM BEIE AR T & b > Hlihiie & BB L, BRI 55
LC87z, 2489 Wik NMR 8 & CWHRSIIC & 2 S Mro &R L 0, s 2 R_TWwEo
VEDThbwrua 7y Vi ALTELRZ, 2489 WH O b3S B v iz kB 5
W E B LT e,

KYPEIITE 2 fiiM e MR E L, A—% > Y EREERRE LTI AT 32 a4 > Fildthis
SO T YRR E, D) RREERSE LT v B ERR B LU
A 3 TIRERRRE, 2L T A P A4 = BREMERR E LT x 7 ) TR &
U bX 7Y FHET oo 7 4 W E 2 L E AT - 72,

INLORBORT, WX V) FHEZHAWTO 7 oo 7 4 VERRBIC BT, 2489 W
KT 4 7arbao—ne L CH 6 BADOEEOH 2707 4 VEEERET 22 &7
Wtz Eio, FPHERAXRZ IV a > PlBIcBNT, REFo7orro—ne LCH
Wiz TAA £ D L b FricilviiiiEE 2 Rm 42 & -7, L L, BRI 2 ookt is
WML TEE -2 HEEERI - 72,

SN DRERE D, HEE L1 2489 WA S E TIHEE S LTz L 5 BRI X3 5 i
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Summary

Chlorophyll Stimulating Substance Produced by Pewicillium sp. No. 2489-11. Kazuaki
Higashi, Tadayuki Ishiyvama and Yoichiro Okimoto (Fac. Agric., Tamagawa Univ, Machida
~shi, Tokyo 194) Bull. Fac., Agric., Tamagawa Univ. No. 32 : 51-62.

In the course of our screening program to search novel plant growth regulators, a
stimulative activity on chlorophyll formation in etiolated cucumber cotyledon was found in
the fermented broth of our isolated strain of Penicillium sp. No. 2489-11.

The active substance 2489 was obtained as a crystal form by the purification with several
chromatographic methods from its mycelial extract. The purified 2489 substance was
identified with a fungal cytotoxic substance of Macrophorin A by the characterization and
the structural elucidation with NMR. and MS spectral data. Although, there are no
evidences concerning its plant toxicity or plant hormonal activity yet. Accordingly, we have
performed following tests for plant regulative activity of 2489 substance; such as rice-lamina
inclination and cress root elongation for auxin-like activity, bean internode elongation,
radish hypocotyl elongation and radish stem elongation for gibberellin-like activity, and
cucumber cotyledon expansion and chlorophyll formation in etiolated cucumber cotyledon
for cytokinin-like activity, respectively.

From these results of above tests, it is interesting that the stimulative activity was
observed in chlorophyll accumulation in ethiolated cucumber cotyledon by the treatment with
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the substance 2489, in two times stimulation compared with those of the positive control of
6 BA. And also showed promotive activity in rice~-lamina inclination test in slightly stronger
than the positive control of IAA. Although, almost no effects were observed in the other
performed assay systems.
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