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We discovered two novel phytotoxins produced by the pathogenic fungus, Botryfis cinerea. Among the twenty-
five B. cinerea isolates, which were obtained from various host plants in 1994 and 1996, twenty-two showed
strong or moderate pathogenicity on five plants such as cucumber, tomato, red pepper, tobacco and Chinese
cabbage. The culture filtrate of the B. cinerea 2-16 strain showed the most potent phytotoxic activity in a
tobacco leaf-wounding assay. Two novel phytotoxins were isolated from the liquid cultures of B. cinerea 2-16
by ethyl acetate extraction, flash silica gel column chromatography, silica gel column chromatography,
Sephadex LH-20 column chromatography, preparative TLC and subsequently preparative HPLC. Their
chemical structures were determined to be 3-O-acetyl botcinol and 3-O-acetyl botcinolide, respectively, by
mass and NMR spectral analyses. These two phytotoxins caused leaf necrosis in a leaf-wounding bioassay,
and significant electrolyte leakage from leaf tissues of tobacco. In the two bioassays tested, 3-O-acetyl botcinol
exhibited stronger phytotoxic activity than 3-O-acetyl botcinolide. This is the first report on the production of
both 3-0-acetyl botcinol and 3-0O-acetyl botcinolide from B. cinerea.
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gute} ok ol xm];“x%oi Z EAE €473 3 7t AEAE Yt #HE st 3 A B2
ot MU= [ Botryotinia fuckeliana®. W) A7} JEJ_Q_O]-E}.
A I} B. cinerea®l] 23+ AEHE o] QRE] AL B. cinerea®] HEA 7123 #HE 3] cutinase(Kan %,

g F A7) Aol Ax LA, £3] 18~20°C W) 1997; Salinas %5, 1986), B-glucosidase(Sasaki®} Nagayama,
Qle] Mesta tvhEeh 7150l 7 & A RTh 3 1994), pectinase(Wasfy 5, 1978), oxidase, polygalacturonase
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cinerea®] ¥F N O ZHE botrydial?} dihydrobotrydial
S ®E3IH T, o] ¥ phytotoxin®] in vive'Fol A WS
doglet Fad 92 & Aolgky Buslir}. Deighton
5(2001) B. cinerea®] ZAE AEAA botrydialS 7
Zotdon, 459 HYA H%9) botrydiale] B Ao
o #EAE 2T 1 A3 WHk=719) botrydial 5
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o8 Zgete AL old Aow AL Cutler 5
(1993)2 B. cinereaZ5-E AEIA S 71E 2
phytotoxing #2]3}¢] botcinolide® =™ 3+, Collado
5(1995) B. cinerea= X1%H)F51 10-oxo-dihydrobotrydial,
4pB-acetoxy-9B-10B-15a-trihydroxyprobotrydial, ~B-O-methyl-
dihydrobotrydial 2 «-O-methyldihydrobotrydialone 5 47}
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ALg FF. Ao ALRT B cinereats 19943 5-E)
1996'd 29 Atolofl tH, &4, Hof Zo] Qo|(Cucumis
sativus), EV}E(Lycopersicon esculentum), & 7)(Fragaria
xananassa)®] AW EGO ZHE o]YFZ a7 sl
AEAA EEste] B Rog 73, Ao, §
B S0 wet 25709 58 Aes § whxz) B
B 3t 4°C A4 mEsidc
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aF9 AAE S48 A4S £22 T BE A
P sHHEo g AAETh
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Leaf-wounding %< %3 phytotoxicity A} 257}
o] B. cinerea & ©]&3te] A& e S4 YA o
2 Ao 54 AN 775 Adsly] fske] & ek
o] N & o] 8¢k leaf-wounding assay(Kim &, 2000)Z 2
AIFAEE. 5% glucose, 0.1% yeast extract, 0.05% KH,PO,,
0.2% NaNO;, 0.05% MgSO,H,0, 0.001% FeSO,7H,0%
T8 W3EE Czapek-Dox broth(CDB: Becton and
Dickinson Company, Sparks, Maryland, U.S.A) ¥} =] 100
mlo] ©71 250 m/ AZE2F9 B cinerea dFE 7t
ZF HEFEA dE 1x10° conidia/m/)3te] 1447+ A A
i Fat ATt wiF & 449 AZE o] g3le] FARIE A
A% 3 g ANE F5sTE A A Auj g Gl

< wof S5em AZE et 9 ¥ viEE A
E W5 4A 7 10w vl Adg FEsHoh d=

& A8t

B. cinerea 2-16 #TEHFE FE|gt F Edo] A&
ek =4 AP A g G2k Aisk g, BErpe,
Y. 2| (Hordeum vulgare), 5~<(Sorghum bicolor), v} o)
(Digitaria sanguinalis) 52 9-& A3l leaf-wounding
assayE ST AIEE 10% acetoned AFE-3le] &
Setela, FEE 37, 111, 333 2 1,000 pgmiz =33}
Aok HETE= 10% acetoneS AHE-3EATE X 2] 8k Qo
AHAE Zot FEE FAAZ Petri dish(E= 713
4 Zot FEE FAAZ ARZE Aahel] Ha U8sk
25°CA|M 7247 Bl B4 AEE Hrhstgrt 2
2 eHtE oz AAEAY

FHEAe] £ AEd g AEE 542 717 B
cinerea 2-16 d+ZHE phytotoxing & 3FAT. B
cinerea 2-16 #2 XA(EFZ: 1x10° conidiam))S HI
¥ CDBM Al HES - 20°Co A 1497 F 815
FatAch MFA@ e A=E A F HCl §A o
pH 2.00} 2& H 539 ethyl acetate, #-butanol <=A 2
z¥z}y 28] & 4 F-331Y ethyl acetate &, n-butanol
A3t} Leaf-wounding assayE 53} ethyl
A7 (1642 g)ol AE sl 5492 vdehle=
815, ethyl acetate 8 E5E25E phytotoxing
18} flash silica gel column chromatography
ok AR E 83lld ¥ 300 g9 silica gel(Kiesel
0, 70-230 mesh: Merck, Darmstadt, Germany)°] &3
HEZ G funneloll 713 2 n-hexane, n-hexane:
3:1, 1:1, 1:3, viv) 2 EtOAc 52 o] &3l &=
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3kl =3It 7 BEES Hul Yol tiE) leaf-wounding
assayE AFSH A3, n-hexane:FtOAc(1:1) &7 n-hexane:
EtOAc(1:3) Zoll4 &/do] depton, &40 e A8
£ Bol 5% A 4679 AEE FE3IAY. o Al

£ silica gel column(6 cmx60 cm; Kiesel gel 60, 230-
400 mesh, 200 g: E. Merck)®l 7}3F t4-& CHCL-CH,OH
(95:5, viv)E 853l h2] AFE(FI-F4HE 4tk TLC
24 A9} leaf-wounding assay A4S EHE AR
3 E(F2, F3)& 2o} &33td 780mge] ARE F=3
Att. o] AlEE Sephadex LH-20 column chromatography
(CH,CL:CH;0H=9:1, v/v)3te] &8 31913, leaf-wounding
assays &oto] EAo] e AIRES kAo ©] column
chromatography & &3t 42 €4+#8-2 CHCL-CH;0H
9:1, viv)& AAEHE g TLC 2ol & spoto 2
B AT, toluene:EtOAc:formic acid(5:4:1, v/viv) &) %
AollMe 27k 4 F et wEbA, £ e 22
< 742+ B2s7] 93k toluene:EtOAC:formic acid(5:4:1,
ViVIV) 27192 preparative  TLC(20x20 cm, 0.5 mm,
Kiesel gel 60, Fus,: E. Merck)E A3tk =8k &2
B E4& oAl AASI 98 preparative
HPLC(SCL-10A VP: Shimadzu Co., Kyoto, Japan)Z o]-&
sty HF AAE BstATt oW A83 columne Shim-
pack prep-ODS(20 mmx250 mm: Shimadzu Co.) 2.9,
photodiode array detector(SPD-M10A VP: Shimadzu Co.)
£ 83l 230 nmolA E4siiTt. Al g2l 8252 MeOH-
H,0(75:25, viv)E &&td =0 ol §42 10 m/min
olftt. o] 4GS B3t 72 78.6 mg, 50.7 mg2] GIK-
1, GIK-2 220z B3d £24& Eesisnh

2¥Eey] 4. 2ZE¢ 2359 72 B4 93k

AZFHE2A-2  double-focusing high-resolution(HR) mass

i
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spectrometer(JEOL JMS DX-303: JEOL 1td, Tokyo, Japan)
%= electron impact(EI) mode, chemical ionization(CI) mode
N A A3 3L, fast atom bombardment(FAB) mass H
Ho g FAFS ST A5 matrixZ+ glycerol
I XeE EFAoE AMEEAT A7) T H(H-NMR,
PC-NMR, DEPT, 'H-'H COSY, HMQC, HMBC) ¥4 &
Bruker AMX-500(500 MHz) NMR spectrometer(Bruker
Analytische Messtechnik Gmbh, Rheinstetten, Germany)=
ZA3A T AR E CD,0D0 5o 233l YR E
¥ EZE % TMS(Trimethyl silane: Cambridge isotope
laboratory, Inc., USA)S 7155 Z A& T

AN & AP 2dolA o 7 Auis gl <
< ol&3te] Halld & AEE YA 1% sucrose
7} 2718 1 mM MES buffer[2-(N-morpholino) ethanesulfonic

acid, pH 6.5] 7m/ol] #ull ol Zehd A7 7mme
A Z7HE 4008 W2 F 1% acetoneol] &3 FEA]
EE 0.5mMe] =2 At HEZTEE 1% acetone
& 283l A 2]8 Petri dishs Wl 25°CIA i
3 conductivity meter(Denki Kagaku Keiki Co., Ltd.,
Tokyo, Japany& AH&-ste] #iA]9] A7] A==g 714
o2 ZA}. XHeF 3R A AT

5 AR g A4 AR S5 A, B cinerea’t YT
&= phytotoxin®] B934 mA= FFE FolE7] ¢
tod 2 AP 2agd & 715, A9, dAF A
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(Table 1). ALE FFE GLA 28 AAT F 4°CH|
Table 1. Isolates of Botrytis cinerea used in this study®

Isolate Host plant CO]S:: ron grol\v/ghczl;arlriz)b Cg}rt;re
1-38 Tomato Buyeo 69£1.2 Sclerotium
2-4 Tomato Buyeo 71£1.1 Sclerotium
2-16 Tomato Buyeo 6810.6 Myecelium
Cl Cucumber  Buyeo 49+1.6 Spore
C19 Cucumber  Buyeo 5443 Mycelium
H9 Tomato Buyeo 74£2.1 Sclerotium
H30 Tomato Buyeo 2417 Mycelium
H42 Tomato Buyeo 661+2.2 Sclerotium
K12 Strawberry  Nonsan 70£0.6 Sclerotium
K23 Strawberry  Nonsan 73£1.7 Mycelium
KJ Strawberry  Daejeon 54+1.7 Spore
KOH46  Tomato Buyeo 66x1.0 Spore
KOH76 Tomato Buyeo 65+1.3 Mycelium
NSS3 Strawberry . Nonsan 69£1.8 Sclerotium
NSS106  Strawberry  Nonsan 70x1.2 Sclerotium
NSS111  Strawberry  Nonsan 69+1.2 Sclerotium
NYO09 Strawberry  Nonsan 65x2.0 Sclerotium
NY23 Strawberry  Nonsan 44+5.5 Mycelium
NY76 Strawberry  Nonsan 64£1.6 Sclerotium
OH29 Tomato Buyeo 72£1.1 Sclerotium
OH44 Tomato Buyeo 39+4.1 Mycelium
P74 Strawberry  Nonsan 72+1.4 Sclerotium
P103 Strawberry  Nonsan 73£1.8 Mycelium
SJ28 Strawberry  Daejeon 42+1 Sclerotium
SJ58 Strawberry  Daejeon 61£1.6 Mycelium

*Mycelial growth was examined after incubation on potato dextrose
agar medium for 3 days at 20°C.

®Values followed by standard deviation are the means of five repli-
cates each.
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Table 2. Pathogenicity of Botrytis cinerea on several host plants®
and their phytotoxicity on tobacco leaves

Pathogenicity®
Isolate Chiness Phy t.O'C
Cucumber Tomato Pepper Tobacco toxicity
cabbage
1-38 85 83 90 77 27 0
2-4 90 90 90 77 18 0
2-16 90 85 90 80 18  47+0.8
C1 50 57 82 25 3 2.51£0.1
C19 60 1 45 1 1 0
H9 67 70 83 80 33 0
H30 2 2 3 7 1 0
H42 90 63 90 90 23 02402
K12 85 73 90 88 20 0
K23 88 80 88 80 20 43207
KJ 7 5 7 1 1 0
KOH46 45 50 40 25 5 1.3£09
KOH76 83 67 90 68 18 45+09
NSS3 88 43 90 37 53 0
NSS106 90 63 90 88 33 0
NSS111 90 70 90 88 17 0
NY09 83 80 90 90 22 0
NY23 73 77 90 81 15 0
NY76 90 70 90 81 30 0
OH29 90 77 88 90 30 0
OH44 63 83 90 88 15 0
P74 53 73 90 90 30 0
P103 50 70 90 70 20 34405
5128 50 80 90 70 23 0
SJ58 90 80 85 80 20 45+10

“Pots of plant were inoculated with a conidial suspension (1x10°
conidia/m/) and then incubated for 3 days in a humidity chamber.
"Pathogenicity was evaluated by measuring the disease area percent-

age 3 days after inoculation. Values are the means of three replicates
each.

The 5 cm sections of tobacco of leaves were placed on moistened fil-
ter papers in Petri dishes and incubated at 25°C for 3 days. A 10 W/
aliquot of each culture filtrate was applied onto each pin hole, which
was made by wounding centers of detached leaves with a pin. After
incubation for 3 days, lesion sizes formed around pin holes were
measured. Values followed by standard deviation are the means of
six replicates each.

A Bgsts Ao AgEtAt o5 #FFE ol g3y
AL B 25 A A3 Table 1014 Wi vjo} 2+
=

A S27F w2 202 Jebd, 5 mm2] #&9] A
715 BRI C19 #59 A A4 457} 74 =i Ao
2 eyt

WA AR, AEE 25TFFE o] fale] WY Ay

Fig. 1. Pathogenicity of several isolates of Botryris cinera on
cucumber (top) and tomato (bottom). Pots of plant were
inoculated with conidial suspensions (1x10° conidia/m/) and then
incubated for 3 days in a humidity chamber.
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phytotoxicityS WERN ITH(Table 2). Phytotoxicity”} 7+
7¥ek 2-16, K23, KOH76, P103 28] SJ589] 53-5E &
€ 71500 A A4S Y AL E #9le]
At olE 575 9ol Cl, H42 283 KOH46 #+F %
% k3 phytotoxicity® B3l YA 174FE leaf-
wounding assay®lA A& S4& Ho|A| &t o] A3
g F9ete WA 7F3PAA phytotoxicity B4l 7
g 2-16 #5-8 Adate] o]F-9 A AT
2§ phytotoxin®] += FA. B. cinerea 2-16 oF
o] BjgHozRE E2g GIK-17 GIK-2 =3¢ 12
542 FABIHEA, 'H-NMR, “C-NMR(Table 3), 'H-'H
COSY, HMQC 283 HMBC ¥41& %3}l 38tz el
TZEAE ANEFYET GIK-1S El mode® & ZE-AIA]
HAjol -8 &eld 4= gilern® Cl modeE A HE-A]
< AN A3 M-H0+CH & m/z 495904 Vhebgt,
[M-H,O+H]"& m/z 4559014 YElt GIK-19] ¥R 472

Table 3. NMR data of 3-O-acetyl botcinol and 3-O-acetyl
botcinolide in CD;0D

3-O-acetyl botcinol 3-O-acetyl botcinolide

PN S sy 'HU=Hy) 5C
1 - 177.8() - 177.8(s)
2 290(dq.38,7.1) 408(d) 290(dg.4,7.1) 408(d)
3 50738 TBI@ 5074 T81@Q
4 - 797 () - 797 (5)
5 315(.105) 729 315,105 729
6 18(m) 394  180Gm)  394(d)
7 426(dd.97,106) 78.1(d) 426 (brt,10,105) 78.1(d)
8 356(m) 694 (d) - 694 (d)
9 124(s)  148(q)593(dd, 15,155) 148 ()
10 086(d63) 146(q) 6.89(dd.45,155) 146(q)
11 093@.61) 181(@@ 423(m)  181(@Q
2 11071  165(@@  143m)  165(
13 - 1728()  L77(m)  1728()
14 205()  208( 177(m)  208(q
r - 167.7 (5) - 167.7 (s)
2 593(dd,17,15.6) 120.1 (d) 5.93 (dd, 1.5,15.5) 120.1 (d)
3 689(dd,48,156) 1537 (d) 6.89 (dd, 4.5, 15.5) 153.7 (d)
x 423@m) 76 423m) 715
5 142@m),12@m) 264 143 (m) 3721
6 ld6@m) 3750  1.77(m) 28.7 (1)
7 122@m)  3293(  1.77(m) 236 ()
g 122(m)  3028() 082(rt,72) 144(q
> 122m) 2364 - -
10 08171 144 - -
125 MHz.
500 MHz.

A% - HEE - oS - AR - A

dalton®. & A =3It} FAB-mass 23 [M+Na]'2 m/z 495
oA el F-A1gFo] 472 daltond] A2 AHHIUT
At =5 AA7] st 'H-NMR# PC-NMR #
2 AN A7, 'H-NMR E40X &} primary
methyl group®] EA TS & = AL (Table 3), “C-NMR
B oM &AaF7t 24700]H, 3702 carboxyl group(Sc
177.8 ppm, 172.8 ppm, 167.7 ppm)°] EA 5t o] #
25 tH(Table 3). '"H-NMR3} C-NMR Z3}9] g F2-2
Cutler$} Parker(1996)7} .23} botcinol#t #]2] -F-AFSH
o7 yehgtEd, ot GIK-1 B39 acetyl group(Sc
172.8 ppm, 8¢ 20.8 ppm, 8y 2.05 ppm)°] s} ©f =3}
= Aoz vehytth 'H-'H COSY 412 E3to] A
AFol9] cross peakE TEAAT) o] AHES A
3 A3, H-29 H-39 chemical shift7} Z+2F &y 2.74
pm3} 3.57 ppmell Al 8§y 2.90 ppm 5.07 ppmEE ©|F
3 o] g 459 chemical shiftes WA &o} 3
H R acetyl groupe] AEE A& BT T UL,
GIK-1<& 3-O-acetyl botcinolZ 573 3% thFig. 2).
GIK-2 4= EI modeollr Ex}o]2g s 4+ gl
o] CI mode® AHFEFE HAAS A3}, [M-HO0+C:H;]"
& miz 46794 VFEFSIL, [M-HO+GHS["S m/z 455,
[M+H]"& m/z 445904, [M-H,O+H]'S m/z 427914, [M-
2H,0+H]"S m/z 409914 28] [M-2H,0+COCH;]"& m/
z 367914 YERY Ex}EFo] 444 daltono 2 FFEH AT
FAB-mass 244 [M+Na]"2 m/z 467914 &<lo] = o
AL 444 dalton® 2 A H Yot B3 'H-, "C-NMR,

Y rl

= o o

3-O-acetyl botcinol (1) R = CH,CH,
3-O-acetyl botcinolide (2) R = H

Fig. 2. Chemical structures of 3-O-acetyl botcinol (1) and 3-O-
acetyl botcinolide (2).
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'H-'H COSY, HMBC, DEPT 135° <] &x}7] Zm &4
< A A 'H-NMRAME GIK-27F 3] primary
methyl groups} Al 7§ 9] secondary methyl group 2 F 7R
9] tertiary methyl group 5 % 67§2] methyl groupS 7}
AL Y& AoZ YeElth(Table 3). PC-NMR -2 o)) A]
= 22709 &4 peak”) VEbOW, 2 Uld 3709
carboxyl group(8c 177.8 ppm, 172.8 ppm, 167.7 ppm)°]
ST & F AATHTable 3). 'H-"C COSY$} DEPT
135° 4& &3l 479 gae By F4as A4
A& & 'H-'H COSY Z# % 3-O-acetyl botcinol T3
9} Collado 5-(1996)°] 233 3-O-acetyl-2-epibotcinolide
o] BHE AR BATAE 2439t Botcinolide(Culter
%, 1993; Jacyno, 1994)9} W &S 4% GIK-2 &4
< acetyl group®] 71 €Jo 2 EhAol 3 ko] B
o] UE FAa(H-29 H-3)9 chemical shift ¥ 3}(5,, 2.74
N 29002, &5 3.5704 5.07) Yolli= dxete). 1
2]y} 3-O-acetyl-2-epibotcinolide(Collado 5 1996)9} ] &
BE A= H29 H-3 Akl 2] coupling constant, =
Lol & Apel7F AAT}. F, 3-O-acetyl-2-epiboteinolide®]
s 9.5 HzQl WHdel GIK-2 B49] /& 4.0 Hzoh
H-2, H-3 ¥ H-6 chemical shift] = W3l7} 91t} wje}
A, GIK-2% botcinolide 3¥ 4ol acetyl groupe] £-o]
A= 3-O-acetyl-2-epibotcinolide$} epimer Ao Y= &
ZEA 3-O-acetyl botcinolide® &% H A THFig. 2).

Cutler 5(1993)2 botcinol#} botcinolide H 373} v} )
21, Collado 5(1996)2 botcinolided] 2] FEA=E &
2, SR8t o Adol F-2]3h 3-0-acetyl botcinol
7 3-O-acetyl botcinolide= Cutler 5(1993)¢] .13t
botcinol## botcinolide®] 3% BrAoll 247}t acetyl?] 7} o]
2™ 3-O-acetyl botcinolidel= 3-O-acetyl-2-epibotcinolide
(Collado 5, 1996)9} ¥ 3-& 790l H-2¢9F H-3 Ao]
9] coupling constant, 2 J,;o zko]7} Ao H-2, H-
3 ¥ H-6 chemical shiftol = ¥13}7} 9l9iv). webA GIK-
+ botcinolide 3% © Aol acetyl?]7} £9o] & 3-0-
acethy-2-epibotcinolide?} epimer HAIG] A= BAREA] 3-
O-acetyl botcinolideZ FF H AT = wHoll Collado 5
(1995)°] B. cinereas 1BHI¥31] 10-oxo-dihydrobotrydial,
4B-acetoxy-93-10B-150-trihydroxyprobotrydial, B-O-methyl-
dihydrobotrydialone % a-O-methyl dihydrobotrydialoneS K.
ILBIRAL, Rebordinos 5(1996)°] botrydial#t dihydrobotrydial,
223 botrydienal 5& B 3E 5 B cineread 43
AL ES ti st A7) 53] Qe Eo] gho) kx|t
3-O-acetyl botcinol3} 3-O-acetyl botcinolideol] T3+ X3
= ojyo] Hxolr},

Table 4. Phytotoxicity of 3-O-acetyl botcinol and 3-O-acetyl
botcinolide in a leaf-wounding assay*

Lesion size (mm)

Conc.
Plant (ug/ml) 3-O-acetyl 3-O-acetyl
botcinol botcinolide
37 o 0.1+0.2
111 0.9+09 0.6£04
Tabacco 333 29415 2.541.2
1,000 4.1+0.3 47+1.3
37 0 0
111 0.2+04 0
Tomato 333 3.4£1.0 1.5+14
1,000 38+1.6 4.54+0.3
37 0 0
111 0 0
Barley 333 0.2+0.1 0
1,000 1.5+£0.7 0
37 0 0
Grain 111 0 0
sorghum 333 0 0
1,000 2.5+0.7 0
37 0 0
Largecrab 111 0.240.2 0.2+0.2
grass 333 0.3+0.2 0.340.2
1,000 1.1+£0.8 1.9+1.7

*The 5 ¢m sections of leaves of tobacco, tomato, barley, grain sor-
ghum and large crab grass were placed on moistened filter papers in
Petri dishes and incubated at 25°C for 3 days. A 10 ! aliquot of each
solution of two phytotoxins was applied onto each pin hole, which
was made by wounding centers of detached leaves with a pin. After
incubation for 3 days, lesion sizes formed around pin holes were mea-
sured.

®Values are the means+standard deviations of six replicates each.
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Fig. 3. Effects of 3-O-acetyl botcinol and 3-O-acetyl botcinolide
on electrolyte leakage from the leaf tissues of tobacco.
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