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Investigation of resistance mechanism for Botrytis cinerea to procymidone

Jeong Rye Cho , Kyu Seung Lee

Abstract

This study was carried out to investigate the resistance mechanism by three different kinds
of procymidone-resistant and susceptible isolates of Botrytis cinerea which had been collected from

green houses.

The average resistance level of the resistant strains was 1,000 times higher than that of susceptible
ones. Also, it was revealed that the resistance was not originated from components excreted by Botrytis

cinerea, based on the result obtained from the treatment with piperonyl butoxide and triphenyl phos-

phate as an inhibitor of monooxygenase and esterase, respectively.

The total lipod content of resistant strains was 1.3 times higher than that of susceptible ones,

among fatty acids, palmitic acid, stearic acid, and linoleic and being 3.0, 2.5, and 2.0 times higher,

respectinely. Also slight differences in sterol contents and components were observed.

The crude chitin content was slightly higher in susceptible strains but contents of N-acetyl glucosa-

mine, a hydrolysate of chitin, were about 2 times higher in resistant ones.
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1-1. FATF

Ax A4 g FaA A AR s GE2A Ealh
FFeA FUgE FYRSSq mestn e
Botrytis cinerea T35 5 AN 244 o5 474 3
#7 4g Ao, o5l 71548 9 ARdAe

Table 19} 2t}

1-2. FA12A

A Fsgoly wbA] ok 2 Al#E T 9l dicarboxy-
mideA A2 procymidone (50 WP) & F A3} th,

1-3. FA=A]

A F ol F o] FAMS HAL PDANA (=}
200 g, =7 20g, 3 20g, TF 1000ml), Tl g2
PDBuI A (Difco ®lA] 24g, $F+ 1000ml) E o]&-3}
b7 L=t

1-4. Ak 2 7]7]

Aleko 2= N-acetyl glucosamine(GlcNAc), chiti-
nase, piperonyl butoxide(PBO) triphenyl phosphate
(TPP), sodium azide, p-dimethyl aminobenzaldehyde
3} pyrogallol 5 Sigma #%-&, methanol, ethanol
#} diethyl ether 5& Burdick & JacksonA|¥&, 11
21 hydrochloric acid, acetic acid 5& GR.FEkL
AHE-BF AT

B 271712 GC (Model : Varian 3700 equipped with
HP 3396A integrator), GC/MS(Model . Trio-1000(Fi-
sons, Manchester, UK.) Z18]1 Uv/vis spectrophoto-
meter (Pye Unicam jit | PU 8800) & ©]-&3%ch

-1 FAATE 43

bR A A AL FAESAHAY W] E8he] A4
skt & PDA wiA & BF¥ 274 9cmo] petri dish
Egof FAIFFE ol 2|BhaL 22Tl 3YU3E v &
73 5mm#2] cork borerZ wojujo]
procymidone©] ¥ X322 ¥HH PDA vzl o] 2 3}1
22T 5z MY ¥ #Eo AL s}

Table 1. Origin of isolates of Botrytis cinerea used in this study

Fungal isolates Host Location Date

Resistant

BT—~300 Tomato Chungnam, Buyeo-Gun May 12, 1990

FC—-122 Cucumber Kyeongnam, Kimhae-si May 2, 1990

NS—102 Strawberry Chungnam, Nonsan-Gun May 2, 1990
Sensitive

DS—522 Strawberry Jeonnam, Damyang-Gun May 20, 1990

GC—100 Cucumber Jeonnam, Gure-Gun May 5, 1990

NS—111 Strawberry Chungnam, Nonsan-Gun May 20, 1990
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38} piperonyl butoxide (PBO) ¢} triphenyl phosphate
(TPP) o ti dAHRSEAIE T Yo g A4
et

2—2. Tk

PDAH} Ao} FATFE FHEslT 22T A 3Y7 u)
gk ¥ U7 5mm cork borer 2 B# 5714-& wo ol
PDBH| X0l HEaln 22T oA 5U7F ufF3lg iy,
TFL AAsS | AEE Aol AAF F kol
g g7ix] BAAZs Y& 7)of "ol b A]A e 9
HaslAs @A JEEA A8 ARSE

2-3 2HE ¢ 9 =4

@ F2Uyv

SANRT oA 1g & Fste] EYz=gd d4E
gl@el] ¥ 60% EtOH, 20% KOH$} 0.1% pyrogailol
Ego 100mlE 7Fetal 70T 2 FAAFIEA s
ot A F A1, ol EAAFE A 1%
NaCl 50ml¢} diethyl ether 30mlE 7}3td 13+ 58
¥ 8ul3& F23) ¥1 thAl diethyl ether 20ml =
53 08 43S @3t AAbAE dE B £
Agsta GLC € GC/MS EXA 88 AMsAth

@ BAxd
Table 2. Optimum condition of gas chromato-

graph for sterol analysis

Model : Varian 3700 equipped with HP 3396A integrator

Column : SPB-1 fused silica capillary, 025mm(id,) X 30m(L.)
0, . OC i 0, .

Temperature : 200C(3min) AC/min, 280C(5min)

Carrier gas : Ny, 1.0kg/em®(spilt ratioZ 30 1)

Detector . F.1LD.

Table 3. Optimum condition of GC/MS for
sterol analysis

Mode! © Trio-1000(Fisons, Manchester, UK.)

Column : SPB-5 fused silica capillary, 025mm X 0.25mm X 30m(L.)
Temperature © 150C(2min) BC/min, 300C (5min)

Injection temp. : 280C

Xline temp. © 280C

EI mode(70eV)

Analyzer ! quadrupole

2—4. A ¥4
@ FEd
ZREUE 24 (40mesh) A7 £LUAE 05g¢ 4%

o %] (Whatman) ©l| ¥ diethyl ether 100mlZ 7}3}
Soxhlet #&HO 2 16417t & 28 UL F2ES
73t F&8e] gAd] Az F dAACIHAA 1
Az @AE & FEhEo s SAWEHE Sk
AWAdE-& Metcalf G2 W9 R VHFEAIFIL
BF;-methanolg AF-4-3la] methyl esterdtA] 71 ¥ G.L.C.
BAE AAstATh
O ~CEXal

Table 4. Optimum condition of gas chromato-
graph for fatty acid analysis

Column : SP-2340 fused silica capillary, 0.5mm(i.
d.) X 30m(L.)

Temperature © 200C, isothermal(20 min)
Carrier gas : N;, 1.0kg/cm,(split ratio30 : 1)
Detector . F.LD.

2—5. #i71Ele] ZA®
B Az FA 3goll IN HCI 100mlE 7}ty
A FrIEE Far, A 48A17F Fok WX
F ERTE S HEE ol AAgte] A3sbgh
thA] 5% NaOH 100ml & 718t 6212 1t o g 84S
Aste 36A17F B9t AHs] Awkste] B ¥ BH
Aof o]k b8 90% EtOH 100ml= 6417 &<k

=
dFA7IN T F S 271" oz St

2—6. 719 Tt EEAE S

Eppendorf tubeo] 1M sodium acetate buffer (pH
4) ¢} 10mM sodium acetate buffer (pH 5.0)9l chiti-
naseE @®rA|7)aL (chitinase 0.5 units) pH 445 23

S 1mlE #sl, 37C shaking water batholl &7]1
z7]8 50mge] §o] ¥ 3mM—NaN; £ Iml&
7Ft ATt 24413 37 v F ¥ L4 (1000g, 3 &)
sto] 4o 0.3mlE #3}3 1M phosphate buffer 301
2} IM borate buffer (pH 8.9) 70ulE 7}t 1087+
WA s Tz 383 Foja 4 7ich o 7jo] DMAB A<k
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(p-dimethyl aminobenzaldehyde 8g< acetic acid 70
midl] &3jA12] AF &) & AR Z o] acetic acid 2
1040 34 A1# 3mlE 7F8k3 37T ol A 1587 wHg-A12)
% ZA) Uv/vis spectrophotometer 585nmoli A FH =&
23319ch o)g AP N-acetyl glucosamine (Gle-
NAc) 9] %2 GIcNACE BFE A2 3t 471e Wit
FUsA ANG F AEHE A3 FFsA

Yxt } @

1. SHEINEY HY

FATF59] procymidonetAo) th3 FAMES A
A7 Table 58 2ot A EAA A F=(MIC) 7
APPTE 6400g/ml o3, #FF4TEL 1.06—6.25g/ml
Za g f Fo Ao} Ao dX3e AUeE,
A g4 bz 3uFte] TAMS Ao &
At A g 2P ST oF 1L000w o]de & Aol
B FARFEA HgsA dgE Aoz ATEHS]
=g

2. PBOS} TPPO| CHEF FARMSZAL

AU Z oW 9} procymidone A A A ©HE 4
glo] FAL W - ¥ F ojr]el A AFHUSAE ¢
o}H. 12} monooxygenase A3 # PBOS} esteraseA]
841 TPPE PDA vjAlo] A2]stn FAYS WHe-&
ZA}gH 2= Table 6 2 21} 100ppm =14 PBO
B TPPAA TAMISe] ohh o A=Al
AwtRo g AP ZeATF Aloldl Zolrt =
Ho g nFo] & o MY FFo|H T procymidone]
g Agd dEe 7o JRE ELE FH|std ¢
AE BHAZ F U FHY =AM 71d AL
olyetir #eE ATk

2

3. Procymidone, PBO 12|11 TPP =8 X2| &1}

Procymidone FA| A8} ool procymidone ‘£
¥29 500ug/ml 28] PBOSt TPPE TFAMES9)
A QL FA ¥ FE 10ugy/mlE EF Aasiz
TAHE S-S ZANEE A3l= Table 73 ZTh Procymi-
done ©% AT} dlash E o) EF ATl
o] FAMY S A EFAE JeRG oY, 5318 pro-

Table 5. Mycelial growth of resistant and sensitive isolates of Botrytis cinerea on PDA media

containing procymidone

Mycelial growth(mm)®

Fungal

. Procymidone (pg/ml)
isolates 1 4 400 1600 control
Resistant BT—300 Aver. 88.6 62.3 34.1 320 90.0
Range (87.3—89.0) (585—65.0) (324—365) (303—-34.0) 900
FC—122 Aver. 884 60.7 400 315 90.0
Range (864—888) (580—62.0) (389—437) (29.0—334) 900
NS—102 Aver. 89.3 65.1 383 30.3 89.0
Range (882—90.0) (63.3—67.1) (353—415) (264—342) 900
Sensitive =~ DS—522 Aver. 12.1 10.7 0 0 90.0
Range (07—-14.0) (08-120) 0 0 90.0
GC—100 Aver. 20.3 14.3 0 0 90.0
Range (184—235) (109—17.0) 0 0 90.0
NS—111 Aver. 183 11.1 0 0 90.0
Range (155—231) (08—138) 0 0 90.0

a) Diameter of mycelia(4 replicates) after incubation at 22T for 5 days on PDA media containing procymidone
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4. AHE ¥ 3 =4
2344 (BT~ 300, NS—102) = 74 73 (DS~ 522,
GC—100) 9] @235 GC/MSE-ALS A8 4
B A gEdare ALl FAH chromatogram
S Bz, 2HRojsA FYEE o] ol nEA
ARE BRE sle ez Jeygt JiEF w
oA 8elg 2Hl2ol=A 8§HEE RT 10939 #
AF 428 FERA FiglH 2& 727 449Uk
Sterol& 5% F@ol&g At Ao BE ¥%
ole] A5t FH sterolS ergosterol 24 FGo] Al
I} @Atete] o AR F oshua 48A ok
3t ergosterol AFA A AadAlol tiste] AFAQ
Ustilago maydis sterol C-14 demethylation®] *]3}
= o], ergosterol ¥ FoE ¥4 C-14 methyl ste-
rol&3o] Frlste] EH D2 H chitine] B3 dog
223 chitin AFA BABANE JTL oAk
A TH?, o}2 ] benzimidazole # azole Ao &8l
o

At Ao A AgAge) BEE Cerecospora beticola T

U

sterol side chain®] & ¥3}9} 22 sterolrAl o] ¥z
demethylation inhibitor(DMI) el thsle] Aatgo] &
2HE Zog Bud ut o a2y B AdME
A& 7hpAddF 00 sterolzAl ) 2ol A &
v Aoz & o AWFFo]y T procymidone kA
g A g3A 2d 7)1z DMIAIS} o] sterol A
e BREA FRE R AdHAn

5. AW B

Table 8& FAYFE A Ao 2 AFPTF7}
111-167% 2 749 093—-111% 9 H|3te 30 %
A= FUh 53] AFAHTFA NS-1029] E2 167
%2 & g3ol vigte] WA3 & TS By,
o] #FE At AFE BT 453 Egith o 4
#2TE AYFFo P FAYEak] gloIA] Neu-
rospora crassa 8.3%, Ustilago zeae 7-27.0%, Sclertium
rolfsii 2.8% Z1E)iL Fusarium solai f. phaseolii 2.0% 2
el e ZAFA09) v B o e HolUrh

Table 6. Effect of PBO and TPP on mycelial growth of procymidone-resistant and sensitive
isolates of Botrytis cinerea on PDA media

Mycelial growth(mm)®

Fungal

) PBO(ppm) TPP(ppm)

isolates 1 P 100 1 100 Contro

Resistant BT—300 Aver. 88.1 34.7 87.7 230 90.0
Range (862—900) (315-36.3) (85.0—89.3) (20.7—25.1) 90.0

FC—122  Aver. 86.2 279 88.1 20.0 90.0

Range (84.0—88.7) (234—29.8) (849—89.8) (17.3—226) 90.0

NS—102  Aver. 89.7 306 89.0 25.0 90.0

Range (88.2—90.0) (284—325) (864—90.0) (24.3—30.0) 90.0

Sensitive DS5—522  Aver. 89.3 30.0 84.5 17.5 90.0
Range (87.3—90.0) (253—321) (820—852) (154—19.3) 90.0

GC—100 Aver. 88.0 29.0 89.0 200 90.0

Range (86.0—894) (274—32.1) (882—90.0) (164—224) 90.0

NS—~111  Aver. 86.4 305 88.7 20.0 90.0

Range (84.4—882) (288—317) (864—89.0) (13.7—24.3) 90.0

a) Diameter of mycelia(4 replicates) after incubation at 22C for 5 days on PDA

media containing PBO and TPP
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Table 7. Effect of the mixture treatment of procymidone-resistant isolates of Botrytis cinerea

on PDA media

Mycelial growth(mm)®

Funga}

solates P 5007 P500+ P010+ TPP10” Control
BT—300 Aver. 30.0 23.0 80.0
Range (27.2-32.0) (18.2—28.0) (79.0—81.0)
PC—122 Anver. 235 22.2 84.0
Range (20.0—25.8) (184—26.0) (83.0—86.0)
NS—102 Aver. 26.2 21.0 80.0
Range (24.8—28.0) (16.0—25.0) (78.0—82.0)
a) Diameter of mycelia(4 replicates) after incubation at 22T for 5 days on PDA media
b) Procymidone 500ppm.
¢) Procymidone 500ppm+PBO 10ppm+TPP 10ppm.
0]
CHas
CHs
OH
CHs
CHs
CHs
MW 428.66
HO C28H4403

Fig.1. Identified structure of sterol extracted from procymidone-resistant and sensitive isolates

of Botrytis cinerea by GC/MS.
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Table 8. Lipid content of procymidone-resis-
tant and sensitive isolates of Botrytis

cinerea

classification Fungal Lipid
isolates content( %)

Resistant BT-300  Aver® 124
Range (103—1.88)

FC—122  Aver. 111
Range (068—172)

NS—-102  Aver. 167
Range (122-200

Sensitive DS-522  Aver. 111
Range (064—130)

GC—100  Aver. 093
Range (060—120)

NS—-111  Aver. 098
Range (066—124)

a) . Average of 4 relicates

Peak area /100

- RAUF GO T (Botrytis cinerea) ) 7% Quialo =
LA ' F A F 7 Abake] QU= palmitic
acid?} 19.0%, stearic acid”} 3.8%, oleic acid’} 11.0%,
173 linoleic acid7} 164 % &3 <27 ATk gy
2 d% 23E linoleic acid7} 71y & zAu= w
%4, palmitic acid, oleic acid 712] I stearic acid ¢=o .52
A vEht ojde) AnEd de g4 By

38 EapA ko) o] N FF F3] Ao
Hgte] 22 S v, RuE upoo) gaw
ESPAEAL o] Z7hE W FAWE o)) oo
g 2 YL §2A7E 29l Hu,
A 240 Al okAle) FAWZ | o) ako)
LA HE Row daiA ok mapa Aupat
7 2 249 W} AL go) 8§ F(Botrytis
cinerea) 9] procymidone °FA AgA ME g0l
A& oz gz

8
&

e}
1o o

61.9
70 30.1
60 - 247 32 21.8
50 15.1
40 7.7
T 1 8 _
30 - 1219 3. e
20 - e 1. e
10 1-@ 0.@
o P — o
T I T T i T
BT-300 FC-122 NS-102 DS-522 GC-100 NS-111

Fungal isolates

B Stearic acid [N Oleic acid

] Paimitic acid

Linoleic acid

Fig.2. Contents of fatty acids isolated from procymidone-resistant and sensitive isolates of Botry-

tis cinerea.
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Table 9. Crude chitin and GIcNAc content of procymidone-resistant and sensitive isolates of

Botrytis cinerea

Fungal . GIcNACY
isolates Crude chitin® YT 18hes
Resistant BT-300 Aver.® 8743 0.31 0.53
Range (67.32—98.80) (0.28—0.40) (0.42—0.80)
FC—122 Aver. 97.47 0.17 0.51
Range (72.99—11040)  (0.10—0.28) (0.34—0.70)
NS—-102 Aver 97.79 0.15 0.39
Range (7354—119.31)  (0.09—021) (0.222—0.50)
Sensitive DS—522 Aver. 111.97 0.06 0.18
Range (88.34—13002)  (0.04—0.08) (0.09—0.29)
GC—100 Aver. 109.60 0.09 0.24
Range (8450—120.87)  (0.04—0.10) (0.14—0.40)
NS—111 Aver. 105.83 0.07 0.19
Range (73.88—119.00) (0.04—0.10) (0.10—0.24)

a) unit is mg/g
b) unit is mg/50mg
¢) Average of 4 replicates

7. ZF|EIE U 0|2 JirEafAE(GIlcNAc) &
Ect

27" g o]9) sl aiihEl GleNAc A4
2o Table 9 9 Zth

79 g3 A FF7) 97.79mg 2l 7
301 109.13mg 2.2 o] oF L1v) EA yelgtony,
ol& 24413t Bt ZtrEE AL o H4HE GlcNAc
FFe A #F7F 021mg 28 A4 0.07
mglo 2 AHado] 3 Ax BT 48413 Bt vl
il AHE dele ALY FF7F 2 048mg o197,
Hadol oF 02mgo 2 AgAde) 2n) o) watth =
719 mg? GleNAc A& 24N ol ALA
TF7F 007% 28 #45A4L 0.03% Fom, 484]3F
Foll= AgA 7371 0.16% 2 TFA0] 007% =
Aggel 2 ) ol wtrh 53 AP 053 BT-300
< 24 AN7F F GIcNAc B4 €] 012% 181 4847
Foll= 02% 2 71 gon, A4 4F F M
GC-100°] 719 7 GleNAc A o] 714 B3t
£, o] A2 Table 52] & Z54 o5 KB} A2

g w2 Aol TR ¢ Aoz B 4 gith

7)81-& N-acetyl glucosamine®] B-14 AL 3l
A tFFo YE0o 22X Oomyceles & TFE AT
A9 BE Fgole] Alxuof Sxjsty AEuW- 2R
g8 Aeor BEY AEE R33la AN FEHE
FABhE 8D oo = ok MEF F4 - o]
#do] gl Aow Rud v YJuP FARFY =
719 ek Agg gFdA dad TFel vEe

Chi A2 Wk, o]9] APEER! GleNAc FFe] 2v)
ol B2 ReF wFo] A Zd 2 U2GlcNAcst

trytis cinerea) ©] procymidone©l] th§h <A HPAL li-
pid #39] F71, fatty acid €9 71 £ =4 ¥}
222] 3 chitin®] ATEHR] GleNAc EF3e] B3HAA
aqld ofate AFEHUS Aoz AGHACh

¥ 8

YT ko)W (Botrytis cinerea) ] procymidone<k
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