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Effects of Organophosphorus Fungicides on Cutinase Activity and
Infection of Apple by Glomerella cingulata
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ABSTRACT : Effects of organophosphorus fungicides on cutinase activity from Glomerella cingulata
causing apple anthracnose and infection of apple were investigated. Diisopropylfluorophosphate
(DFP) inhibited the enzyme activity indicating that catalysis involves an active serine. In inhibition
of the enzyme activity by organophosphorus fungicides, Is, (molar concentration of fungicide at
which the enzyme activity is inhibited 50%) of Hinosan and Kitazin P were 26.3 uM and 427.7 uM,
respectively. At concentration of 107>*M DFP and organophosphorus fungicides, the infection
of G. cingulata was inhibited to 5% in comparison with 15% infection at the unwounded healthy
control, but increased to 30% when added with 1 mg/ml of cutinase. Mycelial growth was 36 mm
in colony diameter on the medium added with 10~*M of hinosan in comparison with 90 mm
of the untreated control, but was 90 mm on the medium added with 10~ M of kitazin P showing
lower inhibition than hinosan. The spore germination was more than 60% at all the concentrations
of both fungicides.

Key words : Glomerella cingulata, Diisopropylfluorophosphate (DFP) organophosphorus fungicides,
Isp, hinosan, kitazin P.
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Fig. 1. Inhibition of Glomerella cingulata cutinase acti-
vity with increasing concentrations of diisopropylfluo-
rophosphate (DFP) on p-nitrophenyl palmitate (PNP)

hydrolysis.
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Table 1. Cutinase inhibition by organophosphorus fu-
ngicides

Fungicide Chemical structure Lo* (M)
o
Hinosan [ 263
({2 —8),-P-0-C;H;
(0]
Kitazin P [I 4277

> —CHyS-P{OC:Hy),

2Is is the molar concentration of fungicides required
to caused 50% inhibition of the enzyme activity after
1hr incubation at 25°C.

Table 2. Effect of cutinase, wounding, hinosan, kitazin
P and diisopropylfluorophosphate (DFP) on the infec-
tion of apple fruits by Glomerella cingulata®

Treatment Concentration Infection (%)
Control - 15
Cutinase - 30
Wound - 98
Hinosan 107°M 15
107*M 13
1073M 5
Kitazin P 107°M 13
107*M 8
107*M 5
DFP 107°M 15
10°M 10
107*M 5

*Inoculated fruits were incubated for 7 days at 27°C.
®Mean of three replicates. Each replicate consists of
five fruits with twenty inoculation sites.
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Table 3. Mycelial growth and spore germination of
Glomerella cingulatza on PSA added with organophos-
phorus fungicides

Concen- Colony Germi-

Fungicide tration diameter nation
(mm)* (%)
Control - 90 100
Hinosan 10°M 9 95
107*M 36 84
107°M 18 60
Kitazin P 107°M % 98
107*M 90 95
107*M 45 85

2Colony diameter observed after incubation for 7days
at 27°C

"Percentage of germinated conidia obtained during the
period of 16 hr after incubation at 27°C.

274 &A% A3 Table 3), hinosan?] 107> Mol
Ae 2T #F3AAFHY 22 0mmE FAAEA
o] A=A ¢kgkor} 107*Mel Al 36 mmylem
107 Mol A= 18 mmE FAFYAe] A = et ki-
tazin P& 10 M3} 107*MelA 2% 90 mme] o
1073 Mol A= 45 mmE hinosanel] w¥]s}e] FALAAF
A He| Yiglr) Faputolgo] AL A7§ AL
A wiAel FAFFY EALEGYE HAHZ F L
Apolg-g A ZAITable 3), AH49 ZE ¥
EolA 60% olAte] Wols-g Ho] Eapdol oAy
o] ygir}. o]2lgt AP AITable 1~3)= #7104
AgrAlol o Wb e] A7l Eapitele] oA
28t el ofzEl, 7158 AYY o wAde] A
AF8HE cutinase®] E8A3sle] 23 Aoz Azpgc}
(2). °]2138t cutinase®] E-#/3l= DFPA el ot
E4Ee) 22 JReE /YA AFA Y A(P)
A H-o] cutinase] serinezt7]2} A¥Hsle cutinased
EZA = A2E AAEAHE). vk 71904
AbgAlol ofs) W4dqtol AJAFR cutinasert EEA
stg o2 7154l Al ZHEe] Eajr) G =
Hadge] 7R AgsA] XTFe R WyEe] 7
25 9S Helth =3 HFE YU AHAE cutinased
H7tg oA Zhe) o] Bafx o] B glde] £-0]35}7
715 W2 Adg gle] ulEe] ZFr1EE A
olc}, Koller 5(5)7 Maiti S-(11)}2 -§-7]204 <}
2]l & Fusarium solani {. sp. pisidll 21&¢ Pisum sati-
vum®| Ztge] AA =AUt 3k%l2 =, Dickman %
()& Colletotrichum gleosporiodes®l| 2]%} papaya&t#]
o] dAFH AU} & Ax o]z 7|2t 27



122 A FHe 3tz A 109 A 23, 1994

Aoz A7 gez WAR 4PE Fahd 4
AD 27126 B ALY Age] LW,

2 o

Al b AF Glomerella cingulata®l 2)8to]
QAR cutinase®] A el nHE 794
AAFA| 9] 98& =FAlsgrc).  Diisoprorpylfluoro-
phosphate(DFP)oll &3] &AgAo] AAlge] 9]
FA9 28717} serined-& 45 Sk {71<A
Aol 2%t cutinase®] A A EAZAHE
50% ZAaAl7]le=d BA3dE AdAl 9] kel I hino-
san°] 263uMo]Sl %, kitazin P 427.7 yMo| %t}
DFPs} 7|9l A AtAlel] 97t FA|752] L&
ZAM A 2] T ST I Eo] 15%°]
slov} DFP9} #7]QlAl AFAY 107°M AT
e 5%2 JAI=H ., cutinase 71 mg/ml)
£ 30%E F7HENACE FARAAE A 2ARA R
A2l #3737 90 mme} w)2s}ed hinosang 1074
M2 H7g Wi Aol A #FA 7] 36 mmA 2 ki-
tazin P& Z+& £ %ol4 90 mmE hinosandl] v]3}ed
AAHo] gk} 3k Eaptolg-L A ALEH
BE FxddA 60% o] 4S viehe] Eapdtol oA
o] ot

FHo2s

1. Dickman, M. B, Patil, S. S. and Kolattukudy, P.
E. 1983. Effect of organophososphorus pesticides on
cutinase activity and infection of papaya by Colleto-
trichum gloeosporioides. Phytopathology 72 :1209-1214.

2. Eto, M. 1974. Organophosphorus Pesticides. pp. 123-
231 In:Organic and Biological Chemistry. Chemical
Rubber Company Press. Inc, Clevland, OH.

3. ZA7E, olAL. 1992, Alst & HF Glomerella ci-
ngulatael] 2)% cutinase®] k3l AA. A=),
7(4) : 236-240.

4. Kolattukudy, P. E., Purdy, R. E. and Maiti, 1. B.
1981. Cutinase from fungi and pollen. Methods in
Enzymology 71 :652-664.

S. Koller, W., Allan, C. R. and Kolattukudy, P. E.
1982. Inhibition of cutinase and prevention of fu-
ngal infection of plant by organophosphorus pesti-
cides. Phytopathology 72 :1425-1430.

6. Koller, W. and Kolattukudy, P. E. 1982. Mechanism
of action of cutinase: Chemical modification of the
catalytic triad characteristic of serine hydrolases.
Biochemistry 21 : 3083-3090.

7. Krisch, K. 1971. The Enzymes (Boyer, T., ed), Vol. 5,
Academic Press, New York, 43p.

8. Kunoh, H. and Akai, S. 1969. Histochemical obser-
vation of the halo on the epidermal cell wall of
barley leaves attacked by Erysiphe graminis hordei
Mycopathol. Mycol. Appl 37:113-118.

9. Linskens, H. F. 1952. bber die nderung der benetz-
barkeit von blattoberflchen und ursache. Planta 41 :
40-51.

10. Lin, T. S. and Kolattukudy, P. E. 1978. Induction
of a biopolyester hydrolase (cutinase) by low levels
of cutin monomers in Fusarium solani f. sp. pisi
J. of Bacteriol. 133 :942-951.

11. Maiti, 1. and Kolattukudy, P. E. 1979. Pervention
of fungal infection of plants by specific inhibition
of cutinase. Science 205 : 507-508.

12. Martin, J. T. 1964. Role of cuticle in the defense
against plant disease. Annu. Rev. Phytopathol. 2 : 81-
100.

13. Mazliak, P. 1968. Chemistry of plant cuticule. In:
Progress in Phytochemistry, ed. by Reinhold, L., Liw-
schitz, Y. 1:49-111. London/New York/Sydney, Wi-
ley-Interscience.

14. McKeen, W. E. 1974. Mode of penetration of epide-
rmal cell walls of Vicia by Botrytis cinerea. Phytopa-
thology 64 :461-467.

15. Murray, G. M. and Maxwell, D. P. 1975. Penetra-
tion of Zea mays by Helminthosporium carbonum.
Can. J. Bot 53:2872-2883.

16. Nicholson, R. L., Kuc, J. and Williams, EB . 1972.
Histochemical demonstration of transitory esterase
activity in Ventria inaequalis. Phytopathology 62:
1242-1247.

17. Preece, T. F. and Dickinson, C. H. 1971. Ecology
of Leaf Surface Microorganism, especially Sect. 1:1-
4; 11:4-5; II1.:5-7, 13-14; V:1-10. London/New
York, Academic Press.

18. Purdy, R. E. and Kolattukudy, P. E. 1973. Depoly-
merization of a hydroxy fatty acid biopolymer, cu-
tin, by an extracellular enzyme from Fusarium so-
lani f. sp. pisi : Isolation and some properties of the
enzyme. Arch. Biochem. Biophys. 159 : 61-69.



