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Abstract

The enzymatic profiles and enzyme secretion time series of protease and lipase of two entomopathogenic fungi, Beauveria
bassiana and Verticillium lecanii were studied using an API ZYM system and culture media. The diameter of the hydrolytic zone
when both fungi were cultured with two media below 300C was larger than these of fungi cultured at the remaining temperatures7
days later. In the in vitro test, these two fungi were able to produce protease and lipase at the tested temperatures, except at 350C.
None of the isolates showed any reaction to substrates with B-glucuronidase. All isolates showed little activity or were completely
without activity to substrates with valine aminopeptidase, cysteine aminopeptidaes, trypsin, a-galactosidase, a-glucosidase, and a-
mannosidase. Three isolates of B. bassiana (35502, 35517, and HO212) showed moderate activity to substrates of esterase, esterase
lipase, lipase, acid phosphatase, phosphoamidase, f-glucosidase, and B-glucosaminidase. Two isolates of V. lecanii (35548 and
35556) showed moderate activity to substrates of alkaline phosphatase, acid phosphatase, phosphoamidase, 3-glucosidase, and o-
fucosidase. Among them, B. bassiana isolate 35502 showed stronger reactions to the substrates of alkaline phosphatase, acid
phosphatase, phosphoamidase, B-glucosidase and a-fucosidase than did the other two B. bassiana isolates that reached a category
of four. Results suggest that these two entomopathogenic fungi produce extracellular enzymes, e.g. esterase, lipase, acid
phosphatase, phosphoamidase, and chitinasem, during their spore germination period. In the enzyme secretion series conducted
with B. bassiana, glucosidase and glucosaminidase appeared on day 2 to digest the carbohydrate. Meanwhile, phosphatase and
phosphoamidase appeared on day 2 to digest the protein. The results of these studies indicate that the API ZYM technique
provides a rapid and reproducible semiquantitative method for revealing the enzymatic activity and secretion time series.
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Table 1.

Enzymatic activities of the two entomopathogenic fungi detected by solid culture medium

Diameter of hydrolytic ring

Diameter of the hydrolytic ring

Isolate by Protease (mm) by lipase (mm)
20°C 25°C 30°C 35°C 20°C 25°C 30°C 35°C
Beauveria bassiana
35517 16.0c? 18.5a 23.0b 13.5¢ 34.0c 31.0a 34.0a 0.0a
35502 17.5¢ 24.5b 20.5a 0.0a 28.0a 31.0a 43.0b 0.0a
H0212 11.0b 27.0c 31.0c 9.0b 36.0d 36.0b 44.0b 0.0a
Verticillium lecanii
35548 1.00a 3.00d 3.70e 15.5d 30.0b 39.0c 49.0d 22.0c
35556 0.90a 3.00d 3.50d 16.5d 34.0c 40.0c 47.0c 19.0b

U Means within a column followed by the same letter do not significantly differ at the 5% level according to

Duncan’s multiple range test.
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Table 2. Enzymatic activities of the two entomopathogenic fungi analyzed by the AP1 ZYM system

Isolates
No. Substrate Enzyme Beauveria bassiana Vertlctll%ftm

lecanii

35517 35502 HO0212 35548 35556
1. Control 0 0 0 0 0
2. 2-Naphtyl-phosphate Alkaline phosphatase 0 4 <1 2 4
3. 2-Naphtyl-butyrate Esterase (C,) 2 2 2 <1 <1
4. 2-Naphtyl-caprylate Esterase lipase (Cy) 2 3 3 1 1
5. 2-Naphtyl-myristate Lipase (C,,) 2 2 1 <1 <1
6. L-Leucyl-2-naphtylamide Leucine aminopeptidase 0 1 0 2 <1
7. L-Valyl-2-naphtylamide Valine aminopeptidase 0 1 <1 <1 0
8. L-Cystyl-2-naphtylamide Cystine aminopeptidase <1 1 <1 1 <1
9. N-Benzoyl-DL-arginine-2-naphtylamide Trypsin 0 1 0 <1 0
10. N-Glutaryl-phenylalanine-2-naphtylamide ~Chymotrypsin 0 1 <1 1 2
11. 2-Naphtyl-phosphate Acid phosphatase 2 5 3 5 5
12. Naphtol-AS-Bl-phosphate Phosphoamidase 2 5 1 3 3
13. 6-Br-2-naphtyl-aD-galactopyranoside a-Galactosidase 0 0 0 0 1
14. 2-Naphtyl-D-galactopyranoside p-Galactosidase 1 3 1 3 1
15. Naphtol-AS-Bl-pD-glucuronide p-Glucuronidase 0 0 0 0 0
16. 2-Naphtyl-oD-glucopyranoside a-Glucosidase 0 0 0 1 <1
17. 6-Br-2-naphtyl-pD-glucopyranoside S-Glucosidase 3 4 2 4 4
18. 1-Naphtyl-N-acetyl-BD-glucosaminide f-Glucosaminidase 4 4 4 4 2
19. 6-Br-2-naphtyl-aD-mannopyranoside a-Mannosidase 0 0 0 <1 <1
20. 2-Naphtyl-aL-fucopyranoside a-Fucosidase 0 4 0 2 2
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Table 3. Enzymatic activities of B. bassiana 35502 analyzed by the APl ZYM system

Activity (d)

No. Substrate Enzyme

2 4 6
1. Control 0 0 0
2. 2-Naphtyl-phosphate Alkaline phosphatase 2 2 2
3. 2-Naphtyl-butyrate Esterase (C,) 2 2 2
4.  2-Naphtyl-caprylate Esterase lipase (Cy) 1 2 2
5. 2-Naphtyl-myristate Lipase (C,,) 0 0 1
6. L-Leucyl-2-naphtylamide Leucine aminopeptidase <1 <1 <1
7.  L-Valyl-2-naphtylamide Valine aminopeptidase 0 <1 <1
8.  L-Cystyl-2-naphtylamide Cystine aminopeptidase 0 <1 <1
9.  N-Benzoyl-DL-arginine-2-naphtylamide Trypsin 0 <1 <1
10. N-Glutaryl-phenylalanine-2-naphtylamide Chymotrypsin <1 <1 <1
11.  2-Naphtyl-phosphate Acid phosphatase 4 5 4
12.  Naphtol-AS-Bl-phosphate Phosphoamidase 4 5 4
13.  6-Br-2-naphtyl-aD-galactopyranoside a-Galactosidase 0 0 0
14.  2-Naphtyl-pD-galactopyranoside p-Galactosidase 1 2 2
15.  Naphtol-AS-Bl-BD-glucuronide S-Glucuronidase 0 0 0
16.  2-Naphtyl-aD-glucopyranoside a-Glucosidase 0 0 0
17.  6-Br-2-naphtyl-BD-glucopyranoside S-Glucosidase 3 3 3
18.  1-Naphtyl-N-acetyl-pD-glucosaminide S-Glucosaminidase 3 4 4
19.  6-Br-2-naphtyl-oD-mannopyranoside a-Mannosidase 0 0 0
20. 2-Naphtyl-oL-fucopyranoside a-Fucosidase 0 2 3
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Appendix.

List of entomopathogenic fungi isolates used in this study

Isolate Scientific name Host insect Source Contributor

35517 Beauveria bassiana  Plutella xylostelle Taichung Bioresource Collection and Research Center
35502 Beauveria bassiana  Elephant beetle = Kaohsiung  Bioresource Collection and Research Center
HO0212 Beauveria bassiana ~ Homoptera Taipei National Taiwan University

35548  Verticillium lecanii  Homoptera Hualien Bioresource Collection and Research Center
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Enzymatic Characterization of Two Entomopathogenic Fungi
with the API ZYM System and Their Secretion Time Series

Chiao-Chih Chien, and Wen-Feng Hsiao Department of Bioresources and Plant Protection, National Chiayi
University, Chiayi 600, Taiwan, ROC

Ping-Lin Ong* Department of Molecular Biology and Biochemistry, National Chiayi University, Chiayi 600, Taiwan,
ROC

ABSTRACT

The enzymatic profiles and enzyme secretion time series of protease and
lipase of two entomopathogenic fungi, Beauveria bassiana and Verticillium
lecanii were studied using an API ZYM system and culture media. The
diameter of the hydrolytic zone when both fungi were cultured with two
media below 30°C was larger than these of fungi cultured at the remaining
temperatures7 days later. In the in vitro test, these two fungi were able to
produce protease and lipase at the tested temperatures, except at 35°C. None
of the isolates showed any reaction to substrates with g-glucuronidase. All
isolates showed little activity or were completely without activity to
substrates with valine aminopeptidase, cysteine aminopeptidaes, trypsin,
o-galactosidase, a-glucosidase, and «a-mannosidase. Three isolates of B.
bassiana (35502, 35517, and HO212) showed moderate activity to substrates
of esterase, esterase lipase, lipase, acid phosphatase, phosphoamidase,
p-glucosidase, and pS-glucosaminidase. Two isolates of V. lecanii (35548 and
35556) showed moderate activity to substrates of alkaline phosphatase, acid
phosphatase, phosphoamidase, f-glucosidase, and a-fucosidase. Among them,
B. bassiana isolate 35502 showed stronger reactions to the substrates of
alkaline phosphatase, acid phosphatase, phosphoamidase, B-glucosidase and
a-fucosidase than did the other two B. bassiana isolates that reached a
category of four. Results suggest that these two entomopathogenic fungi
produce extracellular enzymes, e.g., esterase, lipase, acid phosphatase,
phosphoamidase, and chitinasem, during their spore germination period. In
the enzyme secretion series conducted with B. bassiana, glucosidase and
glucosaminidase appeared on day 2 to digest the carbohydrate. Meanwhile,
phosphatase and phosphoamidase appeared on day 2 to digest the protein.
The results of these studies indicate that the API ZYM technique provides a
rapid and reproducible semiquantitative method for revealing the enzymatic
activity and secretion time series.
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