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Abstract

The enzymatic profiles of Beauveria bassiana (Bb), Metarihizium anisopliae (Ma), Verticillium lecanii (VI), and their subcultures
were studied by using the API ZYM system. Isolates all showed no reaction to substrates with B-glucuronidase, or cystein
aminopeptidase except for Ma (str. 195). All isolates showed little sctivity or were completely without activity to substrates with
lipase, trysin, chymotrysin, a-glucosidase, ora-fucosidase. However, Bb Ho 42 reacted strongly to substrate with a-mannosidase.
Both isolates of M. anisopliae (strs. 194 and 195) reacted strongly to substrates with leucine aminopeptidase, acid phosphatase,
phosphoamidase, orp-glucosaminidase. Additionally, M. anisopliae str. 194 reacted strongly to the substrates with esterase (C4), or
esterase lipase, while M. anisoplaie str. 195 moderately reacted to the substrates with B-glucosidase. Results showed that the
enzymatic activity of B. bassiana against substrates with phosphatase alkaline, leucine aminopeptidase, a-galactodase, ora-
galactodase declined after serial passages from subcultures of Ho. 212 F3 to F9. V. lecanii exhibited the tendency of declining
activity against substrates with leucine aminopeptidase, valine aminopeptidase, phosphosamidase, B-glucosidase, orp-
glucosaminidase from subcultures of F4 to F6. On the other hand, the reaction to the substrate with phosphatase alkline increased.
The results of this study indicate that API ZYM techniques provide a rapid and reproducible semi-quantitative method for revealing
enzymatic activity.
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ABSTRACT

The enzymatic profiles of Beauveria bassiana (Bb), Metarihizium anisopliae
(Ma), Verticillium lecanii (V1), and their subcultures were studied by using the
API ZYM system. Isolates all showed no reaction to substrates with
B-glucuronidase, or cystein aminopeptidase except for Ma (str. 195). All isolates
showed little activity or were completely without activity to substrates with
lipase, trysin, chymotrysin, a-glucosidase, or a-fucosidase. However, Bb Ho 42
reacted strongly to substrate with a-mannosidase.

Both isolates of M. anisopliae (strs. 194 and 195) reacted strongly to
substrates with leucine aminopeptidase, acid phosphatase, phosphoamidase, or f-
glucosaminidase. Additionally, M. anisoplice str. 194 reacted strongly to the
substrates with esterase (C.), or esterase lipase, while M. anisoplaie str. 195
moderately reacted to the substrates with f-glucosidase.

Results showed that the enzymatic activity of B. bassiana against substrates
with phosphatase alkaline, leucine aminopeptidase, a-galactodase, or a-galacto-
dase declined after serial passages from subcultures of Ho. 212 F; to Fo. V.
lecanii exhibited the tendency of declining activity against substrates with
leucine aminopeptidase, valine aminopeptidase, phosphosamidase, f-glucosidase,
or p-glucosaminidase from subcultures of F, to Fs On the other hand, the
reaction to the substrate with phosphatase alkline increased. The results of this
study indicate that API ZYM techniques provide a rapid and reproducible
semi-quantitative method for revealing enzymatic activity.

Key words: Beauveria bassiana, Metarhizium anisopliae, Verticillium lecanii, API
ZYM.

Introduction na, Metarhizium anisoplice, and Ver-

Fungal diseases in insects are com-
mon and widespread, and may cause the
collapse of insect populations under pro-
per weather conditions. Among the en-
tomopathogenic fungi, Beauveria bassia-

ticillium lecanii are presently being stu-
died extensively for their developement in
insect pest control. Previous studies have
demonstrated that extracellular enzymes
or secondary metabolites secreted by
entomopathogens play an important role
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in the pathogenicity toward insects (Ha-
jek and St. Leger, 1994). Hsiao and
Khachatourians (1997) and St. Leger et
al. (1986) have used API ZYM to deter-
mine enzymatic profiles and found it to be
a rapid and reproducible method for
revealing enzymatic activity differences
of fungal isolates and UV-induced mu-
tants. Therefore, in this study, the API
ZYM system was employed to determine
enzymatic activities of B. bassiana, M.
anisopliae, and V. lecanii either in stock
culture or after a series of subcultures.

The fungal isolates, Beauveria bassia-
na (Cols. 41, 42 and Ho. 212), Meta-
rhizium anisopliae (strs. 194, 195), and
Verticilium lecanii (Ho. 159), were ob-
tained from Professor S. S. Tzeng
(National Taiwan Unversity, Taiwan).
These 3 isolates were cultured on YPDA
medium and incubated at 25°C (12L: 12D)
for 7d; the harvested conidia were sus-
pended in 0.05% Tween 80 at a concentra-
tion of 10" conidia / ml, and stored in a
refrigerator at 4°C before use. A series of
subcultures of B. bassiana (Ho. 212) and
V. lecanii (Ho. 159) were also tested for
their enzymatic activity changes.

To determine the enzymatic activity,
the API ZYM gallery was placed in a
tray, supplemented with ca. 5 ml distilled
water to provide a humid atmosphere, and
100 ul of spore suspension was pipetted in
each cupule of the gallery, respectively.
After inoculation, the tray was covered
with a plastic lid, and incubated at 25°C
for 3d. After incubation, 1 drop of each of
reagent ZYM A and reagent ZYM B were
individually added to each cupules respec-
tively. After 5 min, the color developed
and then was compared with the co-
lorchart. A value reading ranging from 0
to 5 was assigned corresponding to the
color developed according to the color
chart. Zero corresponds to a negative
reaction, and 5 to a maximum reaction,
and values 1-4 represent intermediate
reactions.

Tabel 1 shows the enzymatic profiles
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of the tested entomopathogens. All iso-
lates showed no reaction to substrates
with f-glucuronidase, or cystein aminope-
ptidase except Ma (str. 195). Isolates
were only a little active or completely
inactive to substrates with lipase, cystei-
ne aminopeptidase, trysin, chymotrysin, o-
glucosidase, or a-fucosidase. Bb Col. 42 is
the only isolate which reacted strongly to
substrate with x-mannosidase.

Both isolates of M. anisopliae (strs.
194 and 195) showed strong reactions to
substrates with leucine aminopeptidase,
phosphatase acid, phosphoamidase, or f-gl
ucosaminidase. Besides, M. anisopliae str.
194 reacted strongly to substrates with
esterase (C.), esterase lipase, or f-glucos
idase, while M. anisopliae str. 195 reacted
moderately to the above substrates.

The activity of subculture F, of B.
bassiana started to decline to substrates
with phosphatase alkaline, leucine amino-
peptidase, a-galactosidase, or f-galactosid
ase. Likewise, subculture Fs of Ver-
ticillium lecanii started to decline for
substrates with leucine aminopeptidase,
valine aminopeptidase, phosphoamidase,
p-glucosidase, or pB-glucosaminidase. On
the contrary, the activity of V. lecanii to
the substrate of phosphatase alkaline has
increased.

The API ZYM pattern of M. ani-
sopliae differed from that of the other
entomopathogenic species with respect to
higher activity against both caprylate
and 6-Br-2-naphtyl-D-glucopyranoside.
The result differed from that of St. Leger
et al. (1986), and needs futher study.

The results of this study indicate that
the API ZYM techniques provide a rapid
and reproducible semi-quantitative me-
thod for revealing enzymatic activity of
different isolates of entomopathogenic
fungi. St. Leger et al. (1986) indicated
that API ZYM might potentially be used
to identify and characterize isolates pa-
tented for commercial products. In this
study, API ZYM also documented fluctu-
ations of enzymatic activities between



Table 1. Enzymatic activities of isolates of 3 entomopathogenic fungi revealed by the APl ZYM systemb,

Isolates 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
B. bassiana
Ho 41 o 3 2 1 0 3 1 O O O 2 3 0O 4 0 1 3 4 0 <1
Ho 42 o0 3 3 1 0 3-1 0 O O 3 3 <14 0 1 3 4 5 <1
Ho 212 F.® 0 3 2 3 <11%X10 0 0 3 3 <12 0 0 3 3 <10
Ho 212 F@ 0 1 2 3 <1<<1<<1t 0 O O 3 3 <12 0 0 3 3 <10
Ho 212 F,@ 0 1 3 3 <10 <10 O0X<13 3 0IX<1 0 0 3 38 <10
M. anisopliae
str. 194 0 2 4 5 0 5 <1 0 <11 5 4 <1<1 0 0 5 4 <10
str. 195 0 1 3 3 1 5 1 1 <10 5 5 <1<1 0 3 4 <1 K1
V. lecanii Ho 159
Fe 0 2 3 3 1 5 2 0 1 <15 3 0 <10 0 3 3 1 <1
F;@ o 3 38 3 0 1 0 O O O 5 3 1 <10 0O 3 3 0 O
Fgl 0 4 3 3 0 <10 0O 0 O 4 <1 0 <10 O 1 2 0 O

@ A series of cultures from the stock culture; Fs is subcultured 3 times.

b Tests: (1)control, (2) phosphatase alkaline, (3) esterase (C.), (4) esterase lipase (Cs), (5) lipase (Cu), (6)
leucine aminopeptidase, (7) valineamino-peptidase, (8) cysteineaminopeptidase,(9) trypsin, (10) chymotry-
psin, (11) phosphatase acid, (12) phosphoamidase, (13) o-galactosidase, (14) pf-galactosidase, (15)
B-glucuronidase, (16) o-glucosidase, (17) p-glucosidase, (18) B-glucosaminidase, (19) c-mannosidase, (20)
a-fucosidase. Number value from 0 to 5 indicates increasing color intensity.

parent strains and serial subcultures off-
spring of entomopathogens.
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