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Abstract

An entomopathogenic fungus, Metarhizium guizhouense, used as biological control agent
for insect pests. The phenotypic (mycelial growth and sporulation) and metabolic properties
(enzyme production and virulence) of M. guizhouense PSUMO02 and PSUMO04 were compared after
successive subcultures on an artificial medium (5 or 10 cycles), and after passages through larvae
of an insect host, Corcyra cephalonica (3, 5 or 7 cycles). The mycelial growth rates were not
significantly affected, with the exceptions of PSUMO02 subcultured 10 times and PSUMO04
subcultured 5 times, both of which had slightly reduced mycelial growth rates. Passages through an
insect host gave the highest spore production, similar to the original fungal culture, while
subculturing on an artificial medium reduced spore production several fold. Only after 5 and 7
passages through an insect host did PSUMO02 have chitinase activity, while with other treatments
(including no treatment of the original fungal culture) it had no chitinase activity. Successive
subculturing of M. guizhouense PSUMO02 and PSUMO04 on an artificial medium for 10 cycles
decreased the virulence of the fungus compared to the original culture, while passages through an
insect hosts increased the virulence. The results indicate that the virulence of M. guizhouense
PSUMO02 and PSUMO04 passages through an insect host for 3 times suitable for restoring the
phenotypic and metabolic properties for biological control agent in insect pest control.
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Introduction

Metarhizium guizhouense Q.T. Chen & H.L. Guo is an entomopathogenic fungus belonging
to the M. anisopliae complex (Bischoff et al. 2009). This fungal species is closely related to
currently recognized varieties of M. anisopliae as well as to M. pingshaense and to M. taii
(Bischoff et al. 2009). Some species of Metarhizium are commonly used to control various insect
pests of plants and livestock (Boucias & Pendland 1998), and they have potential for use against
hemipteran (Geng & Zhang 2004), lepidopteran (Loc & Chi 2007, Balachander et al. 2012,
Petlamul & Prasertsan 2012), coleopteran (Lui & Bauer 2006, Khashaveh et al. 2011), dipteran
insects (Jonason et al. 2005, Yousef et al. 2013, Thaochan & Ngampongsai 2015), and mite pests
(Wekesa et al. 2005, Tavassoli et al. 2011).

One major problem in using entomopathogenic fungi is their variation in pathogenesis and
virulence. Some strains lose their virulence after subculturing and passages through artificial media,
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and such cultivation in artificial media causes phenotypic alterations associated with degeneration
of the cultures (Song & Feng 2011). The phenotypic alterations include changes in spore color,
sporulation, mycelial growth, and colony morphology. Fungal properties such as sporulation,
enzyme activity and virulence are important in the use of entomopathogenic fungi; however, these
can degenerate with culturing on an artificial medium (Butt et al. 2006).

Successive subculturing on an artificial medium is known to reduce the virulence of
entomopathogenic fungi (Frazzon et al. 2000, Shah et al. 2005, Butt et al. 2006). Some strains lose
their virulence after one or two cycles of subculturing while others can be subcultured more than
10 cycles before their virulence declines (Brownbridge et al. 2001, Vandenberg & Cantone 2004).
Re-inoculation of the fungus in a suitable insect host may improve or restore the virulence
properties (Brownbridge et al. 2001, Vandenberg & Cantone 2004, Adames et al. 2011, Song &
Feng 2011).

Rice moth, Corcyra cephalonica Stainton (Lepidoptera; Pyralidae), is an important insect
pest of stored rice, bean, corn and some grains (Jagadish et al. 2009), and the eggs of this insect are
used in laboratories to feed its natural enemies, such as Trichogramma sp. and lacewing (Parra et
al. 1991).

The aim of this research was to assess the effects of subculturing in an artificial media, and
passaging through rice moth larvae, C. cephalonica, on the key pest control characteristics of the
M. guizhouense fungus. The observed characteristics were mycelial growth, sporulation, enzyme
production and virulence.

Materials and Methods

Fungal strains and conidia preparation

Two Metarhizium guizhouense isolates, PSUM02 and PSUMO04, were obtained from the
National Biological Control Research Center, Southern Region, Faculty of Natural Resources,
Prince of Songkla University, Hat Yai, Thailand. These had been isolated from insect cadavers of
Tibicen sp. (Hemiptera: Cicadidae) and Brontispa longissima Gestro (Coleoptera: Chrysomelidae).
The fungal isolates were confirmed by PCR amplification and sequencing of the elongation factor-
1 alpha (EF-la) gene (Bidochka et al. 2001, Bidochka et al. 2005), and comparison to the
Metarhizium species in the GenBank database (accession numbers AB981657 and AB981658 are
now assigned to PSUMO02 and PSUMO4). The stock culture was maintained on Sabouraud dextrose
agar plus 2% of yeast extract (SDAY) at 4°C until use.

Repeated subculturing on artificial medium

M. guizhouense PSUMO02 and PSUMO04 were grown on SDAY at 28.0 + 2.0°C until
sporulation (14 days). The conidia were harvested from the SDAY plates by scarping with a loop,
and sub-cultured to fresh SDAY plates. This multi-spore in vitro transfer was repeated for 5 and 10
sub-cultures. The fungi from each of these two treatments, labeled as “Sub5” and “Sub10” were
kept on similar medium in an incubator at 28.0 £ 2.0°C until use in experiments.

Passaging through an insect host

Conidia suspensions (1x10° conidia/ml) were prepared from the original stock cultures of M.
guizhouense PSUMO02 and PSUMOA4. Six instar larvae of C. cephalonica were dipped in the conidia
suspension for one min, and allowed to dry on sterile paper towels, then placed in clean Petri dishes
with sterile filter paper (Whatman® #1) and incubated at 28.0 + 2.0°C, 70-90% RH and 12 : 12
(light : dark). The conidia from cadavers were harvested by scraping with a loop, suspended in
0.1% (w/v) Tween 80, and used to inoculate (1x10° conidia/ml) additional insects. This insect
passage was repeated 3, 5 and 7 times. The fungi from each treatment, labeled as “In3”, “In5” and
“In7”, were kept on similar medium in an incubator at 28.0 + 2.0°C until use in experiments.
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Fig. 1 — Colonial and conidial morphology of initial stock of Metarhizium guizhouense PSUMO02
(A and C) and PSUMO04 (B and D) on SDAY medium at 20 days. M. guizhouense PSUMO?2 is flat
colony, smooth mycelial and conidial mass like a mat with a light green color. M. guizhouense
PSUMO04 is flat colony, smooth mycelial and zonation of conidia mass with dark green color. Scale
bar = 10 pum.

Mycelial growth and spore production

The effects of the treatments on M. guizhouense PSUMO02 and PSUMO04 mycelial growth
and spore production were assessed by comparison with the original stock. Spore suspensions (0.1
ml of 1x10® spore/ml) were spread on SDAY plates, and incubated at previously described
conditions for three days to obtain mycelial mats. Unsporulated mycelial mat samples were cut
from the culture plates using a 7 mm diameter cork borer. Each agar plug was then transferred onto
the center of a fresh 90 mm diameter SDAY agar plate, and incubated similarly as before. Radial
growth (in mm) was recorded at five day intervals for up to 20 days, by measuring two cardinal
diameters along orthogonal axes pre-drawn on the bottom of each plate.

To assess spore production, treated or original stock was washed with 100 ml sterile distilled
water (with 0.01% (w/v) Tween 80) and spread on a SDAY plate. The spore density in suspension
was counted at 5, 10, 15 and 20 days, using a hemocytometer under a compound microscope.

Chitinase production assay

Colloidal chitin preparation

Ten grams of commercial chitin from shrimp shell powder (Sigma, No. C7170) was added
to 100 ml of 85% phosphoric acid, and held at 4°C for 24 h. Thereafter, two liters of tap water was
added. The liquid was separated from the gelatinous white material by filtration through filter
paper, and the filter cake was washed with tap water until the filtrate had a pH of 6.5. The colloidal
chitin obtained had a soft, pasty consistency and 90-95% moisture.
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Table 1 The mycelial growth rates (mm/day) of M. guizhouense PSUMO02 and PSUMO04 repeatedly
passaged through C. cephalonica larvae or serially subcultured on artificial media after inoculation
on SDAY media. Refer to the Materials and Methods section for details of the M. guizhouense
PSUMO02 and PSUMO04 treatments.

Radius growth rate (mm/day)?

Fungal isolate  Treatment! Slope (£ SD)
Day 5 Day 10 Day 15 Day 20

Stock 49+0.1a 45%0.1a 46+0.1a 3.9+0.0a -0.31 + 0.04bcd
Sub5 45+0.1d 4.0+£0.0b 3.9+0.1c 3.5+0.1b -0.31 + 0.05bcd

PSUMO02 Sub10 4.6 +0.1cd 41+0.1b 39+02c 35+0.1b -0.34 £ 0.06abcd
In3 49+0.2ab 46+0.1a 4.5+0.0a 4.0+0.0a -0.28 £ 0.05cd
In5 4.9+0.1ab 45+0.1a 45+0.0a 39+0.1a -0.29 + 0.03cd
In7 4.6 +0.1cd 4.1+0.1b 41+0.1b 3.8+0.1a -0.26 +0.04d
Stock 4.6 £0.1bcd 3.9+0.1b 3.6+0.1d 3.5+0.0b -0.39 £ 0.04ab
Sub5 4.7 +0.1abcd 4.0+0.0b 3.8+0.1cd 35+0.1b -0.37 + 0.05abc

PSUMO04 Sub10 4.7 £ 0.1abcd 40+0.1b 3.8+0.1cd 35+0.1b -0.40 £ 0.05ab
In3 4.7 £ 0.1abcd 41+0.1b 3.8+0.1c 34+0.1b -0.39 + 0.02ab
In5 4.7 £0.1abc 41+0.1b 3.8+0.0cd 34+0.1b -0.42 £0.04a
In7 4.7 £ 0.1abc 4.0+0.1b 3.8+0.1cd 3.5+0.2b -0.41 +0.03a

Sub5 = subculture on SDAY plates 5 times; Sub10 = subculture on SDAY plates 10 times; In3 = infected through an
insect 3 times; In5 = infected through an insect 5 times; and In7 = infected through an insect 7 times. Stock = initial
stock culture.

’Numbers are mean + SD. Different letters within a column indicate statistically significant differences at P<0.01,
according to Tukey's HSD test.

Fungal preparation and chitinase production assay

For in-vitro chitinolytic enzyme plate assays, treated and control spore suspensions (0.1 ml
of 1x10° spore/ml) were spread on SDAY plates and incubated in dark for three days at 28.0 +
2.0°C to obtain mycelial mats. Four unsporulated mycelial mat samples were then cut from the
culture plates using a seven mm diameter cork borer. Each agar plug was then transferred onto the
center of a fresh 90 mm diameter plate of SDAY plus 2% (w/v) colloidal chitin, and incubated at
the conditions described above. Enzyme production was determined after five days by staining the
gel with 0.1% (w/v) of Congo Red solution for 30 min followed by washing with 1 N NaCl. The
enzyme production was assigned an enzymatic index by dividing the total diameter (in mm) of the
colony plus halo by the diameter of the colony. The presence of a clear zone, a halo around the
colony, was an indicator of chitinase production, with a larger halo corresponding to higher
activity, and an enzymatic index value > 1.0 indicated activity (St. Leger et al. 1997).

Protease production assay

Three-day-old unsporulated mycelial mats from each treatment were each transferred onto
the center of a fresh SDAY plus 3% (w/v) skim milk powder, and incubated similarly as in the
chitinase assay. The presence of a clear zone (in mm) was an indicator of protease production, and
the enzymatic index was based on observations at five days of incubation, the calculations
following St. Leger et al. (1997).

M. guizhouense virulence on C. cephalonica larvae assays
Ten larvae were used per treatment, and their live/dead statuses were observed over time
after exposure. Spore suspensions of treated and original stock cultures were set up with 1x10°
spore/ml in sterile distilled water with 0.01% (w/v) Tween 80. Ten 6" instar C. cephalonica larvae
were dipped into each spore suspension for one min, transferred onto sterile towel paper, and when
completely dry they were placed in clean clear plastic boxes (10x10x10 cm) with a hole on the lid
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for air ventilation. The rearing conditions were 28.0 + 2.0°C, 70-90% RH, and 12 : 12 (light : dark).
The live/dead statuses of the larvae were observed and recorded daily. Each dead larva was placed
on moist filter paper (Whatmann® #1) in a sterile Petri dish, where the emergence of fungal hyphae
and conidia were observed. For each treatment, the mortality experiment with ten larvae was
replicated ten times.

Statistical analyses

A total of 12 treatments were compared by analysis of variance (ANOVA) for their effects
on mycelia growth, sporulation, chitinase and protease productions, and the virulence on C.
cephalonica larvae. For each of the fungi, M. guizhouense PSUMO02 and PSUMO04, the six
treatments corresponded to the following: control “Stock”; samples repeatedly passaged through C.
cephalonica larvae, “In3”, “In5”, and “In7”; and samples that had been repeatedly subcultured,
“Sub5” and “Subl10”.

The assays for mycelia growth, sporulation, and the two enzyme productions each had four
replicates, and the virulence of the fungi on C. cephalonica larvae was replicated ten times (each
replicate using ten larvae per treatment group). For each fungal treatment, the average survival time
(AST) with 95% confidence limits of infected C. cephalonica larval population was calculated by
Kaplan-Meier survival analysis from the mortality percentages recorded each day after inoculation.
These results were compared using ANOVA, and the mean results of each treatment group were
compared using the Tukey's Honestly Significant Difference test (o = 0.05). Regression analysis
was used for correlation assessments. The analyses were carried out using the SPSS 11.0 program
for Windows (SPSS, 2001).

Results

Colony morphology

The two strains of M. guizhouense, PSUMO02 and PSUMO04, differed in their mycelia and
sporulation patterns on culture media (Fig. 1). Treated PSUMO2 colonies were flat and the conidia
were mat-like and light green in color, with all passaging or subculturing treatments. Interestingly,
passage for 7 times through the insect host caused a yellow tint in the culture medium. Treated
PSUMO04 had similar colony morphology with flat and smooth mycelia, but with concentric dark
green conidia, and it did not discolor the culture medium.

Mycelial growth and spore production

The mycelial growth rates of the treated and control M. guizhouense PSUMO02 and
PSUMO04, observed at five day intervals, are shown in Table 1. Stock PSUMO02 had a high mycelial
growth rate by day 5 with 4.9 £ 0.1 mm/day. At 10, 15 and 20 days, the mycelial growth rates were
similar across the fungal isolates and treatments. At the last observation day (20 days) the growth
rate slightly decreased in all cases. As a general trend, the data suggest that successive subculturing
weakens mycelia growth relative to the initial stock for PSUMO02, while repeated passaging through
an insect host slightly increases or restores it. In contrast, the treatment effects on growth of
PSUMO4 were negligible. These observations were checked from linear regression slopes, showing
that successive subculturing significantly decreased the growth rate of PSUMO02 (F = 8.29; df = 11,
48; P<0.01), even though the difference was less than 10%. The mycelial growth rate of PSUMO04
was indeed not significantly affected by the treatments.

The spore production is graphically illustrated in Figure 1. M. guizhouense PSUMO2 (Fig.
3A) had two clearly distinct groups, with its passage through an insect host 3 and 5 times matching
stock/control in high spore production relative to the other treatments. The peak spore production in
all cases occurred at 20 days after inoculation, and the highest value was 2.23 + 0.08 x 10" spore/m
for the stock culture. Treatment by subculturing 5 times on an artificial medium gave the lowest
spore production on day 20, with the 4.52 + 1.1 x 10° spore/ml being about five times lower than
the control (F = 14.48; df = 5, 24; P<0.05).
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The spore morphologies of the PSUMO04 isolates were similar across the treatments (Fig.
3B); however, the levels of spore production differed between treatments. Unlike PSUMO02,
PSUMO04 spore production was low until day 20. On day 20 the spore production of the
stock/control and the fungi that had been passaged through insects were significantly higher (F =
29.29; df = 5, 24; P<0.05) than those of the subcultured fungi. The peak spore production of the
PSUMO04 stock culture on day 20 (6.91 + 2.27 x 10" spore/ml) was approximately 7.3 (resp. 6.3)
folds relative to the spore production of PSUMO04 subcultured 5 times (9.49 + 0.22 x 10° spore/ml)
(resp. 10 times, 1.09 + 0.11 x 10" spore/ml).

Chitinase and protease production

The enzymatic activities of treated and control M. guizhouense PSUMO02 and PSUMO04 are
shown in Fig. 4. The PSUMO2 had mostly no chitinase production, except when it was passed 5 or
7 times through an insect host, resulting in the enzymatic indexes 1.21 + 0.00 and 1.54 * 0.10,
respectively. The PSUMO04, regardless of treatment, had chitinase production with enzymatic
indexes in the range 1.66 — 1.79 (F = 424.03; df = 11, 36; P < 0.01) (Fig. 4A).

The M. guizhouense PSUMO04 showed significantly higher protease production than the
PSUMO02 (F = 386.49; df = 11, 36; P < 0.01), consistently regardless of treatment, and the
enzymatic indexes were in the range 1.79 — 2.00 for PSUMO04, and in the range 1.06 — 1.17 for
PSUMO?2 (Fig. 4B).

Virulence of passaged M. guizhouense on C. cephalonica larvae

The virulences across the varied culturing conditions of M. guizhouense PSUMO02 and
PSUMO04 on C. cephalonica larvae are shown in Fig. 2 and Table 2. The treatments had statistically
significant effects (F = 32.07; df = 12, 117; P<0.05), and the Average Survival Time (AST) of C.
cephalonica infected with M. guizhouense PSUMO02 was significantly lower with serial passaging
through an insect host 3, 5 or 7 times than with repeated subculturing on artificial media 10 times.
With 7 passages of PSUMO02 through an insect host, 100% C. cephalonica larval mortality was
reached within five days after infection. On the other hand, 99% larval mortality was only observed
ten days after larval infection with PSUMO2 serially subcultured on artificial media for 10 times.

The AST of C. cephalonica infected with PSUMO04 serially passaged through an insect host
5 or 7 times showed similarly an increase in virulence. The PSUMO04 was most pathogenic after 7
passages through an insect host, with 100% C. cephalonica larval mortality on day five, while after
subculturing 10 times on artificial media, it gave 99% larval mortality only on day ten.

The results revealed that the virulence of M. guizhouense depends on the fungal isolate. The
virulence of M. guizhouense PSUMO2 decreased significantly with repeated subculturing on
artificial media for 10 times, relative to the initial stock, but passaging through an insect host 3, 5 or
7 times had the opposite effect. The virulence of M. guizhouense PSUMO04 was unaffected by
repeated subculturing on artificial media 5 or 10 times, relative to the initial stock, and passaging
through an insect host 5 or 7 times increased the virulence significantly.

2-3 days 4-5 days W 6-9 days ' 10-15days
’ ¢ &
Healthy larva Infected larva Dead larva Emerged Insect cadaver
with melanized mycelial and few mummified with
cuticle conidia on insect mycelial and
cadaver conidia

Fig. 2 — The infection process of Metarhizium guizhouense on rice moth larvae, Corcyra
cephalonica.
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Fig. 3 — The spore production (mean + SE) of Metarhizium guizhouense PSUMO02 (A) and
PSUMO04 (B), repeatedly passaged through C. cephalonica larvae or serially subcultured on
artificial media, at 5, 10, 15 and 20 days after inoculation on SDAY media. Within each
observation day different letters on the bars indicate statistically significant differences at the
P<0.01 level, according to Tukey's HSD test. The treatment labels represent the following: Sub5 =
subcultured on SDAY plates 5 times; Sub10 = subcultured on SDAY plates 10 times; In3 =
infected through an insect 3 times; In5 = infected through an insect 5 times; and In7 = infected
through an insect 7 times.

Discussion

Successive subculturing on artificial media and repeated passages through an insect host
affected phenotypic and metabolic characteristics of M. guizhouense isolates PSUMO02 and
PSUMO04, and effects on mycelial growth rate, sporulation, enzyme production and virulence were
assessed. The various treatments had no significant effect on mycelial growth rate, while spore
production was significantly affected. In particular, successive subculturing significantly reduced
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Fig. 4 — The chitinase (A) and protease (B) activity indexes of Metarhizium guizhouense PSUMO02
and PSUMO04, repeatedly passaged through C. cephalonica larvae or serially subcultured on
artificial media. Enzyme activities were measured at 5 days post inoculation on the media. Each bar
represents the mean (£ SD) of 4 replications. Different letters indicate statistically significant
differences at the P<0.01 level, according to Tukey's HSD test. The treatment labels represent the
following: Sub5 = subcultured on SDAY plates 5 times; Sub10 = subcultured on SDAY plates 10
times; In3 = infected through an insect 3 times; In5 = infected through an insect 5 times; and In7 =
infected through an insect 7 times.

spore production, while passaging through insect hosts caused no deviation from the original fungal
stock. Prior research confirms that subculturing entomopathogenic fungi, such as Beauveria
bassiana, Isaria fumosorosea, M. anisopliae, M. brunneum and Paecilomyces fumosoroseus, on
artificial media causes phenotypic alterations, including morphological changes in color, mycelial
growth, and reduced sporulation, in agreement with our findings (Vandenberg & Cantone 2004,
Butt et al. 2006, Nahar et al. 2008, Hussain et al. 2010, Ansari & Butt 2011, Safavi 2011, 2012).
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Table 2 Kaplan-Meier survival analysis of rice moth larvae (C. cephalonica) infected with
Metarhizium guizhouense PSUMO02 or PSUMO04 repeatedly passaged through C. cephalonica larvae
or serially subcultured on artificial media.

Fungal Treatments® Average survival time 95% Confidence interval
isolates (AST) (mean + SE)? Lower Upper
Stock 3.96 £ 0.20de 3.58 4.34
Sub 5 4.52 + 0.18bcd 4.17 4.87
Sub 10 5.96 £ 0.19b 5.59 6.33
PSUMO2 In3 2.88 + 0.10ef 2.68 3.08
In5 3.14 £ 0.15def 2.84 3.44
In7 2.29 + 0.12f 2.06 2.52
Stock 4.20 + 0.18cde 3.85 4.55
Sub 5 4.01 £ 0.19de 3.63 4.39
Sub 10 5.67 £ 0.16bc 5.35 5.99
PSUMO4 In3 4.11 £+ 0.18cde 3.76 4.46
In5 2.84 + 0.15¢f 2.55 3.13
In7 2.25+0.12f 2.02 2.48
Control (uninfected fungi) 10.00 + 0.00a 10.00 10.00

Sub5 = subculture on SDAY plates 5 times; Sub10 = subculture on SDAY plates 10 times; In3 = infected through an
insect 3 times; In5 = infected through an insect 5 times; and In7 = infected through an insect 7 times. Stock = initial
stock culture.

Mean values followed by different letters within a column are statistically significantly different at the P<0.01 level,
according to Tukey's HSD test. The AST was censored by limiting observations to 10 days.

As a general and consistent trend, passages through an insect host increased enzyme
activity, while successive subculturing on an artificial medium decreased enzyme production
relative to control (Shah et al. 2007). In our study, the fungal passage through an insect host or
successive subculturing did not affect either chitinase or protease production of M. guizhouense
PSUMO2 or PSUMO4. Other previous research has shown that the decline of enzyme production in
a subculture does not correlate with virulence (Ansari & Butt 2011). Extracellular enzymes
produced by Metarhizium sp. are believed to play a key role in cuticle hydrolysis of insects,
affecting virulence (Mustafa & Kaur 2009).

Passaging through C. cephalonica larvae restored the virulence of M. guizhouense PSUMO02
and increased it for PSUMO04 relative to the original fungal stocks. Only the PSUMO?2 isolate that
had been serially subcultured 10 times had decreased virulence, whereas PSUMO04 isolate was not
similarly affected. With 7 passages through an insect host, M. guizhouense PSUMO02 gave 1.6 folds
larval mortality relative to the original stock, and 9.0 fold larval mortality relative to the 10 times
subcultured fungi, at three days post inoculation. The corresponding fold changes, also at three
days post inoculation, were 2.1 and 14.2 for PSUMO04. Adames et al. (2011) reported that 7
passages of M. anisopliae through an insect host increased its virulence to the tick Rhipicephalus
microplus 1.3 folds relative to the untreated control, and four passages had a 1.1 folds effect, at the
constant spore concentration of 1x10® spore/ml. Frazzon et al. (2000) also report that the number of
entomopathogenic fungi passages through a suitable host correlates with increased virulence and
reduced attenuation.

The enzyme activities of chitinases and proteases are not the only determinants of the
virulence of M. guizhouense; toxins (destruxins) are also important. The number of passages
through an insect host could induce more destruxin production than repeated subculturing on
culture media. It is possible that the observed mortality of C. cephalonica was due to an increase in
destruxin. Seven passages of M. guizhouense through an insect host increased its virulence toward
C. cephalonica larvae by more than 30% in the larval mortality within 24 hours. It has been
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reported that the most virulent strains of Metarhizium sp. produce large quantities of destruxins
(Amiri-Besheli et al. 2000), and this toxin is known to cause muscle paralysis resulting in the death
of the insect (Pedras et al. 2002). Death occurs shortly after inoculation and often without any sign
of the fungus in the haemocoel, suggesting that the toxins are secreted during very early stages of
infection (Butt et al. 1994) and destruxins could influence the rate at which the insect host dies
(Amiri-Besheli et al. 2000). On the other hand, the destruxins production in vitro of Metharhizium
spp. need not correlate with its virulence to an insect (Golo et al. 2014). Some isolates of
Metharhizium spp. with destruxins below detection limit were most virulent to the insect, and
presence or absence of destruxins in vitro had little or no correlation with the mortality or with the
speed of insect Kill (Golo et al. 2014).

Moreover, repeated subculturing of the fungus on culture media decreased virulence, in
agreement to the work of Shah et al. (2007), Hussain et al. (2010), and Safavi (2011, 2012). The
mortality of C. cephalonica larvae infected with 10 times subcultured M. guizhouense was less than
10% at three days post inoculation. Shah et al. (2007) reported that repeated subculturing caused
rapid changes in some virulence properties of M. anisopliae, such as conidial adhesion and the
protease spore-bound Prl. These properties were directly correlated with fungal virulence. It has
been suggested that cuticle-degrading enzymes such as chitinase, CDA, chitosanase and protease
(Nahar et al. 2008) or destruxins (Butt et al. 2006) could be used as markers to monitor the
virulence of entomopathogenic fungi during mass production.

Overall, these results suggest that 3 to 5 passages through an insect host, for both M.
guizhouense PSUMO02 and PSUMO04 entomopathogenic fungi, can help to restore or increase fungal
virulence, which is important biological control agent in insect pest infection.
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