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ABSTRACT

Protoplast isolation and regeneration were ewluated in two wild-type and two colour mutant strains of
Metarhizium flavoviride. Cultivation in liguid medium, followed by mycdium treatment with Novozym 234 in the
presence of KCl 0.7M as osmotic stahili zer, produced 5.05 x 16to 1.15 x 16x mL™ protoplss. The pecentageof
regeneration ranged from 6.65 to 27.92%. Following protoplast regeneration, one strain produced sportaneously
stable morphdogical variant colonies. Althoughcolonies with atered morphdogy have been reported in bacteria
following protoplast regeneration, this is the first time that the same is described in a filamentous fungus. The
origina strain and oe derived variart were tesed for sensitivity to the fungcides benomyl and captan.
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INTRODUCTION efficiency, have gendic defined markers as
morphdogcal and auxotrophic ones and
The eatomopathogenic fungus Metarhizium resistance to  fungcides, among  dher

flavoviride Gams and Rozsypal has great interest
since it has been used in biological control of
insect-pests, mainly  grasshoppers,  locusts
(Goettd et al., 1995 Indis et a., 1997 Magahaes
et al., 1997 Lomer et al., 2001) and also to cortrol
the bovine tick Boophilus microplus (Athayde,
2002 Ondfre d al., 2001h. The study o natural
or induced genetic variability is one of the first
steps for the devdopment of fungal genetic
breading programmes. In programmes that evolve
entomopathogenic fung is fundamental to dbtain
strains, which, besides high conidia production,
easy dissemination and biologcal control
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characteristics (Azevedo, 1995. This will allow
settling crosses that could result in improved
recombinant segregants combining favorable
characteristics from the two parental strains used
to perform the crosses.

Parasexual cycle permits genetic analysis of
Deuteromycetes or Imperfect Fung. However,
heterokaryon production between some strains is
not aways posdble due to the presence of
genetic incompatibility factors. In these cases,
protoplast isolation and fusion is a way to
overcome genetic  incompatibility, allowing
crosses between incompatible strains. Protoplast
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fusion was aready used for crosses between
strains of entomopathogenic fung as Metarhizium
anisopiae and Beaweia basdana (Silvera
and Azevedo, 1987 Pacoola-Merdles and
Azevedo, 1994. In M. flavoviride, severa
different prototrophic wild-type strains besides
morphdogcal and auxotrophic strains are already
available (Ondfre, 2001, Kuklinsky-Sobral, 1999
and its parasexual cycle has recently been
described (Onofre @ al., 2001a; Figueredo and
Silva, 2001, Muniz &t al., 2001). So, practically all
condtions are available to settle genetic breeading
programmes in this gecies. However, as occurred
in ahe fung, incompatibility problems may
present difficulty to perform some crosss. In this
way, the aim of the present research was to
establish appropriated condtions to isolation and
regeneration d protoplasts from M. flavoviride in
order to make possble recombination between
incompatible strains. The occurrence of variant
colonies with altered morphdogy dktected after
protoplast regeneration was also investigated and
natural resistance to two fungicides was analyzed
inawild-typeandin ore of such variants.

MATERIALS AND METHODS

Strains and Culture Conditions

Two wild-type strains of Metarhizium flavoviride,
designated CG423 (syn. Metarhizium anisopliae
var. acridium), isolated from Schistocerca pallens
Thunberg - Orthoptera: Acrididae - in the State of
Rio Grande do Norte/Brazil, and CG366, isolated
from Ornithacris cavroisi Finat - Orthoptera:
Acrididae - in Nigeria) were used. They were
kindy provided by the Entomopathogenic Fung
Laboratory at CENARGEN/EMBRAPA/BRAZIL.
Two morphdogical mutants derived from the wil d-
type strains and dotained by ultra-violet irradiation
(Kuklinsky-Sabral, 1999 were also used. Table 1
shows the phenatypic dharacteristics of the used
strains. Liquid and solid Complete Medium (CM)
as described by Azevedo and Costa (1973 were
used. Incubation temperature was 30° C.

Table 1 - Strains of Metarhizium flavoviride used.
Strain | Phenotype
CG423 (wil d-type) Green conidia
423ylo (morphological mutant) Yellow conidia
CG366 (wil d-type) Green conidia
366vio (morphological mutant) Violet conidia

Protoplast Formation

Conidial suspensions in agueous lution o
Tween 80 (0.1% v/v) were prepared from ten days
old cultures grown on solid CM to dbtain 2x10°
condiaxmL™. Flasks cortaining 50mL of liquid
CM were incculated with 1mL of this suspension
and incubated for 4872h in static way. The
mycelium was filtrated and washed twice with
KCl 0.7M (phosphate buffer pH 5.8) as an asmotic
stabili zer. The enzymatic treatment was performed
for 3 hours under gentle shaking (80 rpm), adding
for each mL of KCI 0.7M, 5mg o Novozym 234
(L-2265 - SIGMA) and 50mg o wet mycdium.
Following this gage, the suspensions were
centrifuged for 30 seconds at 40g and the
supernatant recovered and centrifuged for 10
minutes at 150@. The resultant pelet was re-
suspended twice in KCl 0.7M and centrifuged for
15 minutes at 150Qy. Finally, the pdlet was re-
suspended in 3mL of KCl 0.7M. The etimated
number of protoplasts formed per millili ter of
osmotic stabili zer was estimated using a Nelibauer
chamber.

Protoplast Regeneration

Serial dilutions of protoplast suspensions were
made in dstilled water and in KCI 0.7M and
plated (0,dmL) on solid CM and solid CM
suppemented with KCI (0.7M final concentration)
+ 5mL of semi-solid CM suppemented with
KCl (0.7M final concentration), respectively
(Silveira ad Azevedo, 1987. They were
incubated for 10 days. The regeneration
frequency was calculated according to Shimizu
and Kurizu (1987).

Resistanceto Fungicides

The fungicides benamyl (Benzimidazole i.a.50% -
Du Pont) and captan (Ftlalimide i.a.50% - Fersol)
were disolved in DMSO (Dimethyl sulfoxide -
Merck) at 10 mgxmL™ and added to CM at 45°C.
The fungcide concentrations ranged from
0.8ugxmL™ to 1024pgxmL™ of medium culture.
Conidia were inoculated orto the center of Petri
dishes contained the culture medium supdemeted
with the fungicide. After ten days incubation, the
diameter of the growing colonies was measured.
Three plates were used per treatment. The
averages were evaluated by analysis of variance
and Tukey Test.
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RESULT S AND DISCUSS ON

The numbe of protoplasts formed and
regeneration percentages for the tested strains are
in Table 2. The results showed that the use of the
same ezymatic complex which was utilized for
M. anisopliae by Silveira and Azevedo (1987 and
by Hamlyn et al. (1981 to dotain protoplasts from
several other species of fung, was also eficient
for protoplast production in M. flavoviride. Other
authors (Silveira and Azevedo, 1987 Shimuzu and
Kurisu, 1987 Bagalhi, 1987 using strains of M.
anisopliae found protoplast production values
similar to the ones obtained in the present work.
No dtatistically significant differences were
observed for protoplast production from the four
strains used in this research. Novozyn 234 was
effective for protoplast liberationin M. flavoviride.
Some authors used more than ore ezymatic
complex, also with good results. For example,
Valadares-Indis and Indis (1997 attempting
to devdop a genetic transformation system for
M. flavoviride, used the Novozym 234 pus
Cdlulase CP to dbtain protoplasts. The
percentages of protoplast regeneration values,
although varied according to the strains, being
more dfective for the colour mutant strains when
compared to the wild-type ones, wee in
agreament with those found by Paccola-Merdles
and Azevedo (1994 in the eatomopathogenic
fungus Beauwveria bassana On the other hand, the
values were higher than thase obtained by Silveira
and Azevedo (1987 for M. anisopliae, which used
also KCI as osmoatic stabili zer. However, Bagalhi
(1987 found that sugars as, for instance, sacarose
increased the pecentage of  protoplasts
regeneration in M. anisopliae. It is possble that
increased percentages of regeneration may also be
reached in M. flavoviride using daher osmotic
stabili zers as sugars.

Table2 - Number of formed protoplass and percentages
of protoplast regeneration (‘o). The different letters, in
same column, indicate values sgnificantly different (P<
0.05) asdetermined by Tukey' stest.

Strain ProtoplastsxmL™ | % regeneration
(*o) (*o)
CG423  510x10° (0.18)®  6.65 (0.98)°
4230 6.95x10° (0.22)°  9.80 (0.84)°
CG366  1.15x10° (0.38)° 1096 (0.41)°
366vio  505x10° (0.42)% 27.92 (0.17)°

During the process of protoplast regeneration, we
found an unexpected cccurrence of morphadogical
variant colonies derived from one of the strains
(CG423). These variants that presented 6.57% of
frequency, were stable and maintained the
morphdogcal features after several transfers.
Similar findngs are common after regeneration
protoplasts for Sreptomyces (Aradjo, 1990.
However, there are no reports of such accurrence
during protoplast regeneration in filamentous
fung. All morphdogical mutants found hed
compact circular colonies with pale vydlow
conidia, which were difficult to dsperse and also
produced yeast-like structures in solid medium.
They dffered from the parental strain that
produced easily dispersed green conidia, colonies
with powdery aspect and which dd nda form
yeast-like structures in solid medium. The
formation d yeast-like structures in filamentous
fung ocaurred very frequently in submerged
cultures, but it was rare on solid medium
(Humphreys & al., 1989 Luna-Alves-Lima and
Tigano, 1989.

Strains CG423 (wild-type) and ore morphadogcal
mutant, designated 423PR obtained from
regenerated protoplasts, were analyzed for
sengitivity to the fungicides benomyl and captan
(Figs. 1 and 2). The 423PR strain was more
sensitive to benomyl than the parental strain, but
no dfferences were found in relation to resistance
to captan.
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Figure 1 - Sengitivity of Metarhiziumflavoviride strains
CG423and 423PR to Benomyl. * Average of
three repetitions. The bars indicate the
standard deviation and dfferent letters
indicate values sgnificantly different
(P < 0.05) asdetermined by Tukey' stest.
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Posshle causes leading production d
morphdogcal mutants during the regeneration d
protoplasts are unknowvn. Martins & al. (1999
found \rus associated to strain CG423 If during
protoplasts production the virus was lost or even
some heterogeneous families of citoplasmic
inclusions as mitochondia ae quantitatively and
qualitativdly changed, this may produce the
observed morphdogical differences. Assciated to
the morphdogcal shifts, changes were also found
for resistance to benaomyl. The original strain
CG423 was able to gow in 3.2ugxmL™ but did
not formed colonies at 6.4ugxmL™ of benomyl.
These values of natural resistance to this fungicide
were in agreament with data presented by
Valadares-Indis and Indis (1997 and Furlaneto
et a. (1999. On the other hand, the variant strain

423PR could na form colonies in concentrations
higher than 1.6ugxmL™. Possbly, the altered
variant morphdogy could produce changing in
cdl pemeability making the strain more
susceptible to benomyl. If this was the case, tests
with aher fungcides would produce similar
results. In the present work, no significant
differences were found for both strains in relation
to captan resistance. However, captan proved nd
to be appropriate for such test since M. flavoviride
is highly resistant to this fungcide growing till the
highest concentration used.

In entomopathogenic fung resistance to fungcides
are important when integrated pest contral is used.
Fungicide resistance may also be useful as genetic
markers for strain isolation and characterization.
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Figure 2 - Sengitivity of Metarhizium flavoviride strains CG423 and 423R to Captan. * Average of
threerepetitions. The barsindicate the standard deviation and dfferent lettersindicate vaues
significantly different (P < 0.05) as determined by Tukey’ stest.
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RESUMO

A formacdo e regeneragdo de protoplastos foram
avaliadas em duas linhagens slvagens e duas
linhagens mutantes para coloracdo de conidios em
Metarhizium flavoviride. O cultivo em meo
liquido seguido do tratamento do micdlio com
Novozym 234 na presenca de KCl 0,7 M como
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estabilizador osmético, resultou na producéo de
505x10° a 1,15x10" protoplastosxmL™ A
porcentagem de regeneragdo des diferentes
linhagens variou de 6,65 a 27,92%. Apds a
regeneragdo, uma das linhagens svagens
produziu espontaneamente variantes estavels, com
morfologa dterada. Embora variantes
morfolégcos jA tenham sido diservados ap0s
regeneragdo e protoplastos em bactérias, esta
parece s a primera vez que tal ocorréncia é
descrita em fungos filamentosos. Um  desses
variantes, além da linhagem sdvagem da qual de
foi originado, foi testado para sensibilidade aos
fungicidas benomil e captano.
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