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ABSTRACT: A wild strain of Metarhizium anisopliae, an entomopathogenic fungus, was submitted to three mu-
tagenic agents: gamma radiation, ultraviolet light and nitrous acid. Survival curves were obtained and mutants were
selected using different mutagenic doses which gave 1 to $% survival. Morphological and auxotrophic mutants were
isolated. Morphological mutants were grouped in a class with yellow conidia and other with pale vinaceous conidia as
opposed to the green wild type conidia. Auxotrophic mutants had requirements for vitamin and aminoacid biosynthe-
sis, More than 58% of the total auxotrophic mutants required proline/arginine, Gamma radiation showed to be the
most efficient mutagenic agent giving 0.2% of auxotrophic mutants followed by ultraviolet light (0.12%) and nitrous
acid (0.06%).The conidial colour and auxotrophic mutants isolated until now from M. anisopliae were reviewed.
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SOBREVIVENCIA E OBTENCAO DE MUTANTES INDUZIDOS
POR AGENTES MUTAGENICOS EM Metarhizium anisopliae.

RESUMO: Uma linhagem selvagem do fungo entomopatogénico Mefarhizium anisopliae foi submetida i ac¢iio de trés
agentes mutagénicos: radiacio gama, luz ultravioleta e dcido nitroso. Curvas de sobrevivéncia foram obtidas para
cada mutagénico utilizado e mutantes foram selecionados a partir de doses dos mutagénicos que proporcionassem de
1 a 5% de sobrevivéncia. Mutantes morfolégicos para a coloragio de confdios e mutantes auxotréficos foram isolados.
Mutantes para coloragfio de conidios foram agrupados em duas classes, uma com conidios amarelos e outra com
confdios vinho pdlido. Os mutantes auxotréficos obtides foram deficientes para aminodcidos e vitaminas e mais de
58% deles eram auxotréficos para prolina/arginina, Radiaciio gama foi 0 mutagénico mais eficiente com uma
porcentagem de obtengZo de mutantes auxotréficos de aproximadamente 0,2%, seguido pela luz ultravioleta (0.12%)
¢ pelo gcido nitreso (0.06%).0s mutantes morfolgicos e auxotréficos obtidos até o momento em Metarhizium anisopliae
foram revistos.

Descritores: Metarhizium anisopliae, agentes mutagénicos, mutantes auxotréficos, mutantes para coloragfio, radiagfio
gama, luz ultravioleta, dcido nitroso

INTRODUCTION

Metarhizium anisopliae is a filamentous fun-
gus which is used in Brazil mainly for biological
control of pasture and sugarcane pests. The fungus
also shows good potential for the control of many
other species of insects (ALVES, 1986). Strains of
distinct origins have been characterized on the basis
of several parameters such as electrophoretic tests
(DE CONTI et al.,1980), size of conidia (AZEVEDO
& MESSIAS, 1981), enzyme production (ROSATO
et al. ,1981), virulence (AL-AIDROOS & ROBERTS,
1978), PFGE (KAVA-CORDEIRO et al.,1993) and
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RAPD (FUNGARO et al.,1994). The parasexual
cycle of this species has already been described
(MESSIAS,1979) (MESSIAS & AZEVEDO,1980)
(AL AIDROOS,1980). The parameiosis, a deriva-
tion of the parasexual cycle was also detected in M.
anisopliae (SILVEIRA & AZEVEDO, 1987)
(BAGAGLI et al , 1991). Mutagenic agents have been
used to obtain mutants in this fungus for genetic
studies as well as a method for genetic improvement
for applied purposes (OKINO et al.,1978)
(AZEVEDO et al.,1987). Several mutagenic agents
can be used to induce mutants in fungi. The objec-
tive of the present study was to compare the efficacy
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of three mutagenic agents: gamma radiation, ultra-
violet light and nitrous acid in a wild type strain of
Metarhizium anisopliae. These mutagenic were
chosen because gamma radiation is a type of
ionizing irradiation that produces mainly random
mutations in DNA. Ultraviolet light is a
non-ionizing irradiation that produces mainly DNA
base-pair changes and, nitrous acid is a chemical
mutagen which produces desamination of DNA
components (GARDNER & SNUSTAD, 1986).
Besides, ultraviolet light and nitrous acid are easily
found in  research laboratories and a gamma
radiation source if available, permits rapid and simple
utilization.

MATERIAL AND METHODS

1) Strain: The AL Metarhizium anisopliae strain
was used in the present study. It was isolated from
Deois flavopicta (Homoptera, Cercopidae) collected
in the State of Alagoas, Brazil.

2) Culture Media and General Procedures: Minimal
Medium (MM) and Complete Medium (CM) were
those of PONTECORVO ef al. (1953) and modified
by AZEVEDO & COSTA (1973). To the solid me-
dia 1.5% agar was added. Conidial suspensions were
prepared from 8 days inoculated colonies on CM.
The conidia were collected from the colonies and
suspended in tween 80(0.1% v/v). After shaking they
were counted using a Neubauer chamber. They were

properly diluted in 0.85%(w/v) saline (NaCl)
before treatment with the mutagenic agents.
Incubation was at 28°C in all experiments.

3) Survival Curves and Isolation of Mutants: A
survival curve was made with a range of doses of all
mutagenic agents to determine the one which would
allow 1 to 5% survival. Doses between these
survivals provide a good recovery of mutants as
described by BURNETT (1975). A dose-response
curve for survival and production of mutants from
gamma radiation (Source of Co® from “Centro de
Energia Nuclear na Agricultura”, CENA,
Piracicaba,S.P.), ultraviolet light and nitrous acid
treatments followed the methodology described
respectively by OKINO ez al. (1978), TINLINE &
NOVIELLO (1971) and AZEVEDO (1970).
Morphological mutants could be distinguished visu-
ally and were readily isolated and stored on CM
agar slopes. To isolate auxotrophic mutants, conidia
after treatment, were plated on CM agar. Colonies
growing on this medium were individually
transferred to plates of MM using a 5x5+1
arrangement (AZEVEDO et al., 1976). Colonies
which failed to grow on MM were assumed as being
possible auxotrophic mutants. The site where they
were inoculated into MM solid medium was cut out
and transferred to tubes containing CM agar slopes.
After 8 days incubation at 28°C each isolated
was tested for nutritional requirements as described
by AZEVEDO & COSTA (1973).

Table 1. Percentage of survival from conidia of Metarhizium anisopliae exposed to gamma radiation,

ultraviolet light and nitrous acid.

GAMMA RADIATION ULTRAVIOLET LIGHT NITROUS ACID
DOSE (Grays) % survival DOSE (J/m?*) % survival TIME (min) % survival
0 100.00 0 100.00 0 100.00
100 51.20 75 15.63 4 59.02
200 9.40 150 1.88 8 29.80
400 2.40 225 1.13 12 5.00
600 0.26 300 0.01 16 1.54
800 0.09 600 0.00 20 0.43
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RESULTS AND DISCUSSION was then 400 Grays for gamma radiation, 150 J/m?

for ultraviolet light.For nitrous acid (final concen-

1) Survival Curves: TABLE 1 shows the results of tration 0.017M), time of treatment was 12 minutes.
gamma radiation, ultraviolet light and nitrous acid

for conidial survival of the AL strain of Metarhizium 2)Mutant Production: Morphological and aux-

anisopliae . The dose utilized for mutant production otrophic mutants were investigated. Morphological

mutants with distinct colony phenotypes were not
considered. Only conidial colours mutants were
studied. These showed distinct colony colours which
were grouped in two main classes, the first one with
yellow conidia, presenting different nuances of this
AUXOTROPHIES PERCENTAGES colour and, the second, with homogeneous pale
vinaceous conidia. All mutagenic agents used
originated both classes of colour mutants. No

TABLE 2. Percentages of auxotrophic mutants found
after treatment of Metarhizium anisopliae
with gamma radiation, ultraviolet light
and nitrous acid.

Arginine/Proline 58.33 attempt to quantify these mutants was carried out.
Nicotinic acid 16.66 Auzxotrophic mutants showed requirements
for vitamins and aminoacids biosynthesis. TABLE
p-Aminobenzoic acid 8.33 2 shows the percentages of the auxotrophies found.
.. 58.33% of the whole auxotrophic mutants were
Methionine 8.33 deficient to arginine biosynthesis. These mutants
Valine 8.33 also were able to grow when proline, ornithine or

citrulline was added to MM, showing that this

TABLE 3. A survey of conidial colour mutants isolated from Metarhizium anisoliae.

COLOUR SIMBOLOGY STRAINS REFERENCES***x*

yellow ylo A4 AL E6 M, M5, 1,3,4,5,6,8,9,
Ma140,Mj,MT,5,RJ 10,12

pale vinaceous _E‘l A4,AL E6,E9 M MT,RJ 3,4,5,6,8,10,12

white whi E6,E9,Ma140,RJ 6,8,9

brown* brn_ 5 i

tan* tan 5 1

lemon lem 5,E9 2,8

red** 5 2

rust(mustard)** 5 7

orange*¥ 5 7

buff¥*x 1 11

* could be the pvi according to RAYNER (1970) Colour Chart.

** derived from mitotic recombination.

**x type of yellow.

***xx 1 AL-AIDROOS (1980) ; 2 BERGERON (1982) ; 3 BAGALHI (1987); 4 COSTA (1989) ; 5 FRIGO
(1983) ; 6 LUNA-ALVES-LIMA (1985);7 MAGOON; MESSING-AL-AIDROOS (1986); 8
MESSIAS; AZEVEDO (1980) ; 9 RIBA et al.(1985) ; 10 SILVEIRA; AZEVEDO (1984) ;11
TINLINE; NOVIELO (1971) ; 12 This paper.
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TABLE 4. A survey of auxotrophic mutants isolated from Metarhizium anisopliae.

AUXOTROPHY SIMBOLOGY No. MUTANTS STRAIN REFERENCES***
AMINOACIDS

arginine arg 11 A4 ,E9 M,M5,Mal40 1,5,8,10

cysteine cys 3 E6,RJ 5,11

histidine his 1 8P-1 12

isoleucine/valine iv 1 8P-1 12

leucine leu 7 E6,5 1,7

lysine lys 34 A4,E6,M, M5, MT,R},S, 1,2,3,4,5,7,9,
8P-1 11,12

methionine met 35 A4,AL E6,E9,M,MT,R],5, 1,3,4,57,8,9,
8P-1 11,12,13

proline/arginine pro 8 AL E9 1,13

valine val 2 ALRJ 11,13

not determined* 12 E9,RJ 1

VITAMINS

biotin bio 6 A4,E6,RJ,8P-1 1,4,11,12

nicotinic acid nic 8 AL E6,E9MMT 1,4,9,11,13

p-aminobenzoic acid pab 2 AL,E9 8,12

pyridoxin pyr 6 E6,E9,RJ 1,58,11

riboflavin rib 1 E9 1

thiamine thi 5 E9,Mal140,MT,5 6,8,9,10

not determined** 6 E9 1

PURINES

adenine ade 20 A4,AL.E6,M,RJS 1,2,3,4,5,11

guanine gua 1 E6 1

* growth on hydrolysed casein.

*% growth on vitamins solution.

*** 1 BAGALHI (1987), 2 BERGERON (1982), 3 BERGERON; MESSING-AL- AIDROOS (1982), 4
FRIGO (1983), 5 LUNA-ALVES-LIMA (1985), 6 MAGOON; MESSING-AL-AIDROOS (1984), 7
MAGOON; MESSING-AL-AIDROOS (1986), 8 MESSIAS; AZEVEDO (1980), 9 PAMPHILE (1992),
10 RIBA et al. (1985), 11 SILVEIRA; AZEVEDO (1984), 12 TINLINE; NOVIELLO (1971), 13 This
paper. .

Not always the reference quotes the paper which report the mutant for the first time.
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fungus has the steps of arginine biosynthesis chain
similar to those found in other filamentous fungi and
bacteria (HAYES, 1964). The results also shown that
mutation occurs at the one of the first steps of this
chain.

Gamma radiation gave 0.2%, ultraviolet light
0.12% and nitrous acid gave 0.06% auxotrophic
mutants. These results are comparable to those found
by other authors. MESSIAS (1979) using ultraviolet
light found 0.1% auxotrophic mutants in M.
anisopliae in two strains (E6 and E9) used. LUNA-
ALVES-LIMA (1985) using also ultraviolet light
found 0.16% auxotrophic mutants in the same strain
used in the present work. Similar results (0.16% to
0.3%) were found by BAGALHI (1987) using strains
E6, E9 and RJ. A higher percentage of auxotrophic
mutants was found when, instead of the total isola-
tion technique, the enrichment by fiitration technique
was used. SILVEIRA & AZEVEDO (1984) showed
an increase of 61 times and BAGALHI (1987) an
increase of 10.7 times in the auxotrophic mutant fre-
quency using this technique.

It was not surprising that gamma radiation
was the best mutagenic agent for M. anisopliae. The
same is found almost invariably for other fungi
(PACCOLA-MEIRELLES & AZEVEDO, 1991)
(GOLDMAN, 1988) (PIMENTEL, 1991). However,
the use of this mutagenic is in general avoided due
to the high frequencies of chromosomal aberrations
which are induced, making difficult any further ge-
netic analysis. Nitrous acid, on the other hand, has
some advantages as to be easily controlled and safe
to hand (LIMEIRA JR. et al., 1991). However it
has a low efficiency to produce mutants as com-
pared to other agents as shown in this paper, at least
for the strain and time of exposure used. In Aspergil-
lus nidulans, SIDDIQI (1962) found four times more
auxotrophic mutants induced by nitrous acid than in
the present work.

Now, after about 15 years of genetic research
in M. anisopliae a significant number of morpho-
logical and auxotrophic mutants were already iso-
lated from different laboratories and strains. This
produce sufficient data to make some comparisons
and considerations. From 8 or 9 types of colour
mutants described in the available literature of M.
anisopliae, two are the most frequently found. These
are the yellow (ylo) and the pale vinaceous (pvi)
colour mutants. Colourless or white (whi) conidia
were found in four strains studied and the lemon
mutant in two strains. The mutant described as tan
or brown (AL-AIDROOS, 1980) are perhaps the pale
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vinaceous mutants if the Mycological Colour Chart
(RAYNER, 1970) would been used. Other mutants
found by MAGOON & MESSING-AL-AIDROOS
(1986) as the orange, red, mustard and rust were
produced by mitotic recombination and probably are
the result of interactions among other colour mu-
tants or even the result of chromosomal aberrations
as aneuploidy for instance (TABLE 3). Considering
now the auxotrophic mutants, they were already iso-
lated from different strains, for 6 vitamins, 9
aminoacids and 2 purines, besides some mutants
which respond to a pool of vitamins or to hydroly-
sed casein. TABLE 4 shows that 114 aminoacid de-
ficient mutants, 34 vitamin and 21 purine deficient
mutants were isolated till now in M. anisopliae. This
relation is to be expected since there are more
aminoacids (20) than vitamins (6) and purines (2)
used in CM. Also the enrichment by filtration tech-
nique seems to favour the aminoacid mutants isola-
tion (SILVEIRA & AZEVEDO, 1984). The absence
of pyrimidines auxotrophic mutants is explained by
the inability of pyrimidines to penetrate into the cell
as occurs in other fungi making these mutants le-
thals. The higher number of some auxotrophic mu-
tants found in certain experiments as 16 methionine
mutants (BAGALHI, 1987) or 13 lysine mutants
(SILVEIRA & AZEVEDO, 1984) can be explained
by clone isolation, a bias to select some types of
mutants or a combination of mutant isolation tech-
nique, strain and mutagenic used. In any way, M.
anisopliae has a reasonable number of mutants al-
ready isolated from distinct strains. Unfortunately
not all are available at the moment since several were
lost during precarious preservation techniques. As
far it is known, the procedure described by
CASTELLANI (1967) as show by BAGALHI &
AZEVEDO (1986) is the most reliable method and
should be used to preserve strains of M. anisopliae.

CONCLUSIONS

1 From the 3 mutagenic agents used, gamma radia-
tion was the more effective to induce mutants in M.
anisopliae.

2 All mutagenic agents produced two types of colour
mutants and auxotrophic mutants.

3 Proline/arginine was the most frequent auxotrophic
mutant found.

4 A review of mutants already isolated in M.
anisopliae shows that the number of mutants is con-
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siderable and permits further genetic studies in the
species.
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