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I solamento e M anutencéo de Fungos Simbiontes de Formigas da Tribo Attini (Hymenoptera: Formicidae)

RESUMO - O isolamento e a manutencdo de fungos basi diomicetos simbiontes de formigas da tribo
Attini tem sido dificultado pelabaixavel ocidade de crescimento desses fungos, bem como pelapresenca
de muitos microrganismos que vivem nasuperficie do material que asformigas mantém no interior nos
ninhos como substrato para o crescimento dos seus fungos simbiontes. No presente trabalho nés
descrevemos um método que aumentaem mais de sete vezes a ficiéncia de i solamento desses fungos,

guando comparada aquela obtida por procedimentos tradicionais. Ninhos subterraneos de formigas
atineas dos géneros Atta, Acromyrmex, Trachymyrmex e Mycetarotes foram localizados e delesforam
coletadas amostras contendo fungos simbiontes e formigas, que foram transportadas parao |aboratério,

onde asformigasforam capazesdelimpar aculturado fungo e estimular o seu crescimento. Em seguida,

porcdes dos micélios foram assepticamente coletadas e transferidas para meio Yeast Nitrogen Base
contendo glicose e cloranfenicol. Parafacilitar amanutencdo dosisolados em culturas de laboratério,

diferentesnutrientesforam analisados paraa el aboracéo de um meio de cultivo complexo, que possibilitou
aumentar a velocidade de crescimento dos fungos e estoca-los por longos periodos. O método foi

aplicado com sucesso para os fungos simbiontes de todos os géneros de formigas estudados, gerando,

assim, um procedimento extremamente Util paraaformacdo e manutencao de umacolecdo representativa
de diferentes fungos simbiontes de formigas datribo Attini.
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ABSTRACT - Theisolation and maintenance of symbiotic basidiomycete fungi living in association
with ants of the tribe Attini has been hindered by the slow growth rate of these fungi and the presence
of other microorganisms on the surface of the material which the ants maintain inside their nests to
provide a growth substrate for their symbiont. In this paper we describe a method which increases the
efficiency of isolation of these fungal symbiontsby over seven fold ascompared to traditional isolation
procedures. Underground nests of attine ants of the genera Atta, Acromyrmex, Trachymyrmex and
Mycetaroteswere located, from which samples containing the fungal symbiont and antswere collected
and transported to the laboratory where the ants were able to clean the fungal culture and stimulateits
growth. Asthe symbiotic fungus grew, portions of its mycelium were collected and transferred to solid
Yeast Nitrogen Base culture medium containing glucose and chloramphenicol. To facilitate the
maintenance of theisolatesin laboratory cultures, several nutrientsweretested to formul ate acomplex
culture medium for fast fungal growth and long-term storage. We successfully applied this methodology
to the fungal symbionts of all the ant genera studied, thus producing a useful tool for the creation and
maintenance of a comprehensive collection of fungi symbiotic of antsin the tribe Attini.

KEY WORDS: Atta, Acromyrmex, Trachymyrmex, Mycetarotes, basidiomycete, symbiosis

An obligate symbiosis exists between basidiomycete  leaf-cutting ants (Cherrett 1968), which areimportant both as
fungi and leaf-cutting ants of thetribe Attini. Thisassociation  herbivoresin natural habitats (Wint 1983) and pestsin agriculture
resultsin the exploitation of agreat variety of vegetationby  settings(Cherrett & Pregrine 1976, Fowler et al. 1986).
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In their nests, leafcutter ants propagate the fungal
symbiont by providing it with cut leaves and inhibiting the
growth of competing microorganisms (Cherrett et al. 1989),
while the fungus produces enzymes, principally
polysaccharidases and proteinases (Boyd & Martin 1975,
Cherrett et al. 1989, Siqueiraet al. 1998), which digest thecut
leaves to produce the nutrients necessary for the survival of
the larvae and adult ants (Quinlan & Cherrett 1979, Bass &
Cherrett 1995). The fungus growing in the cut leavesinside
the nests being is called ‘fungus garden’.

The dependence of Attini ants on their fungal symbiont
iS so great that the ants have never been seen living isolated
from their fungi and any disruption to this symbiotic
associationishighly deleteriousfor the ants, thusthe control
of the attine pest ants would greatly benefit from an
understanding of the mechanisms by which the fungal
symbiont contributesto ant herbivory and survival. However,
the study of these symbiotic fungi has been hampered by
their slow growth rate in laboratory culture, which makes
isolation and storage a very laborious and time-consuming
task. To facilitate future work on Attini symbiotic fungi, we
have improved the isolation procedure and developed a
culture medium which allows fast fungal growth and which
can also be used for long-term storage.

Materials and Methods

Antsand Nest L ocation. Underground nestsof Attini ants of
the generaAtta, Acromyrmex, Trachymyrmex and Mycetarotes
were located and samples of the fungus garden and ants
were collected and transported to the laboratory where the
ants were able to reorgani ze the fungus garden material and
clean the fungal culture and stimulate its growth. The ant
species, nest |ocation and date of sampling arelistedin (Table
1), al the ant speciesinvolved in this study being deposited
inthe Coleg&o Entomol 6gicaAdolph Hempel at the Instituto
Biolgico, S&o Paulo-SP, Brazil.

Table 1. Attini antsfrom which symbiotic fungi have been
isolated.

Ant Ne_st ) Isolation
location date
Atta sexdens (L.) RioClaro  Aug, 1997
Atta capiguara Gongalves Botucatu Sep, 1995
Atta laevigata (Fr. Smith) RioClaro  Nov, 1995
Atta cephalotes (L.) Almeirin Aug, 1997
Acromyrmex crassispinus RioClaro  Sep, 1995
(Forel)
Acromyrmex hispidusfallax RioClaro  Mar, 1996
Santschi
Trachymyrmex fuscus Emery RioClaro  Dec, 1998
Mycetarotes parallelus RioClaro  Jul, 1997

(Emery)

IAll the collection sites, except for the A. cephalotes site,
were in the state of S&o Paulo, Brazil. A. cephalotes was
collected in the state of Pard, Brazil.
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CultureMedia. For fungal isolation from the fungus garden
we used Yeast Nitrogen Base Glucose Chloramphenicol
(YNBGC) agar consisting of Yeast Nitrogen Base media(YNB,
Difco 100697) supplemented with (gl*) glucose (Merck,
108342, Darmstadt, Germany), 5; agar-agar (Merck, 1.01614),
17; chloramphenicol (SigmaC-0378), 0.1 and sufficient 2M-
NaOH to adjust the pH to 6.0. For maintenancewe used Y NB-
glucoseagar (i.e. Y NBGC without chloramphenicol).

To assess biomass production as a measure of growth we
used unsupplemented Pagnocca set al. (1990) liquid Medium
A containing (gl glucose, 10; NaCl (Labsynth C1060.01.AH,
Séo Paulo, Brazil), 5; peptone (Sigma P-0556), 5; malt extract
(Difco 0186-01), 10, aswell asMedium A agar (containing 17
gt agar-agar). We also used liquid Medium A supplemented
with (gl) casein hydrolysate (Sigma‘ Amicase’ A-2427), 20;
flaked oats (Maisvita, Sdo Paulo, Brazil), 20; flaked soybean
(Imalaia Oriente, Santa Gertrudes, Brazil), 20. Both
unsupplemented and supplemented liquid Medium A had a
final pH of 6.0. Wea so used Y NB mediasupplemented with 5
gl of one of the following: bovine albumin (Sigma A-6003),
casain (Quimibras 10578, Sao Paulo, Brazil), casein hydrolysate,
egg albumin (Riedel deH&en 188 01), gelatin (SigmaG-9382),
glucose, flaked oats, flaked soybean, soybean flour (Sigma S
9633) or xylose (SigmaX-1500), thefina pH being 6.0.

Based on the experimental evidence presented in this
paper and published data we produced a new buffered and
supplemented formulation of Pagnocca sMedium A agar that
we called Medium B agar and which contained (gl ) glucose,
10; NaCl, 2; peptone, 2; malt extract, 10, agar-agar, 17; casein
hydrolysate, 20; flaked soybean, 20; flaked oats, 20; dibasic
sodium phosphate, 3.8; citricacid, 2.5; final pH 5.0. All media
were sterilized for 20 minutesat 120°C.

Fungal Isolation and Cultivation. Thefungusgarden material
collected from underground nests of the different ant species
wasincubated (25°C, 80% humidity) for 10to 20 daysinthe
dark in petri dishes containing worker ants which cleaned
the garden material by removing soil fragmentsto adifferent
part of the petri dish. When white mycelial spotsof thefungal
symbiont appeared on the leaf material some of the mycelia
was collected using aseptic technique and transferred to
YNBGC agar in petri disheswhereit wasincubated at 25°Cin
thedark for 30 days. Alternatively, thefungus garden material
from underground nestswas collected andimmediately plated
onto YNBGC agar and incubated at 25°C in the dark for 30
days. In both cases, after 30 days of cultivation on YNBGC
agar the fungal isolates were subcultured to Y NB-glucose
agar (without chloramphenicol) and cultured for afurther 30
days. To evaluate biomass production by the symbiotic
fungus of the ant Atta sexdens (L.) (formerly Atta sexdens
rubropilosa Forel) on various carbon substrates we
subcultured the fungus on Y NB-glucose agar for 30 daysto
produce large amounts of mycelia which was collected and
suspended in sterile water with a Potter homogenizer. A
suitablevolume (containing 2.1 + 0.11 mg dry weight) of this
suspension wastransferred to tubes containing 5 ml of liquid
Medium A (supplemented and unsupplemented),
supplemented Y NB mediaor supplemented culture mediaA
agar and B agar. After 30 days static incubation at 25°C,
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liquid media without insoluble components was filtered
through a0.25 um Milliporefilter to collect themyceliawhile
for liquid mediacontaining insoluble carbon sources (casein,
gelatin, soybean, flaked flour or flaked oats) mycelia was
harvested with aloop. In both casesthe myceliawas dried at
65°C for 24h and weighed. Fungal growth in solid culture
media was estimated based on the mycelial surface and
density as previously described in Pagnocca et al. (1990).

Statistics. Culturesinliquid mediawerereplicated six to ten
times for each of the carbon sources. The determined dry
weight valueswere expressed as means + standard deviations,
the Tukey test being used to test for differences between the
weight of mycelia produced in the different media and the
Mann-Whitney test for differences between initial and final
pH (Zar 1996).

Results and Discussion

The maintenance of fungus garden material from ants
nests in the absence of ants resulted in the development of
many filamentous fungi and yeasts which often overgrew
the characteristic white spots of the symbiotic fungus (Fig.
18) initially seen on the fungus garden material, and because
of thisonly onein about 30 attemptsresulted intheisolation
of the symbiotic fungus.

I solation efficiency wasincreased by keeping thefungus
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garden material in petri dishes at 25°C and 80% humidity in
the presence of worker antswhich started to clean the fungus
garden material by removing soil fragmentsto adifferent part
of theplate, almost al soil debrisbeing removed from the leaf
material within 24h. This cleaning activity stimulated the
growth of the fungal symbiont as characterized by the
accumulation of white mycelial spots on the surface of the
leaf material inthefungusgarden (Fig. 1b). These spotswere
collected over the 20 days of the experiment and plated onto
YNBGC agar, a procedure which resulted in one successful
isolation out of every four attempts. As explained in the
Materials and Methods, after 30 days of cultivation on
YNBGC agar the fungal isolates were transferred to Y NB-
glucose agar (without chloramphenicol) and cultured for 30
daysto produce larger amountsof mycelia. Few contaminants
developed at thisstage alowing the myceliato be subcultured
to YNB-glucose without antibiotics for further cultivation
and maintenance.

Among the symbiotic fungi isolated (Table 1), thosefrom
Atta, Acromyrmex or Trachymyrmex ants exhibited white
mycelium which slowly spread asathin film over the Y NB-
glucose agar (Fig. 1c) and had swollen hyphal tips (Fig. 1d)
called gongylidium (Chapelaet al. 1994, Fisher et al. 1994),
theisolates from Mycetarotes antsrarely, if ever, presenting
gongylidia. In general, i solates started to become dark brown
after 30to 40 days so that further replication in fresh culture
mediaresulted poor or no fungal growth. Thislossof viability

Figure 1. Isolation of the fungal symbiont of the ant A. crassispinus. Note the development of contaminants in fungus
garden samples after 15 days without ants (a), in contrast to the selective propagation of the fungus in the presence of ants
(b). After isolation, the fungus grew as white mycelium on Yeast Nitrogen Base Glucose (YNBG) agar (c) and presented
swollen hyphal tips called gongylidium (d) which is a general characteristic of the symbiotic fungi of higher Attini.
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means that many replications are needed to maintain the
isolates, making laboratory cultivation a continuous and
exhaustive task.

To minimizelaboratory work, attempts have been madeto
formulate a culture medium which was more efficient at
maintaining laboratory cultures of symbiotic fungi. To
accomplish that we investigated the growth rate of the A.
sexdens fungal symbiont by cultivation in liquid Medium A
and YNB containing different nutrients (Table 2), glucose
and xylose being used as controls because these simple
carbohydrates efficiently support the growth of this fungus
in laboratory cultivation and it has been proposed (Siqueira
et al. 1998) that the production of glucose and xylose by the
fungal degradation of starch and xylan is the major process
for the generation of nutrientsfrom the vegetal matter which
the ants bring into their nests.

Table 2. Weight of myceliaand final pH (mean + SD) of
liquid culture media after growth of the symbiotic fungus of
A. sexdens.

Weight of mycdia

Medium (mg, dry weight) pH
Supplemented Medium A (9)? 344+882a  50+0.11*
Medium A (9) 132+144b  50+0.11*
YNB-xylose (9) 155+091b  48+0.12*
YNB-glucose (9) 146+091b  27+0.11*
YNB-flaked oats (7) 120+1.33b,c 61011
YNB-gelatin (10) 94+032c,d 6.3+0.13
Y NB-flaked soybean (9) 83+119d  6.2+0.09*
Y NB-bovine albumin (8) 79+08d 59+0.33
YNB- casein hydrolysate (8) 7.6+0.38d 6.3+0.23*
Y NB-soybean flour (8) 6.4+0.63d 6.2+ 0.12*
YNB-egg abumin (6) 5.1+0.58d 59+011
YNB-casein (6) 47+05d 6.2+0.11*

Values followed by different letters are significantly different
by the Tukey test (95% confidence limit)

1Supplemented with (gl?) casein hydrolysate, 20: flaked
soybean 20; flaked oats, 20

2Number of replicates

*Values significantly different from the initial pH value (6.0)
by the Mann-Whitney test (95% confidence limit)

Our results (Table 2) using supplemented YNB confirm
that the simple carbohydrates glucose and xylose were the
most efficient carbon sourcesin respect to the production of
fungal biomass, while the most efficient complex carbon
sourceswasflaked oats, followed by gelatin, flaked soybean,
bovine albumin, casein hydrolysate, soybean flour, egg
albumin and casein. It seems, therefore, that the A. sexdens
fungal symbiont is better adapted to grow on carbohydrates
and not on proteinaceous substrates, the slow growth rate
on proteins having also been reported for the symbiotic
fungus of the ant Atta colombica tonsipes Santschi (Martin
& Martin 1970).
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After 30 days incubation there was a statistically
significant (Mann-Whitney test, 95% confidence limit)
decreaseintheoriginal pH (6.0) of YNB broth supplemented
with xyloseto pH 4.8 and to pH 2.7 for YNB supplemented
with glucose. Supplementation of YNB with bovine or egg
albumin or flaked oats resulted in no significant pH change,
while supplementation with gelatin, flaked soybean, soybean
flour, casein or casein hydrolysate resulted in a small (but
statistically significant) increasein pH to 6.2-6.3 (Table 2). It
thus seems that metabolism of carbohydrates by fungal
symbiont causes a decrease in pH while the metabolism of
proteins either does not affect or slightly increases pH.

Medium A agar, described by Pagnoccaet al. (1990), is
normally used for culturing thefungal symbiont of A. sexdens.
Wetested the effect of supplementing liquid Medium A with
casein hydrolysate, flaked soybean and flaked oats and found
that the quantity of fungal biomass produced in supplemented
liquid Media A after 30 days cultivation was over 2.5 times
higher than in unsupplemented liquid Medium A (Table 2)
and more than twice the biomass achieved in Y NB-glucose.
Both supplemented and unsupplemented liquid Medium A
reached pH 5.0 after 30 daysincubation, significantly different
fromtheir initial pH of 6.0 (Table 2). That supplemented liquid
Medium A attained the same pH value as unsupplemented
liquid Medium A may have been due to the fact that both
media contained glucose and peptone, the metabolism of
which had opposing effects on pH and which may have
hel ped to stabilize the final pH of these media.

Considering the optimum pH values (around pH 5)
reported for fungal symbionts of Attini ants (Silva 1999)
and the good growth achieved on supplemented liquid
Medium A we decided to buffer Medium A agar to pH 5.0
asdescribed by Stoll & Blancard (1990) and to supplement
it, as described in Materials and Methods, in order to
produce what we called Medium B agar. We found that
Medium B agar supports faster growth of the symbiotic
fungus of A. sexdensthan that found in Medium A agar and
that although Medium B agar contained suspended particles
of the insoluble components (flaked soybean and flaked
oat) of the medium and appeared lumpy, removal of these
particles by filtration (before agar addition) caused a
decreasein fungal growth rate (Table 3). Cultures could be
conserved for up to 40 days in Medium B agar instead of
starting to become dark brown after 30 to 40 days as on

Table 3. Relative growth of the symbiotic fungus of A.
sexdensin different solid culture media.

Medium Relative growth (30 days)
Medium A agar (8)" 2+
Medium B agar (9) 5+
Filtered” Medium B agar (6) 3+

INumber of replicates

2Filtration was carried out (before agar addition) to remove
suspended particles of the insoluble components (flaked
soybean and flaked oat) of the medium, which minimized the
lumpy appearance of Medium B agar, but however caused a
decrease in fungal growth rate.
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Y NB-glucose agar or Medium A agar, indicating that the
myceliaisstill viable, while there also appeared to be less
contamination on Medium B agar. These characteristics
indicate that Medium B agar is better optimized for the
cultivation of Attini ant symbiotic fungi and can facilitate
the maintenance of several isolates simultaneously.

The methods for the isolation and maintenance of Attini
ant symbiotic fungi described in this paper will facilitate the
formation of collections of the fungi associated with these
ants, and thus help to provide important information that
may be useful for the control of those Attini ant species
which are agricultural pests.
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