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The extensive use of pesticides promoted the need for bioremediation methods, including
for pyrethroids. Therefore, biodegradation of gamma-cyhalothrin by fungi from a Brazilian
cave known as Gruta do Catdo (Sdo Desidério, Bahia, Brazil) was investigated. Experiments
were conducted with Aspergillus ustus CBMAI 1894, Talaromyces brunneus CBMAI 1895, and
Aspergillus sp. CBMAI 1926 in 2% malt liquid medium with 300 mg L' gamma-cyhalothrin
(25 °C, 130 rpm, 21 days, pH 7.0). All strains biodegraded this insecticide, and the most efficient
biocatalyst was A. ustus CBMAI 1894 with 50% biodegradation, even though reduced mycelial
mass was observed in the presence of gamma-cyhalothrin. A three factor Box-Behnken design was
carried out. Temperature and pesticide concentration influenced biodegradation, whereas pH was
non-significant. In conclusion, cave fungi can be explored for bioremediation, and future studies
should focus on understanding the enzymatic apparatus, physiology, and genetics behind these
microorganisms, which can present unique properties for biotechnological applications.
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Introduction In 2021, Brazil applied about 721 thousand tons

of active ingredients, making this country the world’s

The production of food that can meet human demand
without environmental degradation is one of the greatest
challenges for modern society. Since the use of chemical
substances has been considered fundamental for the
increasing productivity of established agricultural areas,
especially regarding the huge losses in conventional
agriculture when these substances are not employed.'?

Literature®> showed that less than 0.1% of the applied
active ingredients reach their target organisms, therefore
99.9% of these substances have the potential to translocate
to undesirable regions, reaching different dimensions of
the environment, negatively affecting humans, fauna,
and flora.

*e-mail: fabio_rigolin@hotmail.com; almporto @iqgsc.usp.br
Editor handled this article: Hector Henrique F. Koolen (Associate)

largest consumer of these products,®® which can be
classified according to target organisms (nematicides,
insecticides, herbicides, fungicides, rodenticides,
acaricides, molluscicides, algicides, etc.) and the chemical
groups to which they belong (organochlorines, pyrethroids,
organophosphates, carbamates, triazines, etc.).’

Throughout history, several active ingredients have been
banned because of their high toxicity and/or persistence.!®!!
Organochlorines, the pioneer synthetic pesticides, had their
agricultural use banned at Brazil in 1985, and in 1998 these
compounds were banned from public health campaigns.'>'
For this reason, there is an efficiency demand for chemical
substances that could replace them, surpassing insect
resistance with reduced impacts to humans and the
environment. In this perspective, pyrethroids became one
of the most widely used class of insecticides.'*
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Pyrethroids are derived from the natural pesticides
pyrethrins, which were traditionally prepared by
the trituration of flowers from plants of the genus
Chrysanthemum, such as C. cineraiaefolium and
C. cocineum." These insecticides have low toxicity levels
for mammals, reduced environmental impacts, and small
dosage requirement for high insecticidal activity. However,
the use of some pyrethroids increased the contamination
risk to birds, fish, bees, lobsters, and shrimps.!®!8

Fungi have been described as efficient biodegraders of
polymers from plant origin such as lignin and cellulose,
as well as waxes, rubbers, phenols, benzene, toluene,
xylene, and xenobiotics in forest environments. ' Different
genera were approached for biodegradation of pyrethroids,
with emphasis to Aspergillus, Candida, Cladosporium,
Acremonium, Microsphaeropis, Westerdykella, and

Trichoderma strains.?*-??

For example, Aspergillus sp.
PYR-P2 from pesticide-contaminated soil biodegraded a
pyrethroid mixture composed of cypermethrin, cyfluthrin,
and cyhalothrin.?® Aspergillus oryzae M-4 from soil
of a tea garden biodegraded beta-cypermethrin and
3-phenoxybenzoic acid in co-culture with the bacterial strain
Bacillus licheniformis B-1.** Moreover, Acremonium sp.
CBMALI 1676, Microsphaeropis sp. CBMAI 1675, and
Westerdykella sp. CBMAI 1679 from marine environment
biodegraded esfenvalerate.

Different alternatives have been approached in the
extensive search for sustainable methods and strategies.?**’
In the context of biodegradation, extreme and unexplored
environments such as caves, deep oceans, tropical peats, and
deserts have been the target of studies looking for bioactive
compounds and microorganisms.?3!

Underground environments such as caves can stimulate
unique survival strategies in organisms, providing
far-reaching improvements in metabolism, which are
promoted by the evolutional pressure for adaptability.*>*
Thus, antimicrobial and enzymatic activities of cave
microorganisms are different from elsewhere, constituting
an opportunity for novel discoveries, including new
communities, species and strains.*

Little is known about population, distribution and
biochemical processes of microorganisms that inhabit
cave environments, situation that is not different from
the Brazilian scenario, since studies related to the
underground microbiota are still incipient.’”** Although
the use of high-throughput sequencing has been providing
insights into the microbial richness and diversity of
caves, showing prevalence of Proteobacteria for bacteria,
Thaumarchaeota for Archaea, and Ascomycota for fungi.*!
In addition, this exploration has been an interesting
initiative for new microbial phenotypes, specially by the
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use of metagenomic analyses with correlations of active
functional genes.*?

Cyhalothrin is a pyrethroid insecticide allowed for
agriculture and constituted by four stereoisomers. Moreover,
this active ingredient is available as the product lambda-
cyhalothrin composed by a pair of diastereoisomers, in
which gamma-cyhalothrin ([(S)-cyano-(3-phenoxyphenyl)
methyl] (1R,3R)-3-[(Z)-2-chloro-3,3,3-trifluoroprop-
1-enyl]-2,2-dimethylcyclopropane-1-carboxylate) is the
most active enantiomer.*** In this study was assessed the
biodegradation of gamma-cyhalothrin, an enantioenriched
commercial formulation.

In this context, literature has shown the importance
of biodegradation performed by fungi from caves.** So,
this study aims the evaluation of strains from Gruta do
Catao (Sao Desidério, Bahia, Brazil) for biodegradation of
gamma-cyhalothrin, focusing on the identification of new
catalysts for biotransformation of organic compounds and
future bioremediation processes.

Experimental
Pesticides, reagents, and solvents

Gamma-cyhalothrin (analytical standard, 98.5%) was
obtained from Dr Ehrenstorfer (Augsburg, Germany)
and employed for construction of analytical curves for
quantification. The insecticide NEXIDE (15% m/v of
gamma-cyhalothrin) was generously donated by FMC
Quimica do Brazil (Campinas, Brazil) and used for
biodegradation experiments. Reagents and solvents were
obtained from Sigma-Aldrich (Missouri, USA) and Synth
(Sao Paulo, Brazil). Formic acid, methanol, and acetonitrile
(HPLC grade) were obtained from Panreac Applichem
(Barcelona, Spain) and Tedia Co. (Ohio, USA).

Cave filamentous fungi

The strains of filamentous fungi were obtained
previously from an extreme oligotrophic subterranean
environment named Gruta do Catdo (12°22°6”S,
44°52°3”W) located at the conservation area Lagoa
Azul (Sao Desidério, Bahia, Brazil) under the permit
ICMBio/SISBIO (10215 license). A 0.25 m? quadrant of
soil in two areas of the cave were sampled (Entrance zone
and Twilight zone) in the year of 2012. Sediments were
collected (0-10 cm depth) in sterile plastic containers. Then,
samples were homogenized, sieved with 2 mm mesh, and
conserved in refrigerator at 4.0 °C. Strains isolation was
carried out by streaking in solid medium of 3% malt agar
(30.0 g L'! malt extract, 3.0 g L' soy peptone, 0.05 g L' rose
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bengal, 20.0 g L agar and pH 5.5-6.0) in three replicates.
Incubation was performed at 25 °C for 7 and 15 days. Then,
each colony was isolated by streaking on solid culture
medium for three consecutive times. These procedures are
available in the literature.*

The deoxyribonucleic acid (DNA) extraction was
performed as previously described, and then amplified
using polymerase chain reaction (PCR) method of the
ITS1-5.8S-ITS2 region with the primers ITS-1 and ITS-4.
Purification in column was carried out with GFX PCR
DNA and Gel Band Purification Kit from GE Healthcare
(Chicago, USA). Sequencing was directly performed in
an automated sequencer ABI3500XL Series, Applied
Biosystems (Waltham, USA).¥

The DNA sequences alignments were performed with
CLUSTAL X* and phylogenetic analyses were carried with
MEGA 6.0.* The consensus DNA sequence was compared
with Genbank and CBS. Kimura model was employed for
evolutionary distance, and Neighbor-Joining method for
phylogenetic three. Bootstrap value of 1000 resamples
was used. These strains were identified and deposited by
the Brazilian Collection of Environmental and Industrial
Microorganisms (CBMAI, WDCM§823).4-53

The three strains assessed for biodegradation were
Aspergillus ustus CBMAI 1894, Talaromyces brunneus
CBMALI 1895, and Aspergillus sp. CBMAI 1926.

Spore solution preparation

Fungal spores were taken from solid 7-days cultures
grown at 25 °C on 2% malt extract agar. Harvest was
performed with aqueous solution of polysorbate 80
(0.05%) filtered through a glass wool for mycelia removal
and spores recover into a sterile tube. Concentration was
standardized at 107 spores mL' using a Hemacytometer
Neubauer chamber from Marienfeld (Lauda-Konigshofen,
Germany).

Selection of resistant fungal strains for gamma-cyhalothrin
biodegradation

Three different culture media were used to evaluate
the resistance of fungal strains to the presence of gamma-
cyhalothrin. Experiments were performed with commercial
Sabouraud dextrose agar (5 g L' casein enzymatic digest,
5 g L' enzymatic digest of animal tissue, 40 g L' dextrose,
15 g L' agar), commercial potato dextrose agar (4 g L'
potato extract equivalent to 200 g of potato infusion,
20 g L' dextrose, and 15 g L' agar) and 2% malt extract
agar (20 g L' malt extract and 15 g L' agar). Media and
agar were from Acumedia (Lansing, USA).
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All culture media were sterilized in autoclave
AV Phoenix Luferco (Araraquara, Brazil) at 121 °C and
1 atm for 20 min. After cooling until 40-50 °C, gamma-
cyhalothrin (300 mg L") was added. This mixture was
homogenized and poured into Petri plates. Then, spore
suspension (107 spores) was employed for inoculation
at a single central point using a micropipette with 1 pL.
Plates were incubated in the absence of light at 25 °C in
a biochemical oxygen demand (BOD) incubator model
411D Nova Etica (Vargem Grande Paulista, Brazil), and
the radial growths of fungi were determined after 7 days.
Plates without gamma-cyhalothrin were used as controls.
Data were analyzed by two-way analysis of variance and
Tukey’s test using RStudio.* All experiments were carried
out in quadruplicate.

Biodegradation of gamma-cyhalothrin in liquid culture
medium

Biodegradation experiments were conducted in 125 mL
Erlenmeyer flasks acquired from Corning (Glendale, USA)
with 50 mL of liquid culture medium using cotton plugs to
enable gas exchange. In each flask, 107 spores mL"', and
300 mg L' of gamma-cyhalothrin (previously sterilized in
autoclave, 20 min, 121 °C, 1 atm) were added to culture
media and incubated in orbital shaker Marconi MA830
(Piracicaba, Brazil) for 14 days (25 °C, 130 rpm) in absence
of light. Furthermore, pesticide addition at the 3™ day of
incubation was also assessed. These experiments were
performed in triplicate.

Control trials

Control experiments were carried out to verify
the production of natural metabolites under the same
experimental conditions, but in the absence of gamma-
cyhalothrin (fungal control), avoiding misinterpretation
with pesticide byproducts. Moreover, abiotic controls
with gamma-cyhalothrin were performed in sterile and
uninoculated liquid culture medium for verification
of pesticide stability and abiotic degradation at the
assessed cultivation conditions. After 14 days at 25 °C
and 130 rpm, both controls (fungal and abiotic) were
extracted and analyzed by high performance liquid
chromatography (HPLC). All experiments were done in
triplicate in absence of light.

Fungal growth curve

Three different growth curves were performed:
() spore suspension, 107 spores mL"!, added to 2% malt
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extract medium; (ii) spore suspension, 107 spores mL!,
with 300 mg L' of gamma-cyhalothrin added at day 0
of incubation to 2% malt extract medium; (iii) spore
suspension, 107 spores mL!, with 300 mg L' of gamma-
cyhalothrin added at the 3™ day of incubation to 2% malt
extract medium.

All flasks contained 50 mL of liquid culture medium
that were incubated in orbital shaker (25 °C, 130 rpm,
14 days) in the absence of light. For each growth curve,
42 flasks were used since three erlenmeyer flasks were
employed per day. The mycelia were filtered on a Buchner
apparatus with Cytiva Whatman® filter paper 1 (Little
Chalfont, United Kingdom), and dry weights were
determined after drying at 70 °C for 24 h. The growth
curves were constructed by the dry cell weights (g L)
plotted versus incubation time (days). The experiments
were conducted in triplicate.

Experimental design

Three factor Box-Behnken design was employed
to evaluate the main effects, interaction effects, and
quadratic effects of cultivation temperature (15, 25, and
35 °C), culture medium pH (5.5, 7.0, and 8.5) and gamma-
cyhalothrin concentration (50, 300, and 550 mg L") on
biodegradation of gamma-cyhalothrin by the cave fungi
strain Aspergillus ustus CBMAI 1894. This type of design
is the most employed for response surface modelling with
more than two factors, when it is supposed that the optimum
conditions lie between the assessed ranges. >

Statistica was used for regression and graphical
analysis.’™® A design comprising 16 runs was developed,
and a non-linear model represented by a second-order
polynomial equation was adjusted (equation 1):

¥y =by+b X, +b,X, +bX; + b, XX, + b, XX, +
b, X, X5 + b, X? + b, , X, + by ;X2 (1)

where ¥ is the dependent variable gamma-cyhalothrin
biodegradation (%); b, is the value of ¥ if the effects of
all independent variables are zero, X, X,, and X are the
independent variables temperature (°C), culture medium pH,
and gamma-cyhalothrin concentration (mg L"), respectively;
b,, b, and b, are the linear coefficients; b, ,, b, ; and b, ; are the
coefficients of interaction between the independent variables;
b, ,, b,, and b, ; are the second-order coefficients.

Extraction of gamma-cyhalothrin and its metabolites

The extraction and quantification of gamma-cyhalothrin
was performed according to the literature.” The fungal
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cells were filtered using a Buchner apparatus and stirred
vigorously in 100 mL of distilled water and ethyl acetate
(1:1 v/v) for 30 min. Thereafter, the sample was subjected
to a second filtration in Buchner apparatus, and the mycelial
extract was added to the enzymatic broth. Then, pH of the
aqueous phase was adjusted to 5.0 and the final extract was
obtained by a three-step liquid-liquid extraction with 30 mL
of ethyl acetate each. The aqueous phase was discarded,
and anhydrous sodium sulfate was added to the organic
phase, which was filtered and transferred to a 250 mL round
bottom flask for evaporation under reduced pressure. The
sample was redissolved in 5 mL methanol for analyses.

Quantification of gamma-cyhalothrin by HPLC-UV

Gamma-cyhalothrin was quantitatively determined using
a Shimadzu 2010 high pressure liquid chromatographic
system (Kyoto, Japan) composed of a LC-20AT pump, a
DGU-20AS5 degasser, a SIL-20AHT sampler, a SPD-M20A
UV-Vis detector, a CTO-20A column oven and a CBM-20A
controller with a 25 cm x 4.6 mm Phenomenex C18 column
with 5 um particle size. Analyses were carried out with
0.1% formic acid in deionized water (solvent A) and 0.1%
formic acid in acetonitrile (solvent B) at 1.0 mL min
and 40 °C. The injection volume was 10 pL, and
detection was performed at 277 nm. The chromatographic
analysis was performed as following, from O to 17 min:
60% of B isocratic, from 17 to 18 min: 50-90% linear
gradient, from 18 to 30 min: 90% of B isocratic.

Analytical curves were obtained using the external
standard method with solutions of 500, 1250, 2000,
2750 and 3500 mg L' gamma-cyhalothrin. The obtained
equation was ¢ = (A — 170611)/2556 with coefficient of
determination (R?) = 0.997, where ¢ = gamma-cyhalothrin
concentration (mg L) and A = gamma-cyhalothrin peak
area. Note that samples were re-suspended in 5 mL of
methanol after liquid-liquid extraction, being concentrated
10 times.* The analytical curve was presented in the
Supplementary Information (SI) section.

Method validation

Method recovery and standard deviation were
determined using the commercial formulation NEXIDE,
which was used in the gamma-cyhalothrin biodegradation
experiments, promoting increased similarity with
the samples of this study. Therefore, 5 cultures of
Aspergillus ustus CBMAI 1894 were prepared as described
in the sub-section “Biodegradation of gamma-cyhalothrin
in liquid culture medium” without pesticide addition. After
7 days of incubation at 25 °C and 130 rpm, these cultures
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were sterilized in autoclave (20 min, 121 °C, 1 atm). After
cooling, gamma-cyhalothrin addition was performed
at 300 mg mL"', and determination was carried out as
described in the sub-section “Quantification of gamma-
cyhalothrin by HPLC-UV”.

Identification of gamma-cyhalothrin metabolites

The identification of gamma-cyhalothrin metabolites
was performed by gas chromatography coupled to mass
spectrometry (GC-MS) in a Shimadzu 2010 plus model
at electron ionization mode (EI, 70 eV). An Agilent
J&W Scientific (Santa Clara, USA) DBS5 column
(30 m x 0.25 mm x 0.25 um) was employed in the following
temperature program: 90 °C for 4 min, increased to
280 °C at 6 °C min’, held for 6 min. Injector and interface
temperature was maintained at 250 °C with splitless
1 uL injection. Helium was employed as carrier gas at a
constant flow of 0.75 mL min'. Run time was 40 min and
the used scan was m/z 40-500.° Metabolites identification
was carried out with NIST 08, 08s, 21, and 107, and
Wiley 8 Mass Spectra Libraries employing similarity index.

Results and Discussion
Culture media assessment in gamma-cyhalothrin presence

A culture media screening was performed to check the
ability of these cave fungi strains to grow in the presence
of 300 mg L' gamma-cyhalothrin. Three different culture
media were evaluated: Sabouraud dextrose agar, potato
dextrose agar and 2% malt extract agar. Furthermore,
culture media without pesticide addition were used as
control. Results are shown in Table 1.

Analysis of variance showed that pesticide addition
to the culture medium negatively affected the growth of
the investigated strains (p-value of 1.53¢e'*). Furthermore,
Tukey’s analysis (95% of confidence level) showed no
significant difference between the assessed culture media.
Probably because all the evaluated media were rich and
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complex options, being classically employed for fungi
cultivation. Moreover, they were employed in the same pH
of 5.6 and temperature of 25 °C.

Thus, biodegradation experiments were performed in
2% malt extract, since satisfactory growth for all strains
was observed, with a reduced number of signals in the
HPLC-UV analysis due to the presence of the medium
components, promoting more reproducible results.
Furthermore, malt extract was commonly used in the
evaluation of pesticides biodegradation by fungi.®'¢>

Morphological changes were not observed due to the
presence of gamma-cyhalothrin in the culture media.
The most prominent difference was the reduced growth
observed by colony diameter, as can be observed for
Aspergillus ustus CBMAI 1894 in 2% malt extract
medium (Figure 1). This same effect was described
for fungi in the presence of different pesticides, like
for the pyrethroid esfenvalerate, the organophosphates
methyl parathion, profenofos, chlorpyrifos, and the
organochlorine dieldrin.5-6

2% Malt medium with
300 mg L'! gamma-cyhalothrin

2% Malt medium (control)

Figure 1. Growth of Aspergillus ustus CBMAI 1894 in 2% malt agar
medium in the absence and presence of gamma-cyhalothrin.

Several strategies have been employed for selection
of fungi strains for pyrethroids biodegradation, including
screening in minimal salt agar medium followed by
enrichment culture technique, selection of culturable
strains from different sources like marine sponges and Fu
Brick tea samples, and evaluation of species related with

Table 1. Radial growth of fungi on three different solid culture media with and without gamma-cyhalothrin (300 mg L)

Control Growth assessment

) (media without gamma-cyhalothrin) (media with 300 mg L' gamma-cyhalothrin)

Suain Sabouraud Potato 2% Malt Sabouraud Potato 2% Malt
dextrose / cm dextrose / cm extract / cm dextrose / cm dextrose / cm extract / cm

Aspergillus ustus CBMAI 1894 330+0.17 2.52+0.27 3.40 £ 0.00 0.97 £ 0.06 0.97 £0.32 1.15+£0.07
Talaromyces brunneus CBMAI 1895 2.50 £0.08 2.33 £0.06 2.37 £0.06 1.90 £0.14 1.55+£0.21 1.53£0.15
Aspergillus sp. CBMAI 1926 242 £0.15 2.10+0.10 230+0.11 2.03 £0.06 1.75£0.07 2.00 £0.15
Incubation in absence of light on BOD at 25 °C for 7 days. All experiments were carried out in triplicate.
J. Braz. Chem. Soc. 2024, 35, 8, e-20240026 Sof 12
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specific characteristics like entomopathogenicity.?366-68
Thus, different approaches can be employed for obtaining
an interesting biocatalyst. Here, the assessment of cave
fungi strains was performed aiming at unique properties
and high efficiency.

Biodegradation of gamma-cyhalothrin

Experiments were compared with abiotic controls and
method recovery. Therefore, it was ensured that the analyte
was not absorbed or adsorbed by the fungal cells or degraded
abiotically. Residual gamma-cyhalothrin concentration and
biodegradation in percentage were presented at Figure 2.
Numeric data were presented in SI section.

The abiotic control and recovery tests showed that
losses and consumed gamma-cyhalothrin in absence
of microorganisms were very low or null in absence of
microorganisms, 2.7 +3.4% and —6.4 + 1.4% biodegradation,
respectively. Moreover, data suggested that higher
biodegradation rates were obtained for gamma-cyhalothrin
addition at day zero of cultivation, when compared to the
addition at the 3" day after inoculation, although statistical
significance was observed only for A. ustus CBMAI 1894
(156.9+12.4mgL"'#211.4+9.0mg L' gamma-cyhalothrin,
two-tailed p value equals 0.0035). These results indicated
that the lag phase is important to biodegradation, and
earlier contact of the biocatalyst with the substrate during
incubation is an important factor for pesticide consumption.

Among the three investigated cave strains, A. ustus
CBMAI 1894 presented the highest gamma-cyhalothrin
biodegradation, 47.7 + 4.1%. For this reason, further
experiments were performed with this biocatalyst.
Pyrethroids are biodegradable compounds, and it is already
known the importance of microorganisms for enhanced
bioremediation and increased soil quality, including in
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processes as soil aggregation, formation of symbiotic
relationships, decomposition of residues, control of pests
and diseases, and mineralization of nutrients.®

Few studies about cave microorganisms and its
biotechnological contributions, such as in bioremediation,
have been described. Although fungi from subterranean
environments have been associated with damage at cultural
heritage due to their biodegradation capacity,’®’! which can
be used with a defined and interesting purpose, like in this
study aiming at pyrethroid biodegradation.

Microbial metabolism has been studied for many years
with focus on its roles at detoxification and degradation of
contaminants by bacteria and fungi.?>7? In this context,
studies about novel species and strains from different
environments, as in this work, expands the knowledge about
how microorganisms that inhabit extreme habitats, such as
caves, can develop ways of optimizing energy obtention
and development.

Growth curve

The growth curve of Aspergillus ustus CBMAI 1894
was performed with 2% malt extract broth without pesticide
(control) and with the addition of gamma-cyhalothrin at
300 mg L in the day zero and at the 3™ day of cultivation
(Figure 3).

In the analysis of the control curve, it was noted that
the maximum biomass was about 7 g L' with lag phase
until day one, followed by exponential phase (days 1-5),
stationary phase (5-11 days) and logarithmic decline phase
or death (day 11 onwards).

The addition of gamma-cyhalothrin to the culture
medium modified the growth curve of Aspergillus ustus
CBMAI 1894. Biomass reduction was observed, and the
lowest value (4.5 g L") was obtained with the addition of

T.brunneus T.brunneus Aspergillus Aspergillus

control (Addition at (Addition at (Addition at (Addition at sp. (Addition sp. (Addition

day 0) day 3) at day 0) atday 3)

T.brunneus T.brunneus Aspergillus Aspergillus

(b) control (Addition at (Addition at (Addition at (Addition at sp. (Addition sp. (Addition

day 0)

day 0) day 3) at day 0) atday 3)

Figure 2. Gamma-cyhalothrin biodegradation by cave fungi strains in (a) residual gamma-cyhalothrin concentration (mg L) and (b) biodegradation (%).
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—a— Pesticide added at day zero
8 - —o— Pesticide added at 3rd day
—— Control

Biomass dry weight (g L")

1 1 1 1 1
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Culture (days)
Figure 3. Growth curve of Aspergillus ustus CBMAI 1894 during 14 days
of cultivation. Culture medium without pesticide (control), culture medium
with 300 mg L' gamma-cyhalothrin added at day zero and at the 3™ day
of cultivation. Weight of dry mass after drying at 70 °C for 24 h.

pesticide at day zero, although biodegradation experiments
showed that this condition promoted increased gamma-
cyhalothrin consumption (sub-section “Biodegradation of
gamma-cyhalothrin”). In this case, the duration of lag phase
was 3 days (days 0-3), followed by the exponential phase
(days 3-8), stationary phase (8-11 days) and logarithmic
decline phase or death (day 11 onwards).

Another profile was observed when the pesticide
was added on the 3" day. The lag phase lasted one day,
followed by an exponential phase (days 1-3). After the
addition of gamma-cyhalothrin, a second lag phase at
days 3-4 occurred, followed by another exponential phase

Rigolin et al.

(days 4-10), then the stationary phase (10-11 days) and
logarithmic decline phase or death (day 11 onwards). In
this situation, the stationary phase was greatly reduced to
one day.

The experiments presented here showed that the highest
gamma-cyhalothrin biodegradation occurred when the
pesticide was added to the culture medium before the
spore suspension. The lag phase lasted 3 days, whereas
the addition of pesticide on 3™ day of cultivation induced
a one-day lag phase. Thus, it is supposed that this longer
lag phase period was crucial for cave-fungal metabolism
adaptation, inducing enzyme production for gamma-
cyhalothrin biodegradation.

Experimental design

A 2 levels Box-Behnken design with three factors was
carried out employing Aspergillus ustus CBMAI 1894 for
gamma-cyhalothrin biodegradation during 21 days. Results
are shown in Table 2.

The analysis of variance (ANOVA), Table 3, showed
that the linear effect of temperature and gamma-cyhalothrin
concentration were significant for biodegradation levels.
Whereas temperature positively affected pesticide
biodegradation, gamma-cyhalothrin concentration had a
negative effect. Furthermore, culture medium pH did not
influence pesticide biodegradation in the assessed range.

These relations were presented in Figure 4. In the
generated response surface, higher temperatures and

Table 2. Box-Behnken experimental design and the response factor gamma-cyhalothrin biodegradation by Aspergillus ustus CBMAI 1894

X,: gamma-cyhalothrin

Run X,: temperature / °C X,: culture medium pH concentration / (mg L) Biodegradation / %
1 15 5.5 300 0

2 15 8.5 300 1.5

3 35 5.5 300 58.8

4 35 8.5 300 322

5 15 7.0 50 60.6

6 15 7.0 550 12.6

7 35 7.0 50 89.1

8 35 7.0 550 36.1

9 25 5.5 50 65.4

10 25 5.5 550 14.3

11 25 8.5 50 95.6

12 25 8.5 550 225

13¢ 25 7.0 300 46.8

142 25 7.0 300 62.4

15 25 7.0 300 54.6

16 25 7.0 300 38.8
“Experiments representing the midpoints were repeated four times to estimate errors.
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Table 3. Analysis of variance for Box-Behnken experimental design at 95% confidence level

Data Df MS F value Pr(>F)
Temperature 1 2538 24.675 0.015670
Gamma-cyhalothrin concentration 1 6339 61.628 0.004305
Lack of fit 6 175

Pure error 3 102

Total 15

Df: degrees of freedom; SS: sum of squares; MS: mean square. R* = 0.8901.

- 100
- 100
-< 80
|:|< &0
[« 40
-< 20
-< 0]

TR RN FHERS

¥ = -333.68+8.56*y-0.135%y2-0.233*x+0.0002*x?+306.860

Figure 4. Fitted response surface (at 95% confidence level) for gamma-
cyhalothrin biodegradation (%) in function of initial gamma-cyhalothrin
concentration (mg L) and temperature (°C). The culture medium pH of
7.0 was chosen to create this graphic.

lower gamma-cyhalothrin concentrations were the best
combination for pesticide biodegradation.

Kinetics and experimental design of pyrethroids
biodegradation by fungi have been presented in some
studies, showing the importance of this data for a better
overview of the different parameters that can affect a
decontamination process.” In the literature, factors such
as initial pesticide concentration, pH, nutrients, organic
matter content, carbon sources, temperature, microbial
metabolism, and moisture substantially influenced
pesticide biodegradation in both liquid medium and
soil. 7478

In this study, pH was not statistically significant for
the obtained model, and temperature showed a positive
correlation with the increasing rates of gamma-cyhalothrin
degradation. Although it is known that, tolerance limits of
temperature (high or low) are not ideal for microorganisms
growth and pyrethroids biodegradation.”

Differently from other variables, gamma-cyhalothrin
initial concentration showed a negative correlation
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with biodegradation rates for both linear and quadratic
analyses. Other authors?' also stated that higher pesticide
concentrations reduced degradation rates. Since these
xenobiotics act as inhibitors for microorganisms by
promoting slower growth and adaptation, generating
increased lag phase due to the recruitment of more cells
for effective beginning of biodegradation.

Metabolites identification

Products of the gamma-cyhalothrin metabolism by cave
fungi were identified. The metabolite 2-(3-phenoxyphenyl)
acetonitrile was identified for all the evaluated strains
with a retention time of 27.1 min and 90% similarity with
the spectra library NISTO08 (spectra was presented in the
SI section). This substance was absent in the abiotic and
killed-cells controls, showing that this compound resulted
from the biodegradation process.

The metabolite 3-phenoxybenzaldehyde was identified
in the GC-MS analyses for all strains with a retention time of
23.6 min and 89% similarity with the spectra library NIST 8
(spectra was presented in the SI section). This compound
was confirmed with an authentic standard and its presence
was also observed in HPLC-UV analyses, showing that
this compound was not a product of thermal degradation
during GC-MS analyses. The metabolite 3-phenoxybenzoic
acid was identified in HPLC-UV analyses employing an
authentic standard (chromatograms were presented in the
SI section). Probably, this compound was absent in the
GC-MS analyses because of its low concentrations, since
carboxylic acids usually require derivatization for better
detection in this analysis. A partial biodegradation pathway
was proposed (Figure 5).

The first step in pyrethroids biodegradation generally
is the break of the ester bond by carboxylesterases, an
enzyme class present in bacteria, fungi, and different
animal tissues.®® Subsequently, a cascade of reactions can
produce the most detected metabolite 3-phenoxybenzoic
acid, which is usually biotransformed by hydroxylation
reactions, e.g., monohydroxylation by the marine-derived
fungi Acremonium sp. CBMAI 1676* and mono- and
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Figure 5. Proposed biodegradation pathway for gamma-cyhalothrin by cave fungi.

dihydroxylation by Aspergillus oryzae M-4.8' Furthermore,
phenol, catechol, protocatechuate, benzoic acid and
benzylic alcohol were also reported in the literature as
3-phenoxybenzoic acid products.®®8 However, these
hydroxylated and break down metabolites were not
observed here for cave fungi. Probably, the production rate
of these compounds was lower than their consumption by
the employed biocatalysts.

Conclusions

Among the three studied fungi species from Gruta do
Catao, Aspergillus ustus CBMAI 1894 showed the highest
efficiency at gamma-cyhalothrin biodegradation. However,
Talaromyces brunneus CBMAI 1895 and Aspergillus sp.
CBMALI 1926 also biodegraded this insecticide, showing
potential for bioremediation processes. In the assessed
Box-Behnken design with Aspergillus ustus CBMAI
1894, temperature positively affected the biodegradation
process, whereas increased gamma-cyhalothrin initial
concentration presented a negative effect, and pH was not
statistically significant at the obtained model. Therefore,
these cave fungi strains biodegraded gamma-cyhalothrin
and can be explored for bioremediation of contaminated
environments. Moreover, future studies on these strains
should focus on the understanding of the enzymatic
apparatus, physiology, and genetics behind these cave
microorganisms, which can present unique properties for
biotechnological applications.

J. Braz. Chem. Soc. 2024, 35, 8, e-20240026

Supplementary Information

Supplementary information data (analytical curve
obtained by HPLC-UV for gamma-cyhalothrin, numeric
results for gamma-cyhalothrin biodegradation by
cave fungi strains, 2-(3-phenoxyphenyl) acetonitrile
data from gas chromatography-mass spectrometry,
3-phenoxybenzaldehyde data from gas chromatography-
mass spectrometry, 3-phenoxybenzoic acid and gamma-
cyhalothrin at HPLC-UV analysis) are available free of
charge at http://jbcs.sbq.org.br as PDF file.
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