15

KAVAKA 40: 15 - 21, 2012.
Metal resistance of halotolerant fungi from mangroves and salterns of Goa, India
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ABSTRACT

Filamentous salt-tolerant fungi were isolated from mangroves and salterns of Goaspeiaillusand
Penicilliumspecies were predominant amongst these. The isolates were found to have high levels of tolerance
to sodium chloride and showed resistance to salts of heavy metal€®band Cd*. Species belonging

to Penicillium showed highest levels of halotolerance as well as resistance to heavy metals, the single
isolate of a triverticillate morphotype B&nicilliumobtained, showing the highest resistance. The aspergilli

also displayed fairly high halotolerance as well as metal resistance, with isolatesggrandA. flavus

showing higher levels of resistance. The other isolates belonged to the BaeeitamycesFusarium,
AlternariaandCladosporiumOf these Paecilomyceshowed a fair amount of halotolerance; the others
showed lower tolerance. Resistance to the heavy metals tested was poor in the isolates obtained from these
genera. Amongst the isolates obtained, thogespérgillushaving a radiate, biseriate spore arrangement,

and the single triverticillate morphotype Rénicilliumdisplayed a higher degree of resistance to heavy
metals. It is suggested that mechanism of resistance in these fungi could be phylogenetically related.
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INTRODUCTION The present work describes the halotolerance, as well
as resistance to heavy metal ions such &s € and

The estuaries in Goa, India, are lined with mangroves -, : .
. Cd#*, by fungi from mangroves and salterns of Goa, India,
and salterns in part, and serve as waterways for barges

L ) and presents a comparative analysis of halotolerance and
carrying iron ore, as well as other water traffic. They

S rnetal resistance in the different genera of fungi, and

are, therefore, exposed to metal contamination from metal .- : . .
... “within the different species or morphotypes of a given
dust from the barges, run-offs from ore beneficiation
genus.

plants, as well as from exhaust fumes and /or other
industrial or mechanical activities. Since metals are not\pATERIALS AND METHODS
degradable, they accumulate in the environment.
Exposure to metals also leads to the establishment ofsolation of microorganisms
resistant or tolerant microbial populations, fungi being | ¢ ¢ band
more tolerant to metals than bacteria or actinomycetesS@MpIes of water from mangrovesRabander (MRw)

(Gadd, 1993). Such organisms also become importanfndsalterns neabanjim (SP), were collected in sterile
indicators of pollution. These fungi are also subject to cONtainers and then plated for isolation of organisms on
selective pressure of the saline environment of the estuary-2aPek-Dox Agar (CzA) + 2% NaCl, as given earlier
and mangroves and the hypersaline solar salterns, angarbaniang and Nazareth, 2007). Sediment samples

thus become halotolerant: able to tolerate the presencfOM mangroves (MRs), were §uspended in sterile saline
of high sodium chloride salt concentrations but growing (19 In 10 mL) and shaken well; the supernatant was then

best at concentrations below 0.2M, or halophilic: treated as the water samples. Isolates were picked up

requiring salt for their optimal growth (Kushner 1978). Zizeﬁsgf?fgaﬁé d;j:;;g%”g;;g';uﬁéfgﬁ:jag:ﬁirf'iségs

Most of the heavy metal salts form aqueous solutionsaccording to their genera on the basis of cultural
and cannot be easily separated by physical means ofharacteristics such as nature of growth, spore colour
separation, nor can they be decomposednbgitu and pigment production when grown on CzA, and on
biological means (Laws, 1993). Microorganisms that are morphological characteristics of mycelia and fruiting
able to survive in these conditions, are seen as agents dfodies (Domsch et al., 1980; Raper and Fennell 1965).
metal pollution control (Wood and Wang, 1983; Vinita ) )
and Radhanath, 1992; Vieira avidlesky, 2000; Ezzouhri Screening for halotolerance and for metal resistance

etal., 2009). The fungal isolates were screened for salt tolerance

by spot inoculation on to CzA plates containing 0, 2.0,
5.0, 7.5, 10.0, 12.5, 15.0, 17.5 and 20.0% NacCl
concentrations and observed for growth at 30°C up to 7
days. They were then grown in CzB with the above salt
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concentrations and growth was assessed in terms of drfTC of 3 mM Cu#* and four of the penicilli resisted
weight of filtered, washed mycelia. Cu** levels in the range of 3 - 5 mM.

The isolates were screened in similar manner for Seven of théenicilliumisolates could grow in the
resistance to metals on S-CzA medium containing 0, 2.5,presence of Cd as Cd(NQ), salt, five of these at an
5.0, 7.5 and 10 mM Ptas Pb(NQ),, or 0, 1, 2, 3,4,5 MTC of 3-5 mM, and six in the presence of*Cds
mM Cu*as CuSQ.5H,0, or 0 to 5 mM C#& as CdSQsalt, three at an MTC of 3-4 mM; of these, three
3CdSQ.8H,0 or as Cd(NQ),.4H,0. The maximum isolates SP-18, SP-19 and SP-35 showed a resistance to
tolerance concentration (MTC) used in the experimentboth salts of cadmium. Twi®aecilomycessolates MR-
at which growth was obtained was plotted as a mean ofl5 and SP-51 also grew in the presence éf &lnitrate
values obtained in triplicate. salt at an MTC of 0.5 mM anélternaria SP-54 at 1

. mM of C#* as sulphate salAspergillus Fusarium
Culture and morphology changes in response to heavy  cjadosporiumisolates showed no resistance t&*Cd
metals either as nitrate or as sulphate salt.

Isolates were selected on basis of their high A comparative study of the metal resistance of the
resistance to metals and according to their groupis|ates indicated that onBenicilliumwas resistant to
subdivision in case dkspergillus or their morphotype  cagmjum salt(s), and that the aspergilli and penicilli
in case oPenicilliumspecies, and observed for changes ghowed greater resistance to the heavy metals of lead
in culture characteristics when grown in presence of 5 copper screened, than the other genera, with the
heavy metals. isolates from mangroves demonstrating a greater metal
RESULTS resistance than those from salterns. Furthermore, a

variation in metal resistance was evidenced between the
Fungi isolates from mangroves and salterns different species within a given genus and was therefore
analyzed with respect to the speciesAspergillus or

Fungi were selected from a total of 55 isolates, basetthe morphotypes dfenicillium.Amongst the aspergilli,
on apparent cultural dissimilarity, with particular the highest resistance to €at 3 mM was obtained by
reference to colony appearance and spore colour: thesplates ofA. nigerandA. flavus the latter also showing
mangrove isolates were identified as belonging to thethe most resistance to®ht 10mM concentration. Like-
genusAspergillus(7), Penicillium(4) andPaecilomyces  wise, amongst the penicilli, the greatest metal resistance

(1); the genera picked from salterns wespergillug9), was demonstrated by the single terverticillate (T)
Penicillium (12), Paecilomyceg3), Fusarium (2), morphotype, followed by that of the biverticillate
Alternaria (3) andCladosporium(1). asymmetric (BA) and the biverticillate symmetric (BS),

. with the monoverticill M) showing a | r resistance.
Halotolerance of the isolates th the monoverticillate (M) showing a lesser resistance

. : . hange in morphol inr n heavy metal
While all the isolates tested could grow in absenceC ange orphology in response to heavy metals

of added NacCl, tolerance curves (Fig 1A) indicated that Isolates ofA. nigerandA. flavus andPenicillium
optimal growth of many were obtained with addition of monoverticillate, biverticillate and terverticillate

2.0 % salt. Most of the isolates could tolerate NaCl morphotypes, showed colony changes such as decrease
concentrations between 8 — 10 % and some up to 15%in growth and/or conidiation, as well as marked changes
somePenicillium isolates showed tolerance to 17.5% in micromorphological characteristics: thickened cell
NaCl; the MTC of NaCl by the isolates, is shown in Fig. walls and bulging mycelia, as also loss of intracellular
1B. material, germination of conidia into mycelial strands
while still attached to the vesicle; this was seen
particularly in response to the presence of copper and

The cultures showed a decrease in growth with increasingg@dmium salts, and to a lesser degree in presence of lead.

concentration of heavy metals; the MTC of metals is | N€ more prominent changes in morphology of some of
shown in Fig. 2. the isolates possessing high levels of metal resistance,

are indicated in Fig. 3.
Good resistance was exhibited by all the isolates to
a minimum of 5.0 mM Pb as Pb(NQ),. Most of the ~ DISCUSSION
AspergillusandPenicillium were resistant to 7.5 mM,
and some aspergilli were resistant even to 10.0 mM.

Resistance to Heavy Metals

The isolates obtained from the mangroves and
salterns of Goa, India, showed a predominance of
Many of the isolates showed resistance té* @u Aspergillusand Penicillium cultures, in keeping with
the form of CuSQ5H,0, with an MTC of 0.5 - 2.0 mM diversity seen in saline environments (Abdel-Hafez,
Cu*; two of the copper-tolerant aspergilli exhibited an 1981; Radwan et al., 1984; Nayak et al., 2012). The
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Fig. 1. Salt tolerance of fungal isolates
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Aspergillusand Penicillium isolates also displayed a obtained, corroborated earlier reports (Gadd, 1993; Igbal
higher level of salt tolerance than the other generaetal., 2006). It was also noted that resistance to cadmium
isolated, as also reported by Radwan et al. (1985). Thavas demonstrated only Benicillium species but not
isolates were able to grow in presence of fairly high by Aspergillus indicating thaPenicilliumcould have a
concentrations of salt and also in absence of salt. Manywider range of metal-resistance.

showed optimal growth in absence of added NaCl and ) ) )
could therefore be regarded as halotolerant; some grew 1 he thickening of the cell wall and rounded cells in
better when 2% salt was added to the growth mediumPresence of metals, corroborates_ earlier findings
indicating their slightly halophilic nature (DasSarma, (Venkateswerlu et al., 1989; Kowshik and Nazareth,
2002; Nayak et al., 2012; Nazareth et al., 2012) and / 02000; Nazareth and Marbaniang, 2008). Ram et al,,
their marine origin Nlackay et al., 1984). A striking (2004) showed tha_lt chitin biosynthesis is mduged as a
observation was that some of the isolates from salternd®SPonse mechanism of the fungal celAspergillus

did not have an ability to grow in presence of very high Niger, Fusarium oxysporumand Penicillium
NaCl concentrations and had an optimal growth at 0-296Chrysogenunto stress, thus making it more resistant.
salt; these may therefore be of terrestriall aerial origin Whenchitin synthesis is affected, growing hyphae form

that have survived and/ or adapted to the high brinePronounced bulges and tend to lyse (Bago et al., 1996).
content. The involvement of the cell wall in metal sorption

(Ezzouhri et al., 2009; Iskander et al., 2011; Gazem and
The halotolerant/mild halophilic isolates were seen Nazareth, 2012b) might also contribute to the

to have a good resistance to lead and copper, withmorphological changes seen. Moreover, the unusual
resistance to lead being common to all and at a highephenomenon seen M nigerin presence of copper ions,
level than that of copper ions, similar to other findings wherein the conidia showed germination while still
(Marbaniang and Nazareth, 2007; Iskander et al., 2011;attached to the vesicle, could be explained as a response
Gazem and Nazareth, 2012a). The greater resistance bynechanism to stress. Meyer et al. (2007) have shown
isolates of the genessspergillusandPenicilliumto the that stress of antifungals oh. niger provoked the
heavy metals as compared to that of the other genera@stablishment of new polarity axes in conidial

germination, with a number of germ tubes per conidium.

MR1: 6mMPb®*  MR1: 3mMCu®** MR4: 3mMCu®** MRS8: 1mMCu?
A. niger A. niger A. niger A. tamarii

o

MR12: ImMCu?* MR14: 0.5mMCu® SP22: 0.5mMCu?"
A. flavus A. niger A. tamarii A. flavus

Penicillium

~ MR19: 2mMCd®*  SP49: 1mMCd®
Biverticillate Biverticillate Terverticillate Monoverticillate

Fig. 3. Morphological variations of Aspergillusand Penicillium species in response to heavy metals.



20 Metal tolerance of halotolerant fungi

Isolates belonging to thA. niger and A. flavus DasSarma S, Arora P, 2002. Halophiles. In:
groups were more resistant to the metals used than the Encyclopedia of life sciences, Vol 8. Nature
other species oA. tamariandA. nidulans which is in Publishing Group, London, pp. 458-466.
keeping with earlier reports (Iskander et al., 2011; Gazem
and Nazareth, 2012a). Both niger and A. flavus Domsch, K.H_., Gams W and_Anderson T.H. 1980.
species, which were more resistant, bear a radiate vesicle, compendium of soil fungi,vol 1. IHW-Verlag,
with a biseriate, or mainly biseriate, phialide Eching,.
arrangement. In contrask, tamariare loosely radiate 27
and uniseriate, with only large heads being globose andE
biseriate, ané\. nidulansspecies are columnar with short
biseriate phialides, both of which showed less metal
resistance.

ouhri, L., Castro, E., Moya, M., Espinola, F. and
Lairini, K. 2009. Heavy metal tolerance of
filamentous fungi isolated from polluted sites in
Tangier, Morocco. Afr. J. Biotechnol. 3 (2): 035-
048.

A similar observation could be found amongst the
Penicillium isolates, wherein the single triverticillate
morphotype with increased branching of the conidial
structure, showed greater metal resistance over that of
the biverticillate, and more so, over that of the
monoverticillate. Developing resistance to environmental Gadd, G.M. 1993. Interactions of fungi with toxic metals.
stress conditions as a means of survival appears to be an  New Phytol. 124: 25-60.
inherent characteristic of this morphotype, the profiles
of Secondary metabolites such as mycotoxins orGazem, M.A.H. and Nazareth, S. 2012 a. Sorption of
antibiotics produced, forming an important feature in ~ lead and copper from an aqueous phase system by
their classification (Frisvad and Filtenborg, 1983). Ram  marine-derived Aspergillus species. Ann. Microbiol.
et al. (2004) have also indicated the greater resistance of DOl 10.1007/s13213-012-0495-7
the species ofA. nigerand the terverticillateP.
chrysogenuno conditions of stres$hese observations Gaze_m, M'A'H' and Nazareth, S. 2012 b. Isothe_rm and
suggest that metal stress resistance may be k|net|c_ m(_)dels and cell sgrface analysis f_or
phylogenetically related. determlnatl_on of the_mechamsm of mgtal S(_)rpt|on

by Aspergillus versicolorWorld J. Microbiol.

The diversity of microorganisms in saline or Biotechnol. 28:2521-2530.
hypersaline environments is of growing interest and
would find application in bioremediation processes.
Industrial processes use salts and frequently release brine
effluent into the environment. Such halotolerant species,
able to grow at high concentrations of salt and possessing

a high resistance to heavy metals have a very strongskandar, N.L., Zainudin, N.A. and Tan, S.G. 2011.
potential as agents for abatement of pollution in saline  Tglerance and biosorption of copper (Cu) and lead

conditions or in waters of fluctuating salinity, as well as (Pb) by filamentous fungi isolated from a freshwater
in non-saline environments. The comparative analysis ecosystem. J. Environ. Sci. 23: 824-830.

of this study could also serve as an indication of the

potential of various fungal genera or species for metalKowshik, M. and Nazareth, S. 2000. Metal tolerance of

bioremediation. Fusarium solani.Ecol. Environ. Conserv. 6: 391-
395

Frisvad, J. C. and Filtenborg, O. 1983. Classification of
terverticillate penicillia based on profiles of
mycotoxins and other secondary metabolites. Appl
Environ Microbiol. 46: 1301-1310.

Igbal, A., Ansari, M. |. and Farrukh, A. 2006. Biosorption
of Ni, Cr and Cd by metal toleraAspergillus niger
and Penicillium sp. using single and multi-metal
solution. Indian J. Expt. Biol. 44: 73-76.
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