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Abstract
Mangrove ecosystem is a rich source of manglicolous fungi. While much information is
available on diversity of these fungi, their siderophores have not been explored yet. The present study
was carried out with a view to explore siderophore production potential of manglicolous fungi along
Ghogha Coast, Gulf of Khambhat, Gujarat, India. From four different mangrove samples viz.
rhizosphere, rhizoplane, water and sediment, thirteen fungi belonging to Ascomycota were isolated,
which were all siderophore producers. Their chemical characterization indicated siderophores of twelve
fungi to be hydroxamates while one isolate Emericella nidulans exhibited a novel behaviour.
Emericella nidulans a producer of both; hydroxamate and catecholate siderophore, a behaviour
uncommon amongst fungi. The data revealed that exploring manglicolous fungi could reveal novelty in
structural diversity of siderophore reflecting their unique ecological roles like avoiding siderophore
piracy and oxidative stress for reclamation of mangrove associated coastal habitats.
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Introduction
Iron is the macro molecule required for normal processes in microorganisms but its insoluble
form present in earth’s surface makes it unavailable for microbes. According to Holinsworth & Martin
(2009), marine environment has high nitrate low chlorophyll region (HNLC) in which iron is also in
extremely low condition and affects the productivity of primary producers. This was supported by
Gledhill & Buck (2012). They stated that in marine environment, cycles of trace metals in oceans has
become a matter of concern. Fe has received major importance amongst all other metals in oceans as its
concentration controls primary productivity. Strategy followed by organisms in iron stressing condition
is to produce low molecular weight compound called as siderophores. Siderophore forms complex with
Fe (III) and makes iron available for phytoplankton in case of surface waters (Barbeau et al. 2001,
Hunter & Boyd 2007).
Mangrove ecosystem is well known for its potential biodiversity (Sahoo & Dhal 2009). Gilna
and Khaleel (2011) revealed that mangrove ecosystem is an ideal environment for fungal diversity.
However, siderophore of this ecosystem is not well studied (Trivedi et al. 2016). There are various
factors which affect the diversity of manglicolous fungi in mangrove plant viz. age of the mangrove,
diversity of mangrove plant species and the physico-chemical features of mangrove habitat including
temperature, salinity, and tidal range (Jones 2000). They include mostly marine fungi with a small
group of terrestrial fungi. Marine fungi encountered on various parts of mangroves
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Fig. 1 Luxuriant growth of Avicennia marina at Ghogha
(Kohlmeyer and Kohlmeyer 1979). Fungi occurring in mangrove environment can also be categorized
as saprophytic, pathogenic, endophytic, phosphate solubilizing and cellulose degrading fungi on basis
of their different ecological roles. Saprophytic fungi are fundamental to many aspects of decomposition
and energy flow in mangrove forests (Newell 1996).
In this study, manglicolous fungi (mangrove associated fungi) were examined for their ability to
produce siderophores. Chemical characterization of siderophores was undertaken.
Materials and Methods
Four different mangrove samples as rhizosphere, rhizoplane, sediments and mangrove swamp
water were collected from mangrove covered area at Ghogha Coast, Gujarat (Fig.1). These samples
were treated in the laboratory. For analyses, 1 g of each, sediment and rhizosphere samples were mixed
in 100 ml sterile distilled water and shaken for 20 min to get their suspension. Similarly, roots with
tightly adhering soil particles were cut into small pieces (approximately 1.5 cm) and 1 g of these root
pieces were vigorously mixed in sterile 100 ml distilled water and shaken for 20 min to get the
rhizoplane suspension. Each sample was serially diluted up to 10 -3 and used for the isolation of
manglicolous fungi. 100 uL from above dilutions were then plated on various media viz. Potato
Dextrose Agar (PDA), Sabouraud Agar
A
apeck o Agar
A and ose- engal Agar
A . ach medium was prepared in different concentrations sea water . and incubated at
C for 5-7 days. After proper incubation period, morphologically distinct fungal isolates were
purified by repeated sub-culturing and stored on their respective media at 4 ˚ until future study.
Morphological and microscopic observations were carried out for identification of the test fungi.
Confirmed identification was carried out at the Agharker Research Institute, Pune.
All fungal isolates were subjected to screening for their ability to produce siderophores using
various tests like FeCl3 test (Atkins et al. 1970), CAS assay test, CAS agar plate test (Schwayn &
Neilands 1987) and modified CAS agar plate test (Milagres et al. 1999). Throughout the study, all the
glass wares were washed with 6N HCl to remove traces of iron. Grimm Allen medium (Grimm &
Allen 1954) used for the study was extracted with 8-hydroxyquinoline in chloroform to ensure
complete removal of iron and 50 mL medium was dispensed in 250 mL flask. The flasks were
inoculated with a disc of each thirteen test isolates and were placed on an environmental shaker
hermo a 4
A at
rpm at
C for 7-9 days. The media containing fungal growth were
filtered using Whatman filter paper No.42 and the culture filtrates were subjected to various screening
procedures as mentioned before.
The siderophores of manglicolous fungi were subjected to chemical characterization.
Siderophores are chemically categorized according to the functional group used to co-ordinate with
Fe3+, as hydroxamates, catecholates, carboxylates, mixed type siderophores and amphiphilic
siderophores (produced exclusively by marine bacteria). FeCl3 test (Nielands 1981) and tetrazolium salt
test (Snow 1954) for hydroxamate type of siderophores; FeCl3 test Nielands 98 and Arnow’s
test(Arnow 1937) for catecholate type of siderophore and spectrophotometric analysis (Shenker et al.
1992) for carboxylate type of siderophores were carried out.
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Results

Fig. 2 Showing positive a. CAS agar test. b. Arnow’s test by Emericella nidulans.
Thirteen manglicolous fungi were identified by using microscopic observations revealed that
those fungi belong to Ascomycota; 10 belonged to Eurotiales and 3 belonged to family Pleosporales.
Screening results revealed that all the thirteen test fungi exhibited siderophore production, indicating
abundance of siderophores which solubilizes iron and makes it available for the other biodiversity
present in mangrove ecosystem.
The chemical characterization shown that, all the test fungi gave positive tetrazolium salt test
confirming hydroxamate nature of siderophore. None of the examined fungi produced carboxylates.
One of the isolate, Emericella nidulans (confirmed identification carried out at Agharker Research
Institute Pune gave positive Arnow’s test as well Fig.2 which is a novel behavior confirming
catecholate nature of siderophore.
Discussion
Results of isolation were in agreement with report of Hyde and Jones (1988) which stated
abundance of Ascomycota on marine and mangrove substrates. Behera et al. (2012) have also reported
majority of marine fungi to belong to Ascomycota. Ravikumar & Vittal (1996) reported the fungi
colonizing different substrata of Rhizophora apiculata and R. mucronata from Pichavaram mangroves
of Tamil Nadu, East coast of India and concluded that different substrata of the same host plant were
colonized by different frequently occurring fungi. Borse et al. (2000) reported higher marine fungi in
foam and intertidal wood and dead submerged wood of Avicennia marina from Daman coast. In this
study 13 species of higher marine fungi (10 Ascomycetes, 3 Deuteromycetes) were recorded.
Screening results depicted the frequent occurrence of siderophore in manglicolous fungi might
play an important role in the Fe cycle in mangrove ecosystem and thus help in increasing the primary
productivity.
A novel behavior of E. Nidulans was observed during chemical characterization of
siderophores. So far only one fungus Penicillium bilaii, isolated from marine environment has been
reported to produce catecholate siderophore (Capon et al. 2007). Vala et al. (2000) had also reported
Paecilomyces variotii; a marine derived fungal isolate producing carboxylate siderophore. Till then,
carboxylate siderophores had been reported exclusively in Mucorales. The present study is the first
report of catecholate siderophore from Emericella nidulans. Haas et al. (2003) reported that despite
inherent production of three major siderophores fusigen, triacetylfusarinine C, and ferri-crocin by
Aspergillus nidulans, the fungus specifically utilizes catecholate-type siderophore Enterobactin.
However, the present study reveals that manglicolous E. nidulans can produce catecholate siderophores
as well which could be utilized by other non-catecholate siderophore producers. This study and earlier
reports (Vala et al. 2000, Capon et al. 2007) suggest that exploration of marine habitats could probably
reveal novelty in siderophore structures and functions.
Das et al. (2007) reported that simultaneous production of organic acid by most fungi could be
probably restricting the occurrence of catecholates in fungi due to instability of ferric catecholates at
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acidic pH. While lipophilicity, complex stability, high environmental pH and weak nitrogen
metabolism are a few possible reasons for catecholate siderophores in bacteria, one of the possible
reasons for occurrence of catecholate siderophores in E. nidulans could be the alkaline pH, as the pH of
mangrove ecosystem from which Emericella nidulans was isolated was noted to be 8.2.
A number of microorganisms have been reported to produce more than one siderophore with
their synthesis under independent control. The reason behind siderophore diversity has not yet been
completely understood. Recently, Lee et al. (2011) have suggested that diversity of siderophore is a
consequence of interaction between siderophore producers (co-operators) and non-producers (cheaters).
At times, it becomes beneficial to produce a siderophore unusable by the non-producers and avoid
siderophore piracy. Adler et al. (2012) reported that besides their role in iron acquisition, siderophores
may have other physiological roles as well. They have observed role of catecholate siderophores as
protectors of oxidative stress.
Production of catecholate siderophore by Emericella nidulans could also be due to requirements
as to avoid siderophore piracy and protection from oxidative stress. The present study confirms that
marine environment can prove to be a good source of diversity of fungi with novel traits like
siderophores with novel structures and functions. This is an encouraging observation for future research
on protection and reclamation of mangrove ecosystem.
Conclusion
The present study indicated the exploitation of marine environment specifically mangrove
habitat for isolation of manglicolous fungi and these fungal isolates then screened for siderophore
production. Novel fungal isolate Emericella nidulans was found to produce hydroxamate as well as
catecholate which were uncommon in fungi. So, marine environment again proved to be a source of
novel secondary metabolites as well as fungal isolates.
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