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 Marine endophytic fungi are rich sources of bioactive metabolites due to their peculiar 
life style and extreme environmental conditions of the marine ecosystem. However, many of the 
marine endophytic fungi are either unexplored or obscure due to lack of proper staining and 
culture techniques. In the present work an endophytic fungal species Cladosporium uredinicola  
was isolated from the marine brown alga Dictyota dichotoma and identified through  molecular 
characterization . Further an effort was also made to understand the life cycle of the endophytic 
fungus and its growth pattern.  Different stages in the life cycle of the fungus was observed with 
the improvised staining techniques and phase contrast microscopic observations.
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 Endophytes are the microorganisms that 
reside in the living tissues of the host without 
causing any apparent infection(Suryanarayanan 
2013).Due to this unique adaptation the endophytes  
thrive in the metabolically aggressive hostile 
environment by constantly encountering the 
host defence metabolites (Cabral et al.1993, 
Schulz et al.1999, Selim et al.2012).This  hostile 
environment may contribute to the evolution of the 
potential synthetic ability of the endophytes(Owen 
and Hundley 2004).Further the survival of the 
marine endophytes in the extreme physical and 
chemical conditions of the marine environment 
imparts special characters which make them 
prospective candidates for screening of natural 
products with various  pharmaceutical and other 
applications.
 Even though the endophytes are worth 
exploring, many of them remain unexplored due 

to lack of proper techniques in their culture and 
morphological observation (Ghimire and Hyde 
2008). Majority of the endophytic fungi belongs 
to the division Ascomycota (Geisen et al. 2017). 
 In the present work an endophytic 
ascomycetes fungus Cladosporium uredinicola 
was isolated from the marine brown alga Dictyota 
dichotoma and identified through  molecular 
characterization .An attempt was also made to 
observe different stages in the life cycle of this 
endophytic fungus through simple and improvised 
isolation and staining techniques. Different stages 
in the life cycle of the fungus viz. Conidiospores, 
coronate ascocarp, ascospores, 4-celled ascospores, 
8-celled ascospores, transmission of endophyte 
from host to its offspring were observed under 
phase contrast and light microscopes.

MATERIALS AND METHODS

Samples
 The algal samples were collected from 
Bay of Bengal at Mypadu beach (coordinates 
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14.5068º N 80.1790 ºE), SPSR Nellore district, 
Andhra pradesh state of India. The fungus was 
isolated from the brown alga Dictyota dichotoma.
Isolation and identification of the endophytic 
fungus
Isolation
 The algal sample was washed with sterile 
distilled water and surface sterilized by immersing 
in 70 per cent ethanol for 5 seconds. The algal 
sample was dried on sterile paper towels, cut into 
bits and inoculated on 2 per cent malt extract agar 
aseptically (Andrew J Flerwelling et al.2015). 
The plates were incubated at 250C and monitored 
regularly for the growth of the endophytic fungi.
Sub culturing of the fungus
 The isolated endophytic fungus was 
inoculated into the conventional media used for 
fungal growth viz .potato dextrose agar, GPY(glucose 
peptone yeast extract) agar and malt extract agar. 
But the fungus was unable to grow hence a new 
medium named MGM medium was formulated 
and the fungus was successfully grown on it. 
Identification of the fungus 
 The isolated endophytic fungus  which was 
subcultured and obtained as a pure culture was used 
for identification by  molecular characterization 
through sequence analysis of D2 region of LSU 
(Large Sub Unit: 28S r DNA).
Molecular characterization
 The  DNA was isolated from the culture 
filtrate of endophytic fungus and it was amplified 
by AB Thermoanalyzer using BDV31 cycle 
sequencing kit by utilizing forward and reverse 
primers of 28s rDNA. The PCR amplicon was 
purified and processed for further sequencing. 
Consensus sequence of D2 region of LSU gene 
was generated from forward and reverse sequence 
data using aligner software.  
 The D2 region of 28S r DNA sequence 
was subjected to homology search analysis. Based 
on maximum identity score, first fifteen sequences 
were selected and aligned   using multiple 
alignment software program clustal W. Distance 
matrix was generated using RDP data base and the 
phylogenetic tree was constructed using MEGA 5 
(Tamura et al.2011).
Monitoring different stages in the life cycle of 
the endophytic fungus
Transverse section of the brown alga
 The algal sample was surface sterilized 

with 70 per cent ethanol and a thin transverse 
section was made with the help of a stainless steel 
blade. The section cutting was transferred to a clean 
grease free glass slide. Cover slip was placed and 
observed under 10X of phase contrast microscope.
Lactophenol cotton blue staining of the 
transverse section
 In order to ascertain the presence of 
fungus in the algal sample, Lactophenol cotton 
blue staining was carried out. The algal sample 
was placed in sterile marine water for 30 days and 
observed for the growth of fungal hyphae. Thin 
transverse section cuttings were made from the 
sample and stained with Lactophenol cotton blue. 
Cover slip was placed and observed under 10X   
objective of phase contrast microscope.
Differential staining of the transverse section
 In order to differentiate the fungal hyphae 
from host tissue a differential staining method 
was developed using Lactophenol cotton blue 
and saffranin stain. The algal section cutting was 
stained with Lactophenol cotton blue and after 
one minute the stain was washed with ethanol. 
Saffranin was used as a counter stain. Cover slip 
was placed and observed under phase contrast 
microscope.
Staining of the isolated fungus from algal bit 
and subcultured fungus
 In order to confirm that the fungus 
isolated from the algal bit and that was obtained by 
subculture are same or not ,Lactophenol cottonblue 
staining was performed for both the samples. 
Observation of different forms of the endophytic 
fungus
 The isolated fungus Cladosporium 
uredinicola belongs to Ascomycota division which 
are known for their ability to exist in different 
forms. The isolated fungus forms a very thick 
mat on the medium which makes the staining 
and microscopic examination of the fungus very 
difficult. In order to overcome this problem a 
new method was developed to facilitate the clear 
observation of different forms of the fungus. 
The fungus was grown in the newly formulated 
MGM broth medium (Umamaheswari devi and 
Vasavi.2016, Indian patent published-application 
number 201641020940) and grown for 28 days 
.The thick mat was removed from the medium 
with the help of a forceps and the broth was filtered 
using the Whatman no.1 filter paper. The debris left 
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on the filter paper was scrapped carefully using a 
sterile lancet and suspended in Lactophenol cotton 
blue solution on a glass slide. Cover slip was placed 
and observed under microscope. 

RESULTS AND DISCUSSION

Isolation
 An endophytic fungus was observed 
from the cut edges of the Dictyota dichotoma bit 
inoculated in the 2% malt extract agar plates on the 
12th day of incubation.Along with the endophytic 
fungus a bacterial species was also isolated (Figure 
1).
Subculturing of the isolated endophytic fungus
 Upon subculturing the isolated fungus for 
three consecutive times it was observed that the 
isolate showed same morphological and growth 
characteristic pattern measured through dry 
weights .

Molecular characterization
 The isolated endophytic fungus was 
identified as cladosporium uredinicola by 28 
s rDNA sequence analysis. The sequence was 
deposited at the Genbank under the accession 
number MG719993. Cladosporium uredinicola 
belongs to Davidiellaceae family and Ascomycota 
division of Kingdom Fungi (Figure 2).
Observation of the transeverse section of the 
alga
 When the transverse section of the brown 
algal sample was observed without staining under 
the phase contrast microscope, fungal hyphae 
were observed around the fucosan granules of 
the alga (Figure 3). This observation indicates the 
dependence of fungal endophyte for nutrition on 
its host.
Lactophenol cotton blue staining of the section 
cutting of the alga
 In order to observe the growth of the 
endophytic fungus ,the cuttings of the algal sample  

Fig. 1. (A) Marine brown alga Dictyota dichotoma (B) isolated endophytic fungus and bacteria (C)Subcultured fungus

Fig. 2. Phylogenetic tree of the isolated endophytic fungus
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Fig. 5. Differential staining of fungal endophyte and 
algal host

Fig. 6. Transfer of fungal spore through zygote of 
Dictyota dichotoma

Fig. 7. Development of Asci  from the hyphae

were stained with Lactophenol cotton blue and 
observed under phase contrast microscope.The 
fungal hyphae were observed to be protruded from 
the cut edges of the brown alga (Figure 4).
Differential staining
 Differential staining technique was 
employed, to distinguish the fungal endophyte from 
algal tissue.. The fungal hyphae were found to be in 
dark blue colour on the back ground of the saffranin 
stained algal tissue.  The spore structures of the 
fungus appeared darker in colour when compared 
to the fucosan granules of the host (Figure 5). The 
micrographs also revealed the transfer of fungal 
spores from one generation of the host alga to the 
next through the zygote (Figure 6).
Staining of the isolated fungus from algal bit 
and subcultured fungus
 From the results of the Lactophenol cotton 
blue stainig of the fungus and its subculture it 
was observed that both of them have the similar 
morphological characteristics 

Observation of different forms of Cladosporium 
uredinicola
 From the microscopic observation of the 
Lactophenol cotton blue stained scrapings from 
the Whatman filter paper, different forms of the 
isolated cladosporium uredinicola were observed. 
A highly woven thick mycelium without spores 
was observed initially,followed by the appearance 
of Asci(Figure 7).Different types of spores  namely 
conidiospores, and spore masses with Four celled 
and 8celled ascospores were also observed (Figure 
8).Coronate ascocarp was also observed clearly 
under 40 X of the phase contrast microscope(Figure 
9). 

Fig. 3. Growth of fungal hyphae around the fucosan 
granules of Dictyota dichotoma

Fig. 4. Protrusion of endophytic fungal hyphae from the 
edges of Dictyota
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Fig. 8. ( A)Conidiospores (B ) 4-celled  (C)  8-celled ascospores

Fig. 9. Coronate ascocarp

DISCUSSION 

 Marine environment is a rich source 
of biodiversity due to its extreme conditions of 
temperature, pressure and salinity (Debbab et 
al.2011). In such a harsh environment organisms 
evolve to combat the different unfavourable 
conditions (Johnson et al.1997).Endophytism is 
such an adaptation which is beneficial for both 
host and endophyte(Doliska et al.2011).In  the 
present work an endophytic relationship between 
the fungus Cladosporium uredinicola and  marine 
brown alga Dictyota dichotoma was studied. By 
using improvised staining techniques different 
stages of the endophytic life cycle were observed.
 Cladosporium spp. of fungi are worldwide 
in distribution and they live as decomposers 
(Debbab et al.2011).Cladosporium uredinicola 
lives as a hyper parasite on rust fungi Dugan and 
Glawe 2006 and ,Barrows et al.1999) .Reports  are 

available to support the occurrence of Cladosporium 
uredinicola  as an endophyte from the terrestrial 
plants(Thakur et al.2013).In the present work 
the endophytic fungus isolated from the marine 
brown alga Dictyota dichotoma  was identified 
as Cladosporium uredinicola by molecular 
characterization .Microscopic examination using 
simple and improvised techniques revealed 
different forms of the fungus and stages of its 
association with the host.

CONCLUSION 

 As far as our knowledge is concerned the 
present work is the first report of the occurrence 
of Cladosporium uredinicola as endophyte in 
Dictyota dichotoma. The results of the present 
work conclude that the modified growth medium 
and the simple staining techniques shall be useful 
to study the different forms of Ascomycetes fungi 
and their endophytic life style pattern.
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