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ABSTRACT

The study was undertaken to isolate endolichenic fungi from three selected lichens viz., Pyx-
inesp., Graphis sp. and Cryptothecia sp. collected from Assam. Healthy looking lichen thallus
were collected from Tezpur and Kaliabor of Assam. Lichen thallus were surface sterilized and
were cut into smaller fragments. Surface sterilized fragments were then plated on PDA( Potato
Dextrose Results showed that Trichoderma viridae, Phoma sp. and Morphotype 1 were the
dominant endolichenic fungi recovered from Pyxine sp., Cryptothecia sp. and Graphis sp. re-
spectively collected from Tezpur however Aspergillus, Morphotype 1 and Aspergillus niger
were the dominant endolichenic fungi associated with Pyxine sp., Cryptothecia sp. and Gra-
phis sp. respectively collected from Kaliabor, Nagaon. Study showed that there is a wide di-
versity of endolichenic fungi in these lichens. Further study might result in the discovery of
unique endolichenic fungal diversity. This is the first recorded study on endolichenic fungi
from Assam , no work has been reported yet.
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INTRODUCTION analogous group of fungi inhabit the thalli of li-
chen in a similarly asymptomatic manner: the en-
dolichenic fungi.

Lichen thalli is a combined structure of
symbiotic association between a fungal organism
(mycobiont) and at least one chlorophyll-
containing photosynthetic organism (photobiont)
. such as a micro alga, a cyanobacterium, or both
pgthogen's (Kg llogg anq Raj'a, 20,15,) A G.roup of (Lutzoni and Miadl%kowsk}; 2009). In addition to
highly diversified fungi reside within the internal
tis'sue of other olrganis'ms, liying a;ymptomgtically a home to numerous, asymptomatic, cryptic mi-
without any obvious sign of infection. Multiple re- crofungi that live in close association with the

VieWS have highlighted the bioacti\./e metabolite di- photobiont (Arnold ef al. 2009). These diverse
versity and potential of endophytic fungi to pro-

duce pharmaceutically valuable natural products

Fungi represent a consortium of various biologi-
cally potent metabolites having wide importance
be it as antimicrobial, anti-inflammatory etc. Fungi
are ubiquitous in nature,they can be found in ter-
restrial, fresh waterand marine environments
where they function as saprobes, symbionts, and

the fungal partner of the lichen, the thallus is also

groups of fungi, which reside in the interior of a li-
chen thallus, have been termed as ‘endolichenic

(Kaul et al. 2012; lea e.t al. 2015; PI‘OkSCh et al. ﬁ,mgi’ (Al‘no]d et al. 2009; Miadlikowska et al.
2010; Strobel ef al. 2004; Tan and Zou 2001). An 2004). Endolichenic fungi were discovered when
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attempts were compelled to isolate the Mycobiont
of lichen into pure culture (Crittenden et al. 1995;
McDonald et al. 2013; Petrini et al. 1990). These
fungi are very much similar to the endophytic fun-
gi (sometimes also referred to as endophyte-like
fungi) (Arnold et al. 2009; U’Ren et al. 2016),
which reside within healthy tissues of plants and
they are phylogenetically and ecologically diverse
without causing any diseased symptoms (Arnold
2001, 2007; Petrini 1991).

The endolichenic fungi, however, are dis-
similar from mycobionts (Lutzoni and Miadlikow-
ska 2009), which make up almost more than half
part of the lichen thallus, and from lichenicolous
fungi, an ecological group of meiosporic and mito-
sporic fungi that can often be observed on living
lichens (Arnold ez al. 2009). The endolichenic fun-
gi consist of a number of horizontally transmit-
ted, advantageous fungi, and include abundant
taxa belonging to diverse classes, orders and fami-
lies within the Ascomycota (Pezizomycotina),
Deuteromycotina. (Arnold et al. 2009; Girlanda et
al. 1997; Kannangara et al. 2009; Li et al. 2007;
Petrini et al. 1990; Suryanarayanan et al. 2005;
Tripathi and Joshi 2015; U’Ren et al. 2010, 2012).
Endolichenic fungi have become a new approach
for evaluation of bioactive secondary metabolite
chemistry in natural products research, behind
time.

Assam is rich in floral and faunal diversi-
ty and comes under the northeastern Indian bioge-
ographic zone. The extraordinary physiographic
topography makes the region suitable to colonize
diverse organisms including many lichens. Despite
being rich in biodiversity, the exploratory work on
lichens of Assam is meagre. Floristic study on li-
chens in Assam was introduced by Stirton (1881),
a Scottish lichenologist who described 39 lichen
species only from tea plants. A few researchers
made their contributions to the lichen biota of the
state (Awasthi & Singh 1973; Pant & Upreti 1993;
Rout et al. 2005, 2010; Gupta & Sinha 2011,
2016; Sinha et al. 2013; Daimari et al. 2014,
Gogoi et al., 2019). Recently, Gupta & Sinha
(2018) reported 300 species of lichen belonging to

83 genera and 26 families from Assam. Work on
endolichenic fungi is limited from North east In-
dia,recently a work has been reported on Cryp-
tothecia sp. collected from Arunachal Pradesh
(Devi et al., 2022).However no work has been re-
ported from Assam. This is the first study of en-
dolichenic fungi reported from three selected li-
chens of Assam.

MATERIALS AND METHODS
Study area

Kaliabor is in Nagaon district and is located in
Brahmaputra valley agro climatic zone, therefore
the region is under subtropical humid climatic belt
and it essentially enjoys characteristics of mon-
soonal climate. The district is characterized by ex-
cessive humidity, heavy summer rainfall, and cool
dry winter. The mean annual rainfall was 141.5
mm and the mean annual temperature was 24.8(]
during the period of 2010- 2013. During this peri-
od the major portion of rainfall received from May
toSeptember and July is considered as the rainiest
month of the year by receiving average rainfall as
377 mm. Tezpur is a city and urban agglomeration
in Sonitpur district, Assam state, India. Tezpur is
located on the banks of the river Brahmaputra, 175
kilometres northeast of Guwahati, and is the larg-
est of the north bank cities with a population ex-
ceeding 100,000 as per Metropolitan Census
2011.Summer, winter and rainy season are experi-
enced in the region. Variations of climate in the
region are experienced due to the intermixing of
hills and plains of different elevation. North east
and south west monsoon governed the rainfall of
the region. About more than three fourth of the to-
tal annual rainfall are influenced by the south west
monsoon which operates from May/June to Sep-
tember/October. Rainfall during the month of No-
vember to April is governed by north east mon-
soon. Owing to its climatic conditions luxuriant
growth of different lichen species was encountered
in this region. For the present investigation two
abundantly found lichens species were collected
for study of endolichenic fungi.
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Lichen identification

Healthy lichen thallus of 3 selected lichens viz.,
Cryptothecia sp. ,Pyxine sp., and Graphissp.,was
collected from Tezpur region (27.0274° N,
92.6102°E) and Kaliabor region (27.2109° N,
92.5067° E) of Assam which encloses parts of In-
do-Burma belt. Morphological characterization
was done under a Leica EZ4 and Leica S9i stereo-
zoom microscope while anatomical details were
examined under Leica DM2500 compound micro-
scope. Chemical characterization was done
through Spot tests and Thin layer chromatography
was performed in  solvent system C
(Toluene:Acetic acid; 85:15 ml) (Orange et al.,
2001). Identification of taxa was done by relevant
published literature (Awasthi, 1991; 2001).

Isolation and identification of endolichenic fungi

The three lichen thallus was first surface
sterilized following standard protocol (Guo et al.,
2003). The surface sterilized thallus was cut into
smaller fragments (0.5 x 0.5 cm) and was air dried.
The dried surface sterilized lichen fragments were
placed on PDA (Potato Dextrose Agar) which
were supplemented with 0.01% Streptomycin sul-
phate. The plates were incubated at 28+2°C in
BOD incubator until the growths of endolichenic
fungi were appeared. The endolichenic fungi were
identified on the basis of colony morphology and
reproductive structures referring standard identifi-
cation manuals (Barnett and Hunter, 1998 ; Gil-
man, 1971) and were inoculated in PDA slants and
stored at 4°C.

Endolichenic fungi diversity data analysis

The relative colonization frequency (CF
%) of endolichenic species was calculated using
the same formula as applied to endophytic fungi:
CF % = (Ncol / Nt) x 100

Where, Ncol stands for the number of
segments colonized by each endolichenic fungal
isolates, and Nt stands for the total number of seg-
ments plated (Hata and Futai, 1995 and Tayung
and Jha,2006).
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RESULTS AND DISCUSSION

Identification of the lichen species

Identification of the collected lichen species was
done by following the literatures of Awasthi
(1991, 2007) and Jagadeesh Ram and Sinha
(2016). Based on morphological and microscopic
observations the selected lichen species were
identified as Cryptothecia sp., Graphis sp. and
Pyxinesp. Brief description and identifying fea-
tures of each lichen species are presented below.

A) Cryptothecia sp.

Description: Thallus corticolus, epiphloeodal,
greenish-grey, ecorticate; prothallus white, well
developed; photobiontTrentepohlia.Ascigeros tis-
sue scattered in the thallus, slightly elevated fer-
tile areas; paraphysoids densely branched and in-
terwoven, enclosing the asci; asci aggregated in
ascigerous areas, globose to broadly clavate thick
walled muriformascospores with wavy septa.
Chemistry: Thallus K—, C+ red, KC+ red, P—, me-
dulla I+ blue; gyrophoric acid reported.

B) Graphis sp..

Description:Thallus  crustose, epiphloeodal,
whitish grey with greenish tinge, smooth to une-
ven, sparsely rimose; apothecialirellate, lirellae
dense, semiemergent to emergent, prominent,
simple, straight to slightly curved to flexuous, 0.5
—3.5 mm long, ends round, margin thin, disc con-
cealed, black epruinose,round; labia entire, black;
exciplulum convergent with lateral thalline mar-
gin, laterally carbonized; hymenium hyaline, in-
spersed, 50-70 pum high; paraphyses simple,
anastomosing; asci cylindrico clavate, 8- spored;
ascospores hyaline, elongate ellipsoid, 5-7-
septate, 15-25 x 4—6 pm, I+ blue.

Chemistry: Thallus K-, C-, KC-, P-; no lichen
substances detected by TLC.

C) Pyxine sp.

Description: Thallus foliose, corticolous, orbicu-
lar to suborbicular, 3—6 cm diam., pale grey,
tightly adnate to the substrate; lobes linear, dis-
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crete, 0.5—-1 mm wide, plane to concave, with dif-
fused pruina mostly in the apical region; maculae
marginal and laminal, distinct in the apical region,
developing into pseudocyphellae and then into so-
ralia; soralia orbicular, ellipsoid, linear or irregular
in outline; soredia farinose to granular; lobes 110—
220 pm thick; upper cortex paraplectenchymatous,
12-20 um thick; medulla white; lower cortex
brown to black, paler towards the margin,
prosoplectenchymatous, 15-30 pm thick; rhizines
+ dense, furcated. Apothecia not seen.

Chemistry: Spot tests: Cortex K-, C-KC-, P-,
UV+ yellow; medulla K-, C-KC-, P-; TLC: li-
chexanthone.

3.2 Isolation and identification of endolichenic
fungi

In the present study a total of about 162 number of
isolates have been recovered from a total of 300
surface sterilised lichen fragments of Cryptothecia
sp., Pyxine sp. and Graphis sp. Out of all the iso-
lates Morphotype 1 is the highest occurring en-
dolichenic fungal isolate from Tezpur, which is
followed by Trichoderma harzianum (21 number
of isolates).Trichoderma harzianum is the com-
monly occurring isolate among all the three li-
chens. Out of all the three lichens it has been
found that maximum number of isolates has been
recovered in Pyxine sp. ( 70 isolates) , followed by
Graphis sp.( 65 isolates) and lowest in Cryptothe-
cia sp.(27 isolates).

Figure 1. Photoplates representing endolichenic fungal isolates from surface sterilized lichen

fragments of Cryptothecia sp., Pyxine sp. and Graphis sp.

19
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Figure 2. Photoplates showing microscopic image of the isolated endolichenic fungi
A- Aspergillus niger B- Aspergillus sp. C- Aspergillus flavus D-Dreschlera sp., E- Chaetomium sp.
F-Penicillium sp. G- Sordaria sp. I-Rhizoctonia sp. J- Trichoderma sp. (Size-100 um)

Table 1. Study of diversity pattern in endolichenic fungi from Tezpur

Number of Colonization rate Relative
Lichen Endolichenic fungal isolate isolates (%) frequency
Pyxine sp. Rhizoctonia sp. 2 2 3.50%
Chaetomium sp. 1 1 1.75%
Trichoderma harzianum 9 9 12.20%
Trichoderma viridae 12 12 17.50%
Penicillium sp. 2 2 3.50%
1.75%

Periconia sp.

NeJCR, Vol. 9 No. 1, pp.16-24, 2022 20
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Graphissp. Mycelia sterilia 31 31 54.38%
Phoma sp. 20 20 38.16%
Trichoderma harzianum 6 6 11.53%
Trichoderma viridae 8 8 15.30%

Cryptothecia

sp. Mycelia sterilia 12 12 23.07%
Trichoderma harzianum 6 6 9.30%
Rhizopus sp. 1 1 1.56%
Aspergillus flavus 1 1 1.56%
Sordariafimicola 1 1 1.56%
Penicillium sp. 1 1 1.56%
Morphotype 1 25 25 39.06%
Morphotype 2 9 9 14.06%
Morphotype 3 12 12 18.75%
Acremonium sp. 2 2 3.12%

Isolation of endolichenic fungi from Kaliabor

In the present study a total of about 190 number of isolates have been recovered from a total of 300 surface
sterilised lichen fragments of Cryptothecia sp., Pyxine sp. and Graphis sp. Out of all the isolates Mycelia
sterilia is the highest occurring endolichenic fungal isolate from Kaliabor, which is followed by Phoma(20
number of isolates), whereas Morphotype 1 is the highest occurring endolichenic fungi from Tezpur . Out
of all the three lichens it has been found that maximum number of isolates has been recovered in Cryp-
tothecia sp. (74 isolates), followed by Graphis sp.( 67 isolates) and lowest in Pyxine sp.(49).

Table 2. Study of diversity pattern in endolichenic fungi from Kaliabor

Lichen Endolichenic fungal isolate N}meer of  Colonization rate Relative
isolates (%) frequency

Cryptothecia sp.  Bipolaris sp.(Crp 04) 6 6 8.11%
Bipolaris sp. 1 (Crp 08) 12 12 16.22%

Bipolaris sp.2 (Crp 12) 6 6 8.11%

Aspergillus sp.(Crp 03) 3 3 4.16%

Mycelia sterilia 31 31 1.38%

Penicillium chrysogenum 2 2 2.77%

Penicillium chreasum 14 14 19.44%

Pyxine sp. Myeceliasterilia 29 29 59.19%
Aspergillus sp. 13 13 26.53%

Sordariafimicola 05 05 10.20%

Chaetomium sp. 02 02 4.08%

21 NeJCR, Vol. 9 No. 1, pp.16-24, 2022
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Graphissp. Mycelia sterilia 52 52 77.61%
Aspergillus sp. 12 12 17.91%
Penicillium sp. 2 2 2.96%
Sordariafimicola 1 1 1.49%

180
N, 160
u o140
mo 120
b | 100
e | &
ro, 60
e 40
S . . .
i o~ L1 S 11 _n
> & -] & G ) \\,5 2 N Vv ] Qr <&
(}é‘ (-0\\56\_(0{9 A\i©®§ 6\{@0(\(1\\0@ é-é\\‘m(’qo @ & '«:\Qe c\Qa 'c-\Q@ O&QG\Q(}‘& \\‘\";’ %Qoo ég’\)
ol A G P Y & & &8P ¥ & o
) 2 E & o e\-\q-'\\\{\'b{&&@ éc\",\«\
X < & obé é\“‘(' Q‘?’& F Q@ v(_,Q & \\‘\\g
S ¥ P S
N & <@
<& &
qu
Endolichenic fungal isolates

Figure 3. Graphical representation to the occurrence of endolichenic fungal isolates from

two different sites

CONCLUSION

Endolichenic fungi are ubiquitous in nature as like
endophytic fungi. Present study reveals the occur-
rence of endolichenic fungi from the two different
sites of Assam particularly Tezpur and Naga-
on.Study shows that both the region harbors many
different endolichenic fungi.These three selected
lichens basically known for their antimicrobial po-
tential represents wide occurrence of endolichenic
fungi.Studies have indicated that they produce po-
tent bioactive metabolites with wide therapeutic
applications. Considering the diminishing plant di-
versity which harbors maximum lichen flora re-
search priority should be directed to study them
especially in developing countries like India, be-
cause once lichens get extinct so will be the asso-
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ciated endolichenic fungi. The current study is an
endeavor in this direction, and our study suggests
that endolichenic fungi could be a potential source
of antimicrobial agents.
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