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Pigskin Poison Earthball M ushroom of
Meghalaya: An Identification Paradox

MADHUSMITA BORTHAKUR & SanTa RaM JosHI?

ABSTRACT

Earthball mushrooms or “‘Puffball’ mushroom from subtropical forest of lower belt
of the Himalayan region of India, regularly consumed in eastern India, wasidentified
based on fungal ITSmolecular barcode. The phylogenetic analysis reveal ed that it
clades under the genus Scleroderma of order Boletales which was verified by
Neighbor Joining (NJ) tool. The detail analysis of the gill section and the spore
mor photype revealed lack of gills with abundant veins like connections. Spore
mor photype in the scanning electron microscope (SEM) revealed a globular
structure with an articulate covering. The morphol ogy, microscopy and molecular
data revealed the puffball structure to be of Sclerodermataceae family under the
Agaricomycetes group. This study reports the characterization of irregular potato
shaped earthball mushroom, Scleroderma from northeast India.
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I ntroduction

ver the years, wild mushrooms are known to have ethnic relevance,
me as expensive delicacies while others as potent medicine or as

supplementary income. Wild mushrooms are becoming global
commodities and regional resources are susceptible to worl dwide demands
and exploitation. Such changes are expected to increase problems for the
management of wild mushrooms, with potentially far-reaching implications
for the survival of such resources and for the livelihood of the indigenous
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people who partly depend on these resources for their livelihood. Though
each society shows diverse preferences, strong rel ationshi ps between human
and wild mushrooms are found across all racial, ethnic and geographic
populations. The mushrooms are the most fascinating and striking inhabitants
of the natural world with their distinctive flavors used in cooking or as
potent medicines.

Meghalaya is an ethnomycophlic society where mushrooms have
formed an integral component of tribal dietary habits. The mushrooms are
picked every year by thelocalsand haveformed anintegral part of their diet
during the onset of the monsoon. In view of the intimate association of the
tribals with nature, the knowledge of mushroom speciesis limited to the
old-aged villagers and the region still remains to be scientifically explored
for its mushroom flora. In spite of immense popularity among the tribes of
Northeast India, data on mushrooms identity and toxicity are scarce. More
than 95% of the mushroom poi soning occursasaresult of misidentification
by the hunters (Horowitz and Hendrickson, 2015). With regard to toxicity,
thereisahistory of relevant practical observationsrelating to the poisonous
nature of mushrooms. With 14 different mushroom poisoning types, the
most frequent form is caused in gastrointestinal tract. Presently mushroom
poisoning has become an important concern in different parts of India. In
Meghalaya, large number of people die every year because of mushroom
poisoning. Three tragic incidents of mushroom poisoning were reported in
2016, i.e., on April 6, 8 and 13 where the death toll rose to more than 10
after consumption of wild mushrooms in Mawsawa village of Mawsynram
and Nongpriang of Sohra (Anonymous, 2016). OnApril 22, 2016, the death
toll of six people from mushroom poisoning in Rongdong village of Sijuin
Garo Hill district of Meghalaya was reported (Anonymous, 2016b).

The basidiomycete fungus Scleroderma citrinum is also known as
‘Poison Puffball” mushroom or ‘LeopardEarth-ball’ or ‘Scaly Earth-ball’.
Commonly known to be as dead man’s hand, these are prevalent in the
climatic zone of Asia, Europe and America. They appear superficially
identical to potato with tough warted skin. When cut into ahalf section, the
black soil like “gleba” bearing spores appear. The feature and the
morphotypes are aike to that of the common edible puffball mushrooms or
Trufflesand are often misidentified and consumed by thelocals. Researchers
have confirmed the presence of cryptic speciesin fungi. The use of molecular
markers like ITS fungal DNA barcode and its phylogenetic studies to
substantiate the void between inter and intraspecific taxaare significant for
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the identification of these cryptic species. Therefore, it is significant to
identify the toxic group of macrofungi that could contribute to proper
identification of this cryptic mushroom and provide distinguishing features
of edible varieties.

The present work deal swith theidentification of apuffball mushroom
based on its morphotype, microscopic (optical and electron microscope)
and molecular analysisto generate detail structure of the mushroom and it
isthefirst report on this mushroom from northeast India.

Methodsand Materials
A. Sampling

Morphotypictraitswererecorded at the site of collection for thefresh puffball
fromforestsof the East Khasi Hillsof Meghalaya. After clustering the macro-
morphological traits, the potato shaped mushroom was brought to the
laboratory in asterile plastic bag. All the morphological dataincluding the
size, shape, odour, colour and spores were considered. The mushroom was
allowed to release the spore print for next 9-12 h. A part of the mushroom
section was kept in 4% formaldehyde and preserved in in-house culture
collection center of the North-Eastern Hill University.

B. Microscopic Analysis

Transverse sections of the mushroom cap along with the gillswere cut into
several sections and were mounted in a glass slide with both Lactophenol
cotton blue and Melzer’s solution (chloral hydrate, potassium iodide and
iodine) (Tsujikawaet al., 2003). Sectionswereviewed in LeicaMicrosystems
(CH-9435, Heerbrugg) after covering the section with a cover dlip.

C. Scanning Electron Microscopy Sudy

Transverse sections of the tissue were dissected and were washed with
phosphate buffer saline (PBS) pH 7.3 for several timesto remove any dirt to
observe under the scanning electron microscope. Later the sections were
fixed in 2.5% glutaradehyde in 0.1 M cacodylatebuffer (pH 7.2) and
incubated overnight at 4° C. After the incubation hours, the glutaraldehyde
was drained and the sections were placed for three consecutive 1 hwash in
0.1 M cacodylate buffer which were later dehydrated twice in a series of
acetone (30%-100%) after every 15 min. The washed sections were dried
by immersingin TMSfor 10 min with two changes at atemperature of 4° C.
Finally, it was mounted on an al uminium stubs using doubl e sided adhesive
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tape and was layered with gold by sputtering in a vacuum sputter (JFC-
1100, JEOL, JAPAN) at various magnification to obtai n surface adornment.
SEM analysisof the samplewas carried out at 20 kV of accelerating voltage
(Borthakur and Joshi, 2016).

D. Molecular Analysis

The fungal tissue was considered for extraction of genomic nuclearDNA
using HiPurA fungal DNA isolation kit (Himedia, India) and was amplified
by twoprimersITS1F (5°-TCCGTAGGTGAACCTGCGG-3’) and ITS4R (5°-
TCCTCCGCTTATTGATATGC-3’) (White et al., 1990). Amplification was
carried out in aGeneAmp 9700 Thermal Cycler (Applied Biosystems, USA)
under the following parameters: initial denaturation at 95° C for 5 min; 35
cyclesof denaturation at 9° C for Imin, annealing at 52° Cfor 30 s, extension
at 72° Cfor 1 min; and afinal extension at 72° C for 10 min. The amplified
PCR product was electrophoretically analyzed on 1.5% agarose gel along
with 100 bp marker ladder. Amplified ITS ribotypes were purified and
sequenced (Xcelris Lab, India). The sequences of ITS gene were searched
for its appropriate homologous hitsusing BLASTN in NCBI database. The
anal ogous sequences which showed close proximity to the query sequence
were considered as a hit. The nucleotide sequence coding for rRNA gene
were computed for their alignment using ClustalW software.
Electropherograms was manually edited to omit the gap using Chromaslite
and deposited to NCBI to obtain the accession number. Neighbour joining
(NJ) was used to analyze the evol utionary distance matrix between the query
sequence and its homologous hits. NJ tree was computed using MEGA 6
software (Tamuraet al., 2013). Robustness of NJwas cal culated by analyzing
the bootstrap of 1000 replicates (Kimura-2 parameter).

E. Extraction of Crude M etabolite

The sample was cleaned and gleba was removed, oven-dried and powdered
using mortar pestle. The puffball powder was extracted in methanolic solvent
as described earlier (Borthakur and Joshi, 2016). The dried crude was
resuspended in agqua methanol solvent at a concentration of 500 mg/mL for
its bioactivity analysis.

F. Determination of Antioxidant Assay
a. 2, 2-Diphenyl-1-picrylhydrazyl radical scavenging activity

The free radical scavenging activity of the methanolic extract of the
mushroom was done with the protocol as described by Devi et al. (2008).
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Three mL of the mushroom extract with different concentrations (20 pg/
mL., 40 pg/mL., 60 pug/mL, 80 pg/mL and 100 pg/mL) were mixed with 1 mL
of DPPH (0.1 mM) solution in methanol. The mixture was shaken vigorously
and left to stand at room temperature in the dark for 30 min. Absorbance
wasthen measured at 517 in UV spectrophotometer. A low absorbance value
indicated ahigh free-radical-scavenging activity. BHT was considered as a
positive control for the test. The DPPH scavenging activity of the extract
was analyzed using the following equation

DPPH scavenging effect (%) = 100 x (1 - AJA,)

whereA . isthe absorbance of thereaction with test sampleand A | is
the absorbance of the DPPH reagent without the test sample.

b. Reducing Power Assay

Reducing power assay was performed using the protocol as described by
Oyaizu (1986). To various concentrations of the methanolic extract (2.5
mL) were mixed with sodium phosphate buffer (2.5 mL of 200 mM, pH 6.6)
and potassium ferricyanide (1% wi/v, 2.5 mL). The mixture was incubated
at for 20 min at 50° C. Trichloroacetic acid (10%, 2.5 mL) was added to the
above reaction mixture and was centrifuged at 650 rpm for 10 min. The
upper layer (5 mL) was mixed with deionised water (5 mL) and 9erric
chloride (0.1%, 1 mL), and the absorbance was measured
spectrophotometrically at 700 nm. Higher absorbance indicates higher
reducing powers. BHT was considered as a standard.

G. Deter mination of Bioactive Compounds
a. Total Flavonoid

Total flavonoid content of the experimental mushroom was assayed using
the protocol of Park et al. (2008). The methanolic extract (5 mL) wasmixed
with 10% of aluminium nitrate (1 mL) and 1 M agqueous potassium acetate
(1 mL). The mixture was kept at room temperature for 40 min and the
absorbance was noted after the incubation time at 415 nm. Quercitin was
used as a standard for the test.

b. Total Phenolic

Folin-Ciocalteau cal orimetric method was used to determine the total soluble
phenolic matter of the crude extract (Singleton et al ., 1991).The methanolic
extract (0.5 mL) was mixed with 0.2 mL of Folin-Ciocalteau reagent (1 N)
and incubated for 15 min at room temperature to which 20% of sodium
carbonate (0.6 mL) was added and mixed. Thereaction was allowed to stand
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at 40° Cfor 30 minin the dark and the absorbance was recorded at 765 nm
after the incubation period. Results were expressed in terms of mg of gallic
acid equivalents per gram (mg GAE g*?) of the test mushroom.

Resultsand Discussion
A. Etymology

The epithet of the test puffball issimilar with Scleroder ma citrinumwhich
grow lonely in moist soil.

B. Taxonomic Analysis

The fruiting body is morphologically similar to a round shaped potato of
usually 10 cm in diameter. The texture is rough with scaly irregular warts
on the upper surface and is yellowish to brownish in colour. Mostly
unpleasant odour result from rel ease of the spores during maturity by rupture
of skin, leaving awide opening. The spore mass inside the thick outermost
shell is the “Gleba” which becomes purple brownish on maturity. The round
potato shaped mushroom usually growsin acidic soil (Fig. 1).

Fig. 1. Morphology of the common Pigskin Poison Earth-ball mushroom
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C. Microscopic Analysis
a. Optical Microscopy

Thewarty potato shape Scleroder ma cirinumdiffersfromitsrelated species
Boletes (especially Gyropus) in its morphological trait. It belongs to the
Scleroderma taceae family and is often known as a common parasite for
Pseudaobol etus par asiti cus and Hypomyces chrysosper mus. The bumpy spiny
pseudoamyloid spores when stained with both lactophenol and melzergive
distinct featureswhich differentiatesthe warty poisonous earthball mushroom
fromitsclosely related Boletus group (Fig. 2). The spore dimension usually
varies from 5 to 12 p with spiny thick outer cover.

O Q.
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Fig. 2. Spore morphology of the puffball mushroom observed under optical
mi croscope

b. Electron Microscopy

Through SEM, it was possible to observe the surface of the fruiting body.
Most of the surface lamellae are filled with thick cylindrical tube shaped
hyphaltrama with the presence of spiny basidiospores, the basidioles (Fig.
3). Hyphae are thick walled with apex somewhat cylindrical with wider
opening. Certain part of the lamellae appeared damaged, shriveled and
twisted due to the loss of water from the tissue during dehydration.
Microscopically, it has abundant cylindrical shaped long tube like hyphae,
often bulbousto wide at the apex or opened sheath like features. The unique
feature of Scleroderma citrinum which are the long thick tube like hyphae
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with wider opening and the presence of spiny hard coated spores attached
to the surface or edge of the lamella has been observed in the section of the
gills in optical microscope.

Spiny basidiospores

Scanning Electron
micrograph of the
mushroom fruiting body

Long thick tube
like hyphae with
wider opening

Fig. 3. Scanning Electron micrograph of the mushroom fruiting body

D. Molecular Analysis

Molecular characterization of the conserved rDNA-ITS region of the
macrofungi provided confirmatory identification where the sequence data
were aligned using BLAST. The ITS sequence for the macrofungi was de-
posited to NCBI and the accession numbers obtained as (K'Y 883344). The
Neighbor Joining (NJ) analysis was performed to check the relationship
clade of the sequenced sample. The tree based onthe ITSrDNA showed the
sequence to clade with Scleroderma citrinum with 86% sequence homol-
ogy with a strong supported bootstrap of 1000 replicates (Fig. 4). The spe-
ciesisidentified as Scleroderma based on its morphological, microscopic
including hyphal cell wall and spiny spores authenti cated by molecular char-
acterization using I TSasastandard fungal barcode with the sequence length
of 693 bp (K'Y 883344).
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Fig. 4. Evolutionary positions of puffball fungi with its related species based on
rRNA-I TS sequence similarity.

E. Phytochemical Screening

The experimental mushroom was analyzed for the presence of
phytoconstituents such as akaloids, flavonoids, terpenes, saponin, cardiac
glycosides, phenolics and carbohydrates (Table 1). Among all the
phytoconstitutents, the flavonoid content is higher in Scleroder ma citrinum
which corroborated with the findings of Alvarez-Parrillaet al. (2007) where
the wild mushrooms are known to posses phenols and flavonoid in higher
concentration to that of the commercial mushrooms.

Table 1. Major phytochemicalsin the crude mushroom extract.
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F. Antioxidant Assay
a. DPPH assay

The 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) is a free radical which when
reacted with active antioxidant can donate its hydrogen or el ectron and gets
reduced from dark viol et to pale yellowish in colour. The methanolic extracts
of the puffball possessed good free radical scavenging activity which
increased with concentration when compared to commercialy synthesized
butylatedhydroxytoluene (BHT) taken as a positive control (Fig. 5a). The
observation suggests that the scavenging effect of the methanolic extract of
common puffball mushroom was lower than that of commercial BHT. The
inhibition was found to be 6.26 to 20.53 from a concentration of 20-100 ug/
mL. The IC,_, value obtained from the regression graph was 227.38 ug/mL.

Scavenging activity (%) on DPPH Reducing power assay of the
radicals of mushroom metabolite mushroom metabolite

120 35 1
100 -|

80 1

e Sample
=& BHT

=#=3ample

~fl=3HT

Scavenging activity (%)
Absorbance

0 20 40 60 80 100 120 0 2 4 6

Concentration (ng/mL) Concentration (mg/mL)

Fig.5. Antioxidant activity of the mushroom metabalite.

b. Reducing power assay

Thereducing power assay is based on the ability of metabolite to reducethe
yellow ferric iron to the blue ferrous form by donating an electron. The
reducing power of the experimental mushroom was found to be significantly
different (p < 0.05) where BHT was considered as standard. Higher
absorbance indicates higher reducing power (Fig. 5b) which might be due
to high phenolic or flavonoid content which takes part in electron donating
and stabilizing thefreeradical reaction. A higher absorbance of the mushroom
extract indicates better reducing power of the extract (Oyaizu, 1986). Our
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study demonstrates higher absorbancewhich increaseswith the concentration
andisfound to be stable at 8 mg/mL. The mean absorbance at 8 mg/mL was
found to be 2.940 which established that dried methanolic extract of the
common puffball isagood source of antioxidant activity with reducing power
potency much higher than the commercial BHT. Our result correlates with
the earlier reports as the use of the entire wild mushroom increases the
reducing power capacity (Ferreira Isabel et al., 2007). The presence of
reductones in the extract is generally responsible for the reducing power
properties which donate the hydrogen atom by breaking the radical chain
(Ferreiralsabel et al., 2007; Shimada et al., 1992).

G. Deter mination of Bioactive Compounds
a. Total Flavonoid Content

Flavonoids, commonly occurring phenolic groupsin plants are classified as
flavanols, flavanones, anthrocyanidins, flavonol, chal cones and isoflavones
(Morel et al., 1994). Flavonoids are known to possess strong antioxidant
activity toinhibit or scavenge the free radicals. The total flavonoid content
inthe common puffball was found to be 1.576+0.026 mg QE/g of dry weight
in terms of Quercitin (QE) which was considered as the positive control.
Thehighlevd of flavonoid attributes S. citrinumarich source of antioxidant.

b. Total Phenolic Assay

The total phenolic content of the studied mushroom sample was analyzed
spectrophotometrically using Folin-Ciocalteu’s reagent which was expressed
in terms of gallic acid equivalent (standard curve equation:
y=0.9138x+0.0064, R?>=0.9801). Thetota phenolic content inthe methanalic
extracts expressed as gallic acid equivalent (GAE) i.e. mg gallic acid/g dry
weight showed a high phenolic content in both the extracts possessing
scavenging activity. The val ue obtained for the concentration of total soluble
phenolics was expressed as mg of GAE/g of the dried sample which was
estimated to have 0.2 + 0.02 mg GAE/g in methanolic extract. Soluble
phenolic compoundsin edible mushroom may prove to be an effective anti-
inflammatory, anti-tumor, antibacterial, antioxidant and antiviral agent
(Barroset al., 2007). Thetotal phenol in the test specieswas much lessthan
that of few edible wild mushrooms (Khaund and Joshi, 2015) which could
beattributed to certain genetic factors (Speciesto speciesvariations) or certain
epigenetic factors which include its storage, variety, climatic, the solvent
concentration, solvent to solid ratio, solvent polarity, moisture content of
the mushroom (Thomson and M oland, 2000; Abugri and M cElhenney, 2013).
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A similar study on tea, catechin, and caffeine has al so reported much higher
total phenol in ethanalic extract than that of methanol or water extract which
may be due to solvent inability to permeate in the tissue (Abugri and
McElhenney, 2013).

Conclusions

Vast majority of wild mushrooms which are part of dietary supplements of
indigenous tribes inhabiting forest catchment areas, still remain untapped
and analyzed in term of poisonous nature. Mol ecular characterization of the
fruiting body of the mushroom species showing morphological and
mi croscopi ¢ resemblance to Scleroderma spp. using thefungal barcodeI TS
reveal ed them to be closely related to Scleroderma citrinum. Ecologically,
S citrinum was first described scientifically in the year 1801 by Christian
Hendrik Persoon. There are inconsistent reports on the toxicity with the
members of Scleroderma. Thefruiting bodies of the puffball mushroom are
considered to be aworst poison and most prominent mushroom poisoning
in UK. Consumption of this species is considered to develop various
gastrointestinal disorders along with rhinitis and conjunctivitis from the
spores exposures. But, the consumption of this mushroom without any
apparent harm was observed among the indigenous tribes of Meghalaya.
Theloss of intoxication of the analyzed mushroom among the indigenous
consumers can be in terms of their cooking practices, the geographical
location or the geneti ¢ resi stance to the toxin or by the presence of bioactive
compounds which nullify the toxicity.
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