CHAPTER 4

NS
O

4.1 Isolation and morphology observation of THR2 fruiting bo

This study successfully isolated the wild termite mushroowRZ) during the
September 2019 Southwest Monsoon. At the sampling sit Wjiiing bodies were
discovered strewn across the soil's surface under con s of hi hW and low
range of temperature. The interior of the termite nest is growing fu gl'sfig;x;)les
a comb when viewed through a cross section_of thersoil (Figure .1B%‘Which has

accumulated mycelium on it (Fig 4.2A). White t ite,g\ \also seem(Figure 4.1E),

and it was clearly demonstrated thal@ing bo Wﬁrowing from the

termite nest (Figure 4.1C), passing through the sell; em r@g on the soil's surface

: : ON . .
(Figure 4.1A). Termite nests w, een@0 an cm ameter, white-brownish

&)

in colour with immature sti e,m acj i With@ture stipe (Figure 4.2C). The

-2

fruiting bodies were séen to ke of varyingrheightsy(Figure 4.2B), and Figure 4.2D
' 1

depicted the morpho%ﬂ tr NL e Wg Is beneath the pileus with centrally

attached stipes. & {Q

S5
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from the termite nest; [C] Termite pest; [D] InnereomBof termiite nest; [E] Soils and
cracked terpitefigst with white ter
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Figure 4.1: [A] Fruiting bodies of wi 1&?“ o' eémergeet on the surface of
the soil; [B] Cross-section of soil-wi ii mushredm was observed growing

5, 3 s
>
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gure 4.2: [A]JAccumulation of budding mycelium on top of the termite nest; [B]
Hyphal with pin-holes; [C] Matured stipes of wild termite mushroom; [D]
Morphological structure of the prominent perforatorium (pileus), white gills under the
pileus and centrally attached stipes (bar = 1 cm); [E] Different height of matured
stipes.
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4.2 Tissue Culture Technique
The mycelium was successfully cultivated on the PDA agar containingw
yeast and malt extract after 14 days of incubation under 28°C in the in@ The

morphology of the mycelium is seen to be fluffy, white, and soft for T igure 4.3).

y manipulating the agar medium

composition and j m\serv‘ad thab medi promotes the greatest growth of the

N
mushroom m a'h@, i Tab?.l l/vh@)g.the morphology of the mycelium shown.

th celium with different cultivation period and

Table 4.2 e diy?
compjw agar ge umé g~

.
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Table 4.1: Morphology of THR2 mycelium on different medium compositions

Mycelium Plate

Medium Composition  Plate Morphology
Medium 1 PDA Thin white
mycelium

Medium 2 PDA + YE

DA = Potato Dextrose Agar, YE = Yeast Extract, ME = Malt Extract
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Table 4.1: (continued)

Medium Composition  Plate Morphology Mycelium Plate {2
Compact and

Medium 4 PDAI\ZEYE T dense white
mycelium

*PDA = Potato Dextrose Agar, YE = Yeast Extract, ME :Qalt Ext

Table 4.2: Diameter of THR2 myceli Y
co ion
p -

erent
\

A
Days  Agar Com &q’] ';;‘ iameter (mm)
PDA Py / ' %67-‘;*0.8
o PDA + Qﬁ +1.0
PDA + A\ 20+1.0
PD»?E t I\/F S 29413
DA | 5+0.7
YE S 19+ 1.0
11 : 53? ' &
PDA'+ M%E O 25+1.2
\.pA +YEF <~ 33+1.0
PANY 5 0.6
N, aye ) (O 25+1.2
% fA + MES 3 30+1.0
%, pDA Y +@£§/ FP
y PD 5+0.2
%16 Ak Y 29+1.0
. s PDA + FP
PDA +¥E + ME FP

*FP = Full plate. Values are the average of triplicates

S

PDA medium was 5 mm from day 9 to day 11. The combination of PDA + YE showed

Based on Table 4.2 above, the highest diameter of THR2 mycelium achieved on
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highest diameter of 29 mm at day 16 whereas for PDA + ME the diameter of mycelium
increased to 20 mm (day 9) and reached full plate (45 mm) in day 16 only.

observed that THR2 had the greatest growth on agar with the combinati@A +
YE + ME without any sign of contamination and the diameter of my increased
from 29 mm (day 9) to 33 mm (day 11) and reached full plate (45 mnWay 14 itself.

<

4.4 Molecular Identification of Wild Termitomyces sp sﬁoo

4.4.1 Gel Electrophoresis \d

'Y
Molecular identification of a wild fungal sam important t d}te_{%e the

2{ e es@fed using
agarose gel electrophoresis under UV Iight@ ﬂ Lane 1 res@ge.s to 100 bp

marker, Lane 2 resembles no template troi}\lTC) ast gati@‘bntrol (-ve), Lane

3 resembles to positive control (+v@Lane \mqes @sample (THR2) with

N
a base pair of 300. ‘% “ ¥,

w

species of the sample. The base pairs of wild T

I

Vew

BP
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Figure 4.4: Band of DNA isolated from THR2
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4.4.2 Phylogenetic Tree
RFES 230662 was found to be 99% similar to Termitomyces sp. IVQU

phylogenetic analyses (Figure 4.5) using showed the evolutionary diS%\Knuc)
values. Clade A showed that Termitomyces sp. RFES 230662 (THM&S closely

related to Termitomyces heimi. ?
“~

b

HM230662 1 Termitomyces Heima RFES 230662

GUO01668 1 Termitomyces sp JK

0.282
0.001
KT4509337 1 Termttomyces Hesmi stran AO-DEBCR-6 4
L ]

0.0
0.00% 0,003 ” . . C A
MN720645 1 Termitomyces heimii voucher CUHFN/JH/SPO1
' 0.2%2 v
0.001 JQ088137 1 Termdtomyces sp Juja-1 stran B108 Y’
0.38 N

HM230658.1 Termitomyces albiceps Q

N
0 0.3%
KYE79676 1 Uncultured Sinotermitomyces clone JZ-SJ04 ’

MKB60031.1 Termitomyces heimii voucher BU 02

0.3%
0.004 EF838909 1 Termitormyces DKA-2007

0.012 0.27

GUS94650 1 Termitomyces aurantiacus strain TA 08

D 4 ~
Figure 4.5: Phylogenetic tree of aﬁﬁ%es‘g ii strain RFES 230662
? N
F &
45 Submerged WFerT \mn(SLE&olTHRZ

Batch SL% cce '
biomass aft (ﬂas of er‘ e tiGn.(I:} 2 fruiting bodies was extracted using two
extracti@g. AS ‘Jn Figui?\él.ﬁ, 3.20 g/L of HW-ENS and 1.36 g/L of CW-
EN btained. The dried ium of THR2 was further extracted by hot water for

I%ﬁﬁch was 0.80 g/L. The EPS was obtained from the supernatant of liquid

rried(J and it produced 8.55 g/L of mycelium

entation medium and the yield obtained was 1.44 g/L. Crude polysaccharides from

d
uiting bodies (HW-ENS & CW-ENS) were higher than SLF mycelium (IPS & EPS).
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Figure 4.6: Concentration of ENS from THR2 room fruiting die's:l@and
EPS in g/L obtained fromSLF 2 b &
R N, Y‘y
Figure 4.7 below shows the mycecwilet ofq[H n7 cultivation. It

was observed that the pellet is small an O

SIENES
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4.6 B-glucan determination

The existence of the position and anomeric configuration of the glycosidicw

in extracts (CW-ENS, HW-ENS, EPS and IPS) were characterized and con@ising

FTIR analysis. Figure 4.8 below shows the peak observed in the grap TIR and
it was confirmed that B-glucan polysaccharides existed in HW-ENSEPS and IPS of

THR2 crude extracts. The component of the extracts was also % d with laminarin
Y

stated by Chen et, al. 2013. Table 4.3 shows comparison be e 1ak formed from

NY.

the various extracts and laminarin.

=

(e}
03

Transmittance (%)

G

2680 3680

e 4.8: [A] FTIR peak of CW-ENS of THR2 fruiting bodies, [B] HW-ENS of
2 fruiting bodies, [C] IPS (mycelium) of THR2 mycelium crude extract, [D] EPS
crude extract of THR2 culture broth (supernatant)

‘ébf
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Table 4.3: Spectral characteristics from various extracts of THR2

Grou Vibration Types of Crude Extracts Stand
P Mode CW-ENS HW-ENS IPS EPS inari
oy O-fstretching .0, 3370 3370 3370
vibration
CH, C:H stretching ] i 2024 2924 2924
vibration
Symmetric and Ii
c=o dsymmetric 1641 1641 1641 M 1641
stretching
vibration Y :
c.o C-Ostretching i 1043 10 076 | 1043, 1076
vibration
Anomeric - Y'
89 "

configuration
- of glycosidic - 860 0 ' 8@')
linkage (B- 2 \'e
)

configuration) 9w

Based on the Table 4.3 above aII@tra WC NSQ -ENS, IPS and
-H

EPS) showed the presence of both, O d ST ingy vibrations. The -CH:
A
stretching vibration was exhibited %P and, whereas th})(»:-o stretching vibration

was exhibited by HW-ENS, IM

4.7  Antimicrobial ah:.ngiﬁb‘é‘zy

4.7.1 Bacterial q&}on @@Agar@
e b
The bao@3 re grown DLA p(a%'/at 37°C in the incubator for 24 hours. The
i

grown b ‘.Q!ultu? own in Fi (J4.9. At a wavelength of 625 nm, OD was as
%J

follow onia sp. 0.853), ﬁ'l'monella sp. (0.884) Escherichia coli (0.859),

S:N)coccus aureus (0.862),\treptococcus sp. (0.871) and the test organism were

0 d the concentration at 1.0 OD.

%0



Figure 4.9: [A] Staphylococcus aure
[D] Salmonell

lq,Mchera‘li oli, [C] Ralstonia sp.,
AN

“« Q-
Aspergillus niger gre fter one of im‘frldation at the temperature of
N
i Q sho \@

28°C in the incubator. Egur 10 jgio niger. The OD was 0.783 at a
wavelength of 625 nm. \" “éjc/

Figure 4.10: Aspergillus niger
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4.7.3 Antimicrobial and Antifungal Activity

Table 4.4: Antimicrobial test obtained from various extracts of THR2 againstv'

negative bacteria %
Gram- negative Bacteria Formation of Zone of Inhibitior

Ralstonia sp.

Salmonella sp.

Ad on Table 4.4, dis@g;sion test was done in duplicates for each Gram-
nedative bacteria with various crude extracts obtained from THR2 (A: HW-ENS, B:
ENS, C: EPS, D: IPS), Penicillin- streptomycin solution ATCC® 30- 2300™ (F:

en- Strep 10 pg) used as positive control, distilled water (E) was used as standard and

negative control.
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Table 4.5: Antimicrobial test obtained from various extracts of THR2 against Gram-
positive bacteria

Gram- positive Bacteria Formation of Zone of Inhibition c\t

oOcUs N
" gramd A Ctip)

Staphylococcus aureus

Streptococcus sp.

Based on Table 4.5, wfusi'n te
9'} '

positive bacteria with variouscrude ext mgﬁom THR2 (A: HW-ENS, B: CW

N O

ENS, C: EPS, D: ) e pos‘tlve ntrol, s@dard and negative control remains the

&
g
same as in Ta \Q :l C’)LJ

c |ff§d test was done in duplicates for fungi with

variou xtrac am@d fmgn THR2 (A: HW-ENS, B: CW ENS, C: EPS, D:

in duplicates for each Gram-

icillin- Streptomych&%mphoterlcm B solution PCS® 99- 002™ (F: Pen-

Amp B 25 pg) used as positive control whereas distilled water (E) was used as

IP
0 standard and negative control.
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Table 4.6: Antifungal test obtained from various extracts of THR2 against fungi

Fungi Formation of Zone of Inhibition g '

Aspergillus niger

® 3
| S
Table 4.7: Average zone of inhibition of vari rac 2 against five
i

4 Tested
Gram-Negative Bacteria (qwe) Fungi
Samples . € ‘\\\? SR
Ralstonia Salmon IM} oﬁt’reu Q&treptococcus A.
sp. : ' 8 E') sp. niger
(mm)

‘(mm& (mm) (mm)
AN

HW-ENS ~ 6.5%0.1 . I 1 45%01 50:01 :
CW-ENS 453 o.(,j8 02 (25404 <3p+01 40201 :
EPS 3002 88+047 U7-7 4u0201  27:01 .

IPS 6.0 &

45+0.1 -
Distilled
Water \
Pen- Stre 10% 0.1 10+0.1 -
Pen- b g f
Strep - - -
A

%Ns no zone of inhibition. Each value is the mean + SD of triplicates.

THR2 extracts could inhibit both Gram- negative and Gram- positive bacteria as

shown in Table 4.7. For the HW-ENS from fruiting bodies Ralstonia sp. showed the
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highest zone of inhibition which is 6.5 mm followed by Salmonella sp. (5.3 mm),
Streptococcus sp. (5.0 mm) S. aureus (4.5 mm) and E. coli (4.0 mm). For the C

from fruiting bodies Ralstonia sp showed the highest zone of inhibition whi 4.5
mm whereas E. coli showed the least which is 2.5 mm. For hot Wﬂkracellular
polysaccharide (IPS) from mycelium sample, Ralstonia sp showed theghighest zone of
inhibition which is 6 mm whereas Streptococcus sp showed the leastwhich is 4.5 mm.
Salmonella sp. showed the highest zone of inhibition Which%is 38 mm whereas
Streptococcus sp. showed the least which is 2.7 mm f tracellu fccharide
(EPS) sample. There was no zone of inhibition forme .niger be sd tr@‘zr.acts
don’t have the capability to inhibit the growth 5 \" \)T

o
SN e &

4.8 Qualitative Analysis of Phyto icals and An an@%lysis

4.8.1 Phytochemicals Detection c) \T ,‘\'\

\

The Table 4.8. below s?% results o (0] ical test observed from
various crude extracts obtai fr TT g ‘%\A
) ervatiéﬁ.df various extracts from THR2
iLa

Test . Observation ~J" 7 Figure
¢ :' C,)""
rma;ybl ki h&-/ ,
red precipi ~1\ .
% indicat the‘greséﬁte
FIAIS offlavonoids\c.}'

A - Present

\ B - Present
0 C - Present

D - Present

*A =HW-ENS, B = CW-ENS, C=EPS, D = IPS
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Table 4.8: (continued)

Test

Observation Figure

Glycosides

Formation of reddish-
brown colour ring at
the junction of two
layers proves the
presence of Glycosides;
A - Present

B - Present

C - Absent

D - Present

Saponins

Formation of foams
indicates the presence i
of saponins; ‘
A - Present
B - Present
C - Present
D - Present

Tannin

Appearance ON:sh

black or da

colour gonfirms the
presen ins;
sent

e
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Table 4.8: (continued)

Test Observation

Reddish-brown

colouration signifies

the presence of

terpenoids;
Terpenoids A - Present

B - Present

C - Present

D - Present

A blue, green, red or

purple colour indicates

the presence of

phenols;
Phenols A - Absent

B - Absent

C - Absent

D - Absent

Crude

CW-E
EPS
IPS :
Lp)
* *&resence, (-) = Absence N
Q Based on the Table 4.9 above it can be observed that flavonoids, glycosides,
aponins and terpenoids are present in HW-ENS, CW-ENS extracts and IPS mycelium

extracts of THR2 whereas in EPS extracts of THR2 only flavonoids, saponins and

+ +

+ +
+ - + -
+ +
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terpenoids are present. Flavonoids, saponins and terpenoids was found in all the extracts

of THR2 whereas tannins and phenols were not detected.

4.8.2 Quantification of Antioxidant Compound -\

4.8.2.1 Quercetin Standard Curve

14

1.2

y =0.1163x

R2? =0.9907
0.8 1

0.6 1

0.4

Absorbance at 517nm

0.2 1

0 2 4 6 8 10 12
Concentration of Quercetin (mg/ml)

y ) 4 &,
Figure 4.11%da®tzula@or flavonoid determination

A N
A stand@}we using que ‘e‘ﬁn vag-efeated as shown in Figure 4.11, in order to

calculate t@entrati n offlayonaid:compound by associating their absorbance with
Seprens”

quercetin rbance. It'€an B‘g obsefved from the figure above that as the concentration
Of‘hQ ple increases, the %sorbance also increases steadily and the correlation

ient of the standard graph is 0.9907.
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4.8.2.2 Ascorbic Acid Standard Curve

v
120
100 - -
£
£ 80 A
= ¥=9.5294x +12.517
5 R*= 09575
— 60
o
s
= 40
[k}
o
o
20
'D' T T T
0 2 4 6 8 10 12
Concentration of Ascorbic Acid (mg/ml)
Figure 4.12: Standard curvM orbic Acidder DPFG}malysis
T <
: N
A standard curve using asco Was cr qd as@/vn in Figure 4.12. It can
be observed from the figure amat j\ gr IS dlrectly proportional to the

percentage of |nh|b|t|o( as th‘oncen ;t%f th pIe increases, the percentage of
inhibition (%) also i creas slt d the (€o elatlon coefficient of the standard
graph is 0.9575. Q §
%\bfe 4/10 TRE ¢on t&ril’m various extracts of THR2
QA=
HR2Extractse ~ TFC (mg/g)
-ENS Y' 2.86 +0.15
. : CW-EI\@ 2.57 +0.09
EPS™ 2.16 +0.06
\ IPS 2.52 +0.07

value is the mean * SD of triplicates.

N,
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The total flavonoids are expressed as QE (Quercetin equivalent). It was observed
that TFC was in the range of 2.16 — 2.86 mg/g from the Table 4.10, in all the
extracts. However, a higher concentration of flavonoid content was found @ENS
THR2 extract followed by CW-ENS and IPS whereas EPS was fou ntain the
least flavonoid content compared to other THR2 extracts as demonstrWTable 4.10.

Based on the statistical analysis using SPSS (One-Sample_Proportions Tests) the

reading obtained are significant as the p-value is less t%
O

Yw

4.8.3 DPPH Assay l S
P T
120
Ascorbic acid
v=05204x + 12517
100 R*=0298375
g.
= HW-ENS
= g0 v=188203x+ 10830
S R*=0.9559
z IPS
260 y=8.1803x + 0.5204
8 R*=0.9:91
2
3]
[a
40 CW-ENS
v=77440% + 5 6433
R*=0.9760
20
EPS
v=T72042x+ 1627
R*=09722
EI T T T T T
0 2 4 6 g 10 12
Concentration of Samples (mg/ml)
—+— Ascorbic Add —B—HW-ENS —e— CW-ENS
—ide— EPS IPS Linear (Ascorbic Acid )
Linear (HW-ENS) Linear (CW-ENS) e Linear (EPS)
Linear (IPS )

Figure 4.13: Percentage inhibition in DPPH assay
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Ascorbic acid standard curve was plotted as the standard graph and the percentage
of inhibition (%) was obtained using DPPH assay via comparing their absorB\xi.th
the standard ascorbic acid absorbance. It can be observed from the Figur (.mhat the
magnitude of the curve is positive and all the graphs represent variou cts of THR2

RZ coefficient

are directly proportional to the percentage of inhibition (%). Thew

of HW-ENS, IPS, CW-ENS and EPS is 0.9559, 0.9591, 0.9760 .9722 respectively.

At 10 mg/ml concentration, highest percentage of inhibiti sh@?HW-ENS
which was 90.83% followed by IPS (83.39%), CW-ENS (77.21%) wheseas thF\IQWest

| &
percentage of inhibition was showed by EPS w was 66.44% asidem 's\‘rated in

Figure 4.13. ? V?’
The ICso values of all extracts lies bWM 6.71Q9§I and the 1Cso

value of ascorbic acid is 3.93 mg/mlN Iw ignifies“a high antioxidant
activity. As shown in the Table 4. HQ—EI}F‘%}’O lelB}%extract shows the least

A% “« Q-

ICs0 value which is 4.44 mgﬁ\ owed PS (4.9 %g/ml) and CW-ENS (5.73
N

mg/ml) whereas EPS szwmighe't ICs IIUS-'BCh is 6.71 mg/ml.

Out of this four THR xtra:t\ (df}be considered as extract with high

/.

potential of antio@tiv't as the ICso was the lowest with high percentage
N

of inhibition at"10 mg/mliwhich a}bo. compared to the other extracts.
Q? &
% Table 4 ?Cso véhe of various extracts of THR2
A THR2 Extracté’ ICs0 (mg/ml)
\ HW-ENS 4.44
CW-ENS 5.73
IPS 4.94
EPS 6.71
Ascorbic acid 3.93
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