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Institute information and consent letter for Field Project Work
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Declaration of Student's Original Work

Rremef? it =R i oo o

this Field Project report is based on the original work done by me, in which
published and unpublished material has been used after due approval. I also

declare that the submitted report has not been submitted for any other degree /
course in the past / present.

.......................................................................................... LEER-AR
TGO FLAT / w1 § g aigiemT R # g o e qd & 9w

et £, Ry s @ e arnlt w1 o fAtde =i F
sare T AT & | gg o S F / A g e R R o
feft | areaHw 3 OF / ASHT § TG Aol (AT AT E |

Name of student/ Students (&= / EATF AMW)  : MEGHNA PﬁTE&_ \l’
Class () . - Lom (pena) I Yeas -

Roll Number (3FHTF) . )2] 8052
Signature with date (ZEATET AT qfgd) 3 %"12 |
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Approval letter by guide / Supervisor
(FR2er T srgres o)

.................................................................. hereby certify that
the above mentioned report is the actual report of the student's project work

done under my supervision. It has been submitted to St. Aloysius College
(Autonomous), Jabalpur after my approval.

THTITG FAT / FaT g (% I At reare et gro 7 [eaa 7 B
U gt FE fe fi amwaEs ROl g | g8 "9 weianaEs
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Work Completion Certificate

(After the completion of the work, attach the given certificate on the letter head

of the external mstitiition here)
L P I L
Lk HDEG BANK

We underaiznd vour world

This is to Certify that (name) M ;ﬁﬂaﬁwalass
b.lom....! Hm) of St. Aloysius’ College (Autonomous), Jabalpur, has
completed his/ her Field Project work by being present in this institution from

) Feb. A0R2... to ;.JET’.’. el J0R........ and has worked/ trained in the field
of .....E. = aﬂmg ........................................................................................
(Name)  .oooveeenes M Sanpa....... Pe.ft?j ..................................... is  extremely

hardworking, dedicated and result-oriented. He / she did good / excellent work
during his/ her tenure in the organization. We wish him/her a golden future.

With best wishes

...........
----------------------------
.....

-----
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Select Transaction Type

Transact
Enguire »
Regues! »

8

2

Transfer within the bank
(Re 110 Re 25 Lacs per day)

View Demo

s

Transfer to other bank (RIGS
(Rs. 2Lacs 1o Re 25 Lacs per day)
Yiew Demo
o & A

Coovnaht HDFC Bank Ltd Terms and Conditions | Privacy Pokey
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IMPS P2A - Instant _l ranafer
ys. 24X7)
(Re 11to Rs. 25 Lacs per day)
(IMPS- Account No. )
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PSS P2P - Instant Transfer
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Transfer to gther bank (NEFT)
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{Re 110 Rs 2% Lacs oer day)

View Demo
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Your Bank A/c details are just a missed call away!

i = « Afc balance: 18002703333 +(at Minl Statement: 18602703355
ceount Summary * Request Cheque Book: 18002703366 « Alc statement 18002703377

&

click here to
Transact S ‘
Credit Card Account
Fiboe Active Credit Cards Total Unbilled Amount: INR 0.00 ¥
Request > Card No Card Type Name Total Unbiilad Debits
<@L visa PLAT LR e INR 0.00
Debit Cards :';E.ELEDO CARD T
. you can check your
Debit Card Stalus Availlable Credit *Statemant Balance rransactions in view tab
30.000.00 0.00
Transact | 3 !
Unable to recall your Credit Card PIN? Reset your PIN Instantly. Click he m

Enquire »> Note:
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[- HDFC BANK
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Aaccount Summary

e —

Transact v

e —

Credit Carg Payment
Insta Loan

SmaneM!

insta Jumbo Loan
SmanPay

Credit Carg Upgrade

Balance transfer on Ei4i

WELCOME,
Last Log in: Jun 11200

Funds Transfer  BiiPaY &

a1t PM IST

Rﬂlﬂmm

Credit Card payment

Pay HDFC Baﬁk Credit Gard Bill

STEP 9

eu‘nngrm_z - peymiEN TRARSHE y

Select Payment Type

_ Select Card Payment Type -
Seled Card Payment Type -
Registered HDFC BANK Credit Card
Other HDFC BANK Credit Card

Note:
e OCnly HDFC Bank Creait Card Payments can be made through this option

e Payment made after 18'00 hrs vull be processed on the next working day
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INTRODUCTION

’ - t cwlies that are
viushrooms or fly aganc are fleshy, spore-bearing frating fungal bodies e

w L as we found records
I hrwlucm! above ground, or on their food sources. As long as we found
u\HJ 4 ' (
. . roarielirriesd & TS, L Jur
from ancient Imes, and perhaps long belore humans have consumed miushroon
from A5 '

; , . time e tribes where
Jrural  relationship with mushrooms dates back to the tume of the tribes
O iltiata - J g

. : : ‘ veed This deen spiritual conpection
mushrooms were often considered special and even sacred, This deep spiritual cor
“ : | AT AT o deepest parts of
with mushrooms extends around the world-from Mesoamernica to the deepest T

\frica and even Furope, people have a long history of using psychedelic mushrooms for
ceremonial and religious gatherings.

"Magic mushrooms” have long been used in civilization since the tribal era, but
have been largely abandoned in Europe as we transitioned to civilization and culture.
However. in the Americas where Aztecs and other Mesoamerican cultures focused on
spirituality and religious rituals, magical mushrooms continued to be used until the
Spaniards discovered the area. Archacological evidence suggests that magic mushrooms
have been used throughout history. Hallucinogens such as Psilocybehi spanica and
Psilocybe mairei have been found to be depicted in rock paintings and caves in Europe
and North Africa. A prominent example is the Tasiri Cave in southern Algeria. Here.
4.444 species of fungi are depicted in a rock painting dating back 7,000 years. The rock
painting near Villar de]l Humo in Spain, also, shows the mushrooms used in the ritual.

dating back about 6,000 years (Roy ef al.,2015).

It was not till 1916 that western scientific technological know-how first took a
hobby in magic mushrooms. Dr.William and E.Safford perused Spanish reports, coming
across the point out of mushrooms claimed that mushroom of such homes did now no
longer exist. By the 1930s, encouraged via way of means of Safford's claims. more than
one botanist and ethnobotanists made their manner to Central America to find out the
riame of the game and to look if Mesoamerican mushrooms had been simply pevote as
Safford claimed. In 1955, R. Gordon Wasson have become the primary white guy to take

part in a mushroom ritual in Oaxaca, Mexico. Wasson recorded his stories after which

retook mushrooms together along with his spouse and daughter. An vear later

Wasson lower back 1« ICO Wi i

lower back 10 Mexico with mycologist Roger Heim in which the pair become
aware of seven species of halluci
I en species of hallucinogenic mushrooms earlier than returning to New York
n 1957, Wasson published -Seeking the

Magic Mushroom, formally i cing ‘magi
shroom, formally introducing “magic
mushrooms’ :

to the relaxation of the world,
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\fushrooms are classified as fungi and have been used in medicinal and food

for conturies, Mushrooms come in edible, medicinal and toxic varicties. Since
ts
;1“\‘[(!\

¢ after \exander Fleming discovered penicillin, studies on the use of the medicinal
QN ¢ X - '

srties of mushrooms and the manufacture of drugs from them have been officially
ey

mum.;mi and conducted. Today, some mushrooms and their by-products are used 10
ake medicines for a variety of purposes. Lichens were also used in ancient medicine,
hat in modern medicine fungi and yeast are the main products. Mushrooms may have
neent used for medicinal purposes in the early days, but after 1928, modern medicing
hegan (o extract medicines from mushrooms. Reishi or Ganoderma lucidum mushrooms
are used in ancient Chinese medicine and are considered to be the longest-used

mushrooms for medical purposes (Waktola er al., 2018).

In recent years, various kind of mushrooms have been confirmed, and a number of
mushrooms have been cultivated for medicinal purposes. G. Lucidium (Polyocracies)
mushroom is a medicated mushroom commonly known as Rishi. Ganoderma lucidum is a
mushroom traditionally used in Chinese medicine for the prevention and treatment of
human disease. Studies on G. lucidum and its products have reported beneficial
hiological. health-preserving and therapeutic effects. This mushroom is a valuable herb
due to its biological activity such as immunomodulation, cardiovascular, respiratory.
antitumor. antiviral, antihepatotoxicity. The species showed antibiotic activity against
organisms such as Pseudomonas sp. and Bacillus subtilis. Fungal polysaccharide has
been shown to possess antioxidant, anti-inflammatory, antibacterial, antifungal and
antiviral activities and can be obtained via solid substrate fermentation (SSF) or
submerged-liquid fermentation (SLF). However, owing to the inherent nature of the solid

substrate in SSF, fungal growth occurs through mycelial colonization ot the substrate bed
( Nahata et al.,2013).

Canoderma lucidium is a fungus found in all Asian countries. G /ucidium is alse
£nown as Rishi mushroom. The exterior of the mushroom is shiny and teatures a dark
wlour and a woody texture. Other Rishi mushrooms, require their own ideal conditions
for their growth and cultivation. G. lucidium belongs to the Rishi family and describes
I::I'U!Jb basidiomycetes with double-walled basidiomycetes. lts morphological teatures are
i 5

¢ shape and size of the spores, the microstructure of the crust, and the colour. For a long

time, it
45 bﬁe a y
n used in the Vedic methodology as a preliminary source of medicines for
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cies, ad many from the tropies They e highly pencticatly diverse and are used in
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(hem from other polypore s They wre sometimes called sheld fung or bracket fungi,

Setentific chassifieation

Ningdom : Fung

[ viston : Basidiomycotn
Class . Aparicomycetes
Ordet : Polyporales
Family :‘ Gianodermatacene
Gienus : Cranoderma

P Aarst (1881)

Etymology- The name Reishi is derived from the Greek word's genos "brightness,
brithance”, that 1s, "gloss" and derma "skin",

History-The genus Reishi was established as a karst genus by karst in 1881, It contained
only one species, the Ganoderma lucidum (Curtis) Karst. Previously, this taxon was
characterized as Boletus lucidus Curtis (1781) and then Polyporus lucidus (Curtis) Fr.
(1821) (Carsten1881). P. lucidus species are characterized by having a lacto (shiny or
polished) cap and stem, which is Ganoderma. It is a feature that Murrill suspected to be
the reason for Karsten's division, as it contained only one species, Ganoderma lucidium.
Patouillard revised Karsten's Reishi genus to a total of 48 species, 1889 Monograph,
including all species with pigmented spores, attachment tubes, and lactate-studded
mountains. Brought the classified. Until Marill studied Reishi in North America in 1902,
previous studies focused only on European species, including Ganoderma sp. for
example Ganoderma  lucidum. Resinaceum Boud (1890) und G. ValesiacumBoud
(1895).

Phylogeny- This genus was named by Karsten in 1881, Members of the Reishi family
have Atraditionally been considered difficult to classily due to lack of credible
morphological features, excess of synonyms, and widespread misuse of names. Until
recently, the genus was divided into two sections-Reishi with a glossy cap surface (like

Ganoderma lucidum) and Eltving with a blunt cap surface (like Ganoderma applanatum).

U}H s /' %3},.'_*!!_{,!‘;J_p_‘,_:{‘l)_!}tf Org /Wi K1/ Craanion lerim a)
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REVIEW OF LITERATUIE,

(e Bl mshiroom i o widde viriely o gl eotie nl ierest Biotie comgrnindds

[ s fargnth nmnpu&m:h et b vl Sl g fintinbe i of ;Ij;g-,;;f_ws; 1oda g0l 5,:/ frsicptiben

the best sovrce ol minerals, vitanins wnd  essential siming  scids,

Afusdioois i

[l tore, at present i e work s cirried oo by tesenirch coppniminty for saokation ot

LETTRIENS H“”i‘“”mh

o sty G lucidium wa grown antihicinlly in polypropylene bags wsing s vatiety of
mexpensive and rendily wvailuble substites, Five wood such as Swietenia mahagont,
Dupierocarpus turbinatus, Tectona grandis, CGmeltna arborea, Michelio ohampace y saas
wore used as substrates and cultivated with calcium carbonate (CaC 0% ) and rice or whicat
bran, respectively. Wheat bran has been found 1o be more effective an a dictary
supplement than rice bran, However, 5, Mahagoni with wheat bran took 6 days, %% days,
00 days for mycehal growth, primitive formation and harvest, with subsequent yields of
235, 2 g/ kg, substrate that showed the highest mushroom yield with biological efficiency
is 7.6%. (Roy ¢t al,,2015),

Another rescarch work was carried out to evaluate the inhibitory effect of various Reishi
extracts against Staphylococcus aureus (MTCC 3160) and Salmonella Lucidum cause
Typhoid fever by using agar well diffusion method and  broth  dilution  method
(MTCCT1249). Mecthanolic extract of mushroom showed higher MIC and Zone of
Inhibition (ZOI) (MIC: 50 pg / ml and ZOL: 2). (12 mm) against Staphylococcus aureus

and typhoid fever Agar well diffusion method. (Dandapat ef al.2015),

Suriyatamilan et al., (2022) collected Ganoderma sp. and treated with different solvents
extracted in the vacuum evaporator, Soxhalet appliance and analyzed, its bioactive
compound and antioxidant and anticancer activity in Hep(2 hepatocyte cell line,
Methanol extracts of crude Ganoderma lucidum showed inhibitory activity against test
organisms such as Candida albicans, Fnterococcus faccalis, Pseudomonas aeruginosa,
and Staphylococeus aureus. Vhanol extract of AgNO3 treated Reishi mushroom showed
good inhibitory zone against EN'T-infected microbial species but crude extract showed

little zone inhibition,

the Ganodermy lucidum was also cultivated in several media using four different
‘;( el L " ) i
meentrations but the best M yeelial growth was observed on potato dextrose medium at

PH 5 and 25 ¢ C, followed by malt growth, FExtract, Kirk's medium and molasses and
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yiaterial and Methods
3. MREF

curvey and Collection of Ganoderma Species
1.1, Survel

he present investigation, Ganoderma lucidium w
1y LDE

i
| 4

as collected from different site of Rani
o {niversity, Jabalpur premises in the month of January-February 2022. Healthy and
‘f&'é L

e fungl were carctully collected for sampling. The samples were brought 1o the laboratory
‘«‘"‘;’[fl,i * -
erile polythene bags for further process. The site of collection of Ganoderama lucidium as

ven in table 3.1.

Table: 3.1 Collection site of Ganoderma lucidium

\No.  Common name Scientific name Collection Site
T | DIC, RDVV, Jabalpur 1
T2 1 Reishi mushroom Ganoderma lucidium | Vigyan Bhawan Area, , RDVV. J’
, Jabalpur

1.2 Purification of Ganoderma lucidium:

Afier the collection of Ganoderma lucidium from the nature further grow in in vitro condition in
the laboratory. For this, the mushroom samples were clean with tap water properly for removal of
dust and debris from the outer parts of the sample. The sample were again washed with sterilized
disulled water and kept on the Whatman filter paper for the proper removal of water from the

sample. After the cleaning of Ganoderma lucidium small parts of it were placed on the PDA
plates supplemented with antibiotics. The Petri plates were incubated at 26-27°C for 3-5 days in
fungal bacterial incubator. The Petri plates were monitored every day to check the orvedli

“ungal mushroom colonies from the segments. Isolation of pure fungal strains from the master

i
e

#% were obtained by transferring the hyphal tips to new PDA plate and incubated at 26-27°C
3.3 Preparation of media

For isolation of Reishi mushroom Potato Dextrose Agar Medium (PDA) was used. For
Preparation of PDA 200 / gm peeled potatoes were boiled in distilled water for 30 min. After
wiling the potato extract was filtered through Muslin cloth, and then make-up a volume of 1000
mL, by adding sterilized distilled water. Thereafter. 20 gm dextrose and 20/gm Agar-Agar was
added i, the potato extract and homogenized by gentle heat. Now, the medium was autoclaved
415 Pyi for 26 min or at 121°C. The preparation of media as given in table no. 3.2
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Result and Discussion
:‘1 survey and Collection
h; e PWSC‘“ im’-ﬁ‘Stigaﬁom Ganod‘?’ ma lucidium was collected from different site of Rani
[)ufg;,wuti University, Jabalpur premises in the month of January-February 2022. Healthy and

alure fungi were carefully collected for sampling as shown in table n0.4.1 and plate no.4.1

Table: 4.1 Collection site of Ganoderma lucidium

SMA Common name Scientific name Collection Site
L DIC, RDV'V, Jabalpur )
gu«»if” Reishi mushroom Ganoderma lucidium Vigyan Bhawan Area, RDVV,
; Jabalpur
——

Rajput ef al. (2016) also collected the different type of fungal mushroom including Reishi
mushroom form the different sites of Maharashtra, India and characterized on the basis of their
cultural characteristics, colour and morphology of fruiting bodies and spores. Similarly, Alheeti
et al., (2020), first record of the isolation, identification and fruiting body production of the
Reishi mushroom (Ganoderma lucidum (W. Curt.: Fr.) P. Karst) from the Iragi environment.

4.2 Morphological Identification of Ganoderma lucidium

For morphological identification slide culture technique was used to observe the morphological
characteristics of the fungal strain. After 7 days of incubation at 26+1°C, the colonies on growth
media were observed under light microscope (Metzer) and on the basis of morphology the
mushroom was observed as substipitate to sessile, dimidiate, fibrous to spongy. Pileus
flabelliform, surface glabrous, smooth, slightly dented and corrugated, bright to dull, with semi-
concentric furrows, more conspicuous to the margin, cuticle light orange, reddish-golden. deep
orange, light brown, reddish-brown, dark brown and almost black in some zones, with deep
vellow, furrows due to cuticle detaching, covered by a brown basidiospores layer; margin sterile.
obtuse, smooth, with groove zones, pale yellow, with yellowish-orange zones, greyish yellow
after contact, The fungi were not fully homogenous, with a deep yellow band under the cuticle,
light o ange to brown toward the tubes, concentrically zonate, with two resinous bands, the upper
ihickened, both intermittent, — context length, interrupted near the margin. Tubes were long.
brown, Orange white towards the pores surface, unstratified. Pores 3-5 per mm, 133-171 pm

diam, pale yellow, greyish-yellow after contact, angular to rounded, with irregular edge. Stipe

Wa, . .
% later'dl, smooth, shiny to dull, flattened too cylindrical,

Concenty: . s " z : ,
. ®ntrically zonate, Basidiospores are ellipsoids to oblong, apex truncate, with apical germ
Pore

solid, fibrous to spongy,

» €X0sporium with sub free to partially anastomosed inter walled pillars, reddish-brown as
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Fig:4.1 Antibacterial activity of Ganoderma lucidium
Vazirian et al., (2014) observed the antimicrobial activity of the secondary metabolites of G.
jycidium against Gram-positive bacteria and yeast, with minimum inhibitory concentration
values of 6.25 mg/mL. Further the antimicrobial bioactive compound was purified and elucidated
a5 ergosta-7,22-dien-33-yl acetate, ergosta-5,7,22-trien-3B-yl acetate (isopyrocalciferol acetate),
ergosta-7,22-dien-3-one, ergosta-7,22-dien-3-ol, and ergosta-5,7,22-trien-33-ol (ergostrol).

In another research work, antimicrobial activity of various solvent extracts (40Pg/ml) of
Ganoderma lucidum was tested against six species of bacteria: Escherichia coli (MTCC-443),
Staphylococcus aureus (MTCC-737), Klebsiella pneumoniae (MTCC2405), Bacillus subtilis
(MTCC-1789) Salmonella typhi (MTCC-531) and Pseudomonas aeruginosa (MTCC-779).
Acetone extract exhibited maximum antibacterial activity (31.60+£0.10), while the most

susceptible bacterium observed was Klebsiella pneumonia (Sandhu et al.,2010).

4.4 Solvent-Solvent Extraction of Bioactive Compounds

The extraction process is an important step in the investigation of biologically active compounds.

When extracting compounds from fungi, the type of solvent used, the extraction process

“mployed and age or type of cultivation of living tissue all can have a marked effect on the type

% compound that can be extracted.

I the Present study, metabolites of G.lucidium was extracted with a number of organic solvent

ike hexane, methanol, chloroform, butanol, ethyl acetate, carbon tetra chloride, benzene etc.

Phage (lzlv/v) and concentrated. After evaporation of solvent, the metabolites were mixed with

z:lilbed distilled water and tested their antibacterial activity by Agar jwell di'ffusior'l f“nethoc%. It
Served that fraction of Hexane extract has shown maximum antibacterial activity against

i © Subiljg (20.15+0.70 mm), E. coli (18.20+0.80 mm), S. aureus (16. 80+0.58 mm) and K
ey
'"Omae (16 800.58 mm) as given in Table no. 4.4 Fig. 4. 2 & plate no. 4.5
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Fig:4.2 Antibacterial activity of Ganoderma lucidium

Similar result was found by Desale ef al. (2013) who observed the antibacterial activity of the

crude extract of G. lucidium extracted with hexane, ethyl acetate and methanol were tested for
their antimicrobial potential. The ethyl acetate displayed significant antibacterial activity against

B. subtilis, K. pneumoniae, E. coli, S. typhimurium, B. cereus and S. aureus.

Chaudhary et al. (2015) also tested antimicrobial activity of methanol extract of secondary
metabolite of mushroom strain in a concentration of 100 mg/mL, 200 mg/mL, 300 mg/mL, 400
mg/mL and 500 mg/mL. The methanolic extract was found to show antimicrobial activity even at
concentration of 500 mg/mL for K. pneumoniae (28+0.00 mm), S. aureus (27.33+1.24 mm), E.
coli (19.3340.47 mm), Candida albicans (10.33+0.57 mm) and Trichophyton mentagrophyte
(25.66+0.47 mm).

4.5 Thin Layer Chromatography

For further purification of antibacterial bioactive compound isolated from the mushroom the thin
layer chromatography was done. The solvent-solvent extract that showed the maximum
antibacteria] activity was run on silica gel G plate in solvent mixture of n-Hexane: ethyl acetate:
4ctone (4:3:3) that gave a single big spot on silica gel G plate observed after placed in the iodine

thambey with a Rf value of 0.60, as shown in Fig.4.The spots were scooped from the silica gel

Pales and mixeq with sterilized distilled water and centrifuged in the micro centrifuge at a rate of

1 . ke
000 Pm for 10 min for separation of silica gel particles from the compounds. After the

Centri 3 4 SeT. 1 N
- ﬁlgatxon, the upper layer was separated out into clean sterilized vials
“Mlibacteria)
(

(18,50,
WUE() . )
o 380 mm) as given in Table no. 4.4 Fig. 4.3

and tested for their

19 activity., The maximum antibacterial activity was observed against the B. subtilis
5 ;
54045 mm), E. coli (16.00£0.25 mm), S. aureus (16.80+0.58 mm) and K. pneumoniae
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Table:4.4 Antibacterial activity of TLC spot of Ganoderma lucidi
ucidium

_ | Bacillus Klebis, —

Tieolate Xlebisell ' :
(gﬂﬂ [sola v Tj E. coli Staphylococcus
(887 subtilis ; ;
| | !¢ pneumoniae aureus
| Tucidium 19.55:045 | 183505000 1+ '
b | U&'m()d’l.”"a i 185031:000 16.00+
b Gano® T 00+0.25 ‘ 16.80+0.58 \

® Seriesl

16.5

15.5 -
15 -

145 - ' ;
Bacillus subtilis Klebisella pneumoniae E.coli Staphylococcus aureus

Fig:4.3 Antibacterial activity of TLC spot of Ganoderma lucidium

In another study, Yin et al. (2018) extracted the antibacterial secondary metabolite of the fungal
mushroom with ethyl acetate which demonstrated promising antibacterial activity against
different Gram-positive bacteria in Disc diffusion assay. The extract was then subjected to thin
layer chromatography (TLC) using dichloromethane: methanol (9:1) as a mobile solvent system
and eleven spots with diverse polarities were obtained. The TLC chromatogram with bioactive
spot was localized with bio autography assay and the result showed that the yellow spot with Rf
value of 0.523 exhibited promising antibacterial activity against the four Gram-positive bacteria.
In one of the research work an automatic triple development HPTLC fingerprint analysis was
carried out for detecting the distribution consistency of the triterpenoic acids in various Lingzhi
samples. The chromatographic conditions were optimized as follows: stationary phase, precoated
HPTLC silica gel 60 plate; mobile phase. toluene-ethyl acetate-methanol-formic acid (15 + 15 +
Itiple development equipment. The

1+ . . :
" 0.1); and triple-development using automatic mu

Mromatograms showed good resolution, and the color Images provided more specific HPTLC

f. * e s P r -9 € 5 1< ~ i

"gerprints than have been previously published. 1t was observed that the abundance of

u‘] . ’ . s . Ao g S42 r ot (v Trericd
‘etpenoic acids and consistent fingerprint pattern in Red Lingzhi (fruiting body of G. lucidum)

Oltwej ..
tWeighs the other species of Lingzhi (Zhen et al., 2010).
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5. SUMMARY

osent study, Ganoderma sp. were collected from the diff;
: ‘ e

jn the P ' rent site of Ry, Jabalpur.

norphol"gwal identification of the mushroom wag done by
1! :

' ‘ o | slide cultyre technic
_of incubation at 26+1°C, the colonies o growth medis ' S
" cdia were observed under light

{( " o
eqted and corrugated, bright to dull, with semi-concentric furro
ac

ws. The antibacterial activities of
CFCF (Cell-free culture filtrate) of the endophytic fungi were observed for 07, 14 and 21 days by
ssing agar well diffusion method. The fungal mushroom was screened out for antibacterial
sctivity against 4 pathogenic bacteria. During the screening of fungal mushroom, culture free cell
filtrates (CFCF) of 7tha 14" and 21¢ days were examined for their antibacterial activity as
depicted in Table 4.2. and plate no.4.3 Based on the result fungal mushroom, gave best zone of
inhibition against B. subtilis (22.15£0.70 mm), E. coli (20.50+0.25 mm), S. aureus (18.80+0.58
mm) and K. pneumoniae (20.50+0.58 mm) |
In the present study, metabolites of G.lucidium was extracted with a number of organic solven
like hexane, methanol, chloroform, butanol, ethyl acetate, carbon tetra chloride, benzene etc
phase (1:1v/v) and concentrated for the partial purification of antibacterial bioactive compounds
It was observed that fraction of Hexane extract have shown maximum antibacterial activit
against B. subtilis (20.15+0.70 mm), E. coli (18.20+0.80 mm), S. aureus (16.80+0.58 mm) and K
preumoniae (16.80+0.58 mm).The solvent-solvent extract that showed the maximur
antibacterial activity was run on silica gel G plate in solvent mixture of n-Hexane : ethyl acetat:
acetone (4:3:3) that gave a single big spot on silica gel G plate observed after placed in tt
iodine chamber with a Rf value of 0.60, that was further observed for antibacterial activi
against the test bacterial strain. After the observation of antibacterial activity of the bioacti
“mpounds and partial purification of the secondary metabolite of Ganoderma lucidium whi
has further sent to the ITC, Chandigarh for chemical characterization of the bioactive compount
through Gas~()hr0mat0graphy and Mass spectroscopy analysis. Hence the bioactive compoun
Produced by the G.lucidium will play an important role in the development of future antibacteri

dryge . A )
88 and also hag other potential for pharmaceutical industries.
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- robial and anti-parasitic properties. A better understanding of
antiftie |

Can be used ir
Id be focused on in
"TMa lucidum that has

from Ganod i the antimicrobia) and anti-
sitic compounds from Ganoderma sp. is crucial for identifying the potential side eff; .
pares ‘ Siae cltects and
-~ new host target and molecular mechani : . : _
ace oul the 1 hanisms, which wil| provide evi

| dence to further
finical applications of these compounds.
C e

Challenges including genetic analysis, biosynthetic metabolism, separation. iso]

lation and
Jentification may be encountered. In addition, due to the rapid emergence of drug resi

stance in
microorganisms and parasites, fewer options have been left for the treatment of diseases caus

by microorganism and parasites. To fight back this problem, further research should be focused

on this field for all the identified compounds and the unidentified compounds, which are on the
way to be identified.

Our work revealed numerous extracts of Ganoderma sp. exhibit the inhibition

m T
LB L .‘G

microorganisms including parasites, indicating that Ganoderma sp. in particular stll seem

possess opportunities for new drug lead compounds. Therefore, further studies need to be camed
out in order to explore this concealed area.

No doubt, it is evident that Ganoderma sp. is going to serve as one of the pote

nual

PR

sources of novel antibiotics and anti-parasitic drugs in the near future. To reach the apex -
| spficity of effective antimicrobial and anti-parasite activity, cooperative investigations need 1o
e ¢artied out in the areas of genomic, bioinformatics, chemistry and pharmacology. Moreor :‘ «
Srategies 1o evoke the sleeping gene clusters linked for the production of bioactive compounds
“dits regulation need to be adopted.
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INSOMNIA

Insomnia,the inability to sleep adequately. Causes may include poor sleeping

conditions, circulatory or brain disorders, a respiratory disorder known as apnea,

stress, or other physical or mental disorders. Insomnia is not harmful if it is only

occasional; the body is readily restored by a few hours of extra sleep. If, however,
it is regular or frequent, insomnia may have harmful effects on other systems and
functions of the body. Between 10% and 30% of adults have chronic insomnia,

and many more deal with it from time to time. Here’s a look at some of the latest

research on this condition, its causes, and treatments that may help.

» INSOMNIA STATISTICS

Global sleep deprivation
According to recent studies, 20% of people around the world are sleep deprived.

+HE GOOD BODY



TYPES OF INSOMNIA

different ways, and. dlstlngurshing between forms of the condition can be useful for
both health professionals and people with insomnia
There are two main types of insomnia:

Short-Term Insomnia

Also known as acute insomnia or adjustment insomnia, this is a brief episode of

difficulty sleeping. Short-term insomnia is often caused by a stressful life event,

such as the loss of a loved one, a disconcerting medical diagnosis, a pandemic,

rebounding from cessation of a drug or marijuana, or a major job or relationship
change.

Acute insomnia lasts for less than three months, and symptoms may fade on their
own as time passes and a person copes with the stressful incident that gave rise to

their sleeping problems. However, short-term insomnia can be persistent and

become chronic insomnia.

Short-term insomnia can affect both children and adults. It is more common in

women] than in men, and it can arise during pregnancy as well as menopause.

Chronic Insomnia

Chronic insomnia is a long-term pattern of difficulty sleeping. Insomnia is
considered chronic if a person has trouble falling asleep or staying asleep at least

three nights per week for three months or longer.

Some people with chronic insomnia have a long history of difficulty sleeping.
Inability to get the sleep they need may be persistent or go away and recur with
months-long episodes at a time. Chronic insomnia has many potential causes. Like

acute insomnia, it can be tied to stressful situations, but it may also be related to

irregular sleep schedules, poor sleep hygiene, persistent nightmares, mental health



disorders, underlying physical or neurological problems, medications, a bed

partner, and certain other sleep disorders.

Like short-term insomnia, chronic insomnia occurs in people of all ages and has a
higher prevalence in women. While the sleep disorder of insomnia is principally
classified as either short-term or chronic, there are other terms that may be used to
describe insomnia.These terms may be used informally or as a way for researchers

to better categorize and analyzeB the different ways that insomnia can be

experienced.
Sleep Onset Insomnia

Sleep onset insomnia describes difficulty falling asleep at the beginning of the
night, or in the case of shift workers, whenever they attempt to initiate sleep. It is
associated with the idea of tossing and turning without actually being able to get to
sleep. Most people with sleep onset problems can’t fall asleep even after spending
20-30 minutes in bed. The inability to fall asleep means that a person with
insomnia of this nature has reduced total sleep time and can feel the effects of that

lack of sleep the next day.
Sleep Maintenance Insomnia

Sleep maintenance insomnia describes an inability to stay asleep through the night.
Most often, this means waking up at least once during the night and struggling to
get back to sleep for at least 20-30 minutes.The fragmented sleep associated with
poor sleep maintenance means a decrease in both sleep quantity and quality,

creating higher chances of daytime sleepiness or sluggishness.

Early Morning Awakening Insomnia

Early morning awakening insomnia involves waking up well before a person
W : : .
ants or plans to in the morning. Some experts view this as a component of sleep
mai ' : :
ntenance while others consider It separately. Inability to get their desired

amount 1 1 ) .
of sleep can impair a person’s physical and mental function the next day.




Mixed Insomnia
. , , -
Though not a formal term, the descriptor mixed insomnia may be applied to peop
i e, and
who have a combination of problems related to sleep onset, sleep maintenanc

' i ht
early morning awakenings .In general, the broader term insomnia can be thoug
it i ve
of as describing mixed insomnia because it is common for people to ha
it e . oo
overlapping sleeping problems. In addition, people with insomnia often find

their symptoms can shift over time, making it hard to classify insomnia strictly

among the subtypes of onset, maintenance, and early morning awakenings.

Comorbid Insomnia

In the past, sleeping problems were sometimes labeled as comorbid insomnia or
secondary insomnia. This meant that insomnia was believed to arise as a result of
another condition such as anxiety, depression, sleep apnea, gastroesophageal reflux
disease (GERD), or physical pain.

Contemporary research has generated a deeper understanding of insomnia that
recognizes that sleeping problems often have a bidirectional relationship with other

health issues. For example, while anxiety may contribute to insomnia, insomnia
may frigger or exacerbate anxiety@ as well. Furthermore, insomnia triggered by

another condition does not always go away even after that underlying issue is
resolved.

Because of the complexity of these relationships, it becomes difficult to classify
insomnia as strictly comorbid or secondary. Similarly, the presence of multiple
contributing factors makes identifying a single cause of insomnia challenging for
Mmany patients,

F ol. . . . g .
these reasons, nsomnia classification systems used in sleep medicine have

Moved away from thig terminolo
it gy and toward a broader understanding of



Causes of insomnia

Insomnia can result from a range of physical and psychological factors. Often, the
cause is a temporary problem, such as short-term stress. In some other instances,

insomnia stems from an underlying medical condition.

Genetics- Scientists are looking at whether the likelihood of having insomnia is

something you're born with. They’ve identified specific areas in our genes that

appear to play a role in insomnia symptoms.

Common causes include:

using recreational drugs, such as cocaine or ecstasyln some people, stress or a

mental health issue is responsible for insomnia. A person may be experiencing:

having jet lag, switching shifts at work, or dealing with any other changes
to the body’s internal clock

the room being too hot, cold, or noisy, or the bed being uncomfortable
caring for someone in the house, if it disrupts sleep

getting too little physical exercise

having night terrors or bad dreams

depression
anxiety
bipolar disorder

schizophrenia

Some other health conditions that can limit sleep include:

restless legs syndrome

an overactive thyroid

sleep apnea

gastrointestinal reflux disease, commonly called GERD

chronic obstructive pulmonary disease, known as COPD
chronic pain




Often, symptoms of another health issue or natural transition cause difficulty
sleeping. During menopause, for example, hormonal changes can lead to night
sweats, which can interrupt sleep.In people with Alzheimer’s disease, changes in
the brain disrupt or change sleeping patterns.Also, some people have a rare genetic
disorder called fatal familial insomnia, which prevents sleep and can be life

threatening.

Varinhles Affecting Quality of Sleep

Figure 2. Variables Affecting Quality of Sleep
CONSEQUENCES OF INSOMNIA

Due to its chronicity, insomnia is associated with substantial impairments in an

individual's quality of life. In several studies, insomniacs reported decreased

quality of life on virtually all dimensions of the 36-item Short Form Health Survey

of the Medical Outcomes Study (SF-36), which assesses 8 domains: (1) physical
functioning; (2) role limitation due to physical health problems (role physical); (3)
bodily pain; (4) general health perceptions; (5) vitality; (6) social functioning; (7)
role limitations due to emotional health problems (role emotional); and (8) mental
health. One study compared SF-36 results in groups of mild and severe insomnia
patients with groups of patients diagnosed with depression or congestive heart
failure (CHF).Severe insomnia patients had numerically greater loss of function
than patients with CHF in reported pain, emotional effects, and mental health

effects, Additionally, insomnia patients also reported more physical problems than
patients with depression.



Research has shown that among the daytime consequences of insomnia, the
increased occurrence of accidents poses the greatest health risk. Insomniacs are 2.5
to 4.5 times more likely than controls to have an accident. In a sample of 8,625
community respondents in France, Léger et al. reported that 8% of insomniacs and
19% of non-insomniacs had an industrial accident in the past 12 months. Work
productivity is also compromised among insomniacs due to work-related problems
(ie, higher rates of absenteeism, decreased concentration, and difficulty performing
duties). Kuppermann and colleagues found that individuals reporting a current
sleep problem were more likely than good sleepers to have decreased job
performance and to have been absent from work in the last month due to health
problems. Simon and VonKorff evaluated insomnia in a staff-model health
maintenance organization population (N=1,962). After adjusting for age, gender,
and chronic disease, days of restricted activity due to illness and days spent in bed
were about twice as common among insomniacs compared with non-insomniacs.
Additionally, mean total health care expenditures were 60% higher in the insomnia

group relative to the controls.

Population- and clinic-based studies have demonstrated a high rate of psychiatric
comorbidities in patients with chronic insomnia. In fact, insomnia is more
frequently associated with psychiatric disorders than any other medical illness.For
example, in the Epidemiologic Catchment Area study, 40% of insomniacs had a
comorbid psychiatric disorder compared with 16.4% of those with no sleep
complaints. Additionally, depression and anxiety are the most common comorbid
psychiatric disorders in insomniacs. It has traditionally been assumed that
insomnia is secondary to the psychiatric disorder; however, given the chronicity of
insomnia, it is possible that in some, if not most, cases the insomnia precedes the
psychiatric disorder. In fact, it is possible that insomnia represents a significant
risk for the development of a subsequent psychiatric disorder. In a large-scale
European population-based study (N=14,915), it was found that insomnia more
f’ﬁcn preceded rather than followed incident cases of a mood disorder. This effect
5 even more pronounced for relapses of the mood disorder, where in 56.2% of

cases, | i
Insomnia symptoms preceded symptoms of a mood disorder relapse. In




contrast, in chronic insomnia patients with a comorbid anxiety disorder, the first

occurrence of anxiety or a relapse preceded insomnia in most instances.

To further understand the relation of sleep and psychiatric disorders, several
longitudinal studies have examined the evolution of psychiatric disorders among
insomnia patients. These studies used follow-up periods ranging from 1 to 40
years, with the majority using a 1- to 3-year follow-up period. In all of these
studies, insomnia has been found to confer a substantial risk for the development
of a depressive disorder. Typically, the relative risk was approximately 5 (range 2—
40), and in all cases it was statistically significant. While some studies also
reported an increased risk for anxiety or drug abuse, neither of these was
consistently found. Finally, longitudinal studies in subjects with affective disorders
show that depressed patients who experience improvements in sleep will also
experience a more rapid antidepressant response; while those patients whose
insomnia persists will have a short time to relapse. What is clearly needed are
clinical trials to assess the impact of insomnia therapy on incidence of depression

as well as the time to relapse in depressed patients who are in remission.

The question then arises as to whether insomnia causes depression, vice versa, or
both. The close association of insomnia with depression is likely related to
common underlying pathophysiological mechanisms for sleep and mood
regulation that make the individual vulnerable to both conditions. Data have shown
that both the diagnosis of insomnia and the severity of the sleep disturbance are
related to overactivation of the hypothalamic-pituitary-adrenal (HPA) axis and the
hypersecretion of cortisol.Recent evidence suggests that there may be some
neuroendocrine and clinical similarities between insomnia and depression.
Conicotropin-relcasing factor (CRF) dysregulation has been implicated in the
pathogenesis of psychiatric disorders such as depression as well as in the
mediation of hyperarousal seen in primary insomnia. This abnormality might

repre : STk
cpresent the common risk factor, and therefore, it is quite possible that both

disorde
'S would respond to the same therapeutic  intervention (eg,

i . L
omcotropmreleasmg hormone antagonists),




Insomnia Medications

A new type of drug is giving doctors another option when it comes t0 prescription
medication to treat insomnia.Orexin receptor antagonists. Some of the latest sleep
medications are known as orexin inhibitors. They block the action of a brain

chemical that keeps you alert, called orexin. Two of these drugs include:
Lemborexant (Dayvigo)

Suvorexant (Belsomra)

Scientists are studying two other similar drugs in clinical trials.

All sleeping pills come with risks and side effects. With some, you can develop a
tolerance, which means it stops working effectively at the recommended dosage,
or even feel like you can’t fall asleep without them. Some can cause you to walk,
eat, or even drive in your sleep. Most can leave you feeling groggy the next day.
Doctors usually only prescribe them for the short-term, and you have to stop using
them gradually.

Melatonin. Your body makes this hormone as the sun goes down, telling you it’s
time to get sleepy. A prescription form of melatonin helps you fall asleep by acting

like melatonin in your brain. Melatonin supplements are often sold as a treatment
for insomnia.
How To Diagnose Insomnia
The requirements for an insomnia diagnosis are continually evolving as
researchers learn more about this sleep disorder. According to current criteria.
patients must report at least one of the following problems in order to receive an
insomnia diagnosis.

* Difficulty falling asleep

® Difficulty remaining asleep during the night

® Repeated instances of waking up earlier than desired

Feel; ] .
eelings of resistance about going to sleep at a reasonable hour

Difficulty sleeping without help from a parent or caregiver



Additionally, patients must experience one or more of the following daytime

impairments after a night of insomnia-affected sleep:

e Feelings of fatigue or malaise

e Difficulty concentrating, paying attention, recalling, or remembering

e Impaired performance in social, family, academic, or occupational settings
e [Excessive daytime sleepiness

e Hyperactivity, impulsivity, aggression, and other behavioral problems

e Decreased energy, motivation, or initiative

e Higher risk of errors or accidents

e Concerns or dissatisfaction regarding sleep

These nighttime and daytime symptoms must occur despite adequate opportunity
for sleep and a bedroom environment that is conducive to sleep. If symptoms occur
at least three times per week for at least three months, the patient will be diagnosed
with chronic insomnia. If these benchmarks have not been reached, then the

condition is known as short-term or acute insomnia. A third condition known as

other insomnia may be diagnosed if the patient does not meet the criteria for short-

term insomnia but nonetheless exhibits insomnia symptoms.

The cause of a person’s insomnia symptoms is also crucial to their diagnosis.
Primary insomnia occurs independently, while secondary insomnia is usually
attributed to an underlying medical or psychological condition that causes sleep
loss. Primary and secondary insomnia share the same symptoms. However,

treatment for secondary insomnia will typically also address the patient’s

underlying condition.
Prevention

Prevention and treatment of insomnia may require a combination of cognitive
behavioral therapy, and lifestyle changes. Among lifestyle practices, going to sleep
and waking up at the same time each day can create a steady pattern which may

help to prevent insomnia. Avoidance of vigorous exercise and caffeinated drinks a



cise earlier in the day

few hours before going to sleep is recommended, while exer
giene may include:

may be beneficial. Other practices to improve sleep hy

Avoiding or limiting naps

L
e Treating pain at bedtime
e Avoiding large meals, beverages. alcohol. and nicotine before pedtime
e Finding soothing ways 1o relax into sleep, including use of white noise
dark, cool, and free of

Making the bedroom suitable for sleep by keeping it
devices. such as clocks, cell phones, or televisions

e Maintain regular exercise

e Try relaxing activities before sleeping
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= Subjects

15-19 20-29 30-39 40-49 50-59
Agein years

Importantly, the presence of comorbid medical conditions is also a significant
contributor to the increased prevalence of insomnia in the elderly. Additionally, in
women, insomnia is more prevalent with both the onset of menses and menopause.
Comorbid medical disorders, psychiatric disorders, and working night or rotating
shifts all represent significant risks for insomnia. It is important o recognize that
these factors do not independently cause insomnia, but rather they are precipitants

of insomnia in indiu: . o
hsomnia in individuals predisposed to this disorder. In fact, chronic illnesses




, a significant risk for i £ : ;
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reflux disease. pain conditions, and neurodegenerative diseases. Importantly, 4
variety of primary sleep disorders as well as circadian rhythm disorders are
frequently comorbid with and often lead to insomnia.

Among the primary sleep disorders, restless legs syndrome (RLS), periodic limb

(snoring,

movement disorders (PLMD), and sleep-related breathing disorders
This is especially

dyspnea. sleep apnea) often present with an insomnia symptom.
que among the elderly. Among younger individuals, difficulty falling asleep 1S
often associated with a phase delay syndrome. However, in the elderly, phase
advance syndrome results in reports of difficulty initiating sleep, maintaining
sleep, and experiencing early morning awakenings.

The most common comorbidities associated with insomnia are psychiatric
disorders. It is estimated that 40% of all insomnia patients have a coexisting
psychiatric condition. & Among these psychiatric disorders, depression is the
most common, and insomnia is a diagnostic symptom for depressive and anxiety

disorders.

30% - 50% Insomnia

It is @ common problem
that regularly affect around
30% to 50% of people,

and is particularly

common in elderly people.
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Insomnia Facts

Insomnia or poor sleep health is not regarded as a public health crisis but many
experts believe that it should be treated as one. The burden of insomnia has been
grossly underestimated because the focus of attention is restricted towards few
other conditions that contribute to non-communicable diseases. While diets and
obesity have a huge role to play, the importance of sleep to general health and
wellbeing cannot be underestimated. Sleep deprivation, insomnia and other sleep
disorders contribute significantly to the global burden of disease as they greatly
increase the risk of cardiovascular disease, diabetes, obesity and cancer, as well as

the risk of injury and violent death through human error.

® Increased awareness on the disease is essential and greater efforts need to
be made to tackle the paucity of global data and insomnia statistics. What

Wwas once thought of as a problem of the developed world has now become

Just as much of a burden in developing countries.

o | o
fisomnia is the most prevalent of all sleep disorders and is believed to

affect anywhere from 30 to 50 percent of all

i people at some point i i
lifetime, point in their
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Insomnia affects one out of four people and it isn’t gender or age specific.
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' ?"50!“".1'3 is twice as likely to affect women as compared to men.Chronic
insomnia greatly increases the risk of various non-communicable diseases.
There- were 57 million deaths in 2008, with 58% of these being attributed to
chronic  (non-communicable) diseases. These numbers could be
significantly reduced if sleep disorders were addressed.

e Studies have shown that the risk of strokes, hypertension, arteriosclerosis.

obesity, diabetes and depression are much higher in patients suffering from

insomnia.

Substance abuse like smoking, alcoholism and drugs are more likely to

develop in individuals suffering from insomnia.

Fatigue and drowsiness cause around 100,000 traffic accidents a year,

,500 lives-and leaving over 70.000 injured. Now take

claiming as many as 1
to the United States which

into account that these figures are limited

accounts for just 5 percent of global population.
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~INSOMNIA

o~ <50 [ < 4o (1

—_

Gender-
01 what is your daily lifestyle is :

normal healthy meals  []
irregular eating habits

healthy diet and regular excercising 0O
Q2 Are you aware of the problems that could arj
se due unhealthy lif; 14
g - - y lifestyle?
0
@3In general ,how is your current health -

gxcellent [ ] Verygood [ Good [] Poor [
oor |

—_—

Q4 Do you know about any sleeping disorders like insomnia ?

Yes [ No [
Q SHow many hours do you sleep?
67 [J 7-9 ] 5-6 [ 810 [

Q.6How would you describe your sleeping pattern:
irregular sleep pattern [ ] regular sleep pattern  [_|

Q.7 What time do you go to bed at night?

Before 10pm [J After1iopm [ |

Q.8 Do you have trouble sleeping once in bed ?

Never I:J

Q.9Have you noticed any

Yes [ ]

Rarely [ | b O

change in your sleeping pattern?
No [

Q10 If yes do you fe in the morning?
No [

Yes [ ]
Q.11Do you have trouble concentrating on something’ :

b [ No (] g omcmes UJ
Q.12 Do you often feel tired and unable to

el refreshed upon waking up

do everyday chores?



Yes [] NO [] RMG%

Q.13 Do you feel sleepy

during day time?

Yes D No D Soméﬁmu
Q.14 Have you been in a stressful situation lately ?

Yes (:

Q.15 How did deal with a stress?

No []

I'talk to family or friends g
Iike to travel [

[ prefer going to a calm or peaceful enviror

the option is not available [ ]
Q.16Do you take any medicine, which type (optional )?

Yes D

g No L__]
: ?
Q.16 So do you think change in sleeping patterns can cause serious problems?

Yes [ ] No []
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Result — On the basis of the survey conducted following results are obtained:

1. Majority (45%) of people have a normal diet and 18% people have a

healthy diet and workout routine .

2. Majority (61% )of people are aware about insomnia .
76% people sleep after 10 pm which suggests that they have higher chances

of becoming insomniac.
The above table shows that 58% people sometimes find it hard to sleep .

5. 54% people sometimes have trouble concentrating.
that 64% people have been in stressful

6. The above observation shows
situation ,which in longterm results in slee

. 54, Ioenple bmmd i haxd t wncen
Some}hfﬁ Cwoxk).

ping disorders .
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1. INTRODUCTI

Tuberculosis is one of the deadliest disease cansed by Mveohacterium fuberculosis (Mih)
Worldwide, TB is the popular most cause of death holding 13" position and reported to be
second topmost infectious killer afler COVID-19 (above HIV/AIDS). According to WHO,
2021 (https:/www.who.int/) one fourth of the world’s population, i.e., around 2 million people
are suffering from TB infection, while more than 10 million are in the capture of active TB
discase yearly. In 2019, 1.2 million children fell ill with TB globally and 465,000 people fell
ill with drug-resistant TB (htps.//www.cde gov/). Although the treatment with anti-microbial
drugs kill majority of pathogenic bacilli within 1-2 weeks, however, it is recommended to
continue multi-drug therapy for at least 6 to 7 months as per directly-observed treatment, short
course (DOTS). This extended therapy minimizes the survival of intracellular pathogen within
the cell and inhibits the reactivation of infection. Several studies indicated that the dormant
bacteria encounter intracellular harsh microenvironments like low oxygen (Hypoxia), nutrition
limitation or starvation and pH stress (Deb et al., 2009; Flentie ef al., 2016). These amazing
versatility of host-induced stresses induce the emergence of stress resistant heterogeneous
pathogenic subpopulations of the bug and consequently leads to metabolic advancement and
survival enhancement (Prosser et al., 2017). Even in the dormant state Mth can get reactivated
under favourable conditions and starts replication that results in active TB (Veatch and
Kaushal, 2018). These properties of Mtb makes it famous for understanding the underlying

mechanism of its defence, so that one can come to other favourable conclusions aiding to its

effective treatment.

The extraordinary adaptive capability of Mtb to overcome the multiple environmental stresses

inside the macrophages makes it a very strong pathogen. Also, the multiple drug resistance to
the already existing drug regimen is one of the biggest obstacles in the way of eradication of
TB. Therefore, there is a need for new antibiotic and also for new drug targets to deal with this

crisis as well as to avoid cross resistance of currently use therapies (Winglee et al., 2015).

Multiple antibiotic resistance Regulator (MarR) proteins are a great attraction for drug
evaluation in relevance to their critical role in antibiotic resistance, virulence, cell viability,
survival and response to treatment with anti TB drugs (Zheng et al., 2019). MarR system is
conserved in human pathogenic bacteria and is reported in Mtb as well. MarR is involved in
drug resistance and intracellular survival of Mtb (McDermott et al., 1998). The proteins of

MarR family respond to wide variety of stresses by modulating the expression of genes for the
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survival of the pathogen. MarR homologs are also reported to have a role in regulating
virulence genes of pathogenic bacteria because of their ability to respond to the sudden
environmental changes.

The basic structural organization of a MarR proteins consist of a conserved winged helix—turn—
helix motif (Han ef al., 2019). This wHTH motif binds and recognize palindromic sequences
of DNA in a dimeric form (Zhen et al., 2019). Mostly MarR proteins work as sensors to
modulate the expression of stress responsive genes. Based on the sequence similarity, eight
proteins of Mtb belong to MarR family. MarR homologs in Mtb are namely Rv0042c, Rv0880
(resistance to bedaquiline), Rv2011c, Rv1049 (MosR), Rv2327, Rv0737, Rv2887 and Rv1404
(regulate acid stress). All of these proteins are poorly studied and came into light very recently
According to the sequence analysis, no specific DNA binding motif has been found in case of

Mtb and only 60-122 amino acid residues of MarR protein are critical for binding DNA
sequences.

Here we have focused on one of the possible transcriptional regulators of MarR family of Mtb,

i.e., Rv0042¢ which has been found to be overexpressed in granuloma site of a human lung of
a MDR TB patient and thought to be involved in drug resistance (Rachman 2004,
Movahedzadeh et al., 2004). Rv0042c was reported to be indirectly regulated by the DNA
binding domain (PhoPC) of response regulator PhoP (Wang et al., 2007). In 2015, the genome
wide transcription regulations for Rv0042c have been studied using Chip-Seq (Minch et al.,
2015). Besides, whole genome sequencing (WGS) of the linezolid-resistant mutants exhibited
intergenic point mutation (G to T) in the Rv0042c-Rv0043c region (Pi et al., 2019). In sum,
Rv0042c protein is relatively an unstudied protein. Therefore, it was decided to elucidate the
structural characteristics of Rv0042c in vitro in order to understand its biological behaviour in

vivo, In this regard, the oligomeric behaviour of Rv0042c under oxidative and reductive stress

conditions in vitro have been taken up.
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2. REVIEW OF LITERATURE

2.1 Introduction to Tuberculosis:

Tuberculosis (TB) is one of the deadliest, multisystemic, contagious, air-borne infectious

disease which is caused due to the infection of gram positive bacterium Myecobacterium

mberculosis (Mtb). Worldwide TB is one of the top three infectious diseases in the world.

World Health Organization (WHO) data shows that 1.5 million people died from TB in 2020

(WHO Report 2020). TB is also the 13th leading cause of death globally, As of now, it's the
the most common in developing

second main infectious cause of death, after COVID-19. TB is
countries, but in reference to the Centre for Disease Control and Prevention (CDC Report of

2020), over 7,000 cases of TB were also registered in the United States in 2020.

In year 1689, Richard Mortan confirmed that pulmonary form of Mtb was linked with

pathology in the past but due to varying symptoms, until 1820 TB was not recognized as a
single disease. Finally in 1832, J. L Schonlein was the first to assign a name ‘Tuberculosis’ to

these conditions (Ajaz et al., 2021),

2.2 Causative agent of Tuberculosis:

TB caused by variety of species of Gram positive bacteria known as Mtb or tubercle bacilli.
Robert Koch identified the bacillus, Mtb as the causative pathogen of tuberculosis on 24"

March 1882. Later on in 1905 he was awarded the Nobel Prize in physiology and medicine for
the same (Schultz ef al., 2011). Mycobacteria is a small non spore forming, non-capsulated,

aerobic, non-motile, rod-shaped, gram positive bacillus bacteria. It is an acid-fast bacilli having
lipid rich wax like cell wall and one of the most recalcitrant bacteria to treat. Most common

staining technique is Ziehl Neelsen technique used for detection of acid-fast bacteria (Singhal

et al., 2015). Mtb takes long time (almost 24 h) for division and replication,
2.3 Mycobacterium tuberculosis complex (MTBC):

The causative agent of TB is Mtb. The Mtb complex (MTBC) includes a nearly related species

that cause tuberculosis in both animals and humans. The MTBC includes four TR causing
mycobacteria: M. hovis, M. africanum, M. canetti, and M. microti. M. africanum which is not
frequent, but in Africa it is a major cause of TB (Forrellad et al., 2013). M. bovis was once

considered as a common cause of TB. M. canetti infection is rare and seems limited to Homn of

Africa. M. microti is also rare and observed only in hosts with weak immunity,
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2.4 Mycobacterium tuberculosis (Mtb);

Mitb is a thin straight rod bacterium of size 0.4 x 3um and grow either singly or in pairs or small
clumps. The complex lipid of cell wall makes it difficult to be stained by common Gram's
Mecthod. Mtb efficiently retains staining dyes as this is not removed even after acidic treatment,

therefore, it is classified as an acid-fast bacillus and stained by acid-fast staining using Ziehl-

Neelsen technique (Pfyffer 2015).

2.5 Antigenic Structure of Mth:

Mycobacteria has many unique immunoreactive substances, present as cell wall components.

There are three types of antigens present in Mycobacteria, i.e., ones that are actively secreted
are bound to cell wall, and ones which are present only in cytoplasm.

outside of cell, Ones that
The secreted and cell wall bound antigens are the first antigens to be encountered by immune
system upon infection and are thus likely the key players for activating immune response and
pathogenicity. Cell wall (insoluble) antigens are present on the cell wall and the basic structure

of cell wall is typically of Gram-positive bacteria. The innermost cytoplasmic membrane is
surrounded with a thick peptidoglycan layer without any outer membrane. Other components
of cell are lipids, proteins and polysaccharides. The lipids constitute 60% of cell wall weight
and contribute to several biological properties. Mtb has a different lipid components that helps
in intracellular survival and also in establishing the infection (Kuang et al., 2022). Lipids of
the cell wall attributes to the acid-fastness of bacteria and immunogenicity. Coming to
mycobacterial cell envelope, it consists of four main layers: (i) the peptidoglycan (murein)
containing plasma membrane or inner membrane (IM). These peptidoglycans are covalently
linked with the polysaccharides (arabinogalactan) whose terminal ends are esterified by
mycolic acids. Peptidoglycans help in maintaining cell’s shape and rigidity. (ii) The
peptidoglycan—arabinogalactan complex (AGP), composed of polysaccharides existed
externally to peptidoglycan layer. (iii) Outer membrane (OM) or ‘mycomembrane’, which is
covalently linked to AGP via the mycolic acids, a principal constituent of cell wall composed

of long chains of a-alkyl and p-hydroxy fatty acids attached to the terminal arabinose units of

arabinogalactan and (iv) the outermost capsule (Kalscheuer et al., 2019), Alpha-glucan is the

major constituent of the outermost capsule, it has comparatively lesser population of

arabinomannan and mannan, proteins and lipids. The major Mtb capsular components mediate

interactions with phagocytes that favour bacterial survival. Cytoplasmic Antigens (Ag)
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includes Ag5, Ag6, Agl4, Agl9, Ag32, Ag38 and Ag60. All these antigen are protein in nature

except Ag60 that comprises lipopolysaccharide and protein as a complex
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Figure RL1: Cell wall components of Mtb (https://www.semanticscholar.org).

2.6 Transmission of Tuberculosis:

TB is an airborne pathogen that easily transfer from one person to another. The source of
infection is usually a patient who is already infected and has an active pulmonary TB.
Coughing, speaking or sneezing of the infected patient produces tiny infectious aerosols termed
as droplet nuclei of size 1 to 5 microns in diameter (Patterson et al., 2019). Spread of these

particles generally depends upon the surrounding environment.

|

Red dots are droplets containing TB bacterla that are expelled by an
infected person when talking, sneenng or coughing pnd are nhalted
by someone closeby and enter their lungs,

Figure RL2: Image showing Transmission of TB pathogen from one person to another

through air droplets (https://www.slideshare.net).
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Table

B

RL1: Key Factors related of Transmission of Mtb
(h“ps://www.cdc.govlth/cducaﬁon).
Factor Durcripﬂon-w D —

susceptibility

Susceptibility (immune status) of the exposed individual |

Infectiousness

Infectiousness of the person with TB disease Is direc tly relatadd to the
number of tubercle bacilli that he or she expels into the air, Persans whao
expel many tubercle bacilli are more infectious than patients who oxpel fow

Environment

Environmental factors that affect the concentration of M. tuberculos/s
organisms

or no bacilli \

Exposure

Proximity, frequency, and duration of exposure

The rate of infection of a healthy person is directly related to the number of tubercle bacilli that

are inhaled or present in the air while contacting a diseased person. Persons with coughing and

sneezing symptoms are more infectious in comparison to others (Maher e al., 2009).

The initial infection is referred as primary TB and post-primary or while secondary infection

is reinfection of the subsequent disease in a previously treated person, source can be exogenous

or by reactivation of

a primary infection. Pathological characters of both these infections are

quite different as mentioned below in a table:

Table RL2: Primary and Post-primary TB characteristics (Cambier et al., 2014).

Site
Local lesion

Cavity formation

Lymphatic involvement

Infectivity
Tuberculin reactivity

Local spread

Any part of the lung - Apical rgion
~ Small ‘ Large
Rare Frequent
Yes " Minimal
" Uncommon Usual
Negative (initia]ly) Positive
" Uncommon Frequent
8
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2.7 Diagnosis of TB:
For diagnosis of tuberculosis, there are many different non-molecular and molecular methods.

2.7.1 Non-Molecular Techniques-

Microscopy is commonly used and the primary TB diagnostic test. It includes the microscopic
examination of sputum for acid-fast bacilli (AFB) which is less time consuming, costly, less
sensitive and poorly specific especially in patients carrying HIV infection and children.
Culturing involves Lowenstein-Jensen, Middlebrooks’s 7H9 broth and Middlebrooks's TH10
and 7HI11 agar media. These media provide all the essential nutrition and environmental
conditions needed by the bacteria (Foulds ef al., 1998). Animal inoculation includes the use
of many animal species for TB infection in animal models such as rabbits, guinea pigs, mice
and non-human primates. Each of these model has similar features of human TB, either that be

clinical signs, pathology, infection burden, progression of the disease or immunology.

But these techniques delayed the process being slow, time consuming, expansive to maintain
the infrastructures and well-trained workers. This delay in diagnosis is a major drawback as

treatment is dependent on diagnosis and thus gets delayed. Therefore, there is an urgent need

for novel quick method with accurate diagnosis.

2.7.2 Molecular Techniques:

As the time is advancing new diagnostic methods are coming into light. Along with the
advancement of molecular techniques, different types of tests are available for example; nucleic
amplification tests (NAATS) that includes polymerase chain reaction (PCR), real-time PCR,
and loop-mediated isothermal amplification (LAMP) (Ghiasi et al., 2015). The most popular

test for the diagnosis of TB that is recommended by the WHO is nucleic acid amplification

(NAATS).
2.7.3 Rapid Molecular testing of TB:

WHO currently approved different Molecular tests that are: Loop-mediated isothermal
amplification test (TB-LAMP) which is commercially developed by Eiken Chemical, Tokyo,
Japan; MTB Plus and MTBRIF Dx tests (Molbio Diagnostics, Goa, India) (Vijayalakshmi ef
al., 2019); Xpert MTB/RIF and Xpert MTB/RIF Ultra assays developed by Cepheid,

Sunnyvale, USA which simultaneously pinpoint tuberculosis; Truenat MTB and lateral flow

urine lipoarabinomannan assay (LF-LAM) (Bjerrum et al., 2019).

\ s e
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And initially the most recent testg Commend by WHO |5

Truenar (MR test) (Sha
. ) - A sSharma er al,,
2021) or Xpert (MTB/RIF or MTB/RIF Upyryy g, fast dingnosis purpoges in l T"B
. ‘ N ‘ . § pulmonary THB.
The technique called as NAAT (Nucleic Acid Ampliﬁcatmn Tests) are cartridge based
technique which detects the presence of TR DNA with common mutations | i
S, generally

associated with rpoB gene along wirh, RIF resistance within 2 |

2.8 Treatment of TB;

persistence. The extensive use of rifampicin and streptomycin was noticed in early 20™ century.
The first line anti-tuberculosis therapy constitute the four drugs with bactericidal and
bacteriostatic activity against TB. These four drugs are Ethambutol (E), Isoniazid (H),

drugs with similar efficacies,

ANTITUBERCULAR DRUGS

I

e e Second ine gy

lsoniazid () |
; : | , ! E. . S
| Fluoroquinclones| [ Other oral drugs | [injectable drugs
{

Rifampin (R)
Mvrazinamide {(7)
Ethionamide ; Kanamyin

Ethambutol (F) , Ofloxacin
Streptomvein (S) | Levofloxacm ! Prothionamide ! Amikacin
— J Moxifloxacin ; Cycloserine ! Capreomyein

Para-amino-

Ciproflonacin '
) <alicvlic acid (PAS) i

Rl!nbutm |

Figure RL3: Examples of Anti-TB  first and second line  drugs

(https://www, Jjaypeedigital.com).

10
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2.8.1 Treatment of Drug Susceptible TR,

Drug susceptibility of Mtb can either be determined by metabolic inhibition e & o
having anti-tuberculosis drug or by spotting growth or by detecting mutated genes at molecils:
jevel. It is also explained as the growth inhibition of pathogen due 1o drug ae fivity by different
means: 1) in vitro growth in drug-free and drug containing media, 2) mﬂuhnl.h activity
detection of SO —— '“ m)‘tnmﬂcﬂﬂﬂh““"’ IV"‘* andd 4) analyre the penetic mulations
(Kim 2005). In a standard treatment for active B, & 6 month course of combination of four
anti-TB drugs is used. Isoniazid and ri fampicin are of prime importance in this treatment . with
ethambutol and pyrazinamide given in the first 2 months of treatment (Seid o1 al., 201%)
However, there are chances of failure of treatment if one does not stick to long duration of

reatment that will adverse the condition by emerging drug resistance TH treatment

2.8.2 Treatment of Drug resistance TB:

Despite the availability of effective medication drug-resistant tuberculosis (TB) has posed a
great challenge to the people, communities and global TB control society. Along with affecting
the patient, Drug resistant TB impose a tremendous burden on overextended public health
system and attack the resources which are already limited. Drug-resistant tuberculosis (TH) has

emerged as a major contributor to AMR worldwide and threatens the lives of the patients,

Drug resistance is divided into two categories. First is Primary resistance when the Mth
infected person has already developed a resistant to some drug. Secondary resistance when
the drug-resistant organisms which was dormant earlier due to drug treatment emerge back
during treatment. This type of resistance occur only when there is a lack of continuation to the
medication procedure by the patient. Non-adherence to one drug will generate resistance. In

case of adults, the main reason of drug resistant TB recurrence of TB discase, exposure to some

drug resistant TB patient or emergence of a co-infection like HIV.

In this era the inception and spreading of Multidrug resistant tuberculosis (MDR-TB) is a very
serious outcome of uncurbed drug resistance. WHO defines MDR strain as the strain for which
rifampicin and isoniazid shows least effect. MDR-TB requires an extended and high-cost
second-line treatment for at least eighteen months as compared to drug-susceptible isolates
(Iseman et al., 1993). There cases where first line anti-TB drug i.e. isoniazid and rifampicin is

ineffective has increased. The second-line anti-tuberculosis drugs include Fluoroquinolones

and Aminoglycosides (Kanamyein, Capreomycin, and Amikacin). With increased cases of

11
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MDR-TB, in vitro testing determines the potency of newer agents. Another challenging
condition is extensively drug resistant-tuberculosis (XDR-TB), which can be explained as
resistance to first-line agents (rifampicin and isoniazid), any fluoroquinolone and other
injectable second-line agents (Amikacin, Kanamycin and Capreomycin). The resistance to all

the tested drugs is known as Total Drug Resistant TB (TDR-TB) (Cohen et al., 2014).

2.8.3 Vaccine for TB:

Defence against Tuberculosis termed as Immunotherapy, was proposed by Robert Koch in
1890. Until now, the one and only effective vaccine for tuberculosis in use is the Bacillus
Calmette-Guérin (BCG) vaccine. It was used for the first time in 1921 on humans (Soysal et
al., 2005). The side effects of BCG vaccine is experienced by almost 3 out of every 10,000
vaccinated people. This vaccine is not given to immuno-compromised personals. Although
BCG immunization come up with a fair and effective protection for small children and infants,
(including defence against TB meningitis and miliary TB), its efficacy in adults is fluctuating,
ranging from 0% to 80%. (Luca ef al., 2013). The call for advancement of TB immunotherapy

increases day by day because the disease has become increasingly drug-resistant.

BCG strain was isolated by sub culturing a virulent strain of M. bovis for about 239 times for
period of 13 years on glycerine potato medium. The strain is not virulent to humans but it’s
capability to induce an immune response is retained. BCG has been widely administered to >3

billion people under the WHO immunization programme (Trunz et al., 2006) with an
outstanding safety record (Casanova et al., 1996). BCG has been found protective for extra

pulmonary TB and TB meningitis. The vaccine is said to be 60% effective in dealing against
common pulmonary form of TB among adolescents and adult population which forms the age

group with higher risks for the development of pulmonary active TB disease (Moliva et al.,

2017). The efficiency of BCG vaccine dwindles with age.

The immunity provided by the BCG vaccine depends upon the immune response generated by
mycobacteria at the site of infection (Dijkman et al., 2019). When BCG vaccine is directly

injected into the mucosa of lungs, it induces a local immune response that can fully inhibit the

infection in comparison to receiving BCG via skin which is not as effective.

12
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2.9 New drugs and drug regimens to treat TB:
The new guidelines assessed by WHO in 2022 on Jatest drug regimens:

1) The strategy developed by WHO for new drugs authorization is treatment for six months
with bedaquiline, pretomanid and linezolid (BPaL) followed by moxifloxacin ( BPal.M) which
is checked out in the clinical trial TB-PRACTECAL (Chang ef al., 2018). From this BPaLM

is said to be used for MDR-TB patients periodically without previous exposure of above drugs
(World Health Organization 2022).

2) The 6-month regimens based on the BPaL has also been evaluated and finally the amount

of linezolid doses have been identified (World Health Organization 2022).

3) The other modification in all-oral short regimens (6 & 9 months) is in continuous clinical
trials. The previous stresses shown by WHO in 2020 related to patients of MDR/RR-TB & pre-

XDR-TB, can now be relieved very much by this programmatic data study on new regimes.

2.10 The End TB Strategy:
WHO End TB Strategy 2016 - 2035

WHO'’s “Global strategy and targets for tuberculosis prevention, care and control after 2015”

is taken up by World Health Assembly in 2014 (https://tbfacts.org/.). As Tuberculosis is a
global epidemic, this 20 years planning and strategies were aimed to end this epidemic and
called the End TB Strategy. This is defined as the occurrence rate of less than 10 people per

100,000 population per year. This incidence rate is the number of new active TB cases at a

particular time in a population.

The major targets of this END TB Strategy are:
Reducing the deaths by almost 95%, caused due to TB.

To halt the new active TB cases by 90% between these 20 years.

To make sure that because of this deadly disease no family feels burdened with

unfortunate expenses.

12

Scanned with ACE Scanner



2.11 Pathogenesis of TB:

The TB cycle starts with the dispersion of aerosols of Mtb. The risk of transmission arises when

a dose of one bacilli spread throughout the air. When the bacilli enters the patient’s lungs

alveolar macrophages, phagocytosis starts. After this formation of granuloma started by the

monocytes in response by immune system to fight off the disease. This is the hallmark feature

of TB. Mtb secured prolonged survival within the alveolar macrophages. APCs (Antigen
Presenting Cells), macrophages and dendritic cells involved in phagocytosis of pathogen in the
lungs, fails to eradicate the infection. Among the most effective APCs dendritic cells play a
crucial role during the initial stage of TB infection (Tascon et al., 2000). There are different
Mitb components which are recognized and internalized by various host receptors like Toll-like
receptors (TLRs), nucleotide-binding oligomerization domain (NOD), NOD like receptors
(NLRs) and C-type lectins receptors (CLR). Toll-like receptors are TLR 1, TLR2, TLR4, TLR7,
TLR8 and TLRY, Nod-like receptors are NOD1, NOD2, NLRP3 and NLRC4 whereas C-type
lectin receptors include mannose receptor (MR-CD207), the dendritic cell-specific intracellular
adhesion molecule grabbing non-integrin (DC-SIGN), Mincle, Dectin-1 and Dectin-2, Dectin-
3, CL-LK and DCIR. However, some are potential receptors such as complement receptors,
scavenger receptors (SR), surfactant protein A receptor (Sp-A) and cholesterol receptors. Sp-
A is a glycoprotein located at alveolar surfaces and it helps in enhancing the binding and uptake
of Mtb pathogen by upregulating MR activity. On the bacterial cell wall, interaction of MR
with Mtb is halted by blockage of manosyl oligosaccharide residues (Jo ef al., 2008). Then
inhibition of phagocytosis of Mtb started by surfactant protein-D. These host receptors identify

micro bacterial cell wall mannose-capped Lipoarabinomannan (Man-LAM), etc. Phagosome
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maturation and cytokine signalling is also affected by the up taking of Mtb through differen

receptors (Philips and Emst 2012).

nq!ﬂel'lon

Figure RL4: Pathogenesis pathway of Mtb in Humans (Cambier et al., 2014).

When Mtb and other intracellular pathogens enter into the host macrophages, phagosomes are
inhibited at the early stages. The phagosome-lysosome fusion is a normal maturation cycle by
which bacteria faces harsh environment like low pH, toxic peptides and reactive oxygen
intermediates (ROI) and lysosomal enzymes. Major elements in antimicrobial activity are
reactive nitrogen intermediates (RNIs) produced by activated mouse macrophages. Usually the
successful fusion of lysosome and phagosome results in the eradication of pathogen but in case

of Mtb, phagosome consisting Mtb prevents fusion with lysosome, resulting in the persistence

of Mtb within the host.

2.12 Introduction to MarR:

Evolution has led to the emergence of super powerful sensing and survival systems in all
organisms that aids to their existence. Excellent adaptive capacity to the diverse set of stresses
being faced during infection results in the successful intracellular infection of Mtb. These
stresses are oxidative stress agents, organic solvents, lipophilic compounds, antibiotics etc. The
proteins of multiple antibiotic resistance regulator (MarR) family respond to wide variety of
stresses by modulating the expression of proteins. MarR homologs are also found to be

involved in the regulation of virulence genes of pathogenic bacteria because of their ability to

15
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o the sudden environmental changes. The MarR family proteins have a direct link 10

respond t .
P esis (Perera

regulation of genetic loci conferring resistance to multiple antibiotics and pathogen

& Grove 2010; Grove 2013). During environmental stress a signal molecule come
disturb the binding and switch on the regulation of

s and binds

to the DNA binding site of MarR protein,

the respective operon, diagrammatically represented in Figure RLS.

Therefore, the critical role of MarR family transcriptional regulators in the survival of Mtb by

modulating gene expression under various redox stress conditions is crucial to study.

Figure RLS: A typical organization of genetic loci encoding MarR proteins (Zheng et al.,

2019).

2.12.1 MarR Family Proteins of Mtb

MarR proteins came to existence in E. coli K12 and described as a transcription factor that
controls the expression of marRAB operon and provides resistance to bacteria against
antibiotics, phenolic compounds, organic solvents and other type of stresses (Alekshun and

Levy 1999, 2007). MarR family factors are present extensively among other pathogenic

bacteria of humans. Some of them are Salmonella typhimurium, Pseudomonas aeruginosa,
Enterobacteriaceae and Bacillus subtillis (Gong et al., 2019). There is a lot of information
available about the physiological functions of MarR protein in bacteria other than

Mycobacterium. For example: there are § MarR homologs found in Mtb, out of which one is

shown below:
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Dimer interface

FIGURE RL6: Crystal structure of Rv0880 MarR family protein is resolved at 2.0A. The
subunit of the dimer consists of six a-helices and three B-sheets. Each subunit contains winged

helix—turn—helix (WHTH) motif as DNA-binding site (Gong ef al., 2019).

Just like these bacteria, the existence of MarR system also confirmed in Mycobacterium
(McDermott et al, 1998) and identified that it is involved in drug resistance and intracellular
survival of Mtb (Xu er al., 2019). There are only eight MarR homologs identified till date,
namely Rv0042c, Rv0880, Rv2011c, Rv1049, Rv2327, Rv0737, Rv2887 and Rv1404. Three
out of theses eight proteins, Rv0880, Rv1049, Rv2887, have been characterised so far.

Rv0042c¢ one of the five uncharacterized MarR proteins.

2.12.2 Rv0042¢
Rv0042c is a one of the functionally uncharacterised protein of MarR family in

Mycobacterium. It is supposed to act as a transcription regulator in Mtb and found to be
overexpressed in the granuloma site of human lung of a TB patient and associated with drug

resistance. Rv0042c is 627bp/208 amino acids (~22.0 kDa) and is found in inner membrane in
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cvtosol of Mtb. Rv0042¢ is downregulated by a PhoPC which is a DNA binding domain of
m;sponse regulator (Wang ef al., 2007). Rv0042c¢ is annotated to have helix-turn-helix DNA
binding domain upon comparing its amino acid sequence with MarR protein of £. coli (Hao et
al.. 2014). There is a probability that Rv0042c may also play a role in binding to promoters of
different genes via helix turn helix motif and regulate the expression under various stress
conditions. So, there is a high probability that Rv0042¢ may have many functions which are

connected with each other.
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3. Materials & Methods

3.1 Chemicals and Media
Molecular biology grade chemicals including EDTA (0.5M), SDS, Glycerol, Acrylamide,

BSA, Sodium azide, Bradford reagent, APS, TEMED, PMSF, Sodium Orthovanadate,
Benzamidine, Tween-20, Bromophenol Blue, Etbr, BME, DTT, CaCl; and Agarose were
purchased from Sigma-Aldrich, India. LB media components (NaCl, Casein enzyme
hydrolysate, Yeast extract and Bacteriological agar), Skim milk powder, Tris (2M, pH=7.4),
NaH:POs, Na;HPOs, were purchased from HiMedia, India. For protein purification, Ni-NTA
Agarose resin was procured from Qiagen. Snake skin Dialysis membrane, Coomassie Brilliant
Blue R-250, Methanol, Glacial acetic acid, Isopropanol, Tris and Glycine was also obtained
from Thermoscientific. Protein concentrators 10.0 MWCO were obtained from Merck.

BL21RosettapLyS were obtained from Qiagen whereas pET28a plasmid expression vectors
were purchased from Novagen. Nitrocellulose membrane used for western transfer was
procured from GE Healthcare. Kanamycin and Chloramphenicol were purchased from Gold

Bio and Sigma-Aldrich, respectively.

3.2 Competent cells preparation using CaCl, method

Primary bacteria was obtained by inoculating single colony in 10 ml culture bottle containing

autoclaved LB broth followed by incubation at 37°C, 200 rpm for 12 h. The secondary culture
was obtained by inoculating 1% primary culture in 25 ml LB broth. The secondary culture was

incubated at 37°C, 200 rpm till 0.4 ODsoo and then the culture was incubated on ice for 10 min.
After 10 min, the cells were pelleted at 4,000 rpm for 5 min at 4°C in swinging bucket rotor.
The pellet was resuspended by adding 10 ml pre-chilled Solution-A (0.1 M CaCl:) and
incubated on ice for 1 h followed by centrifugation of cells at 4,000 rpm for 3 min at 4°C in
swinging bucket rotor. Supernatant was discarded and pellet was resuspended in 2 ml of pre-
chilled Solution-B (0.1 M CaCl, + 15% Glycerol). Then, 100ul of prepared competent cells

were aliquoted in pre-chilled and labelled MCTs and stored at -80°C until use.

3.3 Transformation of bacterial competent cells by heat shock method
A single aliquot of competent cells prepared as mentioned above was thawed on ice-water and

then, 50 ng of plasmid DNA was added to the competent cells and incubated on ice-water for
I3 min. Heat shock was given at 42°C for 90 sec and immediately plunged back into ice for 5

min. After 5 min, 1ml of autoclaved LB media was added to the cells and incubated at 37°C.
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200 ypm for 1 h The eulture was plated on 1 1 aar petri-dishes along with specific antibiotics

for selection of transtormed bacterta and noubated at 17°C for 12 b

34 Plasmid isolation by Alkaline Lysis method

Primary culture was given in 10 ml LI culture botile by inoculating single colony followed by
incubation at 37°C, 200 rpm for 12 h, The 1.8 ml of culture was transferred in sterile MCT and
centrifuged at 12,000 rpm, | min at 4°C or at 7,000 rpm, 5 min at 4°C, Supernatant was
discarded properly and 100 pl of an ice-cold Solution 1 was added. The pellet was resuspended

by tapping and Kept on ice for S min followed by addition of 200 pl freshly prepared Solution

I (Lysis buffer) and was mixed gently by inverting the tube 2-3 times. The tube was kept on
ice for 3 min followed by addition of 150 pl of ice-cold Solution 111 (Neutralization buffer),
mixed gently, kept on ice for § min and centrifuged for at 12,000 rpm for 15 min, 4°C.
Supernatant was transferred into a fresh MCT and equal volume of Phenol: Chloroform was
added, mixed properly and followed by centrifugation at 12,000, 2 min, 4°C. The upper
aqueous layer was transferred to a previously chilled fresh tube and equal volume of ice-cold
isopropanol was added. Mixed properly and kept on ice for 5 min. Centrifuged at 12,000 rpm
for 10 min at room temperature and supernatant was discarded. Pellet was air-dried at 37°C for
30 min and resuspended in 50 pl of Tris-EDTA buffer (pH 8.0) followed by RNase treatment
at 37°C for 10 min. Finally the concentration of DNA was determined through Nano-drop by

taking absorbance at the ratio of 260/280 nm.

3.5 DNA purification by Gel Extraction Method
Gel Extraction method is used to extract and purify DNA using QIAGEN Gel Extraction kit

which has yellow coloured QG buffer and PE buffer (ethanol is added before use). At first,

excise the DNA fragment from the agarose gel with a clean, sharp scalpel. Weigh the gel slice

in MCT, before that tare the weight of an empty MCT. Add 3 volume of gel to 1 volume of gel
weighed then incubate it at 60° C in a heater for 10 min until gel dissolved completely and
vortexed for 2-3 times during incubation. Checked the mixture colour. Added 1 gel volume
(equal to gel weight) of isopropanol to the sample and mixed. Placed a spin column in 2 ml
collection tube. To bind DNA, applied the sample to spin column and centrifuge (1 min, 11,000
rpm) at RT, discarded the flow through. To wash, added 750 pul of buffer PE into spin column,
centrifuge (1 min, 13,000 rpm), discarded the flow through and centrifuged an empty spin
column (1 min, 13,000 rpm). Placed spin column into a clean 1.5 m| MCT then eluted DNA,
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ample DNA) to the centre of the spin

added 30 pl EB buffer (added according to amount of 8
min then centrifuge for 1 min then purified DNA was cluted into

column. Stand still for 1-5
MCT. The reading of purified DNA was taken in Nano Drop.

3.6 Protein purification for Rv0042¢ and its mutants

3.6.1 Over-expression of proteins:
Primary culture was given by inoculating a single colony of BL21Rossetta pLysS cells
transformed with vector pET-28a (Rv0042¢) for His-tagged Rv0042c¢ proteins in 10 ml culture
pottle followed by incubation at 37°C, 200 rpm for 12 h. From primary culture, 1 % inoculum
was given for secondary culture in 600 ml LB media and incubated at 37°C, 200 rpm until

ODeo reached 0.4 followed by cold shock treatment for 30 min, then kept the culture in 18°C
at 200 rpm in shaker for 20 min. After this take out 1.0 ml uninduced sample, then, induced
with 0.5 mM IPTG and incubated at 18°C for 18 h. After 18 h of induction, cells were harvested

at 6,000 rpm for 10 min at 4°C. The supernatant was discarded and the obtained pellet was

resuspended in 1X PBS (pH 7.4) with the help of vortex, centrifuged at 6,000 rpm for 15 min

at 4°C discarded the supernatant and proceeded with pellet for protein purification.

3.6.2 Bioinformatics:
Rv0042c sequence alignment was done with other well studied MarR family proteins to find

out the present identity. Alpha fold and pyMOL software were used for structural visualization

of Rv0042c.

3.6.3 Purification of His tagged Rv0042c¢ protein:
The induced pellet was resuspended in 10 ml lysis buffer containing 0.2 M Orthovanadate (30

pl) and 100 mM PMSF (300 pl) protease inhibitors. Then dissolved the pellet completely and

volume was made up to 30 ml, after this added 5 pl DNase enzyme, 35 pl B-ME, 30 pul Triton-
X 100 and kept it for 20 min. The resuspended pellet was then sonicated at 15 pulse “On™ and
20 “Off” having amplitude 24 % till the pellet became translucent. After sonication, the lysed
cells were centrifuged at 11,000 rpm for 30 min at 4°C. The supernatant was transferred to the
fresh Falcon tube and loaded onto a Ni-NTA column pre-equilibrated with 10 mM Imidazole
buffer. The supernatant was passed 5 times through the column. The column was washed with
30 ml of wash buffer comprising 500 mM NaCl, 20 mM Tris and 10 % glycerol and increasing
concentrations of Imidazole buffers, i.e., 20 mM, 40 mM, 60 mM and 80 mM (pH 7.4). The
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protein was eluted with 10 ml of 250 mM elution buffer and the elution fractions were

collected. The eluted fractions containing desired protein as analysed by SDS-PAGE were

pooled and dialyzed in dialysis buffer 500 mM NaCl, 10 % glycerol 20 mM Tris and (.5 triA

EDTA (pH 7.4) for overnight at 4°C on stirrer. Next day, the protein was concertrated using

{0 MWCO protein concentrators, The concentrated protein was quantified using Bradftrd
assay at 595 nm.

3.7 SDS PAGE

The purified elution fractions and samples from washings along with uninduced, indnced
supernatant, pellet and flow through were electrophoresed on 10% SDS-PAGE after adding
4X loading dye. Prior to loading of sample onto the gel, the samples were heated in 4 dry bafh
at 100°C for 10 min and centrifuged 13,000 rpm for 1 min at RT. The samples were analysed
on discontinuous vertical SDS-polyacrylamide gel with 5% (w/v) stacking gel and 107 (w/y
resolving gel using 25 mA current. Protein molecular weight markers were run comeurrentty

on the same gel for analysis. Gels were stained with Coomassie Brilliant Blue staining sol ution
followed by destaining.

3.8 Bradford Assay for quantification of protein
Protein samples were prepared by diluting the concentrated protein samples 1:10 or 1:5 in water
followed by addition 500 pl of Bradford Reagent. The sample was mixed properly. Respective
blanks were prepared by replacing the protein sample with dialysis buffer. The absorbance of
blue colour product was measured on a UV spectrophotometer at 595 nm. For standard curve,
the standard BSA solution was prepared with concentration 0.1 pg/ul, 0.2 pg/ul, 0.3 ug/ul,. 6.4
pg/pl and 0.5 pg/pl from BSA stock of concentration 2 mg/ml. To prepare the standard curve,
absorbance value at 595 nm of each standard BSA solution was plotted against their
concentration and a linear curve was obtained. The unknown concentration of protein was

calculated by comparing their absorbance at 595nm with known BSA standards using standard
curve and expressed in pg/pl.

3.9 Non- denaturing SDS Page

Rv0042¢ and its deletion mutants were treated with §-ME and DTT followed by boiling the
samples at 100°C. Other set of samples without the treatment of B-ME or DTT were not borled
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All these samples were subject to SDS-PAGE to check the oligomerization status of the

proteins. Results were confirmed by western transfer.

3.10 Western blotting

The protein samples electrophoresed in SDS-PAGE gel was transferred onto a nitrocellulose

membrane in a Trans-Blot apparatus. The membrane was stained with Ponceau S stain and

washed with 1 % Acetic Acid until the stain was completely removed. The membrane was

blocked in 5% skim milk for 40 min at RT. The blot was washed thrice with 1X PBST for 10

min each and incubated with particular dilution of primary antibody, i.e., Anti- His at 1 :20,000
dilution for 2 h followed by 3 washings of 10 min each with 1X PBST and incubated at RT
with enzyme-conjugated secondary antibody, i.e., Goat Anti-mouse at 1:15,000 dilution for 1.0
h. After washing thrice with 1X PBST, appropriate enzyme substrate solution was added.

Membrane was exposed to the X-ray film for various time points and developed in a dark room.

3.11 Gel Filtration Chromatography- FPLC (Fast Protein Liquid
Chromatography)

AKTA Purification: This is a technique often used to analyse or purify mixtures of proteins
in which the molecules are separated according to difference in sizes when pass through a
column packed with the chromatographic medium (gel) formed from polymers. Pores in gel
matrix are filled by liquid phase and are comparable in size to the molecules we wish to
separate. Small molecules can diffuse into the gel from surrounding solution, relatively large
molecules will be prevented by their size from diffusing into the gel. As large molecules are
unable to diffuse and confined to outside solution, they can come down to the column very fast
as an eluent. In FPLC the mobile phase is a liquid and the stationary phase is often a resin. Fast
protein liquid chromatography systems generally consist of a pump, a UV detector,
a conductivity meter, and a fraction collector and operate at pressures of ~3,500 psi (24 MPa).
Samples can either be loaded manually by injection into a sample loop or automatically using

a sample pump. Some fast protein liquid chromatography systems have multi-wavelength

detectors for monitoring sample elution at several wavelengths.
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4.1 Im‘rmlnﬂ'lou

Rv0042¢ js an important MarR family protein which is a possible transeription regulator

existing 10 oligome
of this protein, To unravel the oligomeric status, Rv0042¢ was cloned from

v under native conditions in Mtb, Therefore, it 18 crucial 1o atudy the

gmucric pature

olt
DNA of Mth by the senior in the lab and its purification was standardized. Later on

gcnnmic

analysing it

¢ structure through alpha fold model, it was observed that this particular protein
ains long unorganised foops at its "N* and C" terminal, To study the effect of these loops

cont
on the proper folding and structural stability, *N* and C* terminal deletion mutants were also
ge
wild type by me.

nerated by a senior in the lab and their oligomeric behaviour have boen compared with the

4.2 Analysis of predicted structure of Rv00 42¢ on Alpha Fold

Due to unavailability of crystal structure of Rv0042¢, Alpha Fold software freely available at
Google was used to predict the structure (https:/alphafold.ebi.ac.uk/search/text/rv0042¢).

Looping regions were identified and deleted using sequence specific primers.

C - Terminal
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Figure RI: A. Predicted Structure of Rv0042¢ at a fold. Comprising © a-belices and
sheets. a typical winged helix-turn-helix structure of MarR family proteins. B. Diagrammaic
representation of deletion of long loops from N and C terminal domains of wildnvpe RaDD4Tc.

4.3 Preparation of Rosetta pLysS competent cells and Transformation-

D
o1

BL.21 Rosetta pLysS competent cells were prepared using CaCl> which aids and bmdmp
plasmid DNA to lipopolysaccharide present in cell wall. Positively charged calcium jons S&ract
both negatively charged DNA backbone and the negatively charged group in the I PS mmer
core. During transformation of these cells by heat shock method. a sndden incrsass i)

temperature created pores in the plasma membrane of bacteria which allowed plasmd DNAw

enter the bacterial cell.
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g—u_re R2: Transformation of BL21Rosetta pLysS cells- A. Competent BL2IRosetta pLysS
pression cells transformed with vector pET-28¢ containing Rv0042¢ at T7 promoter. (A) Agar
ite (Kan + Cam) showing single colonies for wild type transformants B. Agar plate (Kan + Cam)
swing single colonies for N terminal deletion mutant. C. Agar plate (Kan ~ Cam) showing single
lonies for C-terminal deletion mutant.

4.4 Purification of Rv0042c Wild Type Protein with N-Deletion & G-
Deletion Mutants

Rv0042c wildtype protein was purified using affinity chromatography. The various fractions
of purification process were electrophoresed on SDS-PAGE. purified band appeared at 25 kDa
(Fig. R3). The N and C terminal deletion mutants were purified by the same protocol. Both
mutants were eluted around 50 kDa (Fig. R3 & R4). indicating that it is present as a dimer.

ME2 E3 B4 E5 E6 E7 EB E9 C

[ ULIN 5 P FD W We W We

s

A. B.

re R3: Showing the purification level of wild type Rv0042c protein by using affinity
matography. Panel A. Lane M = marker: Ul = Uninduced sample; IN = induced samples; S =
matant; P = pellet; FT = Flow through; W1 = 20 mM washing; W2 = 40 mM washing; W3 = 60
washing; W4 = 80 mM washing. Panel B comprise the elution fractions of purified Rv0042¢ from
) E9 followed by C = concentrated protein.
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. Showing the purification of N-terminal deletion mutant of Ry0042¢ pr(;u;iriA‘{)>;_;;is'ap
chromatogfaphy' Panel C. Lane M = marker; Ul = Uninduced sample; IN = induced smmplca;
offinity matant; P = pellet; FT = Flow through; W1 = 20 mM washing; lane W2 = 40 mM washing,
g = sup M washing; W4 = 80 mM washing. Panel D comprise the elution fractions: 1.1, 13, M,

=60 m . .
;3 E7. E9 followed by C = concentrated protein of purified N-deletion mutant of Rv0042¢, protein,
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Figure RS: Showing the purification of G-terminal deletion mutant of RVOO{‘;ZC Prgtcindbly I:;::f
| affini — marker: UI = Uninduced sample; IN = induced samplcs,
 dtinity chromatography. Panel E. Lane M = mar lane W2 = 40 mM washing;

S = supernatant: P = pellet: FT = . W1 =20 mM washing; ,

; pellet; FT = Flow through; L w
W3=60 mM washing; W4 = 80 mM washing of C-terminal deletion mutant of Rv0042¢ Pr(()itun.);;nzlf
F comprise the elution fractions: E1, E3, E4, ES, E7, E9 followed by C = concentrated pre

purified G-deletion mutant of Rv0042¢ protein.
\
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48 erntion of Rv0042¢ and its mutants:

Pﬂ’ﬁ‘d RvOOMd 2c and 1ts deletion mutants were electrophoresed under dcnnrun‘ng and non
g condittons. One sample from each protemn was treated with Ib mM B:
Mercaptoethanol (B-ME) and followed by boing at 100°C for § min to ensure proper
sion of protein. The protein sample not treated with B-ME and no boiling was kept as
cootrol. It was observed that under non-denaturing conditions, wildtype Rv0042¢ exist as a
dimer (S0 kDa) which was reduced to monomer (25kDa) when treated with B-ME and upon
 poiling (Fig. R7. A) In case of *N" and ‘C* terminal mutants, tetrameric form was observed
ender non-denaturing conditions and stable dimers were found at denaturing conditions. Same
results were confirmed using DTT at 10 mM as a reducing agent (Fig. R7. Panel B).

- To ensure the proper reducing environment deletion mutants were also titrated against higher
- reducing environment so that the dimer can get reduce to monomer as in case of wildtype
- RvO042c. However, no effect was observed on these stable dimers in case of ‘N’ and ‘C"

D T

- terminal deletion mutants. These result highlighted the importance of loops in folding of the

B G i

A i o e e R el ) G
3 R Eoe e

*BME ~PME +DTT oYY

a st

) ~§
b

100°C

Figure R6: Flowchart of the experiment.

Scanned with ACE Scanner



+- +° +-
pME 5 0T 4+ - 4= 4.

Totrarner

T s =§§%

L

A. B.

m: Shows the oligomeric forms of Rv0042¢ wildtype and ‘N’ and C’ terminal
deletion mutants.
A. Wildtype and mutants treatment with BME as a reducing agent, lane M = Marker; 1
= +B-ME treated and boiled wildtype Rv0042c, 2 = —B-ME, unboiled wildtype Rv0042c;
3 & 4 shows B-ME treated and Non -ME treated proteins for N terminal deletion mutant
and 4 & 5= P-ME treated and Non B-ME treated proteins for N terminal deletion mutant
non-reduced C.
B. Similar treatment was given with DTT as a reducing agent: Lane 1 & 2 shows
Rv()042¢ Treated and Non- treated samples, 3, 4, 5 & 6 shows same for N’ and ‘C’
terminal deletion mutants respectively.

Wildtype N- Mutant C- Mutant
PME - + - 4 - +

1 2 3 4

- Tetramer
Dimer
50
Monomer

25

L

Figare R8: Shows the western Blot analysis of the previous expe‘eri’
oligomeric forms of Rv0042¢ and its deletion mutants at ‘C’ and "N

bfﬁumg with a—His antibody.

ment. Confirmation of the
terminal through western
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{ 70 100
i 10 20 30 50 D11
Pl o s 6 7 8 mml R em s W
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i _ Tetramer ie
. - | :
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[ty
" | Y
. o ﬂ‘““”” o nig e Oimer
™ 4
" L
D. E-

E | re R9: Shows the effect of Increasing concentration of DTT on the oligomeric behaviour of

L yand ‘C’ terminal deletion n_lutants of Rv0042c. Panel C and D shows the effect of increasing

3 -'(,,cmtmﬁ on of DTT as a reducing agent from 10 mM to 100 mM in comparison to 0 mM DTT in \
{mc 3 in case of N-terminal deletion mutant and in lane 8 in case of C-terminal deletion mutant ‘%

respecti vely. l

J

— S
TR S—

1
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-

pespit® the availability U highly effective trugs,
8 evelt i
aisis. MarR famuly protein are promising vandidates for yyeet

ey haVE the direct link in regulating the efMux e 'm:x out the
custain: the survival of the pathogen. In case of Mtb olaborative - “mt‘ |
s sull Jacking. © atudy of 1)

waorld iy g
N s A
1% owntury. The probises ot e oy the Problemy o eatne
BenCe of drag exttanee iy .
! Wil Agw i
HAVates this

drug Tesstance ag

URPOTisive gones (o

4 ted in this study is indie ‘
RvO4C selec dy is indicated to be involved n drug resistanc :
rerature. In the current study, it was found that It sistance aceording 1o the
- - - ond that like other Mark protens wildiype Rvood?
3 Vo S . - . 0
exist 854 Ehtor Ry DRt ve oot te. Dimers appeared to be the functional form of Rv(042
s 3 ~y ~ « . &\
as it binds its specific DNA sequence. Under reduced conditions, it exist as monomer, The -

loops of this proteins have a greater role in the stabilization and perhaps provide flexibility to

the protein to adapt according to the surrounding environment. Deletion of loops from N and
A N 4D 2 . & s
C terminal of wild type Rv0042c provided more rigidity to the dimers and tetramers as they

are not converting to monomers even at higher concentration of reductive agents.

Rv0042¢ can be a global regulator of Mtb to sustain its survival under varving stress. Further,
studies are needed to look into its regulation and functionality in vive as it is important to reveal

the intriguing interconnected regulatory networks of Mth for better understanding of its

virulence and pathogenesis.
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function. In this alug
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¢
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been analyzed Interestingly,
forms dimers in its native form and its
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Rv004

Nand ¢ terminal long loops are crucial for i1

behavior and stability. After loop deletions, Rv0042¢ forms ngid dimers and
: ic D |
oligor” under harsh reductive conditions Wwhich indicates the involvement of loops in
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its outside environment and change its oligomeric
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structure accordingly
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