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Declaration of Student's Original Work
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[ Lhawy Lo

I LNLLNQ’WW s NEreby declare that
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published and unpublished material has been used after due approval.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,
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Name of student/ Students (&1 / FHATFTAMA)  © ko, Nardn

Class (F4T) t Bom (Ew) Sl £
Roll Number (3 HHTH) :

Signature with date (FFaTae FBaTH GIER)) /o
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| SANKALPIKA INTERIORS
@ 101 Shant Nagar, Jabalpur , 482001
® sankalpkainteriors@gmail com
J 9865497640

WORK COMPLETION CERTIFICATE

This\jslo certify that (name) ... Chdamaia.. IN.0agwa. Class
: . 'of St Aloysious College (Autonomous). Jabalpur.

has completed F isfher field work by beln?‘ present in this institution from

Tovn2210 . 2 AMLom, 22 and has wor ed / trained in the field of

..........

is extremely hardworking, dedicated and
s/her tenure in the

s
S
%

....................................

ood/excellent work during hi
Jﬁer a golden future.

Date - 2 Afptril, 22

Place : .........cooevneeees

............... ( ..-.t T YL L
Signature of Authorised person
d .t‘;\é‘: A .\5:5.3-:}?.‘. L

Name And Seal
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+» INTRODUCTION-

Adolescence is the period of transition between puberty and
adulthood. Menarche is one of the markers of puberty and
therefore can be considered as an important event in the life of
adolescent girls. Studies suggested that menarche tends to
appear earlier in life as the sanitary, nutritional, and economic
conditions of a society improve.For most females, it occurs
between the age of 10 and 16 years; however, it shows a
remarkable range of variation.

Menstruation is the shedding of the lining of the uterus
(endometrium) accompanied by bleeding. Itoccurs in
approximately monthly cycles throughout a woman's reproductive
life, except during pregnancy. Menstruation starts during puberty
(at menarche) and stops permanently at menopause. (Menopause | .
is defined as 1 year after the last menstrual cycle.)
By definition, the menstrual cycle begins with the firstday of
bleeding, which is counted as day 1. The cycle ends just before ()
the next menstrual period. Menstrual cycles normally range from ;
about 24 to 38 days.
Only 10 to 15% of women have cycles that are exactly 28 days.
Also, in at least 20% of women, cycles are irregular. That is, they
are longer or shorter than the normal range. Usually, the cycles
vary the most and the intervals between periods are longest in the
years immediately after menstruation starts
(menarche) and before menopause.
Normally, menstrual bleeding lasts 4 to 8 days. Blood loss during a
cycle usually ranges from 1/5 to 2 ¥z ounces. A sanitary pad or
tampon, depending on the type, can hold up to an ounce of blood.
Menstrual blood, unlike blood resulting from an injury, usually
does not clot unless the bleeding is very heavy.
The menstrual cycle is regulated by hormones. Luteinizing
hormone and follicle-stimulating hormone, which are produced by
the pituitary gland, promote ovulation and stimulate the ovaries to
Produce estrogen and progesterone. Estrogen and progesterone
stimulate the uterus and breasts to prepare for possible
fertilization.
The menstrual cycle has three phases:

» Follicular (before release of the egg)

» Ovulatory (egg release)

» Luteal (after egg release)
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The menstrual cycle begins with menstrual bleeding
(menstruatlon). which marks the first day of the follicular phase.
When the follicular phase begins, levels of estrogen and
progesterone are low. As a result, the top layers of the thickened
lining of the uterus (endometrium) break down and are shed, and
menstrual bleeding occurs. About this time, the follicle-stimulating
hormone level increases slightly, stimulating

the development of several follicles in the ovaries. (Follicles are
sacs filled with fluid.) Each follicle contains an egg. Later in this
phase, as the follicle-stimulating hormone level decreases, usually
only one follicle continues to develop. This follicle produces
estrogen. Estrogen levels increase steadily.

Anteniar Luteal phase

Follcular phase priuitary

). [Progesierone and estrogens l

“_ﬁ-\‘
Frmaeais Primary Sacondary SR RIS al:nu:l
T ben fedlie lon Tkl b Compus
hamar - 2 f ,u-'-‘ Wiy,
Ovarlen cycle 0 © oo 4 & . magicum Q:% ?jqdf {‘;—: '\__.-;
©C 00 i S

-

Uterine
(menstrual)

cycle fitratum
Tunctionalis
Gratum ?? Ys
basalls A T Tt I I I R LT ET 0N % g & & .
Days 1 2 3 4 6 6 7 8 0 1011121314 16 16 17 18 19 20 21 22 22 24 25 26 27 28 1 2
Manstrusl Praovulalory [ Phiicinl
phase phase Ovutation o'ph“:""\"

{m) Harmonal regulation of changos in the ovary and ulsius

»

The ovulatory phase begins with a surge in luteinizing hormone
and follicle-stimulating hormone

levels. Luteinizing hormone stimulates egg release (ovulation),
which usually occurs 16 to 32 hours after the surge begins. The
estrogen level decreases during the surge, and the progesterone
level starts to increase.

During the luteal phase, luteinizing hormone and follicle-
stimulating hormone levels decrease. The ruptured follicle closes |
after releasing the egg and forms a corpus luteum, which
produces progesterone. During most of this phase, the estrogen

Scanned with ACE Scanner




level is high. Progesterone and estrogen cause the linin

uterus to iihlcken mgre, to prepare fo? possible fertilizat:%ﬁf the

If the egg Is not fertilized, the corpus luteum degenerates and no
longer produces pProgesterone, the estrogen level decreases, the
top layers of the lining break down and are shed, and menstrual
bleeding occurs (the start of a new menstrual cycle).

If the egg is fertilized, the corpus luteum continues to function

during early pregnancy. It helps to maintain the pregnancy.

< OBJECTIVES —

> To understand the problems faced by girls during menstrual
cycle.

> To find out which painkiller they use during menstrual cycle,
> To know the awareness among girls related to menstrual
health

» Finding the solutions to improve menstrual health.

< MATFRIAL & METHODS

» A_cross sectional study was conducted on 100 menstruating
girls of rural areas of KANPUR city of Uttarpradesh.

» The sample was collectedfrom the villages-
chaudhripur,chittarpurwa,bithoor,neoraaz.

» Standarized self reporting questionnaires were used to obtain
relevant data.The categorical data were analyzed using Bar

graphs

Scanned with ACE Scanner




SURVEY BASED ON

“MENSTRUAL CYCLE-a biological indicator of health in girl )
_MENSIRUAL CYC s of rural area
NAME- e AGE- i a

1. How old were you when you had your first period? Age (years) lo
2. Do you have regular periods? (Tick one box only)

\Afes  [INo, they have never been regular [INo, they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)

OLess than 24 days [124 - 30 days 7730 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? CNo \FAves
5. Do you usually experience Anxiety or depression, the days before or around your menstrual
periods? ONo Hes
6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? \T11-3 days Umore than 3 days
7. Do you experience the problem of bloating or gas during menstrual cycle? "D’N_'o LlYes
8. If YES (for above question then)then ,you experience problem of gas or bloating during:
1 2or 3 days before menstrual cycle
U during the period of whole menstrual cycle
Cafter end of menstrual cycle
9. Do you experience the menstrual cramps/pain?  [ONo \[AYes
10.If “Yes” for above question then -
[LImenstrual cramps/pain always hurts
~Hmenstrual cramps/pain hurts sometimes
O menstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

Llfrom the onset of menstrual cycle
\Afrom last few years

12. For how many days the menstrual cramps/pain persist? A=1-3 days Cmore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?

COCombiflam OIbuprofean [Hvieftal Any other painkiller

14. For How may days you take painkiller? JLH1°3 days Umore than 3 days

15. Do you experience any side effects due to painkillers? T INo ClYes
16.Do you Know about PCOD/PCOS? CINo “I¥es

17. Do you have the problem of PCOS or PCOD? o Olves

18. At what age you were diagnosed with PCOD/PCOS?

19.Do you use sanitary napkeen or cloth ? CINo Ves

20. Do you experience itching or other symptoms in intimate area, during or after the menstrual cycle?

ONo VTYes
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SURVEY BASED ON
“MENSTRUAL CYCLE-a biological indicator of health in girls of rural area”
NAME- —  _AGE-1o T
1. How old were you when you had your first period? Age (years) | O
2. Do you have regular periods? (Tick one box only)

vE&%es  [INo, they have never been regular [JNo, they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)

ClLess than 24 days (J24 - 30 days \ZX"30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? ONo \vEiTes
5. Do you usually experience Anxiety or depression, the days before or around your menstrual
periods? CNo FVes
6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? +1-3 days Omore than 3 days
7. Do you experience the problem of bloating or gas during menstrual cycle? Nz T [lyes
8. If YES (for above question then)then ,you experience problem of gas or bloating during:
nF20r 3 days before menstrual cycle
[ during the period of whole menstrual cycle
Oafter end of menstrual cycle
9. Do you experience the menstrual cramps/pain?  [INo \-E]ﬂs
10.If “Yes” for above question then -
Umenstrual cramps/pain always hurts
“MTmenstrual cramps/pain hurts sometimes
Omenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:
Ufrom the onset of menstrual cycle

\JHrom last few years
12. For how many days the menstrual cramps/pain persist? V13 days Omore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?
CCombiflam Olbuprofean ~AMeftal Any other painkiller
14. For How may days you take painkiller? ~\ET1-3 days Cmore than 3 days
15. Do you experience any side effects due to painkillers? "’lﬁNo [Cyes
16.Do you Know about PCOD/PCOS? [CNo Ves
17. Do you have the problem of PCOS or PCOD? No [Cyes
18. At what age you were diagnosed with PCOD/PCOS?
19.Do you use sanitary napkeen or cloth ? [ONo ¥TYes

20. Do you experience itching or other symptoms in intimate area, during or after the menstrual cycle?

ONo \JATes
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SURVEY BASED ON
“MENSTRUAL CYCLE-a b o_Logical indicator of health in girls of rural area”
NAME- — AGE- '
1. How old were you when you had your first period?  Age (years) 1 &
2. Do you have regular periods? (Tick one box only)

JAYes [LINo, they have never been regular [ INo, they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)
Cliess than 24 days (124 - 30 days T 30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? [LINo VVes
5. Do you usually experience Anxiety . or depression, the days before or around your menstrual
periods? [CINo Yes
6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? H’TS days [(Jmore than 3 days
7. Do you experience the problem of bloating or gas during menstrual cycle? EINo ClYes
- 8.1f YES (for above question then)then ,you experience problem of gas or bloating during:

vE1720r 3 days before menstrual cycle

[ during the period of whole menstrual cycle

[Jafter end of menstrual cycle

9. Do you experience the menstrual cramps/pain?  [INo Afes

10.If “Yes” for above question then -

[menstrual cramps/pain always hurts
\Hmenstrual cramps/pain hurts sometimes

[Imenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

[Jfrom the onset of menstrual cycle
rom last few years

12. For how many days the menstrual cramps/pain persist? F71-3 days Lmore than 3 days
13, Which painkiller do you take during menstrual pain/cramps?

CICombiflam Clibuprofean Hdleftal Any other painkiller

14. For How may days you take painkiller? \A1-3 days Omore than 3 days

15. Do you experience any side effects due to painkillers? No CYes
16.Do you Know about PCOD/PCOS? CINo ¥iYes

17. Do you have the problem of PCOS or PCOD? Ohio (Yes

18. At what age you were diagnosed with PCOD/PCOS?

19.Do you use sanitary napkeen or cloth ? ONo Ll¥es

20. Do you experience itching or other symptoms in intimate area, during or after the menstrual cycle?

[INo VETres
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SURVEY BASED ON
"MENSTRUAL CYCLE-a biological indicator of haalth in girls of rural area”

NAME- i AGE-"]])
1. How old were you when you had your first period?  Ape (years) | ©
2. Do you have regular periods? (Tick one box only)
IYes [ INo, they have never been regular [ INo, they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of

the next)? (Tick one box only)
(JLess than 24 days (124 - 30 days \A30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? [ INo “JAYes

5. Do you usually experience Anxiety or depression, the days before or around your menstrual
periods? [ INo AVes

6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before

and after menstrual cycle? \.l_/ff-B days [CImore than 3 days

7. Do you experience the problem of bloating or gas during menstrual cycle? Mo

8. If YES (for above question then)then ,you experience problem of gas or bloating during:
~A 20r 3 days before menstrual cycle

[] during the period of whole menstrual cycle

(Jafter end of menstrual cycle

9. Do you experience the menstrual cramps/pain?  [INo iVes

10.If “Yes” for above question then -

(COmenstrual cramps/pain always hurts
\Hmenstrual cramps/pain hurts sometimes

(Jmenstrual cramps/pain doesn’t hurt too much

[_IYes

11.From how many years you are experiencing menstrual cramps:
[OJfrom the onset of menstrual cycle

\FTfrom last few years
12. For how many days the menstrual cramps/pain persist? \F11-3 days (Imore than 3 days

13. Which painkiller do you take during menstrual pain/cramps?

(JCombiflam (JIbuprofean JAMeftal Any other painkiller

14, For How may days you take painkiller? 11-3 days (Imore than 3 days

15. Do you experience any side effects due to painkillers? “INo [Yes

16.Do you Know about PCOD/PCOS? [[INo AVes
o [Ives

17. Do you have the problem of PCOS or PCOD?
18. At what age you were diagnosed with PCOD/PCOS? ——
19.Do you use sanitary napkeen or cloth ? [INo N1Yes

20. Do you experience itching or other symptoms in intimate area, during or after the menstrual cycle?

[CINo VTYes
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SURVEY BASED ON
“MENSTRUAL CYCLE-a biological indicator of health in girls of rural area”
NAME- e AGE- L)

2. Do you have regular periods? (Tick one box only)
\=Yes CINo, they have never been regular [INo, they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)
OlLess than 24 days 024 - 30 days \[4730 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? CINo AVes
5. Do you usually experience Anxiety or depression, the days before or around your menstrual

periods? CONo \Bives
6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before

and after menstrual cycle? A3 days Cmore than 3 days

7. Do you experience the problem of bloating or gas during menstrual cycle? “FTNo LlYes
8. If YES (for above question then)then ,you experience problem of gas or bloating during:
\Z2o0r 3 days before menstrual cycle
[ during the period of whole menstrual cycle
Cafter end of menstrual cycle
9. Do you experience the menstrual cramps/pain?  [JNo “TYes
10.If “Yes” for above question then -
Omenstrual cramps/pain always hurts
svHAmenstrual cramps/pain hurts sometimes
Clmenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

CIfrom the onset of menstrual cycle
\from last few years

12. For how many days the menstrual cramps/pain persist? \FZ1-3 days Cmore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?

LJCombiflam Olbuprofean WAMeftal Any other painkiller

14. For How may days you take painkiller? “711-3 days Umore than 3 days

15. Do you experience any side effects due to painkillers? “TNo Oyes
16.Do you Know about PCOD/PCOS? CINo HFVes

17. Do you have the problem of PCOS or PCOD? vAEINo ClYes

18. At what age you were diagnosed with PCOD/PCOS?

19.Do you use sanitary napkeen or cloth ? CINo \UH¥es

20. Do you experience itching or other symptoms in intimate area, during or after the menstrual cycle?

CNo JHes
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SURVEY BASED ON
“MENSTRUAL CYCLE-a biological indicator of health in girls of rural area”
NAME-_____ ™~ AGE- LI

1. How old were you when you had your first period?  Age (years) 1 ©
2. Do you have regular periods? (Tick one box only)

1ves _INo, they have never been regular [ INo, they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)

_Less than 24 days _124 - 30 days 30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? L INo \LHYés

5. Do you usually experience Anxiety or depression, the days before or around your menstrual
periods? [ 'No \“Yes

6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? \A1-3 days Clmore than 3 days

7. Do you experience the problem of bloating or gas during menstrual cycle? ++TNo LlYes
8.1f YES (for above question then)then ,you experience problem of gas or bloating during:
\_;} 2or 3 days before menstrual cycle
) during the period of whole menstrual cycle
[]after end of menstrual cycle
9. Do you experience the menstrual cramps/pain?  [INo vJAYes
10.1f “Yes” for above question then -
_Imenstrual cramps/pain always hurts
“Tmenstrual cramps/pain hurts sometimes
" menstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

from the onset of menstrual cycle
~~Tfrom last few years

12. For how many days the menstrual cramps/pain persist? {41°3 days [ Imore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?

_.Combiflam _libuprofean FTMeftal Any other painkiller

14. For How may days you take painkiller? ~=T-3 days [CImore than 3 days

15. Do you experience any side effects due to painkillers? NATNo [ iYes
16.00 you Know about PCOD/PCOS? | INo Ve

17. Do you have the problem of PCOS or PCOD? vt TNo LIYes

18. At what age you were diagnosed with PCOD/PCOS? _ e
19.D0 you use sanitary napkeen or cloth ? L INo “rYes

20. Do you experience itching or other symptoms in intimate area, during or after the menstrual cycle?
[JNo ~Yes
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, _ BURVLY DASLD ON
MENSTHUAL Gy .
NAMI .,!}:‘ ;:-}JI(E}[HIUM Indictor of health in girls of rural area”

L How old were yon wiien YOUDael yeon st peyiond ¢ Ape (yrears) l']_
YO v regilan e lode ¢ (1l one hox anly) . .

L | Wllh | |Nl!, ”wV llilhl'n [RIELIST] |Ilm|| ”‘H“"" | |NIJ, ””'Y IIIIW' '""_“ i”f'.l’,l”ﬂr for o oy R——

bRt s e asiiad it val between your petds? (Irom the first day of one period to the first day of
NERICE N N RO T AT ”“IY:'

| 1] > »
[l oy Hhian 24 iy 24 r|.1yr, [ ] 30 &More than 35 days

A DO Yol erperlenee |y

ymptoms of Anger orirritability the days before or around your menstrual

periods ! | INo WL lyes

]

v Dyoteasually experiende Anlely — or tepression, the days before or around your menstrual
Pt o [ ING A1 ey

b Torhow many days you experience mood swings,anger or irritability ot anxiety or depression before
and atter menstrial eyley 113 days W Amore than 3 days

/- Doyon experience the problem of bloating or gas during menstrual cycle? [ INo Aves

WAL YES (Tor above question then)then you experience problem of gas or bloating during:
VT 700 3 days betare menstrual cycle

FEeduring the penod of whole menstrual eycle

[ lafter snd of menstrual cycle

U Do you experlence the menstrual cramps/pain? | INo VH1Tes
L0 Yo" for abowve question then

I Timenstrual cramps/pain always hurts

e bmenstral eramps/paln hurls sometimes

I Tenstraal crarps/pain doesnt hurt too much

L1 L roen how many years yoo are experlencing menstrual cramps:

LA om the ansel of menstrual cycle
FHram It few years

17 Vor how tevany days the menstrual cramps/pain persist? AT days [Jmore than 3 days
14 Which palnkiller do you take durlng menstrual pain/cramps?
cLAetmbilam [ Hhuprofean [ IMeftal Any other painkiller
14 For How may tays you take painkiller? AT S days [[Jmore than 3 days
I Lt you egperience any side effects due 1o painkillers? “FTNo [Yes
i e et abioat PCOD/PCOS? \Kﬁo [IYes
17 Ly you bavee the problerm of PCO%S or PCOD? [INo OlYes
Vi At wibiat age you were diagnosed with PCOD/PCOS? I— :
F9 00t o ise saritary napkeen orcloh ¢ [[INo Ves

200 Lsey ypoats g periene e e Hing or ather syrmploms in intimate area, during or after the menstrual cycle?
LI Ay
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“MENSTRUAL CYCLE.a b LEY BASED ON
-a biological indicator of health in girls of rural area”
AN = AGET:}_JG - Fhealth in of rural area’

1. How old were you when you had your first period? Age (years) _‘D__
2. Do you have regular periods? (Tick one box only)
\EV¥es  [INo, they have never been regular [INo, they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)

ULess than 24 days \373 - 30 days [J 30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? ONo “FVes
5. Do you usually experience Anxiety or depression, the days before or around your menstrual
periods? CINo \FYes
6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? [01-3 days "Amore than 3 days
7. Do you experience the problem of bloating or gas during menstrual cycle? [INo '@L\f&
8. If YES (for above question then)then you experience problem of gas or bloating during:
\[Z20r 3 days before menstrual cycle
[J during the period of whole menstrual cycle
Clafter end of menstrual cycle
9. Do you experience the menstrual cramps/pain?  [INo JA¥es
10.1f “Yes” for above question then -
Umenstrual cramps/pain always hurts
sLhfienstrual cramps/pain hurts sometimes
Omenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:
\[Hrom the onset of menstrual cycle

(from last few years
12. For how many days the menstrual cramps/pain persist? \E‘lﬁ days CImore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?
\ETCombiflam (lbuprofean OMeftal Any other painkiller
14. For How may days you take painkiller? \=1-3 days Omore than 3 days
15. Do you experience any side effects due to painkillers? “VFTNo Clyes
16.Do you Know about PCOD/PCOS? Ao (JYes
17. Do you have the problem of PCOS or PCOD? [JNo Cyes
18. At what age you were diagnosed with PCOD/PCOS?
19.Do you use sanitary napkeen or cloth ? [CNo JATes

20. Do you experience itching or other symptoms in intimate area, during or after the menstrual cycle?

CONo JAVes
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SURVEY BASED ON
“MENSTRUAL CYCLE-a biological indicator of health i n girls of rural areg”
NAME- p— AGE-

e
1. How old were you when you had your first period? Age (years) ] [
2. Do you have regular periods? (Tick one hox only)

es LINo, they have never been regular [ No, they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)

LLess than 24 days ‘E’Zf 30 days [J 30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? CINo \AYes

5. Do you usually experience Anxiety or depression, the days before or around your menstrual
periods? CINo \Efzs

6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? [J1-3 days \FImore than 3 days

7. Do you experience the problem of bloating or gas during menstrual cycle? [INo \Hes
8. If YES (for above question then)then ,you e€Xperience problem of gas or bloating during:
\U420r 3 days before menstryal cycle

(] during the period of whole menstryal cycle
Olafter end of menstrual cycle
9. Do you experience the menstrual cramps/pain? [ INo \[Hres
10.If “Yes” for above question then -
Umenstrual cramps/pain always hurts
menstrual cramps/pain hurts sometimes
Lmenstruyal cramps/pain doesn’t hurt too much

11.From how ma Ny years you are experiencing menstryal cramps:

\EFIfrom the onset of menstrual cycle
Ufrom last few years

12. For how many days the menstrual cramps/pain persist?\[F1-3 days CImore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?
ombiflam Olbuprofean CMeftal Any other painkiller
14. For How may days you take painkiller? | [31-3 days CImore than 3 days
15. Do you experience any side effects due to painkillers? \Ei‘ﬁé CYes
16.Do you Know about PCOD/PCOS? Ao Lyes
17. Do you have the problem of PCOS or PCOD? [INo CYes
18. At what age you were diagnosed with PCOD/PCOS?
19.Do you use sanitary napkeen or cloth ? LINo Uyes

20. Do you experience itching or other symptoms in intimate area, during or after the menstrual cycle?

Ono Chves
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SURVEY BASED ON

“MENSTRUAL CYCLE-a biological indicator of health in qgirls of rural area”
NAME- == AGE- [E

1. How old were you when you had your first period? Age (years) lr}__
2. Do you have regular periods? (Tick one box only)

\FYes  [No, they have never been regular [INo, they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)

[OLess than 24 days 34 - 30 days [J 30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? OnNo SHes

5. Do you usually experience Anxiety or depression, the days before or around your menstrual
periods? UNo es

6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? [J1-3 days ~Amore than 3 days

7. Do you experience the problem of bloating or gas during menstrual cycle? [INo \Efﬂs

8. If YES (for above question then)then ,you experience problem of gas or bloating during:
\ET 2or 3 days before menstrual cycle

[J during the period of whole menstrual cycle
[after end of menstrual cycle
9. Do you experience the menstrual cram ps/pain?  [ONo \Hes
10.If “Yes” for above question then -
[menstrual cramps/pain always hurts
HAmenstrual cramps/pain hurts sometimes
Cmenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:
\JAffom the onset of menstrual cycle

Cfrom last few years

12. For how many days the menstrual cramps/pain persist?‘-/lfla days

Umore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?

\JICombiflam Clibuprofean COMeftal Any other painkiller
14. For How may days you take painkiller? “£71.3 days Omore than 3 days
15. Do you experience any side effects due to painkillers? o Oyes
16.Do you Know about PCOD/PCOS? o Oves
17. Do you have the problem of PCOS or PCOD? OONo CYes
18. At what age you were diagnosed with PCOD/PCOS?
19.Do you use sanitary napkeen or cloth ? CINo Hes

20. Do you experience itching or other symptoms in intima

ONo UAes

te area, during or after the menstrual cycle?
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SURVEY BASED ON
-MENSTRUAL CYCLE-a biological indicator of healt ai »
NAME- o A GE. indicator of health in girls of rural area

1. How old were you when you had your first period? Age (years) !O
E?you have regular periods? (Tick one box only)
es

—INo, they have never been regular CINo, they have been irregular for a few months

3, Wit th? usualinterval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)

ClLess than 24 days 4-30days O 30 &More than 35 days

4. Doyou experience the symptoms of Anger or irritability the days before or around your menstrual
periods? CINo -

5. Doyou usually experience Anxiety or depression, the days before or around your menstrual
periods? LINo es
6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? [J1-3 days E‘{re than 3 days
7. Do you experience the problem of bloating or gas during menstrual cycle? EQ(O E#/e;,
SQE{VES (for above question then)then ,You experience problem of gas or bloating during:
or 3 days before menstrual cycle
U during the period of whole menstrual cycle
Clafter end of menstrual cycle
9. Do you experience the menstrual cramps/pain? % CYes
10.If “Yes” for above question then -
Umenstrual cramps/pain always hurts
Umenstrual cramps/pain hurts sometimes
Qénstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

¥from the onset of menstrual cycle

bafrom last few years
12. For how many days the menstrual cramps/pain persist? ¥]1-3 days Cinore than 3 days

13. Which painkiller do you take during menstrual pain/cramps?
UCombiflam CJibuprofean CIMeftal Any other painkiller —

14. For How may days you take painkiller?  [J1-3 days Omore than 3 days

15. Do you experience any side effects due to painkillers? CNo ClYes
16.Do you Know about PCOD/PCOS? CINo Bifes
17. Do you have the problem of PCOS or PCOD? Mo ClYes

—

18. At what age you were diagnosed with PCOD/PCOS?
19.00 you use sanitary napkeen ercltoth ? LINo [4¥es

20. Do you experience itching or other symptoms in intimate area, during or after the menstrual cycle?

a NO es
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SURVEY BASED ON

“MENST N O A A ) o .
i N_‘___RUAL CYCL:G%ﬁglcal indicator of health in girls of rural area”

1. How old were you when you had your first period? Age (vears) 29
2. Do you have regular periods? (Tick one box only) o

CYes LINo, they have never been regular [Elﬁa they have been irregular for a few months

3. What is the usual interval between your periods? (from the first day of one period to the first day of
the next)? (Tick one box only)

ess than 24 days ()24 - 30 days [J 30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? 0 Cves

5. Do you usually experience Anxiety or depression, the days before or around your menstrual
N

periods? o ClYes

6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? [J1-3 days Eﬁore than 3 days

/. Doyou experience the problem of bloating or gas during menstrual cycle? [INo TYes

8.1f YES (for above question then)then +/You experience problem of gas or bloating during:
O 2or 3 days before menstrual cycle

uring the period of whole menstrual cycle
Llafter end of menstrual cycle
9. Do you experience the menstrual cramps/pain?  [ONo IE@.:‘
10.If “Yes” for above question then -
Umenstrual cramps/pain always hurts
@m/eenstrual cramps/pain hurts sometimes
Omenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:
Ofrgm the onset of menstrual cycle

rom last few years . 15—1/’
12. For how many days the menstrual cramps/pain persist? -3 days Cmore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?

CCombiflam Olbuprofean Difeftal Any other painkiller

14. For How may days you take painkiller? -3 days LImore than 3 days

15. Do you experience any side effects due to painkillers? BNo O Yf"s
16.Do you Know about PCOD/PCOS? QNO L.‘.?Y_e;s
17. Do you have the problem of PCOS or PCOD? 2] INo Yes

18. At what age you were diagnosed with PCOD/PCOS?

18.D0 you use sanitary napkeen orcloth ? LINo yés

20. Do you experience itchirfg or other symptoms in intimate area, during or after the menstrual cycle?
DNO es
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SURVEY BASED
“MENSTRUA ca bt —20SED ON

NAME- AGE-ch
1. How old were you when you had your first period? ge (years) 40
only) o

5. Do you have regular periods? (Tick one boy

Clyes [INo, they have never been regular [JNo, they have been irregular for a few months

3. What is the usual interval between your periods?

: fr(} . " .
B e (Tck 50 bk o] (from the first day of one period to the first day of
[JLess than 24 days U124 - 30 days &30 &More than 35 days

4. Do you experience the symptoms of Anger or irritabili
periods? 0 UYes

5. Do you usually ggenence Anxiety or depression, the days before or around your menstrual
periods? No Clyes

6. For how many days you experience mood swings,a nger or irritability ot anxiety or depression before
and after menstrual cycle? &1 days

ty the days before or around your menstrual

[Imore than 3 days

7.Do you experience the problem of bloating or gas during menstrual cycle? [INo Elves
8.If YES (for above question then)then ,you experience problem of gas or bloating during:
O 20r 3 days before menstrual cycle

an the period of whole menstrual cycle

Oafter end of menstrual cycle

9. Do you experience the menstrual cramps/pain? @6 Elves

10.If “Yes” for above question then -

Umenstrual cramps/pain always hurts

Umenstrual cramps/pain hurts sometimes

E‘énstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

Ofrom the onset of menstrual cycle
Ufrom last few years

12. For how many days the menstrual cramps/pain persist? (#1-3 days dmore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?
Ocombiflam Olibuprofean [IMeftal Any other painkiller

14 For How may days you take painkiller? ~ [11-3days Rmore than 3 days

5 Yes
15 Do you i ide effects due to painkillers? KINo O
YOu experience any side e i b

16.00 you Know about PCOD/PCOS?

Y] CINo [W¥es
18' Do you have the problem of PCOS or PCOD? . 93
-Atwhat age you were diagnosed with PCOD/PCOS? £ T T

‘Do you use sanitary napkeen or-etoth ?

inti | enstrual Cycle ?
h r rsym ms in intimate area, during or after them
' peliEHCe itc ing (0] othe sy pto ft

HNo es
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Su
"MENSTRUAL CYCLE-a bigjon - BASED ON

NAME- _,_:_t_________ AGE. Ical indicator of health in irls of rural area”

1. How old were you when you had your first period? A
2. Do you have regular periods? (Tick one box only) ge (vears) |7
\eifes:  LINDLIDEY Nave never e regular  [INo, they have been irregular for a few months

ClLess than 24 days Y74 - 30 days O 30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual

periods? INo O¥es
5. Do you usually experience Anxiety or depression, the days before or around your menstrual
periods? LINo Uves

6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? [J1-3 days Tiftore than 3 days

7. Do you experience the problem of bloating or gas during menstrual cycle? [CINo Fives
8.1f YES (for above question then)then ,you experience problem of gas or bloating during:
\Z"2or 3 days before menstrual cycle

O during the period of whole menstrual cycle
Uafter end of menstrual cycle
9. Do you experience the menstrual cramps/pain?  [No Hres
10.If "Yes” for above question then -
Umenstrual cramps/pain always hurts
\Emenstrual cramps/pain hurts sometimes
Umenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

\Zfrom the onset of menstrual cycle
Ufrom last few years

12. For how many days the menstrual cramps/pain persist? \AT-3 days Clmore than 3 days
13. Which painkiller do you take during menstrual pain/cramps?
Combiflam Olbuprofean (JMeftal Any other painkiller
14. For How may days you take painkiller? Gﬁdavs Dmﬂre:gijf’ days -
. . N

15.D0 you experience any side effects due to painkillers? 0 D:es
16.00 ou K PCOS? Ao es

You Know about PCOD/ ONo OYes

17' Do you have the problem of PCOS or PCOD? -~
12' At what age you were diagnosed with PCOD/PCOS? T @%
Do you yse sanitary napkeen or cloth ?

ntimate area, during or after the menstrual cycle?

009 yoy experience itching or other symptoms in
o (/K
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“MENSTRUAL CYCLE. 4 piop RVEY BASED 0N

a biological indicator of b, . .
NAME. _———— _ AGE. g/ calindicator of health in girjs of rural area”

1. How old were you when you had

Vou;ﬂfiﬂrst period? A
: ¥ e
2. Do you have regular periods? (Tick one box only) ge (years) |7

Jves  [INo, they have never heen regular

UNo, they have been irregular for a few months

Your periods? (from i ; :
t-e next)? (Tick one box only) ( the first day of one period to the first day of

TJless than 24 days \372 - 30 days U 30 &More than 35 days

4. Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? CINo es

5. Doyou usually experience Anxiety or depression, the days before or around yc;ur menstrual
periods? [INo ves

and after menstrual cycle? [J1-3 days

7. Do you experience the problem of bloating or gas during menstrual cycle? [INo \FT¥es

8.1f YES (for above question then)then ,you experience problem of gas or bloating during:
v 2or 3 days before menstrual cycle

U during the period of whole menstrual cycle

Uafter end of menstrual cycle

3. Doyou experience the menstrual cramps/pain?  [No \Sves
10.If “Yes” for above question then -

Cmenstrual cramps/pain always hurts
\=mhenstrual cramps/pain hurts sometimes

Umenstrual cramps/pain doesn’t hurt too much

\Emore than 3 days

11.From how many years you are experiencing menstrual cramps:

\Efrom the onset of menstrual cycle
Ufrom last few years

12. For how many days the menstrual cramps/pain persist? \eT1-3 days Umore than 3 days
13. Which painkiller do you take during menstrual pain/cramps? -
<Combiflam Oibuprofean CMeftal AR S e
han 3 days

. For How may days you take painkiller? ‘Z]f;’davs E]more\fz;lgo V Clves
15. Do yoy experience any side effects due to painkillers? o Oves
1

%00 you Know about PCOD/PCOS? ONo ClYes

17. 0o You have the problem of PCOS or PCOD? S?
19. At what age you were diagnosed with PCOD/PCOS: CINo \HYes
OYou use sanitary napkeen or cloth ?

o ing or after the menstrual cycle?
2 Do o Exsas . other symptoms in intimate area, during
e Perience itching or

-No [Hes
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SURVEY BASED op

“MENSTRUAL CYCLE-a biolo, ical indicator of health in

3 AGE
ME-_
T‘Low old were you when you had your first

: period? A
2. Doyou have regular periods? (Tick one boy only) B¢ (vears) |

they have nev
AVes [INo, they er been regular CINo, they have been irregular for a few months

irls of rural area”

3. What is the usual interval between your

periods? (fr i : .
& ¥ o)? (Tick one box only) (from the first day of one period to the first day of
[Less than 24 days (124 - 30 days =730 &More than 35 days
4, Do you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? [INo MTVes
5. Do you usually experience Anxiety or depression, the days before or around your menstrual
periods? CINo es
6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? NAT-3 days CImore than 3 days
7.Doyou experience the problem of bloating or gas during menstrual cycle? [INo “F1Ves

8.1f YES (for above question then)then ,you experience problem of gas or bloating during:
v{] 2or 3 days before menstrual cycle

U during the period of whole menstrual cycle
Uafter end of menstrual cycle
9. Doyou experience the menstrual cramps/pain?  [INo “{TVes
10.1f “Yes” for above question then -
Umenstrual cramps/pain always hurts
\menstrual cramps/pain hurts sometimes
Umenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

Ufrom the onset of menstrual cycle
“trom Ia st few years

; . € O than3d
12. For how many days the menstrual cramps/pain persist? \Eﬂ:S days b
- i H S f

1 Which painkiller do you take during menstrual BB/ Any other painkiller

Combiflam Cibuprofean ~IWeftal

CImore than 3 days

4 For How may days you take painkiller? \A1-3 _daVS? o Clves
15' Doyoy experience any side effects due t0 painkillers: S e
1?»00 You Know about PCOD/PCOS? FINo (Yes

‘Doyoy COS or PCOD?
1 ave the problem of P : &
13' Atwhat age you were diagnosed with pcoD/PCO [ONo vEYes

“0yoy use sanitary napkeen or cloth ? during or after the menstrual cycle?
: urit
20 D sin int'mate area,
_®You experience itchi ther symptom
ence itching or 0

[]No Ves

Scanned with ACE Scanner



S
“MENSTRUAL CYCLE-a bigjoq .t Y BASED oy

e AGE- |¢
e old were you when you had yoyr first
-DOYUU have regular periods? (Tick one box

%5 [INo, they have never been regy|a,

in_d_icator of health

I girls of rural ares”
Period?  Apa .
only) ¢ {years) [L :

CINo, th
s they haye heen irregular for a few months
What s the usual interval between yoyr

Periods? (from the f;
e next]? (Tick one box only) {from the irst day of one period to the fir

st day of
Dless than SHEAYS \E{d’ - 30 days O 30 &More than 35 days
i the symptoms of A irritahili
4, Do you experience nger or irritability the d
iods? No s y ays before or around your menstrual
5,00 you usually experience A”x‘e\fé/or—depression, the days before or around your menstrual
periods? CINo Yes

6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? (J1-3 days \Zmore than 3 days

7.00you experience the problem of bloating or gas during menstrual cycle? [ONo \Fes

.If YES (for above question then)then ,you experience problem of gas or bloating during:
2 20r 3 days before menstrual cycle

U during the period of whole menstrual cycle

Uafter end of menstrual cycle

9.Doyou experience the menstrual cramps/pain?  [INo \,ﬁfés
10.f “Yes” for above question then -

Cmenstrual cramps/pain always hurts
\dfenstrual cramps/pain hurts sometimes

Omenstrual cramps/pain doesn’t hurt too much

1LFrom how many years you are experiencing menstrual cramps:
\Eifrom the onset of menstrual cycle

from last few
years . g : Clmore than 3 days
12.For how many days the menstrual cramps/pain persist? \Zfa days !

: ?
13 Which painkiller do you take during menstrual pain/cramps:

. other painkiller
<Combifiam Cibuprofean OMeftal " ’
[Imore than 3 days

14' "or How may days you take painkiller? \,E{3 d avs; FTNo Oves
*Doyoy experience any side effects due t0 painkillers: VAo Cves
- YouKnow about PCOD/PCOS? CINo Cves

““0you h 5 or PCOD? ==
18, ave the problem of PCO 5 C¥es
N ;t What age you were diagnosed with pCcOD/PCOS: [No e

*You use sanitary napkeen or cloth ? during or after the menstrual cycle?

.y . cimate area, dur!

et 3 ms in intl

QND\‘OU ExpErli\ée?iiching or Dther Sympto

es
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“MENSTRUAL CYCL £ SURVEY g D ON

-a big|o ical indin e 2ON
___,_q__l_‘_‘_a_‘_o fh . )
- R .. B . ; —nealth in girls of "
NAM |d were you when yoy had your rural area

21’ Do you have regular periods? (Tick one box oniy} Age (vears) 1

&Nes [JNo, they have never been regular

(=}

DNU* they have been irregular for 3 few months
. linterval between i
what is the usua Your periods? (fr ; :
f!;e e FTckiond Boxenly) (from the first day of one period to the first day of
CLess than 24 days 474 - 30 days U 30 &More than 35 days

i the symptoms of Mol
4. Do you experience Ptoms of Anger or irrita bility the da
criods? CINo Oifes ¥s before or around your menstrual

gs,anger or irritability ot anxiety or depression before
\More than 3 days
1.Do you experience the problem of bloating or gas during menstrual cycle?A EiNo UYes

8.If YES (for above question then)then ,you experience problem of gas or bloating during:
&7%r 3 days before menstrual cycle

O during the period of whole menstrual cycle

after end of menstrual cycle

9.Doyou experience the menstrual cramps/pain?  [INo \F¥es
10If“Yes” for above question then -

Bmenstrual cramps/pain always hurts

Mmenstrual cramps/pain hurts sometimes

Wmenstrual cramps/pain doesn’t hurt too much

and after menstrual cycle? [J1-3 days

1LFrom how many years you are experiencing menstrual cramps:

Ofrom the onset of menstrual cycle

'om last few years
- - & d
12.For how many days the menstrual cramps/pain persist? (313 days

H ?
3. Which painkiller do you take during menstrual pain/cramps?

Cmore than 3 days

Any other painkiller

Ombiflam Llbuprofean CMeftal
; [Cmore than 3 days
4. For How may days you take painkiller? Eﬁ.davs? (ONo (Hes
Doyoy eXperience any side effects due to painkillers CNo Ies
) OY0u Know about PCOD/PCOS? UiNo Cves
. DO Y{)u h OS or PCOD?
1 ave the problem of PC _ 6
12' A What age you were diagnosed with PCOD/PCO [INo Sves
Doyoy use sanitary napkeen or cloth ?

er the menstrual cycle?
0 Do

g

. during or aft
i intimate area,
You eXperience itching or other sympton $in 1
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“MENSTRUAL CYCLE-a b SURVEY BASED ON

NAME-___ — AGE. TE’ gical indicator of health in girls of rural aren”
1. How old were you when you had your first period?  Age (years
2. Do you have regular periods? (Tick one box only) et S

Jyes  [INo, they have never bee

n reg o ;
gular 4o, they have been irregular for a few months

3. What is the usual interval between your periods? (from the
the next)? (Tick one box only)

ClLess than 24 days 4 - 30 days

first day of one period to the first day of
[ 30 &More than 35 days

4. ch; you experience the symptoms of Anger or irritability the days before or around your menstrual
periods? o [yves

5. Do you usually e!XDa}Iience Anxiety or depression, the days before or around your menstrual
0

periods? Clyes

6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? E‘}f-3/days LImore than 3 days

7. Do you experience the problem of bloating or gas during menstrual cycle? [0 [ Ives

8.1f YES (for above question then)then ,you experience problem of gas or bloating during:
® 2or 3 days before menstrual cycle

84 during the period of whole menstrual cycle

Rafter end of menstrual cycle

9. Do you experience the menstrual cramps/pain? (o [yes
10.If “Yes” for above question then -

‘Wmenstrual cramps/pain always hurts

[dmenstrual cramps/pain hurts sometimes

Emenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

Mfrom the onset of menstrual cycle

RBfrom last few years . ; ™
12. For how many days the menstrual cramps/pain persist? [)ﬁﬂ days Amore than 3 days

13. Which painkiller do you take during menstrual pain/cramps?
Bcombiflam Hibuprofean DfMeftal Anyotnerpatnkiller_______

14, For How may davs you take painkiller? b‘}~1-3 davs [.MOTE than di\Y&

2\

15. Do you experience any side effects due to painkillers? L{O .I I!:tns
16.00 you Know about PCOD/PCOS? M{; | ,y:
17. Do you have the problem of PCOS or pCoD?

18. At what age you were diagnosed with Pcob/pPcos? . ——————— Mf;!:;h —— -i-*-m

19.D0 you use sa nitary napkeen orctoth ?
imate area, during or after the menstrual cycle?
20. Do ; irchi ther symptoms in int
[91(’0“ experience itching or O
0

[Yes
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“MENSTRUAL CYCLE.., 1) ;‘Jﬁvw BABED ON
NAME‘_———'- o b - AGE- J ? ’al 'ﬁm(‘%ﬂ '}’ h‘ﬁ'a"h {141 #}f’g f)f ru’iﬂ a{(;a”
w old were you when T \d ; =
; 9 How O ! =N you h;jf} fEar f’f".? feriend s
2. Doyou have regular periods? (Ticy one box only |
- WAL ONYY)

“Yes —_No, they have never been regulae
e regular L 0, ﬂ'w:.-; fiz te: biteer 1) frn-guj;,,; fesr 2 ey rnoeths

'{’5’,-'_' !}‘f-'-)‘”.; “

3, What is the usual interval betyeen

““Less than 24 days :%30 days

VOUP tierindss ;
TOUr periads? (from the first day of one penod 1o the first day of
L 20 4More than 15 day:

;zz::;u expen?;ithe e mo”; i:—fﬁg&f o irfitability the days before or sround your menstrusl
5. [?0 you Al e_xperlence Anxiety depression, the dzys before or around your menstruzl
periods? —No e ' )
6. For how many days you experience mood sHings,anger or irfitability ot anxiety or depression before
and after menstrual cycle? A3 days _more than 2 days
7.Do you experience the problem of bloating or gas during menstrual cycle? 7~ No e
8.1f YES (for above question thenjthen ,you experience problem of g35 or blosting du fing:
_ Zor 3 days before menstrual cycle
during the period of whole menstrual cycle
Zafter end of menstrual cycle
5. Do you experience the menstrual cramps/pain? _No ""’é
10.if “Yes” for above guestion then -
~Menstrual cramps/pain always hurts
—menstrual cramps/pain hurts sometimes
Zmenstrual cramps/pain doesn’t hurt too much

11.Fgom how many years you are experiencing menstrual cramps:
Ytrom the onset of menstrual cycle

—from last few years : ist? =13 [
12. For how many days the menstrual cramps/pain persist? =1-3 days AR e e

13. Which painkiller do you take during menstrual pain/cramps?

%Ombiﬂam ZIbuprofean CMeftal Any other painkiller
14, For How may days you take painkiller? J1-3 days? L.more ti:a: : days -
15. Do you experience any side effects due to painkillers? :‘.4(0 g:es
16.00 you Know about PCOD/PCOS? il o
17.D6 you have the problem of PCOS of pcoD? =

i 5?7
18 At what age you were diagnosed with PCOD/PCO = o e

1806 you use sanitary napkeen or cloth ?
in inti [ after the menstrual cycle?
Z s in intimate area, during or
40.0o i +ching or other symptom
you expenen;e;lc ng

~No i/ Yes
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W SURVEY BASED ON

MENSTRUAL iological indi
NAME- s CYCL:éé:EE)IOIo Ical indicator of health in girls of rural aren”
1. How old were you when you had your fi

rstﬂ eriod? Ape :
2. Do you have regular periods? (Tick one box?)nlv) SR
JIYes  [No, they have never been re

gular  [ONo, they have been irregular tor a low manths

3. What is the usual interval betwe
the next)? (Tick one box only)

b=l than 24 days 474 - 30 days O 30 &More than 35 days

&n your periods? (from the first day of one period to the first day of

:;232;’;“ experlg;eothe SvmptonE:LAnger or irritability the days before or around your menstrial
4 es

B D,o you usually experience Anxiety or depression, the days before or around your menstrual
periods? CINo OIves

6. For how many days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? (J1-3 days “Ufiore than 3 days

7. Do you experience the problem of bloating or gas during menstrual cycle?  [=Ho [ IYes
8. If YES (for above question then)then ,you experience problem of gas or bloating during:

™ 2or 3 days before menstrual cycle

during the period of whole menstrual cycle

[Wafter end of menstrual cycle

9. Do you experience the menstrual cramps/pain?  [INo \[LAYes

10.If “Yes” for above question then -

Omenstrual cramps/pain always hurts
JAmenstrual cramps/pain hurts sometimes

CImenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

TIfrom the onset of menstrual cycle
\Afrom last few years

12. For how many days the m

13. Which painkiller do you take during menstrua

enstrual cramps/pain persist? A3 days [Imore than 3 days

| pain/cramps?
Any other painkiller

[ZCombiflam [(Jibuprofean OMeftal
oA more than 3 days
14. For How may days you take painkiller? \ET1-3¢ o e [INo ATV
15. Do you experience any side effects due to painkillers? — LIYes
16.00 you Know about PCOD/PCOS? : \[INo [ 1Yes
cOD ’
17.0 the problem of pcOSorpcoo? ¥ B

12. At what age you were diagnose

19.00 you use sanitary napkeen of cloth ?

[ r after the menstrual cycle?
ther symptoms in intimate area, during o
0. Do you experience itching or ©

"/.’f;l{) DYES
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MENST SURVEY BAS
ca kit . ——wED UN
NAME-_ — RUAL CYCLE-a bjgl ical indi ED on o
1. How old were v ————— AGE- Icator of health in girls of ruraj —
) €re you when You had B
your fifst period?
2. Do you have regular periods? T box;;enrlfld. Age (years) 1O

¥ have never been regylar UINo, they have been irregular for a few months

OLe
ss than 24 days \[124 - 30 days [J 30 &More than 35 days

4. Do you experience the symptoms of A
periods? CINo Thres

5.D : : )
_0 you usually experience Anxiety or depression, the days before or around your menstrual
periods? CINo \D¥es

nger or irritability the days before or around your menstrual

6. Fo ’ )
LRER mary days you experience mood swings,anger or irritability ot anxiety or depression before
and after menstrual cycle? [J1-3 days \more than 3 days

7. Do you experience the problem of bloating or gas during menstrual cycle? \INo~ Oyes

8. If YES (for above question then)then ,you experience problem of gas or bloating during:
B 2or 3 days before menstrual cycle

during the period of whole menstrual cycle

[ after end of menstrual cycle

9. Do you experience the menstrual cramps/pain?  [INo Eives
10.If “Yes” for above question then -

Lmenstrual cramps/pain always hurts

{menstrual cramps/pain hurts sometimes

Omenstrual cramps/pain doesn’t hurt too much

11.From how many years you are experiencing menstrual cramps:

[Ifrom the onset of menstrual cycle

\Hrom last few years . .
12. For how many days the menstrual cramps/pain persist? 113 days
enstrual pain/cramps?

CImore than 3 days

13. Which painkiller do you take during m

\HCombiflam Olbuprofean OMeftal e
Ot Cmore than 3 days
14. For How may days you take painkiller? -i‘t;avsp CINo E¥es
. inkillers:
15. Do you experience any side effects due to painki s OivEs

16.Do you Know about PCOD/PCOS? \[Hlo Cves

0S or PCOD?
17. Do you have the problem of PCOS © .
18. At what age you were diagnosed with pCOD/P CINo \[lYes

p
19.00 you use sanitary napkeen of cloth :

3
- ate area, during of after the menstrual cycle:
tim ’

toms inin
20.Do you experience itching or other symp

\o-No CIYes
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« OBSERVATION & DFy; 1
ON & RESULY

A total of 100 valid responses
—_— were .
majority of respondent were fem Successfully obtained.The

ale
Mean age of menarche was 1. S above age 20 years.
The responses of the survey re —
Symptoms of anger or irritability
Symptoms of anxiety or depression

Problem of bloating and gas during menstrual cycle

Do they experience menstrual cramps
Do they take painkiller

Do they know about PCOD/PCOS

as follows: ues:

THE RESPONSES (YES OR NO) ARE AS FOLLOWS IN THE FORM
OF GRAPH

| 120%

mal painkiller which available in
AL o no,rﬂam‘?s the most common painkiller

bi
i by shop. Here Com kol I
:2::\::: Lyyibu pi:ofean and meftal. Around 80% girls face the

em of menstr v i like
prob f i tomach elated issues
nstrual pain ands ; ;
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Therefore, it can be stated that a comprehensive school education
program , awareness campaign on menarche and menstrual
problems,regular and free medical checkups in rural areas may
help girls to cope better and seek proper medical assistance.
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CHAPTER-1
INTRODUCTION




INTRODUCTION

Cyanobactena successfully colonize almost all illuminated environment

including some of the most  hostile for life ( Stal 2007) . The presence and

deteriorating  action of microorganisms on monuments and stone work of art have

received considerable attention in the last few year = Stone monuments statues and

historic butlding are exposed to the effects of physical chemical and biological
detenorating factors . This review will foucs on the damages caused by micro-
organisms . Due to their photo autotrophic nature these MmICro-organisms develop
casily on stone surface |, giving rise to coloured patinas and incrustation ( Tomaselli
et al. 2000) . For Cyanobacteria .Infact the colonization of stone is closely
correlated with porosity. Roughness ,hygroscopicity and capillary water obsorption
. which strongly influence water availability for micro organisms ( Urzi&Ralini
1998 pricto&silva 2005 ) . Physico - Chemical characteristics of the material
favour the establishment of the material favour the establishment of photo synthetic
communities at depths that also depend on external environmental factors,
especially light | Which influences the total biomass of the community( Saiz

Jimenez 1995).

The mechanical fracturing and disintegration of natural  stone substrates by
lithobionts and corrosion through the metabolic processes of micro -organisms the
the greatest biodeterioration threats to the conservation of stone based cultural
henitage , How everundersired bio-logical colonisation of stone matenials can also
lead to unwanted aesthetic changes such as unsightly discoloration that cover art
details ( Warscheid and braam , 2000 charola et al ,2011; Dias et , al 2020

.faverolango and viles 2020).

The open air condition of exposure of building and monuments induce a large
influence of climatic factors on the bio weathering by changing of sunlight
radiation , temperatures and rainfall which vary with respect to their geographical
location and ongoing climate change. Underground cultural hentage like caves in
the natural state , generally have a weak connection with the external atmosphere
(Sanchez -Moral et al , 2021) and are considered to be extreme environment for
microbial growth , due to the low nutrient availability simon et al, 2007 ) . In such
evironmentschemolithoautotrophic organisms can thrive on stone surface as a result

of stable conditions contant air and solute water temperature high moistureand
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solute rich groundwater ( Bastian and Alabouvette , 2009). 110w ever , underpround

SAaves Dow Iepresent appealing tourigt attraction (Cigna and for 2013 ) and  the

introduction of lighting equipment can rapidly and significantly alter previously

stable environmental conditions by increasing ambient temperature and (¢ V)

concentration and decreasing relative humidity ¢ Mulec ¢l al 2012

BagnedanoEstenaz et al , 2019 ‘Caneva et al 2020 ) Furthermore intensified human

activity also bring organic matter and  new straing of micro — organisms from

¢ 2014 Marques
et al 2016 ).One reason for this is that inereasedgeotourism can foster the

outside which gradually adapt to subterranean environments(Mule

perfect

combination of microbes the typically thrive on the surface along with the need for

well it and illuminated areas , meanings that phototrophic oganisms ( Bastian et al
,2010 Albertano 2012 Perez 201 8).

After studying it was found that In other case it has been shown that pigmentation

changes in response to environmental factors including light intensity, light quality,

nutrient availability, temperature and the age of cells (Bartonlini et al 2004) . That

have thick shealths with intense colour being the expression of different ecology

stages and environmental adaptations, Cyanobacteria and chlorophyta colonize a

wide varicty of substrata and that this is related primarily to physical characteristics
of the surface microclimate and environmental conditionsand secondary to the
lithotype. Colour and aesthetical and physic chemical damages. The bio
colonization is dependent of the material and on the environment .The response is
more intense in winter as temperature islower and relative humidity ( RH ) higher.
Cyanobacteria are less sensitive to this seasonal effect as they are more resistant to
desiccation than green algae . A considerable number of green algae ( Chlorophyta )
having adapted to life on land . The Chlorophyta constitute the most common group
of algae colonizing stone cultural heritage ( Ortega — Calvo et al 1993 ),

Microbial geochemical cycles have been going on since life on earth began, This
activity results in chemical and mineral changes of the different types of rocks and
minerals within the biosphere and involves essentially the solubilisation processes

of major mineral element from silicates ,carbonates phosphates ,oxides etc.

While the weathering of minerals is natural environments results in the destruction
of rocks, thus contributing to soil formation process, it has a deleterious effect when
these rocks are part of the historical buildings and monuments.

4
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cyanobacteria) and to  chemoorganotrophic  and phoatrophne  exdaryotic
microorganisms such fungi and algae The most importar facior
ecological or geophysical equilibnia between rock exposure

surroundings. Microbial mats and microbizl films

Co LA T
ang the Cal
often czlled Biofilme

practically on and in all stones exposed for some time 1 the atmosphese

Zrerm
T ‘.’:!f.!'.l’.{/"s

their growth, they can changethe chemical and minerzlogical composition of the

original rock. They change the stability, permeabilit rvand colowr of the stome 25
well as the density. Microbial mats can create crusts inside znd outsidethe ongnal
stone matenial. Lithobionts(epiliths and endoliths ) zls0 have 2n Importam mmpact on
building stone andalter the stone stability. The colour change 15 usually caused by
oxidation pro some rare cases, bleaching orreduction were z2lso observed 1sually

the micro flora to nearthe surface.

Biological alterations differ according to the ecological peculiznties such 25 the
substrate, the nature of the microorganisms or organisms involved. and the
charactenistics of environment where the artwork i1s located (micro- and macro-
environment, atmospheric pollution). Frequently, these alterations may by clearly
recognized and correlated to the presence of living organisms. In other cases it may
be impossible to recognize a biological regent involve with the naked eye and only
the results of analyses will identify the detenoration The weathering of building
stone is a natural process in which physical, chemical and biological agents are
involved. Weathering mobilizations and anions that are needed by all life forms
But, deterioration(weathering) of rock surfaces, of building stones and
prehistoric/historic monuments has accelerated recently, and 1t has now become
important to understand the reasons for the actual weathering processes

THIS IS CONSEQUENT WITH THEIR WAY OF COLONATION OF BUILDING
STONE SURFACES

EPILITHIC CYANOBACTERIA

The cyanobacteria, because of their ability to perform oxygenic photosynthesis,
areconsidered as phototrophic bacteria cultural studies are somewhat uselessfor
ecological purpose as opposed to the traditional botanical classification using
collected field All the reports on historic buildings with onc exception use the

botanical classification when dealing taxonomically with the cyanobactena




Cyanobacteria often develop abundantly on damp, porous, and

e particularly
calcareous rocks. All the epilithic Cyanobacteria cited with rare

exceptions,

arecommon in soils and corticolous (tree trunk) habitats. The genera cited include

unicellularas well as filamentous forms. The unicellular forms are eithe
T

ensheathed(Aphanothece,Chroococcus, Gloecoapsa, Gomphosphaeria

Synechococcus). The filamentous ones also
include ensheathed (Zyngbya, Microcoleus,

Mixosarcina) or lack a visible sheath (
Phormidium, Schizotrix) and
unsheathed forms (Oscillatoria); they may have false or true branching
(Stigonema), and heterocysts (Calothrix, Nostoc, Scytonema). Extensive taxonomy
of the cyanobacteria present and found that they dominate over diatoms and green
algae. It was observed that most of the Cyanobacteria present possessed visible
gelatinous sheaths. This also happened with the cyanobacteria from other
monuments.The sheath in terrestrial cyanobacteria acts as a reservoir of water,
where it is bound throughstrong molecular forces sheath production by the
cyanobacteria has been consideredof importance for stability of the substrate, acting

as a cementing agent and increasing and increasing is physical properties.
ENDOLITHIC CYANOBACTERIA

Very few studies on historic buildings report the presence of endolithic
cyanobacteria. (Saiz-Jimenez et al. (1990a)). Found a cryptoendolithic microbial
community developed as a green layer 1 mm below the surface of a limestone from
the Basilica of Tongeren, Belgium dominated by unicellular cyanobacteria . Their
presence was confirmed by microscopic techniques as well as by chemical
characterization of theCyanobacteria and Algae on historic Buildingsorganic matter
present in the green layer. The importance has been stressed of the use of chemical
signatures (biomarkers) in obtaining valid measurements of the biomass and
metabolic activities of microbial ecosystems . Analytical pyrolysis has been used
for the chemical characterization of the endolithic communities. Specific
cyanobacterial biomarkers, such as 7-methylheptadecane, were identified. These
communities resembled those found in semi-desert and cold temperate biomes. An
endolithic filamentous cyanobacterium (Phormidium sp.) was also found growing
under black sulphated crusts developed on limestones in the Cathedral of Seville,
Spain. The endolithic active borer Hyellafontana was found in marble statues in

Rome, and it appeared that this cyanobacterium had a role in the decay of the stone.
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REVIEW OF LITERATURE

Cyanobacteria and algae are commonly found on building in humid places growing

on comnices, in holes and crevices ore beneath crusts, where water 15 retained and
evaporation is slow due to protection against winds or direct sunshine

Furthermore, growth may also be due, for example, to leaking or badly sited roof
guttering, inadequate drainage of flat areas, frequently forming streaks that follow
the areas of dampness. Their growth is rarely uniform, frequently forming streaks
that follow the areas of dampness. Their presence is more apparent on the north

faces of building than the south because the latter dry out more readily.

Only water and a minimal supply of mineral salts are required for colonization. It is
the duration of the period of wetness that is mineral that is crucial, rather than the
frequency of wetting in predisposing a surface to colonization. Inoculation 1s more
rapid where there is adjacent or over changing vegetation form which cyan bacteria
and algae can be brought by wind and rain and development is further accelerated if
bird droppings agricultural fertilizer and pollution-derived nitrogen oxides
introduce additional nitrogen and phosphorous Rough or porous surfaces facilitate
attachment of air-borne propagules and the accumulation of nutrients. Although
cyanobacteria and algae are phototrophic organisms, deriving their energy for
growth form light, they can also be found is very poorly illuminated of nutrients.
Although cyanobacteria and algae are phototrophic organisms, deriving their energy
for growth from light, they can also be found in very poorly illuminated places
inside building .

The presence of cyan bacteria and algae on and in a stone can be studied using
different techniques. They can be investigated in situ with optical and electron
microscopy, which supply basic information about these microscopic organisms
and their surrounding micro-environment. Scanning electron microscopy has been
proved to be very useful in the study of lithobionticmicroorganisms . Differential
interference contrast optics and epifluorescence can also be used for in situ
observation . Enrichment culture techniques (with mineral culture media that favour
the growth of cyanobacteria and algae) organisms using standard microbiological
techniques, may give additional information about relevant taxonomic characters

absent in the direct microscopic observations of the field samples.



A quantitative approach consists of the estimation of cyanobacteria / algae biomass,
which has been made with viable count methods, including plate counts and most
probable number methods. These obsolete methods have some disadvantages, such
as eventual selectivity of dormant microorganisms and differential [:ropaaule
production by the species of the community. The biomass of lithobiohmic
cyanobacteria and algae can also be estimated through chlorophyll extraction
technique. Although the chlorophyll content can change with the phy

siological state
of the cells, this method has been suggested to be the most relia

ble method for
quantifying soil algae(Tino et al.). Applied the ATP-bioluminescence method
measuring the ATP levels of the whole microbial community, to several samples of
a stone monument that contained microbial community to several with a green
patina.They suggested the suitability of this method for detecting and quantifying

the presence of microorganisms in a sample of stone,

MICROBIAL POPULATIONS ON STONE :-

The microbial colonization of stone is considered to start with phototrophic
organisms which build up avisible biofilms of enriched organisms biomass on the
stone surface.The growth and metabolic activity of these algae, cynobacteria and
liches as well as mosses and higher plants is regulated by parameters such as light
and moisture.

Phototropic microorganisms may grow on the stone surface or may penetrate some
millimetres into the rock pore system. It used to be believed that phototrophic micro
organisms caused only asetheric damage to stone surfaces associated with their
pigment and did not have any direct effect on the deterioration of such stones.

The accumulation of photosynthetic biomass provides an excellent organic nutrient

base for subsequent heterotrophic microbiota and their biodeterioration activities.

THE ROLE OF CYANOBACTERIA IN THE DEGRADATION
HISTORICAL MONUMENTS:-

Cyanobacteria colonize a wide varity of terrestrial habitats, including rocks, hot and

cold desert crusts , as well as modern and ancient building. The role of
Cyanobacteria in the deterioration of surface of historic building has been the

subject of several recent studies.
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The mcresse 1 local ph Jevel iin phototropic bio-films throws some doubts on
the acid degration suggested to be produced by algae and cyanobacteria even

though (Van der Oost et al) , showed that Cyanoacteria other carries ou mixed

acid fermentation and could , therefore, induce acid degradation of stone.

However, there is little evidence that cyanobacteria produced acid in situ and

Waterbury, suggest that it is the associates heterotrophic bacteria that lead to
acid decay of calcareous materials in the presence of cyanobacteria, as also
show by Friedmann and weed. All of which contribute to their protection
against desiccation and intense solar radiation. Due to their phototrophic nature
and many being nitrogen fixers, cyanobacteria colonize easily on exposed
surfaces that in due course lead to formation of patinas and incrustations
causing aesthetic damage.

Cyanobacteria being important from evolutionary and ecological point of view,
the mode of their diversity analysis and taxonomy are changing with recent
information and techniques. Very little information is available on
identification and phylogeny of cyano- bacteria species from Indian
environments following molecular approach (Sahu and Adhikary, 2012;
Keshari and Adhikary, 2013). Organisms occurring in desiccated state on sub-
Baterial surfaces are difficult to identify following available monographs as
seldom the morphological features of the species can be seen even after

prolong wetting of the natural material.

JETERIORATION MECHANISMS

Apart from the unaesthetic appearance, evident in most of the reports on
cyanobacteria and algae on historic buildings, there are references in the
literature that point to direct decay mechanisms. In fact, it has been reported that
epilithic cyanobacteria may play a role in rock surface weathering in nature
through various effects upon the carbonate dissolution system. The presence of
a layer of microorganism on the rock surface will lead to the development of a
distinctive microenvironment, where respiration and photosynthesis will affect
partial pressures of CO2 over the diurnal cycle, and acids may be produced as
metabolic by products. Furthermore, substrate utilization by developing
microbial communities increases proportionally with thickness, up to a critical

point where nutrient diffusion through the biofilm becomes limiting, leading to
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anoxic and rcducing conditions within .
: the biofilm and ¢
0se to the g
surface. substratum
Cyanobacteria and Algae on Historic Buildings

obtain nutrients. Some algal
over growths, produce organic acids which ¢

orrode rock surface.Epilithic
upon rock weathering in nature by influencing

of calcium carbonate. Some g
Rivularia, Schizothrix, Geitleria, Ple

cyanobacteria may also act

pecies of the genera
clonema and Microcole

3 oG _ us are capable of
directly precipitating calcium carbonate on Species without ¢

his capability may
ding nuclei for the

carbonate, or by
particulatecarbonate material. These precipitating roles

still encourage precipitation of calcium carbonate by provyi

crystallizaion  of  dissolved  calcium trapping

have been observed in
intertidalcyanobacterial mats and on tufa deposits, but may also operate on

terrestrial surfaces where epilithic growths are thick enough.

Cyanobacteria and algae may also have a role in the mechanical biodegradation
of the stone , exerting considerable force through repeated shrinking and
relaxation when they are going through cycles of drying and moistening . This
is mainly attributed to the mucilage formed by the sheaths of the cyanobacteria
and algae, which adheres them to the substrate and suffers deep changes in
volume due to its water retention properties. The sheath allows the
establishment of a self-contained aquatic environment within which the cells
can attain adequate irradiation and gaseous exchange. In addition, the presence
of this water reservoir with a high water potential ensures that the cells remain
essentially aquatic, thus permitting the cyanobacteria and algae to overcome
drought periods. Through sheath contraction and expansion, they can loosen
rock grains, constituting a possible factor in the gradual destruction of the rocks.
The formation of crusts induced by cyanobacterial and algal growth results in a
longer moisture retention at the surface of the stone, increasing the mechanical

damage produced by the freezing and thawing of water present in the pores

ofthe stone.

ERADICATION AND CONTROL
Methods for the eradication and control of cyanobactena and algae on

. i reviewed
constructional materials and painted surfaces have been extensively

and the effects of biocides on soil.

12




Chausath Yogini Temples . The group of 81 is a mark of royalty, 1m
(hat the temple was founded by a king . The large Temple is on a hilltroj

(he river Narmada in Bhedaghat. Geographical coordinates of Chausatn

temple 23°07°48 N” 79°48°04°E/23.129872°N  79.801244°E.

Figuer 2.Coverd by dry Cyanobacterial biofilms
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MATERIAL AND METHODP,..

Sampling sites -District Jabalpur g Situated in the Mahakosha]
Oshal region of Madh
ya

N e 'l_ ¢ lee v A
Pradesh, India. and lies between geographical Coordinates of Ch
S o ausath Yopini
ginj

'I‘cmplc 23007'48'N' 79048'04"E
/ 23.129872°N, 79.801244° oo

c e

successfully transferred to semisolid BG1 | agar medium and incubation a1 25+ 2¢
and 75 W/m2 light for further taxonomic enumeration

MASS CALTIVATION OF CYANOBACTERIA CULTURE -

The mass cultivation of Cyanobacteria has been done by Algal Biotechnology
Laboratory, Department of postgraduate studies and Research in Biological
Science, Rani Durgavati University, Jabalpur BG11 Agar medium at 30 -35C temp
under 2500/Lux light 12-12 hours dark and light keep it at one week in culture
room.

GROWTH MEDIUM :-

1979 Rippkal988 without combined based medium BG11 medium is used for

successfully for cyanobacteria

TABLE :- COMOSITION FOR BG11 MEDIUM :-

COMPOSITION OF THE MEDIUM COMPONENT | CONCERTRATION |

 kPO4 0.04 G/L |

MGSO4 0.075 G/L |

: 0.036 G/L '

CACL2 .H20 o = 3

T CITRICACD 0006GL |
P ——— T D i —— ”— —-' ‘--: ''''' === GJL

FERRIC AMMONIUM CITRATE 3006 |
—EDTA | oo01GL

—/,/.’"’




COMPOSITION OF THE MEDIUM COMp
CONCENTRATION

ONENT

T H3BO3 0.04 G/
ZNSO4.7H20 0.075 (i/1.
MNCL2.4H20 0.036 G/l

NAMOCU.5H20 0.006 (/1.

"~ CUSO4.5H20 0.006G/1,

) ~ EDTA 0.01G/1,
~ CO(NO32.H20 0.02G/1.

The experiment of microorganisms (cyanobacteria) contamination and

cyanobacteria growth performed under indoor environmental condition
METHODS

one ml of sample was added to agar plates made with (25 ml of sterilized BG-11
media (Rippka at al. 1979) in petri dishes & simultaneously one ml of sample was
inoculated in 50 ml of sterilized BG11 media in flask. after inoculation sample were
incubated for 45 days atr 2500 Lux light intensity for 12 hours and 12 hour of dark
interval at temperature 25+2. After 12 days of incubation cyanobacteria colonies
appeared on the agar plates and broth media in flasks. Isolated species further
spread on to fresh agar plates. After the development, colonies appearing in agar
plates were examined microscopically and transferred to agar slants. This process

was repeated until axenic cultures were obtained.

MICROSCOPIC ANALYSIS

cynobacteria species were observed under microscope for morphometric analysies,
were prepared. Texonamically important data such as trichome shape, filaments

colour, akinetes and heterocyst shape, size, position were recorded.

DETECTION AND IDENTIFICATION TECHNIQUE :-

Sample were incubated ,under standard., low light condition ,on solid media for
algae and cyanobacteria (BG11) Adhesive tape and point flake samp e

. : i ICrOSCOpes ,
examined directly , with low power binocular and high power optical microscope
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LESULT AND DISCUSSION

(yanobacleﬁa biodiversity was higerduring  study period and dominated by

Apham)caﬁ-‘a Chroocous, Phormidium, Chloraphyta, Microcoleus, Aphnnothece

NocroCSP‘“”""'al gae, liches, mosscs on the surface ,wall and pillars.

The pH is one of major characteristics which determine the growth of
cyanobacfcﬁa- Organisms were identified to genus level, where possible, based on

their morphological characteristics.

pISCUSSION

The majority of the results suggest that green algae and cyanobacteria can
colonize a wide variety of substrata and this is primarily related to the physical.
Cyanobacteria and green algae on monuments characteristics of the stone surface
(porosity, roughness and permeability) and secondarily to the nature of the
substratum, Most cyanobacteria and chlorophyta did not show a clear relationship
with the nature of the substratum, suggesting that environmental variables and site-
specific characteristics (eg exposure to light, special architectural features) together
with secondary, tertiary and/or extrinsic stone bioreceptivity have a stronger
influence on community development than the substratum itself. In this complex
amalgam of factors, it is often difficult to determine the influence of each factor
alone: the evaluation of their combined effects, their synergy and dynamics is
complex, and probably all factors are relevant. In order to ascertain a correlation
between stone substratum and organisms, we need more detailed data about
lithotype properties, and the microclimatic and environmental conditions of the
monuments studied. Cyanobacteria and green algae play an important role in the
deterioration of monuments and other stone works of art. being responsible for
aesthetic, biogeophysical and biogeo- chemical damage. Future work should focus
on ecological and physiological studies of specific species of these micr organisms
in order to gain a better understanding of their role in stone colonization and
biodeterioration processes. Moreover, an interdisciplinary team wicking on the
same 'case study is necessary in order (o simultaneously investigate all the factors
involved in the biodeterioration process such as mineralogical-petrographic,

Physico-chem- ical and climatic (and microclimatic) parameters.
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CONCLUSION:-

are probably the most important colonizes of stone buildings

cyanobactcria

since they are not dependent on any organisms source of carbon and ver)

resistant t0 environmental changes. They can be directly responsible for abnili

{0 QrOW endolithically, but can also act as an organism food material for th

growth of otherbiodeterioration, such as fungi. It is impossible to prevent the
growth of micro organisms on surface exposed to the open air and regula
cleaning with substance that do not damming the stone is recommended. Marmy
potential treatments to prevent or retard growth have been tested over the year,

but the discussion of the word require another review.
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FUTURE PROSPECT

ing concern for the presentation of culture heritage has led to a greater
Growl

t in the biological attack on these building . The importance of cyanobacteria
interest 1

deteroigens 18 emphasized and the traditional and more modern molecular
as dete ¢

thod used 10 detect these micro organisms are discussed . The development of
me §

molecular techniques for the rapid identification of cyanobacteriawith out need for
(

culture and isolation is fundamental if our knowledge of these communities in

biofilms on the surface of historical buildings is the extended.

In general , these is no direct evidence for a chemical role of cyanobacteria
and algae in stone decay. In some causes the results of some authors, as well as the
iferred data from citations to works of an auther in different publication, are
contradictory. It is clear that future work to resolve the question of stone
deterioration by Cynobacteria and algae must be focused on eliminating the
ambiguities of previous studies. Such studies should be made at the ecological /
physiological level and laboratory experiments should provide valuable information
on metabolic behaviour of phototrophic organisms and interactions between

microbial extracellular and intracellular compounds and inorganic materies.

Furthermore, the suggested role of organic acid in biodeterioration mechanisms
should be proved. The searching of models for understanding the impact of
microbial surface — associated consortia or biofilms on stone is highly desirable.
There are very few studies on interactions of different groups of organisms in a
single ecosystem eg. bacteria — algae, fungi —algae , mosses- algae etc., Which

could be of | :
: ‘ : . .
Mportance since organisms can act in a sinergistic way in the

detenioration of stone.
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Cynobacteria



Growth of Cynobacteria

BG-11 medium
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ABSTRACT

Guanine quadruplex (G4) structures are formed in guanine-rich nucleic acid sequences and
are known to regulate a variety of cellular functions in higher eukaryotes. Extremophile
Deinococcus radiodurans has a multipartite genome made up of two chromosomes and two
plasmids. Bioinformatics analysis showed that the Ori region on chromosome I contains
putative G4 motifs. Here, it was investigated how this bacterium'’s replication was regulated
by G4-forming motifs. PCR amplification of the Ori region was carried out to perform the in
vitro experiments with replication initiation proteins DnaA and DnaB. Results from the
electrophoretic mobility shift assay, ATPase activity, and dynamic light scattering
experiments suggested that DnaA has a stronger affinity for G4 motifs and aggregates more
readily in its presence as compared to double-stranded DNA. Similar preliminary research
with DnaB indicates that, compared to double- or single-stranded DNA, G4 structures are not

significantly preferred.

Simultaneously, the overlap PCR technique was used to generate site-directed and deleted
mutant alleles of mutS in Deinococcus radiodurans. PCR-amplified fragments were digested
with appropriate restriction enzymes, and attempts were made to clone the mutant alleles into

the Escherichia coli expression vector pET-28a ().
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CHAPTER-1
INTRODUCTION
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Introduction

The double helix structure of the B form of DNA is stabilised by the Watson-Crick base
pairing, making it the DNA type that has been studied the most. Over the past few decades,
more research has been done on non-canonical DNA and RNA structures and how they affect
biological processes. The genomes of many species contain sequences that can build alternate
secondary structures that could block activities associated with genome functioning.
Examples of these alternate secondary structures include triple helices, i-motifs, guanine
quadruplexes (G4s), R-loops, and others. They are produced through base pairing, a far less
powerful interaction than Watson-Crick base pairing. The G4 structure has drawn the most
interest among these non-canonical nucleic acid structures. Guanine bases can form planar
Hoogsteen-base-paired rings (also known as G quartets) in G-rich sequences. These G
quartets are stabilised by cations and frequently stack to create thermodynamically stable G4
secondary structures. Guanine quadruplex (G4) structures are prevalent in both DNA and
RNA molecules of organisms with GC-rich genomes. These structures can achieve parallel,

antiparallel, or mixed symmetry depending on the directionality of the strand's folding.

The human genome contains approximately 700,000 motifs with 1-12 nucleotide loops and
over 350,000 potential G4-forming sequences (PQS) with 1-7 nucleotide loops, according to
bioinformatics research. These G4 motifs were discovered to be particularly abundant in
promoters, first introns, and telomeres, three regulatory areas. Replication, transcription,
RNA processing, DNA recombination, and telomere preservation are just a few of the key
biological activities that G4 structures have been linked to as having a role in maintaining
genome integrity. Depending on where G4 motifs are located in the genome, these roles
change. Chromatin status and cell type both affect how dynamic the G4 structure is in vivo.
G4BPs are also involved in the direct or indirect regulation of G4 structure development and

unwinding across the entire genome and transcriptome, which has an impact on a number of

M
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biological processes. By interacting with proteins, G4s carry out many biological tasks.
Important physiological functions like telomere preservation, DNA replication, gene

transcription, and mRNA processing are regulated by G4-binding proteins.

The bacterial chromosome's (oriC) discrete origin of replication is a region with AT-rich
conserved DNA motifs and a variable number of 9-mer repeats of nonpalindromic sequences
known as DnaA boxes. DnaA, a replication initiator protein, recognises these boxes, which
trigger the construction of the replication initiation complex at oriC. Numerous bacteria that
have a single circular chromosome with a restricted number of copies each have inheritable
mechanisms for replication initiation. It has been demonstrated that the DnaA-ATP oligomer
binds to DnaA boxes at oriC in Escherichia coli and unwinds the nearby AT-rich region. The
prepriming complex is then formed as a result of the recruitment of a hexameric complex of
the replicative helicase DnaB and its loader DnaC (DnaB6-DnaCé) to the unwinding region
in oriC. This gives primase a place to bind and activate numerous processes necessary for the
replication complex, which includes DNA polymerase I1I holoenzyme, to advance. While the
DNA polymerase complex extends the primet's 3'- end, the DnaB hexameric ring translocates
in both directions to unwind the parental duplex DNA. The first round of oriC-mediated
DNA replication must wait until the oriC of freshly replicated daughter chromosomes is fully
methylated in E. coli because the beginning of DNA replication at the oriC site is strictly
regulated. Therefore, it is anticipated that there will be fewer than two copies of the main
chromosome in each cell under typical growth conditions. Recently, bacteria with a

multipartite genome system in multiple copies have been found.

Deinococcus radiodurans contains a multipartite genome system made up of a megaplasmid

(177,466 bp) and a plasmid (45,704 bp) in addition to two chromosomes (Chr I (2,648,638

hin) and Mhe T 7419 2AR hn) Tt'c intaractina tn nate that sarh aenamicr camnnnent avicte in
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numerous copies in each cell. The putative DnaA and DnaB are encoded by Chr I in D.

radiodurans.

When it comes to all known species, Deinococcus radiodurans is unmatched in its ability to
withstand oxidative stress. which affects all cellular macromolecules. Reactive oxygen
species (ROS). which can develop as a result of metabolic processes or as a result of
exposure to physical and chemical factors such as desiccation, ionising radiation, UV
radiation. mitomycin C (MMC), or hydrogen peroxide, cause oxidative stress. All ROS-
generating compounds are very resistant to D). radiodurans. Proteins, lipids, nucleic acids,
and carbohydrates are damaged by ROS produced by desiccation and ionising radiation,
which also causes double-strand DNA breaks (DSBs) in the bacterial genome that may be

fatal. D. radiodurans can endure high doses of ionising radiation that can fragment its

genome into up to 2,000 DSBs per multigenomic cell without suffering significant protein
loss. The robustness of this bacteria is a result of potent anti-oxidative stress defence
mechanisms that shield proteins from oxidative damage and a DNA repair process that
successfully assembles DNA fragments in an effective and exact manner. It is possible for
DNA repair proteins and other proteins to maintain their catalytic activity and respond

quickly to oxidative stress thanks to their antioxidation protection.

Genomic stability is mostly maintained by the biological system known as DNA mismaich
repair (MMR), which has undergone extensive evolutionary conservation. MMR is
particularly specific for base-base mismatches and insertion/deletion mispairs that are
produced during DNA replication and recombination. If left untreated, DNA damage has the
potential to lead to mutations in somatic or germline cells, which can change the cellular
phenotype and result in dysfunction and illness. Cells have several mechanisms to repair
DNA damage and, hence, stop mutations in order to avoid such harmful effects and protect

the integrity of the genome. The vital route known as DNA mismatch repair (MMR), for
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example, is one such system. DNA mismatch repair (MMR), depends on the enzyme MutS.
Mismatches are recognised by MurS, which then activates the MMR's downstream responses.
Virtually all species, including viruses, archaea, bacteria, and eukaryotes, have MutS
orthologues. A growing body of genomic data has shown that all three domains of life
contain proteins that are somewhat similar to MutS. Bacterial MutS2 is one of the MutS
paralogues that has been relatively thoroughly characterised. While knocking out mutS2 in
Helicobacter pylori was found to increase the frequency of homologous recombination,
disruption of mutS2 in Bacillus subtilis and Deinococcus radiodurans had no effect on either
strain's phenotype. This finding points to MutS2's potential involvement as an inhibitor of

homologous recombination.

Mutagenesis is a crucial laboratory technique in molecular biology where DNA mutations are
purposefully produced to produce libraries of mutant genes, proteins, bacterial strains, or
other genetically modified animals. The function of a genetic locus, process, or product can
be thoroughly explored by altering the many components of a gene, as well as its regulatory
components and gene products. The mutation may result in mutant proteins with intriguing
characteristics, improved functions, or novel functions that could be useful comMercially.
Additionally, mutant strains that are useful or enable the study of the molecular

underpinnings of a certain cell function may be generated.

In terms of genomics, a deletion is a sort of mutation that happens when one or more
nucleotides are lost from a section of DNA. Any number of nucleotides can be lost during a

deletion, ranging from one nucleotide to the loss of an entire section of a chromosome.

Utilising the molecular biology technique of site-directed mutagenesis, one can specifically
and purposefully alter the DNA sequence of a gene and its gene products. It is also known as
oligonucleotide-directed mutagenesis or site-specific mutagenesis, and it is employed for
protein engineering as well as research into the structure and biological function of DNA,

RNA, and protein molecules.
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AIM

To check the role of guanine quadruplexes in DNA replication initiation in Deinococcus

radiodurans.

OBJECTIVES

1. To purify the DnaA and DnaB proteins from recombinant strains of £. coli.

2. To study the interaction of DnaA and DnaB proteins with G4 DNA and double-

stranded DNA.

3. To construct the recombinant plasmids for deletion and site directed mutagenesis for

mutS gene of Deinococcus radiodurans.
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3.1 GUANINE QUADRUPLEXES

3.1.1 Guanine quadruplexes- the most conserved nucleic acid structure

The Watson-Crick base pairing stabilises the double helix structure B type of DNA, which is
the form of DNA that has been researched the most. Research into the non-canonical
structures of nucleic acids (DNA and RNA) and their functions in biological processes has
increased during the past few decades. Many organisms have sequences in their genomes that
are capable of creating alternate secondary structures that could obstruct activities related to
genome functions (Mirkin & Mirkin, 2007). These alternative secondary structures include
R-loops, guanine quadruplexes (G4s), i-motifs, triple helices, and more. They are created
through base pairing, a far less energy-intensive process than Watson-Crick. The G4 structure
is among the noncanonical nucleic acid structures that have been investigated the most in-
depth of these. Guanine bases can form planar Hoogsteen-base-paired rings (also known as G
quartets) in G-rich sequences. These G quartets are stabilised by cations and frequently stack
to create thermodynamically stable G4 secondary structures (Gellert, Lipsett, & Davies,
1962) (Williamson, Raghuraman, & Cech, 1989). According to bioinformatics research, the
human genome contains over 350,000 PQS (possible G4-forming sequences) with 1-7

nucleotide loops and over 700,000 motifs with 1-12 nucleotide loops (Maizels & Gray,

2013).
3.1.2 Formation of Guanine Quadruplex

The versatile and durable secondary nucleic acid structure known as the G-quadruplex (G4)
is most frequently produced in guanine-rich areas of single-stranded DNA or RNA (Hinsel-
Hertsch, Spiegel, Marsico, Tannahill, & Balasubramanian, 2018; Jochen Spiegel, Santosh
Adhikari, & Shankar Balasubramanian, 2020; Varshney, Spiegel, Zyner, Tannahill, &

Balasubramanian, 2020). The G-quartet, a square planar arrangement of four guanines bound
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together by Hoogsteen hydrogen bonding, is the fundamental structural component of the G4
(Tarsounas & Tijsterman, 2013). In general, stacks of 2-4 G-quartets and monovalent cations
like Na+ and K+ in the central channel of the (4 helix promote the creation of stable G4
structures. The same (intramolecular) or different (intermolecular) G-rich strands could be
used to build G4s. The number of stacked G-quartets, the direction and polarity of the nucleic
acid strands, and the glycosidic conformation of the guanine bases in quartets all influence
the possible topologies that G4 structures might fold into(Daniela Rhodes & Hans J Lipps,
2015; Tarsounas & Tijsterman, 2013; Varshney et al., 2020). For instance, RNA G4 is more
likely to form a parallel structure and has higher thermal stability than DNA G4, which can
form a parallel, anti-parallel, or mixed structure(Ding et al., 2020; Fay, Lyons, & [vanov,

2017).
3.1.3 Guanine Quadruplex in double-stranded DNA

Genomic DNA normally exists in a double-stranded condition, with the exception of the
telomeric ends of chromosomes. Therefore, G4 functioning may be related to procedures like
replication or transcription in which the DNA strands separate since the existence of a
complementary strand inhibits G4 development. Other elements, like DNA-binding proteins
or supercoiling, might also contribute to local double helix unwinding or instability, which
would favour G4 development. Additionally, it has been demonstrated that certain solution
circumstances, such as molecular crowding brought on by the presence of polyethylene
glycol (PEG), cause the equilibrium to shift in favour of the G4 DNA structure(Miyoshi,
Fujimoto, & Sugimoto, 2013; Miyoshi, Nakao, & Sugimoto, 2002; Zheng, Chen, Hao, &
Tan, 2010). Recently, pyridostatin (PDS), a highly selective G-quadruplex ligand (Rodriguez
et al., 2008), and its derivatives were effectively used in a number of experiments, including

the targeting and localization of G4 structures across the entire genome (Chambers et al.,
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2015) as well as the visualisation of G4 structures in living cells (Di Antonio et al., 2020) and

ex vivo (Biffi, Tannahill, McCafferty, & Balasubramanian, 2013).

3.1.4 The significance of G4 motifs

All organisms' genomes contain sequences called potential G4 ( p(i4) that have the ability to

generate G4 structures(Huppert & Balasubramanian, 2005; Daniela Rhodes & Hans J Lipps,
2015). Due to their predominance in functional sections of the genome and high level of
conservation across species, pG4s do not just appear randomly across the genome(Daniela
Rhodes & Hans J Lipps. 2015). Significantly, it was discovered that pGds are highly
abundant in regulatory areas including telomeres, gene promoters, and the boundary between
introns and exons. Furthermore, pG4 motifs have been found to colocalize with the region-
specific 5" -untranslated region (UTR) of the transcribed mRNAs in 3000 human genes and
are present in 90% of human DNA replication origins (Bugaut & Balasubramanian, 2012;
Daniela Rhodes & Hans J Lipps, 2015). As can be seen, G4 structures are crucial for DNA

replication, transcription, translation, and epigenetic modification and are intimately

correlated with genome activities(Mendoza, Bourdoncle, Boulé, Brosh Jr, & Mergny, 2016).

3.1.5 G-quadruplex-binding proteins

Protein involvement is required for the development of G4 structures and the accomplishment
of their biological roles. The term "G-quadruplex-binding proteins” (G4BPs) often refers to
proteins that can specifically bind to G4s. First, G4BPs can be divided into two major
categories based on their regulatory mechanisms and functional connections to G4s, namely
G4-folding proteins that influence G4 structures and Gd-recruited proteins, which are
functional proteins that G4 recruits (Figure 1). Second, based on how Gds are distributed
across the genome, G4BPs can also be separated into two groups: DNA G4BPs and RNA

G4BPs (Figure 2). To be more precise, there are two ways in which G4-folding proteins
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G4s stru .
affect the cturally. These proteing have the capacity to unfold G4s while

simultaneously encouraging pG4 o establish a stable quadruplex structure(Mendoza et al.,

. &P hk .
2016; Sauer aeschke, 2017; Z.-y. Sun, Wang, Cheng, Su, & Ou, 2019). Additionally, the

recruitment of G4BPs frequently occurs concurrently with the accomplishment of the
biological tasks of G4 structures (Vaclav Brézda, Héronikové, Liao, & Fojta, 2014). A

variety of helicases and DNA repair proteins recruited to the G4 formation sites unwind G4

structures and remove DNA lesions to ensure effective DNA replication and maintain
genome integrity (Mendoza et al., 2016; Pavlova, Kubareva, Monakhova, Zvereva, &
Dolinnaya, 2021; Sauer & Paeschke, 2017). Epigenetic modulators regulate the methylation
of DNA and histones through their interaction with Gds (Mao et al., 2018; Oyoshi &
Masuzawa, 2020). Transcription factors bind to G4s at the promoter sites to aid or suppress
gene transcription(Kim, 2019; Spiegel et al., 2021). Telomere-binding proteins can bind to
G4s and unfold these structures at telomeres to maintain the length and integrity of
telomeres(Takahama, Kino, Arai, Kurokawa, & Oyoshi, 2011; Takahama et al., 2013).
Additionally, G4BPs play a role in a variety of biological functions, including mRNA

maturation, post-transcriptional processing, and translational control (Amato et al., 2019).

G4-folding proteins G4-recruited proteins

(T
\

: , o
unfold l Tfold IV
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pigure 1 : Classification of proteins that bind G-quadruplexes. GABPs fall int
categories: those that fold or unfold G4s, such as nucleolin (NCL) and helicases, and those
that G4s can recruit, such as transcription factors (TF), DNA repair proteins (BRACT), and

chromatin remodelling proteins (DNA methyltransferase, or DNMT).
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Figure 2 : Location and biological purposes of proteins that bind G-quadruplexes.
G4BPs can be divided into two groups based on where they are found: DNA G4BPs and
RNA G4BPs. G4BPs carry out a variety of biological tasks in cells. (1) At telomeres,
telomere-binding proteins form a ternary complex with the G4 structures of telomeric DNA.
(2) Replication machinery encounters G4s during replication, which helicases must eliminate
to ensure successful replication. In the meantime, DNA double-strand breaks (DSBs) might
be repaired at G4 locations by DNA repair proteins. (3) In terms of epigenetic regulation,

DNA methylwransferase 1 (DNMT1) becomes inactive when it binds G4s, which causes

| S
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hypomethylation at CpG islands. (4) Multiple transcription factors have the ability to bind
G4s in the promoter regions and initiate transcription of genes. RNA G4BPs affect

translational regulation as well as mRNA maturation, including mRNA export and splicing.

3.1.5.1 DNA G-Quadruplex-Binding Proteins

Below is a discussion of recent findings regarding the role of DNA G4BPs in the regulation

of cellular essential processes.

Telomeric G-Quadruplex-Binding Proteins : Telomeres, which make up the ends of

eukaryotic chromosomes and play a key role in preserving the stability and integrity of the
genome, are nucleoprotein complexes. They have the capacity to create G4 structures and are
composed of identical TTAGGG short repeat sequences with a guanine-rich single-stranded
3" overhang (Vaclav Brazda et al., 2014; Izumi & Funa, 2019). Several proteins, including
TRF1, TRF2 (Telomere Repeat Binding Factor 1 and 2), POT1 (Protection of Telomeres
protein 1), and TPP1 (TIN2 Interacting Protein), bind to double-stranded telomeric DNA and
control how the G4 complexes fold and unwind(Baumann & Cech, 2001; Vaclav Brazda et
al., 2014; Chaires et al., 2020; F. Wang et al., 2007). To preserve telomere integrity and
guarantee telomere replication, the RecQ family helicases WRN (Werner syndrome ATP-
dependent helicase) and BLM (Bloom synd_rome protein) are attracted to the telomeres and

unfold the G4 structures (Budhathoki et al., 2014; Wu et al., 2018).
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Figure 3 : Schematic diagram of the telomere-associated protein complexes shelterin
and CST. In order to maintain telomeres, shelterin and CST are essential. Shelterin's TPP1-
POT1 subunit controls how G4 complexes fold and unwind. G4 structure creation could be

prevented and resolved using CST.

A protein complex in mammalian cells known as CST (CTCl -STN1-TEN1) is essential for
effective telomere replication and for maintaining telomere length (Bhattacharjee, Wang,
Diao, & Price, 2017; Miyake et al., 2009; Surovtseva et al., 2009; Zhang et al., 2019). CST is
a complex of single-stranded DNA-binding proteins that aids in the resolution of replication
issues throughout the genome (Bhaitacharjee et al., 2017; Zhang et al., 2019). CST's ability to
attach to the G4s and unfold them, improving the efficiency of double-stranded telomeric
DNA replication, was demonstrated through experiments (Bhattacharjee et al., 2017). hnRNP
Al and hnRNP A2/Bl (heterogenous nuclear ribonucleoproteins) are two additional
telomere-binding proteins that regulate telomere length by forming macromolecular

complexes with telomere-maintaining elements (Gonzalez, Guo, Hurley, & Sun, 2009;

Hudson, Ding, Le, Lewis, & Graves, 2014; Kriiger et al., 2010).

G-Quadruplex-Binding Proteins Involved in Replication : The G4 structure affects DNA

replication in two different ways. It encourages the start of DNA replication and might stop
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the leading- and lagging-strand polymerases from becoming uncoupled. However, it can

impede the replication fork's development and affect DNA synthesis, which might result in

genomic alterations and deletions (Sauer & Paeschke, 2017: Valton & Prioleau, 2016). A 5" -

3" DNA helicase known as FANC) (Fanconi anaemia complementation group J) is involved

in a number of biological activities, including the repair of DNA damage, G4 resolution,

homologous recombination, and maintenance of genome stability (Z.-Y. Sun et al., 2019).

For effective DNA replication, FANCJ can unfold and break down G4 structures, but its lack
will prevent replication at G4s and eventually result in DNA damage (Castillo Bosch et al.,
2014). Recent research indicates that Mms1(ubiquitin ligase complex protein) is not only a
DNA G4-binding protein but also helps Pifl bind to a specific G4 structure on the lagging

strand (Schwindt & Paeschke, 2018). Pifl from yeast is able to bind and unfold G4 structures

to facilitate DNA replication(Sauer & Paeschke, 2017).

G-Quadruplex-Binding Proteins Involved in Transcription : When found at the first intron

downstream of the transcription start site, G4s play a crucial function in the regulation of
gene expression because they inhibit RNA polymerase and decrease transcription (Kim.
2019). Endogenous G4s in promoters have been demonstrated to be important binding sites
for numerous transcription factors, including SP1, MAZ, and PARP-1 (Cogoi, Paramasivam,
Membrino, Yokoyama, & Xodo, 2010; Kim, 2019; D. Rhodes & H. J. Lipps, 2015: J.
Spiegel, S. Adhikari, & S. Balasubramanian, 2020). The nuclease hypersensitivity element
11 (NHE 1111), which is located upstream of the P1 promoter of the proto-oncogene ¢-MYC,
is where the first documented G4 on the promoter is produced (Simonsson, Pecinka, &
Kubista, 1998; Z.-Y. Sun et al., 2019). Numerous genes, including the pro-oncogenes VEGF
(D. Sun, Guo, Rusche, & Hurley, 2005), KRAS (Cogoi & Xodo, 2006), BCL-2 (Dexheimer,
Sun, & Hurley, 2006), and ¢-KIT (Rankin et al., 2005), the human platelet-derived growth

factor receptor PDGFR-B (Qin et al., 2010), and the human telomerase reverse transcriptase
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hTERT (Palumbo, Ebbinghaus, & Hurley, 2009), have been shown to produce G4 structures

in the promoter regions, The multifunctional phosphoprotein known as nucleolin (NCL) is

found mostly in the nucleolys and has a role in the synthesis of ribosomes, chromatin

remodelling, transcriptional control, (34 binding, and apoptosis (Gonzélez et al., 2009). A

member of the NM23 family of nucleoside diphosphate kinases (NDPK), NM23-H2 is a

protein with several different roles, such as Kinase activity, promoter binding, transcriptional

control, and DNA repair (Thakur et al., 2009). p53 is a tumour suppressor protein with roles

inapoptosis, DNA repair, cel] cycle regulation, and ageing. Through a variety of

mechanisms, p53 can prevent the expression of genes that control the cell cycle and promote

growth. In p53-mediated transcriptional regulation, the interaction between p53 and G4

structures in the promoter regions of P33 target genes may be crucial (Petr et al., 2016).

Other DNA G-Quadruplex-Binding Proteins

: The dynamic structuring of the endogenous
human G4 DNA landscape is influenced by a number of critical variables, including
chromatin relaxation, CTCF, hypomethylation, and remodelling (Guilbaud et al.,, 2017;
Martin J Law et al., 2010; Tikhonova et al., 2021). Since CpG islands in the human genome
are hypomethylated, ATR-X colocalizes with CpG islands (CGI) that have the potential to
generate G4 structures (Martin J Law et al., 2010; M. J. Law et al., 2010; Y. Wang et al.,
2019). According to studies, DNMT1 (DNA methyltransferase 1) interacts with these G4
sites, and the development of G4 prevents DNMT]1 from methylating particular CpG islands
and inhibiting local methylation (Mao et al., 2018). Gds interact with CTCF in vitro and
colocalize with CTCF (CCCTC-binding factor) binding sites in CpG islands. Typically,
hypomethylated CpG islands are where CTCF is recruited, and G4 can help CTCF attach to

genomic DNA by attracting chromatin proteins (Hou et al., 2019).
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A thorough investigation found that a protein's amino acid sequence, which includes domains
and motifs, affects how it functions. These domains are the fundamental components that
make up a protein's intrinsic features, such as its ability to interact with nucleic acid
sequences, and they also affect the pathways to which it belongs (Thandapani, O'Connor,
Bailey, & Richard, 2013). The G4 recognition of proteins is a multi-step process where the
crucial domain interacts with nearby disordered areas to recognise the G4 structures.
According to assessments of existing G4BPs, the known or projected binding sites in G4BPs
share specific domains or patterns (Figure 4). According to several studies, these domains are
enriched in G4BPs, which helps them interact with G4s (Kharel, Becker, Tsvetkov, &
Ivanov, 2020; McRae, Booy, Padilla-Meier, & McKenna, 2017). A greater understanding of
their traits will advance our understanding of the G4-protein interaction's binding

mechanisms while also supplying precise structural targets for future drug development.

NCL RGGGRGGFGGRGGGRGGRGGFGGRGRGGFGG
RGG/RG motif  hnRNPU RGGGHRGRGGFNMRGGNFRGGAPGNRGG
CIRBP RGGSAGGRGFFRGGRGRGRGFSRGG

RRM domain

OB-fold domain
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CIRBP all include RGG/RG motifs. The Protein Data Bank's structural code 2KRR (NCL) is

where the RRM domain structure is found. One four-stranded antiparallel sheet and two

helices arranged against the sheet make up the sandwich structure that is the RRM domain.

Protein Data Bank's structural code SW2L (CTC1) is where the OB-fold domain structure is

found. A barrel known as the OB-fold domain is made up of five antiparal lel -sheets.

3.2 RGG DOMAIN

The RGG (Arginine-Glycine-Glycine) domain, also known as the RGG/RG motif or the

GAR (glycine-arginine-rich) domain, is made up of repetitive sequences rich in RGG or RG

and exhibits remarkable evolutionary conservation (Kharel et al., 2020; Thandapani et al.,

2013). More than 1000 human proteins have been shown to contain RGG/RG motifs, which

are known to have an impact on transcription, mRNA translation, DNA damage signalling

pathways, precursor mRNA splicing, and apoptosis (Thandapani et al., 2013). In a recent

study, 77 human G4-binding proteins were examined to determine their amino acid makeup.

The study showed a considerable enrichment of glycine and arginine as well as high

abundance in RR, GR, and RG in G4BPs when compared with a random subset of the human

proteome and a well-defined group of nucleic acid binding proteins. The presence of a

conserved RG-rich motif, a defining feature of G4BPs, was investigated through research (V.

Brézda et al., 2018).

The RGG domain has been demonstrated to mediate G4-protein interactions and is typically

present in G4BPs. For instance, the RGG domain is present in hnRNP U (Jzumi & Funa,
2019). For the recognition of the c-MYC NHE II11 sequence and the encouragement of G4
development, nucleolin's C-terminal region, which is made up of the RNA-binding domains

(RBD) 3 and 4, as well as the RGG domain, is crucial. Additionally, the GAR domain, which
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has been shown to be essential for NRAS rG4-DDX3X interaction, is present in more than

half of the newly discovered NRAS rG4BPs (Herdy et al., 2018; Huang et al., 2018).

In the RGG domain, the small residue paps between RGG repeats usually include aromatic

amino acids. The tiny segment RGG motif in the RGG domain significantly increases the G4
binding affinity, according to research on the binding mechanisms of this domain. According
to Huang et al., the internal configuration of RGG repeats and gap amino acids is more
important for G4-protein interactions than the length and quantity of RGG repeats. The seven
RGG repeats in the peptide 12's structure were shown to be effective DNA G4 binders in
experiments. On the basis of the aforementioned findings, they learned that the RGG peptide
12 found in the cold-inducible RNA-binding protein (CIRBP) could bind G4s both in vitro
and in vivo and that this peptide is crucial for CIRBP's recognition of G4s. The team’s
investigation of G4-binding RGG motifs led to the discovery of a new G4-binding protein
and a wealth of fresh information on the interaction between the RGG peptide and G4s

(Huang et al., 2018).

3.3 DEINOCOCCUS RADIODURANS

3.3.1 Scientific Classification and Background

Kingdom: Bacteria

Phylum: Deinococcus-Thermus
Class: Deinococci

Order: Deinococcales

Family: Deinococcaaceae
Genus: Deinococcus

Species: radiodurans
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Gram-positive bacteria called Deinococcus radiodurans, also known as a polyextremophile,
can withstand extreme cold, dehydration, hoovering, acid, and radiation. It was initially
discovered in a can of beef that had received a significant dose of radiation at the Oregon
Agricultural Experiment Station (Anderson, 1956). Living up to its Latin name, "strange little
berry that withstands radiation," it has been shown to withstand radiation doses up to 1,000
times higher than those that would normally kill a human. It is a spherical, 1.5-3.5 mm in
diameter, non-spore-forming, non-pathogenic bacteria. It is a mesophile with a thermal

radiation of over 39 degrees and thrives between 30 and 37°C (Makarova et al., 2001).

D. radiodurans demonstrates exceptional resilience to desiccation, radiation, and other
factors that might damage DNA(Lange, Wackett, Minton, & Daly, 1998). This bacteria has
effective methods for repairing damaged DNA and guards against oxidative damage to its
other biomolecules. It is a proteolytic-living organotrophic bacteria. The following minimal
conditions are needed for D. radiodurans to develop productively: a carbon source, nicotinic

acid, sulphur, nitrogen, and manganese (Mn) sources (Minton, 1994; Moseley & Evans,

1983; P. Wang & Schellhorn, 1995).

3.3.2 Cell Structure

It exists in tetrads, and its genetic material is packed in toroidal form. Under regulated growth
conditions, cells of dimer, tetramer, and even multimer morphologies can be formed. Bacteria
can be easily grown at temperatures between 30°C and 37 °C, with a doubling period
between 1.5 and 3 hours. It can tolerate about 200 double strands and 3000 single strand
breaks per genome and demonstrates an excellent biphasic DNA strand break repair process
(Carroll, Daly, & Minton, 1996). The cell envelope consists of six layers: the plasma
membrane, peptidoglycan layer, compartmentalised layer, electron-transparent zone, outer

membrane, and a hexagonally packed intermediate layer. Some Deinococcus bacteria also
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nave a thick layer of carbohydrates. During cell division, the septum is only formed by the

cytoplasmic membrane and the peptidoglycan layer. The additional layers are thought of as a

sheath because they form on the surface of daughter cells when they separate and surround

clusters of cells. The mucopeptide that makes up the holey layer contains four major amino

acids (glutamic acid, alanine, glycine, and L-ornithine), glucosamine, and muramic acid.

Carotenoids, lipids, proteins, and polysaccharides are found in the layer that is hexagonally
packed. Heptose is absent from the polysaccharide, which also contains residues of rhamnose
and mannose as well as galactose and glucose. Phosphoglycolipids, which are thought to be
exclusive to D. radiodurans, account for 43% of the membrane lipids and have alkyl amines

as structural constituents. There aren't any prevalent bacterial phospholipids like

phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, or phosphatidylinositol

(Work & Griffiths, 1968).

Deinococcus radiodurans Tetrad (Bacteria)

Plasma Membrane
Outer Layer Cell Wall

sl

20 B

4 3
e

Ribosomes

Septum

Figure 5 : Tetrads of D. radiodurans
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3.3.3 Genome structure

It contains a multipartite genome with a total length of 3,284,156 base pairs. This genome is
made up of two chromosomes (2,648,638 and 412,348 base pairs each), a mega plasmid
(177,466 base pairs), and a small plasmid (45,704 base pairs). There are 3,195 genes in it
(White et al., 1999). The bulk of the proteins required for this bacterium’s normal growth are
encoded on chromosome 1, which serves as the primary chromosome. In contrast, other
genome replication units encode proteins that are mostly responsible for this bacterium's

secondary phenotypes (Maurya, Chaudhary, Pandey, & Misra, 2021).

3.3.4 Manganese content

Presence of manganese in Deinococcus radiodurans helps in efficient growth and resistance
against irradiation. Different concentrations of Manganese display the capacity of these cells
to survive irradiation. When D. radiodurans cultures are starved of Mn(II), their resistance to
ionizing radiation decreases (Daly et al.,2004). The numbers of DNA double-strand breaks
formed are the same for a specific dose of ionizing radiation both in the presence or absence
of Mn(Il), so Mn(Il) does not prevent DNA damage. Instead, cellular damage that results

from exposure to high radiation doses is better tolerated if Mn(Il) is present.

3.3.5 DNA Replication in D. radiodurans

The bacterial chromosome's origin of replication (oriC) is a distinct locus that includes AT-
rich conserved DNA motifs and a variable number of 9-mer repeats of nonpalindromic
sequences known as DnaA boxes. DnaA, a protein that initiates replication, recognises these
boxes, and oriC then assembles the replication initiation complex (Messer, 2002; Mott &
Berger, 2007). It has been demonstrated that the DnaA-ATP oligomer binds to DnaA boxes at
oriC in Escherichia coli and unwinds adjacent AT-rich regions. The prepriming complex is

then formed as a result of the recruitment of a hexameric complex of the replicative helicase
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DnaB and its loader DnaC (DnaB6-DrnaC6) to the unwinding region in oriC (Chodavarapu &
Kaguni, 2016; Skarstad & Katayama, 2013). This gives primase a place to bind and activate
numerous processes necessary for the replication complex, which includes DNA polymerase
[l holoenzyme, to advance. While the DNA polymerase complex extends the primer's 3’
end, the DnaB hexameric ring translocates in both directions to unwind the parental duplex

DNA (McHenry, 2011; Yao & O'Donnell, 2010).

The multipartite genome system of Deinococcus radiodurans —consists of two
chromosomes—Chr 1 (2,648,638 bp) and Chr II (412,348 bp)—as well as a megaplasmid
(177,466 bp) and a plasmid (45,704 bp) (White et al., 1999). It's interesting to note that each
genomic component exists in numerous copies in each cell (Hansen, 1978). D. radiodurans’
chromosome 1 carries the DnaA and DnaB genes, while chromosome II carries the Pprd
gene, which has been studied for a variety of roles (Adachi et al., 2014; Kota, Charaka,
Ringgaard, Waldor, & Misra, 2014; Kota et al., 2016; Narumi et al., 2004). Recent research
on PprA's expanded structure raised the notion that it might function as a protein scaffold
(Adachi et al., 2019). In D. radiodurans, the functional characterization of the chromosome
replication initiation proteins DnaA and DnaB was published, and it was shown that Pprd is
crucial for the control of DNA replication. Chromosome I and Chromosome II had more
copies in the Ppr4 mutant, which was balanced by the in-trans production of Ppr4 from the
wild type. PprA overexpression had an interestingly neutral effect on the number of copies of
-type cells. PprA overexpression had an interestingly

the various genome components in wild

neutral effect on the number of copies of the various genome components in wild-type cells.
DnaA was identified as an oriCl-sensitive ATPase and a sequence-specific origin of
replication (oriCI) binding protein. In addition to having a higher affinity for single-stranded
DNA (ssDNA) than double-stranded DNA (dsDNA), DnaB was discovered to be an ATP-

dependent 5° —3’ dsDNA helicase. It's interesting to note that PprA suppressed both
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homotypic and heterotypic interactions between these proteins by interacting with DnaA with
a higher affinity than DnaB. Furthermore, DnaA's ATPase activity was downregulated by
PprA, but DnaB's ATPase and helicase activities were unaffected. These findings imply that
in D. radiodurans, DnaA and DnaB perform the essential tasks required for the start of
replication at oriCl. Further evidence for Ppr4's role in regulating chromosomal replication
in this bacterium came from its interference with the physicochemical properties of these
replication proteins as well as from an increase in the copy numbers of both primary and

secondary chromosomes in its absence (Maurya et al., 2021).

DnaA

Bacteria were the first organisms among which the replicon model was established. In
Escherichia coli, the initiator protein DnaA selectively binds to the 250-bp AT-rich replicator
sequence oriC, causing local ATP-dependent DNA unwinding and replicative DNA helicase
(DnaB) loading (Figure 6). After that, DNA polymerases and other replication fork

components are assembled, and replication is then started (Chesnokov & Akhmetova, 2021).
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Figure 6 : Origin of replication in prokaryotes and eukaryotes. One origin starts 0ne
replication fork on each bacterial chromosome. On eukaryotic chromosomes, there are
numerous probable origins. The rate at which replication forks advance is correlated with the

activation of these origins; if forks advance slowly, more origins are activated.
Structure :

The DnaA protein is made up of an amino-terminal domain I that is involved in helicase
recruitment and has specific residues that are necessary for oligomerization at oriC, a variable
and possibly inconsequential domain II, a core domain III that contains the nucleotide
binding site and an oligomerization motif, and a carboxy-terminal DNA binding domain

(Boeneman et al., 2009).
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fFigure 7 : The DnaA protein's domain structure. (Top) The structures and functions
of the four domains that make up DnaA are listed below. Domains 11I-TV are homology
models, while domain I is an NMR structure from Protein Data Bank 2E0G. (Bottom)
The homooligomerization of DnaA domain I11 proceeds from head to tail. One molecule
interacts with the arginine finger side of another molecule through its ATP-bound side.

3.3.6 DNA Damage Resistance and DNA Repair Mechanisms:

D. radiodurans can repair about 200 DSBs or 190 cross-links per genome copy without
losing viability, and it is 30 times and 1,000 times more radiation resistant than E. coli and
humans, respectively. It is extremely resistant to numerous DNA-damaging chemicals that
cause various types of DNA damage. Double-strand breaks (DSBs), single-strand breaks
(SSBs), and base damage are produced by ionising radiation and desiccation; different
pyrimidine dimers are created by UV radiation; and severe base and nucleotide damage is
produced by hydrogen peroxide, methyl methane sulfonate (MMS), N-methyl-N’ -nitro-N-

nitrosoguanidine, nitrous acid, and hydroxylamine.
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Figure 8 : Extreme resistance of D. radiodurans to gamma rays
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Diverse DNA repair mechanisms, including direct damage reversal, base and nucleotide
excision repair, mismatch repair, and recombinational repair, are used by D. radiodurans to
withstand DNA damage. Tonising radiation damages the DNA by causing double-strand
breaks into several pieces, but it also causes at least ten times as many SSBs and significantly
more base damage sites. The most serious type of DNA damage, DSBs, is repaired
sequentially by two mechanisms called "extended synthesis-dependent strand annealing”

(ESDSA) and homologous recombination by crossovers (Makarova et al., 2001).

Double Strand Break (DSBs) Repair by Homologous Recombination

DNA double-strand breaks (DSBs) can result in significant genomic rearrangements and pose
a serious danger to genome integrity and cell survival. Homologous recombination (HR) is
the main DSB repair mechanism in bacteria. DSBs are accurately repaired by HR in a step-
by-step manner using data from an undamaged homologous template. DSB recognition, DNA
end processing, RecA loading, strand invasion and branch migration, and Holliday junction
resolution are the five main phases of HR. It has been discovered that in D. radiodurans, an
extended synthesis-dependent strand annealing (ESDSA) mechanism occurs before HR,

enabling quick reconstruction of a complete genome post-ionising radiation.
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Figure 9 : Multiple homologous recombination (HR)-mediated mechanisms, including
double-strand break repair (DSBR) and synthesis-dependent strand annealing (SDSA),
are capable of repairing double-strand breaks (DSBs). (a) Repair is started in both pathways
by resecting a DSB to create 3' single-stranded DNA (ssDNA) overhangs. These 3' ssDNA
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3.4 PROTEIN PURIFICATION

For the purpose of characterization of the function, structure, and interactions of the target
protein, protein purification is essential. In the process of purification, the protein and non-
protein components of the mixture may be separated out, and then the desired protein can be
separated from all other proteins. In most separation processes, differences in protein size,
physico-chemical characteristics, binding affinity, and biological activity are taken advantage
of. Either preparative or analytical methods are used to purify proteins. The goal of
preparative purifications is to create a sizable amount of purified proteins for later usage. The
analytical purification procedure yields a relatively small quantity of a protein for a range of

analytical or research applications, such as identification, quantification, and examinations of

the protein's structure, post-translational changes, and function.

3.4.1 Affinity Chromatography

Affinity Chromatography is a separation technique based upon molecular conformation,
which frequently utilizes application specific resins. These resins have ligands attached to
their surfaces which are specific for the compounds to be separated. This relies on the
reversible interactions between the protein and the affinity ligand coupled to the
chromatographic matrix. The proteins are expressed with a specific affinity tag such as a
sequence of 6 to 8 histidines into the N- or C-terminal of the protein and purified using
immobilized metal- affinity chromatography (IMAC). The polyhistidine binds strongly to
divalent metal ions such as nickel and cobalt. The protein can be passed through a column
containing immobilized nickel ions, which binds the polyhistidine tag. All untagged proteins
pass through the column. The protein can be eluted with increasing concentrations of

imidazole, which competes with the polyhistidine tag for binding to the column.
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4.1 Bacterial strains used
S S S IS S S

Deinococcus radiodurans R]

This wild type strain of Deinococcus radiodurans R1 was used to isolate gene of

interest.

Nova Blue

Nova Blue cells are used for routine molecular cloning applications. It is a K-12
derived strain and offers high transformation efficiency, aids stability of the
plasmid, along with blue/white screening with appropriate plasmids. It also has

recA and endA mutations resulting in higher yields of plasmid with better quality.

DHSa

DH5a cells are used for molecular cloning applications. They are defined by three
mutations: recAl, endAl, which help plasmid insertion, and lacZM15, which
enables blue white screening. The recAl mutation is a single-point mutation that
replaces glycine 160 of the rec4 polypeptide with an aspartic acid residue in order

to disable the activity of the recombinasesand inactivate homologous

recombination. The endA4l mutation inactivates an intracellular endonuclease to

prevent it from degrading the inserted plasmid.

BL21 (DE3)

E. coli BL21 (DE3) is the ideal choice for routine protein expression and is one of

the most widely used systems for expression of recombinant proteins. It harbors a
lambda DE3 prophage, that is derived from bacteriophage A that carries the gene
for T7 RNA polymerase under the control of lacUV5 promoter. This allows the

expression of T7 RNA polymerase upon induction with IPTG.
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SHuffle

SHuffle strains have been engineered from two different E. coli strains; E. coli B
(C3029) and E. coli K-12 (C3026) to catalyze the formation and permit the
maintenance of stable disulfide bonds within the cytoplasm of E. coli. SHuffle
strains are capable of oxidising cysteines in proteins to create disulfide bonds.

These strains have proved extremely helpful in creating novel disulfide-bonded

proteins that previously couldn't be generated in traditional E. coli production

strains.

4.2 Plasmid

pET series of expression plasmids are one of the widely used systems for
expression of recombinant proteins in E. coli. pET-28a (+)(+) is the most popular
expression plasmid in which the target genes are cloned under the control of strong
bacteriophage T7 promoter and adjacent /ac operator to suppress uninduced
expression. The size of this plasmid is 5.3 kb. The gene of interest has to be
inserted downstream of this region. The pET-28a (+) vector contains an N-
terminal His Tag/thrombin/T7 tag configuration including an optional C-terminal
His Tag sequence. This allows for easy purification of proteins on the Ni** atfinity
chromatography. It contains gene for kanamycin resistance that facilitates

screening of plasmids with the desired gene of interest.

4.3 Plastic and glass ware
Disposable polypropylene micro centrifuge tubes (0.2ml, 0.5 ml, 1.5 ml and 2 ml) and
micropipette tips were from Tarsons, India or Axygen, USA. Polypropylene SS34 tubes
were from Tarsons, India. All the glasswares were from Corning, USA or Borosil,

India. All the plastic wares and glasswares were sterilized by autoclaving. Glasswares

.
|
E

were also sterilized by baking at higher temperature for 3 hrs.
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4.4 Chemicals and Media

All the dehydrated components of the media were from Difco laboratories, USA.

Other chemicals were from Sigma Aldrich

4.5 Composition of Stock Solutjons.

Tablel. Stock Solutions,

—

USA.

its concentration and Storage

il Concentration Storage conditions
Stock Final/Working

Catla 1.OM 100mM 4°C
Ethidium Bromide Smg/ml 0.5pg/ml RT
Sodium Chloride 5.0N As required RT
Sodium Acetate 3.0M (pH 5.0) As required RT
TrisHCI (pH 8.8) 1.5M As required RT
TrisHCI (pH 8.0) 1.0M As required RT
TrisHCI (pH 7.6) 1.0M As required RT
TrisHCI (pH 6.8) 1.0M As required RT
Sodium Hydroxide 10N As required RT
Potassium Chloride 25M 20mM RT
EDTA 5 mg/ml 0.5 pg/ml RT
Glycerol 100% As required RT
Imidazole 8M As required 4°C

Lysozyme 100mg/ml Img/ml -20°C
PMSF 100MM ImM 4°C
Triton X-100 10% 0.2% RT
Acrylamide 30% As required 4°C
APS 10% As required 4°C
TEMED Stock (Sigma) | As required 4°C
SDS 10% As required RT
PTG 1.0M As required 4°C
NP40 10% 0.3% RT
Sodium Lauroyl 10% 0.3% RT

Sarosinate

h__Pyridostatin (PDS) -20°C
CHAPS 10% 1% RT
Nickel Chloride 0.5M As required RT

e ———————————
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4.6 Composition of commonly yseq reagents

1M TrisHCI

121.1g of Tris base was dissolved in 800ml of Distilled water and the pH was

adjusted using conc. HCL. The solution was then cooled to RT and it was adjusted
to the required pH and checked with the help of pH meter. The final volume was

made to 1 litre using Autoclaved distilled water, then autoclaved and stored at RT.

0.SM EDTA (pH 8.0)

186.1 gm of C10H14N205*2Na*2H,0 (Ethylenedinitrilotetraacetic acid disodium
salt dehydrate) was dissolved in 800ml DDW and the pH was adjusted to 8.0 using
10N NaOH or using Sodium hydroxyl pellets. The final volume was made up to 1
litre using DDW, the solution was autoclaved and stored at RT.

SN NaCl

292.2g of NaCl was dissolved in 800ml of distilled water. The solution was stirred
on a magnetic stirrer to facilitate complete dissolution of the salt. The volume was
made up to 1 litre using DDW and the solution was filtered using Whatman Filter
paper, autoclaved and stored at RT.

10N NaOH

200g of NaOH was dissolved in 400ml of DDW for a total volume of 500ml. The
final volume was made up to 500ml using autoclaved Distilled water and stored.
IM Calcium Chloride

111g of Calcium Chloride was dissolved in 900ml of DDW. The mixture was kept
on magnetic stirrer to ensure uniform mixing and distribution. The solution

volume was made up to 1 litre, autoclaved and stored at 4°C. The stock solution
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was diluted further to make working solution of 100mM using autoclaved distilled

water.

8M imidazole

54.46 gm Imidazole was dissolved in 100mL sterile water and stored in an amber

colored bottle.

Lysozyme

Lysozyme was prepared at a concentration of 100mg/ml in 10mM TrisHCI (pH
8.0) and freshly used.

100mM PMSF

0.87 gm of PMSF was dissolved in 50mL of [sopropanol and kept for through
mixing, and stored at 20°C for further use.

IMIPTG

Dissolve 2.38 gm of IPTG in around 8mL of 15 mL falcon tube and make the
volume to 10 mL using distilled water. The solution was sterilized with 0.22-

micron filter paper and aliquots of ImL were distributed in 1.5 mL microfuge
tubes and stored at -20°C.

Acrylamide Stock (30 %)
29 gm of Acrylamide and I gm of N, N-Methylene bis-acrylamide was dissolved

in 70 ml double distilled water at 37°C. The solution was kept at magnetic stirrer

for 30 mins to ensure proper mixing. The solution was filtered through whatman

filter paper and stored at 4°C.

2X Laemelli Cracking buffer/2x SDS gel loading dye

460 gm of SDS, 7.6 mL of EDTA, 2 mL of Glycerol, 20 mg of sodium azide, |

mL of B-mercaptoethanol in 2.5 ml of 0.5M TrisHCI, pH 6.8, 150 pul of 100mM
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PMSF, and 0.

50
7o of Bromophenol blye were mixed and the volume was made upto

10mL using Distilled water,

10X Tris Glycine buffer (SDS Tank buffer/Protein running buffer)

To, 800 ml of autoclaved distilled water 30 gm of Trizma base, 144 gm of Glycine

and 10 gm of SDS was added. The pH was adjusted to 8.3 and the volume was

adjusted to 1 L with D/W.

TE Buffer

10mM Tris-HCI (pH 8.0) and 1mM EDTA (pH 8.0) were diluted from their

respective stock solutions. Small aliquots of this solution were distributed,

autoclaved and stored at room temperature.

10X PBS

1.37M (80g) Sodium Chloride in 800 ml of distilled water, 18mM (2.4g) Mono
potassium Phosphate, 100mM di-Sodium Hydrogen Phosphate Dehydrate, 27mM
(2g) Potassium Chloride the solution was autoclaved and stored at RT. The buffer
is diluted to 1X with sterile autoclaved distilled water before use.

5X TBE

54 g of Tris base, 27.5 g of boriC acid and 20 mL 0.5M EDTA (pH 8.0) is
dissolved in distilled water and the volume is made upto 1 litre. The buffer is
diluted to 0.5X with sterile autoclaved water before use.

2.5 M KCl

Dissolve 46.25 g of KCI in 250 mL of distilled water. The solution is autoclaved
before use.

De-stain solution I

500 ml of Methanol was mixed with 100 ml of Glacial Acetic Acid, and the

volume was made to 1 litre with distilled water.

s ——————————————————
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__g:_:_r—fcmmassie Brilliant Blye Stain

Dissolve 0.25 .
! gm of CBB R250 N around 90 mL of methanol: H20 (1:1, v/v) and

ey

4.7 Preparation of Antibiotic Stock solutions

were prepared either using sterile diluents or filter

distributed in vials and stored at -20°C.

Table2. Stock solution of Antibiotics

Whatman filter paper no. | 10 remove any particulate matter and store at RT.

| of glaci i i .
10 ml of glacial acetic acid, Mix the solution thoroughly and filter with the help of

Preparation of stock solution of antibiotic is mentioned in Table. All the antibiotics

sterilized. Small aliquots were

Antibiotic Stock Working concentration (pg/ml)
solution
(mg/ml) For E. coli For D.
radiodurans
Kanamycin 50 25 8
Ampicillin 100 100 -
Spectinomycin 100 70 75 B
Chloramphenicol 34 20 3

4.8 Composition of Media

Composition of Media used is mentioned in Table. The final volume was made up
using Stage -1 Distilled water. The media was sterilized by autoclaving at 121°C
at 15 p.s.i for 20 minutes and stored at RT unless specifically mentioned. For Agar
the final concentration of 1.7% was used. The media was allowed to cool down

before adding appropriate antibiotics and poured. All the plates with or without

L antibiotics were sealed using parafilm and stored at 4°C until further use.
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Table3. Luria Bertani Broth and Luria Bertani Agar composition

Components Luria Broth (1L) | Luria Bertani Agar @00ml) |
Bactotryptone 10gm 2gm B
Bacto yeast extract 5gm Ig
NaCl 10gm 2gm
Bacto Agar - 3.4gm (1.7%)

Stage 1 Distilled water | 11, 200ml

Tabled. Tryptone Yeast Glucose (TYG) broth and Tryptone Yeast Glucose Agar

composition
Components Tryptone Yeast Glucose Broth | TryptoneYeast
(1L) Glucose Agar
(200ml)
Bactotryptone 10gm (1%) 2gm
Bacto yeast | S5gm (0.5%) lg.
extract
Glucose 1gm (0.1%) 0.2gm
Bacto Agar - 3.4gm (1.7%)
Distilled water IL 200ml

4.9 Kits used for the experiments

Table5. Purification kits

Sr.no

Pu rpose Kits used

Plasmid extraction

QIA prep Spin Miniprep Kit- QIAGEN

Gel extraction

QIA quick Gel extraction Kit-QIAGEN

PCR Purification

QIA quick PCR Purification Kit-QIAGEN
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4.10 Agarose Gel electrophoresis req ents and buffer composition

Reagents

Agarose used was from Sigma Aldrich for qualitative and quantitative work.
Buffers used in Agarose Gel electrophoresis

50X TAE

242¢ of Trizma Base was dissolved in around ,800ml.of Distilled water, and 57.1
ml of 100% Glacial Acetic Acid and 100ml of 0.5M EDTA were added. The
volume of the solution was makeup using autoclaved distilled water to 1L, and

autoclaved and stored at RT. Before use, the buffer was diluted to 1X with
autoclaved distilled water.

6X DNA loading buffer /dye

To prepare 10 ml of 6X DNA loading dye, weigh out 25 mg Bromophenol blue.

Transfer it to a 15-mL screw-capped tube. Add 10 ml of 40% Sucrose solution

4.11 Enzymes used along with other molecular biology reagents

PCR reagents

2X Phusion master mix along with 100% DMSO were provided by New England
Bio labs.

Restriction digestion Components

Restriction endonucleases (Ecori, Ndel, Ncol, BamHI) along with 10X CutSmart

buffer were from New England Bio labs.

Ligation components

The enzyme T4 DNA ligase 100 Units and 10X ligation buffer with ATP were
provided by Roche.

4.12 Plasmid extraction (Chloroform-isoamyl alcohol)

Resuspension buffer (50mM glucose, 25mM TrisHCI pH 8.0, 10mM EDTA)

0.18g of Glucose is dissolved in 80mL of MilliQwater, in this 2.5mL 1M
TrisHCl pH 8.0, along with 2mL 0.5M EDTA is added. The volume of the
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solution was makeup using MilliQ grade water to 100ml. The solution was

autoclaved and RNaseA (100ug/ml) was added and stored at 4°C.

Lysis buffer (1% SDS and 0.2N NaOH)

0.2ml1 of 10N NaOH with 1ml of 10% SDS is added and the solution volume is
adjusted to 10ml by autoclaved distilled water. The solution was stored at RT.

Note: This solution is to be prepared freshly while use.
Neutralization Buffer (SM Potassium Acetate)

29.4 gm of Potassium Acetate was dissolved in 50ml of autoclaved distilled
water and around 11.5ml glacial acetic acid was added to get the (pH 4.8). The

volume of the solution was makeup to 100mL using Autoclaved distilled water

and stored at 4°C.

4.13 Composition of SDS-PAGE (For 2 gels)

Table6. Components of SDS-PAGE gel

Components Resolving gel (10 mL) | Stacking gel (5 mL)
Autoclaved distilled water 2.6 mL 3.4 Ml

Tris Buffer 2.8 mL pH (8.8) 630 puLpH (6.8)
30% Acrylamide 3.4 mL 630 pL

10% SDS 100 L 50 uL

10% APS 100 uL. 50 pL

TEMED 10 pLL 5pL

4.14 Protein Purification using IMAC

Lysis Buffer — 1

20mM Tris-cl pH 7.6, 500mM NaCl, ImM PMSF, 10% Glycerol

Lysis Buffer -2

20mM Tris-cl pH 7.6, 500mM NaCl, 10mM Imidazole, ImM PMSF, 5MM, 0.1%

Triton-X 100, 0.1% NP-40, Protease inhibitor, 10% Glycerol and Lysozyme

3mg/ml
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Wash Buffer

Tris-cl pH 7.
20mM Tris-cl pH 7.6, 300mM Nacl, 8oy Imidazole, ImM PMSF, 10% Glycerol

Elution Buffer

20mM TI‘L“?.-Cl PH 7.6, 300mM NaCl, 1mMm PMSF, 10% Glycerol. 12 ml of buffer
used with different concentration of Imidazole — 100mM 300mM, 500mM

Pellet Solubilization Buffer

S0mM  Tris-cl pH 7.6, 300mm NaCl, ImM PMSF, 0.5% Sodium Lauroyl

Sarosinate
Dialysis Buffer

20mM Tris-cl pH 7.6, 150mM NaCl, ImM PMSF, ImM EDTA, ImM MgCls,
Protease inhibitor cocktail, 10% or 50% glycerol.

Equilibration Buffer

20mM Tris (pH 7.6), 300mM NaCl, ImM PMSF, 10% Glycerol.

4.15 Western Blotting

10X Western Transfer Buffer

For 10X Transfer buffer-25 mM Tris, 192 mM Glycine

For 1X Transfer Buffer (100 ml)-10 ml 10X Transfer Buffer; 20 ml methanol, and the

volume is made up with autoclaved distilled water.

Blocking buffer:

20 mM Tris (pH 7.6); 800mM NaCl, 3% skim milk powder was dissolved in autoclaved

distilled water.
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Washing buffer-TBS 2.

il T (P S0l 300mM-1m NaCl, 0.1% Tween-20, was added in autoclaved

distilled water.
Alkaline Phosphatase buffer (Detection Buffer):

100mM Tris (pH 8.8), 100 mM NaCl, 50mM MnCl; was added in 50 ml of autoclaved

distilled water,
BCIP/NBT

5-bromo-4-chloro-3-indolyl-phosphate/nitro  blue tetrazolium—Color Development

Substrate

4.16 Antibody used

Table7. Antibody and their characteristics

Antibody Purpose | Characteristics
Anti His | WB/Co- | Antibody against 6X His Tag
Antibody IP

Mouse Anti- | WB/Co- | Primary antibody recognizes an epitope on the target
T18 Primary Ab | IP antigen. It is produced by a host organism that is of a

different species than the specimen.

——

Rabbit  Anti- | WB/Co- | Secondary antibodies bind to the heavy chains of primary

antibodies, so that they don’t interfere with the primary

Mouse IP

Secondary Ab antibody binding to the antigen. This secondary antibody is
made in a species that is different than both those of the
primary antibody or the specimen.
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4.17 Composition of 152

Native PAGE gel (For 2 gels)

Table8. Components of Native-

Components PA'GE we
Resolving gel (20 mL)

Autoclaved distilled water 5.9 MI

5X TBE 2 M|

30% Acrylamide 9.8 mL

2.5M KClI 160 pL

10% APS 150 uLL

100% Glycerol 2 mL

TEMED 10 uL

4.18 Electrophoretic Mobility Shift Assay (EMSA)

EMSA Running Buffer

0.5X TBE, 20mM KCl in required amount of autoclaved water.

10X Protein Buffer

500mM Tris-cl pH 7.6, 250mM KCI, 100mM NaCl, ImM MgCl,, ImM DTT, 10%

Glycerol, the volume was made upto ImL.
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CHAPTER-5

METHODOLOGY
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5.1 Growth of bacterial Culture
e

For E. coli strains (N BfDHScUBLzl )

|. Bacterial culture was streaked on LB agar plate from glycerol stock.
2. The plate was incubated overnight at 37°C
3. A single colony from the plate wag further inoculated into 5ml LB broth with or

without antibiotic and incubated overnight at 37°C, 150 rpm.

For Deinococcus radiodurans R1
* Bacterial culture was taken from glycerol stock and streaked on TYG agar plates
without any antibiotic.

* The plate was incubated overnight at 32°C.

* A single isolated colony was inoculated into sterile 5ml TYG broth and

incubated at 32°C overnight at 150 rpm.

5.2 Isolation of plasmid DNA (QIAprep Spin Miniprep Kit-QIAGEN)

Alkaline lysis method was used to isolate plasmid DNA from the cells. In this

method the cells are lysed under alkaline conditions and makes use of three buffers
namely Buffer P1, Buffer P2 and N3 buffer. Buffer Pl is a Resuspension buffer
with Tris buffer, EDTA, RNase A and Glucose. It helps resuspending bacterial cell
pellet. The buffer P2 is a lysis buffer with NaOH and SDS used for lysis of cells.
The SDS in the buffer solubilizes the phospholipids and proteins associated with
the cell membrane. It creates pores inside the cell, and leads to release of all the
cellular content outside the cell. NaOH denatures the chromosomal DNA
irreversibly whereas the Plasmid DNA being smaller in size renatures back. The
two strands of plasmid DNA are topologically constrained, even though denatured

they remain together. Lysis reaction is allowed to proceed not more than 5 min,
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during which plasmid DNA is released Wwithout release of chromosomal DNA. The

N3 Buffer is the neutralization Buffer that contains potassium Acetate, hence in

the presence of high salt conditiong cellular debris such as proteins, ssDNA, and

other components of the cell settle at the bottom, whereas plasmid DNA renatures

and remains in the solution,

protocol

. Pellet down 1-5ml of Overnight grown bacterial culture at 7000 rpm for 1 min in
a tube. Resuspend the pellet in 250-300p1 of Resuspension buffer P1 and vortex
properly to ensure uniform distribution of cells without clumps.

. Add 250-300pl of Lysis buffer P2 and mixed by inverting the tubes 4-5X and
allow the reaction to proceed for not more than 5 mins.

. Add 350-400ul of Neutralization Buffer N3 and mix thoroughly by gently
inverting the tubes 4-5X incubate for 5 mins on ice and spin at 12,000 rpm for
10mins to obtain pellet.

& The supernatant obtained was loaded on QIAprep 2.0 Spin column by carefully
pipetting the supernatant and the pellet was discarded.

‘ The supernatant was centrifuged at 8,000 rpm for 30sec. The flow through
obtained was again put on the same column and centrifuged to get better yields.
After centrifugation at same speed, the flow through was discarded.

) The column was washed with 300p! of Wash Buffer PE and centrifuged again at
8000 rpm for 30sec. The flow through was discarded again. Repeat this step

twice.

* Empty spin of around 1:30 mins at 10,000 rpm was done to remove traces of

alcohol.
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B .
hile, (Sta; illi i
Meanwhile, (Stage2) MilliQ water i filtered using 0.2micron filter and is used

for elution.

Transfer the spin column tq L.5ml micro centrifuge tube and add S0ul of MilliQ

water, incubate for 5 mins ang spin at 10,000 rpm for 1:30 min
5 The purity of the plasmiq was checked on Agarose Gel electrophoresis and

concentration of the plasmid was estimated by Nanodrop

. The plasmid was stored at -20°C until further -

5.3 Amplification of inserts by PCR

Polymerase chain reaction is a technique most comMonly employed in molecular
biology laboratories to amplify the desired segment of gene using polymerases. A
template DNA is used in the reaction, on to which specifically designed primers anneal
to the region which has to be amplified at specific temperature conditions. The primers
for the gene can be comMercially synthesized. In order to determine the optimum
annealing temperature of the primers to the template, gradient PCR was performed for
successful amplification of inserts or segment of gene. Phusion Rich GC buffer master
mix is used. It is a 2X master mix that contains deoxynucleotides, reaction buffer. and
MgCl,. The final concentration used is 1X. For gradient PCR, 100pl reaction mixture
Was prepared, and 20l aliquots were made in five 0.2ml sterile PCR tubes as per the
reaction given in Table. All reaction tubes were kept at different temperatures and
amplification was carried out, and once optimization of annealing temperature was
done, 3 larger volume reaction is prepared. Aliquots of the mixture were distributed in

four 0.2 m] sterile PCR tubes and amplified at respective temperature that was

Optimized, Amplified PCR products were checked on 1% Agarose Gel.
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Figure 11 : Cycles in Polymerase chain reaction
Table9. Gene annealing temperature and extension time
GENE Annealing Temperature Extension time
RGG del murs up 64.4 °C | min
RGG del musS down 62.4°C I min
h‘h—-—‘_—_-_'_'—————_ -
mutS 64 °C 2 min 30 sec
Ori Chromosome 1 64 °C lmin
M-___.
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Tablell. Reaction mixture

Table10. Reaction mixture for Gradient PCR
Components Volume (pl)
Template DNA ]

Wmm"ma; S

2X Phusion master mix 50

10% DMSO 10

MilliQ water 35

Total 100

for amplification at optimized Temperature

conditions

Components Volume (pl)
Template 2
Primers ( Forward and Reverse) 8
2X Phusion master mix 100
10% DMSO 20
MilliQ water 70
Total 200

For visualization of DNA

0.5g of Agarose powder (Sigma Aldrich) was added in 50ml of 1X TAE buffer and
heated for 1 minute 30 seconds to thoroughly dissolve the agarose. After allowing the
solution to cool, 0.5pg/ml of Ethidium Bromide was added after the temperature
reached 50°C. The gel was put into a Bio-Rad gel casting equipment and allowed to
polymerize at room temperature. The PCR-amplified material was combined in a 5:1
fatio with 6X gel loading dye and loaded into the wells. The gel was run at 90 volts
until the tracking dye reached 3/4 down the gel. Under short-wavelength UV, DNA
bands were visualized on a gel documentation system (SYNGENE). If a single band is

Observed, PCR purification is done, and if multiple bands are observed, gel extraction

18 carried oyt
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54 Generation of mutants
h

5 41 Generation of mutants using Deletion

Compared to other mutagenesis techniques, it requires very little preparation and doesn't

require the use of restriction enzymes. Overlap extension PCR mutagenesis is a more
adaptable technique than its predecessors. With this technique, it is practically possible to
insert or delete DNA at any point along a given DNA sequence, regardless of size. An
insertion fragment and two flanking fragments must first be prepared by PCR in order to
produce an insertion mutation. The insertion fragment is recombined with two flanking

fragments produced from the original template during the secondary PCR.

5.4.2 Generation of mutants using Site-Directed Mutagenesis (SDM)

The method of site-specific nucleotide sequence alterations is known as site-directed
mutagenesis. It has evolved into a crucial tool for determining the significance of
specific residues in protein engineering. The nucleotide sequence can be altered by
replacing a nucleotide with a different nucleotide, which can alter the protein's overall
stability, solubility, and function. In rare cases, SDM can lead to the production of new
gene products in addition to enabling structural and functional studies of the gene. Many
methods for introducing mutations have been devised. One method is to use PCR, which
amplifies the nucleotide sequence using pairs of primers. These primers anneal in the

OPposite direction at either end of the sequence, amplifying the target mutation

®Xponentially in the target sequence.
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adap technique, it is practically possible to

sert or delete DNA at any point along a given DNA sequence, regardless of size. An
insertion fragment and two flanking fragments must first be prepared by PCR in order to
produce an insertion mutation. The insertion fragment is recombined with two flanking

fragments produced from the original template during the secondary PCR.

54.2 Generation of mutants using Site-Directed Mutagenesis (SDM)

The method of site-specific nucleotide sequence alterations is known as site-directed

mutagenesis. It has evolved into a crucial tool for determining the significance of

specific residues in protein engineering. The nucleotide sequence can be altered by

replacing a nucleotide with a different nucleotide, which can alter the protein's overall

stability, solubility, and function. In rare cases, SDM can lead to the production of new

gene products in addition to enabling structural and functional studies of the gene. Many
i i hich
Methods for introducing mutations have been devised. One method is to use PCR, whic
i : i i anneal in the
mplifies the nucleotide sequence using pairs of primers. These primers
fying the target mutation
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posite direction at either end of the sequence ampl
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p Extension PCR.

of Overla

, extensi
genesls py overlap sion PCR, altered genes with mutations are produced

DNA using PCR. With just a few steps, this technique may quickly insert
_ytations from a cloned gene into the sequence. In a PCR procedure, two PCR
ots with overlapping regions are combined, eliminating the need for DNA ligases

; estriction endonucleases.
an

v utagenesis by using overlap extension PCR involved generating fragments of DNA,

by mcorporating the primers in two rounds of PCR reactions. The Overlapping

Exfension pCR's mechanism is shown in Figure 11. Separate PCRs using mutagenic

primers are used to create the fragments with specific mutations. Here, each reaction

sses a flanking primer (Primer a and Primer d) that binds to either end of the target

sequence and a mutagenic primer (Primer b and Primer c) that binds to the mutation site

containing a mismatched nucleotide. Since mutagenic primers incorporate into and

become a part of the PCR result, the WT sequence devoid of any mutation cannot be

amplified. The two internal primers with overlapping areas can be fused together in the

subsequent round of PCR using two flanking primers that hybridise to each end of the

sequence. Due to this overlap, one strand of the fragment can serve as a primer for the

other, and when this process is extended, 2 full-length fragment with the desired

Mutation is produced. Short fragment overlap happens less frequently and is prevented
by usi .
Y Using flanking primers a and d.

H ;
e We report the generation of a mutants using SDM of MutS gene. One conserved

e was identified based on the MSA data. The conserved amino acid Arginine is

“Placed by serine.
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Figure 13 : Deletion by overlap extension PCR

5.5 PCR Purification using High Pure Roche PCR purification Kit

* To the total volume of PCR product Roche PCR Binding Buffer is added in 1:5 ratios.
0 the total vo

* Incubate for 2-3 mins and add 1/3 volume of [sopropanol in it.
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[oad the product to the PCR spin columns and spin for 30sec 8000 rpm. The

ough obtained w : )
flow throug as again put on the same column and centrifuged to get better

yields. After centrifugation at same speed, the flow through was discarded.

. The column was washed with 3501 of Roche Wash Buffer for 30 sec at 800 rpm.

o Emply spin of around 1:30 mins at 10,000 rpm was done to remove traces of alcohol

. Meanwhile, (Stage2) MilliQ water is filtered using 0.2 filter and is used for elution.

, Transfer the spin column to 1.5ml micro centrifuge tube and add 50pl of MilliQ
water, incubate for 5 mins and spin at 10,000 rpm for 1:30 min.

, The purity of the product is checked on Agarose Gel electrophoresis and

concentration of the was estimated by Nanodrop.

e The product was stored at -20°C until further use

5.6 PCR Gel extraction using QlApre Spin Miniprep Kit-QIAGEN

After amplification of inserts, the PCR-amplified insert was gel purified to remove

PCR components or if multiple bands were observed that might interfere with

further experiments.

e The PCR-amplified product was combined in a 5:1 ratio with 6X gel loading

purple dye and loaded into the wells of 1% Agarose gel kept in a clean and

sterile Bio-Rad electrophoresis unit containing 1X TAE buffer.

*  After electrophoresis is completed, the DNA is visualized by handset UV lamp at long

wavelength and the DNA is cut with a sterile blade.

o Take the cut piece of the gel ina? m! Eppendorf tube and add QG Gel Solubilization

Buffer in 1:3 ratios. Heat the tube at 550 C until all the gel melts. Vortex at
appropriate intervals.

* Add 1/3* volume of Isopropanol in it
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Load the melted gel solution gnq <
0 d spin at 8000 rpm for 30sec pass 600pl of solution

ugh column. Spin for 3
throug r 30 sec 8000 Pm. The flow through obtained was again put

the same column and centrifiion
on entrifuged (o get better yields, A fier centrifugation at same

speed, the flow through was discardeq.

lumn w i
o The column was washed with 300y of Wash Buffer PE and centrifuged again at 8000

rpm for 30sec. The flow through was discarded again. Repeat this step twice.

¢ Epyaph of acound.1:30 mins at 10,000 r pPm was done to remove traces of alcohol.

o Meanwhile, (Stage2) MilliQ water is filtered using 0.2 filter and is used for elution.

Transfer the spin column to 1.5ml micro centrifuge tube and add 50ul of MilliQ

water, incubate for 5 mins and spin at 10,000 rpm for 1:30 min.

o The purity of the product is checked on Agarose Gel electrophoresis and

concentration of the was estimated by Nanodrop.

e The product was stored at -20°C until further use.

5.7 Restriction Digestion

« Restriction digestion is a process in which restriction enzymes are used to create
specific cuts in the DNA. All the restriction enzymes have specific recognition sites,
and they cleave the DNA only at that specific position.

* By using two different restriction endonucleases to cleave the vector and insert, it is
ensured that the insert will ligate in a proper orientation in the vector; this is referred
to as directional cloning. The pET-28a (+) and pNOS plasmids isolated along with
PCR-amplified and gel-purified inserts were digested with the respective enzymes.

* It is important to check the efficiency of enzymes. Hence, a small-scale single

digestion reaction is also prepared along with the large-scale double digestion.

Vi rtexing of samples are important to ensure uniform distribution of enzymes in the
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on. The samples were |
®Pt at the respective incubation temperature for 3—4

rs or overnight. The dj
hours '8ested samples were checked on Agarose gel to confirm the

activity of enzymes.

tit i
. Small quantity of digested produc was checked on Agarose gel to confirm the

digestion, and the remaining volyme of the digested product was put on 72°C (10

min) for inactivation of restriction enzymes

Tablel2. Restriction enzymes used for plasmids and inserts

DNA
pET-28a (+)(+)

ENZYMES and Incubation temp.
Ndel, BamHI (both at 37 °C)
RGG del mutS Ndel, BamHI (both at 37 °C)
RGG sd mutS Ndel, BamHI (both at 37 °C)

Tablel3. Reaction for RE digestion of plasmid and inserts

Components Enzyme Enzyme Double Double
Single Single digestion digestion
digestion 1 | digestion 2 | plasmid insert

MilliQ 11l 11pl |48ul 45 ul

10X Cut smart buffer 1.5 ul 1.5ul | 7.5ul 7.5 ul
Enzyme 1 0.5 pl - 1l 1l
2 - 0.5ul | T pl 1 ul

Plasmid 2l 2 120 p 30 pl

Total Volume 15 pl [Sul |75l 75l

Purification of double digested plasmid

After inserts and plasmids have been successfully digested with their respective

restriction enzymes, the double digested plasmid is gel filtered to remove undigested

plasmid. As a result. following confirmation of restriction digestion, the inserts were

Maintained at 72 °C for heat inactivation to inactivate enzymes. The double-digested

O — e ————— T ————

Scanned with ACE Scanner



i_ .
: ﬂs—;ut on a low-

p

meltin i
& agarose gel ang run at 50V for purification. Following

horesis, the plasmid-confain:
Containing gel fragments were visualized using a portable

: t a long wavel
yV light a g ength, and the gel was excised. The QlAquick gel extraction kit
was then used to purify the plasmig DNA for the el

-5_;,8___1_5}_113“01 precipitation by Sodium acetate

DNA precipitation.

A precipitation process with a greater molar ratio of insert to vector was put up to speed
up the reaction. For sticky end ligation, a 1:3 ratios are typically used. The minimum

concentration of vector required for 3 successful ligation reaction should be greater than

Tablel4. Reaction for DNA Precipitation

Vector 40 pl
Insert 25 ul
Na Acetate 10 pl
MQ 2.5 pul
Total Sul

100 ng, and the insert volume is then adjusted accordingly. 10% Sodium Acetate is added

to the reaction. Sodium acetate offers high ion concentration and ensures proper pH for

* To the total volume of 75 pl add 2.5 times the volume of absolute alcohol and

incubate at -20°C for overnight precipitation.

* Next day, the mixture was centrifuged at 12,000 rpm for 10 minutes. The supernatant

was discarded, and approximately 200300 ul of 70% alcohol was used to wash the
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was discarded.

spin the DNA sample :
o ple in 4 vacuum concentrator at 45

°C for 30 minutes to

alcohol. Th ;
remove € pellet Obtained was then resuspended in a small amount of

MilliQ water or ligation Mixture, wag directly addeq to it
1t.

5.9 Ligation reaction

» The ligation reaction was Setup according to tabje below

e After setting up the reaction, the Mmixture was kept at 16 °C for 4-5 hrs or

overnight.
Ligation Mixture Volume
T4 DNA 10X Buffer 1.5pl
ATP 1.5ul
T4 DNA Ligase enzyme 1.5ul
MQ 11.5 pl
Total Volume 16 pl

3:10 Preparation of competent cell and transformation in bacteria

Competent cells are bacterial cells that can take up foreign DNA from their

environment through a process known as transformation. If the cell walls of E. coli
men

are ch d. the cells are more likely to absorb the DNA. Calcium chloride and
anged,

heat shock th py can make the cells competent. Rapidly developing cells can be
shock thera
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rendefed more competent than cells 4

' other phases of development. Following
ransformation, the cells may express the

acquired genetic information. The

i is comMot o ;
technique ly used 1o Introduce  recombinant plasmid DNA into
asmi

bacterial ¢ .
competent | cells. Competent cells have modified cell walls that allow

ss th :
DNA to pa rough readily. To become competent, certain cells must be

Sub_|ected to chemical or electrical treatments, Calcium ion treatment is effective

Calcium chloride allows binding of the plasmid DNA to the lipopolysaccharide

(LPS) of the cell, by forming a divalent cation coordination bonds formed between

the piasmid DNA and the LPs. Negatively charged DNA and LPS interact, and

heat shock treatment allows the plasmid DNA to enter the bacterial cell.

Protocol

The overnight grown primary culture of NB/DH5a strain was diluted to 100-

fold in fresh LB medium.

+ The culture was allowed to grow at 37 °C until the O.Dggo reaches up to 0.3-
0.4 and the culture was then transferred on ice for about 30-45 min to stop
the cells from further entering the stationary phase.

«  The culture was transferred to pre-chilled SS34 tubes and centrifuge at 6,000
rpm for 10 min at 4°C.

*  The pellet obtained was gently resuspended in half volume of 100mM CaCl2

of initial volume of the culture in sterile conditions and the suspension was

kept on ice for around 45 mins.

* The suspension was then centrifuged at 4000 rpm for 10 min at 4°C. After

the spin is completed, an eye shape pellet is observed and competent cells

were gently suspended in imL of 100mM CaCl2. The competent cells were

-
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NA to pass through readj
¥ e . To become Competent, certain cells must be

subjected to chemical or electrical

trea : )
tments. Calcium ion treatment is effective.

Calcium chloride allows binding of the plasmid DNA to the lipopolysaccharide
(LPS) of the cell, by forming a divalent cation coordination bonds formed between
the plasmid DNA and the LPS, Negatively charged DNA and LPS interact, and

heat shock treatment allows the plasmid DNA to enter the bacterial cell.

Protocol

« The overnight grown primary culture of NB/DH35a strain was diluted to 100-

fold in fresh LB medium.

« The culture was allowed to grow at 37 °C until the O.Dgoo reaches up to 0.3-

0.4 and the culture was then transferred on ice for about 30-45 min to stop

the cells from further entering the stationary phase.

«  The culture was transferred to pre-chilled $S34 tubes and centrifuge at 6,000

rpm for 10 min at 4°C.

*  The pellet obtained was gently resuspended in half volume of 100mM CaCl2

of initial volume of the culture in sterile conditions and the suspension was

kept on ice for around 45 mins.

*  The suspension was then centrifuged at 4000 rpm for 10 -min st #°C. Alter

the spin is completed, an €ye shape pellet is observed and competent cells

M CaCl2. The competent cells were

were gently suspended in 1mL of 100m

W
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kept on ic
then kep e for around 1 oy before they can be used for

transformation.

The competent cells can be stored in 20% Glycerol for one month at _70°C

without losing the competence of cel|s

Competent cells were then aliquoted in 1.5 m] pre-chilled eppendorfs tubes

and specific amount of DNA is added depending on the concentration of
DNA.

After adding the DNA, then it was gently mixed by tapping.

For positive control, uncut plasmid was used and added in the competent
cells, for negative control, only competent cells without any DNA was used.
The mixture was incubated on ice for 45 min to facilitate binding of DNA.
Heat shock at 42°C for 90 secs is given to allow entry of plasmid inside the
cells, followed by cold shock by incubating in ice for 5-10 min.

The transformation mixture was further diluted by addinglmL of fresh LB
medium. The mixture was incubated at 37°C for 60 min.

After incubation, tubes containing LB broth and the competent cells were
centrifuged at 8000rpm for 1 min.

After carefully discarding the supernatant, the pellet was resuspended in the

remaining supernatant and approximately 100-200pL of transformation

mixture was plated using spread plate technique on LB agar plates with the

appropriate antibiotics.

The plates were allowed to dry and incubated at 37°C overnight.

The positive control and negative control are gt fo-ditmmmne she slucRngy

of transformation.
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. Next day random >
y colonies were selected and streaked on LB agar plates

containing appropriate antibjotic and incubated at 37°C

id S i i
5,11 Plasmic Screeming usin Chloroform-isoamyl _alcohol plasmid

M method after transformation

The screening process of the transformants is carried out in two steps:

{. Plasmid shift

2. RE Digestion

The basic principle of chloroform isoamyl alcohol is the solubility of DNA in imMiscible

solutions. It 1s a liquid-liquid plasmid isolation method involving chloroform and isoamyl

alcohol.

e In 1.5mL of Microfuge tube, add around 200uL of Solnl. With the help of
autoclaved tips, scrape the patched colonies from LB agar plates and vortex ensure
complete Resuspension of the cells in the solution.

e After 5 min of incubation, add 200uL of lysis solution (0.2N NaOH, 1% SDS) was
added and gently mixed by inverting the tubes 4-5 times and kept for 5 min.

o After 5 min, when the tubes were opened, thread like structures were visible

indicating complete lysis of the cells, then300 pl pre-chilled Soln 3 (potassium

acetate SM Solution) was added and mixed thoroughly by inverting the tubes 4-5

times. The mixture was incubated on ice for 5 min and then spin at 12,000 rpm for

15 mins.

* The supernatant was then transferred to another 1.5mL tubes and 600puL of

chloroform isoamyl alcohol prepared in the ratio of 24:1.

Mix by gently inverting the tubes, and centrifuge at 12000 rpm for 10 min.
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er centrifugation, the mix
Aft ture was separateq in two phases, the upper aqueous

and the lower organi
phase ganic phase. The aqueous phase was separated by carefully

pipetting and transferred into 1.5mL. microfiyge
c.

" ]Sopropanoi was added abouyt 1/3H volume to aqueous layer and incubated at 30

min at RT.

o The tubes were centrifuged at 12,000 rpm for 10mins and the supernatant was

discarded. The pellet obtained was washed with 70% ethanol and centrifuged

again same speed.

o Supernatant was discarded and the pellet obtained were kept for dry spin in a
vaccum concentrator for 30-40 min at 45°C to remove excess alcohol.

o The pellet obtained was resuspended in approx. 30pL of MilliQ water.

o All the plasmids were checked on Agarose gel electrophoresis with a plasmid that

was used for transformation as the control plasmid.

e Positive plasmids can be identified by the increase in molecular weight of the

plasmid because of ligation of insert in the vector, an upper shift in the gel can be

observed.

¢ Positive plasmids are selected and stored at -20°C for further use.

3.12 Screening of transformants

* After plasmid isolation of clones, the plasmids are loaded on the agarose gel to check

for the shift.

* Ifinsert and vector are ligated properly the plasmid size is increased than the normal

i i e gel.
plasmid and it shows a slower migration on the g
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/13;; striction digestion of clones
A

plasmids which were selected to be positive based on the shift observed on the

subjected to restricti — ; :
gel, were Subj restriction digestion with the respective enzymes use

during clomng.

plasmids which have been cloned successfully, show the release of insert whose

size can be confirmed with the DNA ladder.

, Positive clone(s) selected from this were streaked on LB agar plates and broth

with appropriate antibiotics and stored and maintained for further experiments.

« Positive clones were also stored in 20% Glycerol at -70°C for further use.

514 Transformation of Positive clones in BL21 (DE_&)_fO_rM%—“Of

protein

In order to express recombinant proteins produced by the desired gene of interest cloned
in a particular vector, the plasmids have to be transformed in E.coli strain BL21 (DE3)
which is one of the most comMonly used expression system for recombinant protein
expression. Plasmid with the desired gene of interest was isolated from NB/DH5a cells
and transformed in E. coli BL21 in a similar manner as compared to transformation in

NB/DH5a cells.
Protocol for transformation in BL21 (DE3)

* The overnight grown primary culture of BL21 (DE3) strain was diluted to  100-

fold in fresh LB medium.

* The culture was allowed to grow at 37 °C until the O.Dggo reaches up to 0.3-0.4

and the culture was then transferred on ice for about 30-45 min to stop the cells

from further entering the stationary phase.

The culture was transferred to pre-chilled SS34 tubes and centrifuges at 6,000

rpm for 5 min at 4°C.

63
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obtained was
| gently Suspended ip half the volume of 100mM CaClI2
of the initial

The pellet

1 . as

The suspension Was then centrifuged at 4000 rpm for 10 min. After the spin is

completed,

for around 1 hour before they can be used for transformation

The competent cells can be stored in 20% Glycerol for one month at -20°C

without losing the competence of cells,

Then 100pl of competent cells were aliquot in 1.5ml pre-chilled tubes and

plasmid DNA isolated from NB/DHS5a cells around 5 pl was added.
After adding the DNA, the ligated mixture was mixed by tapping.
The mixture was incubated on ice for 30-45 min to facilitate binding of DNA.

Heat shock at 42°C was given for 90 secs to allow entry of plasmid inside the

cells, followed by cold shock by incubating in ice for 5-10 min.

The transformation mixture was further diluted by addinglmL of fresh LB

medium. The mixture was incubated at 37°C for 60 min.

After incubation, tubes containing LB broth and the competent cells were

centrifuged at 8000rpm for 1 min.

After carefully discarding the supernatant, the pellet was resuspended in the

. _ ] ; ormati :
remaining supernatant and approximately 100-200u! of transformation mixture

was spread on LB agar plates containing appropriate antibiotics.

0 .
The plates were allowed to dry and incubated at 37 s

Random colonies were selected and streaked on grids on LB agar plates

ioti i 37°C.
containing appropriate antibiotic and incubated at

S e s —
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Figure 14 : IPTG induced expression of recombinant proteins
(https-.//www.rm ursingsch ool.biz/restriction-enzyme/images/8170_1 46_157-iptg-

induction-polymerase.jpg)

Small scale induction is used to check the production of desired proteins. [PTG

(iso-propyl-D-l—Thiogalctopyranoside) s most comMonly used to check induction

lac repressor binds to the

of proteins. When [PTG is present in the medium,

operator region of the operon, blocking the E. coli RNA polymerase from further

transcribing and translating the T7 gene. The T& bacteriophage system is used for

the expression of recombinant proteins because it recognizes only bacteriophage
promoter such as T7 promoter, not present in £ coli, and T7 RNA polymerase is
nscribe genes that cannot efficiently

highly processive enzyme and can tra

merase. Optimal expression of proteins can be

transcribe by E. coli RNA poly

h conditions are controlled. The culture conditions play

achieved only if the growt
nt proteins, and it is optimized before

an important role in expression of recombina

proceeding with large scale induction.
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Clones

until the O.Dyoo reaches up tq 0.3-04

, Then induced with 0.5mMm IPTG afier taki
'Ng uninduced aliquot and incubate for 3hrs

at 37°C.

in the culture i
o Spin medium at 8000rpm for 3¢ Secs to harvest the pellet from

o Re-suspend the pellet in TE byffer and add equal

o Heat the sample at 95

5,16 SDS-PAGE gel

L S

are inoculated in 2m]
of LB :
broth Containing respective antibiotic and incubate

B

the culture.

volume of 2X Laemlli buffer to it.

Gl i .
or 15 minutes. Short spin and load on 10% PAGE gel.

polyacrylamide gel provides a matrix for electrophoretic separation of polypeptides. The use
of sodium dodecyl sulfate (SDS) and polyacrylamide gel in SDS-PAGE eliminates the

influence of structure and charge, allowing proteins to be separated solely based on

polypeptide chain length. SDS is a detergent with a strong protein-denaturing effect and binds

to the protein backbone at a constant molar ratio. In the presence of SDS and a reducing

agent, proteins unfold into linear chains with negative charge proportional to the polypeptide

chain length. In denaturing SDS-PAGE therefore, migration is determined by the molecular

weight.

Table16. Composition of 10 % resolving polyacrylamide gel and 5% stacking gel

Acrylamide 30% 6.7 ml | Acrylamide 30% 830ul
1.5 M Tris-HCI pH 8.8 | 5.6 ml | 1.5 M Tris-HCI pH 6.8 | 630u
10% SDS 200p1 | 10% SDS 50yl
10%APS 200p1 | 10%APS 50pl
TEMED 51 | TEMED 2ul
Water 5.3 ml | Water 3.4 ml
Total Volume — {20 ml | Total Volume 5 ml

70% ethanol. Gaps between the plate and stand

PAGE mixt fresolving gel was poured, followed by addition of isopropanol.
mixture o1

/

_____—-—-*'__,_-._—.—- . . d Wi d -{h
ith u d soap rlnsed Wlth water an pead wi
G]&SS plates were Cleaned wit I“I I i

were sealed with agar and SDS-
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mixture was poured and comb was fitted in Ithe |
gel.

were pre ;
gamples prepared by heating equal volume of sample and 2X SDS gel

Joading dye at 95°C.
The denatured samples were :

centrifuged at 12,000 rpm for 10 min and clear
supernatant was loaded in the gel,
The electrophoresis tank was filled with electrophoresis buffer (10% SDS-Tris-
Glycine, pH 8.8) and gel was run at 90 volts. The gel was then processed as
needed.
After a full run, gel was removed and stained with Coomassie Blue for 30 minutes,
kept on a rocker for better staining.
On completion of the staining, the stain was poured off and destained with destaining
solution-I , kept on rocker for 10—15 minutes.
The samples are separated out as blue bands on a transparent gel.

If western blotting is planned, then gel should be used without staining.

5.17 Large Scale Protein induction

« The overnight-grown primary culture of BL21 (DE3)/ SHuffle pET clones was

diluted to a 1:500 ratio in fresh LB medium containing the respective antibiotic and

incubated at 37 °C until the 0.D.600 reached up to 0.3-0.4 (exponential phase).
« 0.5 mM IPTG was added to the medium, and further incubation was carried out at

appropriate growth conditions.
* After incubation, the media is decanted into buckets of a swinging bucket centrifuge,
balanced properly, and centrifuged at 4000 rpm for 20 minutes at 4 °C.

Scanned with ACE Scanner



e
the supernatant and res I
pecant P uspend the pellet in a small amount of initial media in

the bucke‘t.

- this to a 50-ml steri .
Transfer this to | sterile flask and centrifuge at 4 °C for 5 minutes at 6000 rpm

Decant the supernatant and resuspend the pellet in Lysis Buffer 1
4 D I . cr -

Keep Overr]ight at -80 °C.

The next day, the falcon is thawed at 37 °C, and Lysis Buffer 2 is added to it. Incubate

at 37 °C for 1 hour.

Add DnaAse and incubate for 30 minutes at 37 °C.

Further, incubate the sample at 7°C on a rocker for 1 hr.
proceed with sonication. Sonication of cells is the third class of physical disruption

comMonly used to break open cells. The method uses pulsed, high-frequency sound

waves to agitate and lyse cells, bacteria, spores, and finely diced tissue. Sonication is

done for 10 minutes at 32 amplitude, 10 seconds on and 10 seconds off. The tube is

surrounded by ice to avoid heating the sample.

After sonication, the sample is centrifuged at 4 °C for 6000 rpm for 10 minutes.

Meanwhile, column preparation is done for affinity chromatography. After the

columns are ready, the supernatant is loaded onto the column and incubated overnight
at 7 °C on shaker conditions to increase binding efficacy.

* The next day, the columns are clamped on stands, and the flow through is allowed to

check on SDS-PAGE.

elute out. The flow through is also collected to
* The column is washed using wash buffer 7 times the amount of supernatant loaded

onto the column.
ion buffer containing different concentrations

* Further elution is carried out using elut
collected in different fractions, which are then

of imidazole in it. The eluted sample is
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5.18 Pellet SolubiliZagg_._l_

Inclusion  bodies, highly

aggregate i
gated proteins, gare produced when numerous
recombinant proteins are CXpressed at

high levels in Escherichia coli. Normally,

inclusion bodies form in i
e the cytoplasm; however, if 2 secretory vector is utilised, they

rm in the peripl .
can 0 periplasm. By using low-speed centrifugation, inclusion bodies can be

extracted from cell lysates.

To solubilize the pellet, add 50MM Tris, 300MM NaCl, 0.5% Sodium Lauroy]

sarcosinate 1.5MM PMSF and make up the volume to 20MIL.

e Keep the tubes overnight on a rocker at 4°C.

 The next day, load the contents into affinity chromatography columns.

5.19 Protein Purification

A. Column preparation - Ni-NTA Agarose is an affinity chromatography matrix for
purifying recombinant proteins carrying a His tag. Histidine residues in the His tag

bind to the vacant positions in the coordination sphere of the imMobilized nickel ions
with high specificity and affinity.

o Rinse th | with Stage 1 water and let the whole thing pass through it fully.
€ column

Repeat this step twice.

© Wash twice with 70% ethanol.

Scanned with ACE Scanner



2 .“Ih.'::-.l Tl

223

-4
=
-—

Fill

Recover
Collect

Figure 16 : Centrifugal filters used to concentrate protein

© Rinse again with Stage 1 water. ‘ | o .
© In a tub, add Stage 1 water until the columns are fully dipped in it. Give warm water
ilizati : inutes.
sterilization in a microwave for 10 miny
0 Ril"ISe with Stage 1 water once and dd Chelaﬂﬂg Sephamse (1“2 ml) (Sephadex G25
ag

Beads)

© Wash twice with Stage 1 water.

© Toit, add 1 ml of 0.5M Nickel Chloride solution.
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a5 Joad the cell free extract into the column

Concentration of protein using appropriate size centrifugal filters

sh concentration columns/filters ysing < o —
i WA using Stage I1 distilled water four times and spin
once to remove water.

 Load the pooled eluted fractions of protein into the column.

, Spinat 5500 rpm for 15 minutes at 4°C.
, Repeat the process (steps 2 and 3) til| the volume reaches 500 pl.

¢ pialysis

Dialysis is @ separation process that uses selective and passive diffusion via a semi-

permeable membrane to remove undesirable chemicals from macromolecules in
solution. Tiny molecules and buffer salts move readily through the membrane.
lowering the concentration of those molecules in the sample. Sample molecules
bigger than the membrane pores are retained on the sample side of the membrane,
whereas tiny molecules and buffer salts are retained on the sample side of the
membrane. A dialysis membrane is a semi-permeable film (often a sheet of
regenerated cellulose) with varying pore sizes.

The dialysis membrane, clips, and magnetic stirrer are washed in a boiling water bath

containing 10mM for 15 minutes to sterilize and remove sodium azide salts

The dialysis membrane is clipped from one side, then protein sample is inserted into

the dialysis membrane and clipped from the other side, leaving no air space in

between.

Overnight dialysis is done for a better resultS at 4 °C.

Next day a small amount of the recovered sample is checked on SDS-PAGE Gel

* The sample is stored at -20 °C until further use.

320 Western Blot

After running the SDS PAGE and well resolved protei
Sandard marker it is transferred to a membrane. The transfe
ented perpendicular to the surface of the gel, causing proteins

Mty the membrane. The membrane is placed between the gel surface and the positive
bre pad (sponge) at each end, and filter

n mixture along with the color protein
r is done using an electric field

to move out of the gel and

fectrode in a sandwich. The sandwich includes a fi

Paperg 1, protect the gel and blotting mem brane. Here two things are very important:
(1)

image
The cloge contact of gel and membrane to ensure a clear Imag
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] o IS calle
it semi-dry or wet conditiong, Wet con dit: d el
i iti

ons are
usually more reliable as it is less

jy to dry out the gel, and is preferreq for larger protej
oteins,

pismantle the SDS PAGE ge from the

Protein runn;i
1X western transfer buffer, unning apparatus, and transfer it to

Jike

L

, Simultaneously wet the Sponge pads using X
weste

the apparatus. th transfer buffer by keeping it on

., Cut the PVDF membrane of required size and to cpy

methanol arge the PVDF membrane dip in

. Allthe layers are arranged in 4 sandwich form as shown elow

Cathode -ve
Sponge pad

SDS PAGE gel

PVDF membrane

S “

Figure 17 : Western blot arrangement.

Sponge pad

* Ensure there are no air bubbles between the gel and PVDF membrane, and squeeze
out extra liquid

* Relocate the sandwich to the transfer apparatus, Add transfer buffer to the apparatus,
and ensure that the sandwich is covered with the buffer. Place electrodes on top of the

Sandwich, ensuring that the PVDF membrane is between the gel and a positive
electrode,

Transfer is done for 45 minutes 1
After run is complete place the membrane in blocking buffer and keep on rocker for 1
hr ang the gel is kept for staining.

Add Primary Ab of Mouse Anti T18 an

Wash the membrane with TBS-20 thrice

d keep on rocker for overnight.

each for 15 mins.
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temperatire 10 ENSUre even agitatiop)
single wash With TBS solution (7pg solution jg
Same as TBS

20) -20 excluding Tween-

shaker.
. Develop the .bl()t by adding BCIP/NBT Substrate. (As it is light sensitive should be
used in dim light or lights off.)

521, Electrophoretic Mobility Shift Assay (EMSA)

Table17. EMSA buffer composition
0.5X TBE Buffer j

20 mM KCI

Stage I water

. The purified DnaA protein was centrifuged at 22,000 X g for 15 min at 4°C to remove
any aggregate.

2 0.5pM, 1.0uM and 1.5uM 2pM and 2.5uM of protein was mixed with dsDNA and
G4 DNA and 1| mM of ATP containing 10X Buffer was kept at 37°C for incubation

for 20 mins. DNA without protein was also taken.
3 After incubation, the samples were loaded on 0.7% Agarose gel (without SDS) and

run at 50V,

L After run, the gel was stained in EtBr for 10 mins and destained . using Destaining

solution I, the gel was visualized under UV.

-~.....5'22- ATPase Assay

The goal of the malachite green assay is to quantify the concentrations of inorganic phosphate

in g solution, Malachite green molybdate interacts with inorganic phosphate in an acidic
is the basis for this colorimetric technique.

enyj ¢
"ionment to generate a green complex, which .
the quantity of green

otometer at 620 nm,
rectly associated with the amount of free inorganic

previously established in the

W

hen Measured using a spectroph
I o
Oly bdophosphoric acid complexes is di

was
phosphate present in the reaction. The standard curve that
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measure the concent
lbwas ysed 10 IS of released phosphate and determi the ATP
a ermine the ase
acti"ity t concentrations of DnaA
ifferen B Wy
, Di S preincubated with 10X buffer and assay buffer

hefore the reaction was Initiated by ImM ATP.

The reaction mixtures were incubated for 20 minutes at 37°C and terminated usin
200uL freshly prepared malachite green reagent g

Absorbance at 620nm was measured relative to a buffer control and normalized with

protein control (without ATP),

The graph was plotted concentration v/s absorbance,

173, Dynamic light scattering

This technique is used for measuring the size and size distribution of proteins.

. Dynamic light scattering was measured using a Malvern Panalytical, Zetasizer Nano

range instrument.
7 Protein was centrifuged at 12000rpm for 30 min at 4°C.
5uM protein was incubated in the absence and presence of IMM ATP for 10 min.

t__.)

Light scattering at 90° angle was measured at 37°.
4 To the same reaction, 0.5mM dsDNA of Ori Chromosome [ was added and incubated
angle was again measured at 37°C. The data

obtained as kilo counts per second was analyzed using in-built software (SZ-100) and

for 10 min. Light scattering at 90°

plotted.
% The same process for G4 DNA.
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CHAPTER-6
RESULTS AND
DISCUSSIONS
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1o check the role of Suanine

: quad
0’ . pcoCcCUS radiodurqns Fupleye Sinp .
p g;’ﬂ NA repi .
in p 1cation illitiation

oteins we did  small

-terming
| truncateq DnaA and DnaB with histidine tag

ere processed and checked on SDS-PAGE for protein induction as shown in Fi
wn in Figure

Figure 13 . Small scale induction of DnaA and DnaB proteins. The uninduced and

induceq samples were checked by SDS PAGE, and the size of proteins was compared with a

Molecy)ap weight marker (Lane 1). Lane 2 and Lane 4 show uninduced samples, while Lane

Sang Lane 5 show induced samples of DnaA and DnaB, respectively.

Lane 3and | 5 in the SDS PAGE confirms the successful induction of our desired
ane 5 in the ,

Plote; : ion.

L /
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(12 Large scale induction and urification

sfe confirming the over expression of prote

ins fi " .
. 8 from the recombinant strains, large scale
g s carried out as mentioned :
inductlon wa oned in the methods, The proteins were purified by treating
e extract with lysis buff
fhe cell fre & fer followed by sonication and loading onto the column for

- i i-NTA i :
ing with Ni overnight. Following » column wash, the bound protein was eluted

pind
ssing elution buffers containing imidazole at concentrations of 100 mM, 300 mM, and 500
M. Then, as shown in the figure, two samples from each concentration of the eluted
fractions, along with the uninduced and induced samples, were examined on the SDS-PAGE

gel.

a1l 2 3 4.5 6 7 8 9 19

2 3 456 7 8 9 10

(A) (B)

Figure 19 : SDS PAGE of eluted (A) DnaA and (B) DnaB protein fractions from Ni-
NTA bound cell-free extract. (A) Lane 1- SDS7B2 Protein Marker, Lane 2- uninduced,
Lane 3- induced, Lane 4- washout, Lane 5 and 6- 100mM conc., Lane 7 and 8- 300mM conc.,

Lane 9 and 10- 500mM conc. (B) Lane 1- SDS7B2 protein marker, Lane 2 and 3- 500mM

conc., Lane 4 and 5- 300mM conc., Lane 6 and 7- 100mM conc., Lane 8- washout, Lane 9-

induced, Lane 10- uninduced.

As the fractions do not show a detectable amount of protein, it was concluded that the

Proteins must have been entrapped in the inclusion bodies. For the recovery of proteins, the
ce
I Pellet was further processed.

*13 Recovery of protein from inclusion bodies
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/
. \
sly mentioned, large —

-Scale rec
Overy of h; .
bioactive proteins presents significant

due to inclusion body formatir.. -
difﬁcuny "ation in bacterig) hosts. Inclusion bodi fr tly
- ion bodies are frequen

hen recombinant protein mg
ed ¥ ‘ecules are Produced a high levels in Escherichia coli.

protein is frequently
Y €Xpressed o a high translational rate when high

res, high inducer concentrat;
wmpefaw fations, and strong promoter systems are used during

. uction. The bacteri . :
Pf“wm prod al protein quality contro| mechanism is exhausted as a result,

isfolded and parti .
and the misfo partially folded protein molecuyleg clump together to form inclusion
podies- Inclusion bodies are also influenceq by altered bacterial cytosolic conditions, a

deficiency in eukaryotic chaperones, and Post-translational machinery

solation and solubilization of inclusion bodies are the first steps in the process of removing
insoluble protein from inclusion bodies. The inclusion bodies will be found in the pellet
following centrifugation and cell lysis. A subsequent centrifugation step is necessary to
climinate any leftover aggregates after the inclusion bodies have been solubilized in a buffer.
The fraction of the inclusion body that has been solubilized can then be used for further

purification and refolding. Figure 20 shows the eluted protein fractions from the inclusion

bodies.

234568910

-
i) (B)

Figure 2:8 A (A) and DnaB
: SDS PAGE of eluted Dna . 3

) 3-ind

the eell pelje (A) Lane 1- SDS7B2 Protein Marker, Lane 2- uninduced, Lane 3- induced,

100mM conc., Lane 7 an

(B) protein fractions isolated from

L d 8- 300mM conc., Lane 9 and 10-
Ngd, Wwashout, Lane 5 and 6-

00mM ¢one (B) Lane 1- SDS7B2 protein marker, Lane 2 and 3- 500mM conc., Lane 4 and
. ane 1-
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conc., Lane 6 and 7- 100mM conc. |

p IUGIUM
£ Was
Ced' out, LEln»: 9.

' induced, [ )
juted fractions of the 300 m\ and 50 ane 10
mM im

the ©

. (Wly) .
¢ bands of our desired protein wity Very min; ficentrations, we observe
Mimal

giﬂg

CONtaminar:
hese fractions were amination. As described in the
ocols: the Pooled anq concent
Ntra

ted to g volume of 2 mL. These

414 PCR Amplification of Ori Chromosome I, I and MP of Deinoco
CCUS

previously it was shown that DnaA binds specifically to O; sequences of D. radiodurans.

radiodurans

The PCR reaction was performed using gene specific forward and reverse primers targeting
the Ori Chromosome I, II and Mega plasmid respectively in D. radiodurans. The reaction
mixture consisted of BRIT GC rich buffer 2.5X, which contains Taq DNA polymerase. This
huffer is specifically designed for GC-rich templates, such as D. radiodurans, which has a
high GC content of 69.7% in its large genome. PCR optimization was conducted by varying

the temperature within the range of 58°C to 68°C for the Ori Chromosome [, I and Mega

plasmid of D, radiodurans. The extension time for each PCR cycle was set at | minute.

123456789

kb
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gectively: Lane 3-6 represents Ori Chromosome Lin tem
1 pe

19 1P i

_— ratures 64.4°C and 62°C. Lane
nts Mega Plasmid in temperatypeg 64.4°

C} i 0 '
62°C and 60°c respectively An intense

jsrp band observed at 644C and 62°C of gipe . 5

To ssesS the PCR product, a small volume Was used for agarose gel analysis. The gel was

. ()// 2 .
prepargd with a 1% agarose concentration and Subjected to electrophoresis at 90 V. A 2-log

DNA ladder was employed as a molecular weight marker. During gel electrophoresis, strong

nnds were detected between temperatures of 64.4°C and 62°C. To remove potential
aterference from other PCR components that could affect further experiments, the PCR
product purification using the QIA Quick PCR Purification Kit from QIAGEN was done. The

purified product was stored in -20°C until further use.

6.1.5 Large scale PCR amplification and purification of OriCI

A large-scale PCR reaction was performed for Ori Chromosome I using gene-specific

primers, The amplification was carried out at a temperature of 62°C with an extension time of

| minute, Once the PCR run was completed, the PCR product was checked, purified to

Move unwanted components, and stored at -20 °C for further use.
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i dru
6.1.6 Guanine qua lex structure formation iy Chromosome I 0 |
me | Ori sequence

- - |
- ics analysis us ftw, |
gioinformaics y ing QGRS software has shown presence of putative guanine |

quadruplex forming motifs in the ori region of chromosome 1 of D, radiodurans R1 (as

ghown in the table below).

G4 DNA structures were shown to be formed under specific solution conditions, such as

molecular crowding brought on by the presence of polyethylene glycol, the presence of
certain DNA-binding proteins, single-strand DNA, etc.
Further, previous studies have used either pyridostatin (PDS), a highly seclective G-
quadruplex ligand, or polyethylene glycol (PEG) to induce G4 structures in double-stranded

DNA. The former was used by us in our experiments for inducing G4 structures in the PCR-

amplified ori sequence.

PUTATIVE G4 SEQUENCES IN ORI CHROMOSOME 1

| Posit GRS G-score
Position | Length Q -
N 21 -~ I GGCCCAAGGTCACCTGG
205 GG ACAAAAGTTTTCCACAGAG(:GGGTGT(_:(: 3
30 GG s IO
| = GACAGGGCATTTTTAGGGG | 33
Tl e TATCCACA(IG
£ 30 | GGGGGET Le% ——
-.,_\__-_-_-—____——“—'—‘_*__—___—

Reverse compliment:

G-score

Positj
. - GCCTTCCACAAAGG 13

399
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X"

ro0
qative PAGE gel the next

in polyacrylamide gel

c‘iﬂ‘tmpmresis makes it simple to rack the

€ Significant structural

changes in DNA.

Figure 23 : Confirmation of the formation of G4 structures. In 15% native PAGE, the
shift between dsDNA (Lanes 1-4) and G4 DNA (Lanes 5-8) strongly suggests that molecular

crowding brought on by the presence of PDS in the solution produced G-quadruplex

formation inside double-stranded DNA.

Pt‘eviously it was reported in the lab that, DnaA binds to oriC1, which has 13 repeats of the

DnaA-boxes. An electrophoretic mobility shift assay (EMSA) was carried out to ascertain the

binding affinity of G4 DNA with the DnaA protein and compare it to that of the dsDNA of

oriC'.

6.7 g : ility shift assay (EMSA
<iectrophoretic mobil ing the electrophoretic mobility

The G4 DNA binding activity with DnaA was monitored us

shift assay (EMSA). A shi f in the DNA band on the agarose gel indicates that the protein has
ay A shittt

e nucleoprotein complex (NPC) size

A does. Th
stronger affinity for G4 DNA than dsDN

™ — {
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.. increased as protein :
adil? jncre p COncentratigp, increaseq
4 With

G4
(ein control (shown as slower mobility) DNA as compared to the

pfo
R s : l)naA__]
: L= — T e S NPC
- e - .
« Unbound
DNA

dsDNA (ori chromosome I) G4DNA (ori chromosome D
figure 24 : DNA binding assay for the interaction of the DnaA protein with the G4 and
dsDna of oriClI. The linear dsDNA and G4 DNA were incubated with 1X buffer and DnaA

protein in increasing concentrations (0, 0.5, 1.0, 1.5, 2.0, and 2.5 uM). The amount of

nucleoprotein complexes formed in each case was analysed on a 0.7% agarose gel made in

0.5X TBE buffer and 20 mM KCI.

The electrophoretic mobility shift assay (EMSA) was used to evaluate the DNA binding

activity of DnaB protein interaction with double stranded DNA or single stranded DNA and

their corresponding G4 structure forms. For this, the ssDNA, dsDNA, and their

. : i r and increasing concentrations
comesponding G4 DNA were incubated with 1X protein buffe g

of DnaB protein for 20 minutes at 37°C. A 0.7% agarose gel was prepared in a buffer

: joati NA-protein binding.
COntaining 0.5X and 20 mM KCl, for the investigation Of DRAP

]_)nén._ i "“’i
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- . EMSA with DnaB .
Fig“re 25 protein, A, e!ectrophoreti —

¢St the

. l‘ .
pnaB protein's affinity ity shift assay was used to

for dspN
[ A, G4dsDNA, $SDNA, and G4ssDNA amid

asing protein concentrations,
ne

- sults in Fi indi
- preliminary Te N ¥igure 25 indicate that DnaB has no preferential binding to G4

ructures compared to the other forms of DNA, which needs to be checked further

DnaA exhibits ATPase activity, as demonstrateq by prior in vitro experiments of the purified

combinant proteins in the laboratory. The activity of DnaA's ATPase was induced by oriCL.
A minimum amount of DnaA binding at the oriC site is necessary for the oriC-mediated
initiation of DNA replication. It was discovered that DnaA interacts with the oriCI region and
undergoes both homotypic and heterotypic oligomerization. It is well known that DnaA uses
energy from the ATP hydrolysis process to melt the AT-rich area in oriC, which is required

for the start of replication.

An ATPase assay was then carried out to investigate how the presence of dsDNA and G4

DNA affects the ATPase activity of the DnaA protein.

6.1.8 ATPase Assay

The goal of the malachite green assay is to quantify the concentrations of inorganic phosphate

in a solution. Malachite green molybdate interacts with inorganic phosphate in an acidic

®Vironment to generate a green complex, which is the basis for this colorimetric technique.

When measured using a SPCCtYOPhOt‘)mmer st 620 nin, the quantily of green

molybdophos;)horic acid complexes is directly associated with the amount of free inorganic

Phosphate present in the reaction. The standard curve previously established in the lab was

Use g measure the concentrations of released phosphate and determine the ATPase activity.
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= 8 DnaA Protein
% @ dsDNA

= G4 DNA

=

1 2 3
Concentration of DnaA Protein (uM)

Figure 26 : ATPase Assay. The graph displays the DnaA protein's ATPase activity at

different concentrations as a control and how it changes when dsDNA and G4 DNA are
4dded to the reaction mixture.
We can infer from the aforementioned graph (Figure 26) that the presence of G4 DNA in the

aCtion mixtyre marginally decreases the DnaA protein's ATPase activity relative to that of

T dSDNA, which needs to be confirmed further.

6
19 Dynamic Light Scattering

Dypa s
Mami light scattering (DLS) was used to exam
G4 DNA in response to ATP. To get rid of the

ine whether DnaA forms higher-order

i
uc!e"Pf'D-‘rein complexes with dsDNA and
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| o the Methodology section. Using Origin
oftware: the light scattering Intensity (measureq |

n kilocounts per second, or kcps) was

ploﬁed yersus time.
-'--__
Buffer
08 DnaA
500
0
4004
fa 2
5 g
: >
> M B
i E™
Ex™ -
£ 1004
T & w A - . : : . ,
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Figure 27 . Dynamic Light Scattering data of DnaA, in the presence of dsDNA, G4DNA

and ATP,

The graphs (Figure 27) reveal that, in comparison 10 dsDNA, the DnaA protein exhibits

i i ius in the presen
largey intensity flyctuations and an increase 1n hydrodynamic radius p e ‘of

G4py A, indicatine that GADNA promotes the development of large-size aggregates.
) ing
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ConstﬂlCtiOH of mutants fo, mutS gen
e

ely radiodurable strain of p,;
The extremely DemOCOCCHS radiodurans has 4 mismatch ir system
smatch repair sy

ich has previously been ch :
R), whic Characterise
{MM d. The MMR system is observed to be active

. ism, where it
in this organts helps to ensure the accuracy of DNA replication and

-ation. MutS1 an .
rﬂcombnuvtlcon d MutL, two essential proteins that make up a conserved core

: in mismatch recognition, are essent; :
mvol"ed ) ssential for the system's function.

previous studies showed that MutS from Escherichia coli was active on G4 structures and the
RGG motif in the protein plays an important role in structure specific binding, hence we
sought to check whether MutS from Deinococcus radiodurans is involved in G4 metabolism
in this bacterium. For this, two distinct types of mutants of mutS from Deinococcus

radiodurans were planned, to check their functions towards G4 structures compared to wild

type allele:

I. Deletion of the RGG sequence to determine if it aids in guanine quadruplex binding.

2. Site-directed mutagenesis, where serine was substituted for arginine in the RGG

sequence.

62.1 PCR Amplification of the RGG del mutS u and down fragments

A gradient temperature range of 58°C to 68°C was used for the hypothesised del mutS coding

*quence amplification. The genomic DNA of D. radiodurans Was employed as a template,

: i ' Rich Buff
Combined with primers that are specific to the given sequence. The Phusion GC Rich Bufter

. i as utilised. D.
2X, which is designed especially for GC-rich templates like D. radiodurans, was utilise

"adiodyy, h ] nome with a high GC content of 69.7%. To check for amplification

ns has a large ge .

g4 a tiny portion of the PCR reaction was run

. t,
“nd to Mmeasure the size of the amli’Ilﬁed pmduc

Maly, agarose gel with a DNA marker-
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2 -1.5kb
~1.0kb

Figure 28 displays the results of gradient PCR for del mutS up and down fragments in
the temperature range of 58 °C to 68 °C. The temperature range of 58°C—68°C was used
for the del mutS up fragment (lanes 1-5) and del musS down fragment (lanes 6—11). The
pCR-amplified product was examined in a 1% agarose gel corresponding to the following
temperatures: 67°C, 64°C, 62°C, 60°C, and 58°C. At 58 °C, a distinct, intense band of size

1.5 kb (the del mutS down fragment) and 1 kb (the del mutS up fragment) was seen.

Both fragments were amplified in significant quantities using PCR at 58°C, and the amplified

products were gel-purified and kept at -20°C for later use.

622 Overlapping PCR to obtain full length gene with desired mutation

All of the PCR-amplified fragments containing the appropriate mutations were then used as

i hich serves as a flanking primer and
©mplates for overlapping PCR. Two primers, one of whi

binds o each end of the nucleotide sequence, are used to overlap the fragments. A gradient
d. After identifying the ideal annealing

PCR of a 50-1 reaction mixture was performe

prepared and the PCR parameters were set using

temperat“l'e, a high-volume reaction was
d a ladder wa
Hole 18 Aft lification, 4 1 of the sample was |oaded onto the gel, an s used
- Alter amplification,
2 ici ture, the fragments were
to confirm the s £ the fragments. For simplicity of nomencla g
e size o gm

givep the numbers 1 and 2.
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8. Optimization of ¢
Tablel P €Mperatyre conditions for Overlapping extension PCR

Steps PCR (30 cycles)
Temperature - — |
[nitial Denaturation ST o
W wlle 30 sec
Annealing ] T "
Extension T N

Figure 29 : shows the outcomes of the Overlapping Extension PCR used to create mutS§

mutants with the RGG motif removed. The utilised ladder is in lane 1, and the PCR

products are identified as lanes 2, 3, and 4 in various tubes. The full-length RGG del mutS

mutant is nted by the fragments in lanes 2—4. It is significant to note that the PCR
S represente:

i ure of 58°C.
Product was produced at an optimal annealing temperat

.20°C for later use.
The amplified product was gel puriﬁed and stored at 20

nts of site-directed mutS allele by PCR

me
623 Am lification of the u and down fra

P i sequence
The site-directed mutagenesis mutS coding

Soc to 68°C. As

amplification was conducted at a

a template, the genomic DNA of D.

Sradie e of 5
Nt temperature rang o speci fic to the given sequence. It was done
. ; imers |
"diodyyans was used along with prit

\____———' 29

T
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husion GC Rich Buffe .
sing the P r EX, Which hag been designed for GC-rich templates like

. . A small amoun
D. radiodurans tof the PCR reaction was tested with a DNA marker on a 1%

o determine whethe . .
42105 get ¥ ¢ amplification had ocourred and to calculate the size of the

- plified product.

~1.5kb

Figure 30 : displays the SD mutS up- and down-fragment gradient PCR results at the
58-68 °C temperature range. For (A) the SD mutS up fragment (lanes 2—5) and (b) the SD
mutS down fragment (lanes 2—6), temperatures between 58°C and 68°C were used. The DNA
marker is denoted by Lanel in both (A) and (B). A 1% agarose gel was used to evaluate the
PCR-amplified product at 67°C, 64°C, 62°C, and 60°C for the SD mutS up fragment (A), and
67°C, 64°C, 62°C, 60°C, and 58°C for the SD mutS down fragment (B). The SD mutS down

fragment, measuring 1.5 kb, and the SD mutS up fragment, measuring 1 kb, were both clearly

ViSible at 58 °C,

Both segments were amplified signiﬁcantly by PCR at 58°C; the amplified products were

then gel-purified and stored for future use at -20°C.

624  Overlapping PCR for Site Directed mutS to obtain full length gene
- Lveriapping 1

of the PCR-amplified fragments with the

OVerlapping PCR was performed using all

s, two primers are used, on f
Neceqe . rlap the fragments, » €0
tSsary mutations as templates. To overlap
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nich acts as @ flanking primer and binds to both ends of the nucleotide sequence. A
W

adient pCR was run on a 50 pl reaction mixture, The optimal annealing temperaturé was
g

dctermined, a high-volume reaction was made, and the PCR parameters were established

using rable 19. 4 pl of the sample was placed onto the gel after amplification, and a ladder

was used to confirm the size of the pieces. The numerals 3 and 4 were assigned to the

fragments for ease of designation.

Table19. Optimization of temperature conditions for Overlapping extension PCR

Steps PCR (30 cycles)
Temperature Time -
Initial Denaturation 95 °C 5 min
Denaturation 95°C 30 sec
Annealing 58 °C 40 sec
Extension 2% 2 min 30 sec

Figure 31 : demonstrates the results of the Overlapping Extension PCR used to
Produce muss mutants with serine in place of the amino acid arginine in the RGG

Motif jy D. radiodurans. The used ladder is located in lane 1, while the PCR products are

locateq in lanes 26 that correspond to the various temperatures (67°C, 64°C, 62°C, 60°C,

g 58°C). The fragments in lanes 2-6 represent the complete site-directed mutagenesis

AN

N

Mutant.
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jeduced from the gel image
as d 56 we Understanq that the ingen band of SD 5
0 se band of SD mutS was
goserved at 38°C. A large scale of overyyy,, PCR
was the

n deployed to amplify the SD

qutS. The amplified product was gel-purified apg

Stored for |ater use at -20 °C.

2.5 Isolation of the pET.
6 T-28a (+ lasmid digestion of the vector, and insert

The pET-282 () plasmid was extracteq using the QIApre
p

Spin Miniprep kit from

QIAGEN following the successful amplification of both inserts. The concentration of the

digestion using the proper enzymes, followed by gel purification to get rid of buffers and
enzyme activity. Two restriction endonucleases were used, and the restriction enzyme sites
were inserted into the primers used to amplify the genes to insert the gene of interest in a
certain orientation. The enzymes BamHI and Ndel were used to digest the mutants, and

plasmid single- and double-digests were used to assess the enzymes' effectiveness.

The restriction enzymes BamHI and Ndel
Figure 32 : Digestion of Vector and Insert.
: Digestion O

(RGG del mutS). To test the efficiency of

. Insert
Were used to double di gest the vectors and
gestion of the vector with BamHI and Ndel was

- aole di
the utilised restriction enzymes, @ SIng

layed in Jane 1, the undigested vector is displayed
p

415 performed. The DNA marker is 418

L —— s
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2. the vector is i
 jane 2 th double digested i lane 3, the « : m
» ¢ single digested vector using BamHI

Ndel is displayed in lane 4
and ! and 5, TCSpectively, and the double digested insert (RGG

del mutS) 1S displayed in lane 6.

6.2.6 Ethanol Precipitation, Ligati
~ c

on of v
ompetent cells, ector and gepe and Transformation into

The double digested vector and ; .

Inserts were both precipitated in ethanol in an
Eppendorf tube before the ligation procedure was started. The vector and insert
amounts were added to establish a 1-3 molar ratio for ligation. The reaction mixture
was made as described in the methods section, and it was carried out overnight at 16°C.

The recombinant vector was ligated and then transformed into E. coli (Nova blue) cells.

The transformed E. coli (Nova blue) cells were then plated on LB agar plates with 25
pg/ml kanamycin and incubated at 37°C overnight. To assess the effectiveness of
competent cells, plating of positive and negative controls was also done. A few colonies

were seen on the positive control plate, which only contained intact pET-28a (+) vector,

while none were seen on the negative control plate, demonstrating the competency of

the cells. On the LB plates containing the ligated mixture, a moderate transformation of

2030 colonies was attained.

6.2.7 Screening of Transformants

On a new LB plate with 25 pg/mL kanamy
ibed in the methods section, the plasmids were

cin, transformed colonies were streaked and

incubated at 37 °C overnight. As descr
the miniprep technique. Plasmid shift/band shift,

extracted the following day using

jgsmid digestion, and colony PCR are the three methods
plas

telease of the insert on double

used to identify positive clones-
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reening of the clones by Plagpy; g shift

sC

.4 up. The ligation of the i e
4dded up g € Insert with the VECtor was effect;
cctive, as shown by the shift,

ving that cloning had taken p]
proving Place. Further confirmation will be done with the restrictior

Figure 33 : Screening of transformants for plasmid shift. Following the isolation of
the plasmid from each colony, a tiny volume was loaded onto a 1% agarose gel with a

DNA marker and an uncut PET-28a (+) vector in order to look for any size differences
and compare shifts. The DNA ladder is shown in lane 1, and the uncut PET-28a (+)

Vector is shown in lane 2. When compared to the uncut PET-28a (+) vector, the wells

: , ; in the plasmid size.
With a "+" showed a considerable change In p
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{-()_\Cil SION

pus repont tesicd whether guanine gy
fuplex (G4) structures play any

.;pi!&’lm“" miliatiion

regulatory role in

N an radiores;
loresistant
mt.lhipan_it
€ genome containi YeRAnism
:Iir;ﬂn.'l.u't"ui rudndurmu_ nng org S|

Replication ;
On Initiatjo, ;
N proteins of D. radiodurans, recombinant

im& aﬂd I)RaB Were punﬁed o h .
: geneity from E. coli host. PCR amplification of
ari Sequence of chromos«

yme | was carri

ed out and through bioinformatics analysis putative
. ifs were identified | -
G4 motifs were identified in ori sequence. EMSA experiments with G4 DNA and non G4

orms suggested that Dna/ - : ‘
forms SUER A 1s having high affinity for G4 structures while DnaB does not
have any preference for G4 structures. Further results from dynamic light scattering suggests

that DnaA forms higher molecular weight oligomers in presence of G4 strucutures.

Mhe findings of the ATPase asctivity assays of DnaA protein revealed that protein's ATPase
activity was higher in the presence of dsDNA than it was in the presence of G4 DNA,
indicating that the reduced avatlability ol free DnaA protein in the reaction mixture as a result

of enhanced DnaA protein binding to G4 DNA.

Furthermore. two mutant alleles for the mismatch DNA repair protein MutS were created

using overlapping PCR technique. One was obtained by deleting the RGG sequence from the

maS encodi equence (RGG del mutS), and the other by substituting serine for arginine in
coding sequenc -

the RGG £ mutS (SD mutS) Both research efforts sought to identify the function of
sequence of mu .

.+ the DNA mismatch repair process. Three
the RGG sequence found in the MutS protein

m the screening of transformants which

) i fro
RGG del mutS-positive clones were obtain ed

needs 1o be confirmed further through resn'iction analysis.
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CHAPTER- 8
FUTURE PROSPECTS



» e e R
P e

I a more sensitiv i y
o Use of stive technique [ike radioactive EMSA to check the affinity of

DnaA and DnaB proteins towards G4 structures

o In vitro characterization of putative G4 motifs identified in the ori region of

chromosome I in Deinococcus radiodurans

o It is planned to confirm the cloning of the musS alleles by restriction analysis. The
confirmed recombinant plasmids will be expressed in E. coli hosts, and proteins will

be purified to understand the function of the RGG region.
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ABSTRACT
l'“‘;“"«:.n Women and nature are Indispensible parts of the works of Alice
WA “. A . ) LB abie 1 iy
fﬂ.:‘.‘:; Walker and she has empathetically written about them. Through her novels,
—_— Walker has b ht into f
| o 1as brought into focus the exploitation of women and the environment,
p-l -9-"5 Her Pulitzer Prize winning novel The Color Purple (1982) is a manifestation of
S ecowomanism. Walker in her novels has given equal importance to men,
Article Info: women, animals and inanimate nature to promote an ecocentric world view
Article Recelved  25/4/2015  through womanism. In the novel, The Color Purple she has linked environmental
Rewvised on: 20/5/2015 s
on:  23/6/2015 'SSues to questions of gender and race. This paper traces the ecowomaniit

cansciousness of the main female characters in the novel. The ecowomanisa
that goes beyond ecofeminism, employed in the novel, asserts that both nature
and women are to be handled with care. Walker shows how an ecologica:
perspective when linked with womanism is a harbinger of true self-rellance anc
happiness for women. Shug, Celie, Sofia and Squeak enrich their lives with
ecowomanist awareness, overcome tribulations, become truly self-reliant anc
triumphant by the end of the novel. Walker through the novel asks women to
develop and put forth their ecowomanist awareness in action, by promoting
eco-friendly ways of life,

Keywaords: Ecocrticism, Ecowomanism, Ecofeminism, Ecology, Ecosphere

ealme

r

© Copyright VEDA Publicatior

Women and nature are indispensible parts of
the works of Alice Walker and she has empathetically
written about them. Through her novels, Walker has
brought into focus the exploitation of women and
the environment. Her Pulitzer Prize winning novel
The Color Purple (1982) is a manifestation of
Ecowomanism. Definitions of the words ecology and
&cosystem, throw light on the interconnectivity
amidst the flora and fauna on planet earth. The
Oxford Advanced Learner’s Dictionary defines
‘Ecology’ as “the relation of plants and living

creatures to each other and to their environment”
{"Ecology,” Def. 485). It defines 'Ecosystem’ as “all
plants and living creatures in a particular area
considered in relation to their physical environment”
(“Ecosystem,”Def.486). Both the definitions show the
connectivity between the animate and inanimate
world. Perchance, human beings have dominated the
ecosystem and have modified it for their benefit. This
has created an imbalance in ecology which needs to
be corrected for posterity on the planet earth.
Moreover, the relationship between man and the

Dhavaleswarapu Ratna Hasanthi

———————ssE
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ar In her novels has given equal
vomen, animals and Inanimate
N acocentric world view through
avel, The Color Purple she has
Issues to questions of gender

Malks  about  environmental
on, global warming, climate
extinetion, It stresses on the
ironmental awareness through
in In literature. Ecocritics like
wrence Buell and Greg Garrard,
like The Feocrticlsm Reader:
Uterary Ecology  (1996), The
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atfon of American Culture ( 1995) and
D04) have talked about the ecological
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tions Ilke returning to nature and
iary study of environmental degradation.
 focussed on the link between
women and degradation of the
which Is Important for the
of both women and the environment.
minlsm’ first appeared In 1974 In
ubonne's Le Fe'minisme ou la mort, in
@lked about the direct link between the
nature and the oppression of women,
arved that: “Sexism and exploitation of
@t are parallel forms of domination”
As adroltly pointed out by Spretnak
will address not only the interlinked
archal culture of terror of nature
tarror of elemental power of the female, but
vs of the mesmerizing conditioning that
and men 5o cut off from our grounding
“world, so alienated from our larger
' (6), Ecofeminists have depicted how
d to nature and how feminist issues
parated from ecological Issues. They
ked [ssues of racism to environmental
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. ; e353ys ttled In Segrch of Our
arden’s: Woamanist prose (1983) to speak
and against the Oppression faced by women aof
colour, In it, she has said that, 3 womanist is “a black

feminist or ferninist of color. ... Appreciates and
prefers  women's culture, womern's ;
flexibllity (values tears as natural counterbalz
laughter), and women’ it
en’s strength. . . . She has
further stated that a womanist * Loves music. Loves
dance. Loves the moon. Loves the Spirit. Loves lave
and food and roundness. Loves struggle. Loves the
Folk. Loves herself. Regardless” (Walker In Search xi-
xii). From the aforesaid definitions, it is clear that
love for nature is an integral part of womanism.
Walker through her literary oeuvre has showcased
her concern for black women and the environment.
As hinted by ecofeminists Spretnak and athers,
Walker advocates ‘ecological wisdom' as a route 9.
the prevention of environmental degradation. She(
has surpassed the concept of ecofeminism bringing |,
into focus the questions of race along with gender, by
proposing an un-anthropocentric attitude towards u
nature, to solve the problems created by the nexus of (|)
race and gender. As put forth by Smith the term
Ecofeminist “expresses the perception that ﬂ":‘: )
degradation of the Earth is of a piece with the
subordinating and bullying of women, racial’ 2
minorities, the poor and the marginalized, the term )
‘ecowomanist’ expresses the burden of this
perception on a woman of color” (476). Mor
ecowomanism s based on the authentic i

Moathers’

of African American women.
Walker as a committed ecowomanist ind
her readers through a composed, reticent

investigation and study of the threats shoved on
nature by human beings in their specious ways. She
suggests that the indemnities of environmental
pollution, deforestation, and global warming need to
be corrected by developing true ecowomanist
consciousness. She upholds the view that, this alone
can topple patriarchal hierarchy and preserve the
interests of women and the environment. The works
of Alice Walker are effectual pieces of protest, that

. er, which

i i Vi reverberate with environmental issues like nurture
R nature, deforestation, nuclear disarmament and
U!; Dhavaleswarapu Ratna Hasanthi
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00 W ikl walidlon of the Colwr Pumple s 1y
A Rk gl I e “ealir iat i WAy o sl he
bub I wvmrywhione in nature®. As Hnpilleatind fyy the
Atoresald statument, i novel taly showeanes (e
Hivvbew basstwmenis panean, wonilr anid e,

Walker In he novel sxglorss e connections
botween - wamen and - netire though il
ATt She s sald that "I day Loy Nife, |
WA o Earth on Gl ropresonting everything
A AR an T sl (Walker Anyihing 9), She
Aven b an antheopocentle, patlarchal Christian
Vinw tak the univars s only for min, will be very
FninE for the econyatem and she recommends
PORANINN a8 A way of promotiog an soocentile
WOHlIViaw, Ax plited out by Pamels Smith, Walker
WK for e wddaption of “pan-religlous and panthelst
sonalbiiies” (2), v they alone gan save the
nionphore,  Colle In The Color Purple vealires this
porapeckive thiough the enfightenment of Shig, She
Maken Colle ronlies that she s not an Insignificant
Pt oF croation, feal redemption happeos for Celle
when she “discovers that she b part of the creation,’
Ut whve 108 dko the watural order of te world, .. "
(Warker 60.62) This spieitual rebiith of Colle Is far
away from patilarchal religlosity and Is an outcome
Of her dovelopling erowaimanist perspective,

Walker thiough the novel dilves home the
POIE Ehat the ceitigue of patrarchy alone can lead o
e preservation of the (nterests of women and the
e She showeases that patearchal forces erase
Il and culture that embirace female sexiality and
Ploasure, Walker (v the novel advocates that a free
fornale sexuality alone can give humans a tesplie
T helr burdened sexuality, Free sexuality (s part
O ANIIATE iatre and Walker argues against it belng
tabooed, Regarding iy, Lovalere King hay astutely
atatod thati "Walker's wormanist i (n touch with her
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she shareg at her
‘with women and/or men,
and openly expresses her
_' ‘with others” (138), The
it Celle has with Shug can be
male hegemony, especlally
of black women by black men, , ,,
leap forward into » new social
I egalitarianism” (Bell 263),
bisexuality with grace and so

discovers her sexuality with
°rs it after overcoming the
e solacing sisterhood offered by
und her, helps her open up, and
d male domination, Walker
cumbered sexuality can bestow
lives of women and help them
nd nature, and she has promoted
he novel,

Actlvism (1997) has disclosed her
alk amidst nature and see ts beauty,
this brings to her mind many blacks
vn “are flexible like the grass and
trees" (111), The solacing quality
Biven importance in the text The
lie Imagines herself as a tree, while
Vviolence under Albert, Celie tells
pson: “I say to myself, Celie, you a
lor 22). Imagining herself as a tree,
2ngth to combat oppression, offer

Nd make life a happy ride, Shug shelters
en characters in the novel, like a tree,
‘omanist wisdom and makes them
rthermore, Celie as a self-reliant
firmly rooted like a tree and offers
any women, Walker advocates that
and devastation of nature, can be
vhen the toxicity In the mind, body and
removed completely. Moreover, the
ly laden with vivid descriptions of

ion of the body and spirit are very
woman to redeem herself and
| Walker promotes this concept
ovel. Celie discovers herself with the

HTERATURE (10gyy

-y ;&'twnm{'jmn,d'

domination and domesti

reclaims  her voice, Celie and Shug  revitalize
themselves with  ecowomanist awareness ang
become whole and are ready to face life with
renewed strength, Walker through the novel

showcases that nature is the greatest revitalizer of
life,

C violence of Harpo and

Preservation of matriarchal culture alone can
Outcast patriarchal domination, and protect the
interests of women and the environment. Walker
clearly showcases this in the novel. Celie is
Introduced to soothing blues sangs by Shug and
Squeak. They introduce her to the possibility of
finding one's voice and being, and highlighting them
for the positive catalysis of the self, Walker through
The Color Purple endorses the idea of Sherley Ann
Williams, who has talked about the solacing quality
of blues songs as they express the pain and triumph
of the black community. She has said: “pain plays a
large part in Black music is evident in the lyrics of the
blues, . . . Yet, there is the beautiful lyricism . .
which also expresses triumph and transcendence, the
sly humor and laughing confidence, the will to make
it on through, to work it on out . . , * (144), The
women characters in the aforesaid novel realize this
and revitalize themselves with blues songs, to realize
their selves and lessen the burden of racism, sexism
and classism by establishing an emotional connection
with the black community on the whole. With their
help, they come close to nature and their true
nature,

Walker asks women to stand against
patriarchal power by dismantling the hierarchies
established by organized religion and cultural
practices that place women and mother earth below
the Interests of man and his monopoly. Walker
belleves that “all of creation Is of the same substance
and therefore deserving ... same respect ... We are
connected to them [animals] at least as intimately as
we are connected to trees" (Walker "The Universe
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Il extents of #ander-based and
lon-of  Christian patrarchy” (173),
Samual though Christian misslonaries
dwell deep on the act of "not being tied 1o what
“God looks like" (Walker Cofor 218). This helps them
overthrow white monopoly of Christianity, — The
ecowomunist thread in the text BNCOUrgEs unity
between God, humans and nature umclaliv
betwean God, women and nature, This realization’
empowers the women characters in the novel, (
Resurrection of nature, its worship and .
preservation  are  of  utmost  Importance th;'
ecowomanism and Walker has talked about them In;.
The Celor Purple. Celie finds solace amidst the
clamour of plantation life, nurturing nature on the
farm. Shug makes her realize that “It plsses God off 1.
you walk by the color purple In a fleld somewhere
and don't notice It” (Walker Color 167), Later on,
Celle becomes a self-rellant entrepreneur and bull
o home (n Memphis for hersell amidst nature wit
many artefacts of nature, symbolic of h
ecowomanist awareness, Celle and Shug Impart th
awareness to the other women characters In t
novel and accentuate thelr ecowomanist awareness,
Nettle's stay In Olinka speaks about how, nature
worshlp and preservation be It as simple as the
worshlp of the roofl leal can act as a source of
strength to fight oppression, Moreover, Walker his
cleverly linked Issues of environmental pollution,
deforestation, and global warming with Nettie's stay
in Olinka, She has showcased how destruction of
greenary leads to the aforesald problems, one after
the other, even In a thickly vegetated country lke
Olinka. As polnted out by Bush “Through Netties

L.. n
Created in Photo-to-PDF One Click Converter. Download here: https://firehawk.ai/phototopdf/



e Lornaticnns 1. e

'“dw'smhnhma
e lLger ontext of the explotative
between races and nations” (1039) The
a8 wpiritual union with nature helpsy
hesling hersall after having seen the
- mﬂtmﬂﬂemnhummd
|
Ecowomanist transformation in Celie "
by the fact that Celie addresses the last
everything that matters 10 the ecophere
s & writing "Dear God, Dear Stary, dear
sky. dear peoples. Dear everything 4
Color  192) With her SCOWOmanist
Ph L(!‘l!‘ﬂil“lh“!h!mb,m
in kfe. Walker, the writer par excellence,
al activist, laver and “worshipper of
" (Walker in Seorch xi), through the novel
e mmth.nclosemuuﬁﬂ\mtmu.
of the female spirit and it helps
in realizing their true potential, Shug, Celie,
#nd Squeak enrich their lives with ecowomanist
preness, overcome tribulations and become truly
t and triumphant by the end of the novel,
The women characters in the novel overcome
he hindrances that have hindered their mental
spiritual evolution earlier. Ecological womanism
pds hard-headed persuasion and application and
; recommends this through the novel.
ough the novel, she drives home the point that
subjugation of women and the conflagration that
ken have made of mother earth needs immediate
.' ents. Walker through the novel asks women
D develop and put forth their ecowomanist
" ess in action, through their activism, and by
oting eco-friendly ways of life.
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