Contents

Chapter 1

1.1
1.2

1.3
1.3.1

1.3.2
1.4
1.5
1.6

1.7
1.8
1.9
1.10
1.10.1
1.10.2

1.10.3
1.11

L1l.1
1.11.2

Description
Certificate
Acknowledgement
Contents

List of Tables
List of Figures
Abbreviations

Introduction

General Introduction

Cyanobacteria are important in the nitrogen
cycle

Nitrogen assimilation and nitrogen control in
cyanobacteria

Mechanism of assimilation of combined
nitrogen

Nitrogen control

Nitrogen fixation and heterocyst formation
Role of NtcA in heterocyst formation

Role of HetR protein in regulation of
heterocyst development

Role of heft gene

HetC is required during early development
hetl.  overexpression stimulates heterocyst
formation

How pattern of heterocyst regulated?

PatS influences the initial heterocyst pattern

Role of HetN in influencing the maintenance of
heterocyst pattern

Role of Calcium in Heterocyst differentiation
Regulation of heterocyst formation during late
phase

Heterocyst-specific expression of patB

HepA and HepK/DevR two-component system

Page
No

i

X1
X1y

13
16

17

17
18
18



1.11.3
1.12
1.12.1

1.12.2
1.12.3
1.12.4

1.13

1.14

Chapter 2

2.1
2.1.1
2.1.2
2.1.3

2.1.4
2.15
2.1.6
2.1.7
2.1.8
2.1.9
2.1.9.1
2.1.9.2
2.1.9.3
2.1.9.4
2.1.9.5
2.1.9.6
2.1.9.7
2.1.9.8
2.2
2.3
2.3.1
2.3.2
2.3.3
2.3.4
235
2.3.6
2.3.7
2.3.8

Differentiation and maturation
Organization of nif genes in cyanobacteria
Developmentally regulated genome
rearrangements in heterocysts

Functions of nif genes in Anabaena

Alternative nitrogenase systems

Genes involved in the regulation of nitrogen
fixation
Gene rearrangement in Anabaena sp. strain

PCC7120 for nitrogen fixation

Objectives of the present work

Materials and Methods

Media

Rich media

M9minimal media
Antibiotic stock solutions
Fe source

For anaerobic assay
Composition of Z buffer
Nitrogen source

Protein molecular weight marker
Media for expression
Luria broth

Antibiotics

‘Induction

Sonication buffer
Other buffers
PEI precipitation
SDS-PAGE

In gel digestion
Strains and Plasmids
Plasmids

pMX25

pMXA25
pAn207.65
pMC71A

pMUS75

pKK1

pAM1323
pACYC184

22
23
23

24
26
26

29

31

32

32
32
32
32

33
33
33
33
34
34
34
34
34
34
34
34
36
38
39 .
39
39
39
39
40
40
40
40



2.3.9
2.3.10
2.3.11
2.3.12
2.3.13
2.3.14
2.3.15
2.3.16
2.3.17
2.3.18
2.3.19
2.3.20
2.3.21
24
2.4.1
2.4.2
243
2.4.4
24.5
2.4.6

2.4.7
24.8

2.4.9
2.4.10

2.4.11
2.4.12
2.4.13

2.4.14
2.4.15

2.4.16
2.4.17
2.4.18

2.4.19
2.4.20

pTZ57R

pMC71AGm

PNTMCGm

PCTMCGm

pMALp2

Pegkt

pVYN6

pET20b(+)

pNC1

PLysS

PLysE

pVN6xisA

PETxisA

Methods

Isolation of plasmid DNA

Transformation of plasmid DNA

Restriction enzyme digestion analysis

Ligation

Agarose gel electrophoresis

Monitoring excision of nifD element by monitoring
rearrangement of pMX25 plasmid in E. coli

Effect of Fe’* on the rearrangement of nifD element
in E. coli

Excision of nifD element of Anabaena PCC 7120 in
E. coli strain JM101 under anaerobic conditions
B-Galactosidase Assay

Effect of NtcA on the excision of substrate plasmid
in the presence of xis4 gene

Effect of NtcA on the promoter activity of xis4

- gene

Isolation of Genomic DNA form culture of
Anabaena sp strain PCC 7120

Amplification of ntcA gene form genomic DNA of
Anabaena sp strain PCC 7120

Cloning of ntcA gene in pACYC184

PCR Amplification of N terminal region of xis4
gene : :
Cloning and screening of positive clone

Endonuclease assay

Endonuclease and excision activity of N terminal
region of xisA ‘
Expression studies of the N terminal of xis4
Amplification of xis4 without promoter

vi

41
41
41
41

- 42

42
42
42
43
43
43
44
44
45
45
45
45
45
46
46

47

47

48
49

49

49

49

50
50

52

52
52

53
53



2.4.21
2.4.22

2.4.23
2.4.24

24.25
2.4.26
2.4.27

2.4.28
2.4.29
2.4.30
2.4.31
24.32
2.4.33
2.4.34
2.4.35
2.4.36
2.4.37
2.4.38
2.4.39
2.4.40
2441

2.4.42
2.4.43

2.4.44
2.4.45

Cloning of amplified xisA4 in plasmid pMALp2
Standardization of partial purification of MBP-
xisA fusion -
Expression of MBP-XisA fusion protein
Expression of MBP-XisA fusion Protein at 37°C
from 10 ml LB

Expression of MBP-XisA fusion Protein at 37°C
from 100 ml LB

Expression of MBP-XisA fusion Protein at 37°C
from 100 ml LB and extraction from periplasm
Expression of MBP-XisA fusion Pretein at 25°C
from 100 ml LB

Electroporation

SDS- PAGE

Amplification of xis4 for cloning in pVN6 and
pET20(+H)

Restriction Digestion

Dephosphorylation of both the vector (pET20b(+)
and pVN6)

Ligation-

Induction of xisA through IPTG

Standardization of xisA purification
Precipitation of DNA with PEI
Ammonium sulfate precipitation of protein
Dialysis of protein sample

Column preparations

Column loading

Preparation and loading of Phosphocellulose
column ‘
Preparation and loading of heparin column on
FPLC :

Preparation and loading of Mono Q column on
FPLC

Activity assay with pMX32 and pBR322NGlI

In gel protease digestion protocol and MALDI
spotting

vil

53
54

54
54

54

55

55

55
55
56
56
56

57

W

57
57
59
59
60
60
60
60

61

62

62
62



Chapter 3

31
3.2
33
3.3.1

3.3.2
3.33
- 334

Chapter 4

4.1
4.2
4.3
4.3.1
4.3.2

4.3.3

Chapter §

5.1
5.2
5.3

Chapter 6

6.1
6.2
6.3
6.3.1
6.3.2

Effect of nitrogen sources on the excision of
nifD element of Anabaena PCC 7120

Introduction

Materials and Methods

Results and Discussion

Excision of nifD element in the presence of
Casamino acids

xisA promoter assay

Effect of Fe status on the excision of nifD element
Excision in anaerobic and aerobic conditions

Role of Anabeana PCC 7120 NtcA on the
excision of nifD element of E. coli

Introduction

Materials and Methods

Results and Discussion

Effect of NtcA on the excision of nifD element
Effect of NtcA binding on the expression of the
XisA

Cloning of ntcA in pACYC184

Cloning of N terminal domain of Anabaena sp.
strain PCC 7120 XisA protein and investigation of
recombinase activity

Introduction _
Materials and Methods
Results and Discussion

Detection of MBP-XisA fusion protein of
Anabaena PCC 7120

Introduction

Materials and Methods

Results and Discussion

Cloning of xisA4 gene

Expression of MBP-XisA fusion protein in E. coli

viii

64

64
69
70
70

71
72
72

75

75
17
78
83
84

85

86

86
91
92

97

97
98
99
99
99



Chapter 7

7.1
7.2
7.3
7.3.1

7.3.2

Cloning expression and partial purification of
Anabaena PCC 7120 XisA protein

Introduction

Materials and Methods

Results and Discussion

PCR amplification of Anabaena PCC 7120 xisA
gene :

Expression of xis4 gene with regulatory circuits
References

Summary

ix

106

106
108
109
109

112
123
142



