
Chapter Two

Materials & Methods

2.1: Bacterial Strains, Primer Sequences and Plasmids

Table 2.1: Bacterial Strains
	Strain
	Phenotype/Genotype
	Source/Reference

	

	Sinorhizobium meliloti 2011

	2011
	Wild type, Nod+, Fix+
	Meade et al., 1982

	2011str
	Spontaneous high level streptomycin resistant derivative
	Ó Cuív, PhD Thesis DCU 2003

	Rm818
	pSyma cured strain
	Gift from Dr. Michael F Hynes, Calgary

	2011rhbA62
	Tn5lac insertion in rhbA
	Lynch et al., 2001

	2011rhtX-3
	CmR in rhtX
	Ó Cuív et al., 2007

	2011rhtX-3smc01610::Tc
	rhtX negative background. TcR in smc01610
	This study

	2011rhtX-3fhuA1::Km
	rhtX negative background. KmR in smc01611 (fhuA1)
	This study

	2011rhtX-3fhuA2::Km
	rhtX negative background. KmR in smc01657 (fhuA2)
	This study

	2011rhtX-3smc01658::Km
	rhtX negative background. KmR in smc01658
	This study

	2011rhtX-3smc01659::Km
	rhtX negative background. KmR in smc01659
	This study

	2011rhtX-3smc01660::Km
	rhtX negative background. KmR in smc01660
	This study

	2011rhtX-3hmuTdppB1Tc
	rhtX negative background. KmR in hmuT. TcR in dppB1
	This study

	2011rhtX-3hmuTdppB2Tc
	rhtX negative background. KmR in hmuT. TcR in dppB2
	This study

	2011rhtX-3hmuT::Km
	rhtX negative background. KmR in hmuT
	Ó Cuív, Unpublished

	2011rhtX-3hmuU::Tn5lacZ
	rhtX negative background. Tn5lacZ insertion in hmuU
	Ó Cuív, Unpublished

	2011rhtX-3hmuV::Km
	rhtX negative background. KmR in hmuV
	Ó Cuív, Unpublished

	

	Escherichia coli

	XL1-Blue
	recA1, hsdR17(rk-, mk+), supE44, Ф80dlacZΔM15, Δ(lacZYA-argF)U169
	Stratagene

	RK4375
	fhuC::Tn10, fepA9, aroE24
	E. coli Genetic Stock Centre

	H1443
	K12 strain, aroB
	Gross, et al. 1984

	H1717
	araD139 Δ(argF-lac)205 flhD5301 fruA25 relA1rpsL150 rbsR22deoC1 aroB fhuF::λplacMu
	Stojiljkovic, et al. 1994

	
	
	

	Table 2.1: Bacterial Strains, continued

	Strain
	Phenotype/Genotype
	Source/Reference

	
	
	

	Escherichia coli

	B1713
	H1443, λplacMu insertion in fhuB
	Ó Cuív et al., 2007

	BL21(DE3)
	F- ompT gal [dcm] [lon] hsdSb (r-B m-B; an E. coli B strain) with DE3, a λ prophage carrying the T7 RNA polymerase gene
	Gift from Prof. Peter J. F. Henderson, University of Leeds 

	KRX
	F-prime, traD36, ΔompP, proA+B+, lacIq, Δ(lacZ)M15] ΔompT, endA1, recA1, gyrA96 (Nalr), thi-1, hsdR17 (rk-, mk+), e14- (McrA-), relA1, supE44, Δ(lac-proAB), Δ(rhaBAD)::T7 RNA polymerase
	Promega Corporation

	FB827
	entF::Tn10
	Gift from Dr. Cécile Wandersman, Paris. Letoffe et al., 2006

	FB827 dppF::Km
	Derivative of strain FB827, KmR in dppF
	Gift from Dr. Cécile Wandersman, Paris. Letoffe et al., 2006

	
	
	

	Rhizobium leguminosarum
	
	

	R. leguminosarum bv viciae 3841
	Spontaneous high level streptomycin resistant derivative
	Gift from Dr. Andrew W.B. Johnston, University of East Anglia, Norwich, UK

	
	
	

	Pseudomonas aeruginosa
	
	

	P. aeruginosa PAO1
	Wild type
	Laboratory stocks, originally donated by Dr. Keith Poole

	

	Bacillus megaterium

	ATCC 19213, 91-02
	Produces schizokinen
	NCIMB


Table 2.2: Primer Sequences
	Name
	Primer Sequence (5′ – 3′)

	Tm (oC)

	Restriction sites are highlighted and underlined

Non-binding tags are in bold type

Melting temperatures were calculated using the formula: Tm = 4(GC) + 2(AT)

	Primers for Mutagenesis

	F1610Apa1
	atgctagggcccGATATCGTCGACCGTTGCGTCG
	70

	R1610Pst1
	atgctactgcagCGGTAGCGAACCGTTCCGTCATC
	70

	FhuA1-F
	gggccccataggcggtctcaaccgccgagagtgg
	>75

	FhuA1-R
	actagtttcaggaggtagttcgggccggtaggtg
	>75

	FhuA2-F
	acgcgtcgactgtttaaggttgcgtcgcatg
	62

	FhuA2-R
	cgggatccttaccagttatagcgcagcg
	58

	smc01658F
	ccgcgcccgcgcggatccGCGTGTCGCCGCCGCTCG
	66

	smc01658R
	cgcccgcgcccgctcgagTCGGGATTGTCGGCCTTCATG
	66

	1659Fapa
	aaaagggcccTGATGCTGTCGGAGAATCTTTCC
	68

	1659Rsac
	cgagctcAATCGAAAGAACCGGTTCGATCC
	68

	F1660BamH1
	TGCCCGGATCCGCGAGCGCG
	72

	R1660Apa1
	atcgatgggcccGGCCATCCAGCCGTCTTCGGC
	72

	dppB1F
	ccgcgcccgcgcggatccAGGCGAAGGACCGCGACGG
	66

	dppB1R
	cgcccgcgcccgctcgagGAACGAAATGCGGCTGGAAAACC
	70

	dppB2F
	ccgcgcccgcgcggatccATGGCGCAACGCCTGGGACG
	68

	dppB2R
	cgcccgcgcccgctcgagCGACATGCACATGGGCATGACATG
	74

	
	
	

	Primers for Cloning & Analysis

	cFhuA1F
	aaaagggcccGATTTCGGGGCATGAATGAGATG
	68

	cFhuA1R
	aaaactgcagTTACCACTTCTTGCTGAGCTTCAG
	70

	cFhuA2F
	acgcgtcgactgtttaaggttgcgtcgcatg
	62

	cFhuA2R
	cgggatccttaccagttatagcgcagcg
	60

	c1659Fapa
	aaaaGGGCCCAGCCAAAGGAAACAATAGCCTTGTC
	72

	c1659Rsac
	ccccgagctcTCATTTCTTCAAGCTTATCCAATAGG
	70

	c1658Fapa
	aaaagggcccCAACAGCCCGGCATGAAAGCATG
	72

	c1658Rsac
	ccccgagctcCTATTGTTTCCTTTGGCTTGGAAGG
	72

	FhuFEcoR1F
	ccggaattcTTTAGATTACTATCCCGATTatgGCC
	72

	FhuFEcoR1R
	ccggaattcTCATTTCAGCGTACAATCGCCACAT
	72

	2011dppA1_F
	aacctcgagggcccCTGGGAAGCAAGCTCATGAAAAAGC
	74

	2011dppF1_R
	aacctcgaggatccTCAGGCGGCATTCTTCCGGGC
	70

	2011dppA2_F
	tttaatctagggcccAGAGGGAAGCGCAACATGATGC
	68

	2011dppF2_R
	tttaatctagaatCcCTACGCGCTTTGTGCCACCGC
	70

	1610fhuA1_F
	taattaaatccatggAACGGTGCTGCCGCTCATCCG
	70

	

	Table 2.2: Primer Sequences, continued

	Name
	Primer Sequence (5´ – 3´)


	Tm (oC)

	

	1610fhuA1_R
	taattaaatgaattcTTACCACTTCTTGCTGAGCTTCAGC
	74

	smc01610_F
	gatacttaaccatggAACGGTGCTGCCGCTCATCCGG
	74

	smc01610_R
	gatacttaagaattcTCAGGCGGTGTGACTTTTCTTCC
	70

	Rleg3841hmuU_F
	ctgcagaaacctgggcccCTACGGGGGCTGATCATGGC
	66

	Rleg3841hmuV_R
	ctgcagaaacctgaattcTCAGGGGCGGGAAATGGCGC
	68

	phuUV_F
	tttaaatcagaattcCGCTGGGGATTTCGCTCG
	60

	phuUV_R
	ttaatctaaggatccTCAACGGGCGACGATCAGC
	62


Table 2.3: Plasmids
	Plasmid
	Description
	Source/Reference

	
	
	

	pCR2.1
	PCR cloning vector, AmpR, KmR, lacZα, ColE1 origin. Figure 2.1
	Invitrogen

	pRK600
	Provides transfer functions, CmR
	Finan et al., 1986

	pBBR1MCS-5
	Broad host range cloning vector, GmR, mob. Figure 2.2
	Kovach et al., 1995

	pSUP104
	Broad host range cloning vector, TcR, mob, RSF1010 origin
	Priefer et al., 1985

	pUC4K
	Source of KmR cassette, AmpR,  Figure 2.3
	Amersham Pharmacia

	pJQ200sk+
	Suicide vector, GmR, mob, sacB from Bacillus subtilis, p15a origin. Figure 2.4
	Quandt and Hynes, 1993

	pJQ200-NS
	Derivative of pJQ200sk+ with NotІ and SacІ sites destroyed
	Clarke et al., 2005

	pHP45-(Tc
	Source of (-Tc cassette, ApR
	Kovach et al, 1995

	pUC18
	Cloning vector: Plac, ampR, lacZα, ColE1 origin
	Amersham Pharmacia

	pTTQ18
	Expression vector, CarbR, lacZα, lacIq, ptac promoter, ColE1 origin. Figure 2.5
	Ward, et al. 2000

	pAM238-hasR
	Expression vector, pSC101 derivative, harbouring S. marcescens hasR gene
	Gift From Dr. Cécile Wandersman, Paris. Letoffe et al., 2006

	pTRC99-dppF
	Expression vector, harbouring E. coli dppF gene, ColE1 origin
	Gift From Dr. Cécile Wandersman, Paris. Letoffe et al., 2006

	
	
	

	pCR2.1 Derived Plasmids

	pCR2.4 A/P
	2.4 Kb A/P fragment encoding smc01610 for mutagenesis
	This Study

	pCR2.0 A/Sp
	2.0 Kb A/Sp fragment encoding fhuA1 for mutagenesis
	This Study

	pCR2.2 S/B
	2.2 Kb S/B fragment encoding fhuA2 for mutagenesis
	This Study

	
	
	

	Table 2.3: Plasmids, continued

	Plasmid
	Description
	Source/Reference

	
	
	

	pCR2.0 B/X
	2.0 Kb B/X fragment encoding smc01658 for mutagenesis
	This Study

	pCR2.0 B/A
	2.0 Kb B/A fragment encoding smc01660 for mutagenesis
	This Study

	pCR2.0-dppB1-B/X
	2.0 Kb B/X fragment encoding dppB1 for mutagenesis
	This Study

	pCR2.0-dppB2-B/X
	2.0 Kb B/X fragment encoding dppB2 for mutagenesis
	This Study

	pCR0.75 A/S
	pCR2.1 encoding encoding smc01658 & rbs for expression
	This Study

	pCR1.2 A/S
	pCR2.1 encoding encoding smc01659 & rbs for expression
	This Study

	
	
	

	pJQ200sk+ Derived Plasmids

	pDK2.4 A/P
	2.4 Kb A/P subclone of pCR2.4 A/P
	This Study

	pDK2.0 A/Sp
	2.0 Kb A/Sp subclone of pCR2.0 A/Sp
	This Study

	pDK2.0K A/Sp
	KmR insertion in pDK2.0 A/Sp
	This Study

	pDK2.2 S/B
	2.2 Kb S/B subclone of pCR2.2 S/B
	This Study

	pDK2.2K S/B
	KmR insertion in pDK2.2 S/B
	This Study

	pDK2.0 B/X
	2.0 Kb B/X subclone of pCR2.0 B/X
	This Study

	pDK2.0K B/X
	KmR insertion in pDK2.0 B/X
	This Study

	pDK2.0 A/Sc
	2.0 Kb fragment encoding smc01659 in pJQ200sk+ vector
	This Study

	pDK2.0K A/Sc
	KmR insertion in pDK2.0 A/Sc
	This Study

	pDK2.0 B/A
	2.0 Kb B/A subclone of pCR2.0 B/A
	This Study

	pDK2.0K B/A
	KmR insertion in pDK2.0 B/A
	This Study

	pDK2.0- dppB1-B/X
	2.0 kb B/X subclone of pCR2.0-dppB1-B/X
	This Study

	pDK2.0- dppB1Tc-B/X
	TcR insertion in pDK2.0- dppB1-B/X
	This Study

	pDK2.0- dppB2-B/X
	2.0 kb B/X subclone of pCR2.0-dppB2-B/X
	This Study

	pDK2.0- dppB2Tc-B/X
	TcR insertion in pDK2.0- dppB2-B/X
	This Study

	
	
	

	pSUP104  Derived Plasmids

	pDK106
	0.8 Kb E/E fragment encoding fhuF from E. coli K12 for expression
	This Study

	pDK107
	0.75 Kb E/E subclone of pCR0.75 A/S
	This Study

	pDK108
	1.2 Kb E/E subclone of pCR1.2 A/S
	This Study

	
	
	

	
	
	

	Table 2.3: Plasmids, continued

	Plasmid
	Description
	Source/Reference

	
	
	

	pBBR1MCS-5  Derived Plasmids

	pDK101
	pBBR1MCS-5 carrying fhuA1 for expression
	This Study

	pDK102
	pBBR1MCS-5 carrying fhuA2 for expression
	This Study

	pDK103
	pBBR1MCS-5 carrying smc01658 for expression
	This Study

	pDK104
	pBBR1MCS-5 carrying smc01659 for expression
	This Study

	pDK105
	pBBR1MCS-5 carrying smc01658 & smc01659 for expression
	This Study

	pDK109
	pBBR1MCS-5 carrying hmuUV from R. leguminosarum biovar viciae 3841  for expression
	This Study

	pDK113
	pBBR1MCS-5 carrying dppA1B1C1D1F1 from S. meliloti 2011 for expression
	This Study

	pDK114
	pBBR1MCS-5 carrying dppA2B2C2D2F2 from S. meliloti 2011 for expression
	This Study

	pDK115
	pBBR1MCS-5 carrying smc01610 for expression
	This Study

	pDK118
	pBBR1MCS-5 carrying phuUV from P. aeruginosa PAO1 for expression
	This Study

	pDK119
	pBBR1MCS-5 carrying smc01610-fhuA1 for expression
	This Study
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Figure 2.1: pCR2.1 Vector, Invitogen
The TA cloning vector from invitrogen, showing the 3´ T overhangs situated within the lacZα ORF, which is under the control of the Plac promoter. Selected restriction enzyme sites within the multiple cloning site (MCS) are indicated [enzymes cutting once are shaded blue while those cutting more than once are red]. Ampicillin and kanamycin resistance genes are highlighted in red shading. 

[image: image2.png]‘EcoRV -4484 - GATATC Notl - 319 - GC'GGCC_GC
Bglll - 4288 - AGATC_T

PBBR1IMCS-5
Kpnl - 3321- G_GTACC 4768 bp

Apal - 3315-G_GGCC'C
Xhol - 3302 - CTCGA_G
Sall - 3206 - GTCGA_C
HindIII - 3281- AAGCT_T
[EcoRV -3277- GATATC
EcoRI-3269 - GAATT_C
Pstl -3267- C_TGCA'G
Smal - 3259 - CCCGGG.
Xmal - 3257 - CCCGG_G
BamHI -3251-G'GATC_C
Xbal - 3239 -T'CTAG_A.
Notl - 3232 - GCGGCC_GC
Sacl - 3219 - G_AGCT'C




Figure 2.2: pBBR1MCS-5 Vector, (Kovach et al., 1995)
The pBBR1MCS-5 broad host range plasmid, showing the multiple cloning site (MCS) with restriction enzyme sites [single restriction sites in blue, and double restriction sites in red], the gentamicin resistance gene in red, the origin of replication in yellow, and the mobilization site in blue. 
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Figure 2.3: pUC4K vector, Amersham Pharmacia. 

The kanamycin resistance gene in red is shown which is flanked by common restriction sites for excision of the cassette. Ampicillin resistance gene is highlighted in green.
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Figure 2.4: pJQ200sk+ vector, (Quandt and Hynes, 1993).
The pJQ200sk+ suicide vector, showing the gentamicin resistance gene in red and the sacB gene in blue. The mobilization site (OriT) and the origin of replication (OriV) are shown. Selected restriction enzyme sites are indicated [unique sites are highlighted in blue while enzymes cutting twice are highlighted in red].
[image: image5.png]EcoRT

BamHIL

Psil
Hindlll

EcoRV




Figure 2.5: pTTQ18 vector, (Ward et al., 2000).
The pTTQ18 expression vector showing the carbenicillin resistance gene in red, ptac promoter in light grey, lacZ in dark grey and lacIq in green. Selected restriction enzyme sites are indicated.
2.2: Microbiological Media

Solid media contained 15 g/L Oxoid Bacteriological Agar.  Tryptone and yeast extract were also supplied by Oxoid.  Other chemicals were from Sigma Chemicals Co. Ltd and BDH Chemicals Ltd.  All chemicals were analar grade. All glassware used for low iron media was washed in 2 M HCl and rinsed in ultra pure deionized water. All minimal and low iron media were prepared in ultra pure water.  Distilled water was used to prepare complex media and sterilisation was achieved by autoclaving at 15 lb/in2 for 20 min.

· Preparation Of Ultra Pure Water For Low Iron Media

A cation exchange column was prepared using Amberlite 200 resin and ultra pure dH2O.  The Amberlite 200 resin is a strongly acidic cation exchange resin that efficiently chelates divalent metal ions.  A reservoir of water was prepared and inflow was mediated by means of a capillary tube.  In order to prevent the column from running dry, the rate of outflow was adjusted to equal the rate of inflow.  One column volume of water was allowed to flow through and was discarded.  The column was then ready for the preparation of ultra pure water.  Water prepared in this manner was used in the preparation of CAS medium.

· TY Medium (Beringer, 1974)
Used for the routine culturing of Sinorhizobium strains.



Tryptone



5 g



Yeast Extract



3 g



CaCl2·2H2O



0.7 g

The pH was adjusted to pH 7.0 with NaOH and the volume was brought to 1 L with dH2O. The solution was sterilised by autoclaving. 

· Luria Bertani Broth (LB)

Used for the culture of E. coli strains.



Tryptone



10 g



Yeast Extract



5 g



Sodium Chloride


10 g
The pH was adjusted to pH 7.0 with NaOH and the volume was brought to 1 L with dH2O.  The solution was then sterilised by autoclaving.

· SOB Medium

Tryptone



20 g

Yeast Extract



5 g

NaCl




0.5 g

KCL




2.5 mM

dH2O




1 L

pH




7.0
The solution was sterilised by autoclaving and allowed to cool to 55oC. Sterile solutions of MgCl2 (1 M) and MgSO4 (1 M) were added to final concentrations of 10 mM.

· SOC Medium

After making SOB medium as described above, to 1 L of SOC 7.2 ml of sterile 50% glucose was added to give a final concentration of 20 mM.

· SB Broth

Tryptone



30 g

Yeast Extract



20 g

MOPS




10 g

The solution was adjusted to pH 7.0 with NaOH, brought up to 1 L with dH2O and sterilised by autoclaving. Once sterilised 20 ml of filter sterilised 20% (w/v) glucose and 10 ml 1 M MgCl2 was added.

· M63 Minimal Media


KH2PO4



88 mM



K2HPO4



160 mM



(NH4)SO4



60 mM

dH2O




1 L

The solution was sterilised by autoclaving, allowed to cool to 55oC and supplemented with 1 mM MgSO4, 0.2% glucose and 0.5% Casamino Acids. Solid medium was prepared as above, adding 1.5% agar to the base medium before autoclaving. 
· Low Iron Media

All low-iron media was made using ultra-pure water supplemented with the appropriate concentration of 2,2′dipyridyl.

· Plant Growth Medium

Solution A:

CaCl2




294 g

dH2O




1 L

Solution B:

KH2PO4



136 g

dH2O




1 L
Solution C:

Fe-citrate



6.7 g

dH2O




1 L

Solution D:

MgSO4



123 g

K2SO4




87 g

MnSO4



0.338 g

H3BO5




0.274 g

ZnSO4




0.288 g

CuSO4




0.1 g

CoSO4




0.056 g

Na2MO4



0.048 g

dH2O




1 L

1 ml of each solution was added to 2 L of dH2O. Solid medium was prepared by adding 15 g/L Bacteriological Agar. 
2.3: Solutions and Buffers
· TE Buffer

Tris – HCL



10 mM

Na2-EDTA



1 mM

pH




8.0

· TES Buffer
Tris-HCl



10 mM

Na2-EDTA



1 mM

NaCl




50 mM

pH




8.0

· Solutions for Plasmid Preparation by the 1,2,3 Method
Solution 1:

Glucose



1 ml (of 0.5 M solution)



EDTA




1 ml (of 0.1 M solution)



Tris – HCL



0.25 ml (of 1 M solution)



dH2O




to 10 ml

Solution 2:



NaOH




2 ml (of 1 M solution)



SDS




1 ml (of 10% solution)



dH2O




to 10 ml

Solution 3:



Potassium Acetate


3 M



pH




4.8

To 60 ml of 5 M Potassium acetate, 11.5 ml of glacial acetic acid and 28.5 ml of dH2O was added. The resulting solution was 3 M with respect to Potassium and 5 M with respect to acetate.

· STET buffer (Holmes and Quigley, 1981)


Sucrose



8% (w/v)

Triton X-100



5% (v/v)

Tris-HCl



50 mM

Na2-EDTA



50 mM

pH




8.0
· 50X Tris Acetate EDTA (TAE) Buffer
EDTA




100 ml (of 0.5 M solution)

Glacial Acetic Acid


57.1 ml

Tris




242 g

dH2O




to 1 L

pH




8.0



The solution was diluted to 1X with dH2O before use.

· Gel Loading Dye (6X)
Bromophenol Blue


0.25%

Xylene Cyanol


0.25%

Ficoll (Type 400)


15%

Made in dH2O and sterilised by autoclaving.

· Buffers for the Preparation of Competent Cells
TB Buffer for Competent Cells:
KCL




250 mM

CaCl2




15 mM

Pipes




10 mM

pH




6.7

The pH of the solution was adjusted with KOH. MnCl2 was then added to a final concentration of 55 mM. The solution was then sterilised through a 0.45 μm sterile filter and stored at 4oC.

TFB1 Buffer for Competent Cells (Inoue et al, 1990):
RbCl




100 mM

MnCl2




50 mM

Potassium Acetate


30 mM

CaCl2




10 mM

Glycerol



15%

pH




5.8

The pH of the solution was adjusted with HCL before the MnCl2 was added. The solution was then sterilised through a 0.45 μm sterile filter and stored at 4oC.

TFB2 Buffer for Competent Cells:
MOPS




10 mM

RbCl




10 mM

CaCl2




75 mM

Glycerol



15%

The pH of the solution was adjusted with KOH. The solution was then sterilised through a 0.45 μm sterile filter and stored at 4oC.

· Buffers for Membrane Preparation by the Water Lysis Method

Sodium Phosphate Re-Suspension Buffer:

Prepare 200 ml 0.5 M solutions of di-sodium hydrogen orthophosphate (Na2HPO4) and sodium di-hydrogen orthophosphate (NaH2PO4). The 0.5 M Na2HPO4 solution was buffered to pH 7.2 using the 0.5 M NaH2PO4 solution. This solution was diluted to 0.1 M with dH2O prior to use in the Water Lysis method (Section 2.14.2). Mercaptoethanol was added on day of use to a concentration of 1 mM. 
· Buffers for Ni-NTA Purification of Histidine Tagged Membrane Proteins
Solubilisation Buffer:


Tris-HCL pH 8.0


20 mM



Imidazole pH 8.0


20 mM



NaCl




300 mM



Glycerol



20 %



DDM




1 %
Sterile filtered milliQ dH2O was used in the preparation of this buffer. Used for Ni-NTA Chromatography of inner membrane proteins. DDM was added on the day of use and not stored. 

Ni-NTA Wash Buffer:


Tris-HCL pH 8.0


20 mM



Imidazole pH 8.0


10 mM



NaCl




1 M



Glycerol



5 %



DDM




0.05 %

Sterile filtered milliQ dH2O was used in the preparation of this buffer. DDM was added on the day of use and not stored. 
Ni-NTA Elution Buffer:


Tris-HCL pH 8.0


20 mM



Imidazole pH 8.0


300 mM



NaCl




150 mM



Glycerol



5 %



DDM




0.05 %
Sterile filtered milliQ dH2O was used in the preparation of this buffer. DDM was added on the day of use and not stored. 

· TBSTT 5X Buffer


NaCl




73.05 g



Tris-HCL 1 M pH 7.5


50 ml



Tween




1.25 ml



Triton X 100



5 ml



dH2O




make up to 500 ml
· Ethidium Bromide Stain

A 10 mg/ml stock solution in dH2O was stored at 4ºC in the dark. For the staining of agarose gels, 100 (l of the stock solution was mixed into 1 L of dH2O. The staining solution was kept in a plastic tray and covered to protect against light. Used ethidium bromide stain was collected and filtered through a deactivating filter.
2.4: Antibiotics

Antibiotics from Sigma Aldrich Co. Ltd. were used as indicated by the supplier. Antibiotic stocks were prepared to concentrations of 100 mg/ml and 10 mg/ml and stored in the dark at -20oC.

· Ampicillin was prepared in dH2O and used at a final concentration of 100 μg/ml in solid and liquid media for both P. aeruginosa and E. coli. 

· Chloramphenicol was prepared in 100% ethanol and used at a final concentration of 20 μg/ml in solid and liquid media for E. coli. 
· Gentamicin was prepared in dH2O and was used at a final concentration of 20μg/ml for E. coli and S. meliloti in solid and liquid media. For P. aeruginosa, gentamicin was used at a final concentration of 50 μg/ml in both solid and liquid media.  
· Kanamycin was prepared in dH2O and was used at a final concentration of 100μg/ml in solid media and 50μg/ml in liquid media for S. meliloti. For E. coli, kanamycin was used at a final concentration of 30μg/ml in both solid and liquid media. For P. aeruginosa, kanamycin was used at a final concentration of 500 μg/ml in solid media. 

· Streptomycin was prepared in dH2O and used at a final concentration of 1mg/ml for S. meliloti. 
· Tetracyline was prepared in 50% ethanol and stocked at a concentration of 10mg/ml and was used at a final concentration of 10μg/ml for E. coli and S. meliloti in solid and liquid media. It was used at a final concentration of 50 μg/ml for P. aeruginosa in both solid and liquid media.
· Spectinomycin was prepared in dH2O at a final concentration of 100 μg/ml for E. coli
2.5: Isolation and Purification of DNA
These procedures for the isolation of plasmid and genomic DNA were variably employed. The 1-2-3 Method (Section 2.5.1), yielded high quality DNA and was used routinely. The Rapid Boiling Method (Section 2.5.2) was used for plasmid isolation during plasmid screening procedures. The Genelute Plasmid Miniprep Kit (Sigma, Section 2.5.3) was used to prepare very high quality supercoiled plasmid DNA for the purpose of DNA restriction digest reactions and sequencing. Total genomic DNA from Sinorhizobium spp. was prepared using the method in section 2.3.4 and was routinely used as template in PCR reactions. High quality genomic DNA was prepared from bacterial cultures using the method outlined in section 2.3.5. 
2.5.1: Plasmid Preparation by the 1,2,3 Method (Birnboim and Doly, 1979)
The principle of this method is selective alkaline denaturation of high molecular weight chromosomal DNA while covalently closed circular DNA remains double stranded. A 1.5 ml aliquot of a bacterial culture grown in selective medium was pelleted by centrifugation at 13,000 rpm in a microfuge. The supernatant was removed and the pellet re-suspended in 200 μl of solution 1 by vortexing. The tube was left for 5 min at room temperature. Solution 2 (200 μl) was added and mixed by inversion for several seconds. The tube was left in ice for 5 min. Solution 3 (200 μl) was added and the tube mixed by inversion for several seconds. The tube was then left for 10 min in ice. A clot of chromosomal DNA formed and was pelleted by centrifugation at 13,000 rpm for 10 min in a microfuge. The supernatant was transferred to a fresh tube and 450 μl of phenol chloroform isoamylalcohol (25:24:1) was added and mixed by vortexing. After centrifugation at 13,000 rpm for 5 min the aqueous layer was carefully transferred to a fresh tube. An equal volume of isopropanol was added. After mixing by inversion for several seconds, the tube was incubated in ice for 10 min. The tube was then centrifuged at 13,000 rpm for 10 min to pellet the plasmid DNA. The isopropanol was removed and the pellet washed with 100 μl 70% ethanol and centrifuged at 13,000 rpm for 4 min. The ethanol was removed and the plasmid DNA was dried in a vacuum dryer for 5 min. TE buffer (50 μl ) was added to re-suspend the plasmid DNA. Plasmid DNA was stored at 4oC.
2.5.2: Preparation of Plasmid DNA by the Rapid Boiling Method

This method was described by Holmes and Quigley (1981) and used instead of the 1,2,3 procedure outlined above for the screening of large numbers of transformants.  A 1.5 ml aliquot of an overnight culture was pelleted at 13,000 rpm in a microfuge for 5 min and the supernatant removed.  The pellet was re-suspended in 350 μl of STET buffer (Section 2.3).  A 20 μl aliquot of 10 mg/ml lysozyme solution (prepared fresh in STET buffer) was added and the microfuge tube incubated at 30°C for 10 min.  The tube was then placed in a boiling water bath for 60 sec and then spun at 13,000 rpm for 10 min.  The supernatant was removed to a fresh tube and an equal volume of isopropanol was added.  The tube was left at room temperature for 10 min and then the plasmid DNA was pelleted by centrifugation at 13,000 rpm for 10 min.  The pellet was washed with 70% ethanol, dried briefly in a vacuum dryer and then re-suspended in 50 μl of TE buffer.  Plasmid DNA was stored at 4°C.

2.5.3: Plasmid DNA Isolation Using the GenElute Plasmid Miniprep Kit

The kit was used according to the manufacturer’s instructions. A 1.5 ml aliquot of an overnight bacterial culture was pelleted by centrifugation at 13,000 rpm for 5 min. The supernatant was removed and the cell pellet was re-suspended in 200 (l of re-suspension solution. Cell lysis was achieved by the addition of 200 (l of lysis solution. This was allowed to stand at room temperature for 3-5 min. Neutralisation/binding buffer (350 (l) was added and mixed by inversion to precipitate the disrupted cell contents. The precipitate was collected by centrifugation at 13,000 rpm for 10 min. A spin column in a microfuge tube was prepared for use by the addition of 500 (l of the column preparation solution and centrifuged for 1 min at 13,000 rpm. The flow-through was discarded. The supernatant was then transferred to the spin column and centrifuged at 13,000 rpm for 1 min to bind the plasmid DNA. The flow through was discarded and 750 (l of a wash solution was added and centrifuged at 13,000 rpm for 1 min. The flow through was discarded and the column was centrifuged at 13,000 rpm for 1 min to dry the spin column. The spin column was transferred to a fresh microfuge tube and 100 (l TE buffer was added. This was allowed to stand for 1 min prior to elution of the DNA by centrifugation at 13,000 rpm for 1 min.
2.5.4: Preparation of Total Genomic DNA from Sinorhizobium
A 1.5 ml aliquot of an early stationary phase culture of Sinorhizobium spp. was pelleted by centrifugation at 13,000 rpm for 5 min. The cells were washed with 1.5 ml TES buffer and re-suspended in 700 μl of TE buffer. Lysozyme solution (20 mg/ml in TE) was prepared freshly and 50 μl was added. The suspension was incubated at 30oC for 20 min. A sarkosyl/pronase solution (10% sarkosyl in TE containing 5 mg/ml pronase) was prepared and 50 μl was added. The suspension was incubated at 37oC for 1 hr. Lysis was evident by an increase in the viscosity of the suspension. Sodium acetate 3 M solution (70 μl) was added and mixed gently. Then 600 μl of phenol chloroform isoamylalcohol (25:24:1) was added and the suspension was mixed slowly by inversion for 5 min. After centrifugation at 13,000 rpm for 5 min the aqueous phase was transferred to a fresh microfuge tube and 600 μl of phenol chloroform isoamylalcohol (25:24:1) was added and mixed slowly by inversion for 5 min. After centrifugation at 13,000 rpm for 5 min the aqueous phase was again transferred to a fresh microfuge tube. Phenol extraction was carried out by adding 700 μl of chloroform:isoamylalcohol (24:1), mixing by inversion for 5 min and centrifugation at 13,000 rpm for 5 min. The aqueous layer was transferred to a fresh microfuge tube and the genomic DNA was precipitated with an equal volume of isopropanol. This was evident in the suspension as a coiled thread. The microfuge tube was centrifuged at 13,000 rpm for 10 min to pellet the genomic DNA. The pellet was washed twice with 100 μl 70% ethanol, air dried and re-suspended in 200 μl of TE Buffer. Genomic DNA was stored at 4oC.
2.5.5: Preparation of Total Genomic DNA Using the Wizard Genomic DNA Kit

The kit was used according to the manufacturer’s instructions with some modifications. A 1 ml aliquot of a stationary phase culture was added to a 1.5 ml eppendorf and the cells pelleted by centrifugation at 13000 rpm for 2 min. The supernatant was discarded and 600 μl of the Nucleic Acid Lysis buffer was added to re-suspend the cells. The cells were lysed by incubation at 80oC for 5 min and cooling to room temperature. To the cell lysate, 3 μl of RNase solution was added, inverted several times, and incubated at 37oC for 15-60 min. To remove the protein in the sample, 200 μl of the Protein Precipitation solution was added and vortexed vigorously. This was incubated on ice for 5 min to aid precipitation and centrifuged at 13000 rpm for 3 min. The supernatant was transferred to a fresh microfuge tube and 600 μl of phenol chloroform isoamylalcohol (25:24:1) was added and the suspension was mixed slowly by inversion. After centrifugation at 13,000 rpm for 5 min the aqueous phase was transferred to a fresh microfuge tube and 600 μl of phenol chloroform isoamylalcohol (25:24:1) was again added and mixed slowly by inversion. After centrifugation at 13,000 rpm for 5 min the aqueous phase was again transferred to a fresh microfuge tube. Phenol extraction was carried out by adding 700 μl of chloroform:isoamylalcohol (24:1), mixing by inversion and centrifugation at 13,000 rpm for 5 min. The aqueous layer was transferred to a fresh microfuge tube and 600 μl of room temperature isopropanol was added. The sample was mixed gently by inversion until thread-like strands of DNA formed a visible mass. The genomic DNA was now pelleted by centrifugation at 13000 rpm for 2 min. The pellet was washed twice with 100 μl 70% ethanol, air dried and re-suspended in 100 μl of DNA Rehydration Solution overnight at 4oC. Genomic DNA was stored at 4oC.

2.5.6: Isolation of DNA from Agarose Gels
DNA which had been separated and visualised by agarose gel electrophoresis (Section 2.7) could be excised and purified. Routinely, SYBR safe DNA gel staining was used when the DNA was to be excised from agarose gels. The DNA band to be isolated was excised from the agarose gel using a scalpel. A filtration assembly was prepared. This consisted of a 0.5 ml microfuge tube with a small hole punctured in its base and packed 1/10 full with fiber glass wool. The gel slice was placed inside this tube and the entire 0.5 ml tube rested in a 1.5 ml microfuge tube. Centrifugation of the filtration assembly occurred in a microfuge at 13000 rpm for 2.5 min. This functioned as a filter/sieve and liquefied the agarose. The liquefied agarose was collected in the base of the 1.5 ml microfuge tube and its volume brought to 500 μl with sterile dH2O. To this, 450 μl of phenol chloroform isoamylalcohol (25:24:1) was added and mixed by vortexing. After centrifugation at 13,000 rpm for 5 min the aqueous layer was carefully transferred to a fresh tube. The DNA was precipitated by adding 1/10 volume 3 M sodium acetate, 1 ml of isopropanol, mixing by inversion and incubating in ice for 10 min. The tube was then centrifuged at 13,000 rpm for 10 min to pellet the plasmid DNA. The isopropanol was removed and the pellet washed with 100 μl 70% ethanol and centrifuged at 13,000 rpm for 4 min. The ethanol was removed and the plasmid DNA was dried in a vacuum dryer for 5 min. TE buffer (10-50 μl) was added to re-suspend the DNA stored at 4oC until required.
2.5.7: Purification and Concentration of DNA Samples

The sample containing the DNA to be precipitated was brought to 500 μl with dH2O. Phenol chloroform isoamylalcohol (25:24:1) (450 μl) was added and mixed by vortexing for several seconds. The mixture was centrifuged at 13,000 rpm for 5 min. The upper aqueous layer was transferred to a fresh microfuge tube and an equal volume of chloroform was added and vortexed. The tube was centrifuged at 13,000 rpm for 5 min and the aqueous layer was transferred to a fresh microfuge tube. A 1/10 volume of 3 M sodium acetate was added followed by an equal volume of isopropanol and mixed by inversion. The tube was centrifuged at 13,000 rpm for 20 min to pellet the DNA. The pellet was washed with 70% ethanol and then vacuum dried for 5 min. The DNA was re-suspended in 20-50 μl of TE buffer.
2.6: Quantitation of DNA and RNA
UV spectrometry was used to quantify DNA and RNA samples. Typically a 1/20 dilution in dH2O (DEPC treated dH2O for RNA samples) was measured at a wavelength of 260 nm.  A reading of 1.0 corresponds to 50 (g/ml of DNA or 40 (g/ml of RNA. 
2.7: Agarose Gel Electrophoresis
Agarose gels typically at 0.7-2% were used to analyse DNA. Agarose gels prepared in 1X TAE buffer (Section 2.2) were set and run in a BioRad horizontal gel apparatus. 1X TAE was used as the running buffer. Loading dye (Section 2.2) was mixed with the DNA samples when loaded into the wells and aided visualisation of the migration progress during electrophoresis. Electrophoresis occurred at 140 volts for 20-40 min depending on the size of the gel. Gels were stained for 15 min by immersion in an ethidium bromide staining solution (Section 2.2). Visualisation was achieved with a UV transilluminator (Syngen Gene Snap) and images saved to a PC. When DNA was to be excised from the agarose gel (Section 2.5.6), SYBR safe DNA gel stain (Invitrogen) was used in preference to ethidium bromide. SYBR safe stained gels could be visualised on a blue light transilluminator (Invitrogen) without the use of damaging UV. 
2.8: In Silico Analysis of DNA and Protein Sequences

· BLAST programs at NCBI www.ncbi.nlm.nih.gov were used to identify homologous seqences in GenBank.

· DNA and protein sequences were aligned using the MultAlin programme http://prodes.toulouse.inra.fr/multalin/multalin.html. 

· Genedoc program was downloaded from http://www.psc.edu/biomed/genedoc/.

· DNA sequences were analysed for potential promoter sequences using the BDGP Neural Promoter Prediction Program at http://www.fruitfly.org/seq_tools/promoter.html.

· DNA sequences were analysed for restriction enzyme sites using the Webcutter 2.0 tool at http://rna.lundberg.gu.se/cutter2.
· DNA sequences analysed using the pDRAW32 program downloaded at http://www.acaclone.com/.

· Protein sequences were analysed online at ExPASy Molecular Biology Server http://us.expasy.org/.

· Location of proteins was predicted using PSORT at http://psort.nibb.ac.jp/.

· Putative signal sequences were predicted using the SignalP program at http://www.cbs.dtu.dk/services/SignalP/.

· Potential domains within putative proteins were identified using Pfam program http://www.sanger.ac.uk/Software/Pfam/.

· Comparisons of membrane transport proteins was carried out at http://www.membranetransport.org/. 

· The S. meliloti 1021 genome sequence is accessible at http://bioinfo.genopole-toulouse.prd.fr/annotation/iANT/bacteria/rhime/.

· The P. aeruginosa genome sequence is accessible at http://www.pseudomonas.com/.
· Prediction of the cytoplasmic membrane transport protein complement of organisms was carried out at TransportDB http://www.membranetransport.org/.
· Putative transmembrane helices for membrane proteins were identified using the TMHMM program available at http://www.cbs.dtu.dk/services/TMHMM-2.0/
2.9: Competent Cells

Three methods were employed to prepare competent cells. They were the Rubidium Chloride Method (Section 2.9.1), the TB Method (Section 2.9.2) and the Electrocompetent Method (Section 2.9.3). The Rubidium Chloride method was distinguishable for its reliability and the TB method for the larger volume of competent cells produced, while the Electrocompetent method was favoured for its high degree of competent cell efficiency.

2.9.1: Preparation of Competent Cells by RbCl Treatment

A glycerol stock of an E. coli strain was streaked on LB agar and incubated at 37oC overnight. A 10 ml aliquot of LB broth was inoculated with a single colony from this fresh plate and incubated at 37oC overnight. A 1 ml inoculum of this overnight culture was added to 100 ml of LB broth and incubated at 37oC and 220 rpm until an OD600 of 0.5 was reached. The flask was then placed on ice for 5 min. The culture was transferred to a sterile 250 ml centrifuge tube and centrifuged in a Beckman JA-21 centrifuge at 3,000 rpm (2500 gav) at 4oC for 5 min. The cell pellet was carefully re-suspended in 30 ml of ice cold TFB1 buffer, placed on ice for 90 min and centrifuged as before. The cell pellet was gently re-suspended in 4 ml of ice cold TFB2 buffer. The cell suspension was dispensed into 200 µl aliquots in microfuge tubes, flash frozen in liquid nitrogen and stored at -80oC.

2.9.2: Preparation of Competent Cells by the TB Method
This method was performed as described by Inoue et al., (1990). A glycerol stock of an E. coli strain was streaked on LB agar and incubated at 37oC overnight. A 10 ml aliquot of LB broth was inoculated with a single colony from this fresh plate and incubated at 37oC overnight. A 1 ml inoculum of this overnight culture was added to 250 ml of SOB medium (Section 2.2) in a 1 L flask. The culture was grown at 37oC with vigorous shaking (220 rpm) until an OD600 of 0.6 was reached. The flask was then placed on ice for 10 min. The culture was transferred to a sterile 250 ml centrifuge tube and centrifuged in a Beckman JA-21 centrifuge at 3,000 rpm (2500 gav) at 4oC for 5 min. The pellet was re-suspended in 80 ml of ice-cold TB buffer (Section 2.3). The suspension was placed on ice for 10 min and centrifuged as before. The cell pellet was gently re-suspended in 20 ml of ice-cold TB buffer and DMSO was added to a final concentration of 7%. After incubation in an ice bath for 10 min the cell suspension was dispensed into 200 µl aliquots in microfuge tubes. The cells were then flash frozen in liquid nitrogen and stored at -80oC. Cells prepared using this method frequently gave transformation efficiencies of the order of 108 - 109 transformant/μg DNA.

2.9.3: Preparation of Electrocompetent Cells
A glycerol stock of an E. coli strain was streaked on LB agar and incubated at 37oC overnight. A 5 ml aliquot of SB broth (Section 2.2) was inoculated with a single colony from this fresh plate and incubated at 37oC overnight. A 1 ml inoculum of this overnight culture was added to two 250 ml flasks of pre-warmed SB broth. These cultures were grown at 37oC and 220 rpm until an OD600 0.7 – 0.8 was reached. The flasks were then cooled on ice for 15 min. The cultures were transferred to two sterile 250 ml centrifuge tubes and cells pelleted in a Beckman JA-21 centrifuge at 3,000 rpm  (2500 gav) at 4oC for 15 min. The pelleted cells were re-suspended in 250 ml of pre-cooled 10% glycerol and centrifuged as before. The cell pellets were then re-suspended in 100 ml of pre-cooled 10% glycerol, the two suspensions transferred to one centrifuge tube and the suspension pelleted as before. The cell pellet was then re-suspended in 25 ml of pre-cooled 10% glycerol and centrifuged as before. Finally the cell pellet was re-suspended in 0.5 ml of pre-cooled 10% glycerol. The cell suspension was dispensed into 50 μl aliquots in sterile cooled microfuge tubes. These were flash frozen in liquid nitrogen and stored at -80oC. The electrocompetent cells were then ready for electroporation. Cells prepared using this method frequently gave transformation efficiencies of 109 transformant/μg DNA.

2.9.4: Transformation of Chemical Competent Cells 

A 5 μl aliquot of a ligation mixture was added to 200 μl of competent cells that had been thawed on ice. The cells were then kept on ice for 30 min and heat shocked at 42oC for 30 sec. An 800 μl aliquot of LB broth was added to the cells and the mixture incubated in a 37oC water bath for 1 hr. A 100 μl aliquot of the resulting transformation mixture was then plated on the appropriate selective media and incubated at 37oC overnight.
2.9.5: Electroporation of Electrocompetent Cells
A 1 μl aliquot of a ligation mixture was added to 50 μl of electrocompetent cells that had been thawed on ice. An electroporation cuvette was also cooled on ice. The electroporator was set to 2,500 Volts, 200 Ohms and 25 Micro Faraday when transforming E. coli cells. The cells were transferred to the cooled electroporation cuvette and any air pockets between the two metal plates in the cuvette were removed by tapping the cuvette on a hard surface. The cells were then shocked using the elecroporator. Immediately after electroporation, 800 μl of SOC broth (Section 2.2) was added to the cuvette. This suspension was then transferred to a sterile microfuge tube and then incubated in a 370C water bath for 60 min. A 100 μl aliquot of the resulting transformation mixture was then plated on the appropriate selective media and incubated at 370C overnight.
2.9.6: Determination of Competent Cell Efficiency

Competent cell efficiency is defined in terms of the number of colony forming units obtained per (g of transformed plasmid DNA. A 25 ng/(l stock of pUC18 plasmid DNA was diluted to 250 pg/(l, 25 pg/(l and 2.5 pg/(l. 1 (l of each dilution was transformed as described above. The cell efficiency was calculated from the number of colonies obtained, taking into account the dilution factor and the fraction of culture transferred to the spread plate.

2.9.7: Sterilisation and Cleaning of Electroporation Cuvettes
Used electroporation cuvettes were washed with copious amounts of bleach and then rinsed with sterile dH2O six times. Each cuvette was filled with 0.25 M HCL and left to stand for 2 hr. Again the cuvettes were rinsed with sterile dH2O and then boiled in fresh dH2O for 10 min. Immediately after removal from the bath the cuvettes were rinsed in 100% EtOH and allowed to dry in the laminar flow cabinet. It was essential to have the cuvettes dry before storage. 
2.10: Plant Nodulation and Nitrogen Fixation Assay
Alfalfa (Medicago sativa) seeds were used for the analysis of nodulation and nitrogen fixation by S. meliloti 2011. Nitrogen fixation by whole plants was determined after 30 days by the acetylene reduction assay (Section 2.10.3), (Wacek and Brill, 1976). 
2.10.1: Surface Sterilisation of Medicago sativa
M. sativa seeds were added to a sterile universal tube and the seeds were washed with sterile dH2O by inverting the tube several times. The water was poured off and 100% ethanol was added to the seeds. Again, the tube was inverted several times and then allowed to stand for 5 min. The ethanol was poured off and the seeds were washed again with sterile dH2O. Next, the water was poured off and the seeds were left to stand in domestic bleach for 10 min. The bleach was poured off and the seeds were washed four times with sterile dH2O. The seeds were transferred aseptically to TY agar plates. The seeds were arranged so that each seed was separated (5-10 mm) from the other seeds. The plated were incubated at room temperature in the dark for two days. 

2.10.2: Nodulation Analysis of Medicago sativa

Two-day old M. sativa seedlings were grown on Plant Growth Media (Section 2.2). Sinorhizobium cultures were adjusted to OD595 of 0.1 and diluted to 10-3. Then 50 μl of this diluted culture was used to inoculate the plant growth medium on the side of the plate where the roots were expected to grow. The plant growth medium had been prepared so that one side of the petri dish contained a thicker layer of agar than the other. This was to allow sufficient nutrients and moisture for the plant roots. The 50 μl aliquot of the S. meliloti culture was streaked across the thicker side of the media. Two seedlings per plate were placed on the thicker half of the plate with the roots facing towards the thickest side. The seedlings were then incubated for 30 days in the plant incubation room (12 hr light, 8 hr dark cycle), after which they were observed for nodulation and assayed for nitrogen fixation.
2.10.3: Acetylene Reduction Assay
The nitrogenase enzyme catalyses the reduction of acetylene to ethylene. The acetylene reduction assay can be employed to monitor activity of the enzyme in plants. Acetylene reduction was determined by gas chromatography using a Poropak N column and a flame ionisation detector following a 24 hour incubation period.  The injector temperature was 70(C and the oven temperature was 120(C.
Day 1: A small plastic bag with entry and exit sockets for gas collection was used to collect Acetylene gas. Boiling tubes were used to hold the plants (one plant per tube) and secured with an air-tight seal by placing a rubber stopper on the tube. Acetylene gas to a concentration of 10% (v/v) was injected into the tubes containing the plants and one control tube with no plant added. These tubes were then incubated overnight in the plant room.

Day 2: The Gas Chromatographer was set up by a member of the technical staff. Gas samples from each of the boiling tubes were injected into the column of the gas chromatographer in the following order:

i. Acetylene gas control

ii. Uninoculated plant control

iii. S. meliloti 2011 infected plants

iv. S. meliloti mutant infected plants

The results readout from the instrument indicated whether ethylene was present and the plants had fixed nitrogen. 
2.10.4: Nodule Surface Sterilisation and Re-isolation of rhizobia
Nodules were harvested from the infected plants and surface sterilised by washing them with a 20% solution of bleach for 5 min. This was followed by a 5 min 70% ethanol wash and then two rinses in sterile dH2O. Surface sterilised nodules were placed individually into microfuge tubes containing 25 μl of sterile dH2O and crushed with inoculating sticks. A 5 μl aliquote of the macerate was streaked in duplicate onto TY plates containing the appropriate antibiotics. The isolated strains were tested by phenotypic analysis.
2.11: Bacterial Conjugation by Triparental Mating
S. meliloti was grown to late log phase in TY broth, while E. coli donors were grown to late log phase in LB broth.  E. coli donors (0.75 ml) were mixed with an E. coli (0.75 ml) strain carrying the mobilising plasmid pRK600 (Simon et al., 1986). The mixture was pelleted at 13,000 rpm for 1 min, re-suspended in 100 μl of fresh LB and then spotted onto the centre of an LB plate.  Following incubation overnight at 37°C, the bacteria were re-suspended in 3 ml of LB broth.  Then 0.75 ml of the mixture of bacterial donor culture and the culture harbouring the mobilising plasmid was mixed with 0.75 ml of the recipient culture and the cells were pelleted as above.  The pellet was re-suspended in 100 μl of TY broth and spotted onto the centre of a TY plate.  Following incubation overnight, the bacteria were re-suspended in 2 ml of TY broth and dilutions were plated on appropriate selective media.  As controls, the mixture of bacterial donor and the culture harbouring the mobilising plasmid, as well as the recipient strains were spotted separately on agar plates and carried through the procedure as outlined above.  Donor and recipients strains were then plated on the appropriate selective media.

2.12: Storing and Culturing of Bacteria

Glycerol stocks were prepared for each strain and stored in duplicate. A 1 ml aliquot of an exponentially growing culture was added to 0.5 ml of sterile 80 % glycerol in a cryogenic tube. This was then mixed and stored immediately at -20oC and its duplicate stored at -80oC. Where hosts were harbouring plasmids, the appropriate antibiotic was added to the stock medium. Working stocks were stored on agar plates at 4oC.

2.13: The Schaffner Weissmann Protein Assay
This procedure was used for the quantification of protein samples (Schaffner, and Weissmann, 1972). A standard curve was constructed from BSA (0.1 mg/ml) in the range 0 – 20 µg (Table 2.4). The volume of the standards and the samples were made up to 270 µl with dH2O. A hamilton syringe was used to measure the BSA for the standards.

Table 2.4: Schaffner Weissmann Protein Standards Range

	Standards
	0 µg
	2.5 µg
	5 µg
	7.5 µg
	10 µg
	1.5 µg
	2 µg

	BSA (0.1 mg/ml)
	0 µl
	25 µl
	50 µl
	75 µl
	100 µl
	150 µl
	200 µl

	dH2O
	270 µl
	245 µl
	220 µl
	195 µl
	170 µl
	120 µl
	70 µl


A 30 µl aliquot of 1 M Tris pH 7.5, 10% w/v SDS was added and the solution vortex. Then a 60 µl aliquot of 60 % w/v TCA was added and the solution was vortex. A presoaked filter with samples labelled (Millipore 0.45 µm Type HA Filter) was placed on the manifold and washed with dH2O. The sample from each tube was pippetted dropwise onto one spot on the filter. The microfuge was then rinsed with 300 µl of 6 % TCA and pipetted onto the same spot. When each filter was complete a 2 ml aliquot of 6 % TCA was used to wash the filter and this was step was repeated. The washed filter was placed in a petri dish containing a few drops of dH2O to prevent drying out. Protein staining was achieved by adding the filter to a Petri dish containing 30 ml 0.1 % Naphthalene Black in methanol, acetic acid and dH2O 45:10:45 v/v for 3 min with continuous shaking. The filter was transferred to a Petri dish containing dH2O and washed for 30 sec while shaking. The filter was then transferred to a Petri dish containing methanol, acetic acid and dH2O 90:2:8 v/v and wash for 1 min with shaking and repeated twice. The filter was transferred to a Petri dish containing dH2O and washed for 2 min while shaking. Tissue paper was then used to blot the filter. The spots containing the samples were excised and transferred to microfuge tubes. A 1 ml aliquot of 25 mM NaOH, 0.05 mM EDTA, 50 % aqueous ethanol was used to elute the samples for 1 hour with vortexing at intervals. Samples were read at OD630nm with the sample not containing protein used as the blank. 

2.14: Membrane Protein Expression and Purification

Membrane proteins were initially expressed in small scale cultures and mixed membrane preparations were prepared by the water lysis method (Section 2.14.2). Conditions such as IPTG concentration (0.1 to 1mM), media (LB, 2TY and M9), time of protein harvesting and growth temperature were varied in order to determine the optimum expression profile. Upon determination of an optimum expression profile, large scale cultures were expressed. Inner, mixed and outer membrane fractions were isolated by means of cell disruption, ultracentrifugation and sucrose density centrifugation protocols (Section 2.14.4 and 2.14.5).
2.14.1: Standard Expression Culture (Small Scale)

Sterile 250 ml conical (Erlenmeyer) flasks containing 50 ml of LB broth were inoculated with 1 ml of an overnight saturated stationary phase E. coli BL21(DE3) culture harbouring the expression plasmid. Selective antibiotics and glycerol at 20 mM were included in the culture. The culture was incubated at 37oC and 220 rpm with routine sampling every 30 min. Cell density was measured by absorbance at 680nm and the culture was induced with IPTG (0.5 mM set as default concentration) when it had reached A680nm 0.4-0.6. The culture was allowed to continue incubation for a defined period, normally 3 hr. Cells were harvested by centrifugation at 3000 rpm (12000 gav) for 8 min at 4oC in an MSE Mistral 2000 centrifuge. Cell pellets were stored at -20oC if membrane preparations were not carried out immediately. 

2.14.2: Membrane Isolation by Water Lysis

This method was performed as described by Ward, et al. (2000) and the principle of the method involved lysis of the cells by osmotic pressure. A 50 ml expression culture was centrifuged at 6500 rpm (12000 gav) for 8 min at 10oC. The supernatant was discarded and the pellet re-suspended in 10 ml 0.2 M Tris pH8.0 and left stirring for 20 min at room temperature. At this point 9.6 ml of deionised H2O should be aliquoted in anticipation of the water lysis step. At time zero, 4.85 ml of 1 M sucrose/ 0.2 M Tris pH8.0/ 1 mM EDTA was added. At time 1.5 min, 65 µl of 10 mg/ml lysozyme solution prepared in 1 M sucrose/ 0.2 M Tris pH8.0/ 1 mM EDTA buffer was added. At time 2 min, 9.6 ml of deionised H2O, which had been prepared earlier was added, and left to stir for 20 min. The preparation was examined under oil immersion for spheroplasts. Spheroplasts were sedimented at 18000 rpm (20000 gav) for 20 min at 4oC. The supernatant was retained and stored at -20oC (periplasmic fraction) and the spheroplasts were re-suspended in 15 ml deionised water using a 15 ml homogeniser. It is important to insure that the suspension is fully homogenised and this was left stirring for 30 min at room temperature. The suspension was sedimented at 18000 rpm (20000 gav) for 20 min at 4oC. The supernatant was retained (cytoplasmic fraction) and stored at -20oC. The preparation was then washed two times with 30 ml 0.1 M NaPhosphate buffer/ 1 mM Mercaptoethanol pH7.2 (Mercaptoethanol was added fresh). The homogeniser was used to re-suspend the pellet each time and sedimented at 18000 rpm (20000 gav) for 20 min at 4oC. The final pellet was re-suspended in ice cold re-suspension buffer 0.1 M NaPhosphate/ 1 mM Mercaptoethanol pH7.2 (Section 2.2) using a 1 ml homogeniser. The volume added to re-suspend depended on the pellet size. Pellets from an induced culture can be smaller than those of an uninduced culture. Therefore, 100 µl was selected as the volume to re-suspend the induced pellet while 300µl was used to re-suspend the uninduced pellet. These samples were kept on ice and stored at -80oC. To prepare protein for the Schaffner Weissmann Protein Assay, 20 µl of the protein sample was diluted to 10-1 with 180 µl ice cold re-suspension buffer 0.1 M NaPhosphate/ 1 mM Mercaptoethanol pH7.2. From this 10-1 sample, 20 µl and 10 µl were added to microfuge tubes and stored at -20oC for later use.
2.14.3: Large Scale Expression Culture

When optimal expression conditions were identified through small scale experimentation larger quantities of protein could be expressed in large scale 4 L expression cultures. Eight sterile 2 L baffled conical flasks containing 500 ml of LB broth were inoculated with 5 ml of an overnight stationary phase E. coli BL21(DE3) culture harbouring the expression plasmid. Selective antibiotics and glycerol at 20 mM were included in the culture. Incubation took place at 37oC and 220 rpm. Cell density was measured every 30 min by absorbance at 680nm and the culture was induced with IPTG (optimised during small scale expression) when it had reached A680nm 0.4-0.6. The culture was allowed to continue incubation for a defined period, normally 3 hr. Cells were harvested by centrifugation at 8000 rpm (12000 gav) for 15 min at 4oC in an Avanti J-26 XP series Beckman centrifuge using the 1L J-lite-PC-1000 buckets. Supernatant was discarded and the total cell wet weight was calculated. Pellets were then mixed and re-suspended in a maximum volume of 50 ml 20 mM Tris-HCL/0.5 mM EDTA/10% glycerol pH7.5 buffer which had been stored at 4oC. The cell suspension was stored at -20oC. 

2.14.4: Cell Disruption
The Z plus series 1.1 KW benchtop cell disruptor supplied by Constant Cell Disruptor Systems was powered on prior to use and the cooler and water circulation pump were activated in order to cool the instrument below 10oC (preferably 4oC). The pressure was set to 35 Kpsi for disruption of E. coli cells. At this point the cell suspension from the large scale expression culture was thawed. It was essential that the cell suspension was homogenised. A 14 gauge, six inch stainless steel, 90o blunt tipped pipetting 316 syringe (Sigma Aldrich #Z261408) was used to homogenise the suspension to the consistency of yoghurt. It was essential to keep the cell suspension on ice during all procedures. The reservoir of the cell disruptor unit was filled with ~50 ml of 20 mMTris-HCL/0.5 mM EDTA pH7.5 buffer. This was washed through the unit at 35 Kpsi before addition of the sample and collected in a waste bucket. The unit was again set to 35 Kpsi and the homogenised sample was added to the reservoir. The disrupted sample was collected in a ice cooled glass conical flask. To ensure complete cell disruption, the sample was again passed through the instrument at 35 Kpsi and collected in the ice cooled glass conical flask. A small volume of cooled 20 mMTris-HCL/0.5 mM EDTA pH7.5 buffer was added to the reservoir and chased through the unit to collect any remaining sample from the internal chambers. This was collected with the original disrupted sample in the ice cooled glass conical flask. At this point the volume of the disrupted sample should be less than 100 ml. The cell disruptor unit was washed by passing 500 ml ~1% Teepol through followed by 1 L dH2O. 

2.14.5: Isolation of Bacterial Membrane Fractions

The inner and outer membranes of the bacteria were isolated from auxiliary components of the disrupted cells by means of low and high speed centrifugation techniques based on the methods of Ward, et al. (2000) as illustrated in figure 2.5. High speed sucrose density centrifugation served to separate the inner from the outer membrane. At all times, temperature was a critical factor with all steps being performed on ice and centrifugation at 4oC to prevent membrane protein degradation. 
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Figure 2.5: Isolation of Bacterial Membrane Fractions Methodology Flow Chart
Low Speed Centrifugation (Removal of Heavy Components and Undisrupted Cells)
The sample containing the disrupted E. coli cells (Section 2.14.4) was distributed between two 250 ml Beckman pre-cooled centrifuge bottles. The unbroken cells and debris was sedimented by centrifugation in an Beckman Avanti J20 XP series centrifuge (JLA 16.250 rotor) at 4oC, 12,000 gav for 40 min. The supernatant which contained the membrane fractions was immediately transferred to two pre-cooled 70 ml Ti45 Beckman ultracentrifuge tubes and balanced carefully. 

High Speed Centrifugation 1 (Sedimentation of Membranes)
The pre-cooled Ti45 tubes containing the supernatant were loaded into a Beckman Optima L-90K Ultracentrifuge which had been cooled to 4oC. Centrifugation of the membranes took place at 41000 rpm (131000 gav) for 2 hr. At this point the membrane pellets should have a brown solid-jelly like appearance. If the pellets appear too soft then further centrifugation is necessary. The Ti45 tubes were removed and supernatant discarded. The pellets were re-suspended in pre-cooled 25% Sucrose/20 mM Tris-HCL/0.5 mM EDTA pH7.5 buffer (Guide: Total volume no greater than 24-30 ml per 6 tubes). A 14 gauge, six inch stainless steel, 90o blunt tipped pipetting 316 syringe (Sigma Aldrich #Z261408) connected to a plastic Luer tip disposable syringe was used to homogenise the suspension. Homogenisation was achieved by taking up 1 ml of the buffer first with the needle and gently removing the pellet from the side of the tube with the tip. The 1 ml of buffer was ejected and taken up repetitively in an effort to re-suspend the membrane pellet. More buffer was added when a homogenous suspension had been achieved. The suspension was kept on ice at all times.

Preparation of Sucrose Gradients
Sucrose gradients were prepared in Beckman 70 ml Ti45 ultracentrifuge tubes which were secured in a rack and kept in ice. Layers of 55, 50, 45, 40, 35 and 30% (w/w) sucrose in 20 mMTris-HCL/0.5 mM EDTA pH7.5 buffer were added to the Ti45 tubes. Stocks of the sucrose buffers were kept at -20oC and thawed overnight at 4oC. The gradients were layered gently using an 18 gauge, six inch stainless steel, 90o blunt tipped pipetting 316 syringe (Sigma Aldrich #Z261351) connected to a plastic Luer tip disposable syringe. First, 1 ml of air was pulled into the syringe before taking the sucrose buffers. The 55% layer was added first to the bottom of the Ti45 tubes, 9 ml in total. The remaining layers (50, 45, 40, 35 and 30%) were loaded in the following manner. Approximately 1 ml of air was pulled first before measuring 10 ml of the sucrose buffer. The blunt tip of the needle was placed against the inside wall of the Ti45 tube just above the previous layer. Slowly and gently the buffer was ejected against the wall ensuring that air bubbles did not mix with the buffers. When removing the needle care was taken that drips did not disturb the gradients. 

High Speed Centrifugation 2 (Inner and Outer Membrane Gradient Separation)
The re-suspended membrane mix sample (High Speed Centrifugation 1) was added to the top of the 30% sucrose layer. This was achieved in the same manner as when the gradients had been prepared. The empty tubes were washed out with a small volume of 25% sucrose 20 mMTris-HCL/0.5 mM EDTA pH7.5 buffer and this was used to accurately balance the sucrose gradients. At this point there should be the same number of Ti45 tubes in use as in High Speed Centrifugation 1. Centrifugation was set at 38000 rpm (113000 gav), 16 hr, 4oC with no acceleration or deceleration. When complete the rotor should take 2 hr to come to a complete stop. The Ti45 tubes were removed from the rotor and carefully placed on ice. The membranes have travelled through the sucrose gradient and equilibrated at the point in the gradient at which their density matches that of the surrounding sucrose. This can be observed in figure 2.6 where the inner membrane fraction had a golden appearance while the more dense outer membrane fraction had a white appearance. There was an interface layer which contained elements of inner and outer membrane called the mixed membrane fraction. The membrane fractions were carefully extracted using the 18 gauge stainless steel needle attached to a plastic Luer tip disposable syringe and transferred to three pre-cooled conical flasks. 
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Figure 2.6: Sucrose Gradient. Ti45 Tube Post Ultracentrifugation
Sucrose EDTA Washing and Isolation of Inner Membrane

The membrane fractions after sucrose density centrifugation were each divided between two pre-cooled Ti45 Beckman ultracentrifuge tubes (Six Ti45 tubes in total). The volume of each tube was made up to 50 ml with cooled 20 mM Tris-HCL pH7.5 buffer and balanced accurately. Membranes were pelleted by centrifugation in a Beckman Optima L-90K Ultracentrifuge at 41000 rpm (131000 gav), 4oC, with slow acceleration and no deceleration for 1hr. When centrifugation was complete the Ti45 tubes were unloaded into an ice box. The pellets were examined. The inner membrane fractions appeared golden in colour while the outer membrane pellets were white. In the mixed membrane pellet there was a central white pellet consisting of outer membrane surrounded by the golden inner membrane fraction. The 14 gauge stainless steel needle attached to a plastic Luer tip disposable syringe was used to re-suspend the pellets in approximately 2-4 ml of cooled 20 mM Tris-HCL pH7.5 buffer. This was achieved in the same manner as in High Speed Centrifugation 1. When large amounts of golden inner membrane surrounded the mixed membrane pellet, the layer could be carefully recovered and added to the inner membrane suspension. Samples were transferred to microfuge tubes and stored at -20oC. 
2.14.6: Membrane Protein Purification

Immobilised Metal Affinity Chromatography (IMAC) was employed to purify membrane proteins which had been fused C-terminally to either RGSH6 tags or StrepІІ tags. The choice of the tag was determined based on the topology of the membrane protein. When the C-terminus of the membrane protein was located within the cytoplasm a RGSH6 tag was fused. In this way, the 3 negative charges on the cytoplasmic side of the inner membrane were balanced with the 3 positive charges given by the six histidine residues (½ charge each). StrepІІ tags were generally fused when the C-terminus of the membrane protein resided on the periplasmic side of the inner membrane. The principle of StrepІІ tagging of membrane proteins was that the periplasmic side of the inner membrane contributing 3 positive charges while the StrepІІ tag had no particular overall charge. Thus, the integrity of the membrane protein conformation was maintained. 
2.14.7: Standard Membrane Protein Solubilisation Procedure 
The concentration of the inner membrane protein sample (Section 2.14.5) was determined by the Schaffner Weissmann protein assay (Section 2.13). Solubilisation of the membrane protein sample could be achieved up to a maximum of 2 mg/ml in solubilisation buffer (Section 2.3) by incubation at 4oC on a spiramixer for 60 min. After incubation the insoluble proteins were sedimented by ultracentrifugation at 43000 rpm (77000 gav), 4oC for 30 min in a Beckman TLA 110 Ultracentrifuge. A sample of the insoluble pelleted protein and the soluble protein fraction were stored at -20oC until required. 

2.14.8: Standard Membrane Protein IMAC Procedure 
Nickel-nitrilotriacetic acid resin (Ni-NTA, Qiagen) was stored at 4oC in 30% EtOH. 2 ml of Ni-NTA resin was loaded to a column and washed with ~60 ml (3 column volumes) of sterile MilliQ dH2O. The solubilised inner membrane sample from section 2.14.5 was added to a 15 ml falcon tube with 2 ml of the washed Ni-NTA resin. Binding occurred at 4oC for 30 min on a spiramixer. Alternatively, this could be left overnight mixing at 4oC. Ni-NTA has a large capacity for protein binding, so if the sample volume is quite large it can be bound to the column sequentially without the need to wash the resin between batches. The resin-sample mix was poured back into the column and allowed to settle. The column was washed three times with Ni-NTA wash buffer (Section 2.3) and the protein eluted with 15 ml Ni-NTA elution buffer (Section 2.3). The eluent was concentrated in a 20 ml Centricon (100 kDa cut off) centrifuged at 500-700 rpm at 4oC until a volume of ~500 µl was reached. The purified protein was stored at -20oC for further analysis. 

2.14.9: Recharging of Ni-NTA Resin
This procedure was routinely used for the reuse of the Ni-NTA resin. The Ni-NTA resin was poured into a column and washed with 2 column volumes of sterile MilliQ dH2O followed by 2 column volumes of 50% ethanol. The resin was stripped with 3 column volumes of 100 mM EDTA, pH 8.0. The resin was washed with 2 column volumes of 500 mM NaCl followed by 2 column volumes of sterile MilliQ dH2O. The resin was re-charged with 2 column volumes of 100 mM NiSO4. The resin was washed with 2 column volumes of sterile MilliQ dH2O, transferred to a plastic container and stored at 4ºC in 20% ethanol. All solutions and buffers used in this procedure were prepared with sterile MilliQ dH2O.
2.15: SDS-PAGE & Western Blotting of Membrane Proteins

Membrane protein samples were analysed by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli, 1970). SDS is a detergent that servers to solubilise the hydrophobic membrane proteins.

2.15.1: Preparation of SDS Gels

Table 2.5 outlines the components and respective volumes of the 15% separating and 4% stacking polyacrylamide gels. Gels were set in a MIDI sized (approx. 14 cm X 11 cm) electrophoresis system. 10% Ammonium persulfate and TEMED were always added last to the mix as they polymerise the gel. Upon addition of these solutions to the separating gel, the gel mix was poured immediately and overlaid with 50% ethanol. Once polymerized, the ethanol layer was poured off and the boundary rinsed with dH2O.  The stacking gel was then prepared and poured on top of the separating gel. A comb was inserted and air bubbles removed. Once the gel had polymerised the comb could be removed, leaving wells where the protein sample could be loaded. These gels can be stored overnight at 4oC once covered with cling film. 
Table 2.5: Preparation of SDS Gels
	Solution
	15 % Separating
	4 % Stacking

	30 % Acrylamide Mix
	5.57 ml
	11.14 ml

	1.5 M Tris pH8.8
	2.81 ml
	——

	1.5 M Tris pH6.8
	——
	1.5 ml

	10 % SDS
	0.1 ml
	0.2 ml

	dH2O
	2.62 ml
	5.24 ml

	10 % Ammonium Persulfate
	37 µl
	74 µl

	TEMED
	12 µl
	24 µl


2.15.2: Sample Preparation

The Schaffner Weissmann protein assay was used to quantify membrane protein preps (Schaffner, and Weissmann, 1972). In general 30 µg was loaded to gels which were to be analysed by coomassie staining while 5 µg was loaded to gels which would be used for Western blotting. 5 µl of a 4X Loading Buffer was added to 20 µl of the normalised membrane protein sample. The 4X Loading Buffer consisted of 12 g glycerol (46% w/v), 3g dH2O, 10 ml 10% SDS (38%), 1ml 1 M Tris pH7.2 (3.8 mM) and 0.06 g Bromophenol Blue. To every 100 µl of this mix, 3 µl mercaptoethanol was added (do not store). Samples were stored on ice until ready for use and incubated for 30 min at 37oC prior to loading onto the SDS gels. Membrane protein samples were never boiled as heating converts the very hydrophobic proteins into an insoluble product that does not enter SDS gels, unboiled membrane proteins form rather diffuse bands on SDS gels (Koster and Braun, 1986, 1989). 
2.15.3: Sample Application
To each well of the 15% MIDI sized gels, 25µl of normalised membrane protein/dye sample was loaded. For SDS gels which were to be coomassie stained a Sigma molecular weight marker (Catalog Number SDS7) was prepared and loaded as per the manufacturer’s instructions. A high range molecular weight rainbow marker (code RPN756) from Amersham Biosciences was prepared and loaded as per the manufacturer’s instructions when the gel was to be used for Western Blotting. Gels were run for 2 hr at 25 mA at room temperature using running buffer prepared from a 5X stock consisting of 60 g Tris, 288 g Glycine, 10 g SDS and made up to 2 L with dH2O.
Table 2.6: SDS-PAGE Molecular Weight Markers
	Sigma SDS7 Marker 

(Coomassie Gels)
	Amersham RPN756 Rainbow Marker (Westerns)

	Protein
	Approximate Molecular Mass (Da)
	Protein (&Colour)
	Approximate Molecular Mass (Da)

	Albumin, bovine
	66,000
	Myosin (Blue)
	220,000

	Albumin, egg
	45,000
	Phosphorylase b (Brown)
	97,000

	Glyceraldehyde-3-phosphate Dehydrogenase, rabbit muscle
	36,000
	Bovine serum albumin (Red)
	66,000

	Carbonic Anhydrase, bovine
	29,000
	Ovalbumin (Yellow)
	45,000

	Trypsinogen, bovine pancreas
	24,000
	Carbonic anhydrase (Orange)
	30,000

	Trypsin Inhibitor, soybean
	20,100
	Trypsin inhibitor (Blue)
	20,100

	Α-Lactalbumin, bovine milk
	14,200
	Lysozyme (Magenta)
	14,300


2.15.4: Gel Staining

SDS gels were stained with a Coomassie Blue staining solution consisting of 627 ml Methanol (45% v/v), 627 ml dH2O, 200 ml Acetic Acid (10% v/v) and 1.5 g Coomassie Brilliant Blue G. These were left stirring overnight at room temperature and then de-stained overnight using 10% (v/v) Acetic Acid/45% (v/v) methanol. Gels were rinsed in dH2O before analysis. 

2.15.5: Gel Analysis

A Syngene GeneSnap Image Analysing Instrument was used to scan images to a PC. Densitometry values for specific sample bands from the images were determined using GeneSnap software. This resulted in the ability to express a specific band as a percentage of total membrane protein or as relative ratios to defined bands. 
2.15.6: Western Blotting

An SDS-PAGE gel containing the rainbow molecular weight marker (Amersham Biosciences) had been run as described in section 2.15.3. Four pieces of filter paper of appropriate sizes and one piece of PVDF membrane were cut. The filter paper was soaked in 0.5X running buffer, while the PVDF membrane was placed in methanol for 30 sec and rinsed in 0.5X running buffer. The pieces were immediately assembled on the cathode of a semi-dry electro-blotter as shown in figure 2.7. Some tissue paper was placed on top while the assembly was rolled with a test tube to remove any air bubbles. The anode was attached and the protein transfer was allowed to take place at a constant 50 mA for 2 hr. To detect transferred RHSH6 tagged proteins by the INDIA HisProbe-HRP, the blot was first washed at room temperature with 1X TBSTT buffer (section 2.3) on the orbital shaker for 10 min. The blot was then blocked overnight at 4oC on the orbital shaker with 3% BSA TBSTT. Subsequently, the blot was washed twice at room temperature with 1X TBSTT buffer on the orbital shaker for 10 min. The blot was then incubated for one hour at room temperature on an orbital shaker with 25 ml HisProbe-HRP made to a 1/5000 dilution with 1X TBSTT. Following the incubation, the blot was washed four times at room temperature with 1X TBSTT buffer on the orbital shaker for 10 min. Finally, the blot was incubated with 5 ml Pierce Westpico Stable Peroxide Solution (Product #1859674) and 5 ml Pierce Westpico lumino/enhancer solution (Product #1859675) for 5 min. The blot was wrapped in clingfilm to protect it from dirt and exposed against film for 5-60 sec. Film was developed in a Kodak film developer.
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Figure 2.7: Assembly of SDS Gel, Membrane and Filter Paper for Western Blotting
2.16: Enzymatic Reactions
2.16.1: Enzymes and Buffers

All enzymes and their relevant buffers were obtained from Promega Corporation, Invitrogen Life Technologies(, New England BioLabs( or Sigma-Aldrich Corporation and were used according to the manufacturers instructions.

2.16.2: RNase Reaction

RNase that was free of DNase was dissolved at a concentration of 10 mg/ml in 10 mM Tris-HCl (pH 7.5) and 15 mM NaCl.  The solution was then dispensed into aliquots and stored at -20°C.

2.16.3: Standard PCR Reaction Mixture
Template DNA


1 μl

Primers (0.6 nm/μl)


1 μl of each

Buffer (10X)



5 μl

dNTP’s (10 mM)


1 μl

Sterile dH2O



40 μl

RedTaq DNA Polymerase

1 μl

2.16.4: Standard PCR Program Cycle
Stage 1:
Step1:  95°C for 10 min

Stage 2:
Step1:  95°C for 1 min


Step2:  Annealing Temperature for 30 sec

Step3:  72°C for 1 min for every Kb to be synthesised.  (Stage 2 was usually repeated for 30 cycles)




Stage 3:
Step1:  72°C for 10 min
2.16.5: Standard Phusion Taq (New England Biolabs) PCR Program Cycle
Stage 1:
Step1:  98°C for 30 sec

Stage 2:
Step1:  98°C for 5-10 sec


Step2:  Annealing Temperature for 10-30 sec

Step3:  72°C for 15-30 sec for every Kb to be synthesised.  (Stage 2 was usually repeated for 30 cycles)




Stage 3:
Step1:  72°C for 10 min
2.16.6: 1 Kb DNA Molecular Marker (Invitrogen)
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2.16.7: Klenow Reaction

DNA



18 μl

dNTPs (0.5 mM)

1 μl of each

Klenow Buffer (10X)

3 μl

Sterile dH2O


4 μl

Klenow (0.5 U/μl)

1 μl

The reaction was incubated at room temperature for 1 hour.  The reaction mixture was then phenol extracted to remove the enzyme and the DNA was ethanol precipitated.
2.16.8: T4 DNA Polymerase Reaction




DNA



12 μl





dNTPs (1 mM)

2 μl





Buffer (10X)


2 μl





BSA (10X)


2 μl





T4 DNA Polymerase

2 μl

The reaction was allowed to continue for 20 – 30 minutes at room temperature. A 2 μl aliquot of 0.5 M EDTA was added to stop the reaction. The mixture was then phenol extracted to remove the enzyme and other reaction components. The DNA was ethanol precipitated and re-suspended in 15 μl TE buffer.
(Holmes and Quigley, 1981)
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