
Abstract 

Phi11, a temperate bacteriophage of Staphylococcus aureus, has been found to harbor a 

cro gene and a cI repressor gene, both of which play a very important role in the developmental 

pathway of Phi11. The Cro and CI repressor proteins have been found to bind specifically (with 

different affinity constant) to 15 bp partially palindromic repeat operator DNA (O DNA), located 

in the cI-cro intergenic region. O DNA consists of three 15 bp partially palindromic repeats (O1, 

O2 and O3). CI has binds to O1 and O2 with maximum affinity for O1; on the other hand, Cro 

binds only to O3. Surprisingly, the affinity of Cro repressor towards O3 is comparatively much 

lower than that of CI for O1 or O2. 

To understand the mechanism of action of Cro, the effects exerted by various ions (cations and 

anions) upon the interaction between Cro and its cognate operator DNA have been studied by 

employing gel shift assays as well as circular dichroism spectral analysis. This study has revealed 

that NH4
+ and C2H3O2

- ions better facilitated the binding of Cro to its cognate operator DNA as 

compared to Na+, K+ and Li+. Interestingly, Mg2+, CO3
2- and C6H5O7

3- have an inhibitory effect 

upon this binding. The effect of the said ions upon the structure of Cro was also investigated by 

circular dichroism and it was found that other than C6H5O7
3- ions, none of the other ions 

destabilized the protein. On the other hand, Mg2+ and CO3
2- ions maintained the structure of the 

protein but severely hampered its functional activity. C6H5O7
3- ions severely unfolded Cro and 

also inhibited its function. Considering all the data, NH4
+ and C2H3O2

- ions appeared to be more 

suitable in maintaining the biological activity of Cro. 

Interestingly, the genome of aureophage Phi11 reveals the presence of on early gene gp07 

(ORF7), which codes for the putative antirepressor protein (GenBank accession no. 

NC_004615.1). Antirepressor proteins are mainly involved in lytic cycle of various 

bacteriophages. The Phi11 Gp07 consists of two domains - an amino terminal Bro-N domain and 

a carboxy terminal KilA-C domain. Despite the important role of antirepressor proteins in the 

developmental pathway of phages, there are no reports on the purification and characterization of 

aureophage antirepressor proteins. In this work, study Gp07, its two domains and its deletion 

mutant (∆Gp07) have been cloned separately. The effects exerted by the overexpression of Gp07, 

∆Gp07 and its separate domains upon the growth rate as well as the morphology of the 

Escherichia coli cells have been studied. Taken together, these results indicate that Gp07, ΔGp07 

as well as the carboxy-terminal domain of Gp07 upon overexpression, retards the growth rate of 

the E. coli cells and also induces filamentation in the cells. Moreover, the overexpressing cells 

also exhibit the presence of multiple nucleoids. The carboxy terminal KilA domain of Gp07 



appears to be indispensible for its action upon the growth rate and morphology of the host cells.  

However, the growth inhibition and filamentation induced by the amino-terminal domain of Gp07 

is temporal in nature. 

The growth inhibitory effect of Gp07 upon the host cells makes it an interesting candidate for 

further characterization. However, the purification of Gp07, has proved to be very challenging. 

Being a lethal protein, upon overexpression it completely retards the growth of the host cells. In a 

bid to purify Gp07, a method was devised to overexpress and purify the full length Gp07 as 

carboxy terminal hexa histidine tagged variant. The recombinant protein was overexpressed in E. 

coli BL21(λDE3) cells. The time and temperature of induction by IPTG were optimized to obtain 

the overexpressed recombinant Gp07 in soluble form. Later, a gradient of imidazole and NaCl 

were used for successful purification of soluble Gp07 to homogeneity. It was found that Gp07 

exists as a dimer in solution as is evident from gel filtration chromatography and glutaraldehyde 

cross-linking data. Further, it was observed that temperature has huge impact on the structural 

conformation of the protein. 

Finally, the functional role of Gp07 in the developmental pathway of Phi11 was investigated. 

Antirepressor proteins of bacteriophages are chiefly involved in interfering with the function of 

the repressor protein and forcing the bacteriophage to adopt the lytic cycle. The results indicate 

that Gp07 functions as a novel antirepressor by regulating the developmental pathway of Phi11. It 

mediates its actions by enhancing the binding of the Cro repressor protein to its cognate operator. 

It was also observed that the CI repressor protein of Phi11 binds to the putative operator of Gp07 

and regulates its expression. Moreover, it has been found that S. aureus transcriptional repressor 

lexA and co-protease recA genes play a crucial role in the lytic-lysogenic switching in Phi11. 

Finally, it has been identified that the Bro-N domain of Gp07 is actually responsible for enhancing 

the binding of Cro repressor to its cognate operator. Phi11 prophage induction is different from 

other bacteriophages. This work furnishes a first-hand report regarding the regulation involved in 

the developmental pathway of Phi11. 
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Makeup the volume to 100ml with autoclaved miliQ water, no need to adjust pH. 

 

 Coomassie staining solution (100ml) 

Coomassie brilliant blue R250 0.1gm 

Methanol 50ml 

Glacial acetic acid 10ml 

Makeup the volume to 100ml with autoclaved miliQ water. 

 

 6X SDS sample loading dye (10ml) 

1M TrisHCl (pH 6.8) 2.4ml 

20% SDS 3ml 

100% Glycerol 3ml 

β-mercapitalethanol 3.2ml 

Bromophenol blue 12mg 

Makeup the volume to 10ml with autoclaved miliQ water. 

 

 

 



 1X transfer buffer (100ml), western blot 

Tris base 0.3gm 

Glycine 1.44gm 

Methanol 20ml# 

Makeup the volume to 100ml with autoclaved miliQ water, no need to adjust pH. 

# Depend on protein size amount may vary. 

 

 Destaining solution (100ml) 

Methanol 20ml 

Glacial acetic acid 10ml 
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Glacial acetic acid 5.7ml 
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0.5 M EDTA (pH 8.0) 2ml 
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 8% urea-PAGE (60ml), footprinting gel 

Urea 30gm 

5X TBE 12ml 

20% acrylamide 24ml 

Makeup the volume to 60ml with autoclaved miliQ water. 



 5X Bradford reagent 

Coomassie Brilliant Blue G-250 100mg 

100% methanol 47ml 

85% phosphoric acid 100ml 

Makeup the volume to 200ml with autoclaved miliQ water. 

 

 STET buffer 

TrisHCl (pH 8.0) 10mM 

NaCl 100mM 

EDTA (pH 8.0) 1mM 

Triton X-1000 5% 

Makeup the volume with autoclaved miliQ water. 

 

 6X DNA loading dye 

Glycerol 30% (v/v) 

Bromophenol blue 0.25% (w/v) 

Makeup the volume with autoclaved miliQ water. 

 

 Ethidium bromide solution 

Ethidium bromide 10% (w/v) 

Makeup the volume with autoclaved miliQ water. 

 

 BCIP/NBT color development substrate, western blot 

NBT 33µl 

BCIP 16.5µl 

BCIP/NBT substrate buffer 5ml 

Add the NBT first, mix, add the BCIP, and mix again. 
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