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Abstract 

Vibrio parahaemolyticus is an important food-borne pathogen known to enter a Viable But 

Non-Culturable (VBNC) state that increases the survival of V. parahaemolyticus during stress  

eg. starvation and low temperature.  The purpose of this study was to better characterize the 

impact of environmental factors on loss of culturability associated with entry into a cold 

induced VBNC state by V. parahaemolyticus NCTC 10884 and undertake an analysis of the 

role of resuscitation promoting factors in the molecular mechanism that underpins this 

physiological phenomenon.   

Entry to the VBNC state was examined for high (109 and 107 cells mL-1) and low (105 and 

103 cells mL-1) concentration cell suspensions in artificial seawater (ASW) adjusted to 

different pH and salinity, with incubation at 4oC.   Salinities (5 and 10% NaCl) and pH (5 and 

9.5) considered suboptimal for growth resulted in short incubation periods required for entry 

to the VBNC state.  Interestingly, the time to loss of culturability of all suspensions tested was 

found to be dependent on cell suspension concentration.  Furthermore, low density cell 

suspensions, but not high density suspensions that had achieved complete loss of culturability, 

could not be resuscitated following a temperature upshift to 20oC.  This novel result indicated 

that survival of VBNC state cells is likely to require maintenance nutrients from dead cells 

within the suspension.   

To investigate the role of potential resuscitation factor proteins in establishment of the 

VBNC state and subsequent recovery, a V. parahaemolyticus NCTC 10884 yeaZVp mutant 

was constructed.  Compared to the wild type parent, suspensions of the yeaZVp mutant took 

substantially longer to lose culturability under conditions required to achieve a VBNC state.  

Furthermore, this mutant was unable to be resuscitated from the VBNC state.  

Complementation with yeaZVp returned the mutant phenotype to a wild type phenotype.  

These results suggested that YeaZVp plays an integral role in establishment of the VBNC state 

and subsequent resuscitation for V. parahaemolyticus NCTC 10884.  

To determine the patterns of expression and cellular distribution of YeaZVp in V. 

parahaemolyticus NCTC 10884, a recombinant, His-tagged YeaZVp protein (ca. 25 kDa) was 

over expressed from E. coli BL21DE3 and purified using affinity chromatography. Purified 

protein was used to raise a polyclonal antibody of YeaZVp protein in a rabbit.  This specific 



 

 xi

antiserum was used to detect presence of YeaZVp in the VBNC state cells and during 

resuscitation.  Western analysis and immunofluorescence microscopy was used to 

demonstrate YeaZVp protein is located in the cytoplasm of cells as well as outer-membrane 

fractions of V. parahaemolyticus NCTC 10884.  

As YeaZ has been shown to interact with proteins that are considered essential proteins 

involved in viability (YgjD and YjeE), interaction of the YeaZVp with these proteins in V. 

parahaemolyticus NCTC 10884 was examined.  Protein-protein interactions were determined 

using bacterial and yeast two-hybrid analysis, pull down analysis and immunoprecipitation 

analysis.  Two-hybrid analysis showed that YeaZVp was able to interact strongly with other 

YeaZVp monomers as well as YgjDVp, but only weakly with YjeEVp.  These results confirmed 

previous work that showed that YeaZ homologs interact with YgjD, and form dimeric 

structures.  His tag technologies were also used to demonstrate that YeaZVp natively interacts 

with YjeEVp and YgjDVp when pairs of these three proteins were expressed in E. coli. 

Furthermore, the ability of YeaZVp to form dimers was separately demonstrated following 

cross-linking of YeaZVp natively expressed in E. coli. Attempts to demonstrate this in V. 

parahaemolyticus NCTC 10884 were not successful. However, the immunoprecipitation of V. 

parahaemolyticus NCTC 10884 whole cell lysates with a YeaZVp specific antiserum indicated 

that YeaZVp is also associated with OmpU.  This suggested that YeaZVp that decorates the cell 

surface of this organism may interact with OmpU.  

To determine amino acid residues involved in interaction of YeaZVp monomer that lead to 

formation of dimeric forms, site-directed mutagenesis of YeaZVp was used together with two-

hybrid analysis.  The results showed that the YeaZ L83A and F85A substitutions significantly 

affected interactions between YgjDVp and YeaZVp.  However, a YeaZI75A substitution only 

affected interaction between monomers of YeaZVp.  These results suggested that L83 and F85 

residues of YeaZVp play important roles in the YeaZVp and YgjDVp protein-protein 

interactions.  
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