Differential protein expression focusing on the
mannose phosphotransferase system, in Listeria
monocytogenes strains with class Ila bacteriocin

resistance.

Manilduth Ramnath
M.Sc. (Genetics)

Dissertation approved for the degree

Doctor of Philosophy (Biochemistry)

in the
Faculty of Science
at the

University of Stellenbosch

Supervisor: Prof. J.W. Hastings
Co-supervisor: Dr M. Rautenbach
Department of Biochemistry

University of Stellenbosch

December 2003



Stellenbosch University http://scholar.sun.ac.za

Declaration

I, the undersigned, hereby declare that the work contained in this dissertation is my own
original work and that I have not previously in its entirety or in part submitted it at any

university for a degree.

Manilduth Ramnath



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za

membrane may not require the docking molecule to facilitate pore formation as this may
depend on electrostatic and/or hydrophobic interactions with the membrane instead. Both

cases it would result in the permeabilization of the bacterial cell.

The lack of expression of the mannose PTS in a class Ila bacteriocin resistant L.
monocytogenes strain [80], indicates that spontaneous high-level resistance to class Ila
bacteriocins may be achieved by the absence of the of EII™" permease. Furthermore, the
mannose PTS acts as a receptor for lambda phage, facilitating the translocation of the
phage DNA across the inner membrane of Eschericha coli [37]. It remains to be
determined whether both phage and class Ila bacteriocins may interact with the mannose

PTS using a similar mechanism.

2.3.3.1General overview of mannose phosphotransferase system (PTS)

The PTS uses phosphoenol-pyruvate (PEP) in a group translocation process to
phosphorylate incoming sugars via a phosphoryl-transfer process involving the general
energy coupling, non-sugar-specific proteins, Enzyme I (EI) and HPr, and subsequently a
sugar-specific membrane bound Enzyme II (EII) complex that catalyses the transport and
the phosphorylation of the specific carbohydrate (Fig. 2) [78, 94]. During the
translocation process, HPr is transiently phosphorylated by P~EI (Fig. 2). The phosphate
group from HPr is then transferred to the membrane bound EII complex (Fig 2). The EII
complex usually consists of three functional domains that can be a single protein or on
separate polypeptides: (1) the IIA domain possess the first phosphorylation site; (2) the
[IB domain bears the second phosphorylation site; and, (3) the IIC domain which is not
phosphorylated, provides the sugar-binding site and forms the translocating
transmembrane channel [78, 94]. The mannose PTS differs from most other PTS Ells in
combining the EIIA and EIIB domains in a single hydrophobic protein and having two

proteins, EIIC and EIID making up the integral membrane part of the complex [78].

Studies carried out on oral streptococci have provided evidence suggesting that its EIIAB
protein from the mannose PTS may be involved in the regulation of gene expression.
Some of these genes are known to code for cytoplasmic as well as membrane proteins,
including enzymes involved in the metabolism of fructose, lactose, galactose and
melibiose [7,12, 58]. This indicates that the EIIAB of the mannose PTS forms part of the

regulatory components that allows streptococci to select rapidly metabolizable sugars.
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