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ABSTRACT

The disease listeriosis is caused lbhgteria monocytogenes his common food-borne
disease has been responsible for about 0.1 to 465 gaer million inhabitants per year.
However, this disease is serious with its highlifigtaates of 20% - 30%, and 40% of all
cases reported have been in pregnant women sufieneda foetal abortion. Recently the
organism has acquired resistance to antibiotictrtreat and the development of an
alternative treatment is necessary. Class lla bactes such as leucocin A have been
shown to be active againist monocytogenesiowever, the leucocin A receptor molecule
responsible for growth inhibition within.. monocytogenesemains unclear. Various
studies have implicated the mannose PTS permeds¥*{Eof L. monocytogeneas the
putative receptor for class lla bacteriocins. Tésuits from studies reviewed indicate that
the EIM*" of L. monocytogenesould be the chiral receptor needed for bacteriocin
interaction at the surface of targeted cells. Sjwadiy, the membrane associated M3
and 11IC"" subunits were implicated in direct interactiontwilass Ila bacteriocins. Our
study focused on cloning, expression and purificatf the subunits of the mannose PTS
permease of. monocytogenelSGD. Primers were designed to amplify the subueites

of the mptACDoperon. ThemptG mptD andmptABgenes which were then successfully
cloned into pET28a expression vector and transfdrinéo E. coli JIM109(DE3) host
strain. Recombinant plasmids were screened usitbgpg®CR. Subsequently recombinant
pET28-C, pET28-D and pET28-AB was once again tanséd and expressed in tke
coli BL21(DE3) pLysS expression host strain. After aduction at 30C for 5 hours,
lHcMa" and 110" were found to be expressed in the cell membrahéswIABY" was
expressed in the cytosol of the host expressi@instembrane proteins His-I{&", His-
IDM" and cytosol associated His-IIX8' were purified using Ni-NTA affinity
chromatography. Results for His-f&' yielded a 28 kDa protein and a 55 kDa co-purified
protein. Results for His-I11%" yielded a 31 kDa protein and a 60 kDa co-purifiedtein.
Results for His-IIAB"" yielded a 35 kDa protein and a 68 kDa co-purifiedtein. A
western blot analysis revealed that all proteingfipd carried an attached His-tag as

detected by an anti-mouse peroxidase conjugateHasitiag antibody.
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CHAPTER 1

Literature Review



1.1. Introduction

Listeriosis caused blyisteria monocytogeness a common food-borne disease responsible
for about 0.1 to 10 cases per million inhabitares year. However, this disease is serious
with its high fatality rates of 20% - 30%, and 4@¥all cases reported have been in
pregnant women suffered from a foetal abortion (WRQ008). The disease is clinically
defined when the causal bacterial organism is tedl&rom blood, or cerebrospinal fluid
(Charpenter & Courvalin, 1999). The manifestatiafislisteriosis include septicaemia,
meningitis (or meningoencephalitis), encephalérsj intrauterine or cervical infections in
pregnant women which may cause spontaneous abantitbe second or third trimester of
pregnancy or otherwise result in a stillbirth. Tdreset of the aforementioned disorders is
usually preceded by influenza-like symptoms inahgdpersistent fever. It was reported
that gastrointestinal symptoms such as nausea,tmgmand diarrhoea may follow more
serious forms of listeriosis or may be the only pyams expressed. The onset time to
serious forms of listeriosis usually ranges frofiew days to three weeks. The onset time
to gastrointestinal symptoms is usually greatentthd@ hours. The bacterium is blood
borne (septicaemic) and once it enters the host@noeytes, macrophages, or
polymorphonuclear leukocytes, it can propagate iwithese host cells (Charpenter &
Courvalin, 1999). The pathogenesisLofmonocytogenesentres on its ability to survive
and multiply in phagocytic host cells. Its intrdoédr presence in phagocytic cells also
permits access to the brain and probably transplaceigration to the foetus in pregnant
women.L. monocytogeneis a remarkably well adapted bacterium which i @b grow

in vegetable matter, yet invade human cells andergal intracellular propagation
(Charpenter & Courvalin, 1999).

Food-borne transmission constitutes the main rowutacquisition of listeriosisListeria
which is considered to be susceptible to almosatibiotics, has been shown to acquire
multi-drug resistance (Poyart-Salmeretnal, 1990). This was perhaps due to the selective
pressure exerted by over-prescription of drugslimoal settings and their use as growth

promoters for farm animals (Charpenter & Courvalia99).



Bacteriocins are antimicrobial peptides producedduyic acid bacteria. These peptides
are known to inhibit closely related bacterial specThere are three major bacteriocin
classes (Papagianni, 2003). However, much attetigsnbeen placed on the subset class
lla, which are small cationic heat-stable peptidekjch exhibit inhibitory activity by
affecting the bacterial cell membrane potentialvali as the environmental pH of the cell
(Hastings et al, 1991; Klaenhammer, 1993; Dykes & Hastings, 1998Jass lla
bacteriocins are well known to successfully inhth# growth ofL. monocytogeng®Riley,
1998)

Due to the rise of antibiotic resistant strains Hmeseverity of the disease listeriosis, class
Ila bacteriocins such as leucocin A have been ptedhto help control the growth of
L. monocytogengd®eegaret al, 2006). The leucocin A receptor molecule respdadir
growth inhibition within L. monocytogenegemains unclear. Various studies have
implicated the mannose PTS permeasé.ofmonocytogeneas the putative receptor for
class lla bacteriocins. However, no study has coefd the theory using real time
biomolecular interaction assays. We have undert#keifollowing study to set a precedent
for future studies to determine the characterigticgach of the membrane bound subunits
of the mannose PTS permease, and to answer thegmérguestion: which subunit is the
receptor molecule for class lla bacteriocins? Tioeee this study entails, cloning,
expression and purification of the membrane bourslisits ofL. monocytogeneEGD

mannose PTS permease (E).

1.2.Listeria monocytogenes

L. monocytogenesas first described by Murray and co-workers, 928, as the causative
agent of septicaemia in rabbitsp( cit. Harris et al, 1989). The bacterium is a Gram
positive rod-shaped organism about 0.5 um in diameetd 1-2 um in length. It is motile
by means of a few peritrichious flagella when adtlat a temperature range of 20@5

(Jawetzet al, 1968; Rocourt & Bucherieser, 2007). Some studiggyest that 1-10% of
humans may be intestinal carrierslofmonocytogenefCharpenter & Courvalin, 1999).



The organism is found in no less than 37 mammalecties, both domestic and feral, as
well as 17 species of birds and possibly some spatf fish and shellfish. This microbe
can be isolated from soil, silage, and other emwitental sourcesL. monocytogenes
resists the lethal effects of freeze-drying and,hehich is remarkable for a bacterium that

does not form spores (Charpenter & Courvalin, 1999)

The taxonomic classification df. monocytogenesvas initially unclear; hence it was
included in the family Corynebacteriacegethereafter into the genera of uncertain
affiliation. Studies that involved a taxonomic seyvof Listeria and related bacteria,
suggested the inclusion bisteria in the family lactobacillaceagWilkins & Jones, 1977).
Thereafter, the bacterium was classified in Befgeyanual of Systematic Bacteriology
under the familyLactobacillaceag(Harris et al, 1989). The taxonomic classification of
Listeria at this time was based on numerical and chemotargn(Harriset al, 1989;
Rocourt & Bucherieser, 2007). The advent of DNA/DNgbridization, ribosomal RNA
(rRNA) and DNA sequencing technologies, broughtutten enhanced accuracy to the
phylogenetic position dfisteriasp. CurrentlyListeriais grouped under the super kingdom
Bacteria, phylumFirmicutes classBacilli, order Bacillales and family Listeriaceae
(Glaseret al, 2001).

1.3. Antibiotic Resistance inListeria species

The usual treatment of listeriosis involves the muistration of B-lactam antibiotics such

as ampicillin or penicillin G combined with an aroglycoside such as gentamicin. An
alternative to the administration of penicillintetracycline, whilst associative means of
treatment include trimethoprim with a sulfonamideich as sulfamethoxazole in co-
trimoxazole. The most effective combination seemsbé the trimethoprim which is

synergized by using sulfamethoxazole (Biosiwanal, 1990). However the remarkable
adaptive capability of this bacterium was displaydeen it was shown to confer resistance

against most antibiotic combinations. The firsttloé L. monocytogenestrains to attain



antibiotic resistance to tetracycline was reponedl988, with a minimum inhibitory

concentration of 10 pg fietracycline (Poyart-Salmerai al, 1990).

Antibiotic resistance is thought to be an acquitest (Charpenter & Courvalin, 1999).
TheL. monocytogenestrain co-habituates in the digestive systemauafidns and animals
alongside diverse species Bhterococcusand StreptococcusThese bacterial species are
known to harbour a large reservoir of conjugatil@smids and transposons, which have
been implicated in the transfer of antibiotic remid genes td.. monocytogenegiving
rise to antibiotic resistarit. monocytogenefCharpenter & Courvalin, 1999). Table 1.1
gives an overview of the origin and nature of $elfisferable plasmids or transposons
responsible for the variety of antibiotic resistgetes that cause resistanceisterial sp.
The association betweehisterial, Enterococcaland Streptococcalspecies is clearly
evident aslListeria acquires resistance via self-transferable conjagaplasmids or
transposons from these bacterial strains. Factoce®mcern are the circumstances which
may lead to drug resistahisteria. The administration of antibiotics in an indiscriraia
manner by medical practitioners and its use in ahibreeding programs led to the
deterioration of the efficacy of these drugs (Pt$aimeronet al, 1990). Selective
pressure is exerted on these pathogenic organisensfore resulting in broad spectrum
antibiotic resistant strainslListeria’s broad spectrum antibiotic resistance capability
necessitates the need for alternative means inngudotential infection and manifestation
of L. monocytogeneduring food processing and storage. Class lla bactas known as
antidisterial  antimicrobial peptides have been shown to workll vagainst L.
monocytogenesind these antimicrobial peptides may be the answenore effective
treatment and prevention of listeriosis (Hastings al, 1991; Maftahet al, 1993;
Montville & Chen, 1998; Ennahaet al, 2000; Hechard & Sahl, 2002; Chen & Hoover,
2003; Deegaret al, 2006)..



Table 1.1. Conjugative plasmids and transposons, encodindiatiti resistance genes
responsible for antibiotic resistance lin monocytogened he table was derived from a

review study (Charpenter & Courvalin, 1999)

Plasmids or Origin Conferred Mode of Transfer Genes Transferred
Transposons Antibiotic
Resistanceto:*
Plasmid Streptococcus | Cm microlides, | Conjugation. Also able to replicate in
pIP50 agalactactiae | lincosamidesand | transfer, between Listeria. Therefore could
streptogramins | Listeriaand transfer thecat221 gene
Streptococcus (Cmacetyl transferase)
Plasmid Enterococcus | Em Conjugation. Self ermAM (encodes an rRNA
pAMBL faecalis transferable by methylase)
conjugation
Plasmid Listeria Em May mobilize a non-| Cryptic replicon plasmid
pRYC16 conjugative plasmid | compatible to pANS1 which
pDB1 ofBacillus transfers the Erythromycin
subtilisbetween resistant genermAM
species of.isteria
Plasmid Enterococcus | Cm, Em, Sm Self transferable by | Mediates transfer afat221
pIP811 and conjugation gene (Cm acetyl transferase)
Streptococcus ermAM (encodes an rRNA

methylase) &aad6gene
(encodes 6-N-
aminoglycolase
nucleotidyltransferase)
respectively. Similar to

pAMB1
pIP813 Enterococcus | Tc Self transferable by | Harbours theetl gene
and conjugation which encodes a protein
Streptococcus involved in the active efflux
of tetracycline from the
bacterium.
pIP823 Enterococcus | Trimethoprim Self transferable by | dfrD gene encoding
faecalisand conjugation S2DHFR of a second class
Staphylococcus of high-level trimethoprim
aureus resistance. May also be
found inBacillus subtilis
Transposon | Enterococcus | Tc, Mc Conjugation Co- tetM gene (directs synthesis
Tn916 faecalis transfer of theet\V of a cytoplasmic protein
gene associated with which protects the ribosome
int-Tngene from inhibiting the
antibiotic), andnt-Tngene
(encodes the intergrase
involved in the mobility of
Tn 1545Tn916 conjugative
transposons)
Transposon | Streptococcus | Tc Conjugation. Tn916-related. Encodes the
Tn1545 pneumoniae tetM gene andnt-Tn gene.

*Chloramphenicol €m), Erythromycin Em), StreptomycinSm),Tetracycling(Tc), Minocycline (Mc).



1.4. Bacteriocins

Antimicrobial peptides such as bacteriocins areelyiddistributed in nature. They are
produced by both eukaryotes and prokaryotes and tordiverse group, from the well-
studied colicins of prokaryotes to the halocin@ofheabacteria. For centuries bacteriocins
have played an important role in the preservatibriood (Deeganet al, 2006). The
extensive range of these antimicrobial peptideslthe potential to significantly impact
the treatment and prevention of bacterial infecigRiley, 1998). Particular interest was
focused on the antimicrobial activity of bacterieiproduced by lactic acid producing
bacteria. Intensive investigations on these bamtars have elucidated the understanding

of the structural, biosynthetic and innate actiatyclass lla bacteriocins (Riley, 1998).

1.4.1. The ubiquitous nature of bacteriocins

Bacteriocins are produced by both Gram-positive @reim-negative organisms. The most
extensively studied bacteriocins from Gram-negatiaeteria, were the colicins, from
Escherichia. coli (Papagianni, 2003). This review focuses on thascléa bacteriocins
produced by lactic acid bacteria. The genera dfdaid producing bacteria used in the
food industry, to organically preserve food, in@udactococcus, lactobacillus,
Streptococcus  thermophillus, Pediococcus, Leucorpst Carnobacterium and
EnterococcugDiep & Nes, 2002). Numerous bacteriocins have baenhemically and
genetically characterized from these organismsindiatobial peptides of this nature have
also been found for other non-food organisms of @ram-positive genera, such as
Clostridium, Bacillus, Staphylococcus, Brevibaatariand Bifidobacterium(Diep & Nes,
2002).



1.4.2. General mode of action

Bacteriocins are generally cationic, amphiphilicd amost likely attack the susceptible
bacterial cell by permeabilizing its membrane slassumed that their net positive charge
facilitates interactions with the negatively chargbacterial phospholipid-containing
membranes or acidic bacterial cell walls. Whilsisitalso believed that their amphiphilic

characteristics enable membrane permeabilizatiapg&anni, 2003).

1.4.3. Classification and Characteristics of bactéwcins

Bacteriocins are classified into three major classtass I, Il and Ill. Table 1.2 highlights
the sub-categories of each class. These peptigesoaghly categorized into those that
have a high content of a certain amino acid, mésindoeing proline, those that contain
disulfide bridges, and those harbouring an ampligpiegion within their molecule if they

assume an-helical structure (Papagianni, 2003).

Bacteriocins that are produced by Gram-negativarasgns are of high molecular weight
e.g. colicins fromE. coli. These proteins are usually larger than 20 kDatéB@mcins
produced by Gram-positive organisms such as lamtid-producing bacteria have a

smaller molecular weight many are under 20 kDag3ieNes, 2002).



Table 1.2.Categories and sub-categories of each class tdrixazgn

Main Category The Predominant Sub-category
Amino Acids present

Type A: Elongated

Class I: Lantibiotics ( modified| Lanthionines Molecules

bacteriocins) Type B: Globular Molecules
Class lla: Pediocin-like/ antir

Class II: Non-modified, Heat | Proline and cysteine listerial Bacteriocins

Stable Bacteriocins disulphide bridges Class lIb: Two peptide

Bacteriocins
Other Bacteriocins

Larger than 30 kDa. But not
Class lll: Large, Heat Labile | Not well characterised | well characterized
Bacteriocins

As mentioned before class lla bacteriocins haven bested to inhibit growth of well
known food pathogens, particularly monocytogenedp the extent that this group of
bacteriocins have been referred to as anti-lidtgeptides. Bacteriocins have been used
extensively in the control of listeriosis. Conseafliethis has led to the identification and

description of a large number of anti-listerial tegiocins (Riley, 1998).

Anti-listerial bacteriocins predominantly belongtte class lla subgroup of the bacteriocin
genre, classified on the basis of their primarydtrre, their highly similar amino acid
sequence, distinctive N-terminal region and extremt-listerial activity (Klaenhammer,
1993; Riley, 1998). These bacteriocins remain l#ngest and most extensively studied
subgroup of the class Il bacteriocins (Ennadtaal, 2000). They are commonly found to
be cationic and amphiphilic, as mentioned previpSlection 1.4.2.). Most of them Kkill
the bacterial organism by permeabilizing their csimbranes (Papagianni, 2003).

All class lla bacteriocins have a YGNGVXC consensgguence at the N-terminus
(Ennaharet al, 2000). The consensus motif has been shown toalteop a recognition
sequence for a putative membrane-bound receptorafiamet al, 2000). The sequence

similarity of various class lla bacteriocins arghiighted in Figure 1.1. Peptides such as
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leucocin A and mesentericin Y105 are almost idahtic each other, differing by just two

amino acids. Most other peptides in this group abkare similar C-terminal sequence

motifs.
Bacteriocin Amino acid sequence
Leucocin A KYYGNG VH[C|T K 8 G[C|S[VIN[W|G E[A] F [§TATG ‘Ilul ANGONGTW
Mesentericin Y105 KYYGNGV|H|C|TK S G|C|S|V|N|W|G E[A|A lb Ag‘ IHRL A NOGNGEW
Mundticin KYYGNGV[S|CINKKGIC|S|VIDIW|G K|A|TTGT l(lNN[\A/\Nl ATGOAAGWSIK
Piscicolin 126 KYYGNGYV|S|ICINKNG|C|T[V|D|W|S KAl G | lGNNAAANI[I]TGGAA(lWNI\h
Bavaricin A KYYGNGV|H[c|GKHS|c|T[VID|WG T|A|Il GIN[I GNNAAA I(y[XNA()[(n
Sakacin P KYYGNGV[H|C|GKHS|C|T[VID|W|G T|A[LGIN[Il GNNAAA l(;()\NA(}WNK‘
Pediocin PA-1 KYYGNGV|T|C|GKH S|C|S|V|D|W|G K|A|ITC) (TN NIGIAIM'A 1.6.4ln i’}]u[N"’n‘lKr
Bavaricin MN TIKYYGNGV|Y|C|N § KK|C|W|V|D|W|G Q|A[A G G|l GQTVVXGWEGAATT aK|
Divercin V41 TIKYY GNGV|Y[C|N § KK|c|w[v|D|W|G Q|A| S u]c [GQTYVOGGWLGGAILTR (,Kcl
EnterocinA TTHSGIKYYGNG V|Y|C|TKNK|C|T|V[D[W]|A K|A|[IZT.C l“l\ (:lM s]xl[g 0[1 ]L__.(j OALPOKC
Enterocin P A‘l'kSY(iN(}VY(‘NNSK('WVNW(iI',AIK|I~1N ITAGIY I SGWAN]I AGMOH
Camobacteriocin BM1 A 1 §|Y G'N G V|Y|C|N K E K|C[W|[V|N K A E N[K Q| l l(, Iy iclowas[slLAadMa u‘
Sakacin A ARS|YGNGV|Y[CINNKK|C|W|VIN R G E[A]T|Q|S I (;](.Ml%GWASGlAOMJ
Carnobacteriocin B2 VNlY GNGV|S|c|s K T K|C|s|VINWG U‘ ‘ FIQIERYTAG 1]N SFV[BGVIA[SGAGS TGRRP
Bacteriocin 31 ATIYYGNG|L v‘ ’N KQK[C/WVIDWNKASREIGKIIVNGWVQHGPWAPR
Acidocin A KTY YGTINGVIH[C]TKRS LWGKVRLKNVIPGTLCRKQSLPIKQDLKILLGWAT GAFGKTFH

Figure 1.1. Amino acid sequence alignments of class Ila bexdigs highlighting the N-
terminal YGNGV consensus motifs. Residues conseimeat least 10 of the stipulated
sequences are shown in white boxes. Shaded boxmg #fe conserved C-terminal
residues in at least two sequences. Amino aciddwesi shown in boldface font are
positively charged; whilst those amino acids repnésd in lower case represent residues
with an uncertain charge. The “X” represents unkmogsidues (Ennahat al, 2000).
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1.4.4. The genetic organization of class lla bactecins

Class lla bacteriocins are either encoded on plsmi chromosomes. These genes are
involved in bacteriocin production, extracellulaartslocation, immunity of the producer
organism and in some instances the regulation ofebacin synthesis (Ennahat al,
2000).

The general gene organization of class lla baat#rsowas previously described (Ennahar
et al. (2000). Conservation of class lla bacteriocin ganangement is highlighted in
Figure 1.2. The structural gene encodes a baciernpye-peptide, which contains a leader
sequence with two glycine residues at its C-terminithe leader sequence may possibly
serve as a recognition signal for a Sec-indepenélB transporter (Klaenhammer, 1993;
Neset al, 1996). The ABC transporter in this context referan ATP-binding cassette.
Class lla bacteriocins contain at least two gemepding proteins homologous to ABC-
transporters and accessory proteins, which areireshuo drive the bacteriocin to the
outside of the cell (Klaenhammer, 1993; Ngsal, 1996). The bacteriocin structural gene
precedes and is co-transcribed with an immunitygimo Some bacteriocin operons have
additional open reading frames (ORF’s) in the wvtgiof the structural gene and in the
same order forms a putative three component sigaasduction auto regulatory cassette.
This cassette encodes an induction factor (IF)tidm& protein kinase (HPK) and a
response regulator (RR) (Ennatedral, 2000). The biosynthesis of bacteriocin production

is explained in more detail in the next sectiornc(ea 1.4.6.).
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Figure 1.2.Organization of gene clusters involved in the imipuand production of class
lla bacteriocins. Shown are the open reading fraf@RFs) encoding the three
component regulated peptides namely; leucocin Asemiericin Y105, pediocin AcH and
the two component regulated Divericin V41. Prom®tgrack boxes); terminators (green
lollipop-like symbols); A-IcaA; B- IcaB genes encoding leucocin A or bacteriocin, C-
IcaC and D-IcaD encode the immunity peptide genes. The white anmdicates the
presence of the ORF (Ennaleral, 2000).

1.4.5. Biosynthesis of class lla bacteriocins

The production of class lla bacteriocins is reférte as a three component regulatory
system involving the synthesis, processing, semretf the bacteriocin and the host
immunity protein, (see Figure 1.3) (Ennaledral, 2000). An exception to this system is
divercin V41 ofCarnobacteriumiv41 which has been noted to use a two-compongnaki

transduction system (Meterviet al, 1998).

The leader sequence on the class lla bacterioeinves as a recognition signal for both
cleavage of the pre-peptide as well as transmeralranslocation of the mature peptide
(Klaenhammer, 1993; Nest al, 1996; Riley, 1998; Ennahaat al, 2000; Papagianni,
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2003). The steps in the three component systemeasridedin (Figure 1.3), would

typically include:

» histidine protein kinase (HPK),
* response regulator (RR) and

* induction factor (IF).

IF's are usually small heat-stable cationic and hyubr peptides that are first
synthesized as pre-peptides with leader sequerfcasdouble-glycine type (Nest al,
1996). An environmental stimulus triggers the pathvef biochemical reactions in the
bacterial cell. The IF binds HPK. The HPK therelhogphorylates the RR which in turn
activates the bacteriocin operon therefore thisbksathe production of the immunity
protein, pre-bacteriocin peptide and pre-inductfantor. The pre-peptide form of the
bacteriocin and IF, are biologically inactive. Hoxge subsequent cleavage of the pre-
peptide at a double-glycine proteolytic cleavage smoves the leader sequence from the
bacteriocin peptide in tandem with the transmembraanslocation of the peptide to the
periplasmic space of the cell (Havarsteinal, 1995; Neset al, 1996; Ennahaet al,
2000). The immunity protein plays an importanterdy binding to a transmembrane
receptor of class lla bacteriocins on the cytoplagmart of the membrane receptor. Once
the processed/active bacteriocin binds the recep#othe periplasmic binding site, the
membrane permeabilizing ability of the bacteridsiinhibited, leading to immunity of the
host organism (Maftabt al, 1993; Chen & Montville, 1995; Chest al, 1997a; Ennahar
et al, 2000). This immunity protein of class lla baaters are generally cationic and
hydrophilic in nature, consisting of 88-114 amircada. Apart from offering protection to
the host, these immunity proteins offer partial iomity of the host strain against other

class lla bacteriocins (Ennatetral, 2000).
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Figure 1.3. Schematic overview of the three component regojagystem for the
production of class lla bacteriocins within its hagsganism. The system involves the
synthesis, processing, and excretion of the peptdeimmunity of the host cell (Ennahar
et al, 2000).

1.4.6. The mode of action of bacteriocins

Similar to other bacteriocins produced by lactiaddgacteria, class lla bacteriocins are
bactericidal and act primarily by permeabilizingethmembrane of vulnerable
microorganisms, through the formation of poratimmeplexes causing an imbalance in
ionic concentration and leakage of inorganic phaspl{Klaenhammer, 1993). This has
been clearly established for pediocin PA-1 (CheM@ntville, 1995), mesentericin Y105
(Maftah et al, 1993), and bavericin MN (Kaiser & Montville, 1998n the case of a

susceptible organism such s monocytogenea membrane disruption of this nature
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causes steady dissipation of the proton motiveefqeMF) which may lead to total
dissipation of the pH gradienAjH) and a partial dissipation of the transmembrane
potential Ay) (Maftah et al, 1993; Kaiser & Montville, 1996). The lethal adt of
class lla bacteriocins is mainly due to the digsgoa of the PMF followed by an
accelerated depletion of intracellular ATP and amactids (Chen & Montville, 1995).
However, no leakage of ATP has been observed inntbde of action of class lla
bacteriocins and the depletion may possibly betdwn increased consumption of ATP in
order to maintain the PMF (Chen & Montville, 1995Pne such bacteriocin, leucocin A,

has been known to display activity agaibsionocytogeneSGD.

1.4.7. The structure of class lla bacteriocins

Structural models of class lla bacteriocins in meamb mimicking environments were
studied using nuclear magnetic resonance datay&irdichroism and computer simulation
methods (Saileet al, 1993; Bhugaloo-Viakt al, 1996; Kaiser & Montville, 1996; Chen
et al, 1997b; Fregeau Gallaghet al, 1997). An important characteristic to note ofsela
Ila bacteriocins is their cysteine content. Firstlgas been reported that they have at least
two cysteines with disulfide bridges whilst theiounterparts, the non-lanthionine
containing bacteriocins, may include only one @aotcin B, acidocin A) or no cysteine
residues (lactococcin A, lactococcin M, lactococ@nand plantaricin A) (Riley, 1998).
Protein sequence alignment studies of class ll&ekacins indicated that the two cysteine
residues are present in conserved positions wikl@riN-terminal region, and as a result the
disulfide bridge which forms a four amino acid looper these two residues is well
conserved in all class lla bacteriocins. The preseof disulfide bonds seems to be a
crucial component in bacteriocin activity espegiaWith those peptides having two
disulfide bridges. Pediocin PA-1/AcH, enterocin Adadivericin V41 are unique as they
possess an extra disulfide bond involving a secpad of cysteine residues. This
conformation gives class lla bacteriocins an amiphgcharacteristic at the N-terminal
region. The structure of the leucocin A peptide highlighted in Figure 1.4. This

antimicrobial peptide has an N-termirfasheet with two strands connected by cysteine
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residues to form @-hairpin at the position YGNGV, has been predidt@dpediocin PA-1
and leucocin A. The C-terminal half of class llateaiocins has been predicted to adopt an
amphiphilic a-helix, which span similar regions in different raoliles and is believed to
be the transmembrane segment during pore formatiothe affected cell (Fregeau
Gallagheret al, 1997). The secondary structure predicted for wiass lla bacteriocins
was previously investigated (Benrgk al, 1998). The bacteriocins under scrutiny seem to
have containedw-helical conformations spanning residues 15, 1G8d@ 28, which are
believed to form an oblique orientation and arentyaresponsible for membrane rupture
or perturbation (Fregeau Gallagletral, 1997; Bennilet al, 1998).

TEHET consensus
I =sequence shown in

kyvgngrhetksgesvmwgeafsagvhrlanggngfw
lenA peptide sequence

Figure 1.4 Three dimensional structure of the class lla dramtin leucocin A. The N-
terminus region, highlighted in yellow is the YGN@Wd¥nsensus sequence followed by the
six amino acid ring, bound by a disulfide bond (eyse).p-sheets are displayed in brown
toward the N-terminus and anhelix toward the C-terminus in green The leuco&in
amino acid sequence is shown as colour coded tedhresponding regions within the
structure, and the consensus sequence also higgdigh yellow (Cn3D 4.1, NCBI
software, USA) (Fregeau Gallaghetral, 1997).
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1.4.8. Leucocin A

In 1991, leucocin A produced blyeuconostoc gelidunAL 187 was identified and
characterized under the genera of the class lieehacins, (Hastingst al, 1991; Hastings
& Stiles, 1991). This anionic peptide of approxieigt3.9 kDa is active against a wide
range of lactic acid producing bacteria and wellowkn food pathogens such as
L. monocytogenefHastingset al, 1991). However, its precise mechanism of intévact

against_.. monocytogendsas not been proven.

1.4.9. The putative receptor of class lla bacteriogs

Over the years several postulated models of cladsalcteriocin interaction with the target
cell have been proposed. These include electrodtaiding to the membrane, which led to
the suggestion of specific binding of the bactendo a membrane associated component
(Chen et al, 1997a; Montville & Chen, 1998; Hechard & Sahl,02R Figure 1.5.
highlights the postulated mechanism of interactetween class lla bacteriocins and the
susceptible bacterial membrane (Maftlal, 1993; Ennahagt al, 2000).

Investigations into the molecular mode of bactnanteraction were performed utilizing
leucocin A and its closely related counterpart mesgcin Y105. Firstly, the inactivation

of the rpoN gene, encoding the sigma 54§ subunit of RNA polymerase resulted in
bacteriocin resistarit. monocytogeneandE. faecalisto mesentericin Y105 (Robichaet

al., 1997; Daletet al, 2000). These studies showed #7& subunit directs expression of
the mptACD operon. The mptACD operon encodes a mannose permease
phosphotransferase (PTS) system, {El). The EI{™®" protein consists of three subunits
IAB " 1icM", and 110",
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Figure 1.5. An illustration of a model class lla bacteriocimdathe predicted location of its
domains with respect to interaction with the taiggt membrane: (a) predicted bacteriocin
structural domains; (b) possible interactions afhedomain with the membrane surface;

(c) bacteriocin insertion and formation of hydrdjghpores (Ennahaet al, 2000).
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Ramnathet al. (2000), were the initial group to describe the abseof a mannose PTS
subunit in aL. monocytogenestrain conferring resistance to leucocin A. Thetgn
described by this group was similar to the I[/&Bsubunit of the E{'*" hence inferring, a
similar if not an identical mechanism for resis@anto both mesentericin Y105 and
leucocin A (Ramnatlet al, 2001). Subsequently another study pointed outl¢ugocin A
required an interaction with a chiral receptorha surface of the target cell to be activated,
as the D-enantiomer of leucocin A was inactive agfalO different strains who were all
sensitive to the natural leucocin A (Yat al, 2000). Upon further investigation, the
inactivation of thes>*-dependenmptACDoperon induced resistancelofmonocytogenes
and E. faecalis to mesentericin Y105 (Daleet al, 2001; Hechardet al, 2001).
Furthermore, increasing the glucose or mannose eoration induced simultaneous
expression of Eff'™ and sensitivity to mesentericin Y105 in. monocytogenes,
suggesting that the expression level of {&fland sensitivity to the bacteriocins were
found to be associated (Dakdtal, 2001). A deletion of the distal region of tmgtD gene
conferred leucocin A resistance In monocytogeneg¢Dalet et al, 2001). Therefore,
implicating the 11D"" subunit as an interactive molecule with classbHateriocins (Dalet
et al, 2001; Hecharet al, 2001). ThenptACDoperon ofE. faecalisis 89% similar td_.
monocytogenefHechardet al, 2001). Another study showed a deletion in thexipnal
region of themptB gene also led to bacteriocin resistanc&.iraecalis This study noted
that themptACD operon was not expressed due to a polar affecene granscription,
therefore the indication that the IIAB" subunit is involved in bacteriocin interaction,
seems be incorrect. Subsequently, this was venfieeh a deletion of theptAgene was
shown to repress the expression of thptACD operon, therefore suggesting that the
lcMa" — 1pMa" complex could function as a membrane bound targéécule for class lla
bacteriocins (Graversert al, 2002). However, studies performed on resistant
monocytogenestrains show that resistant strains show alterationtheir cell surface.
These strains display a more positively chargetveall, a cell membrane with a higher
neutral charge and a more fluid cell membrane (Vatbp et al, 2004). Ramantlet al
(2004) investigated the role of thaptACD operon and derived plasmids containing
various combinations of these three genes ofnipeACD operon, namely pNM-ACD
(utilized in this study), pNM-AC, pNM-AD, pNM-CD, MM-C and pNM-D. These
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constructs under the tight control of the nisinrAmoter were transformed intd_a. lactis
strain deficient of the EN*" protein. These constructs were induced usingi Asand
exposed to class lla bacteriocin leucocin A. Thaedgtshowed that the phenotypic
expression of 1" renderedLc. lactis sensitive to class Ila bacteriocin leucocin A
(Ramnathet al, 2004).

The results from studies reviewed indicate thatEHe'™" of L. monocytogenesould be
the chiral receptor (Figure 1.5) needed for bagtémiinteraction at the surface of targeted
cells and the membrane associated"ffDand 11C"™" subunits were implicated to be
responsible for direct interaction with class lkcteriocins (Ramnatét al, 2004).

Whilst the study by Vadyveloet al, (2004) indicated the characteristics of bacterédl
surface alteration in class lla resistanimonocytogenestrains. The study concluded that
strains with a high resistance to class lla bantérs display the following characteristics:

(a) The cell wall had a more positive charge

(b) The cell membrane had a more neutral charge

(c) The cell membrane was more fluid

(d) There appeared to be a significant decreasgpiexpression
Therefore, the study, gave a strong indication thtateast four cell surface changes
contribute to class lla bacteriocin resistance, @uad each of these changes contribute to
the degree of bacteriocin resistance (Vadyvabal, 2004). However, this study failed to
acknowledge studies proving that the deletion i@ rtiptA gene inL. monocytogenes
resistant strains was due to the repression ofdhgletemptACD operon in these strains

therefore the 11X2" subunit may not be responsible for bacteriociaremttion.

1.5. The Mannose PTS Permease System

It is known that microorganisms are able to utilmany carbon sources to ensure their
survival. They contain cell surface receptors whach able to monitor the environmental

changes they may face. Thereby acquiring the glbditurn on or switch off the utilization
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of a large number of carbon sources, sense comtentigradients of nutrients, and adapt
to changes in osmotic strength as well as sensssstonditions such as availability of
oxygen and limited nutrients. Many signals are sdnsn the outside of the cell and are
converted into a response inside the cell. Thipaese may involve changes in protein
synthesis and regulate enzyme activity, changebeimaviour (e.g. motility) or other
processes. Many such sensory systems have beeifiégdenwith one common theme
connecting most of these systems. Such as, thepbogation of the proteins involved in
histidine, serine and aspartate residues (Positmal, 1993). One such system is the
phosphoenolpyruvate (PEP) carbohydrate phosphééraise system (PTS). The #'is
vital to most microorganisms (Postmea al, 1993).This system is involved in both the
transport and phosphorylation of a large numbecasbohydrates in movement toward
these carbon sources and the regulation of a nuaflmher metabolic pathways (Postma
et al, 1993).

1.5.1. The role and organization of the PTS

The phosphoenolpyruvate-dependent carbohydratspwansystem is responsible for the
transport or uptake of a variety of carbohydrateshsas hexoses and hexitols, from the
periplasmic to the cytoplasmic space via facildatdiffusion, coupled with their
phosphorylation. In addition, their function in m@phorylation of these very same
carbohydrates takes place on the cytoplasmic dideeomembrane (Robilllard & Broos,
1999). Therefore the PTS proteins accomplish bghttanslocation and phosphorylation
of its substrates. The phosphoryl transfer potemtiaPEP is higher than that of ATP,
enabling more efficient carbohydrate metabolisms{fPaet al, 1993). However, in non-
PTS systems the accumulated carbohydrates of rharedne ATP equivalent must be
expended per monosaccharide unit for both transgpattATP-dependent phosphorylation
to occur. This is the main reason the PTS systefiouad in obligate and facultative
anaerobic bacteria, which synthesize ATP by sutestevel phosphorylation (Postned
al.,, 1993). The PTS proteins of the enteric bactEriaoli and Salmonella typhymurium
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have been intensively studied, whilst they havenbgartially characterized in a wide

variety of other bacterial species (Posthal, 1993).

The following reaction constitutes the PTS-medidtadslocation and phosphorylation of

a given carbohydrate source:

Scheme |
P-enolpyruvate + (El) = P-El + Pyruvate (2)
P-El + HPr = P-HPr + EI 2
P-HPr + EIIA (domain or protein) — P-EIIA + HPr (©))
P-EIIA + ElIB (domain or protein) — P-EIIB + EIlIA (4)
ElIC

P-EIIB + carbohydraig: , ElIB + carbohydrategf (5)

[P= phosphate; E1= enzyme |; HPr = Histidine pro{ghosphate carrier protein)]

In most cases enzyme | (El) and HPr phosphatéecarotein are soluble cytoplasmic
proteins, which take part in the phosphorylatioralbfPTS carbohydrates in the organism.
Therefore they have been referred to as the geRar8l proteins, and the enzymeésli

(Ell’s), are carbohydrate specific. These may consisherhbrane bound proteins with

subunit domains; a graphical description is shawhigure 1.6.

Figure 1.6 shows the El and HPr general proteimsafoPTSs, and the EIll proteins,
specific for mannitol (Mtl), glucose (Glc), and nmase (Man). Each of these Ell proteins,
contain two hydrophilic domains, IIA previously eefed to as (Elll or Ill) consisting of
the first phosphorylation site (P-His), and 1IB smting of second phosphorylation site
(either a P-Cys or P-His residue). The membranaddydrophobic domains are split into
two domains (IIC and ID). H!, 11°, and 1" are specific for mannitol, glucose and
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mannose, respectively. P~ indicates the phosphed/dorms of the hydrophilic
polypeptide involved in the phosphorylation of tterbohydrate. The " and 1"
subunits are responsible for the translocation ddpecific sugar from the outer cell
membrane into the cytoplasm. The variation exemepoliby the mannose PTS permease of
E. coli show both the IIA and 1IB domain fused into singhgdrophilic proteins (Postma
et al, 1993; Robilllard & Broos, 1999).

The phosphotransfer reactions occur in a vectorglire with respect to transport and
phosphorylation for the mannitol, glucose and maenphosphoenolpyruvate transferase
systems oE. coli, shown in Figure 1.6 (Postna al, 1993; Robilllard & Broos, 1999).
Commencing with P-enolpyruvate, the phosphate gretgansferred via El, HPr, 1A, IIB
and it is speculated that the translocation of dadon source occurs through the EIIC
domain. This domain forms the integral portion lué translocation region and part of the

1™ and glucose (EF) have three

substrate binding site of the IIC protein. Mannit&l
domains (see Figure 1.6). In both cases the IIBIEhdomains are membrane bound and
the IIA domain is soluble in the cytoplasm. The tguaary protein structure of the

substrate-specific PTS & coliare found in almost all microorganisms.
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Mannitol-6-P  {m— —

cvtosol .
periplasm

Mannitol

PEP Enzl PHPr

Glucose

Pry PEnzl HPr

Mannose

Figure 1.6. The organisation of thE. coli phosphotransferase system EIllI's, featuring the
general HPr and Enzyme | (Enz [). Only three of BiEs are shown, those specific to
mannitol (Mtl), glucose (Glc) and mannose (Man).clEacontains two hydrophilic
domains, IIA containing the first phosphorylatioites(P~His) and IIB containing the
second P~Cys or P~His residue. The membrane bogardghobic domains include, one
IIC domain in the case for mannitol and glucose @aval in the case of mannose IIC and
IID. The translocation of phosphate begins by tiem®f the phosphate group from
phosphoenolpyruvate (PEP) to El, leaving behindipgte. This phosphate group is then
transferred via HPr through to Ell proteins (Post&#93; Robilllard & Broos, 1999).
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1.5.2. Structure and function of the mannose PTS pmease

Since the responsibility of EYP" is that of vectorial translocation and phosphdigtaof
the transported solute, specifically mannose. Thewire of the EIY" protein is shown
in Figure 1.7. It comprises of three subunits; ItiAd " are fused together by two linkers
with a molecular weight of 35 kDa. The N& and 11ID"®" units span the membrane
several times and have the respective moleculaghtseof 28 kDa and 31 kDa and contain
the substrate-binding site (Postetaal, 1993; Huber & Erni, 1996).

The IAM® and 11B"®" subunits are hydrophilic. They sequentially trangbhosphoryl
groups from the high-energy phosphoryl carrier girophospho-HPr (the phosphorylated
histidine-containing phospho carrier protein) tce teubstrate on the I#&" subunit.
Phospho-HPr is regenerated by pyruvate in a readt@talyzed by enzyme I. The
phosphoproteins that have additional functions hengotaxis and metabolic regulation
(Huber & Erni, 1996). Although the mechanistic nateions between subunits are not
clear, the interactions between domains play a mapde in the mechanism of
carbohydrate translocation by the membrane boumdadis of the E'®". To highlight
the operation of this phosphorylation cascade, feigu7 show how the phosphate group is
first transferred from HPr to His10 of IY&" domain and thereafter to His175 of 1,
His86 and His 219 are also involved. 8 interacts with the two membrane-spanning
domains 11I¢"" and 110" for the phosphoylation of the transported mannoséecule
(Postma, 1993; Robilllard & Broos, 1999).

The membrane topology of the membrane bound subui@®" and 11D"2" are clearly
illustrated in Figure 1.8. Furthermore, this ilkadton, conveys an idea as to where the N
and C termini regions reside. This information kepformulate cloning experiment

strategies of these proteins



26

P~HPr

Figure 1.7. A graphical representation of the four domainshef mannose PTS permease
of E. coli. The soluble IIAB"" consisting of a homodimer of two A" domains
covalently linked to a 11B®" domain. 11B"" interacts with the two membrane spanning
domains 11¢"" and 113"#" for the phosphorylated (Stoét al, 1993).
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Figure 1.8. Transmembrane topology of the subunits of th¢'&|11ICM®" and 11D"2" of

E. coli. Residues in membrane-spanning regions are arrangedhelical arrays that are
boxed. Charged residues are also indicated. Netpdhition of the N- and C- termini. The
words “IN” refers to the cytosolic area within tleell and “OUT” referring to the

periplasmic region. (Huber & Erni, 1996).
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1.6. The Objectives of the Study

Various studies reviewed indicate that the*fIcould be the chiral receptor for class lla
bacteriocin interaction at the surface of targdiscand the membrane associated"iD
and 11IC"" subunits are implicated in direct interaction witlass lla bacteriocins. The
objective of the current study was to determinecitsubunit acts as a receptor molecule
for class lla bacteriocins. To this end we aim hophfy, clone, express and purify the
individual subunits of the mannose PTS permeade wionocytogeneSGD. The purpose
of the study was to facilitate downstream Biaco@aoular interaction studies with class
Ila bacteriocins.
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Materials

2.1. Strains, And Plasmids

The bacterial strains, and plasmids, used in thidyshave been listed in Table 2.1.

Table 2.1.Strains and Plasmids used in this study

Strains or Plasmids Characteristics Reference/ Sooe

Leuconostoc gelidutdAL 187-22 Lcn®, Imm, containing native (Hastingset al, 1991)
plasmids pLG9.2 and pLG7.6

Leuconostoc gidumUAL 187-13 Lcrm, Imn™ containing plasmic (Hasting: et al, 1991

pLG9.2
Leuconostoc gidumUAL 187-23 - (Hasting: et al, 1991
Leuconostoc gidumTa33: LeuE (Hasting: et al, 1991
Listeria monocytogen EGD - Accession: Al59182¢

(Hastingset al, 1991)
Lactococcus lact pNM -ACD Plasmid pNMACD [insert (Ramnatlet al, 2004
mptACD cloned into pNZ-8020
CnT, NisAl and helper plasmid
pNZ-9530 EnT, NisPK)

Lactococcu lactis MG-CON Plasmid MC-CON [pNZz-8020, (de Ruyteetal, 1996;
(CnT, NisA& no insert] and helper Ramnathet al, 2004)
plasmid pNZ-9530, EnT, NisPK)

Escherichia colJM10¢(DE3) Plasmid pET28aKar") Dr Alain Boulante
Escherichia colJM10¢DE3) - Promeg, USA
Escherichia co BL21(DE3) Merck, South Afric

pLysS (competent cells)
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2.2. Media and Culture Conditions

All E. coli strains were cultured in Luria Bertani (LB) Brathd Luria Bertani (LB) agar
as indicated in Table 2.However, E. coli IM109(DE3) cells were grown on minimal

medium M9 including vitamin B1 (see Table 2.3.).

Table 2.2.Preparation of Luria Bertani (LB) Broth and LB Agar

Reagents Volume =11
Tryptone Powder (BDH Chemicals, Germany) 10 g
Yeast Extract Powder (Oxoid, Sigma-Aldrich, USA) 59
Sodium Chloride (BDH Chemicals, Germany) 109

To the above ingredients, 900 ml R@QHwas added, the pH was adjusted to 7.5 with 1 M
sodium hydroxide (NaOH),and the volume was adjusied| with RO HO.

The media was dispensed into aliquots accordirayltoiring requirements and autoclaved
at 121°C for 15 minutes.




32

Table 2.3. Preparation of Minimal Media M9 including vitamig1

Reagents Volume =200 ml
NaH PQ, 1.2 g
KH,PO, 069
NacCl 0.1lg
NH,CI 0.2¢9
Agar 3.0g

To the above ingredients, approximately 200 ml @ R,O was added and the pH
adjusted to 7.4 with 10 M NaOH. The mixture wasoalaved at 12%C for 15 minutes
and cooled to 50°C.

Thereafter, the following sterile solutions wereled:

MgSO, [1 M] 400l
CaCh[1 M] 20yl
Glucose [20 % (w/v)] (filter sterilized) 20Q0
Thiamine-KCI [1 M] ( filter sterilized) 20Ql

Approximately 20 ml of medium was poured into 85 rsterile Petri dishes, left to set at

room temperature (RT) and stored at 4°C.
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Methods

2.3. Plasmid DNA Isolation of pNM-ACD and pNZ-802(Plasmid

The isolation of the pNM-ACD and pNZ-8020 plasmid\® from Lc. lactis a Gram
positive organism, was performed using an alkalses protocol as previously described
(Holt et al, 2001). MRS broth (10 ml) supplemented with chimpaenicol (10ug ml™)
and erythromycin (ig ml™"), was used to prepare an overnight culturemflactis pNM-
ACD, whilst non-supplemented MRS broth was usegrépare an overnight culture lof.
lactis pNZ-8020 by single colony inoculation, respectyéelhe cultures were incubated
overnight at 30°C with vigorous shaking at 200 r@rable 2.4 highlights all the buffers

that were utilized.

Table 2.4 Showing constituents of buffers used in plasmidatson from Gram positive
and Gram negative organisms (Sambrook & Russelip;2doltet al, 2001).

Name of Buffer Constituents

GTE Solution 50 mM glucose, 25 mM Tr-HCIl, 10 mM
EDTA, pH 8.0

Lysozyme Solution* 50 mg mt* lysozyme dissolved in 25 mM Tris-

HCI, pH 8.0. The solution was filter sterilized
and stored at -20°C

Lysis Solution 0.2 M NaOH dissolved in 1% SDS solution

Potassium Acetate Buffer 5 M potassium acetate, the pH was adjusted
with glacial acetic acid and the solution stored
at 4°C.

TE Buffer 10 mM Tris-Cl, 10 mM EDTA, pH 7.5 and
autoclaved at 121°C for 15 minutes

Phenol : Chloroform Solution (50:50)* 15 ml phenol pH 7.4 mixed into 15 ml
chloroform

Chloroform: Isoamyl Alcohol (24:1)* 24 ml chloroform mixed into 1 ml isoamyl
alcohol

*These solutions were not used in the plasmid mep-from Gram negative organisms.
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A 0.7 ml volume of the overnight cultures were rema and added to 0.3 ml 80% (v/v)
glycerol for storage in 2 ml cryo-storage vials @°C. The remaining cells were harvested
by centrifugation at (6000 ¢, 10 minutes, 4°C) in a JA-20 rotor using a Beckidizs21M
centrifuge. The pellet was re-suspended in dI0BTE solution. Thereafter 4@ lysozyme
solution was added and the mixture was incubatewah temperature for 60 minutes.
Subsequently, 200! lysis solution and 1l RNAse A (10 mg mf) was added and the
solution was mixed three times by inversion andulbated on ice for 5 minutes. The
addition of lysozyme, lysis solution and RNAse Asered complete cell lysis and
degradation of RNA molecule&c. lactis are Gram-positive organisms having a thicker
peptidoglycan cell wall structure, therefore thisgamism requires a stringent lysis
procedure (Holet al, 2001). Chromosomal DNA and cellular debris werecipitated by
addition of 150ul cold potassium acetate buffer, pH 4.8. The mixtuas mixed by
inverting tubes for 10 seconds, incubated on icéfminutes and centrifuged (1500@x

5 minutes, 4°C) in a JA16 rotor in a Beckman J2-2dgitrifuge. The supernatant was
transferred to a new microfuge tube. In order tivaet the plasmid DNA, an equal volume
of phenol:chloroform (50:50) was added and the wm&tcentrifuged (13000 g, 5
minutes, RT) in a microfuge. The upper phase wa%oved to a fresh tube. An equal
volume of chloroform: isoamyl alcohol (24:1) waslad. The mixture was centrifuged as
described in the previous step and once againgperyhase extracted. Two volumes of
98.5% ethanol were added to precipitate the plasdNé. The precipitate was collected
by centrifuging the mixture (13000 g5 10 minutes, RT). The supernatant was discarded
and the pellet washed with 500 70% (v/v) ethanol to remove salt, and centrifuged
(13000 xg, 10 minutes, RT) in a microfuge. The supernataas discarded and the pellet
was drained and left to dry in the laminar flow.eféafter, the pellet was reconstituted in
20 ul TE buffer, pH 8.0. A 5 pl sample aliquot was usederify the presence of plasmid
DNA isolation by gel electrophoresis; the remainifgpl sample volume was stored at -
20°C.
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2.4. Plasmid DNA Isolation of Cloning Vector pET28a

The expression vector pET28a is a mid-copy numkesnud, was purified fronfe. coli
JM109(DE3) pET28a (Novagen, 2003). Mini-prep plasmiNA isolations fromE. coli
JM109(DE3) pET28a, were performed using an alkalyss method and Table 2.4
highlights the constituents of the buffers utiliz€éhmbrook & Russell, 2000). However
note that the lysozyme solution was not used fasmpid mini prep from Gram negative
organisms. The method was performed as follows: hBdium (10 ml) containing
kanamycin sulfate (3ag mr) was inoculated with a single colony Bf coli JM109(DE3)
containing plasmid pET28a (Dr Alain Boulange, peeslocommunication, 2005) and
grown overnight at 37°C with vigorous shaking. & @l aliquot of the overnight culture
was removed and added to 0.2 ml 80% (v/v) stetijeegol for storage in 1.5 ml sterile

cryo-storage vials.

The remaining cells were harvested by centrifugasib(12 000 >g, 10 minutes, 4°C) in a
JA-16 rotor using a Beckman J2-21M centrifuge. Pplélet was re-suspended in 100
GTE solution, and left at room temperature. Theeza?00 ul lysis solution and 2ul
RNAse A (10 mg mt) was added to lyse cells and eliminate RNA molesulespectively.
The solution was mixed three times by inversion amibated on ice for 5 minutes.
Chromosomal DNA and cellular debris were precipaby addition of 30Qul cold
potassium acetate buffer, pH 4.8, The mixture wasdhby vortexing for 10 seconds,
incubated on ice for 5 minutes and centrifuged (0589, 5 minutes, 4°C) in a JA16 rotor
in a Beckman J2-21M centrifuge. The supernatan0 (@D was transferred to a sterile
microfuge tube. In order to extract the plasmid QNMAO pl isopropanol stored &G was
added to the supernatant and incubated at -20°G0foninutes. The precipitated plasmid
DNA formed a pellet by centrifugation (13000gx5 minutes, RT). The supernatant was
discarded and the pellet washed twice with hD@0% (v/v) ethanol to remove salt, and
centrifuged (13000 g, 10 minutes, RT). The supernatant was discardddrenpellet was

drained and left to dry in the laminar flow. Thdteathe pellet was reconstituted in B
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TE buffer. A 5 ul aliquot was used to verify plaghmsolation on gel electrophoresis. The

remaining 45 pl was stored at -20°C.

For larger scale plasmid DNA preparations, the Boigbnd AX 100 Kit (Machery-Nagel,
Germany) was used, as per manufacturer’'s instngtidhe procedure as follows: LB
broth (100 ml) containing kanamycin sulfate (3¢ ml*) was inoculated with a 1%
inoculum (1 ml) from an overnight culture and groatr37°C with shaking for a period no
longer than 12 -16 hours. Cells were harveste®@@Q xg, 15 minutes, 4°C) using a J2-
21M Beckman centrifuge. The supernatant was cdyefiiscarded and the cell pellet was
re-suspended in 8 ml buffer S1 [50 mM Tris-HCI,rdM EDTA, 100ug mi* RNAse A,
pH 8.0]. An 8 ml volume of buffer S2 [200 mM NaOl SDS] was added to the cell
suspension, mixed thoroughly by gently inverting tabe 6-8 times, and incubated at
room temperature for 5 minutes. Subsequently 8fralffer S3 [2.8 M potassium acetate,
pH 5.1] was added and the suspension mixed once &yagentle inversion until a
homogeneous suspension containing an off-whitectient was formed. The suspension
was incubated on ice for 5 minutes. The suspensem then mixed and filtered through
the folded filters supplied in the kit. During th#ration period the Nucleobond AX 100
cartridge was equilibrated with buffer N2 (2.5 fp0 mM Tris, 15% (v/v) ethanol, 900
mM KCI, 0.15% Triton X-100, adjusted to pH 6.3 withhP(Oy]. Cartridges were allowed
to empty by gravity flow. The filtered lysate waarefully removed and loaded onto the
pre-equilibrated Nucleobond AX 100 cartridge. Tlaetriddges were subsequently washed
with buffer N3 (2 x 10 ml) [100 mM Tris, 15% (v/ethanol, 1.5 M KCI, adjusted to pH
6.3 with KH,PQOy] and the flow-through was discarded. Plasmid DNéswveluted using 5
ml buffer N5 [100 mM Tris, 15% ethanol, 1 M KClI, jagted to pH 8.5 with KEPOy],
precipitated by addition 3.6 ml room temperatur@pispanol, and centrifuged
immediately (15000 »g, 30 minutes, 4°C). The plasmid DNA pellet was sgoently
washed with 70% (v/v) ethanol (2 ml at RT), andtg&rged (15000 >g, 30 minutes, 4°C).
The supernatant was carefully removed with a mipetfe, and the plasmid DNA pellet

was briefly air-dried at room temperature and repemded in 5QI TE buffer pH 8.0.

The purified plasmid DNA was analysed in 0.8% (wagarose gels and quantified by
UV/VIS spectrophotometry.
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2.5. Quantification of Plasmid DNA by Spectrophotmetry

Purified DNA was diluted 1:100 in sterile Milli-Q . The optical density at Ao and
Azso Were determined. DNA purity was indicated as oragtween the readings at 260 nm
and 280 nm. Pure DNA preparations of are expectedt@ns from about 1.8. The DNA

concentrationyg ml*) was calculated as follows:

Equation 2 Ageo * dilution factor x 50 =X pg mi*

2.6. Analysis of Purified DNA by Agarose Gel Electsphoresis

Purified plasmid DNA was electrophoresed in a 0.88v), 1% (w/v) or 1.5% (w/v)
horizontal agarose gels. Gels were prepared wéttrelphoresis grade agarose (Whitehead
Scientific, South Africa) in 1 x TAE buffer [4.84 Tris, 0.48 g anhydrous sodium
acetate, 0.372 g NBDTA,, pH to 7.8 with glacial acetic acid and the vokuadjusted to

1 | with RO HO] containing 0.5ug mi* ethidium bromide (Promega, USA). Purified
DNA samples were prepared by addition ofil5plasmid DNA, 5ul RO H,O and 2 ul
loading buffer (Sigma-Aldrich, USA). Electrophorgsivas performed at 8 V ¢m(90
minutes). DNA bands present on gels were visuala®d documented using a Versadoc

Imager (Biorad, Germany).

2.7. Analysis of pPNM-ACD Sequence Data and Primer Desig

The strains of_c. lactis containing plasmid constructs of the genes engptliemptACD
operon were obtained from a previous study Figufe gRamanthet al. 2004). These
constructs were previously sequenced, and the sequ#ata was used to formulate the
primers utilized in this study. Primers were desmyrto amplify the individual subunit
genes of thenptACDoperon and to facilitate their incorporation iBT28a expression

vector (Figure 2.2).
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The genes encoding the individual subunits of tlkemmose PTS permease were analysed
in the following way. The sequence data obtainesqgnal correspondence with Dr Yann
Hechard) was entered onto an internet gene sequiatabase Genebank, to confirm its
identity to a specific strain oE. monocytogene¢Bensonet al, 2007). A complete
alignment of the individual subunit genes of timptACD operon gene sequence was
entered into Clustal X 1.8 and each subunit geneesge was located on the pNM-ACD
vector. Protein sequence alignments were perfonunsety Bioedit 7.0. The vector map of
pNM-ACD (Figure 2.1) shows thept operon lmptACD)cloned into the multiple cloning
site of a pNM-8020 plasmid vector. This data wasdug determine the expected PCR

product sizes.

Restriction sitedNdd and Xhd were incorporated at the 5° end of the forward severse
primers respectively. The use of these sites wasrmened by performing a search for
DNA sequence restriction sites within tmeptACD gene sequence, using web-based
restriction site search software program, Webcud€y (Heiman, 1997). The gene
sequence was copied and pasted to the progranmes§trection site database detected all
restriction sites present within the gene sequeRsstriction endonuclease sequences
recognized by restriction enzymBsld and Xhd were found to be suitable, as they were
not present in themptACDgene sequence and were located within the multipleing site

of the plasmid expression vector, (Figure 2.2).ofvgare program, Primer Express 3.0
(Applied Biosystems, Switzerland), was responsiblegenerating the final primer sets.
The primer sets were synthesized at the MoleculaloBy Centre at the University of
Cape Town using a Beckman 1000M Oligo synthesiZdrereafter primers were

chemically phosphorylated at theénd.
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Figure 2.1 Plasmid vector map pNM-ACD, with thept operon cloned into the multiple

cloning site of a pNZ-8020 food grade plasmid vectimansformed intoLc. lactis

(Ramnathet al, 2004).
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Figure 2.2 Map of the expression vector pET28a. This veetmodes an N-terminal His-
tag/thrombin/T7-tag configuration (Novagen, 2003).
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2.8. Amplification of mptAB, mptC and mptD Genes

Primers were designed for the amplification of eaabunit gene of the mannose PTS
permeasenptAB mptC mptDas described in the Results (Chapter 3, Section BrEners
were purchased from the Molecular Biology Unit (\Warsity of Cape Town, South Africa)
with a known 5  chemical phosphorylation, opticehsity (OD mt"), primer length and
melting temperature. The primer solutions were vtk at an approximate 2 M
concentration and a 5 uM working stock solutiorach primer was prepared in TE buffer
pH 8.0.

The preparation for each PCR reaction was perforasestipulated in Table 2.5. and the
PCR of themptAB mptCandmptD genes were performed on a GeneAmp 9700 (Applied
Biosystems, South Africa). PCR was performed in i0G/0lumes to ensure sufficient
amount of PCR product was obtained per reactioe Thllowing protocol, for primer
pairs mptAB and mptD was performed: 94°C for 5 minutes; 30 cycles (®4%or 60
seconds; 58°C for 60 seconds; 72°C for 90 secp@@8L for 7 minutes; and then held at
4°C. Whilst for primer paimptCthe same cyclic procession as stipulatedniptABand
mptD was followed. However, the annealing temperatuss @hanged from 58 to 55C.

The reaction samples were analysed on a 1% (wAipag gel at 9 V c¢th(90 minutes).



42

Table 2.5. The preparation of PCR reactions for the synthesigach subunit of the

mannose PTS Permease

Reagents Required Test Control Control Control
concentration Reaction
per reaction (Plasmid (No (No (No Insert:
pNM-ACD) Enzyme) Template) plasmid
MG-CON)
[ul] [pl] [ml] [ml]
10 x PCR Buffer(with 1x 10 10 10 10
MgCl,) (Roche)
10 mM dNTPs (Roche) 0.2 mM 2 2 2 2
Forward Primer [uM] 0.3uM 6 6 6 6
Reverse Primer [GM ] 0.3uM 6 6 6 6
Sterile Milli-Q H,O - 66.6 67.6 74.6 66.6
dsDNA Template 50 ng 8 8 - -
Plasmid pNM-ACD
dsDNA Template 50 ng - 8 - 8
Plasmid MG-CON
Enzyme Taq Polymerase  0.05 Upl™ 1 - 1 1
[5 U/ ] (Roche)
TOTAL REACTION 100 100 100 100

VOLUME
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2.9. Purification of PCR Products

In preparation of restriction enzyme digestion @RPproducts the performance of the
restriction enzyme is dependent on the purity efEiINA sample. High salt concentration
may inhibit the activity of restriction enzymes @Re-Applied-Science, 2002; Roche-
Applied-Science, 2004). Hence, it was necessapytidy PCR products.

Purification of all PCR products was performed gsihe Nucleospin Extract Il Kit
(Machery—Nagel). To adjust DNA binding conditiongeovolume (100ul) of PCR
reaction was mixed with two volumes (200 of buffer NT. A Nucleospin Extract I
column was placed into a 2 ml collecting tube dreldample mixture was loaded, in order
to allow DNA binding onto the column. The columndanollecting tube was then
centrifuged (11000 >, 1 minute, RT). The flow through was discarded #rel column
placed back into the collecting tube. The silicamheane was subsequently washed by
addition of 600 pul buffer NT3. The column and colleg tube was once again centrifuged
(11000 xg, 1 minute, RT) and the flow through was discard@dcing the column back
into the collecting tube and centrifuging (1100@,%2 minutes, RT) allowed for removal
of buffer NT3. The flow through was once again disied making sure it did not come
into contact with the spin column upon removal. iBesl ethanol from buffer NT3 might
inhibit subsequent reactions. Therefore in additioncentrifugation, total removal of
ethanol was achieved by incubation of the columA0&C for 2-5 minutes. For elution of
the DNA fragments, the spin column was placed isterile (RNAse/DNAse free)
microfuge tube, 5Qu of pre-warmed (70°C) elution buffer NE was addedthe spin
column and incubated at room temperature for 1 tainWhereafter the column and
microfuge tube was centrifuged (11000 x g, 1 min&€) for complete elution of PCR

products.
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2.10. Cloning of PCR ProductsmptAB, mptC and mptD into Plasmid
pET28a Expression Vector

In order to express the individual subunits thatkerap the mannose PTS permease

Man \vere cloned into

(EllM), amplified gene sequences encoding the subuhitiseoE Ik
expression vector pET28a at tiNeld and Xhd sites within the multiple cloning site

(MCS) of the vector

2.10.1. Restriction enzyme digest of plasmid vect@ET28a and PCR products

All restriction enzymes used in this study werechased from Roche Applied Science,
Germany. Restriction digestion using enzyniddd and Xhd were performed on
expression plasmid vector pET28a and PCR prodogi$AB mptC and mptD. The
protocol used was described by Sambrook and RUZE€ID).

Ndd and Xhd (Roche, Germany) are restriction endonucleasssognise the respective
gene sequences CA/TATG and C/TCGAG and they botte H®0% efficiency in the
presence of SURE/Cut buffer H [0.5 M Tris-HCI, 1 N&aCl, 100 mM MgCJ, 10 mM
dithioerythritol, pH 7.5] (Roche, Germany). Redion digest reactions were set up as
described in Table 2.6, with three pET28a contriglch reaction was carried out at 37°C
with reactions 1-3 incubated for a period of 3 Isoand reactions 4-7 incubated for a
period of 5 hours. All reactions were stopped bdigah of 2 ul electrophoresis grade
DNA sample loading buffer [0.25% bromophenol bl0g€5% xylene cyanol; added to a
30% glycerol solution] and immediately loaded ordol1% (w/v) agarose gel and
electrophoresed (9 V ¢ A Versadoc Imaging system the gel was first doented and
digested DNA was gel purified.
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Table 2.6.Restriction endonuclease digest reacti@amnple preparations of the amplified

genesmptAB mptC mptD, plasmid vector pET28a and control reactions for

restriction endonuclease digests wikdd and Xhd were performed as

stipulated.
Reagents Reactions
1 2 3 4 5 6 z
mptAB mptC mptD pET28a Control Control  Control
(Ndel (Ndel (Ndel (Ndel/ pET28a pET28a pET28a
/Xhol) /Xhol) /Xhol) Xhol ) uncut (Ndel) (Xhol)
[pl] [pl] [pl] [l] [pl] [pl] [pl]
Intact DNA 15 15 15 15 15 15 15
10 x Sure/Cut 2 2 2 2 2 2 2
Buffer H (Roche)
Enzyme Ndd 1 1 1 1 - 1 1
(10 U ui™y (Roche)
Enzyme Xhd 1 1 1 1 - 1 1
(10 U u™y (Roche)
Sterile Milli-Q H,O 1 1 1 1 3 1 1
Total Volume 20 20 20 20 20 20 20
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2.10.2. Gel extraction of restricted plasmid DNA ad PCR product’s from a 1% (w/v)

agarose gel

DNA extraction from an agarose gel matrix was earout using a Nucleospin Extract I
kit (Machery-Nagel, Germany).The 1% (w/v) agarost @gsed to analyse the restriction
digest was documented and thereafter a hand helfl \@ve UV lamp was utilized to
illuminate DNA. The DNA bands of interest were dally excised using a clean scalpel,
the weight of the gel slice was determined andstioe transferred into a clean tube. For
each 100 mg of agarose gel 2duffer NT and the sample was incubated at 509Gfo
total time of 5-10 minutes until the gel slices weadissolved. However, to aid the
dissolution of the gel slice the sample was voriexeery 2-3 minutes until the sample was
completely dissolved. A Nucleospin Extract Il colurwas placed into a 2 ml collecting
tube and the sample mixture was loaded, in ordatldav DNA binding onto the column.
The column and collecting tube were then centrifu@e1000 xg, 1 minute, RT). The
flow-through was discarded and the column placek loato the collecting tube. The silica
membrane was subsequently washed by addition ofub@uffer NT3. The column and
collecting tube was once again centrifuged (110@0 Xxminute, RT) and the flow-through
was discarded. Placing the column back into thkecihg tube and centrifuged at (11000
x g, 2 minutes, RT), this allowed for the quantitatreanoval of buffer NT3. The flow-
through was once again discarded making sure ihdidcome into contact with the spin
column upon removal. Residual ethanol from buffeF3Nmight inhibit subsequent
reactions. Therefore in addition to centrifugatiotal removal of ethanol was achieved by
incubation of the column at 70°C for 2-5 minutesr Elution of the DNA fragments the
spin column was placed in a sterile (RNAse/DNAs==)rmicrofuge tube, 50l of pre-
warmed (70°C) elution buffer NE was added to thie splumn and incubated at room
temperature for 1 minute. Thereafter the column amdrofuge tube was centrifuged

(11000 xg, 1 minute, RT) for complete elution of the DNAdraents.
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2.10.3.Ligation of PCR products into pET28a

Following restriction digest, PCR produatsptAB mptC and mptD were ligated into
pPET28a expression vector (restricted witldd and Xhd) as stipulated in Table 2.7.
Thereafter, RbGlcompetent. coliJM109(DE3) cells were transformed (see sectiof)2.1
with the ligated pET28a.

Table 2.7.Preparation of samples for ligation of the gemggAB mptC andmptD into
expression vector pET28a

Reagents mptAB mptC mptD pET28a pET28a
(Ndel) uncut
[ml] [pl] [pl] [ml] [ml]
Insert 10 10 10 - -
Vector pET28
(Ndel/ Xhol) 2 2 2 2
Sterile RCH,0O 4 4 4 14 18

The above reagents were added to sterile micrdfumgs.

Controls: pET28aNdd) with no insert DNA; and unrestricted pET28a walso prepared.
The reaction was heated at 65°C for 5 minutescantbd on ice.

The following buffers and enzymes were added.

10 x ligation Buffer 2 2 2 2 -
T, DNA ligas¢

(1 x 160U mlh 2 2 2 2 i
Total Volume 2C 20 20 2C 2C

Each reaction was subjected to an incubate at Tw&ehight and the reaction was stopped by
heating at 65°C for 5 min.
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2.11. E. coli JM109(DE3) competent cell preparation using rubidim
chloride (RbCly,)

For most strains dE. coli RbChL competent cells are known to give better transébion
efficiencies than Cagprocedure (Hanahan, 1985). Competent cells prdgaré¢he RbGl
method, remain stable for 1 year when stored atG70he following procedure is a
modification of a previous procedure (Hanahan, )98bable 2.8 illustrates the

constituents and preparation of buffers used & ghotocol.

Table 2.8. Preparation of reagents used in RbCbmpetent Cell Preparation Bf coli
JM109(DE3) (Hanahan, 1985)

Name of Buffer Constituents

TFB1 buffer* 30 mM potassium acetate, 10 mM CaG0 mM
MnCl,, 100 mM RbC] and 15% (w/v) glycerol.
Adjusted to pH 5.8 with 1 M acetic acid. The
solution was filter sterilized (0.22m) and stored
at 4°C

TFB2 buffer 10 mM Mops, 75 mM CaG| 10 mM RbC}, and
15% (w/v) glycerol. The solution was adjusted to
pH 6.5 with 1 M KOH. The solution was filter
sterilized (0.22um) and stored at 4°C

*Caution when adjusting the pH of TFB1 buffer, makee the pH does not drop lower
than 5.8, because a black precipitate would form.

A single bacterial colony d&. coliJM109(DE3) initially grown on minimal medium M9/
B1 (Table 2.3) was inoculated into 25 ml LB mediand incubated at 37°C and shaking at
225 rpm overnight. The overnight culture was sulbuced at a 1:100 dilution by
inoculating 2.5 ml into 250 ml of LB media supplemted with 20 mM MgSQ@ Cells were
grown in a 1 | flask until an Odg, of 0.4-0.6 was reached. Cells were harvested ihrias
aliquots by centrifugation (4500 ¢ 5 minutes, 4°C) and the resultant pellet from25@

ml culture was gently re-suspended in 0.4 x origv@ume (100 ml) ice-cold TFB1



49

buffer. The re-suspended pellets were combinedant bottle. For the remaining steps,
the cells were maintained on ice, and all pipetgsette tips, flasks and tubes, were kept
chilled (either at -20 °C or on ice). The re-susjeehcells were further incubated on ice for
5 minutes. Cells were subsequently harvested byiftezing (4500 xg, 4 °C, 5 minutes).

The pellet was re-suspended in 0.4 x previous velgda® ml) ice-cold TFB2 buffer.

Lastly the cells were incubated on ice for 15 masutthen dispensed into pre-chilled
(-20°C) cryo-storage-vials at 10d aliquots, on ice. A dry ice/isopropanol bath was
prepared by chilling the isopropanol overnight 20°C, and placing the dry ice into the
isopropanol. To quick freeze cells, each of thestprage vials containing the competent
E. coliJM109(DE3) cells was dipped into the bath for &8osds and then stored at -70°C.

2.12. Transformation ofE. coli IM109(DES3)

Transformation efficiency of competent Rb®. coli IM109(DE3) was determined using
purified pET28a plasmid DNA. An aliquot of 1Q0 competent cells was thawed on ice.
Plasmid DNA pET28a (0.1 ng) was added topd@ompetent cells in a sterile microfuge

tube, gently mixed by swirling the pipette and ibating on ice for 30 minutes.

Transformation test reactions were performed udigation reactions (see Chapter 2,
Section 2.13). Approximately 10 ng L0 pl) of the desired plasmid DNA (control plasmid
pET28a, pET28-AB, pET28-C and pET28-D) were eacHeddto 100pul aliquot of
competent. coliJM109(DE3) cells (thawed on ice), in sterile 1.6microfuge tubes and
incubated on ice for 30 minutes. Each tube was $igatked in a 42°C water bath for 60
seconds and immediately placed on ice to cool fani@utes. SOC media (Novagen,
Germany) (900ul) was added to the microfuge tubes containingsfiamed cells and
incubated in a 37°C shaking water-bath (152 rpm}fe minutes. Subsequently, 20D
aliquots of the incubated culture were plated obB agar plates supplemented with
kanamycin sulfate (30g mi*). The plates were left to dry in an upright piesitat 37°C
for 20 minutes, thereafter these plates were iedeaind incubated overnight at the same

temperature for approximately 16 hours.
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2.13. Screening for Recombinants using Colony PCR

Transformants, were selected on kanamycin supplidemedia and colony PCR was
used to select colonies which appeared on seleatiedia. (Sambrook & Russell, 2000;
Novagen, 2003). However, some colonies may notawontecombinant vectors and

therefore colony forming units (cfu) had to be ¢dsfor the presence of the inserted gene.

The controls used for colony PCR, were coloriies lactis pPNM-ACD containing the
mptACD template; colonied.c. lactis pNZ-8020 containing no template artl coli

pPET28a were used.

The master mix was prepared according to Table B8t reactions (Table 2.10) were
prepared,: freshly prepared LB agar plates (3 pezes) supplemented with kanamycin
sulfate were labelled as follows: each plate wagldd with a grid of 25 blocks drawn in
and numbered from 1-25, 26-50, and 51-55 respdygtildese plates were to serve as a
reference plate for colonies under going PCR. P@iRd were also labelled 1-55,, ©,,

Cs and G respectively. The PCR master mix solution (seeldat®) was dispensed into
each vial and placed on ice, thereafter the enZijaggpolymerase was added and where
necessary the substituted volumes of sterile MiliH,O. Reaction vials were kept on ice
and outside the PCR workstation, each test coloay aseptically picked using a sterile
toothpick and touched onto a numbered square afe¢lheagar plate and then lastly shaken
into a PCR vial bearing the same number, and prgngiaced back on ice. Once all
reactions set-up in this fashion was complete,ti@ax for each primer pair were carried
out according to PCR protocol as previously desctiin PCR omptAB mptCandmptD.

The newly prepared agar plates were incubated mfdrat 37 °C.
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Table 2.9. Preparation of master mix for colony PCR of 55 ¢farmed E. coli

JM109(DE3)
Reagents Required Required volume for  Master mix for 60
concentration single test reaction reactions
per vial
[ml] [ml]

10x PCR Buffer (without

MgCl,) (Roche) 1x 2.5 150

*25 mM MgCl,

FormptD 3 mM 3 180
FormptAB& mptC 2mM 2 120

10 mM dNTP's (Roche) 0.2 mM 0.5 30

Forward Primer 0.3uM 15 90

[5 uM stock solution]

Reverse Primer 0.3uM 15 920

[5 uM stock solution]

**Sterile Milli-Q H,0 - 15.75 945
FormptD 16.75 1005
FormptAB& mptC

EnzymeTaqpolymerase 0.05 Upl™ 0.25 -

[5 U ] (Roche)

TOTAL VOLUME 25 1485

* The MgCl concentration varies for reactions containing prsmeptD.
** Due to the varying concentrations of MgCthe amount of kD also varies for the
specified reactions containing primerptD.
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Table 2.10.Sample preparation for colony PCR of transforrgedoli IM109(DE3).

Reagents

Required Test Reaction
concentration

per vial 1-55 (colony
JM109(DE3) -

pET28a-X)

(nl]

Control Control

(C1 -No
Enzyme)

(Cz -No
colony)

(nl] [nl]

Control

(Cz -colony
Lc. lactis
pNM-ACD)

Control
(C4 -colony
Lc. lactis
MG-CON)

(nl] (]

Master mix

Sterile
Milli-Q
H,O

Enzyme Taq
Polymerase
[5 U/ul]
(Roche)

Test cfu
lactic acid
bacteria
1-55

Lc. lactis
pNM-ACD

Lc. lactis
pNZ-8020

TOTAL
REACTION
VOLUME

24.75

1Uup? 0.25

50 ng 1 colony

50 ng -

50 ng -

25

24.75 24.75

0.25 -

- 0.25

1 colony -

25 25

24.75 24.75

0.25 0.25

1 colony -

- 1 colony

25 25
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Analysis of PCR reactions were carried out on 1%)wagarose gels (9 V ¢i Samples

were prepared by addition of gel loading buffep(2(Promega, USA) and run along side
Molecular Weight Maker Ill (Roche, Germany). Theuks were documented and clones
showing the amplified gene insert were selecteces&€hclones were grown further by
transferring and streaking the reference colonige &resh agar plates supplemented with

kanamycin sulphate (30 pg ™) following an overnight incubation at 37°C.

Selected clones were once again grown overnigB7%Z in 10 ml LB broth and used for
preparation of glycerol stocks (0.1 ml 80% (vhgrde glycerol added to 0.9 ml overnight
culture) and mini-prep plasmid DNA isolation usithg alkaline lysis method (see Section
2.4). As previously described, purified plasmid DNénstructs were analyzed on a 0.8%
(w/v) agarose gel and quantified by determiningodbsnce readings at 260/280 nm on a
Beckman UV/VIS spectrophotometer.

2.14. Transformation of Recombinant DNA into Expression $ain E.
coli BL21(DE3) pLysS

The appropriate number of vials containing comptetetl were removed from the -70°C
freezer and placed on ice. In order to determirgetthnsformation efficiency of these
commercially competent cells, 1 pl (0.2 ng) of Hupplied test plasmid was added to a
vial of 20 ul competent cells. Using the pipette tip the migtuvas gently stirred and
immediately placed on ice. Purified recombinant & —X (2ul) was added to 2Ql
competent cells and immediately placed on ice. Swbere incubated on ice for 5 minutes,
and heat-shocked in a preheated water bath (48PG0fseconds). Immediately thereafter
the tubes were incubated on ice for 2 minutes. R@onperature SOC media (2p0) was
added to each cell containing vial (Novagen, Gegjpaviials were incubated in a 37°C
water bath, shaking at 250 rpm for 30 minutes. &aker 50ul of the test transformation
were plated using the spread plate technique. Phatre left to dry for 20 minutes,
inverted and incubated overnight at 37°C. Onceragansformed colonies were analysed
for the presence of the insert using colony PCR &etion 2.13) and analysed on a 1%
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(w/v) agarose gel (9 V ch). Clones yielding a positive result for the insgere tested for

expression of the target gene.

2.15. Expression of the IIAB"™", IC™" and 1ID™" Polypeptides of EI}""

E. coli BL21(DE3) pLysS cells were transformed with recamant plasmid pET28a and
used for the expression of His-tagged subunits/FAB M?", His-11DM?" and His-11C"*" of

the mannose PTS permease (£

Each strain ofE. coli BL21(DE3) pLysS containing pET28-AB, pET28-C, dET28-D
was grown in LB broth supplemented with kanamycirfate (30 pg mi*) and

chloramphenicol (34u,g ml™Y), to select for the recombinant plasmid.

Overnight broth cultures (10 ml LB broth suppleneehtvith chloramphenicol (3dg mr™)
and kanamycin sulfate (30g mI') were prepared by single colony inoculation, and
subsequently inoculated into 100 ml LB broth suppmated containing chloramphenicol
(34 ug mM) and kanamycin sulfate (3G mlI). The cultures were grown to an @pof
0.5, an aliquot (1 ml) was retained for sodium dmy¢ sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) analysis. Cultures wsidaced with 0.4 mM isopropyf--
D-thiogalactopyranoside (IPTG), for 3 hours at 3746d once again induced for 5 hours
at 30°C. Thereafter shake flasks were cooled anAck ml aliquot from each culture was
taken for SDS-PAGE analysis. The remaining cultwes discarded, by autoclaving at
121°C for 15 minutes.

The dispensed sample volumes were each microfugddttee bacterial pellet was re-
suspended in 501 phosphate buffer saline, pH 8.0. SDS-PAGE sampleie prepared
using 50ul sample and 5Q1 SDS sample buffer (Biorad, Germany). The solwy@solic
and insoluble membrane fractions were preparedislated previously (Von Jagoet
al., 2003). A 12% (w/v) SDS-PAGE gel was used to asmbxpression of each subunit.
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2.16. Analysis of Protein Samples on SDS-PAGE Gels

2.16.1. SDS-PAGE gel preparation

Protein samples were analysed by SDS-PAGE, on a (W% SDS-PAGE gel, using a
Hoefer SE 250 Mighty Small 1l vertical gel systesi@eviously described (Sambrook &
Russell, 2000). SDS-PAGE gels were prepared asrstmowTable 2.10. The stipulated

volumes were used to prepare two gels.

Table 2.11.Reagents used to prepare SDS-PAGE gels

REAGENTS Running gel (10%) Stacking gel (4%)
Acrylogel (37.5:1 bis-acrylomide ratio) (Merck, 3.15 ml 650yl

Germany)

RO H,O 5.40 ml 3.0ml

0.5 M Tris (Roche,Switzerland) - 1.25ml

3 M Tris (Roche, Switzerland) 1.25 ml

50% (v/v) Glycerol (Merck, Germany) 200ul

20% (w/v) SDS (Sigma-Aldrich, USA) 50 pl 25l

TEMED (Promega, USA) 15 5ul

10% (w/v) Ammonium persulfate (BDH 36ul 25yl

chemicals Ltd, UK)

For reducing SDS-PAGE, samples were combined withegual volume of reducing
buffer [125 mM Tris-HCI, 4% SDS, 20% (v/v) glycerd.2 mM dithiothreitol (DTT)
(Boehringer Mannheim, South Africa), 0.02% (w/v)oimophenol blue, pH 6.8] and
incubated as follows: samples from expression studiere either incubated in a boiling
water bath for 5 minutes or at €5 for 3 minutes, prior to loading onto the gel. Whi
samples analysed from purification studies weretdteat 45°C for 30 minutes before

loading onto the gel. Volumes between 15 3®f the treated samples were loaded into
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the appropriate wells of the stacking gel. All séespwvere run alongside a ready to use
protein standard (Biorad, Germany). Electrophoresis performed at 18 mA per gel, until
the bromophenol blue tracker dye reached the bottbthe gel. Proteins were visualized

by Coomassie Blue staining.

2.16.2. Coomassie blue staining of SDS-PAGE gel

Following SDS-PAGE, gels were placed in a stand@wbmassie staining solution
[0.025% (w/v) Coomassie brilliant blue R-250, 4096/ methanol, 7% (v/v) acetic acid]
for 4 hours to overnight. Staining solution we ex@d with de-staining solution [7% (v/v)
acetic acid, 5% (v/v) methanol], until the gel bgadund was clear. Gel images were

documented using a Versadoc 5000 gel image sy&eamafl, Germany).

2.17.Culturing and Over expression of Target Geneas E. coli
BL21(DE3) pLysS Clones, pET28-AB, pET28-C, and pEA8-D

A single colony of the transformdgl. coli BL21(DE3) pLysS was inoculated into 20 ml
LB broth supplemented with 3Quqg ml* kanamycin sulfate and 34 mit
chloramphenicol. The culture was incubated at 3iff@n orbital shaking water-bath at

230 rpm. The culture was grown until an §§was between 0.4 -0.6.

The 20 ml inoculum was transferred into a 2 | Emeyer flask containing 800 ml LB
broth and grown at 37°C in a shaking water-batR3f rpm. When cells reached mid-
exponential phase (Q®= 0.5,~ 3 hours ), overproduction of the His-)& and His-

lICM" was induced by the addition of 0.4 mM isopropyiD-thiogalactopyranoside
(IPTG) and incubated at 30°C for 5 hours. At thégys (ORge= 1.0) the cells were rapidly
cooled in an ice-bath and harvested by centrifoga8000 xg, 10 minutes, 4°C). The cell
pellet was weighted and washed with an approximateme of 5 ml ¢ TSC buffer (20

mM Tris, 250 mM sucrose, 140 mM choline chloridayd centrifuged at 8000 rpm, 10
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minutes, 4°C. The pellet was drained, the wet weajreach pellet was determined and

recorded, and thereafter pellets were stored ogletait -20°C.

2.18. Preparation of Cytosol and Membrane Fractionsfrom E. coli
BL21(DE3) pLysS Clones

The wet weight of the pellet as determined in $&cH#.17, was used to re-suspend cells in
5 ml g* TSC Buffer. The frozen cell pellets were thawedalsingle freeze-thaw cycle at -
70°C in TSC buffer. A successful rupture of the cellss indicated by the colour of the

suspension, which turned from milky white to brosimi

Samples were then treated with the following reégemhich were added to give a final
concentration of 1 mM phenylmethylsulfonyl fluori@MSF), 1 mM 2-mercaptoethanol,
2.5 mM MgC} and 2ug mi* DNAase |, 10ug mi* RNAse A and subsequently incubated
for 15 minutes at room temperature. The DNAse tgmldhests DNA, therefore reducing
the viscosity of the cellular extract. The resgtisuspension was then centrifuged in a
Beckman centrifuge model J2-21M using a fixed angler JA14, at 12000 g for 5
minutes at 4°C to eliminate unbroken cells.

The supernatant was transferred to polyallomeacdintrifuge tubes and ultra-centrifuged
in a Beckman Coulter preparative ultracentrifugagie swing bucket rotor SW40, at 230
000 x g, for 60 minutes at 4°C. The supernatant contathedsoluble cytosolic fraction

and the resulting pellet contained the membrarcifra

The supernatant containing the [1A® subunit was quantified using a Bradford assay and
purified via metal chelate affinity chromatograpfiyite membrane pellet was re-suspended
in TSC buffer (10 ml) using a 10 ml syringe witblant needle (no 18), ultracentrifuged at
230 000 xg for 60 minutes at 4°C and re-suspended in TSCebwf a final membrane

protein concentration of 10 mg ™l Samples were flash frozen in liquid nitrogen and
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stored at -70°C. The second ultracentrifugationpdy a wash step to eliminate any

mercaptoethanol from the membrane fraction.

2.19. Determination of Protein Concentration usinghe Bradford Assay

Determination of protein concentration was achieusithg the Bradford assay (Bradford,
1976; Read & Northcote, 1981). Standard proteircentrations were made from a 1 mg
ml™ stock solution of bovine serum albumin (BSA), ke following concentrations 10y
mi?, 20pug mrt, 30ug mr*, 40pg mitand 50ug mi* in TSC buffer. These standards were
performed in triplicate and tested with 100 pl sigiluted in 900ul Bradford reagent
[50 mg Serva blue G, 50 ml 88% (v/v) phosphoricdad3.5 ml 99.5% (v/v) ethanol
stirred for 1 hour and made up to 500 ml with M@liH,O. the mixture once again stirred
for 30 minutes and filtered with Whatman No 1 filpaper], and 100l TSC added to 900
ul Bradford reagent served as the blank. Thed®as determined on a Beckman DU640
Spectrophotometer. The readings for each standard awveraged and a scatter curve plot
was generated using Microsoft Office Excel 2003 giidsoft Corporation, USA). The
membrane fraction samples were also tested usidgll®dembrane fraction added to 900
ul Bradford reagent. The spectrophotometry readofgsiembrane fraction samples were
used to determine the protein concentration inntieenbrane fractions, by extrapolating it

from the graph.

2.20. Affinity Purification of His-tagged, Ell{*®" Subunits on the Nf'-
NTA matrix

2.20.1. Solubilisation of bacterial cell membrane

The 9 ml membrane fraction was mixed with 18 mlubdisation buffer [L00 mM
MOPS/KOH pH 7.0, 20% (v/v) glycerol, 1% (w/v) ocfdD-glucopyranoside (OGP).
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Solutions were mixed freshly before use, pH checked the solution filtered (0.22m)]
and incubated for one hour at 4°C with gentleistirThe solution was ultra-centrifuged
(180000 xg, 60 minutes, 4°C) in a Beckman Coulter preparatilteacentrifuge. The
supernatant containing the His-tagged subunitsIb¥®, whilst the pellet contained the

bacterial membrane.

2.20.2. Metal chelate affinity chromatography (Ni* -NTA)

Loading of the Ni*-NTA resin was most efficiently done in batch. Aligaot of 5 ml
Ni?*-NTA agarose resin (Qiagen-Hilden, Germany) wastrgated by washing twice with
20 | Milli-Q H»0, and centrifuged at 1000 g<for 15 minutes, 4°C. Thereafter, the resin
was equilibrated by re-suspending the resin pelleliquots of 20 ml binding buffer (pH
7.9), centrifuged (1000 g, 15 minutes, 4 °C) and the pH of the supernatsted. This
process was repeated until the pH of the supematmat pH 7.9. The solubilised protein
fraction was mixed with the resin and incubated ‘@ for one hour with gentle rotation
(25 rpm, on ice). The resin was then transferréd #110 ml column (Biorad, Germany)
and allowed to settle until tightly packed and fllog/-through collected under gravity flow
into 2 ml aliquots. The column was washed with &i#i®inding buffer, followed by 80 ml
washing buffer, these and all following chromatqydnia steps were performed with a flow
rate of 2 ml minuté by natural gravity flow. Elution was conducted lw20 ml elution
buffer and fractions of 2 ml were collected andirthprotein concentration determined
(Azs0). It was imperative that the entire procedure teatlave been carried out at 4°C as

the His-tag tends to aggregate at room temperandet very acidic pH 4-5.

The His-tagged proteins were usually found in ¢hbésctions having the highest#
reading and were confirmed by SDS-PAGE gels andemnedlot analysis. The protein
containing fractions were transferred to dialysibets (12-15 kDa molecular weight cut
off), and dialyzed twice (1 hour and then overnjght150 ml dialysis buffer [25 mM K-
Acetate (pH 5.0); 100 mM KCI; 5 mM Mgg&10.03% (w/v) OGP], at 4°C.
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2.21. Western Blot Analysis

This procedure was performed to confirm the preseridhe His-tagged protein subunits
of the mannose PTS permease. SDS-PAGE was cautezhaluplicate gels. One gel was
stained with Coomassie Blue staining proceduré&é¢otdtal protein profile while the other
was used for blotting. The gels contained a Bigmatision plus molecular weight protein
standard marker (Biorad, Germany), and a His-taggl®&P protein (Mr Derek Van
Rooyen, personal communication, 2007) as a postiwverol. Proteins separated by SDS-

PAGE, were transferred onto nitrocellulose membrane

SDS-PAGE was carried out on duplicate gels. Onewgal stained with Coomasie Blue
staining procedure to visualize the protein profildilst the second gel was utilized for
protein transfer onto a nitrocellulose membranetddns transferred onto nitrocellulose
membrane using a mini-protean transblot cell (Blpi@ermany). A sandwich consisting
of two filter pads (Biorad, Germany), the SDS-PAGdt and the nitrocellulose membrane,
were immersed in a mini-protean transblot cell (Bth Germany) filled with ice-cold
Towbin transfer buffer [25 mM Tris, 192 mM glycin@0% (v/v) methanol, pH 8.3]
(Towbin et al, 1979). Transfer was performed for 90 minutesGWv9In order to assess
the efficiency of protein transfer, the gel androgellulose membrane were carefully
removed from the sandwich and stained with Coommamsd Ponceau S (Sigma-Aldrich,
USA), respectively. The lane containing the Bioradlecular weight marker (Biorad,
Germany) now visually apparent on the nitrocellalssembrane due to the Ponceau S
staining was carefully cut out and left to air digtween two sheets of Whatman 3mm
filter paper. The remaining nitrocellulose membraras de-stained by adding a few drops
of 1 M NaOH to Milli-Q HO, in which the membrane was immersed until atidsaof the
Ponceau S stain had been removed. The membranglaced between two sheets of

Whatman 3mm filter paper and allowed to air dryXdy hours.
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2.22. Detection of His-tagged Proteins

Anti-His tag antibodies (Roche, Germany) were uB®dthe identification of the His-
tagged subunits of the B{f"proteins. The nitrocellulose membrane containiregtttotted
proteins, was blocked for one hour with 5% (w/v)-fab milk powder in phosphate
buffered saline (PBS) [10 mM phosphate, 150 mM wwodchloride, pH 7.2]. Thereafter
the membrane was washed and incubated in PBS iuntes. The wash procedure was
repeated three times. The membrane was subsequaubated for two hours with Anti-
Hiss peroxidase-conjugate mouse monoclonal antibodgl{RoGermany) in 0.5% (w/v)
bovine serum albumin in phosphate buffered salBSA-PBS). The membrane was
incubated in the antibody solution for 2 hours. S&duently, the membrane was once
again washed thrice in PBS as described above. B Beroxidase (POD) precipitating,
chromogenic substrate (5 ml) (Roche, Germany) veltleé and protein bands became
visible. The membrane was removed from the sulestalution, washed in Milli-Q O
and dried between Whatman 3 mm filter paper. Angenaf the blot was captured using
the Versadoc 5000 (Biorad, Germany) imager andexpently analysed using Quant One
software (Biorad, Germany). Results and discussimnsexperiments carried out are

outlined in chapters 3 and 4.
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CHAPTER 3
Cloning the mptAB, mptC, and mptD genes

of L. monocytogenes EGD
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3.1. Introduction

The mannose PTS permease {£f) of L. monocytogenebas been implicated as the
putative receptor of class lla bacteriocins (Rammredtal, 2004). ThemptACD operon
encodes the 1IIABY, IICM™" and 11D"®" membrane-bound subunits that make up the
complete EW"®" protein. The focus of our study was to clone tidiviidual genesnptAB,

mptC, mptDencoding each of the subunits.

Plasmid pNM-ACD, is a derivative of pNM-8020. Itrdains the mannose PTS operon
(Figure 3.1). The sequence data and constructwhat transformed intkc. lactis was

kindly provided by Dr Yann Hechard (personal comioation, 2004).

3.2. Analysis of pPNM-ACD Sequence Data

Utilizing the sequence data of pNM-ACD, we develbperimers specific to genes

encoding the individual subunits of the mannose pai#hease.

The nucleotide sequence supplied by Dr Yann Heclaedsonal communication, 2004)
was used to perform a BLASBearch. This revealed that tm@tACDoperon, cloned into
the pNM-8020 vector was 100% identical to monocytogeneEGD accession number
AL591982 The mannose PTS permease encoded by this plasnyibenaeen in Figure
2.1 (Chapter 2, Section 2.7). TheotAB mptCandmptD, genes were found at positions
87-1052 bp, 1076-1882 bp and 1905-2815 bp relatitbe multiple cloning site of pNM-
ACD. Their gene sequence lengths were 965 bp, §0éndl 910 bp, respectively. This
data was used in primer design for subsequent EE€stribed in Chapter 2 (Section 2.8).
Protein sequence alignments were performed usingdgi 7.0., in order to facilitate the
alignment of themptACD protein sequence to the protein sequenck. shonocytogenes
EGD and it was confirmed to be 100% identicalLtomonocytogene&GD (data not

shown).
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The pET28a expression vector was seen as the mitgbls expression vector to clone
and express the PCR amplifietptAB mptC andmptD genes. As seen in Figure 3.1 the
pET28a multiple cloning site (MCS) encodes an Mnieal His-tag which was used to

express the target gene as a His-tagged proteia. pfésence of a specific thrombin
protease cleavage site could facilitate the rema¥ahe N-terminal His-tag (Novagen,

2003).

A restriction recognition site search was perfornb@edletermine which restriction sites
were present within thenptACD gene. Figure 3.2 highlights the presence of those
restriction enzyme recognition sites found in th€$1of pET28a and therefore could not
be used to clone into the expression vector. Réisini endonuclease enzymisid and
Xhd recognition gene sequences found in the MCS of28& (Figure 3.1), were not
present within thenptACD gene sequences. Therefddeld and Xhd sequences were
incorporated onto the’5end of the forward and reverse primers, respdgtivEhese
restriction enzymes (Roche, Germany) were useduisecthey generate sticky ends. This
ensures unidirectional cloning, within the pET28aression vector (Sambrook & Russell,
2000).

T7 promoter primer.

Bglilil T7 promoter . laoc operator Xhal rhs
ARATCTCERATCCCRCEARATTAATACGAC TCACTATAGGRGAATTETEARC GEATAACAATTCCCCTCTAGRARTRATTTTRTTTAACT TTRAGRAGEAGA

Nool HiswTag Niel Hhel
TATACCATGHGCARCANCCATCATCATCATCAT CACAGCAGCGRCCTHATRCC GCRCHGCARC CATATEGHC TAGCAT GAC THHTHRACALCAR
H 8 5 5 HHH X KRKHKSF F§ LY PP RESFS HMNAT SHRTGDSE § 4

Thrombin
Bard{l EcoRI Sacl Sa2l1 HimdIT1 Notl Xhol
ATGHETCHCEGAT CCGAATTCRAGCTCCOTCRACARGC TTHECGHCCHCAC TCGAGCAC CAC CACCACCAC CAC TERARATCCHGC THC TARCARAGCCC
K & R @ ¥ E F EL RERGQATCTGSEGERTRATPFPFPPPLPERTEF G QC ¥

17 terminator
AR GEARGCTEAGTTGECTECTECCAC C B TEAG CARTAAC TAGCATAACCC CTIGEGGCCT CTARACGECTCTTGAGGGOTITITIG

T terminator primer

Figure 3.1 The Multiple Cloning Site (MCS) of pET28a expiiessvector. The MCS
contains an N-terminal His-tag, Thrombin protedsavage site and the appropri&tdd
andXhd restriction sites (Novagen, 2003).
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Figure 3.2. A graphic presentation of thaptACD operon, showing the restriction sites
from MCS of pET28a present within the operon seqaeRestriction siteBanHI, Bglll,
Ndd, Nhd, Notl, Sad, Sall, andXhd were not found within thenptACD operon. The
figure was generated by pDraw32 1.0.106 (Acaclafisvare, USA).

3.3. Primer Design

The restriction enzyme data analysis was usedftynmthe design of primers for PCR
amplification. Restriction endonuclease recognisequencesldd and Xhd identified in
the previous Section (3.1), were incorporated anZhterminus of each primer. These
sites were designed so that individual genes cbeldirectionally cloned into the pET28a
vector, such that the open reading frame was fteséte N-terminal His-tag.

The initial primer sets, specific to the target ggnwith their 5 sequence modification
were then subjected to analysis on a primer desaffavare program, Primer Express 3.0
(Applied Biosystems, South Africa). The program wzed to generate the final primer
sets. Primer express assessed primer pairs acgaalitne following characteristics: the
primer length (L), the melting temperature,f;Tand the GC content (%GC) of each primer

sequence. In addition, the probability of possimener dimer, and loop formation were
also visually illustrated by the primer design pang.
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Primer dimer formation was minimized by deleting®aairs on the'3end, at the same
time random base pairs were added to each prim#neaB-end to accommodate for
efficient binding of the restriction enzymes to liecognition sequence. These steps were
performed on each primer sequence. The objective twadecrease the probability of
primer dimer and loop formation, whilst ensuringtth high but comparable,[%GC and
length, between primer pairs was maintained. Tihal fprimer pairs that resulted from this
analysis are shown in Table 3.1. A Blast analysithe final primer pairs (see Table 3.1),
were performed to verify primer specificity to monocytogeneEGD mptACD. Figure

3.3 shows the position at which each primer sequannealed to the subunit genes of the
mptACDoperon.

Table 3.1.The final primer pairs that were designed to angphiptAB, mptC andmpD

genes

Primer name Primer sequenct’ L %GC Tu
MptAE Forwarc 57 - AATCATATGATGGTAGGAATTATCCTCG 3~ 28 39.: 51.¢
mptAE Revers 57- ATGAGCTCTTATTGIGICTTTAATTCG 3~ 27 33.c 44.:
mptC Forwarc 57 - AATCATATGATGTCTGTCATATCAATAATTTTAG 3~ 34 24.: 50.¢
mptC Revers 5 - ATGAGCTCTTAATAGTCGTTTAATATATCGC- 3 31 35¢ 49t
mptC Forwarc 57 - AATCATATGGGCAGAAAAAATCG 3° 25 33.: 40.7
mptC Revers 57 - GCGAGCTCTTACAGAAGCCCGATTAAGTGAC- 3~ 31 56 58.:

* Primer sequence in italics include, base paitstis, represent the added sequences to facilitate
restriction digests; those mr een, represent the restriction site sequeNckd and Xhd on the
forward and reverse primers respectively.

2T, calculated according to the number of base pa@sifip to the template sequencaftACD),

i.e. formptABthe sequence length of 19 bp recognisesbACDsequence.
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T T T

Figure 3.3. A graphic presentation of tmptACDoperon fromLc. lactis highlighting the
priming sites of themptAB mptC and mptD primers. The symbols W represents the

]
position at which the forward primer binds, ari *répresents the position at which the
reverse primer binds. This figure was generated praw32 1.0.106 (Acyclone

software,USA).

3.4. Isolation of Plasmid pNM-ACD fromLc. lactis

The aim was to purify plasmid DNA pNM-ACD frokr. lactis to serve as a template for
subsequent PCR. The preparation of plasmid DNA fiamn lactis incorporated the
addition of lysozyme to assist in cell lysis and tisual alkaline lysis method was used as
modified by Holtet al (2001). However, the protocol by Hadt al. (2001) did not
incorporate a step for treatment of the sample RitAse. During our attempts at plasmid
DNA isolation, the presence of RNA in the final sdenwas noticed. Therefore to
eradicate the presence of RNA, the addition of RNAS10 mg nif) (Roche, Germany)

was incorporated during the initial lysis step.
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Figure 3.4, indicates that plasmid DNA was suceglysisolated fromLc. lactis The

distinct banding patterns represent the differemtfarmations of plasmid DNA. Agarose
gel electrophoresis gave an indication of the lefgburity of the plasmid DNA sample.
No RNA was present in the final plasmid DNA samptasmid pNM-8020 containing no
mptACD insert was also isolated to serve as a contralawnstream experimentation.
Results from a UV spectrophotometry analysis ingidathat plasmid pNM-ACD and
pNM-8020 were isolated, with a concentration of 53%g pl* and 38.1 ng fi

respectively.

Open

:7_ circul ar
:7— supercoil ed

Figure 3.4.A 0.8% (w/v) agarose gel of plasmid DNA pNM-802tgpNM-ACD isolated
from Lc. lactis A total of 8 ng plasmid DNA was resolved in 0.884v) TAE agarose gel.
Lanes 1 and 2: plasmid pNM-8020; lanes 3 and 4npich pNM-ACD.
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3.5. Mini prep and plasmid isolation of pET28a expession vector fromE.
coli JIM109(DE3)

E. coli JM109(DE3) pET28a strain was grown on LB mediumtaming 30 pg mit
kanamycin sulfate. A mini-prep, plasmid DNA isotatiwas performed to purify plasmid
DNA which was analysed by agarose gel electropimré@sie experiment confirmed the
presence of plasmid DNA. To isolate plasmid DNAaamuch higher concentration and
enhanced purity, the Nucleobond AX 100 plasmid Disi#{ation kit (Machery-Nagel) was
used. Figure 3.5 highlights that plasmid DNA pET2&s successfully isolated. Results
from a UV spectrophotometry analysis confirmed shaenple purity and determined that
the concentration of plasmid pET28a was 5.7 |ig pl

<«—— supercoiled

Figure 3.5. A 0.8% (w/v) agarose gel of plasmid DNA pET28alased fromE. coli
JM109(DE3). A total of 4 ng plasmid DNA was resahia 0.8% (w/v) TAE agarose gel.
The banding pattern shows the two possible confooms of Plasmid DNA. Plasmid
pET28a was prepared fro coli JM109(DES3) using a Nucleobond AX100 plasmid DNA
isolation kit (Machery-Nagel, USA).
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3.6. Amplification of mptAB, mptC and mptD Genes from pNM-ACD

The PCR technique was used to amplify genempfACD PCR reactions were setup
utilizing primer pairs outlined in Table 3.1. Indar to generate the correct DNA fragment,
primer specificity which is reliant on the corrertnealing temperature and the appropriate

titration of divalent ions such as ¥gwas taken into consideration.

Initial PCR ofmptCyielded a product at an annealing temperaturés8€ snd a 1.5 mM
MgCl, concentration. The result shown in Figure 3.6el&n highlights a 830 bmptC

PCR product resolved in a 0.8% (w/v) agarose gel.

The conditions utilized to amplifynptC were repeated in order to amplifigptAB and
mptD. Primer pairsmptABand mptD, at an annealing temperature off65and 1.5 mM
MgCl,, amplified multiple PCR products per reaction,tédaot shown), indicating that
these conditions did not work. Thereafter the almgaemperature was varied from %5

to 60°C for bothmptABandmptD primer pairs. Single PCR products of 930 tmptD, and
968 bp,mptAB,were obtained at an annealing temperature 8€ §&igure 3.7, lane 2 and
Figure 3.8 lane 2).

Performing PCR reaction with 1.5 mM MgQioncentration did not prove sufficient. It
was observed that the intensity of bands on agageseslectrophoresis of 8 ng PCR
productsmptABandmptD were faint. Hence the Mg&€toncentration was varied from 1.5
mM to 2.5 mM. The adjustments to the MgCbncentration in PCR reactions showed a
proportional increase in the concentration of PQRdpct, this was observed as an
increase in the band intensity of the 8 ng PCR ybdipon resolution in 0.8% (w/v)
agarose gels. Equal concentration of PCR produete wesolved on 0.8% (w/v) agarose
gels. At 1.5 mM MgCl concentration, faint single PCR products were nlegskfor both
mptABandmptD whilst darker bands were observed at a 2 mM cdratgon. No distinct
band intensity differences were observed at conagons of 2 mM and 2.5 mM Mggl

even though equal volumes of sample were loadeabarose gel (data not shown).
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Figures 3.6 to 3.8, lanes 3 to 5 represent theogpiate control reactions and as expected
there was no evidence of DNA amplification in thesaction tubes. Particular attention
must be drawn to lane 3 of each Figures (3.6 tp Bepresents the result of the negative
control reaction. The reaction contained pNM-8(&te vector without thenptACD
insert) as the template DNA strand with primer ‘samptAB mptC or mptD per reaction
tube. The control reactions were performed to confhat neither of the primer pairs had a
binding affinity to the pNM-8020 vector DNA.

21226 bp

5148 bp
3530 bp

2027 bp
1904 bp
1584 bp
1375 bp

947 bp
831 bp

823 bp ——

564

o
o

Figure 3.6 A 1.5 % (w/v) agarose gel highlighting a 823rbptCPCR gene product from
plasmid DNA template, pNM-ACD. The PCR product wasplified at an annealing
temperature of 5% and 1.5 mM MgGl Lane 1: Molecular weight marker Il (Roche,
Germany); lane 2: PCR produtiptC fragment (830 bp) (Quant One, Biorad, Germany);
lane 3: negative control, plasmid pNM-8020; lanendgative control, ndaq polymerase

in the reaction; and lane 5: negative control, erogdlate pNM-ACD in the reaction. The
DNA profile was analysed using Quant One image yamalsoftware program (Biorad,

Germany)
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3530 bp

2027 bp
1904 bp
1584 bp
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Figure 3.7.A 1.5% (w/v) agarose gel highlighting a 927mpD PCR gene product from
plasmid DNA template, pNM-ACD. The PCR product wasplified at an annealing
temperature of 5€ and 2 mM MgCIL Lane 1: Molecular weight marker Il (Roche,
Germany); lane 2: PCR produtipD fragment (930 bp) (Quant One, Biorad, Germany);
lane 3: negative control, plasmid pNM-ACD; lanenégative control, no template pNM-
ACD in the reaction. The DNA profile was analysesing Quant One image analysis

software program (Biorad, Germany)
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21226 bp

5148 bp
3530 bp

2027 bp
1904 bp
1584 bp
1375 bp 968 bp
947 bp
831 bp

564 bp

Figure 3.8 A 1.5 % (w/v) agarose gel highlighting a 972 ihptAB PCR gene product
from plasmid DNA template, pNM-ACD. The PCR produas amplified at an annealing
temperature of 5&€ and 2 mM MgGIL Lane 1: Molecular weight marker Il (Roche,
Germany); lane 2: PCR produtiptAB fragment (968bp) (Quant One, Biorad, Germany);
lane 3: negative control, plasmid pNM-8020; lanendgative control, ndaq polymerase

in the reaction; and lane 5: negative control, eraglate pPNM-ACD in the reaction. The
DNA profile was analysed using Quant One image yamalsoftware program (Biorad,

Germany)
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3.7. Cloning ofmptAB, mptC and mptD Genes into pET28a

The purified plasmids and PCR produntptAB mptC andmptD were purified from the
above mentioned gels (seen in Figures 3.5 — 3i8),gel elution, using a Nucleospin
Extract Il kit (Machery-Nagel, Germany) and resuxtedl in TE buffer (Chapter 2, Section
2.10.2). PCR products were double digested Witld and Xhd and analysed on agarose
gel electrophoresis, using Quant One image anabgfisvare. The correct product size
was enough to confirm that PCR fragments were irahdts correct size and spurious
digestion did not occur.

Purified pET28a plasmid vector was restricted usitg and Xhd endonucleases and
analysed via agarose gel electrophoresis. Fig@dahes 2 and 3 illustrate that botdd
and Xhd are functional. The linearised supercoiled pETp&smid, gave a plasmid size
of 5400 bp, as analysed on Quant One (Biorad, Gey)rgel analysis program. The digest
was run for 4 hours so as to prevent partial digestf DNA. Lane 5 confirmed that the
reaction conditions promoted specific nucleaseviygtias pGEX-3X (GE Healthcare,
USA), which does not contain eithBidd nor Xhd restriction sites remained uncut. The
double digested pET28a expression plasmid, seé@ane4, was gel purified to avoid the
presence of non-hydrolysed plasmid pET28a.
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21226 bp .
5400 bp
5148 bp
3530 bp

2027 bp
1904 bp
1584 bp

831 bp

564 bp

Figure 3.9 A 1.5% (w/v) agarose gel highlighting a restoctidigest of pET28a plasmid
DNA. Lane 1: Molecular weight marker Il (Roche, i@®ny); lane 2: pET28a -restricted
with Ndd; lane 3: pET28a -restricted wiXhd; lane 4: pET28a- restricted with bdidd
andXhd; lane 5: Uncut plasmid pET28a; and lane 6: negatontrol, plasmid pGEX-3X
restricted withNdd and Xhd. DNA was analysed using Quant One image analysis

software program (Biorad, Germany)

Restricted PCR productsiptAB mptC and mptD were ligated individually into the
pET28a plasmid expression vector. The pET28a ctpraystem lacks the blue-white
colony selection mechanism and therefore it wasenajve that transformation and
screening processes was optimal. The putative pABRS8pET28-C and pET28-D
constructs were transformed intd. coli JM109(DE3) rubidium chloride (Rbg}l
competent cells. This particular strain Bf coli, has an array of significant genes to

facilitate cloning. However, the "Fepisome with arecA gene present helps maintain
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plasmids within the cell (Goeddel, 1991). Furtherede. coli BL21(DE3) pLysS, the
expression host for the newly developed pET28ambamant vectors, were observed to
display very low transformation efficiency whenrséorming a ligation mix as opposed to
transforming a plasmid free from salt-containindgféns (Hanahan, 1985). Hence, RbCI
E. coli JIM109(DE3) competent cells were prepared &y thave high transformation
efficiency. The purification of ligated plasmidsddaot prove feasible as this would result
in loss of DNA concentration. Therefore, it seemesabt feasible to transform the ligation

reactions intde. coli JIM109(DE3) competent cells.

Screening for recombinant pET28a and verificatibrineert DNA was performed using
colony PCR and insert specific primers. Figure 3lllttrates results from a colony PCR
to screen for the presence of thiC insert. Control reactions showed that thptC
primer pair was specific to themptC gene yielding an 830 bp fragment for colonies

containing themp(C insert.

Similar screening procedures were followed to stfeethe presence anptD andmptAB
recombinant pET28a, with the identical control teats used as stipulated for colony
PCR screening ahptC Results for the screen for theptD insert showed that thaptD
primer pair was specific to th@ptD gene yielding a 930 bp PCR proddot colonies
containing themptD insert (Figure 3.12). Whilst, results for the sereof mptAB insert
showed that thenptAB primer pair was specific to th@ptAB gene yielding a 968 bp

fragment from colonies containing thetABinsert (Figure 3.13).

During the screening process for thptCinsert, we noticed a distinct difference between
transformants and non-transformants. Transformgeterated a very translucent colony,
whilst non-transformants were observed to haverg gpaque white colony phenotype.
This observation was verified during subsequenbropl PCR reactions. During the
screening fomptD and mptABinserts, the translucent colonies selected, ga®&% and

100% positive result, for the respective inserts.
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Figure 3.1Q Agarose gels 1.5 % (w/v) highlighting resultsnfrecolony PCR screen for the
mptC insert in E. coli IM109(DE3) pET28-C. Lane 1. Molecular weight markér
(Roche, Germany); lane 2: positive contrdlc. lactispNM-ACD colony (803 bpmptC
PCR product); lane 3: negative contrdlc. lactis pNZ-8020 colony (no PCR product);
lane 4-14:E. coliJM109(DE3) pET28-C test colonies numbered 1-10 (&3thpiC PCR
product); and lane 15: negative control coldhyeoli IM109(DE3) pET28a with no insert
(no PCR product). The DNA profile was analysed gsf@uant One image analysis

software program (Biorad, Germany).
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Figure 3.11 Agarose gels 1.5 % (w/v) highlighting resultsnfrecolony PCR screen for the
mptD insert in E. coli JIM109(DE3) pET28-D. Lane 1: Molecular weight markér
(Roche, Germany); lane 2: positive control coldmy-lactis pPNM-ACD (930 bpmptD
PCR product); lane 3- 13E. coli IM109(DE3) pET28-D test colonies numbered 1-10
(930 bpmptD PCR product); lane 14: negative control colohg- lactispNZ 8020 (no
PCR product); and lane 15: negative control colengoli IM109(DE3) pET28a with no
insert (no PCR product). DNA was analysed usingrmune image analysis software

program (Biorad, Germany).
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Figure 3.12 Agarose gels 1.5 % (w/v) highlighting resultsnfrecolony PCR screen for the
mptABinsert DNA inE. coliJM109(DE3) pET28-AB.. Lane 1. G5ene Ruler molecular
weight marker (Fermentas, South Africa); lanes@-EL coliJM109(DE3) pET28-AB test
colonies numbered 1-9 (968 bptABPCR product); lane 11: positive control coloryc-
lactis pPNM-ACD (968 bpmptABPCR product); lane 12: negative control coldmy-actis
pNZ-8020 (no PCR product);and lane 13: negativetrobolony E. coli JIM109(DES3)
pET28a with no insert (no PCR product). Lane 14pBmThe DNA profile was analysed

using Quant One image analysis software prograwréi Germany)
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The recombinant plasmids froleh coliJM109(DE3), were subjected to a plasmid isolation
procedure. These recombinant plasmids were onde agstricted withNdd and Xhd,
analysed by 1.5% (w/v) agarose gel electrophotestenfirm the presence of the inserted
gene in pET28a. Results (not shown) confirmed ttesgnce of thenptC mptD and
mptABinserts, within their respective pET28a plasmidsse recombinant plasmids were
then transformed into an expression stfaincoli BL21(DE3) pLysS. Colony PCR was
performed once more, to ensure the correct plasmaisl present in the host cell. We
therefore infer thamptC mptD and mptAB were successfully cloned into pET28a and

transformed intde. coli BL21(DES3) pLysS the host expression strain.

3.8. Summary

A pNM-ACD plasmid, from a previous study was ussdaaemplate for the amplification
and cloning of the genes encoding the individudlusits of the mannose PTS permease.
Primers were designed to amplify the subunit geokgshe mptACD operon ofL.
monocytogenesThese primers incorporated restriction enzyidd and Xhd on the 5
end of the forward and reverse primers, respegtivithe subunit genes of thmptACD
operon were successfully amplified. Restrictionegig of PCR products and plasmid DNA
was performed and analysed by 1.5% (w/v) agarodeelpetrophoresis. Following
restriction digests, gel elution of both pET28aspted and PCR amplified insert DNA was
performed to facilitate subsequent cloning. ThetC, mptD,and mptAB genes were
individually cloned into a pET28a expression vectand transformed intde. coli
JM109(DE3).Recombinant pET28a was screened for the preseneactf insertmptC,
mptD, and mptABusing colony PCR and insert specific primers. ibgithe screening
process fomptinserts, we noticed a distinct difference betweangformants and non-
transformants. Transformants generated a trandluoaony, whilst non-transformants
were observed to have an opaque white colony pieeoRecombinant plasmid DNA
from E. coli IM109(DE3) was once again isolated, subsedpeestricted, and analysed
on 1.5% (w/v) agarose gel, to confirm the preseotensert DNA. Thereafter these
recombinant plasmids pET28-C, pET28-D and pET28wd3e individually transformed
into E. coliBL21(DE3) pLysS host expression strain, to exptledarget gene.
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CHAPTER 4

Expression and Purification of the

Subunits of the Mannose PTS Permease
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4.1. Introduction

As mentioned previously in order to express andfyptite subunits of the EN*", E. coli
BL21(DE3) pLysS strain was transformed with recamalnit plasmids pET28-C, pET28-D
and pET28-AB respectively. This particular strafrEocoli is deficient of thdon protease
and theompT outer-membrane protease genes. The absence ef phet®ases, ensure a
reduction in proteolytic activity within the hosxmgession strain. Furthermore the pLysS
plasmid secretes low levels of the enzyme lysozymes both useful in preventing
expression of the target gene in the non-inducdd aad helps in complete cell rupture,
during cell lysis (Goeddel, 1991; Novagen, 2003).

4.2. Analysis of Protein Expression of the Subunitsf the EII;M?"

Overproduction of the His-tagged, subunits of #lt(His-IIC"", His-IID®" and His-
IIAB M2, was achieved by inducing protein productiortW® TG during mid-exponential
growth phase (OEo = 0.6). Induction of each subunit was monitorecaataried time
between 3 to 5 hours and the temperature was viraed37C to 30C. The induced and
non-induced cell protein content of broth cultuness analysed in 10% (w/v) SDS-PAGE
gels for differences in protein banding patterniaen the total cell protein of the induced
sample, non-induced sample and the different catitions. Analysis on total cell protein
from ruptured cells served as the control. The celture supernatant and the cytosolic
fraction, which was further split into the solulded membrane fractions, were prepared.
These fractions were analysed in order to determhi@docation of expressed protein (Von
Jagowet al, 2003).

The induction of the 1I&®" subunit was initially performed at 32 for 3 hours. It was
clear that a protein of the expected size was ggithd. However, the level of synthesise
was relatively low compared to the other proteinsspnt in the cell extract (Figure 4.1).
Figure 4.1, lane 4 highlighted the over-expresstdna 24 kDa protein in the cell

membrane fraction. The non-induced fraction in |2nghowed an absence of a 24 kDa
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protein band. Therefore the appearance of this basdattributed to the expression of the

lcMa" protein.

The induction temperature was decreased froA€ 3@ 30C and the induction time was
increased from 3 hours up to 5 hours, in an attamptecrease the amount of cellular
protein expression relative to the expression eftdrget membrane protein. Figure 4.2,
lane 4 show clearly that an induction af@Cor 5 hours relatively increased the level of
lICMa" (24 kDa) expression as indicated by the intensitthe banding pattern. Therefore,
relative expression of the I¥&" was greatly improved by induction at°8for 5 hours
(Figure 4.2).

MV 1 2 3 4
250 kba —— |
150 kba ——
108 kBg ——
50 kDa | —
37 kDa SN
25 kDa .
 — 24 kDa
20 kDa

Figure 4.1 A 10% (w/v) SDS-PAGE gel showing expression o-tigged I1¢&" in E.

coli BL21(DE3) pLysS pET28-C at 3C. Lane 1: Precision plus protein standard (Biorad,
Germany); lane 2: non-induced control, total cebtein; lane 3: induction control, total
cell protein; lane 4: crude membrane fraction. &hw indicates expression of the His-
tagged 11" at approximately 24 kDa. The protein profile waslgsed using Quant One

image analysis software program (Biorad, Germany).
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250 kba ——
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Figure 4.2 A 10% (w/v) SDS-PAGE gel showing expression o$-ttigged 11E" in E.

coli BL21(DE3) pLysS pET28-C at 3G. Lane 1: Precision plus protein standard (Biorad,
Germany); lane 2: non-induced control, total cebtein; lane 3: induction control, total
cell protein; lane 4: crude membrane fraction. @hw indicates expression of the His-
tagged 11" at approximately 24 kDa. The protein profile waslgsed using Quant One
image analysis software program (Biorad, Germany).

Similar studies were performed to induce the"fibsubunit. An initial induction of 112"

at 37C for 3 hours showed, that a protein of the expgkstee was synthesized. However,
the level of synthesise was relatively low compdarethe other proteins present in the cell
extract (Figure 4.3). Figure 4.3, lane 4 of thiufie shows the over-expression of protein
in the cell membrane fraction, with a molecular gi®i of 27 kDa. The non-induced
fraction (Figure 4.3., lane 2) showed an absenca &7 kDa protein band. Therefore the
appearance of this band was attributed to the esjme of the 11¥?" protein.

The induction temperature was decreased froA€ 3@ 30C and the induction time was

increased from 3 hours up to 5 hours, in an attamptecrease the amount of cellular
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protein expression relative to the expression eftdrget membrane protein. Figure 4.4,
lane 4 show clearly that an induction af@@or 5 hours, relatively increased the level of
IDMa" (27 kDa) as indicated by the intensity of the bagdpattern. Therefore, relative
expression of the 11" was greatly improved by induction at°8for 5 hours (Figure
4.4).

75 kDa

50 kbDa

37 kbDa

27 kDa
25 kDa

20 kba ——

Figure 4.3.A 10% (w/v) SDS-PAGE gel highlighting the expressbf His-tagged 142"

in E. coli BL21(DE3) pLysS pET28-D at 3C. Lane 1: Precision plus protein standard
(Biorad, Germany); lane 2: non-induced controlalkatell protein; lane 3: induction
control, total cell protein; lane 4: crude membréaetion. The arrow indicates expression
of the His- tagged I18°" at approximately 27 kDa. The protein profile waslgised using
Quant One image analysis software program (Bidgaamany).
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Hu 1

250 kDa
150 EDa
100 EDa

78 EDa
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37 kDa

27 kDa
ZE kDa

Z0 EDa

Figure 4.4.A 10% (w/v) SDS-PAGE gel highlighting the expressbf His-tagged 142"

in E. coli BL21(DE3) pLysS pET28-D at 3G. Lane 1:; Precision plus protein standard
(Biorad, Germany); lane 2: non-induced controlaltatell protein; lane 3: induction
control, total cell protein; lane 4: crude membré&aetion. The arrow indicates expression
of the His- tagged 11§*" at approximately 27 kDa. The protein profile waslgsed using
Quant One image analysis software program (Bid&smany).

Initially induction of IIAB™2" protein at 37C for 3 hours was performed. It was clear that a
38 kDa protein of the expected size was synthesizgdre 4.5, lanes 3 and 4, showed that
over-expression of the IIAB" protein in the cytosolic and membrane fractionsl ha
occurred. This is because the 1138 subunit is membrane associated and not an integral
membrane protein. Therefore, it is not surprisingt the 1AB"" was expressed in both

the cytosolic and membrane fractions.
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However, after induction at 3G for 5 hours, over-expression of the 37.6 kDa IYABin
the soluble cytosolic fraction was relatively highttan that found in the membrane
fraction (Figure 4.6, lanes 4 and 5). Therefore ltveered temperature effect on protein

expression of IAB?" greatly enhanced the solubility of the protein.

250 kDa
150 EDa

100 EDa
75 kDa

50 kDa

37.6 kDa

37 EDa -

z5 kDa

Z0 EDa

Figure 4.5. A 10% (w/v) SDS-PAGE gel highlighting the expressiof His-tagged
IABM2" in E. coli BL21(DE3) pLysS pET28-AB at 3T. Lane 1: Precision plus protein
standard (Biorad, Germany); lane 2: non-inducedtrogntotal cell protein; lane 3:
induction control, total cell protein; lane 4: cgtdic protein fraction; Lane 5: crude
membrane fraction. The arrow indicates expressiacheoHis- tagged IIAB®" in lane 3, 4
and 5 at 37.6 kDa in both the cytosolic and cruéenbrane fractions. The protein profile

was analysed using Quant One image analysis s@&twesgram (Biorad, Germany).
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ZE0 EDa

1580 kDa
100 ED'E —

75 kha ——
L0 kEDa
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EL EDa

z0 kDa

Figure 4.6. A 10% (w/v) SDS-PAGE gel highlighting the expressiof His-tagged
IABM2" in E. coli BL21(DE3) pLysS pET28-AB at 3C. Lane 1: Precision plus protein
standard (Biorad, Germany); lane 2: non-inducedtrogntotal cell protein; lane 3:
induction control, total cell protein; lane 4: cgtdic protein fraction; Lane 5: crude
membrane fraction. The arrow indicates expressfoie His- tagged IIAB?" in lane 3,
and 4 at 37.5 kDa in the cytosolic protein fracti®he protein profile was analysed using

Quant One image analysis software program (BidEsmany).

4.3. Purification of the Individual Subunits of the Mannose PTS

Permease of.. monocytogenes EGD

The helper plasmid pLysS found i coli BL21(DE3) pLysS encodes for the enzyme T7
lysozyme. The release of lysozyme played a dua ml protein purification. It was
responsible for the decrease of basal protein expme and aided in the lysis of newly
transformedE. coli BL21(DE3) pLysS host strain. A single freeze thawcle was

sufficient to disrupt the cells integrity and eresefficient cell lysis. This method ensured
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that proteins released, were not subjected to nmézddadenaturing, which is usually

associated with more stringent lysis procedureh sgcsonication (Novagen, 2003).

4.3.1. Preparation of insoluble membrane and solublcytosolic cell fractions

A total volume of 3 | cell culture ok. coli BL21(DE3) pLysS pET28-CE. coli

BL21(DE3) pLysS pET28-D and. coli BL21(DE3) pLysS pET28-AB were used to
prepare membrane and cytosolic fractions of eagmession strain. The fractions were
ultra-centrifuged, pooled and analysed on SDS-PADIE. total protein concentration was

determined, to indicate the level of protein expi@s in the cell fractions.

A Bradford assay was used to determine protein exanation (Bradford, 1976; Read &
Northcote, 1981). Standard protein concentratioesewmade from a 1 mg thistock
solution of bovine serum albumin (BSA) and a stadd@ncentration curve was generated
(Figure 4.7). This standard concentration graph wssd to determine the unknown
protein concentration in the sample (Figure 4.7).

The membrane protein content within isolated memésawas determined, and re-
suspended in TSC buffer at a final membrane proteincentration of 10 pg filas
previously described (Von Jagast al, 2003). All membrane fractions were flash-frozen
in a dry-ice isopropanol bath and stored at -707@s was performed in order to maintain
protein integrity within the membrane fraction. Alume of 3 | gave a total yield of 17.2
mg and 15.8 mg protein from membrane fractionsEocoli BL21(DE3) pLysS pET28-C
andE. coliBL21(DE3) pLysS pET28-D, respectively.

The cytosolic fraction containing the IIAB" subunit was collected after ultra-
centrifugation (see Chapter 2, Section 2.18). Tleenbrane fraction or insoluble fraction
was discarded, the supernatant immediately pootetl gquantified. The total cytosol
protein content was shown to be 38 mg from a 3llime of E. coli BL21(DE3) pLysS
pET28-ABculture.
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Figure 4.7. A Bradford assay standard concentration curve (B&Aestimate the protein
concentration of membrane, cytosolic and purifieatgin fractions.
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4.3.2 Affinity Purification of His-Tagged IIAB ™" [ICM2" and 11DM"

Membrane protein purification requires detergewtssolubilise the cellular membrane.
Most detergents are amphiphilic molecules that fomcelles in water. They enable
protein solubilisation by binding to the hydrophoportion of the proteins on one side and
interact with the aqueous phase on the other Bidmerties and uses of detergents maybe
classified according to their hydrophobic and hythibc portions. The most critical
characteristic of a detergent would be the charge the critical micelle concentration
(CMC) value. The CMC value would therefore infonvhat the minimal concentration of
free detergent would be required to keep membraoteips in solution (Von Jagoet al,
2003). A sugar detergent which has a hydrophohitgrolinked by a glycosidic bond to a
sugar moiety was found to be most compatible ineortd solublize the membrane
fractions. A neutrally charged sugar detergentedalbctyl-D-glucopyranoside (OGP)
was used for membrane solubilization. This sugderdent with an appropriate ionic

strength was found to be most suitable for exwmactf the EIM"

integral membrane
proteins, to ensure that an active form of thegrabmembrane protein was to be isolated

(Von Jagowet al, 2003).

Imidazole is a component of the His-tag structlifee imidazole ring within the 6 x His-
tag structure binds to the nickel ions {lJliimmobilized by nitrilotriacetic acid (NTA)
groups on the matrix. Therefore, the purificatiorogedure was performed over an
imidazole gradient. Loading of the {iNTA resin was most efficiently done in batch to
ensure efficient binding of His-tagged proteinghite N7*-NTA resin. Furthermore, 5 mM
imidazole was added to the lysate, to decreasespecHic binding of cellular proteins to
Ni?*-NTA resin (Von Jagovet al, 2003). It was imperative that the purificatiomgedure
was carried out at 4°C as the His-tag tends toemgge at room temperature (Qiagen,
2002).

The purification was monitored by collecting 2 mddtions and their protein concentration
determined at an absorbance of 280 nipd/AThe absorbance readings were plotted, in

order to generate chromatographs for each puiidicgtrocedure (Figures 4.8, 4.10 and
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4.12). These chromatographs gave an indicationhéthapoint His-tagged proteins were
eluted.

Therafter, fractions with a 280 nm absorbance gretitan 1.2 were analysed on SDS-
PAGE gels (see Figures 4.9, 4.11 and 4.13). EalCprgfile shows the pooled fractions of
the cell lysate, flow through and wash procedurespectively (see Figures 4.9 (a), 4.11
(a) and 4.13 (a)).

Chromatograph profiles generated from each putiGiogorocedure indicated that proteins
were eluted between fractions 20 to 25. This wasicned by SDS-PAGE gel analysis of
these fractions (see Figures 4.9 (b), 4.11(b) ah@(8)). The , 1&?", IDMa" and 11ABY™"

proteins resolved on SDS-PAGE at molecular weigB8&,kDa, 31 kDa and 38 kDa
respectively. Despite stringent wash steps duriregprocedure all elution’s showed the
presence of a co-eluted protein, observed at miaeaeights 68 kDa, 60 kDa and 69 kDa

respectively.

The eluted fractions were dialysed, to decreasénidazole and detergent concentration.
Subsequently the eluants were quantified usingaafBrd Assay, to give an estimate of
the protein content present after purification.pRrations of 11", IDM®" and 11AB"2"

subunits contained 274 pg mi256 pg mi and 380 pg i, respectively. We proceeded
with western blot analysis to see if these protemese in fact His-tagged proteins,

corresponding to the appropriate molecular weidgtihe subunits of E{I"*".
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Figure 4.8. Chromatograph outlining the fiNTA purification of His-tagged 112"
subunit of the mannose PTS permease. Fractiondld@wtthrough with 5 mM imidazole;
fractions 8-18: wash steps at various imidazoleceatrations; fractions 20 — 25: elutions.
The arrow depicts fractions containing the eluté@i” subunit. The procedure was

performed on an imidazole step gradient (depictethb broken line), ranging from 5 mM
to 300 mM.
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Figure 4.9. SDS-PAGE gels 10% (w/v), analysis of protein frags from Nf-NTA
purification of His-tagged 118" subunit. Gel(A) lane 1: Precision plus protein standard
(Biorad, Germany); lane 2: crude membrane celltgstane 3: flow through pooled
fractions 1-7 from Ni-NTA chromatography; lane 4-9: wash steps 1-6 {ivas 8-18)
with a varying concentration of imidazole rangingmh 5 mM to 30 mM. Gel(B)
Fractions were eluted over an imidazole concewotmagjradient. Lane 1: Precision plus
protein standard (Biorad, Germany); Lanes 2-9:i@ubf His-IIC"®" (fractions 20-26)
with the imidazole concentration varying from 60 300 mM. The arrows show a 68
kDa protein and a 28 kDa His-IY&" protein. The protein profile was analysed using

Quant One image analysis software program (Bid&smany).
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Figure 4.10. Chromatograph outlining the NiNTA purification of His-tagged 112"
subunit of the mannose PTS permease. Fractiondld@wtthrough with 5 mM imidazole;
fractions 8-18: wash steps; fractions 20 — 25:i@hst the arrow depicting the major
optical density peak, contains the eluteditbsubunit. The procedure was performed on

an imidazole step gradient (depicted by the brdkes), ranging from 5 mM to 300 mM.
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Figure 4.11. SDS-PAGE gels 10% (w/v), analysis of protein fracti from Nf-NTA
purification of His-tagged 18*" subunit. GelA) lane 1: Precision plus protein standard
(Biorad, Germany); lane 2: crude membrane celltgséane 3: flow through pooled
fractions 1-12 from Ni-NTA chromatography; lane 4-9: wash steps 3-6 {ivas 8-18)
with a varying concentration of imidazole rangingrmh 20 mM to 35 mM. Gel(B)
Fractions were eluted over an imidazole concewninagiradient. Lane 1: Precision plus
protein standard (Biorad, Germany); Lanes 2-8:i@iubf His-IIDV" (fractions 20-26)
with the imidazole concentration varying from 60 /300 mM. Lanes 9-10: empty. The
arrows indicate a 60 kDa protein, and the 31 k&4 protein. The protein profile was

analysed using Quant One image analysis softwagrgm (Biorad, Germany).
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Figure 4.12 Chromatograph outlining the RiNTA purification of His-tagged IIAB®"
subunit of the mannose PTS permease. Fractionsflbw:through containing 5 mM
imidazole; fractions 8-18: wash steps; fractions—205: elutions- the arrow depicts the
major optical density peak, containing the eluteaBl"®" subunit. The procedure was
performed on an imidazole step gradient ranginghnfEomM to 300 mM (depicted by the

broken line).
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Figure 4.13. SDS-PAGE gels 10% (w/v), analysis of protein fizus from Nf*-NTA
purification of His-tagged IIAB®". Gel (A) Lane 1: Precision plus protein standard
(Biorad, Germany); lane 2: crude cytosolic fractiplane 3: flow through pooled fractions
1-12 from Nf*-NTA chromatography; lanes 4-9: wash steps 1-&ffisas 8-18) with a
varying concentration of imidazole ranging from &M to 35 mM. Gel(B). Lane 1:
Precision plus protein standard (Biorad, Germamgnes 2-9: elution of His-IIAB"
(fractions 20-26) with the imidazole concentrati@rying from 60 mM to 300 mM. The
arrows (A) show what maybe referred to as the 68 gdtein, whilst arrow (B) to shows
the expected 38 kDa His-IIA" protein. The protein profile was analysed usingaqu

One image analysis software program (Biorad, Geynan
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4.4. Western Blot of Proteins Purified from Nf* -NTA Purification of
Metal Chelate Chromatography

The aim of the following experiment was to confithre purification of the His-tagged

subunits of the mannose PTS permease

SDS-PAGE was carried out on duplicate 12% (w/v) SBM&SE gels. One gel was stained
with Coomassie Blue staining procedure to visuattze protein profile (Figure 4.14),
whilst the second gel was utilized for protein sf@n onto a nitrocellulose membrane.
Detection of His-tagged proteingas determined using anti-His-tag antibodies (Rpche
Germany). BM Blue peroxidase (POD) (Roche, Germaprgcipitating, chromogenic
substrate was used to aid in visually observingatetl His-tagged protein.

Western blot results, shown in Figure 4.15 confile presence of His-tagged fusion
proteins. Gel quantitation using Quant One imagalysis software (Biorad, Germany),
indicated that a total of seven proteins were detecThe detection of the positive control
(His-tagged MTI-MMP ectodomain protein) indicatdaht the experimental conditions

were appropriate to detect His-tag proteins.

The 11IC"@" preparation resulted in the presence of two Higiéd proteins at molecular
weight 28 kDa and 55 kDa (see Figure 4.15, LandIB}"®" preparations resulted in the
presence of His-tagged proteins of molecular wei@itkDa and 60 kDa (see Figure 4.15,
lane 7). IIAB"®" preparations showed a presence of a 38 kDa arkD&8proteins (see
Figure 4.15, lane 5). Proteins with molecular wesgbf 28 kDa, 31 kDa and 35 kDa,
correspond to the I¥¥", IDM#" and IIABY®" respectively. It was concluded that all three
subunits of the mannose PTS permease were in Xpcessed and purified as they were
determined to have the correct molecular weightweéier, it was interesting to observe
that these three preparations also contained deeelproteins, with attached His-tags,
evident by western blot analysis (Figure 4.15, $abé and 7). The co-eluted proteins
seem to resolve in 12% (w/v) SDS-PAGE gels at alnwie the molecular weight of

their corresponding proteins’ in (Figure 4.15 labe$ and 7).
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Figure 4.14.An SDS-PAGE 12% (w/v) reference gel, with the pnotprofile of purified
subunits of the mannose PTS permease. Lane 1: ntalegeight marker Precision plus
protein standards (Biorad, Germany). Lane 3: 6 s~tdgged MTI-MMP ectodomain, (44
kDa), positive control (Mr D. Van Rooyen, persooaimmunication, 2006). Lane 5: eluant
containing, 69 kDa co-purified and 35 kDa His-IIAB proteins. Lane 6: eluant,
containing, 55 kDa co-purified and 28 kDa His ff& proteins. Lane 7: eluant containing,
60 kDa co-purified and 31 kDa His-IM3" proteins. Lanes (2) and (4) were left empty.
This gel served as a reference gel for Western &hatlysis. The protein profile was

analysed using Quant One image analysis softwagram (Biorad, Germany).
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Figure 4.15 A Western Blot profile, of purified His-tag prate on a nitrocellulose
membrane, detected with anti-His-tag peroxidasgugate mouse monoclonal antibodies.
Lane 1: the transferred molecular weight markeinethwith Ponceau S. Lane 3: shows
the detected positive control. 6 x His-tagged MTAM ectodomain, (44 kDa). Lane 5:
detected 35 kDa His-IIAB*" and co-purified 69 kDa proteins. Lane 6: detectg@ckRa
His-1ICM" and co-purified 55 kDa proteins. Lane 7: dete@&dkDa His-11D"*" and co-
purified 60 kDa proteins.
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4.5 Summary

Expression studies were performed with the tempezatarying from 37C to 30C and a
time variation from 3 hours to 5 hours. Resultsg that the subunits of the Efi" were

expressed at an optimal temperature GC3for 5 hours.

These studies indicated that at°@7and 30C the 1IC"™" and 1ID"®" subunits were
expressed in the membrane fraction of Ehecoli host strain. However, at 30, these
proteins displayed an increased level of expressabative to the expression of other
cellular proteins, within the host strain.

Expression of the IIAB®" at 37C occurred in both the soluble cytosolic and insgu
membrane protein. However at°8expression of the membrane associated subunit was

significantly greater in the soluble cytosolic fiiao as opposed to the membrane fraction.

A Bradford assay was used to determine the totalepr content present in induced
cultures. A volume of 3 | broth culture gave a kotield of 17.2 mg and 15.8 mg total
protein in the membrane fractions of € and 110" respectively. The total cytosol
protein content was shown to be 38 mg from a 3llime of culture for preparation of
HABM®" A freeze thaw method was followed to disruptsels per the manufacturer's
instructions. However, the relative protein yieldsMow. Therefore other means of cell
disruption should have been used.

Individual subunits of the EM*" were purified by metal chelate chromatography. All
subunits, 11", IDM*and 11IABY®" eluted at an imidazole concentration of approxatyat
150 mM. However, each preparation contained theéepracorresponding to the correct
molecular weight as well as a co-eluted proteiresehpreparations of IN€", 1ID™2" and
HIABMa" were subsequently dialysed, analysed on SDS-PAGEqaantified using the
Bradford assay. An estimated protein concentrafion ICM®", 1IDM® and 1IABY2"

preparations were 274 pg mR56 pg mf and 380 pg i, respectively.
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The Bradford assay, is a dye binding method, uS§iagmassie blue G-250, to determine
protein concentration. However, the assay may becbiased by the presence of a high
concentration of detergent in the test sample (Zemp 2003; Von Jagowt al, 2003).
Therefore it was imperative that the eluted preg@ma were first dialysed before
guantifying the protein content in each preparatibhe reason being is that dialysis

enabled buffer exchange, to decrease the imidaralaetergent content within samples

Preparations were then analysed on a westernTdietanalysis confirmed the presence of
His-tagged proteins, His-11&", His-IIDM2" and His-1IAB"" with molecular weights of 28
kDa, 31 kDa and 35 kDa, respectively. It was ssipg that the co-purified proteins also
bound the anti-His-tag peroxidase conjugate mouseocional antibody. Therefore, this
suggests that the co-purified proteins also coraditis-tag. We may infer that the subunits
of EllM®" were partially purified due to the presence & to-purified proteins. A pure
sample was not obtained. The association of théseaigged co-purified proteins were not

known.
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CHAPTER 5
Final Conclusion and Future

Directions
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5.1. Amplification and Cloning the mptC, mptD, and mptAB Genes ofL.

monocytogenes EGD

The initial step in the project was to amplify eadhthe subunit genes of the mannose PTS
permease. This was successfully achieved. Howewerrror was made during primer
design; an extra ATG codon was incorporated inftimneard primers. This ATG codon
may well have added an extra methionine residukealN-terminus of each target protein.
This error was only noticed during the preparatbthis manuscript and ideally should be
corrected in any future work. However, it seemskehy this error caused any significant

affect on downstream experimentation.

The individual subunit genes of the mannose PT&epase were successfully cloned into
the pET28a expression vector. The presence ofltmed insert was confirmed by colony
PCR. During screening for the presence of reconmbiqET28a, transformants were
observed to have a distinct phenotype: colonieschviippeared to have a translucent
phenotype were shown to contain the recombinant 28BT as opposed to non-

recombinant pET28a found in colonies with an opagl#e phenotype.

Recombinant pET28a clones (pET28-C, pET28-D, and2BEAB) were sent for
sequencing to verify if any mutations were introgllicHowever, poor quality data was
returned. Due to the additional cost implications & second sequencing procedure, this
part of the project remained incompletaq polymerase was used for PCR amplification.
Tag polymerase has a relatively high mutation ratee Tgossibility of introducing
mutations could have been minimized by using arpelase with proof-reading ability
(e.g.Pfu polymerase). However, as a matter of course, edliyn developed recombinant
products should have been sequenced.
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5.2. Expression and Purification of the 11¢"™" DM and 11ABM"
Polypeptides inE. coli BL21(DE3) pLysS Clones

Over expression of membrane proteins is problemarause it may interfere with the
membrane potential, upon insertion into the hotraembrane. This may prove toxic to
the cell, therefore it was important to minimizeckground expression of target genes.
E.coli BL21(DE3) pLysS was used as the host expraessii@in. This strain encodes for T7
lysozyme which lowers the background expressiontanfiet genes, and allowed for
expression of membrane proteins.

Each construct was transformed iftocoli BL21(DE3) pLysS. Initially the His-11&2" (24
kDa), His-11DM*" (27 kDa) and His-IIAB'®" (38 kDa) were successfully expressed &C37
for 3 hours. Expression of His-I¥8" and His-1ID"" was localized in the membrane
fraction, whilst the His-IIAB'™", was localized in both the soluble cytosol and imeme
fractions. In an attempt to maximize protein expi@s, an induction at 3C for 5 hours
showed a relative increase in the expression levvall proteins. Under these conditions
the His-IIC"" and His-110"®" remained in the membrane fractions, whilst theresgion
level of the IIAB"®" subunit was observed to be relatively higher ingbkible cytosolic
fraction as opposed to the membrane fraction. ThB'{?" is a dimeric structure which
consists of the 1A soluble cytosolic domain and tiB domain which enables association
with the integral membrane subunits (Robilllard &oBs, 1999). It is possible that the
lowered temperature may have affected the confoomaif the dimer structure of this

subunit such that relatively more of this protgapears in the cytosolic faction.

Crude membrane-bound proteins analysed in 10% @D&-PAGE gels seem to resolve
at a lower molecular weights than expected. In eredtracts, after expression of the
licMa" and 110" proteins, their apparent molecular weights werekR4 and 27 kDa,
respectively. However, after purification the Y& and 11D"®" had apparent molecular
weights of 28 kDa and 31 kDa, respectively. A poegi study exploring the purification of
the subunit proteins of mannose PTS permeasé&.ofoli showed that migration of

membrane proteins on SDS-PAGE, tend to resolvesdightly lower molecular weights
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than the expected protein size, and this was at&ibto hydrophobic nature of membrane
proteins (Erniet al, 1989) Perhaps the presence of high concentratbimydrophobic
proteins in crude membrane fractions in somewayiflesdhe migration of target proteins

in SDS polyacrylamide gels.

In each instance purification of the individualt®" subunits yielded two proteins; His-
lIcMa" (28 kDa) and co-eluted 55 kDa protein; His Y9 (31 kDa) and a co-eluted 60 kDa
protein; and His-IIAB"" (35 kDa) and a co-eluted 68 kDa protein. The matfrthe co-
purified proteins is unknown. It was assumed thasé proteins are possibly His-tagged
as it certainly had a strong binding affinity teetNi-NTA resin. Western blot analysis
showed that these co-purified proteins cross rdaetgh the anti-His-tag peroxidase
conjugate mouse monoclonal antibodies. Thereforst®¥e blot results suggest that these

proteins may have an attached His-tag.

In these experiments samples were prepared aslEsby Von Jagowet al (2003). This
method requires that samples are pre-treated Rkyimm#ation at 48C and subsequently
run on SDS-PAGE gels. Careful observation of tleel and co-purified proteins showed
that these proteins seem to have resolved in 10849 @DS-PAGE at twice the molecular
weight of its corresponding eluant. This implieattthese co-purified proteins could very
well be the protein dimer version of its correspogdeluant. Hence analysis of purified
proteins could be repeated using an SDS-PAGE sapwaparation procedure which
incorporates boiling samples before electrophoyréisis should be sufficient to disrupt the
dimers formed (Dennison, 2003).

However, should this postulation be incorrect, thiemould be necessary to further purify
these proteins. Dimers maybe identified using nethsuch as isoelectric focusing or
peptide finger printing. These methods have preshiolbeen performed for membrane
protein isolation (Erni & Zanolari, 1985; Erat al, 1987; Erniet al, 1989; Huber & Erni,
1996; Robilllard & Broos, 1999).
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5.3. Future Direction

During the early stages of this study leucocin Aclass lla bacteriocin was purified as
previously described (results not shown) (Uteh@l, 2002). The intended use of the class
lla bacteriocins and the purified subunits of thg'E"were to facilitate subsequent protein

interaction studies using Biacore, real time biosalar interaction assay.

Therefore, once a purified form of the individuabanits is obtained, these His-tagged
subunits of the Ef*", could be individually attached to a nickel ionaBre chip. The
class lla bacteriocin could be passed throughltve ¢hannel in order to determine which

subunit of the mannose PTS permease is the reamplecule for class lla bacteriocins.

The increasing occurrence of antibiotic resistapethogens means that alternative
strategies of their control need to be developetierdfore, leucocin A and an
understanding of its mechanisms of interaction wité target cell maybe the proposed
solution. The above mentioned study is fundameintdbrming a basis to establish an
understanding if the mannose PTS permease is tbeptor molecule of class lla
bacteriocins. The advent of multi-drug resistarthpgens implies that there is there is a
need for antimicrobial peptides as an alternatigatment against harmful bacteria such as

L. monocytogenes
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