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ABSTRACT

Genes are pieces of DNA that give mankind their genetic heritage.
They are passed down through generations of living organisms
copiously and diligently by mechanisms that have still not been
fully deciphered. These genes are very stable and any changes
will either be repaired or will cause malady to the cells. However,
natural, "quirky’ things do happen and changes to the genes that are
beneficial to the host cells will be well accepted and embraced as
part of life’s progression. Nevertheless, it is now the beginning of the
era of direct genetic modification. Whilst images of “Terminators’
and “Transformers’ would initially come to mind when the word
“artificial intelligence’ is mentioned, the first such "artificial being’
is actually a simple single celled microorganism. In the area of
biotechnology, microbes are usually used as the source of useful
proteins, enzymes, metabolites and antibiotics. The first altered
organisms emerged from recombinant DNA technology in the
mid-70s. Microorganisms such as Escherichia coli, Saccharomyces
cereviciae and Bacillus subtilis have been genetically modified
and used to produce industrially and pharmaceutically important
proteins and enzymes. More recently, several types of microbes
including Salmonella spp, Lactobacillus spp and Lactococcus
spp were characterized and are identified as potential vaccine
carriers and producers. Whilst there are many success stories,
the development of better systems and microbial hosts for the
improved production of important biotechnology products is still
being relentlessly pursued.

This publication contains examples of work carried out by our
research group in the design and development of gene carriers and
microbes aimed at advancing the production of homologous and
heterologous proteins. It is hoped that the work described here
will provide insights into the multiple approaches needed in the
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development of mission purposed bacterial strains, specifically L.
lactis, for use in the diverse areas of biotechnology. The identification
of new plasmids and specific characterisation of cryptic lactococcal
plasmids are presented, and the construction of new and useful
plasmids is discussed. In addition, the development of new strains
of microbes harbouring useful proteins is described.
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INTRODUCTION

Microbes are ubiquitous and have been on earth for 2 billion years
before any other living organism. They were first observed by Antony
van Leeuwenhoek in the 17th century. Microbes are remarkably
adaptable to diverse environmental conditions whereby they are
found in the bodies of all living organisms and in all parts of the
earth; from land terrains to ocean depths, in arctic ice and glaciers, in
hot springs, and even in the stratosphere. Microbes have a practical
significance for humans, where some cause diseases in humans
and domestic animals, affecting health and the economy. Some
bacteria are useful in industry, particularly in the food, petroleum,
and agriculture industries, while others can be harmful. As in higher
forms of life, each bacterial cell arises either by division or through
a combination of elements from two such cells via a sexual process.
There are more bacteria, existing as separate individuals, than any
other type of organism where there can be as many as 1- 2.5 billion
cells in one gram of fertile soil (Roesch ef al., 2007). While most
rely on carbon compounds as an energy source, different species
vary widely in their exact metabolic processes. Factors such as
change in temperature, nutrients and source of energy commonly
play a big role in the diversity of living organisms.

The idea of exploiting microbial products is not new. The first
biotechnologists have long enlisted bacteria and yeast to make
bread, wine and cheese and to produce antibiotics that help fight
diseases. The advent of molecular biology in the 1970s opened up
new possibilities, extending the potential use of bacteria as bio-
therapeutic agents from just a few natural strains to also include
recombinant strains.

Back in 1944, Avery, Macleod and McCarty first demonstrated
gene transfer with isolated DNA obtained from the bacterium
Streptococcus pneumonia (Avery et al., 1944). This process
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involved genetic alteration of a bacterial cell by uptake of DNA
isolated from a genetically different bacterium and its recombination
with the host-cell genome. Their experiments provided the first
evidence that DNA is the genetic material. Subsequent studies
showed that such genetic alteration of a recipient cell can result
from the uptake of exogenous extrachromosomal DNAs (e.g.
plasmids) that do not integrate into the host-cell chromosome. The
term “transformation’ is used to denote genetic alteration of a cell
caused by the uptake and expression of foreign DNA regardless of
the mechanism involved.

The bacterium Escherichia coli, whilst known to cause diseases,
has been the flag bearer for the development of transgenic microbes,
favored to generate many important products since it is very well
characterised (Presser et al., 1999; Viera ef al., 2001) and has
minimal nutritional requirements. However, harmless and beneficial
bacteria far outnumber the harmful varieties. These good bacteria,
of which the Lactic Acid Bacteria is one, are ingested regularly
and form part of our intestinal flora. They can be made useful and
serve as vehicles for new types of vaccines and be developed as cell
factories for the production of molecules of particular interest.

In order to manipulate the microbes, however, there must first be
an understanding of the genetic makeup, gene sequences of interest
and how these genes can be regulated. Our group is interested to
study the fundamentals of lactococcal plasmid biology and using
the knowledge to improve and develop specialized vectors. We
have embarked on utilising the good bacteria Lactococcus lactis as
well as the ubiquitous E. coli as models in our pursuit to enhance
microbial production and delivery systems.
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THE GENETIC CODE

In a living organism, the totality of the genetic information is called
genome. Genome size is the total amount of DNA contained within
one copy of a genome. It is typically measured in terms of mass in
picograms (pg) (trillionths (107!2) of a gram), or as the total number
of nucleotide base pairs (bp) typically in megabases (millions of
base pairs, abbreviated Mb or Mbp). One picogram equals 978
megabases. A single celled organism would contain chromosomes
ranging from 0.6 Mbp to over 10 Mbp (Table 1). The genome
information is written in such a way that it is understood by all
living organisms, which is termed the universal code of life. In the
coding system only four nucleotides are used to spell out all the
instructions of how to make proteins. Nucleotides comprising of
adenine (A), guanine (G), cytosine (C) and thymine (T) is arranged
in 3-letter words which in turn code for any one of the 20 amino
acids. A gene is a certain length of DNA, with specific number of
nucleotides that commonly has information for the production of
one specific protein (an open reading frame). The use of information
carried by genes in organisms is plentiful. Signature genes have been
useful in the identification of pathogenic microorganisms, whilst
gene polymorphisms have been utilized to understand diseases. Full
length or parts of genes can be used to elicit immunogenicity in
new hosts and the tweaking of genes and their products can affect
metabolic pathways.

Sm



Designer Genes: Fashioning Mission Purpose Microbes

Table 1 Comparison between different genome sizes
(source; Wikipedia)

Organism type Organism Genome (bp)

1. Virus SV40 5,224

2. Bacterium Escherichia coli 4,6000,000

3. Plant Arabidopsis thaliana 157,000,000

4. Yeast Saccharomyces  cereviceae 12,100,000
(bread yeast)

5. Insect Drosophila  melanogaster 130,000,000
(Fruit fly)

6. Mammal Homo sapiens (human) 3,200,000,000

7. Fish Protopterus aethiopicus  130,000,000,000

(marbled lung fish)

So, how does a cell know when and how much protein to produce?
Each gene has a stretch of DNA that contains the regulatory elements
for the specific gene, known as the promoter. It functions like the
‘ignition site’ of a car, waiting for the right "key’ to start its engine.
An example is the production of insulin, when a message arrives in
the form of a molecule that says more insulin, the ignition site will
accept the message and the molecule will “lock in’ and activates the
“switch’ to start the process of gene expression. The information
is then immediately copied (transcribed) in threadlike molecules
called RNA. RNA is very similar to DNA except that it is single
stranded. This molecule acts as the messenger which distributes
the information to little work units in the cell that translates the
information into proteins (Figure 1). This whole process where
DNA is transcribed and then translated into protein is the central
dogma of molecular biology.
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The Central Dogma
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Figure 1 The central dogma of molecular biology
(Source; Google.com)

HOW TO TRANSFER GENES INTO OTHER CELLS

Genetic engineering is used to take genes and segments of DNA
from one species and put them into another species, for example
putting viral genes into bacteria, bacterial genes into plants etc. The
DNA is cut, isolated, characterized, multiplied and stuck next to any
other DNA of another cell or organism. The engineering of genes
provides a set of techniques, such as transformation, biolistics,
electroporation and transduction; frequently using vectors (either
bacterial plasmids or viruses), to break through the species barrier
and shuffle information intra and inter-species.

WHAT IS A PLASMID?

If the genome is a book with genes being the chapters or recipes,
then plasmids are brochures, often containing information that can
be exchanged rapidly. Plasmids can be found in many bacteria and
are small rings of DNA with limited number of genes (Figure 2).
The term plasmid was first introduced by the American molecular
biologist Joshua Lederberg in 1952.
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Figure 2 Plasmid in bacteria (Source; Google.com)

Plasmids are autonomously replicating double stranded DNA.
They are part of the DNA material in microbes but are not dependent
on the replicating mechanism of the host cells and can easily be
moved around. A plasmid is typically smaller compared to the
genome, commonly ranging between 1 - 400 kilobasepair in size. A
single cell may contain a copy to hundreds of copies of a plasmid, or
even thousands of copies, for certain artificial plasmids selected for
high copy number. Plasmids often contain genes or gene cassettes
that confer selective advantage to the bacterium harbouring them,
such as the ability to make the bacterium antibiotic resistant.

Every plasmid contains at least one DNA sequence that serves as
an origin of replication, or ori (a starting point for DNA replication),
which enables the plasmid DNA to be duplicated independently
from the chromosomal DNA. The plasmids of most bacteria are
circular, but linear plasmids are also known, which superficially
resemble the chromosomes of most eukaryotes. Many industrially
important traits of microbes such as lactose fermentation,
proteinase activity, citrate metabolism, bacteriophage resistance,
and bacteriocin production are encoded by plasmids. On the other
hand, most of the pathogenic and toxin producing microbial strains
harbour virulence coding genes on their plasmids. In recombinant
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DNA technology and genetic engineering, plasmids are important
vectors used to clone and express genes of interests. These vectors
allow foreign genes to be replicated and maintained in their new
hosts. However, whilst vectors developed for the expression of
genes in E. coli and yeast have been commercially available since
the 1980s, there were no commercially available vectors for Gram
positive bacteria until very recently.

LACTICACID BACTERIA

The last decade has seen enormous expansion of research on the
molecular genetics of Lactic Acid Bacteria (LAB). The LAB are
Gram positive, acid-tolerant, generally non-sporulating, non-
respiring rod or cocci, has low GC content and are associated by
their common metabolic and physiological characteristics. LABs
are widely used in industrial food fermentation, contributing to
the flavor, texture and preservation of fermented products. These
bacteria are generally regarded as safe (GRAS), and certain strains
can be used to treat human diseases. Lactococcus lactis is considered
a prototype of the lactic acid bacteria. Intensive studies on the
fundamental mechanisms of Lactococcus genetics have provided
opportunities for the use of these bacteria in new applications
such as the production of heterologous proteins in bio-reactors,
in fermented food products or directly in the digestive tract of
humans or animals. Most promising is their use as live vectors for
delivery of biologically active molecules such as enzymes, antigens
or therapeutic drugs. Thus, there is a lot of interest to study their
plasmids and in developing vector systems and host strains to enable
the expression of important genes in the lactococci.
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LACTOCOCCUS LACTIS

Lactococcus lactis are non-sporulating, non-motile, A-T rich,
Gram posititve cocci that group in pairs and short chains. Their
typical size is 0.5 — 1.5 pum in length. They are routinely cultured in
complex broth (M17 or MRS) supplemented with the appropriate
carbohydrate and produce large quantities of lactic acid under
anaerobic conditions. The optimal growth temperature is 30°C with
a doubling time of 35 — 60 minutes. During exponential growth,
the lactococci form chains of cells, like beads on a short string
(Figure 3).

Lactococci are found associated with plant material, mainly
grasses, from which they are easily inoculated into milk. Hence,
they are normally found in milk and may be a natural cause of
souring. L. lactis has two subspecies, lactis and cremoris, both of
which are essential in the manufacture of many varieties of cheese
and other fermented milk products.

‘(_,\ fo/

Figure 3 Lactoccoccus lactis — Gram positive cocci (lab isolate)
1000X magnification
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L. lactis is also related to other lactic acid bacteria such as
Lactobacillus acidophilus present in our intestinal tract and
Streptococcus salivarius found in the mouth. However, Lactococcus
does not normally colonize human tissues and differs from many
other lactic acid bacteria in its pH, salt and temperature tolerances
for growth, which are important characteristics relevant to its use as
a starter culture in the cheesemaking industry. L. lactis is vital for
manufacturing cheese such as the Cheddar, Colby, cottage cheese,
cream cheese, Camembert, Roquefort and Brie, as well as other
dairy products such as cultured butter, buttermilk, yogurt, sour
cream and kefir. It can also be used for vegetable fermentations such
as cucumber pickles and sauerkraut. The bacterium can be used in
single strain starter cultures, or in mixed strain cultures with other
lactic acid bacteria such as the Lactobacillus and Streptococcus
species. When L. lactis is added to milk, the bacterium uses
enzymes to produce energy molecules, called ATP, from lactose.
The byproduct of ATP production is lactic acid. The lactic acid
curdles the milk which then separates to form curds, which are
used to produce cheese and whey.

The lactic acid produced by the bacterium lowers the pH of the
product and prevents the growth of unwanted bacteria and molds
while other metabolic products and enzymes produced by L. lactis
contribute to the more subtle aromas and flavors that distinguish
different types of cheese.

LACTOCOCCUS LACTIS—-A FOOD GRADE GMO?

Several laboratory Lactococcus strains such as L1403, NZ9000,
NZ900 clpP-htrA and MG1363, which are derived from cheese
starter cultures, are available for research (Nouaille ef al., 2003,
Cortez-Perez et al., 2006). Whilst Lactococcus spp have a GRAS
status, many of the strains constructed at Universities and in
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Research Institutions are mainly for "proof of concept’ and are not
food grade. A genetically modified Lactococcus would normally
have a foreign DNA incorporated where antibiotic resistance markers
are often used for selection. These strains, cannot however, be used
in the food industry unless a number of safety criteria are fulfilled.
In order for a genetically modified organism (GMO) to be used in
food, whilst maintaining a GRAS definition, the food grade GMO
must only contain DNA from the same species, or alternatively,
genes from other GRAS food microorganisms. In either case, the
use of antibiotic resistance markers is not allowed.

We undertook studies to isolate and characterize Lactococcus
spp. for potential use as industrial strains and as hosts for hetelogous
protein expression. Whilst most of the available isolates are milk
based, more current studies have focused on LAB from plants.
Traditional plating and identification methods were utilised to
isolate new strains of L. lactis from various sources (Raha et
al., 2002, Raha et al., 2006). The isolates that tested positive via
Gram staining, catalase and biochemical tests were subjected
to 16S rRNA sequence analysis. Species-specific primers were
designed according to published nucleotide sequences for the
identification of L. lactis and the amplified regions sequenced.
Part of the 16S rDNA was isolated by PCR amplification using a
pair of primers P1 (5’-GCGGCGTGCCTAATACATGC-3") and
P4 (5’-ATCTACGCATTTCACCGCTAC-3’) designed by Klijn et
al. (1991). These primers target the conserved regions of the gene
that flank the variable regions which are useful in discriminating
different species of Lactococcus. Then, the PCR products were
cloned into TOPO cloning vectors (Invitrogen) prior to sequencing
and analysed using the BLAST program (Altschul ef al., 1997).

Confirmed Lactococcal species, such as C1, C5, M4, M12, M 14,
K1 and K2 could be developed into industrial or pharmaceutical
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strains of specific importance. Among our isolates, Lactococcus
lactis M4 has been found to be devoid of low molecular weight
plasmids and has the potential to be developed further as a
new host for transformation of genes of interest. A preliminary
transformation and growth study have indicated the ability of this
strain to accept plasmid pMG36e and to maintain its stability to up
to 100 generations. A number of food grade genetic modifications
such as gene deletion, gene replacement, increasing gene copy
number, and introducing new genes into the strain could then be
carried out.

DEVELOPMENT OF L. LACTIS CLONING AND
EXPRESSION SYSTEMS

Lactococcal Plasmids

Most lactococcal strains harbour between 4 to 7 plasmid molecules,
with plasmid sizes ranging from 2 to 80 kb. The plasmids carrying
several functions are relatively larger, whilst those that encode no
recognizable phenotype other than their replicative functions are
smaller and known as cryptic plasmids. Examples of plasmids
harbouring genes expressing specific functions include the
pLL10236 for lactose fermentation, pHP0O03 for proteinase activity
and p0B4-6 for bacteriocin production and immunity. The cryptic
plasmids include pWVO01 (Leenhouts et al., 1991) and pBM02
(Sanchez and Mayo, 2003). Both types of plasmids can be valuable
tools for DNA cloning, gene expression and other biotechnological
applications (Leenhouts and Venema, 1993). However, a limited
number of lactococcal plasmids have been studied in detail and
extensive molecular studies are required before they can be used
in genetic manipulation.
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We have isolated several small plasmids from chicken cecum-,
milk- and plant-based L. lactis strains using the techniques of
Anderson and McKay (1983) with some modifications. The bacterial
isolates were subjected to antibiotic susceptibility and antagonistic
activity tests and plasmid samples were analysed by agarose gel
electrophoresis. Using the extraction method, two isolates (M12 and
M14) from the milk sample were shown to possess several plasmids
of different sizes whilst the rest of the isolates did not give good
plasmid profiles. These isolates may carry some other low copy
number plasmids which are hardly detectable in ethidium bromide-
stained agarose gel. On the other hand, these lactococcal isolates
may also contain huge plasmids which are difficult to extract and
may be easily degraded, as Lactococcus are known to harbour huge
indigenous plasmids which aid their growth in milk (Christensson
etal.,2001).

The smallest of these plasmids, such as pAJO1 (Raha et al., 2002)
and pAR141 (Raha et al., 2006) were further characterised and
sequenced. Gel electrophoresis analyses of how the small plasmid
pAR141 was isolated and identified are shown in Figure 4.
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- Isolated plasmids
of strain M14
Different plasmid bands
of strain M14 were = LaneM: FastRuler™ DNA
" Ladder, High Range,
excised and eluted from =] \Iﬂ readyto-use
agarose gel (Femnentas)
=] Lane 1: pAR141
Lane2 pAR142
Lane3 pAR143
= Laned: pAR144
A B
Lane 1: Plasmids from M2
Lane 2: © M4
Lane 3: > M5
Lane 4: ©° M6
Lane 5: © M1l

Lane 6: ©> M12 — multiple plasmids

Lane 7: ©> M14 — multiple plasmids

Lane 8: > M16

Lane 9: “* L. lactis subsp. cremoris MG1363 (plasmidless)
Lane 10: ©* L. lactis subsp. lactis ATCC 11454

Figure 4 Agarose gel electrophoresis plates of A, plasmids isolated
from different milk isolates of L. lactis and B, isolated plasmids from
M14 (Adapted from Hooi, MS thesis).

Figures SA and 5B show the genetic maps of pAJO1 and pAR141.
The smaller pAR141 is shown to encode only its replication
sequences whilst pAJO1 carries the genes coding for erythromycin
resistance in addition to its replication. The rep gene of pAJOl1
and the complete sequence of pAR141 have been elucidated
and deposited into the GenBank (accession no. AY057995 and
DQ288662).
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Figures 5 A, The genetic map of plasmids pAJO1
(From Raha et al., 2002) and B, pAR141 (From Raha ef al., 2006)

Two different mechanisms of replication are known to operate in
L. lactis i.e. the rolling circle and theta replications. Theta type
DNA synthesis is unidirectional and mostly found in the Gram-
negative bacteria. Replication intermediates appeared as a typical
theta (©) shaped molecules. RCR plasmids on the other hand
are ubiquitous in the Gram-positive bacteria, although they have
been reported in many Gram-negative bacteria and archea. These
plasmids are usually small in size (less than 10 kb), have multiple
copies and are tightly organized. Three important elements i.e. a
gene encoding the initiator (Rep) protein, the double strand origin
(dso) and the single strand origin (sso), are contained in all RCR
plasmids (Khan, 2005). Rolling circle DNA replication is initiated
by an initiator protein encoded by the plasmid DNA, which nicks
one strand of the double-stranded, circular DNA molecule at a
site called the double-strand origin, or DSO. The initiator protein
remains bound to the 5’ phosphate end of the nicked strand, and
the free 3’ hydroxyl end is released to serve as a primer for DNA
synthesis by DNA polymerase III. Using the un-nicked strand as a
template, replication proceeds around the circular DNA molecule,

m16



Raha Abdul Rahim

displacing the nicked strand as single-stranded DNA. Displacement
of the nicked strand is carried out by a host-encoded helicase in the
presence of the plasmid replication initiation protein.

The initiator protein then makes another nick to terminate
synthesis of the first (leading) strand. RNA polymerase and DNA
polymerase III then replicate the single-stranded origin (SSO)
DNA to make another double-stranded circle. DNA polymerase |
removes the primer, replacing it with DNA, and the enzyme DNA
ligase joins the ends to make another molecule of double-stranded
circular DNA (Figure 6).

-0

lek

ORI
"°"°° DNA Ligase
é’ ONA o;- se
NNA Pol
Inactive Rep DNAPol |
SC DNA DNAPol M

S8 DNA SC DNA

Plasmid 53 (2005) 126-136

Figure 6 A model for rolling circle replication (From Khan, 2005)

Southern blot analysis on the S1 nuclease treated DNA indicated
that plasmid pAR141 replicates via the rolling circle replicating
(RCR) model. The RCR plasmids can be classified into at least five
groups based on sequence similarity of their dso and repB genes.
Alignments of these sequences show that pAR141 belongs to the
pMV158 plasmid family or the group II of the RCR plasmids on
the RCR replicon database (http://www.essex.ac.uk/bs/staff/osborn/
DPR/DPR _RCRIIalign.htm). A detailed nucleotide sequence of the
plasmid pAR141 is shown in Figure 7.
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GCATTGTCGAAAAAATTCGACTCTGATTTTTTTGTGTATTTTGCATTTTCGCTTTGAATA 60

TTTTTTGGTTTTTGGAAATTTGTTAT TT TTATTTTAAARAARATCATCAGGTG 120

CTTTGCTTTTTGAATACCCCTAGAAGCTCATATTTTTCGTTTTAAGCGTTTTTTGTGGTC 180

TGGAGGTATAATTTTACCTCGAARAARACARAAGTGCTTAARAATGGGCTTAARATGGCTT 240

GTGTGATTTTTAGCGTITATTTCGTTTGGTTATCGGCATAATCGGTTAAACAGATARCAC 300

Ccs-6 IR1
CTGCTCTGCAAGGCCTTTAAGCGTAGCGTGGCTTTGCAGAGC. GTTATCTGTTAGAT 360
TATGAAAGCCGATAGCCTAACGAARATAATAAGC! CTAATATTTCGGTGGGAGAG 420

IR2
GCTCAAGGGAGTTIGAGGGAATGARATTCCCTCATGGTTTTTGCTTTTAARATTTTGG! 480

nick I
ATTTTCCTAGGGGGGTAC TACGACCCCCCCTAGGGIGCATTGTGCATTGATTTTTTTTGA 540

AAACCACTCTAAACCATTAGTGTTATTGGTCTTGGGGCGGTTTTTTTAGAGARARAGTAA 600

-35 -10 RBS
AATGCIIGTATTTCTCTTCIATCTATARTATART TGCGGGGTATCARAAAAATTTGAAGG 660
RepA/CopG
GAAAAAATAT: TTGAGATCGAGAAGAA ATAACCTTGTCTATCCCTGTT 720
M V E I E K K K I T L S I P V

GAAACAAATGGGARACTAGAGGAATTGTCTAAAAAGTACGGTATGACTAAATCAGGGTTG 780
E T K L E E L S K K Y G S G L

GTTI-\RTTTTTTGATTI-\ATCAI-\GTTGCTGAAGCTGGGACGATTTFCMMTMAAGE 840
VNFLINQVAEAGTIY
RBS 710 RepB

MACCTGTAAG GAGGACGETAGAARAATAGTATGTGAGGTART: A'l:A(;gA'.I!GI‘C 900

TGTAAAAGGTCGTGATTGGACTTTCATAGTCTATCCAGAGAG 960
N
CGCTCCTAAGGCTTGGAGAGAGATTTTAGATGATACTCATCTGCGCTGGGTCGARAGTCC 1020

A P K A WU R ETITLDDTHTILR WV E S P

TTTGCATGACAGAGATGTTAACCCAGATGGCGAGATTARARAAGCTCATTGGCATATCTT 1080
L H D RDV N PDGE I K KAUHWH I L

GTTGAGTTACGATGGGCCGGTCAATTTGGTTGCTGTTARARAGCTTACGGATAAGCTTAA 1140
L $ Y DG P VN LV AUV KZ KTILTDZK L N

TGCTCCTAACCCTCAGAAAATTTCTAGTTCTARAGGGCTTGTGAGATATATGGCTCACTT 1200
A P N P Q K I S $ S K G L V R Y M A H L

GGATAACCCTGAGAAGTTTCAGTATTCTGTTGCTGATATARAAGGTCATAATGGGGCTGA 1260
D N P E K F QY s VA DI K GHNGAD

TATTGCTGCTTATTTTGAGTTAACAGCGACAAACAAATTGGCGATTATGARAGAGATTGT 1320
I A A Y F E L TATNKTULA ATIMZEKE I V

CAGGTACATCTACGARAATGGCGTTGATAATTATTCTGATTTTTTGATGTTTTGTATCGA 1380
R Y I Y EN G V DN Y S D F L M F C I E

GAATCGAGATGATTGGTTTGACGTTGCTATARAACAGCAATACGATCGCTATARATARAAT 1440
N S N T I A I N K M

GATTGATGCTGTTTGGCAAAAAAATAAAAAATMTTTATTTATAATTTATG@ 1500
D AV W Q K N K

FITCAGTGCT R T T BT TEE G T TGT TGCCARAGTCAACTTCTGATACCTTTTTTTGAGCAAT 1560

TACACCACCCAATTTTGGAGTGGTGTGTAAGTGC 1594

Figure 7 Detailed DNA sequence of plasmid pAR141. The inverted
repeats (IRs) are underlined while the direct repeats (DRs) are double
underlined. The nicking sequence of the dso is depicted in bold and
italics. The deduced amino acid sequences of CopG and RepB are
shown. The putative promoter and terminator sequences are shaded,
while the ribosome binding sites (rbs) and the -35 and -10 sequences
are highlighted by dotted lines. The start and stop codons are bold, the
ctRNA sequence is deduced to be between 880 and 832 nucleotides.
(From Raha et al., 2006).
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The G+C content of 36.1% of pAR141 falls within the normal
range of lactococcal RCR plasmids. Atthe DNA level, only small
regions of pAR141 gave significant homology to sequences from
other small lactococcal plasmids. The dso and sso, which are the
start sites of the leading- and lagging-strand synthesis of RCR
plasmid can be detected on the non-coding region of pAR141.
The 214 nucleotide sso region is located a short distance upstream
of the dso and so is not exposed to a single strand form until
the leading strand replication is almost completed. Two inverted
repeats (IRs) were identified in this region. IR1 is an imperfect 132
bp, flanking a 6 bp consensus sequence, CS-6 (5’-TAGCGT-3"),
within the terminal loop of the IR1. A shorter IR (IR2) is located
downstream of IR1. Sequence alignment analysis indicated that the
sso of pAR141 belongs to the ssoW family and has been identified
in some small Lactococcus and Lactobacillus plasmids (Kramer ef
al., 1999). However, the ssoA and ssoW type origins were found to
function efficiently only in their native host (del Solar et al., 1987;
Khan, 2005).

Downstream of ssoW is another IR (IR3) and two direct repeats
(DRs) or iterons. All these sequences could form the dso which
participates in the leading strand replication of RCR plasmids. At
position 486, a 29 nucleotide IR3 is present. The 9 bp sequence
5’-TACTACGAC-3’, which is only found conserved among RCR
plasmids of the pMV 158 family (del Solar ef al., 1998), is located
at the loop of the stem. This sequence is predicted to be the nic
region, where the nicking site of this plasmid is located between
the G and A residues as has been shown in the case of pMV158
(de la Campa et al., 1990).

Analysis of the sequence predicted two putative open reading
frames (ORFs)-encoding products larger than 50 amino acids,
downstream of the dso. These two putative ORFs cover 46% of
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the plasmid pAR141 and are located in the same orientation.
The DNA and protein sequence were searched for homology
and both putative ORFs showed highest similarity to the rolling
circle replicating plasmids of the pMV 158 family. Transcriptional
repressor CopG was assumed to be involved in copy-number
control, while replication initiator RepB is involved in plasmid
replication. Genes-encoding other functions were not detected in
this cryptic plasmid. Further analysis of the nucleotide sequence
suggested that the copG and repB genes were organized as a single
operon, with typical ribosomal binding sites located upstream
of each gene. A putative promoter was detected upstream of the
copG (nt 580 — 629). Downstream of repB, an IR (IR5) followed
by a stretch of TS was found, forming a possible transcriptional
terminator for the operon.

Nucleotide sequence analysis also revealed that plasmid
pAR141 could encode a small counter-transcribed RNA (ctRNA)
on the complementary strand, located between the copG and repB
genes. A putative promoter P_ consisting of a less conserved -35
region (5’-TTTATT- 3°) and an extended consensus -10 region
(5’-TGNTATAAT- 3”) can be observed on the complementary strand
overlapping the 5’-end of the repB coding sequence. A U-tract (from
838 to 826) that follows IR4 may be a rho-independent site involved
in the instrinsic termination of transcription of the ctRNA. Similar
genetic organisation of the ctRNA is common in plasmids of the
pMV158 family.

Constitutive and Inducible Expression Vectors

L. lactis has potential to be a vector for delivery of useful proteins
especially in the pharmaceutical and medical fields. This bacterium
is of particular interest for oral delivery of functional proteins
since it is a non-commensal food bacterium that cannot survive in
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the gastrointestinal tracts of humans and animals. A great deal of
interest has been shown to genetically modify these organisms to
improve their traits by introducing specific genes through cloning
techniques. Development of cloning vectors based on lactococcal
plasmids and the isolation of promoters and signal sequences have
made it possible to introduce genes from non-lactococcal sources
into Lactococcus. A plasmid vector characteristically should be
of low molecular weight, non-conjugative, possess an origin of
replication, has restriction enzyme sites, multiple cloning sites,
promoters, ribosomal binding sites and a selective marker.

Several available vectors such as pMG36e have a constitutive
promoter (P,,), which does not allow for controlled expression of
recombinant proteins. These promoters are not controlled by any
regulator or growth conditions and those used in the laboratory such
as P21, P23, P32, P44 and P59 are randomly isolated from the L.
lactis genomic library and distinguished by the chloramphenicol
acetyl transferase activity levels.

On the other hand, inducible promoters drive the expression
of genes involved in cell adaptation to its environment, by stress
conditions such as phage attack and temperature or pH shift. A
number of well-studied inducible promoters in L. lactis include the
P ., promoter - self inducible via lactic acid accumulation at pH<®6,
the dnaJ promoter - induced by heat shock, the P, , promoter
- controlled by salt levels (Siren, et al., 2009), and the P_zitR -
represses expression by competing with RNA polymerase binding
(Lull and Poquet, 2004). The most commonly used inducible
promoter in L. lactis is the nisin-controlled promoter system.

The nisin inducible gene expression system is based on the
autoregulatory properties of the L. lactis nisin gene cluster. Nisin
is a small cationic, hydrophobic peptide of 32 amino acids that
belongs to the lantibiotic class of bacteriocins (de Ruyter ef al.,
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1996). It is a natural antimicrobial agent with activity against a
wide variety of Gram-positive bacteria, including food-borne
pathogens such as Listeria, Staphylococcus and Clostridium. The
primary target of nisin is believed to be the cell membrane. Unlike
some other antimicrobial peptides, nisin does not need a receptor
for interaction with the cell membrane; however, the presence of
a membrane potential is required. Nisin is a natural preservative
present in cheese made with L. lactis spp. lactis, but it is also used
as a preservative in heat processed and low pH foods. Since nisin
cannot be synthesized chemically, the nisin-producing L. lactis
strains are used for its industrial synthesis (Kuipfers et al., 1995).
Two genes in the cluster, nis4 and nisF, are induced by nisin via a
two-component signal transduction pathway containing a histidine
protein kinase, NisK, and a response regulator, NisR. Expression
of both nisR and nisK is driven by the constitutive promoter nisR.

Expression vectors will allow the researcher to express the
genes of interest directly from their recombinant DNAs. A typical
expression vector will have a promoter upstream of the DNA
containing the sequence to be expressed. An inducible expression
vector was constructed in our lab (Varma et al., 2004). The vector
pRnis, contains the gfp gene cloned under the control of the nisA
promoter. Green fluorescence protein (GFP) is a protein of 238
amino acids, isolated from the Pacific jelly fish (4dequoriea Victoria),
which spontaneously emits green light at 508 nm when excited with
blue light at 395 nm in the presence of oxygen (Chalfie, 1995). GFP
has the advantage of being an auto-fluorescent protein that does not
require a substrate, allowing its detection in living cells in real time.
This plasmid vector allows the regulation of the transcription from
P . promoter depending on the presence of galactose in the growth
medium. Genomic DNA of L. lactis ATCC 11454 was isolated
using the method of Engelke ef al. (1992) with minor modifications.
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Polymerase chain reaction technique was used to amplify the
promoter region of the nis A gene using primers designed from
published sequences (de Ruyter et al., 1996). This is a 215 bp
fragment from positions -156 to +3 with respect to the nis 4 gene
promoter transcription start site, which includes the -35 and -10
sequences and ribosomal binding site of Lactococcus. Primers were
designed to include EcoRI and Xmal restriction enzyme recognition
sites (Figure 8A). The gfp gene was then amplified and cloned
downstream of the nis A promoter where a positive expression
indicated a functional inducible promoter (Figure 8B).

..... pRais

A B

Figure 8 A, Map of pRnis and B, a fluorescence micrograph of L.
lactis (pRnisGFP) expressing GFP (From Varma et al., 2004)

In this study, the P, promoter was shown to be able to be
induced by galactose in a host system that is without the nis K and
nis R operon as part of its chromosome or included in the plasmid
construct. This simple inducible expression system could contribute
to the pool of available expression systems for Lactococcus spp.
and thus could be a useful tool in expressing genes of interest. In
addition, we showed that gfp could be used as a reporter gene for
the analysis of gene expression in L. lactis.
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A second expression vector was also constructed in our
laboratory from the indigenous cryptic plasmid pAR141 utilizing
the constitutive promoter P, (Hooi ez al., 2009). This vector, named
pAR1411, incorporates multiple cloning sites, terminator and
gene coding for an erythromycin resistance and has been shown to
express the chloramphenicol reporter gene constitutively in L. lactis.
Interestingly, although pAR141 and its derivatives were expected to
be functional in a wide range of bacteria due to sequence similarity
topWVO01, pAR1411 was not able to replicate in E. coli. This could
be explained by the detection of the ssoW type origin replication
in pAR141 that allows the plasmid to function efficiently only in
its native host (Raha et al., 20006).

Shuttle Vectors

Vectors that can replicate in two or more hosts are called shuttle
vectors. Shuttle vectors allow DNA to be transferred between two
different species. The shuttle vector has two origins of replication,
allowing replication to occur in either system/host where it “shuttles”
between two different species. Typically, one host is bacterial (e.g.
E. coli) and the other host is a eukaryotic organism (e.g. yeast). The
bacterial host is used for all of the cloning steps and the eukaryotic
host can be used to study the expression from that cloned gene or
can be used to synthesize a product from the gene. A shuttle vector
can also be designed to allow “shuttling” between two different
groups of bacteria, or between the same group and different strains
(Kleerebezem et al., 1997). Shuttle vectors can also be used to
perform what is called reverse genetics. It is possible to replace or
alter the sequence of regulatory elements that control expression of
a given gene, and then put the gene back into their normal host cells
to see how gene behavior has changed. This provides information
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on how the regulatory element might function and which are the
important sequences within the regulatory element itself.

The high copy number, small molecular weight and the presence
of an erythromycin resistance gene suggest the potential use of the
plasmid pAJO1 as a cloning vehicle for L. lactis. A shuttle-cloning
vector, pAJ02, for replication in both E. coli and L. lactis was
constructed by cloning the plasmid into pUC19 (Raha et al., 2002)
as shown in Figure 9. The erythromycin resistant gene carried by
the plasmid pAJ02 was shown to express in both L. lactis and E.
coli through the induction of sub-inhibitory levels of 5 and 150
pug/ml erythromycin. This is important because other antibiotic
resistant genes such as kanamycin and ampicillin, which are easily
selectable markers in . coli and B. subtilis, are problematic markers
for selection in L. lactis.

e rep At
o ha Sacl/Haelll vl‘ICS
il X / (including EcoRI) Hindlll
/ \pskb A g
s !
/ pATOl \ lg‘n pUCIE/19 mcll | HindllI
2686bp Sa

\
4 g |

] \ pAJO2 X

/ <68kb b EcoRl

‘‘‘‘‘‘

Haelll ~ J° SaclHaelll

o Hindlll

it
HindIIl

— pUC19

pAJOI

Figure 9 Construction of a L. lactis - E. coli shuttle vector
(Adapted from Raha et al., 2002)

Plasmid stability is one of the major concerns in vector
construction. Apart from size and harbouring genetic markers,
it is important for a vector to be highly stable so that the desired
gene that has been cloned will be stably maintained in the new
host. The maintenance of a plasmid often induces a stress response
especially when a target protein is highly expressed. Such stress
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responses resemble environmental stress situations such as heat
shock, amino acid depletion or starvation (Hoffmann et al., 2002).
Stress induced by plasmid maintenance is often related to plasmid
copy number (Bailey, 1993), while the main perturbation can be
attributed to genes encoded by the plasmid and even constitutively
expressed genes such as antibiotic resistance genes. In all our work
with vector development, the stability test for plasmids will often be
carried out in their hosts for up to 100 generations in non-selective
growth conditions. In the case of pRnis, pAJ102 and pAR1411, we
found that our new constructs were all stably maintained, indicating
a functional replication mechanism.

Antibiotic Resistance Free Vectors?

A plasmid vector would contain a drug-resistance gene for selective
amplification. Once the vector enters the host cells, it will proliferate
and divide with the host. However, most transformation efficiency
is very low and transformed host cells will have to compete with
non transformed cells. Typically, antibiotics will be used to kill host
cells that do not contain the vectors carrying the drug-resistance
gene whilst transformed cells will be protected by the resistance
gene residing within the plasmids that had successfully entered
the cells. Unfortunately, there are inhibitions of using the drug-
resistance genes as markers for the host carrying the genes of
interest. This is due to the worry of possible horizontal transfer
of the antibiotic resistance genes, and the presence of which is
discouraged in clinical applications. Many attempts have been made
to produce vectors that are free of antibiotic resistance, among them
the Listeria monocytogenes-Escherichia coli shuttle plasmid that
is retained by complementation of D-alanine racemase-deficient
mutant strains both in vitro and in vivo (Verch et al., 2004) and
the eukaryotic amber suppressor t-RNA encoding pFAR plasmids

0l 26



Raha Abdul Rahim

(Marie et al., 2010). The choice of the alternative markers and the
selection mechanism of transformants are of utmost importance
when designing these types of vectors.

Xylanases catalyse the hydrolysis of xylan, the major constituent
of hemicelluloses. The use of these enzymes could greatly improve
the overall economics of processing lignocellulosic materials for
the generation of liquid fuels and chemicals. In the pulp and paper
industries, as well as the food industry, xylanases have the potential
to replace the chlorine-based paper bleaching process in paper
production and for bioconversion of lignocelluloses material to
fermentative products (Lubeck et al., 1997).

Xylanases are found in a variety of microorganisms and the genes
encoding them have been cloned in homologous and heterologous
hosts with the objective of overproducing the enzyme and altering
its properties to suit commercial applications (Baba et al., 1994).
We sub-cloned and expressed the xylanase gene from Bacillus
coagulans ST-6 in L. lactis using the expression vector pMG36e (a
gift from Leenhouts, K., the Netherlands). This work was carried
out to gauge the potential of this enzyme to be used as an alternative
selective marker for cloning and expression studies of recombinant
proteins in Lactococcus (Raha et al., 2006). The ability to express
xylanase and the ease of detection were two criteria that were
looked into. The xylanase gene was amplified from a chimeric
plasmid pBNXy, containing a fragment of the xynalolytic genomic
DNA of B. coagulans ST-6. The 750 bp PCR product was then
subcloned into the unique Nkel site of E. coli - L. lactis shuttle
vector pMG36e and subsequently transformed into competent E.
coli XL1-blue MRF’ cells and L. lactis MG1363 cells. Growth
temperature of the recombinant E. coli harbouring pMG36e-Xy at
37°C was seen to cause considerable loss of recombinant plasmids
(after 10 generations) as opposed to growing the cells at 30 - 32°C.
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Whilst it took only 24 hours for the production of clear zones to be
formed around the E. coli transformants, it took more than 48 hours
before the same could be detected around the L. lactis transformants
(Figure 10).

A B

Figure 10 A, Restriction enzyme digestion analysis of pMG36e-Xy
isolated from Escherichia coli XL1-Blue MRF; B, Lactococcus lactis
MG1363 containing pMG36e-Xy on SGM17-RBB-Xylan agar. The
clear halo zones surrounding the colonies are due to the diffusion of
Remazol Brilliant Blue upon the breakdown of xylan by the secreted
xylanase (From Raha et al., 2006).

Bacterial culture containing pMG36e-Xy was shown to have an
enzyme activity of 390 pug xylose ml ! culture min ! respectively
when compared with only 40 pug xylose ml! culture 30 min ! for
the control (plasmidless strain).

There were significant differences in the optimum growth
temperature and plasmid stability in the transformants. Plasmid
instability is frequently observed with recDNA especially in Gram
positive bacteria. One of the reasons is because of segregational
instability which refers to the loss of the plasmid population among
the cells. Amongst the factors important for the maintenance
of plasmids in bacterial cells is their replication and accurate
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partitioning during cell division that can be disrupted by structural
instability because of DNA deletions or rearrangements. From this
study, we concluded that whilst the thermostable xylanase from B.
coagulans ST-6 could be expressed in L. lactis, the slow release of
the enzyme and the instability of the plasmids harbouring the gene
indicate that xylanase is not an advantageous selection material to
be used in Lactococcus. However, the use of Lactococcus as a host
to produce xylanase can be looked into and developed further.

Surface Display

Bacterial surface displays have received considerable attention in
the fields of vaccine delivery, whole cell adsorbents, biocatalysts
and diagnostic tools. Many studies have been carried out to evaluate
the effect of antigen presenting schemes by Gram positive bacteria
on the immune system. In some schemes, the antigen is secreted
or expressed intracellularly in the host cytoplasm (Wells et al.,
1993). In others, due to the advantages related to having a direct
contact between the antigen and immune system, the development
of schemes to display the foreign antigens on the surface of bacterial
cells is pursued (Ribeiro et al., 2002). The food-grade L. lactis is
a potential vector to be used as live vaccine.

Several bacterial and viral antigens and cytokines have been
produced efficiently in L. lactis (Ribeiro et al., 2002; Bermudez
et al., 2003). Improvement in the expression systems for L. lactis
includes the use of inducible and constitutive promoters, secretory
and intracellular expression of heterologous antigen and use of
"GEM particles’ to present the antigenic epitope on the cell surface
(Bosma ef al., 2006: van Roosmalen et al., 2006).

N-Acetylmuraminidase AcmA is an autolysin of L. lactis with a
molecular weight of 46 kDa that is required for cell separation and
is responsible for cell lysis during the stationary phase (Buist ez al.,
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1997; Steen et al., 2003). The major peptidoglycan hydrolase of L.
lactis comprises of three domains including the N-terminal signal
sequence, an active domain and a C-terminal membrane anchor.
Three repeated regions comprising 44 amino acids are present
in the C-terminal domain of the protein. Whilst all three repeats
are involved in bacterial cell wall binding, binding to cell wall is
possible with only one of the repeats.

Using the knowledge gathered from literature, and due to lack of
commercially available lactococcal plasmids at that time, our group
came up with a hypothesis that the repeats in the acmA sequence
could be expressed as a fusion protein, expressed in another simple
host, purified and re-anchored to the surface of L. lactis (Figure
11). Several other cell wall proteins of L. lactis, such as nisP (Raha
et al., 2004, 2006), were also cloned to facilitate future work on
surface display.

B
o=

- o=
B . =
Recombinant Loz fed F“Sim
E coli / proteins

Incubation of fusion proteins
with non-recombinant L. lactis

38°
388 0

Non-recombinant L. lactis
displaying atigens

Figure 11 Model of the L. lactis docking system
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We constructed a plasmid vector pSVac based on an E. coli
expression vector that harbours a 255 bp single repeat sequence
of the cell wall binding region of the AcmA protein (Figure 12).
The pRSET vectors are pUC-derived vectors designed for high-
level protein expression in E. coli. The plasmid includes an ATG
translation initiation codon, a poly-His tag, a transcript-stabilizing
sequence, a strong T7 promoter, an anti-express epitope and the
enterokinase cleavage recognition sequence. Double digestion
with the restriction enzymes Psfl and Hindlll showed that the
255 bp repeat sequence of the C-terminal region of the cell wall
binding protein AcmA was successfully cloned in-frame with the
T7 promoter downstream of the His tag sequence.

SDS PAGE Western Blot
1 2 M 1 2

116 kDa

25kDa — SRR SkDa|
15 kDa —" £

A B

Figure 12 A. Map of pSVac construct, vector contains T7 promoter,
ribosomal binding site, the start of an open reading frame, His-tag,
MCS, pUC origin of replication, and ampicillin resistance gene. B.
SDS-PAGE and Western blot analyses of the over-expressed AcmA

recombinant protein. Lane 1, Total protein of BL21 (DE3) pLysS
(pSVac), lane 2, total protein of BL21(DE3) pLysS pRSETC as
negative control, lane M, protein marker (From Raha et al., 2005).

We then fused the a/ and a3 regions of the virus EV71 VP1
gene upstream to the acmA-225 and expressed the construct in
E. coli BL21(DE3)pLysS. SDS-PAGE and Western blot analyses
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showed the presence of fusion protein bands of the expected size.
Although the expression of foreign genes in E. coli has been
widely documented, this was the first report on the expression of
a functionally active cell wall fragment domain of the L. lactis for
surface display (Raha et al., 2005). Interestingly the recombinant
protein was found to have maintained its capability to anchor onto
the cell surface of L. lactis, as well as those of other LABs such as
Lactobacillus and Bacillus (Figure 13). The stability assay carried
out indicated that the fusion proteins were also stably docked onto
the cell surface of L. lactis for at least five days.
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Figure 13 1, L. lactis incubated with AcmA protein; 2, B. subtilis
incubated with AcmA protein; 3, B. sphaericus incubated with AcmA
protein; 4, L. lactis not incubated with AcmA protein; 5, B. subtilis
not incubated with AcmA protein; 6, B. sphaericus not incubated with
AcmA protein; 7, PBS and substrate.

Through the work reported here, we have developed a strategy
for display of antigenic determinants on the cell surface of L. lactis
(Malaysia Patent filed - PI20044832). This method could also be
used to display peptides or epitopes on to the cell surface of L. lactis
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and other LABs for other useful applications such as biosensor and
delivery of pharmaceutical and nutraceutical products.

Other Vectors

We have also constructed several other types of specialized vectors
(submitted for publication). pSTag is a vector that has the His- and
S-Tag cloned under the control of the nisin promoter. Its function
would be to enhance the ability to detect and purify recombinant
proteins expressed in L. lactis. We are also working on new surface
display and integrative vectors for L. lactis as well as secretion-
specific vectors for both L. lactis and E. coli.
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THE MICROBIAL FACTORY

An important aspect of the research on microbes adopts the concept
of using them as biofactories, which is their use in the production of
molecules important to the pharmaceuticals and industrial sectors.
The elementary nature of bacteria and the increased understanding
of industry scale culture make them attractive bioproducers. In
these instances, a close working relationship should be established
between researchers in the different areas of biotechnology such as
molecular biology, fermentation technology and enzyme technology.
We have utilized available plasmids and bacterial hosts to express
important enzymes and proteins. Below are some examples of the
work carried out in our laboratory;

E. coli Hosts and Vectors

The production of proteins is one of the main applications of
genetic engineering in biotechnology. Even though standard
cloning procedures are now routine and a large variety of host-
vector systems for gene expression are available, difficulties are
encountered when theoretical strategies are put into practice, so gene
expression is still quite empirical. E. coli remains an important host
system for industrial production of proteins from cloned genes, and
considerable experience has been accumulated since the ground-
breaking gene expression experiments. The extensive knowledge
on E. coli’s physiology and genetics accounts for its preferential
use as a host for gene expression (Figure 14).
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Figure 14 A scanning electron microscope of E. coli (1ab isolate)

The use of E. coli confers several advantages to the users i.e.
rapid and high level expression as a result of high speed growth
to high density, low complexity and low cost of growth media and
the ability to target proteins to the desired subcellular locations
(Fernandes et al., 1999). Further, a number of mutant host strains
and vectors that can improve the expression of recombinant proteins
are available where host strains with mutations in the cytoplasmic
protease genes reduce protein degradation. Host strains such as
the TOP system allows for easy cloning and transformation, whilst
the BL21, Origami and OrigamiB series are deficient in certain
reductases and promote the formation of disulfide bonds (Sone et
al., 1997). Vector such as the pET32 series increase the yield of
soluble proteins in the cytoplasm (La Valie et al., 1993) while the
IMPACT system (New England Biorad) offers a tag that combines
the benefits of the chitin-binding domain with a self splicing protein
element. Several commercially available host strains and vectors
for E. coli are shown in Tables 3 and 4.
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Table 3 List of several commercially available E. coli strains

(Adapted)
Host Genotype Reference
F—mcrA A(mrr-hsdRMS-mcrBC)

TOP10 y80lacZ AM15 Kang et al.,
AlacX74 deoR recAl araD139 2002
A(ara-leu)7697 galU galK rpsL
(StrR) endAl nupG

BL21 (F ompT hsdSB (rB-mB—) gal ~ ~angetal-

2002
dcm)
[F-, ompT, hsdSB (rB—, mB-), gal,

BL21(DE3)  dcm, A(sri-rec4)306::tn10 (tetr) gglgzoy etal,

(DE3)]

F-ompT
BII: 2SIS(DE3) hsdSB (rb- mB-) gal dem (DE3) 12{(?87et al,
PLy pLysS (CmR)

[F’:tn10 (tetr), A(lacproAB),

XL1 strain laclq, recAl, endAl, gyrA96 Toksoy et al.,
(Nalr), thi-1, hsdR17(rk— mk 2002
+), supE44, reld1, A(lac), M)

W3110 (F=mcrA mcrB IN(rrnDrrnE) Kang et al.,
1) 2002
(r-, m +, Alac-pro, thi,

JM103 strA, supE, endA, sbcB15, hsdR4 Hellman et al.,

[F’, traD36, proAB, lacl g,
lacZAM15]

1992
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Table 4 List of several commercially available E. coli plasmid vectors

(Adapted)

Vectors Characteristics Reference
TOPO Blunt pUC ori, Kn', lacZa Invitrogen
TOPO TA pUC ori, amp’, lacZa Invitrogen
pET-32a-c (+) pBR322 ori, amp’ Novagen
pET-21a-d(+) pBR322 ori, amp’ Novagen
pET-22b(+) pBR322 ori, ampr Novagen
i;’é D/His 1213312322 ori, amp’, Invitrogen
pFLAG-CTC pBR322 ori, amp" sigma-aldrich
pTAC pBR322 ori, amp" sigma-aldrich
pRSFduet-1 RSF ori, kn* Novagen

Researchers working with E. coli hosts are faced with a wealth
of vector options when designing recombinant proteins. Every year
new host strains with characteristic advantages and plasmid vectors
are made available commercially. Additionally, since the types of
proteins are intrinsically unique, researchers must know which
system to choose and modify so that it can be used to optimize gene
expression. Therefore, some of the pertinent questions to ask when
deciding on E. coli systems would be which type of promoter and
gene marker is required and whether a fusion protein is necessary
to facilitate its localization, detection, enhanced solubility and
purification.

i 38



Raha Abdul Rahim

a) Expression of the ctxB Gene from Vibrio cholera

Vibrio cholera is a well known human pathogen that has caused
a worldwide cholera epidemic. Many different techniques have
been utilized to detect and differentiate the Vibrio species, such
as conventional bacteriological methods and immunological and
molecular methods (Neela et al., 2000; Somarny et al., 2002;
Tracz et al., 2007). The symptoms of cholera are caused by the
cholera toxin (CT), an 85 kDa composed of A (ctxA) and B (ctxB)
subunits combined to form halotoxin. Although CT cannot be used
in humans as a mucosal adjuvant, the nontoxic ctxB subunits have
been described as a potent immunogen in the intestinal and nasal
mucosal sites (Rudin ez al., 1999).

The E. coli BL21(DE3)pLysS and vector pPBAD/HisB were
used in our aim to carry out a preliminary optimization study for
the production of the ctxB protein in E. coli under time course
and different concentration conditions using SDS-PAGE and
western blot analysis (Haryanti et a/, 2008). The pBAD vector
offers very tight regulation of gene expression, inducible in the
presence of arabinose. The system was chosen because it has been
demonstrated to be an attractive choice for expression of toxic
proteins in E. coli due to its stringent control under uninduced
conditions. The 450 bp CTB encoding gene was PCR amplified,
cloned into pBAD/HisB, and transformed into E. coli BL21(DE3)
pLysS strain. Transformants grown to 0.6 OD were induced at
37°C for 3 hours with the addition of arabinose at concentrations
of 0 — 0.2% (w/v). Results showed that the optimum concentration
of ctxB as detected by immunoblot against His-tag was produced
at 0.2% arabinose concentration after 2 hours induction at 37°C.
In this study, the expression of ctxB in E. coli under the inducible
control of the arabinose promoter was demonstrated. The araBAD
promoter provides a distinct advantage over some of the more
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commonly used over-expression systems in bacteria (example the
T7lac promoter of the pET system), as it provides a much tighter
control over basal expression.

b) Expression and Production of L-ldh from Enterococcus
faecalis KK1

Lactate is used in various industries such as food, pharmaceutical,
medical and agriculture, where its production is approximately 15
million metric tons per year globally (Tsuji, 2002). The demand
for lactic acid is rapidly expanding with the introduction of
polylactate (PLA), a renewable, biodegradable plastic in the market
place (Tsuji, 2002). Lactic acid is the main fermentation product
excreted by the gram positive lactic acid bacteria (LABs) and can
either be in the form of L-lactate or D-lactate. L-isomers are more
abundant compared to the D-isomers for most uses of bioplastics.
Engineering the L-lactate gene in E. coli offers advantages such as
producing optically pure L-lactic acid with trace amounts of other
fermentation products (Chang et al., 1999; Dien et al., 2001), and
the capability of this host to utilize a wide variety of sugars.

An E. coli strain over-expressing the L-1dh gene was constructed.
The 954 bp L-Idh gene amplified from the genome of Enterococcus
faecalis KK1 was cloned into pBAD and transformed into a
knockout E. coli strain SZ85. Comparison of nucleotide and amino
acid sequences with the L-Idh gene of Lactococcal strains revealed
a moderate degree of homology (68-70% amino acid). Genera
Lactococcus and Enterococcus were once grouped under the same
genus Streptococcus and this was reflected in the moderately high
homology between the two in L-lactate dehydrogenase amino
acid sequences. The presence of a 40 kDa band on SDS-PAGE
confirmed the expression of the L-LDH enzyme and its maximum
activity was achieved at 170 U/ml. Production of L-lactic acid by
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the recombinant E. coli was initially studied in batch fermentation
using fructose as a carbon source.

The effect of temperature and pH on the production of lactic acid
using E. coli BAD8S was also investigated using batch cultivation
in shake flask and 2L bioreactor. The final lactic acid yield was
62% (g/g) of the net theoretical fructose concentration from 1 g/L
of fructose; meaning 0.62 g of lactic acid and 0.68 g of cell mass
were produced from 1 g of fructose by the recombinant strain £.
coli BADS8S5 at pH 7 and 37°C. The production of L-lactic acid by
E. coli BADS85 was further studied in a 2L bioreactor system at a
controlled pH of 7.0. Our recombinant E. coli BAD85 (Tengku
Elida et al., 2009) was shown to have produced lactic acid 1.7 fold
higher than the control E. coli SZ85 strain. The chirality of L-lactic
acid was observed at 98%. The maximum level of L-1dh activity in
E. coli BADSS at 170 U/ml was 1.72 fold higher than that in the E.
coli SZ.85.

c¢) Expression of the SOD Gene from L. lactis M4

Oxygen (O,) is an important element in many living organisms.
However, there are several disadvantages related to the utilization
of oxygen linked to its potential toxicities. During partial reduction
of O,, reactive oxygen species (ROS), such as superoxide radicals
(O,), hydrogen peroxide (H,0,), and hydroxyl radical (OH) are
formed (Kreig and Hoffman, 1986). These ROS impose oxidative
stress which can cause oxidative damage to the cells, including
deoxyribonucleic acid (DNA) strand breakage, protein inactivation
and membrane lipid peroxidation (Burdon ef al., 1996).

Living organisms have developed defense mechanisms against
the toxic effects of ROS in order to protect themselves. Superoxide
dismutase (SOD, EC 1.15.1.1) is a metalloenzyme which acts as
a defense mechanism against oxidative stress by catalyzing the

41 1m



Designer Genes: Fashioning Mission Purpose Microbes

formation of H,0, and O, from O, ( Fridovich, 1995). The produced
H,0, is then detoxified by catalase or peroxidase. SOD can be
found in almost all aerobic and some anaerobic organisms. SOD
can be classified into 3 groups according to their metal cofactor:
manganese (MnSOD), iron (FeSOD) and copper-zinc (CuZn-
SOD). MnSOD, encoded by sodA, is found in prokaryotes and
in mitochondria of eukaryotes. All previously tested streptococci
(including Lactococcus lactis subsp. lactis) appear to carry a Mn-
SOD (Sanders et al., 1995). The purpose of this work was to clone
and express the sod gene from the L. lactis in E. coli BL21(DE3)
pLysS, prior to investigating the potential of mass production of
the E. coli BL21(DE3)pLysS harbouring the superoxide dismutase
form L. lactis. L. lactis was chosen as the source for SOD because
of'its GRAS status and its use to produce many bioprocessed foods,
especially fermented dairy and meat products.

A full-length sod gene amplified from a locally isolated
Lactococcus lactis M4 was cloned into vector pRSET A and
transformed into E. coli strain BL21(DE3)pLysS. Deoxyribonucleic
Acid (DNA) sequencing results showed 96% homology to the
published nucleotide sequence of L. lactis subsp. lactis L1403 sod
gene.

Expression of the recombinant protein was analyzed by Sodium
Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE) and confirmed with Western Blot (Figure 15).
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Figure 15 A, SDS-PAGE analysis of the denatured recombinant
protein. B Western Blot analysis of the denatured recombinant protein.
A Lane 1, Protein Molecular Weight Marker (Fermentas); lane 2,
induced pRSOD with purification; lane 3, induced pRSOD; lane 4,
induced pRSET A; lane 5, induced E. coli BL21(DE3)pLysS; lane 6,
non-induced pRSOD with purification; lane 7, non-induced pRSOD;
lane 8, non-induced pRSET A; lane 9, non-induced £.coli BL21(DE3)
pLysS; B, Lane 1, Mid-Range Prestained Protein Marker (Mbiotech);
lanes 2-9 as A. Arrows indicate the presence of recombinant SOD ~
27 kDa.

The activity of the recombinant SOD was confirmed through
nitroblue tetrazolium (NBT) negative staining system. Assay based
on the NBT negative staining system detected achromatic bands
on the nondenatured polyacrylamide gel after exposure to light.
During subsequent illumination, the photochemically reduced
riboflavin reduces dioxygen to O,", which in turn reduces the NBT*
to its purple formazan. SOD intercepts the photochemical flux of
O,", creating achromatic bands against the purple background of
formazan. Apart from the expressed recombinant protein, three
other bands were visualized on the gel. We suspect (Tan, MS
thesis 2009 — submitted for publication) that those additional
bands are the isoforms of MnSOD. MnSOD may appear in the
form of homodimer and heterodimer. Western blot analysis
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was carried out to confirm the presence of the isoforms of the
recombinant protein. The result indicated that all of the four bands
were detected by monoclonal anti-His antibody. This suggests
that the additional protein may be isoforms of the recombinant
SOD. Further investigation needs to be carried out to confirm the
presence of isoforms such as by performing isoelectric focusing
and two-dimensional gel electrophoretic analyses.

Experimental studies in molecular biology with transformed
E. coli assume that the recombinant plasmids are stable. However,
different growth and storage conditions can evoke changes in the
transformed population (Smith and Bidochka, 2004). Shiloach
and Fass (2005), reviewed the methods of growing recombinant E.
coli strains and the development of the microbes to achieve high
cell density cultivation. They stated that the overall productivity
of the recombinant protein depends on numerous factors such as
plasmid stability, promoter response to inducer, post transcriptional
inhibition events, and post translation inhibition caused by
proteolysis and improper folding. Our study (Wan Omar et al.,
2008) showed that the recombinant plasmid carrying the sod gene
(pPRSOD) was stable up to 200 generations in the E. coli BL21(DE3)
pLysS strain. The addition of IPTG induced the expression of SOD
at the early exponential phase. In shake flask cultivation, LB and
TB were used as the growth media and the highest dry cell weight
of the recombinant E. coli was obtained at 3 g/L in the TB medium
with 20 g/L of glucose.

Working with non-E. coli Bacterial Strains

Whilst E. coli remains the most attractive host for heterologous
protein expression, in some cases a microbe will need to have
its metabolic pathway engineered in order to improve production
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of its useful proteins. When dealing with strains that do not have
commercially available mutant hosts and vectors, the researcher
must find ways to either develop their own vectors and hosts or
solicit the help of others working with the same microbe.

a) Overexpression of the Hydrogenase Gene in Clostridium
butyricum EB6

Hydrogen gas has been identified as the ideal clean energy of the
future. Gaseous hydrogen is widely produced by microorganisms,
but virtually absent in higher organisms. Anaerobic bacteria,
facultative bacteria and photosynthetic bacteria have been reported
to produce hydrogen efficiently either from synthetic medium or
waste from various industries (Zhu et al., 2008; Tang et al., 2008).
These microorganisms which generally have the ability to produce
hydrogen gas during catabolism of carbohydrates and hydrogenases
(EC 1.12.7.2) are known to release hydrogen gas from the reduced
form of ferredoxin.

Clostridia species were identified as efficient hydrogen producers
from wastewater. They are found in most hydrogen producing sludge
and are able to ferment biomass polymers such as polysaccharides
and protein to obtain energy and reducing powers such as proton/
electron and reduced compounds in cells. A gram positive anaerobic
bacterium, Clostridium butyricum EB6, was isolated from POME
sludge. It was characterized as hydrogen producing bacteria that
is capable of utilizing organic material in palm oil mill effluent
(POME). Hydrogen production by C. butyricum EB6 was optimized
to produce 2.2 mol H,/mol glucose and the co-production of butyric
acid and acetic acid (Chong ef al., 2009).

In this work, the [Fe]-hydrogenase (hydA) gene of C. butyricum
EB6 was amplified and cloned into plasmid vector pTZ57R/T
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(Fermentas, CA). A set of primer was designed based on the
published sequence of iydA: 5 CATATCAATTCTTTGGCGCTTT
3’and 5’ ATATATATTAGCATCTGTA 3°. Each PCR mixture (total
volume, 25 pL) consisted of 2.5 pLL of 10x PCR buffer, 2.5 uL of
MgCl, (25 mM), 0.5 pL of dNTPs (10 mM for each), 0.5 puL of
each primer (10 uM), 0.2 pL of Taq polymerase (5 U/uL), 0.5 puL
of the above template and adequate amount of distilled water added
to reach the desired volume. Sequencing results of the #ydA gene
identified an open reading frame of 1725 bp which encodes 574
amino acids of approximately 64 kDaltons. The ribosomal binding
site of GGAGG was located at -15 upstream of the hydA4 open
reading frame. A -35 and -10 region (AAAAAA and AATTTA) with
spacing of 18 bp were also located. Homology searches in NCBI
carried out with the BLAST function based on similar sequence
program (blastn) found that the #ydA gene sequence of C. butyricum
EB6 was 80.5% similar to the 4ydA of C. acetobutylicum P262 and
closely similar to the Clostridia hydrogenase.

For overexpression of hyd4 in C. butyricum EB6, the hydA
gene was subcloned into E.coli-C. perfringers shuttle vector,
pJIR418 (ATTC) and a modified method of electroporation on C.
butyricum EB6 was established for transformation (Chong, PhD
thesis 2009).
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v

Ligation at 22°C for 8hours,
transformation by electroporation
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PIRA418-hydA
9547tp

Figure 16 Overview of the construction of expression vector pJIR418-
hydA (Adapted from Chong M.L., PhD thesis 2009).

When C. butyricum EB6 was cultivated in 1L of synthetic
medium with 15.7 g/L of glucose and 0.39 g/L of FeSO,, hydrogen
production was achieved at4.1L H,/L medium or yield of hydrogen
at 2.2 mol H /mol glucose (Figure 17). In conclusion, an increase
of hydrogen gas percentage and total gas was obtained from the
recombinant strain where the gas percentage increased from 55
to 75%, total hydrogen gas production from 4.2L to 4.8L and the
yield of hydrogen from 2.2 to 2.5 mol H /mol glucose. Hydrogen
production was shown to have increased 1.14 fold compared to the
wild type (Figure 18). These results show that an increase in the
copy number of the hydrogenase gene played a role in the increase
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of hydrogen production in C. butyricum EB6. However, as observed
in most recombinant strains, the growth of the recombinant C.
butyricum was found to be lower than the wild type.

71/3) mda

0 2 6 8 10 12 14 16 18 20 2 24
Time (hour)

Figure 17 Batch biohydrogen fermentation of C. butyricum EB6 at pH
5.7,37°C, 15.7g/L of glucose and 0.39 g/L FeSO,. (a) Profile of biogas
and biohydrogen production (ml), (b) Profile of dry cell weight (g/L)
and glucose utilization (g/L), (c¢) Profile of acid accumulation (g/L).
o: Total accumulated biogas (ml), o: Total accumulated hydrogen gas
(ml), m: Dry cell weight (g/L), ®: Glucose utilization (g/L), A: Total
accumulated acid (g/L), ¢: Butyric acid (g/L), {: Acetic acid (g/L), A:
Formic acid (g/L). (Adapted from Chong et al., 2009)
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Figure 18 Batch biohydrogen fermentation of recombinant C.
butyricum EB6 with overexpression of hydrogenase gene at pH 5.7,
37°C, 15.7g/L of glucose and 0.39 g/L FeSO,. (a) Profile of biogas
and biohydrogen production (ml), (b) Profile of dry cell weight (g/L)
and glucose utilization (g/L), (c) Profile of acid accumulation (g/L).
o: Total accumulated biogas (ml), o: Total accumulated hydrogen gas
(ml), m: Dry cell weight (g/L), ®: Glucose utilization (g/L), A: Total
accumulated acid (g/L), 4: Butyric acid (g/L), {: Acetic acid (g/L), A:
Formic acid (g/L). (Adapted from Chong et al., 2009)

b) Expression of the VP Genes of ChickenAnemia Virus in L.
lactis

Chicken anemia virus is a ubiquitous pathogen which clinically
affects chicks aged 1 day to 2 weeks old. Clinical signs of the
disease include anemia and thymic depletion (Yuasa ef al., 1976).
A horizontal transmission of the virus to chickens older than two
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weeks results in subclinical infection which contributes to between
10% to 30% mortality rates leading to economic loss. CAV has
three immunogenic major proteins. The viral protein 1 (VP1) is
the capsid protein, viral protein 2 (VP2) is a scaffold protein,
while viral protein 3 (VP3) has been identified as an apoptin,
which causes apoptosis in infected cells (Noteborn ef al., 1994).
Polymerase chain reaction (PCR) was used to amplify the VP1 and
VP2 genes of chicken anemia virus (CAV) CUX-1 and VP3 gene
fragment of a CAV local isolate. The PCR products were cloned
into vector pCR2.1-TOPO, transformed into E. coli TOP 10F’
and positive transformants were selected by blue-white screening.
Analysis of the recombinant plasmids showed the presence of the
respective fragments which were then subcloned into pMG36e and
electrotransformed into L. lactis MG1363. Northern blot and RT-
PCT analyses confirmed the presence of the recombinant transcripts.
SDS-PAGE and Western blot results showed the presence of the
translational product of the VP3 gene (Raha et al., 2000).

DELIVERY OF LIVE VACCINES

The use of microbial vectors has provided a vaccine technology with
broad applicability that could have significant impact on vaccine
development worldwide. Over the past 20 years, experimental
bacterial vaccine vectors that elicit immune responses against
bacterial, viral, protozoan and metazoan pathogens in laboratory
animals have been produced. The application of bacterial vector
vaccines to human diseases has been studied most extensively in
attenuated strains of Salmonella. Live, attenuated strains of Shigella,
Listeria monocytogenes, Mycobacterium bovis-BCG and Vibrio
cholerae provide unique alternatives in terms of antigen delivery
and immune presentation, and also show promise as potentially
useful bacterial vectors. The lactic acid bacteria, which we ingest
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and which forms part of our intestinal flora, may serve as a vehicle
for new types of oral vaccines.

In the last decade, the potential of live recombinant lactococci
to deliver such proteins to the mucosal immune system has been
investigated (Dieye et al., 2003; Robinson et al., 2003; Bermudez-
Humaran, L.G., et al, 2005; Le Loir et al, 2005; Hanniffy et al,
2007, Yuvaraj et al., 2008). The usage of L. lactis as a vaccine vector
is becoming increasingly important, due to its classification as a
GRAS organism that is nonpathogenic and noncolonizing (Wells
et al., 1996). Studies on the feeding of live lactococcus to human
volunteers have shown that the passage of this bacterium through the
intestinal tract is transitory (Drouault ez al., 1999). Despite its lack
of invasiveness, L. lactis has been shown to deliver heterologous
antigens to the systemic and mucosal immune systems via mucosal
routes (Steidler et al., 2000; Xin et al., 2004; Ramasamy et al.,
2006).

Whilst the focus elsewhere is to develop L. lactis as potential
vaccines against human pathogens, our approach is to utilise L.
lactis as live vaccine carrier for the agriculture industry. We have
thus far used the available vectors to clone and transform the genes
coding for immunogenic epitopes of poultry and fish pathogens. The
approach of oral delivery using L. lactis offers several advantages
over traditional methods of vaccination of animals, i.e. easy
administration and the ability to elicit both systemic and mucosal
immune responses.

Live Oral Vaccine for Fish

Although fish farming has great development potential in Asia,
fish diseases such as those caused by the bacteria Aeromonas
hydrophila still remain a major constraint to its successful
expansion. Aeromonads are opportunistic bacteria that can cause
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infection which, depending on the species and the virulence of the
strains encountered, may have life-threatening consequences. 4.
hydrophila has specifically been associated with several diseases
of fish, including tail rot, fin rot, and hemorrhagic septicemias
(Miyazake and Kaige, 1985; Nielsen et al., 2001; Ronaldi et
al., 2004). A number of virulence factors may contribute to the
overall virulence of A. hydrophila (Radu et al., 1997), including
the extracellular products (ECPs). The characterization of antigens
present in the ECPs and cell wall of motile Aeromonas sp. isolated
from rainbow trout culture systems showed heterogeneity not only
among the different serogroups but also within the same serotype
(Santos et al. 1996).

Most bacterial vaccines are inactivated products and the
recombinant vaccine technology has so far been used only to a
very limited extent. Fish are usually immunized with multivalent
vaccines by intraperitoneal injection. In marine fish species
vaccination is generally performed by immersion. Oral vaccination
has the advantage that it is a very easy vaccine administration
method with no stress to the fish.

In our work we developed a live recombinant vaccine using L.
lactis as the carrier for protection of Tilapia against A. hydrophila
(Journal of Applied Microbiology, accepted 2010). The polymerase
chain reaction (PCR)-amplified 250 bp and 750 bp sequences
coding for domains D1 and D4 of aerolysin were individually
cloned into pNZ8048 (a gift from Kees Leenhouts, the Netherlands)
and electrotransformed into L. lactis NZ9000 (a gift from Kees
Leenhouts, the Netherlands). The recombinant vaccine candidates
were then either orally fed or injected intraperitoneally into
tilapia.
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Table 3 Antibody production in tilapia vaccinated orally with different
immunogenic epitopes of A. hydrophila expressed in L. lactis

450nm

Week
T1 T2 T3 T4 T5 T6 T7
0.24 0.27 0.27 0.27 0.27 0.25 0.27
0 + + + + + + +
0.00 0.01 0.01 0.01 0.01 0.01 0.01
0.73 1.06 1.30 1.84 0.41 0.27 0.32
1 + + + + + + +
0.01 0.03 0.06 0.05 0.02 0.04 0.03
2.08 1.73 1.99 2.07 0.76 0.54 0.52
2 + + + + + + +
0.04 0.06 0.02 0.05 0.02 0.08 0.05
1.27 1.21 1.26 1.63 0.34 0.31 0.37
3 + + + + + + +
0.03 0.07 0.02 0.07 0.00 0.04 0.02
1.32 0.93 1.18 0.95 0.31 0.26 0.25
4 + + + + + + +

0.03 0.04 0.03 0.03 0.03 0.02 0.03

T1, commercial diet + recombinant L. lactis with D1 (106 CFU/g); T2,
commercial diet+recombinant L. lactis withD1 (108 CFU/g); T3, commercial
diet + recombinant L. lactis with D4 (106 CFU/g); T4, commercial diet +
recombinant L. lactis with D4 (108 CFU/g); T5, commercial diet + L. lactis
NZ9000; T6, commercial diet + L. lactis NZ8048; T7, commercial diet. (+
indicates standard error).

Table 3 shows the development of antibodies in sampled fish
given oral vaccine compared to control groups indicating that the
recombinant epitopes expressed in L. lactis were able to elicit an
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immunogenic response in tilapia. Interestingly, the lower doses of
both Lac-D1lae and Lac-D4ae gave higher antibody levels over the
study period. Fish immunized with both Lac-D1lae and Lac-D4ae
together showed the highest level of protection and significant
reduction in the mortality rate compared to control strains in both
modes of vaccination (data not shown).

We have shown that the recombinant L. lactis strain expressing
D1 and D4 produced aerolysin specific serum IgM in tilapia. Both
D1 and D4 promoted 55 to 82 % relative percentage survival against
Aeromonas infection through intraperitoneal injection, whereas the
relative percentage survival following oral feeding of the vaccine
was 70 to 100 %. This was the first report of such work for the
use of an oral vaccine using recombinant L. /actis in aquaculture,
and we hope that it will be the beginning of many other improved
vaccine systems.

CONCLUSION

Microbes offer great opportunities and also challenges. The
development of mission purposed microbes by designing specialized
vectors and insertion of genes was presented. The task of genetically
engineering microbes to fulfill the needs of humankind more
often than not outweighs fear of the unknown. Microorganisms
such as L. lactis have potential to be utilised as safe vehicles to
deliver therapeutic agents and useful proteins. The work towards
developing L. lactis and other microbes as potential producers and
carriers of useful proteins is far from over. UNDERSTANDING
THE CHALLENGES AHEAD, we are now focusing our efforts on
further improving our plasmid vectors and using new technologies
like functional genomics to develop our Lactococcal and E. coli
hosts for industrial and pharmaceutical purposes to support the
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biotechnology agenda of the country and the world.
I end with these quotes..........

“I feel that the greatest reward for doing is the opportunity to do more.”
Jonas Salk

“Nature has evolved to do what it does, and to get it to do something different is

a nontrivial task.”
Anonymous
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