BIODIVERSITY OF SALMONELLA STRAINSISOLATED FROM SELECTED
WATER SOURCES AND WASTEWATER DISCHARGE POINTSIN THE

EASTERN CAPE PROVINCE OF SOUTH AFRICA

BY

NC MAFU

Submitted in fulfillment of the requirementsfor the degree of MASTER OF
SCIENCE (MICROBIOLOGY)

Department of Biochemistry and Microbiology,
Faculty of Science and Agriculture

University of Fort Hare

Supervisor: Prof G Pironcheva

Co-supervisor: Prof Al Okoh

JANUARY 2008



DECLARATION

I, NWABISA MAFU hereby declare that the work on which this dissertation is based, is
origina (except where acknowledgements indicate otherwise) and that neither the whole
work nor any part of it has been, or is being submitted for another degree at this

university or tertiary educational institution or examining body.

January 2008



iii
GENERAL ABSTRACT

In this study, the diversity of forty Salmonella isolates from selected drinking water and
wastewater sources in the Eastern Cape Province of South Africa was assessed using
parameters such as protein and lipopolysaccharide profile analysis, DNA fingerprinting
and antibiotic susceptibility profile as test indices. Wastewater samples from Amalinda,
Shornville and Fort Hare wastewater plants, and water samples from Gogogo and Tyume
rivers were collected on ice and transported to the laboratory of the department of
Microbiology and Biochemistry, University of Fort Hare for processing. The DNA
dendograms of Salmonella and the applied UPGMA reveaed 4 similarity groups of the
strains. Most of the strains recovered from Amalinda, Shornville, Fort Hare wastewater
plants, Gogogo and Tyume rivers show a high percentage of genetic similarity. On the
other hand, protein dendograms of Salmonella isolates revealed 2 similarity groups which
varied widely. Also, the lipopolysaccharide dendograms reveaed three similarity groups
with the first similarity groups showing a very high relatedness between strains from
different water sources. The second similarity group included 16 strains which formed a
rather homogenous group, and the third similarity group formed a distinct group. Of the
seven antibiotics and sulfonamides tested against the Salmonella species, five namely,
neomycin, chloramphenicol, kanamycin, streptomycin and cotrimoxazole were
significantly inhibitory, while the bacteria showed considerable resistance to doxycycline
and sulphamethoxazole. Our results based on restriction digestion, SDS/PAGE and
dendogram construction show that there is a high similarity between the forty Salmonella

strains studied, and that these methods are valuable tools for evaluating the rel atedness of



Salmonella species. Our observations have proffered a veritable reference point on the

diversity of Salmonella strainsin the studied area
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CHAPTER 1

GENERAL INTRODUCTION
Access to safe drinking water is still a major peob in developing countries such as
South Africa. It has been estimated that more ttmillion people do not have access
to an adequate water supply and about 21 milliooplee are without safe sanitation
(DWAF, 1994). The presence of pathogenic organissnsaa major concern when
considering the safety of drinking water. The pgtres that may be transmitted through
contaminated drinking water are diverse. Some efghthogens that are known to be
transmitted through contaminated water lead to ree@ad sometimes life threatening
diseases (WHO, 2003). Waterborne diseases havesrprtov be the biggest threat to
human health worldwide. The most well known wateneodiseases such as cholera,
dysentery and typhoid are the leading causes obiaity and mortality (WHO, 2003).
The causative agents of waterborne diseases mahiabterial, viral or protozoal in
nature (WHO, 2003)salmonella is one of the most important water transmittectdrzec
because of the severe diarrhea and typhoid feegraause.

Salmonella species are ubiquitous enteric bacteria (Bauetaat., 2000). These
gram negative rods are the etiologic agents of fomthe salmonellosiand also the
agents that cause typhoid and paratyphoid fevdtBough food products, including
shellfish, are the most commeaurces of salmonellosiSalmonella is a prime example
of a water-and shellfish-transmitted pathoge&almonella has been frequently identified
in aquatic and marinenvironments (Martinenz-Urtazet al., 2004). Salmonella are

widely distributed in the environment. They are thmst predominant bacteria in



wastewater and can cause typhoid fever, paratyplievielr, and gastroenteritis, besides
diarrhea (Britton, 1994).

Wastewater is any water that has been adversefctaff in quality by any
anthropogenic influence (Muyimat al., 1997). It therefore includes liquid waste
discharged from domestic houses, industrial, atitial or commercial processes. It is
known that domestic wastewater contains not onbyganic and organic impurities but
also microorganisms that decompose organic matéastewater from the natural
drainage patterns or sewers enters natural bodiester such as ground water, rivers,
lakes and oceans (Muyinehal., 1997).

In addition tosewage from human and industrial activities, cdastdersreceive
water directly from rivers, which can carry entdsacteria originating from their inland
reservoirs (Martinez-Urtazat al., 2004). The presence of enteric bacteria in aguat
environmentsrepresents a source of contamination for the osgasipresent in the
environmentSalmonella is a large genusf bacteria including more than 2,300 serotypes,
and diagnosisn the majority of laboratories relies on costlydataboriousculture
screening with both nonselective and selective emé@audartt al., 2000).

Both human and animal excreta are sourceSabhonella, and many potential
routes are available for the transmission of tleederic pathogens (Baudattal., 2000).
The ability of Salmonella to be transmittetly any of these routes depends largely on its
resistance to environmentictors, which control its survival, and its capadio be
carriedby water. Thissurvival capacity may depend on species and pohlusiources

(Baudartet al., 2000).



Most studies have focused on the determinatiorsabfonella strain in some
polluted areas (Baudaat al., 2000). It was recentBhown that the annual bacterial loads
of this pathogen in riversnd coastal areas can be very important. HowenfEmnnation
on the diversity and occurrence &filmonella strains iscarce, and as a consequence, the
ecology of thesspecies remains unknown. This is partly due toldberious methods
required for the detection, isolation, and ideaéfion of Salmonella strains (Baudarét
al., 2000).

Serotyping offers a very precise and reliable metfor differentiating isolated
strains. Still it remains time-consumirgd requires the use of more than 150 serum
specific samples (Baudaat al., 2000).Serotyping is not accessible to many laboratories,
and thignay partly explain why little information is avdil@ on thealiversity of strains in
natural ecosystems. Furthermore, sosteains cannot be identified due to the
untypeability of the isolatéough strains). With the development of molecbliatogical
methodsit is now desirable to use alternative methods tipovide ahigher power of
discrimination and allow a more rapid identificatiattainable by non specialized
laboratories (Baudagt al., 2000).

Bacteria are one of the earliest forms of life @mtle and are able to exist in
almost all environments throughout the biosphergaéAand Bartha, 1993). To explore
microbial diversity, molecular biological method=svie been used to successfully identify
individual types of bacteria in natural samples heitt culturing them. This is
accomplished based on a study of DNA sequencesenésggcommon to a genus.
Microbial diversity is defined as the heterogenaifya system given by the variety of

different types of microorganisms occurring togetinea biological community. The use



of molecular approaches for describing microbialedsity has greatly enhanced the
knowledge of population structure in natural migabbcommunities. It is widely
accepted that culture-based techniques are inatbedol studying bacterial diversity
from environmental samples, as many bacteria cabeotultured using current and
traditional techniques (Atlas and Bartha, 1993).

The starting point for the molecular approach asthted procedures is the
extraction of intact genomic DNA of sufficient giigl and quantity to permit the
amplification of the genes of interest in a Polyaser Chain Reaction (PCR). There are
two strategies based on rRNA and rDNA studies émtifly bacteria in sample material
(Wardet al., 1990). The first approach is based on the regoeerRNA and rDNA that
is transcribed into cDNA, cloned and sequenced.altegnative approach is based on the
recovery of high molecular weight DNA directly frosample material followed by the
amplification of rDNA in a PCR reaction, cloningcasequencing (Waret al., 1990).

The genussalmonella has been grouped into more than 2400 serotypesdicg
to the Kauffman-White Scheme (Mansfield and Forsyt®001). This is based on the
antigenic diversity of the flagellar and somatidigens (H and O). The O antigens are
located on the lipopolysaccharide (LPS) moleculbglwproject from the outer leaflet of
the outer membrane of the gram-negative bacteeidl(Rlansfield and Forsythe, 2001).
LPS molecule is divided into three regions, thaaisydrophobic lipid A region linked to
an oligosaccharide core region and a hydrophilipoysaccharide or O-chain. The O-
chain region is composed of repeating subunitgftdrahg chain lengths. Polysaccharide
chains with the same lengths co-migrate in SDS-PABE to form a ‘ladder’ pattern

(Mansfield and Forsythe, 2001).



Rapid analysis of diversity of complex microbialnomunities has remained an
elusive but important goal in microbial ecology.cBaial diversity can be examined on
several levels. One of the methods of examiningeidt diversity is when genomic
DNA is amplified by PCR, followed by restrictionggistion of amplified samples to
identify differences in the genomes of species. ddolarapproaches reveal differences
not only in community compositidsut also in community organization by measuring the
number (richnessind relative abundance (structure or evennesspexies (Dunbaet
al., 2000. The richness and evenness of biological communitieflect selective
pressures that shape diversity within communitMeasuring thesparameters is most
useful when assessing treatment effects for examipysical interference, pollution,
nutrient addition, predatiorglimate change, etc. on community diversity. Diugrs
statisticscan also indicate the ability of a community toawer from stresand utilize
resources efficiently (Dunbat al., 2000.

One of the molecular biological methods for studythe diversity ofmicrobial
communities is analysis of PCR products, generatégd primers homologous to
relatively conserved regions in tigenome or known genes, and genomic DNA as a
template using denatured gradient gel electropi(GGE)or temperature gradient
gel electrophoresis. Theapproaches allow separation of DNA molecules tliférdoy
single bases and hence have the potential to gronfdrmatiorabout variations in target
genes in a bacterial populatioBNA fingerprinting techniques provide patterns or
profiles of the genetic diversity in a microbial nemunity. Several fingerprinting
techniqgues have been developed and used in mitr@o@ogy studies such as

bioremediation, biodiversity of species and paretgsts. The separation of or detection



of small differences in specific DNA sequences gae important information about the
community structure and diversity of microbes camgyan essential gene. These
techniques are important in separating and idengfy’CR-amplified genes that might
have the same size but different nucleotide seasei®luyzer, 1999). An advanced
method, terminal restriction fragment length polyptosm (T-RFLP) analysis, measures
the size polymorphism of terminal restriction fragms after PCR- gene amplification. It
combines at least three technologies, includingpaoative genomics (RFLP), PCR and
electrophoresis (Muyzer, 1999).

Denaturing gradient gel electrophoresis (DGGE) andimilar method TGGE
(thermal-GGE) are procedures by which fragment®NA of the same length but of
different sequences can be resolved electrophahgtiMuyzer, 1999). Separation is
based on the different electrophoretic mobilitidgsdenatured double-stranded DNA
molecules in polyacrylamide gels containing a Imgradient of a denaturing reagent or a
linear temperature gradient (Muyzer, 1999).

In the past two decades, these molecular tools plieed by 16S rRNA analyses
have facilitated the study of natural microbial pigions without cultivation which has
made quantitative assessment of microbial divenstyw conceivable (Ramsing al.,
1996; Teskeet al., 1996). Many variations of the 16S rRNA approach currently used
for defining microbial diversity. These include &sis of PCR amplified 16S rDNA
sequences and digestion with restriction endonsekedo obtain restriction fragment
length polymorphism (RFLP) of whole 16S rDNA amphs (Teskeet al., 1996).
However, no single method allows definitive assesgmof the bacterial diversity.

Therefore, the use of a polyphasic approach inmglva combination of molecular



biology techniques, microbiological methods and dpemical techniques or
microsensors, is necessary to obtain a better ataoheling of the biodiversity of the
microorganisms and their interaction in the nat@mironment (Ramsingt al., 1996;
Teskeet al., 1996). Thus, bacterial biodiversity can onlyaoeurately determined using
molecular taxonomic method.

The emergence of antimicrobial resistant bact@@ghogenfias become a major
public health concern (Cheng al., 2004). The use of antimicrobiais any venue,
including disease treatment and growth promoitmiodomestic livestock, can potentially
lead to widespread disseminatiminantimicrobial-resistant bacteria (Cheetcal., 2004).

In recentyears, testing oBalmonella isolates from different environments has shown an
increasing proportionf multidrug resistangSalmonella species. Of particular conceim
the isolation of ceftriaxone and ciprofloxacin stant Salmonella, because of the
importance of these two agentstiaating Salmonella infections in children and adults
(Chenget al., 2004).

Conventional antimicrobial agents, such as ampmgcikkhloramphenicol, and
trimethoprim-sulfamethoxazole, had be#re drugs of choice in the treatment of
salmonellosis before 1980 (Chesteal., 2004). However, multidrug resistance, with rates
of resistancéo these antimicrobial agents of more than 50%,d&&s reporteth many
areas of the world. Extended-spectragphalosporins and fluoroquinolones have been
suggested aslternative agents in the treatment of infectiomsised by multidrug
resistantSalmonella serotypes. However, since 1991, cases of infexticausedoy
Salmonella serotypes resistant to extended-spectrum ceplalaspr fluoroquinolones

have been increasingly reported (Chesgl., 2004). Hence, this study was aimed at



assessing the diversity ofalmonella isolates from selected drinking water and
wastewater sources in Gogogo, Nkonkobe and Amalm@as in the Eastern Cape
Province. Specific objectives include:
* To isolateSalmonella species from drinking water and wastewater sousoasnd
the Eastern Cape Province.
» To evaluate the diversity of thé&almonella species using protein and
lipopolysaccharide profile analysis and DNA fing@nging.

* To determine the antibiotic susceptibility profdéthe Salmonella species.



CHAPTER 2

LITERATURE REVIEW
2.1 Relevance of bacterial diversity studies
Studies on microbial diversity are essential beeaugroorganisms are important for a
sustainable biosphere. They are able to recyckeenis, produce and consume gases that
affect global climate, destroy pollutants and canulsed for biological control of plant
and animal pests. People over the ages have bglely Buccessful in applying processes
carried out by microorganisms to solve problemsamriculture for example soil
infertility, food production, environmental qualitsgnd industry (Morrigt al., 2002).
In the mid-1900s, the publications of R. H. MacAwtand G. E. Hutchinson encouraged
studies in the field of ecologgto intense research and debate about the signde of
biodiversity (Morriset al., 2002). These and other co-workers claimed tratibersity is
a measuref important ecological processes such as resquaciioning,competition,
succession, and community productivity and is alsondicator of community stability
(Morris et al., 2002). This new wavef biodiversity research concerned plant and animal
communities.In the 1960s, following in the footsteps of plamdaanimalecologists,
microbiologists began investigating the impact baddiversity on the function and
structure of microbial communities (Moresal., 2002).

Genetic variation among individuals within a poiga hadong been recognized
as the starting block for adaptation aewblution among microorganisms as well as
among other organism&ikewise, the consequences of phenotypic varigbiir the
accuracy of disease diagnosis and for establishéx@nomic relationships among

microorganisms have been well studied. Interesmiarobial biodiversityhas been
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further encouraged by (i) creation of the Diversitédernational research program in
1991 to promote scientifiavestigations into the origins and conservatiomiofliversity
and the impact of biodiversity on ecological funos, (ii)the Biodiversity Treaty issued
from the United Nation€onference on Environment and Development in 18%Rio de
Janeiro, Brazil, and (iii) subsequent initiativasmched bgcience foundations, scientific
societies, and research institutionsa wide range of countries. Microbial biodiveysit
has alsaeceived particular attention in areas such as cakdiood biotechnology and
where microbial activity has important implicatiofigr earth'sclimate and for the
bioremediation of polluted sites. Nevertheless,spite of the research devoted to
microbial biodiversity antb biodiversity in general, the consequences oflibersityon
the ecological processes cited above are stilbth)ectof debate and analysis (Mors
al., 2002).

The study of microbial diversity is thus importaot solve new and emerging
disease problems and to advance biotechnology. Mmhnologies, particularly in
nucleic acid analysis, computer science, analyt@mistry, habitat sampling and
characterization place the study of microbial dsitgr on the cutting edge of science
(Kapur and Jain, 2004). In the past ten years,tdwglvances in molecular methods and
techniques, knowledge of microbial diversity hasr@ased dramatically not only from a
phylogenetic and taxonomic perspective but alsonfien ecological basis. Now it is
known that microorganisms exist in every conceiggilace on earth, even in extreme
environments (Kapur and Jain, 2004).

Although the number of different human genes haseti out to be smaller than

expected, the diversity of genes among microbi@css is surpassing expectations
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(Kapur and Jain, 2004). These microbial gene sempgeryield information about
biochemical functions, ecological niche, taxonomyd aevolutionary relationships,
whereas the location of a gene on a genome oftgriesmits role in metabolic and
regulatory networks. DNA sequences provide thesbfmi the current classification of
microbial species; they are beginning to eluciddte evolutionary and ecological
relationships among diverse species. New tools aaceessing microbial diversity to
provide novel genes and biosynthetic pathways. & geses, when introduced into a host
strain, can bring about an unclear biochemical sf@mation from an unculturable
microbe into a commercializable biocatalyst (Kagnd Jain, 2004).

Though the negative effects of bacteria such agligeases they cause are well
known, their often subtle functions explain whyith@odiversity might positively affect
humans (Kapur and Jain, 2004). The most imporantogical function of bacteria is
bioremediation, a process by which contaminatedonsgare restored by means of
bacterial biogeochemical processes. It is an ecaanversatile, environment friendly
and efficient treatment strategy, and a rapidly ellgwing field of environmental
restoration. Bioremediation utilizes the microbiability to degrade and detoxify
chemical substances such as petroleum productdasit and aromatic hydrocarbons,
industrial solvents, pesticides and their metabs)iand metals (Kapur and Jain, 2004).
The presence of a large number of diverse bactgpities in nature expands the variety
of chemical pollutants that can be degraded as asethe extent to which pollutant sites
can be decontaminated (Kapur and Jain, 2004). T$e af microorganisms for
degradation of pollutants is now being increasirgbplied as the technology of choice

for clean-up or restoration of polluted sites asah be self sustaining and inexpensive



12

(Kapur and Jain, 2004). The use of techniques asgbolymerase chain reaction (PCR)
in amplification sequencing of 16S ribosomal RNAngg random amplification of
polymorphic DNA (RAPD) sequences, and nucleic abibridisation experiments
provide a more reliable approach to determiningdvad biodiversity (Kapur and Jain,

2004).

2.2Classical versus Molecular Techniques for Biodivery Studies

Different techniques have been used to study theersity of microorganisms.
Historically, microbial taxonomy has been conductesshg a variety of physical and
biochemical tests that allow the grouping of mi¢ablisolates into genera and species.
This approach requires laboratory cultivation of tmicrobes in order to separate the
various isolates into monocultures. This approatfiséical taxonomy) has been used to
identify and characterize many culturable bactéHawksworth and Colwell, 1992).
However, typically less than one percent of thetdréa can be cultivated in the
laboratory. Indeed, only 3 000 to 4 000 speciesbatteria have been described
(Hawksworth and Colwell, 1992), even though it bagen estimated that the number of
bacterial species world-wide is close to three iomll (Colwell, 1997). In culture
dependent techniques, bacteria are isolated frommogmnental samples and cultured in
selected medium. Nucleic acids are then extractad the bacterial culture. The biggest
drawback in exploring bacterial biodiversity is tlesue of viable but non-cultivable
organisms. Diversities in bacterial communities @oemally determined by phenotypic
characterization of isolated strains (Bakosatyal., 2003). A problem is that phenotypic

methods can be used only on bacteria which casdd&téd and cultured. Many advances
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have been made in microbiological culture techrsgimwever it is still not possible to
culture a majority of bacterial species using ttamdard laboratory culturing techniques.
Conventional characterization of microbial strdimerefore has been subjected to debate,
as it is dependent on the ability of the strainsgtow under specific environmental
conditions (Bakonyet al., 2003).

Classic microbiological methods are indirect andhynproduce artificial changes
in the microbial community structure. Most bacteriaght be excluded when phenotypic
diversity is estimated (Bakongt al., 2003). The isolated bacteria may account foy anl
minor proportion of the total bacterial diversitythe environment, while our knowledge
about the dominant part is very scant. This hasdete current uncertainty regarding the
true extent of bacterial life. The medicinal andustrial properties of known bacteria
have led many to hypothesize that uncultured spd@@e many positive applications to
human existence (Bakongi al., 2003).

In contrast, culture independent methods emplagctiextraction of nucleic acids
from environmental samples. It often involves tingpéfication of DNA or synthesis of
cDNA from RNA extracted from environmental samp{€®lwell, 1997). Alternatively,
the amplified products may be cloned and sequentcadentify the bacterial species
present in the sample. Also, the direct extracobmucleic acids from environmental
samples accounts for the very large proportion @reorganisms that are not readily
cultured in the laboratory and these microorganismy be responsible for the majority
of the biodegradation activity of interest (Colwdl997).

The application of molecular techniques has greatilyanced the study of

microbial ecology. Molecular methods have giveneavrperspective on biodiversity,
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community structure and allowed the detection addntification of many novel
microorganisms. Molecular techniques have shownt th@ore than 99% of
microorganisms in the environment remain uncultusedl uncharacterized. Recent
progress in molecular microbial ecology has rewkadtat traditional culturing methods
fail to represent the scopé microbial diversity in nature, since only a shyaoportion

of viable microorganisms in a sample are recovénedulturingtechniques (Rondoat

al., 2000).

2.3Molecular techniques used to study bacterial diversy
2.3.1 Protein based techniques for studying badtdiversity
Analysis of proteins extracted from bacteria issdatn environmental samples can be
employed as a fingerprinting method to type thedyad diversity in the samples (Ehlers
et al., 1998). A bacterial strain under standardizedmgjnoconditions will produce a
particular set of proteins, expressed by the genointleat particular strain. Thus, protein
electrophoresis is said to be used as an indinegérfprinting of that particular bacterial
genome (Bosch and Cloete, 1993). This analysissgaweunderstanding of how genetic
information is transformed into the diversity ofnfiion and form in microbial
communities (Ehlerst al., 1998). The resulting protein profiles help tomtor the
response of microbial communities under stressinddions and hence the deterioration
or the enrichment of species diversity in those mamities (Ehlerst al., 1998).

There are several techniques based on the sepamtibacterial proteins on
polyacrylamide gels. These include sodium dodeulphate (SDS)-polyacrylamide gel

electrophoresis (PAGE), isoelectric focusing ana-thmensional PAGE (Bosch and
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Cloete, 1993). Extraction of cell wall proteins|léaved by SDS-PAGE separation, has
been mainly used and found to be a reliable andd rey of characterizing large
numbers of strains. This method relates differenicesell wall protein profile to
adaptation to different ecological niches. The &gty and accuracy of this method can
be compared to that of DNA based methods (BosclCioete, 1993).

Extracted protein molecules are separated on thes lo& their molecular weight
by electrophoresis and produce a complex banditigrpa These bands are then stained
and analyzed using different software programs. Témults are interpreted as the
relatedness of microorganisms studied (De Anggled., 2001). This method has been
used in studying the diversity of Acinetobacterlases from activated sludge systems
(Maszenaret al., 1997).

Protein electrophoresis is a sensitive techniqiedding valuable information on
the similarity and dissimilarity amongst bacter@iltures during taxonomical studies.
This method could therefore be used to determiaesithilarity and dissimilarity between
different environmental samples containing micremigms. Sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) oblekcell soluble proteins prepared
under standard conditions produce a complex banduadtern called protein
electrophoregram or electrophoretic protein patt@hch is reproducible and can be
considered as a fingerprint of the sample investjalhe dendograms from the resulting
protein profiles after SDS-PAGE of different ba@esamples could possibly lead to the
better understanding of the diversity of microongars (Ehlerst al., 1998).

Two-dimensional electrophoresis (2DE) of proteiss currently one of the

highest-resolution analytical techniques availatde the study of protein expression
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patterns (Duffeset al., 2000). This technique has already been usedstiadying
minocycline-susceptible and -resistarilycobacterium smegmatis. Comparative
proteome analysis oMycobacterium tuberculosis virulent and nonvirulent vaccine
strains was carried out with the help of two-dimenal electrophoresis (Duffest al.,
2000). Two-dimensional electrophoresis can be apomant resource in identifying
proteins involved in bacteriocin resistance. Thwg-dimensional electrophoresis is a
powerful tool to highlight the biochemical mechanss governing development of cell
resistance and will help in the design of new edfit molecules or mixing of molecules

with different cell targets (Duffest al., 2000).

2.3.1.1 Application of classical and molecular techniquestbe study ofSalmonella
diversity
Salmonellae are Gram-negative, flagellated, facultatively aob& bacilli possessing
three major antigens, that is, H or flagellar agigO or somatic antigen and Vi antigen
(possessed by only a few serovars) (Amenal., 1995). H antigen may occur in either
one or both forms, called phase 1 and phase 2oidanisms tend to change from one
phase to the other. O antigens occur on the sudatiee outer membrane and contain
specific sugar sequences on the cell surface. Myemis a superficial antigen overlying
the O antigen; it is present in a few serovarsntiest important bein& typhi (Amannet
al., 1995).

Antigenic analysis ofSalmonellae using specific antisera offers clinical and
epidemiological advantages. Determination of amiigstructure permits one to identify

the organisms clinically and assign serogroupd) eaataining many serovars. H antigen
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also provides a useful epidemiologic tool in deterng the source of infection and its
mode of spread. The gen@&lmonella is composed of two speciesSalmonella
enterica" andS bongori (Amannet al., 1995). The primary basis for the typing o&"
enterica’ is a serotyping scheme, the White-Kauffmann-Lenddi scheme in which
2,375 serovars have been recognizedhenbasis of the antigenic properties of the cell
wall lipopolysaccharidéO antigen), the phase-1 flagellar protein (H1)J] &me phase-2
flagellar protein (H2) (Amanst al., 1995).

The flagellar protein or flagellin constitutes thabunit of the helical filament that
forms the flagellar organelle (Amanet al., 1995). Salmonella flagellin consists of
extremely conserved terminal regions andhriable central region. This central region of
the molecule carries the antigenic determinant.tk@phase-1 flagellin, 63 antigens have
been distinguished. For tiphase-2 flagellin, 37 antigens have been descriBeche of
theseantigens are defined by a single factor (antiges, ior r);others are defined by
several subfactors for example, antigend My;g,m; and e,n,x (Amanet al., 1995).

The antigenic specificities of phase-1 and pha#lagellins are encoded by the
flagellin genedliC andfljB, respectivelyThese flagellar genes are found at two different
locations orthe chromosome. At one location is the gén@, at another locatiors an
operon containing the geném, encoding the Hin recombinaggB, encoding phase-2
flagellin; andfljA, encoding a represséor fliC. The Hin recombinase catalyzes the
reversible inversiof a 993-bp segment of the chromosome containipgoenoter. In
one direction, the promoter directs transcriptidnttee fljB and fljA genes. Phase-2

flagellin and a repressor are produdéds repressingliC expression. In the other
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direction, the promoter and the gene cause repressithe fliC gene and phase-1

flagellin is expressed (Amarebal., 1995).

2.3.2 Nucleic acid-based techniques

The application of nucleic acid techniques has tgreadvanced the detection and
identification of microorganismsn natural environments (Gillespiet al., 1997).
Advances in nucleic acid analysis have resultedth@ development of molecular
techniques to analyze bacterial DNA. Perhaps tleatgst advantage of identification
techniques based on DNA structure is that thes@adstfocus on the unique nucleic acid
composition of the bacteria rather than on phenotggpression of products that are
encoded by DNA (Gillespiet al., 1997). Consequently, techniques based on DNA
structure and sequence for the identification aftér@a should theoretically be subject to
less variability than currently used proceduresoiming phenotypic characterization
(Gillespieet al., 1997).

However, successful application of molecular teghas relieson effective
recovery of nucleic acids from environmental sammevariety of methods have been
developed and used to directigcover nucleic acids from environmental samples bu
only few methods have been developed for recovemiNA from environmental
samples (Amanmt al., 1995). Since RNA is not stable, recovefyintact mRNA from
environmental samples is a grehallenge. The development of molecular technifores
nucleic acids has led to many new findings in &soli microbial ecology (Amanet al.,
1995). As a basic approatthstudy microbial communities, 16S rDNAs are affigadiby

PCR from total nucleic acids extracts. The PCR petsl are cloned, sequenced and
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compared by a blast search in the database. Thieaghcan avoid the limitation of the
traditional culturing techniquedor assessing the microbial diversity in natural

environments (Hurét al., 2001).

2.3.2.1 RNA based techniques

2.3.2.1.7rRNA sequencing based technique

The use of rRNA sequence-based analysis of midrpbjaulations has allowed study of
complex communities in the environment without threguirement for laboratory
cultivation of organisms. The rRNA approach hasnbesed to detect microbial
populations and to determine the structure of nbiedo communities in various
environments without isolating the component micgamisms (Watanabet al., 1998).
Extensive sequencing of the ribosomal RNAs has bparticularly informative.
Sequencing divergence among these individual RN&&sdefined the outline of a natural
classification of microorganisms (Watanadal., 1998).

This approach has revealed astonishing diversityamy environments. Several
studies have analyzed over 100 rRNAs sequences dreimgle environmental sample,
and yet, remarkably, very little repetition has lbeseen among sequences, and virtually
all previous studies have revealed novel group$ view or no known cultivated
members (Watanabet al., 1998). Most of these studies have identified gewera and
even kingdoms of microorganisms, strongly sugggstivat the information about the
total diversity of microbes in the environment ery little (Watanabest al., 1998). 5S
rRNA molecules were directly extracted from mixednples. The 5S RNA molecules

belonging to different community members were sajear electrophoretically and a
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comparative sequence analysis yielded phylogemicimd of the species (Wagnetral.,
1993). However 120 nucleotide long 5S rRNA is smadlecule and the requirement for
electrophoretic separation of the different 5S rRiN#lecules limits this approach to less
complex ecosystem. For this reason, study of laRIMA molecules was suggested for
experiments in microbial ecology (Wagnetral.,, 1993). The 16S rRNA has been the
common target for determinative hybridization pmb8elected regions within the large
rRNA molecules were used in hybridization reactiomsth synthetic deoxy-
oligonucleotides. The rRNA of microbial species amtbspecies can be distinguished by
complementary oligonucleotides to the most variaiglgions of 16S ribosomal gene
cluster. Some regions of the rRNA are invariablalirspecies and these can be used as
universal primers or probes. These probes have lbsed to measure total rRNA
abundance in the environment and also to assdgsetites in cellular rRNA contents

(Amannet al., 1990).

2.3.2.2 DNA based techniques

2.3.2.2.1 Extraction of DNA from microorganisms

A number of techniques have been used in assessargbial communities on the basis
of their gene diversity (Johnsta@hal., 1996). DNA is the representative molecule of the
genetic information of microorganisms, which prasdinformation concerning the
structure of a community. Use of conventional mdgbas limited the understanding of
the entire communities which can be studied furtheing DNA techniques. DNA

extraction methods that have been developed cireatmthe bias imposed by traditional
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microbiological methods. These methods, allow Fer é€xtraction of the entire genomic
DNA and hence the recovery of information at a rooler level (Johnstodt al., 1996).
DNA extraction can be performed directly. The diregtraction involves the

rupture of cell envelopes by mechanical methods @advage of disulfide bonds by
sodium dodecyl sulphate (SDS) (Johnssbml., 1996). Treatment of homogenate with
phenol-chloroform followed by centrifugation of tH&NA homogenate separates the
DNA from the protein moiety. After centrifugatioheg DNA sample can be purified by
ethanol precipitation. The major advantage of thethod is that it eliminates the bias of
unreleased cells; hence recover DNA from the résh® cell components (Johnsten
al., 1996). The extracted DNA can be used to studyggnome of the microbial strain

using different techniques that involve DNA meltimpfiles and reassociation analysis.

2.3.2.2.2 DNA melting profiles and reassociatioalgsis

Genetic information of a microorganism is baseditsnDNA genome, and different
microbes carry different proportion of nucleotidasbs and different sequence of the
bases in DNA molecules (Torswkal., 1998). Studying the whole microbial community
would thus be difficult if one relies on the extiian of individual bacterial genome. One
limitation is that genetic information gathered Wbueflect the DNA population of a
single bacteria and hence not the reflection ofremommunity. The genetic structure
may be assessed by measuring the base compositnc@nplexity of the total
community DNA (Torsviket al., 1998). The measurement of the distribution of
nucleotide sequences indicates the DNA compostti@particular bacterial species, and

is measured as percentage of guanine + cytosinetQpGRitz et al., 1997). The



22

percentage of guanine + cytosine has been detedmfoe a wide variety of
microorganisms and has been used to assess theongt@ of bacteria in the
environment. This base composition has been datedrby thermal denaturing and the
results interpreted by the analysis of the meltongves of DNAs (Ritzt al., 1997 and
Torsviket al., 1998).

The principle of the reassociation technique iseasn the rate at which the
thermally denatured DNA reassociate at a temperdtelow its melting point (Torsviét
al., 1998). The reassociation kinetics is used asdication of the complexity of the
DNA. DNA from a bacterial community is a mixture DPNAs from different bacterial
species present in different proportions. Low reesdion rates in such communities are
indicative of a diverse composition of microorganss due to the differences in (%G+C).
This technique in association with other DNA-badedhniques has been used to
compare the microbial diversity of natural and pdréd environments (Torsvié al.,

1998).

2.3.2.3 Polymerase Chain Reaction

Polymerase chain reaction (PCR) is an in vitro moetlior replicating target DNA
sequences so that they can be synthesized indangents (Atlas and Bej, 1994). It has
been mainly used in the detection of microorganismdifferent types of environments
(Atlas and Bej, 1994). It is simple, rapid, sensitand precise nature of application has
allowed PCR to be the most widely used methodsanynaspects of research (Atlas and
Bej, 1994). However, the PCR methodly detects a limited number of serovars at a

time, and manydifferent genetic markers are still to be developmedverified for
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identification of various serovars (Cetial., 2002). Polymerase chain reaction results in
an exponential amplification of the gene of interaad significantly increases the
probability of detecting a rare sequence changawation. This method can be used to
compare differences in genes between species atwkdie classes and organisms.
Amplified genes can be sequenced and comparedidy kbw related or diverse species
are in a studied environment (Gaial., 2002). The use of the PCR has been preferred
over traditional methods, which are based on duiguthe microorganisms. Due to its
effectiveness, PCR has been combined with othereecutdr techniques for better
understanding of the genomes of microbial commesiin the environment (Cat al.,

2002).

2.3.2.4 Fluorescent In Situ Hybridization (FISH)

The technique of Fluorescent In Situ Hybridizat{6SH) has been successfully used to
identify bacteria in complex environments (Glockraeral., 1999). It has been used

ideally to deduce the community composition fronSA&NA gene libraries (Glocknet

al., 1999). A combination of PCR and direct retriegdlrRNA sequences followed by

FISH allow the specific detection and identificatiof uncultured bacteria. Fluorescent
rRNA targeted oligonucleotide probes are being usedan alternative to fluorescent
antibodies in the identification of bacteria. Us@appropriate probes allows identification
of microorganisms according to their phylogenegticge, from kingdom to species level.
This technique has also been used to indicate rihwtly rate of cells, since the signal

from the probe is directly proportional to the ambaf target (Ritz and Griffiths, 1994).
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DNA hybridizations have been used to quantify tlkéemt to which communities are

similar (Ritz and Griffiths, 1994). DNA from one monunity can be used as a template
and the DNA from the other one is radiolabelled aisdd as a probe. The degree of
similarity is then measured by the rate to whiah phobe anneals to the target DNA (Ritz
and Griffiths, 1994). Flourescent oligonucleotides/e been used to analyze the spatial

distribution of sulphate reducing bacteria in nmag#cies biofilms (Wagnet al., 1993).

2.3.3 DNA fingerprinting technique

Nucleic acid based community analysis technique® lieeen developed to describe the
microbial community without culturing microbes (Maly, 2002,). The DNA extracted
from environmental samples contains DNA fragmemsmf all members of the
community regardless of their growth specificatiohise variable regions of the genome
can be amplified using primers targeting flankirmggerved regions and analyzed by gel
electrophoresis after digestion with restrictionzyanes. The patterns generated are
referred to as DNA fingerprints (Meharg, 2002,).eTHifferent DNA fingerprinting
techniques that have evolved from this principlelude Restriction Fragment Length
Polymorphism (RFLP), Denaturing Gradient Gel Eleghoresis (DGGE), Pulsed Field
Gel Electrophoresis (PFGE), Amplified Ribosomal-DIR&striction Analysis (ARDRA)
etc. DNA fingerprinting involves the display of atf DNA fragments from a specific

DNA sample after restriction digestion (Meharg, 200

DNA Fingerprinting is a process which involves tectrophoretic analysis of
DNA fragments generated by restriction enzymesgiients are separated by size to

create a DNA profile which is unique to each indiwal, while there is a small chance
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that two identical profiles may come from differendlividuals, DNA fingerprinting can
reveal with certainty if two samples are the sathés also highly useful in forensic
science at placing certain individual at the sceha crime, similar to, but more precise

than, a traditional fingerprinting (Meharg, 2002).

DNA fingerprinting, also called DNA Profiling, makeuse of fragments of DNA
that exhibit variability (caused by mutations) imetnucleotide base sequences from
individual to individual (Meharg, 2002). When thessgments of DNA are cleaved using
restriction enzymes DNA fragments of various lesgdne produced. If the DNA of an
individual has mutations within restriction sitég tDNA will not be cut at those sites and
that individual's DNA fragments will be differem iength from other DNA fragments
produced by the same restriction enzymes. WheD M fragments of an individual are
separated by electrophoresis, transferred to a masrabusing the Southern blotting
technique, and mixed with specific radioactive Brgiranded DNA probes, a unique
pattern of bands is produced when the membrangbieced to autoradiography. These

bands can be used to identify that individual’s Deharg, 2002).

2.3.4 Restriction Fragment Length Polymorphism

Restriction Fragment Length Polymorphism (RFLP)aisconvenient method for the
comparison of bacterial strains. The procedure liesthe isolation of DNA, digestion

of DNA with restriction endonucleases, size fragcéibon of the resulting DNA fragments
by electrophoresis, DNA transfer from the gel toiteocellulose membrane, preparation
of radiolabelled or chemiluminiscent probe, andrdibation to membrane- bound DNA

(Babalola, 2003).
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This method visualizes and compares only spec#ige@s) from certain species, using
radioactive or fluorescent probes (Grattatrdl., 1993). Although rRNA genes have been
extensively analyzed by this method, other congsegenes may also be analysed. When
the rRNA operon is used as a probe, the methodosvk as ribotyping (Grattaret al.,
1993). To analyze the heterogeneity of bacteriahroonity using RFLP, total DNA is
extracted from the bacterial strain. PCR is usednplify the gene of interest. Usually
rRNA genes are amplified from genomic DNA sinceyttee highly conserved to
bacterial communities. The amplified DNA molecutes thus be isolated and separated
by gel electrophoresis. Restriction endonucleasesised to digest the isolated genomic
DNA and to cleave specific fragments, which areasaf@d by gel electrophoresis. The
band patterns of the DNA fragments in the gel cancbmpared for similarity of
microorganisms in the community population. Closellated strains have similar DNA
fragments. This information is used to draw a pbgleetic tree of a bacterial community
study (Burlage, 1998).

Restriction Fragment Length Polymorphism technigueegarded as the most
sensitive technique for strain identification. Se¥eacterial strains have been widely
studied using this technique. Kabadjova and co-axsrk2002) established a rapid PCR-
RFLP based identification scheme for four closedyated Camobacterium species.
Manceau and Horvais (1997) used RFLP analysis diArRoperons to assess
phylogenetic diversity among strains éfseudomonas syringae pv tomato. They
successfully established the close relationshigstieg betweenP. syringae and P.

viridiflava species.



27

2.3.5 Single Strand Conformation Polymorphism
Single Strand Conformation Polymorphism (SSCP)RC& based technique that is used
to analyze DNA molecules of the same size but giffenucleotide composition (Tebbe
et al., 2000). It has been used for the rapid detectiofow numbers of pathogenic
bacteria in natural environments. All PCR-basedho@s$ are sensitive enough to allow
identification of individual taxa. This approachshhigh potential and sensitivity in
mutation analysis. It has been developed for theatien of mutations mainly in human
genes (Schweiger and Tebbe, 1998).

The method involves amplification of a fragmentbaicterial 16s rRNA gene by
PCR, using universal primers. The PCR products taen digested with lambda
exonuclease and separated by electrophoresis. @aatage of this method is that it can
bypass the reannealing and heteroduplex formatfo®MNA strands which tend to
increase the number of bands in the gel and hengeggwrong analysis of results

(Schweiger and Tebbe, 1998).

2.3.6 Denaturing Gradient Gel Electrophoresis

Denaturing Gradient Gel Electrophoresis (DGGE)aassidered to be a very powerful
techniqgue (Muyzeet al., 1993). It can be used for detecting single bassmgés and
polymorphisms in genomic DNA, cloned genes and P@Rlucts. This technique has a
range of applications in the study of human gesetitd clinical research. Changes of the
base composition in the genome of an organism ey 1o certain diseases. DGGE can
assist in direct detection and localizing thoselsirbase mutations that may cause the

diseases (Muyzest al., 1993).
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PCR amplified DNA fragments of equal lengths diffgrby single base change can be
detected (Diezt al., 2001). They are separated by electrophoresith@nasis of their
melting points in a polyacrylamide gel. The gel taoms a linear gradient of DNA
denaturants such as urea and formamide. Separatibased on the electrophoretic
mobilities of partially melted DNA molecules in tlgel. DNA molecules that may be
identical, but otherwise differing by a single bat®nge has slightly different melting
properties. Thus, migration through the polyacrytlengel will differ. The mobility of
each molecule slows down at a position in the D@@Ethat corresponds to its melting
point. Partial denaturing of the molecule slows doig rate of migration. Since the
sequences of the melting domain determine its ngetemperature, sequence variants of
particular fragments will stop migrating at diffatepositions in the gel (Dieet al.,
2001). DGGE bands can be sequenced and analyzlthd?phisms can be recognized
by the appearance of bands in some of the DNA ssnplhich are not present in others.
A shift of a band in one or more samples compa@dothers can also indicate
polymorphism. Rapid comparison data for many comtrashand specific phylogenetic

information are derived from the sequenced bandsz@ al., 2001).

The melting of the DNA molecule is determined byot¥actors, the hydrogen
bonds between complimentary base pairs, and boatebn neighboring bases of the
same strand (Muyzeet al., 1993). Sequences with abundant GC (guaninedogps
content melt at high temperatures compared to segserich in AT (adenine-thymine)
content. A single point mutation can alter the raigmn pattern of wild type DNA. For
example, mutation that substitutes a G for an Aeases the molecule’s resistance to

melting hence its migration will be higher compatedthe wild type DNA. Complete
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melting of the DNA molecule is prevented by incagding a GC clamp at one end, thus
creating a high melting domain (Muyzet al., 1993). The high detection rate and
sensitivity of this method has made it an idealioton diagnostic laboratories. It has
been used in the diagnosis of genetic disordersyzBluand co-workers (1993) have

successfully used this method in the profiling ofmplex microbial populations.

There are variations to this method, which invath@anges in the denaturants. In
Temperature Gradient Gel Electrophoresis (TGGEhrige, the chemical denaturant
gradient is replaced by a gradient of increasimgpierature (Heueet al., 2000). When
the chemical denaturant is at a constant conceirathe method is termed Constant
Denaturant Gel Electrophoresis (CDGE). In this apph, different gel conditions are
required for each PCR fragment to be analyzed amés been mainly limited to the
analysis of known mutations. Denaturing gel elggtiaresis (DGE) including denaturing
gradient gel electrophoresis (DGGE) and temperagnadient gel electrophoresis

(TGGE) are used to investigate mixed microbial camities (Gilbrideet al., 2006).

With DGE, the amplified rRNA gene fragments whick asually limited to 500
bp are separated on the basis of sequence difissenstead of size variations (Gilbride
et al.,, 2006). Individual bands can be excised and sempte to determine the
phylogenetic composition. DGE has been shown ta pewerful tool for monitoring the
diversity of particular microbial systems (Gilbrig# al., 2006). It has been used to
discern microbial community composition, to obsepepulation shifts and to follow the
succession of bacterial populations over time. Harethe limited DNA sequence
information obtained from these relatively shodgiments can minimize the specificity

of phylogenetic identification. In addition, singttranded DNA formed during PCR
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amplification from the 16S rRNA gene can contribtdean overestimation of sequence

heterogeneity in single GGE bands (Gilbret@l., 2006).

2.3.7 Pulsed Field Gel Electrophoresis

Since the introduction of molecular fingerprintirthere has been a great deal of effort
directed towards developing molecular methods Blg@téor use in research laboratories.
Pulsed Field Gel Electrophoresis involves the useestriction enzymes to generate a
limited number (10 to 20) of high molecular weigtgstriction fragments. These

fragments are then separated by agarose gel glbonmesis with programmed variations
in both the direction and the duration of the eledield. The resulting electrophoretic

patterns are highly specific for strains from aietyr of organisms and also provide an
opportunity to examine multiple variations throughthe genome of the organism so as
to identify specific strains and accurately linletn with disease outbreaks (Gautom,
1997).

Pulsed field gel electrophoresis has great valiepidemiological analysis, in the
differentiation of pathogenic strains and in monitg of their spread among
communities. The technique has been successfulptaged in tracking diseases caused
by a number of different bacterial pathogens. Rueld Gel Electrophoresis has also
permitted the characterization of isolates indgishable by phage typing, ribotyping,
plasmid analysis and randomly amplified polymorpdmalysis (Gautom, 1997).

Pulsed Field Gel Electrophoresis is proving to heseful technique in detecting
an outbreak caused by a single strain and traieiis source. The critical stage during

the preparation for PFGE is incubation of the agarplugs with restriction enzymes.
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Restriction enzymes recognize specific nucleotetpuences and cut the double stranded
DNA wherever that sequence occurs. Restrictiondfige is important during PFGE
because the length of the fragments of DNA resylfrom this digestion will provide a
pattern that differs between two bacterial straifise restriction enzymes used in this
process recognize up to 8bp at the site of cleavHgeells originate from identical
bacterial isolates, their chromosomes will havegame nucleotide sequence. Therefore
when a restriction enzyme cleaves the DNA wheréw&cognizes its specific sequence,
the segments released from both chromosomes sheuttbntical (Hentea, 2004).

Since the DNA fragments released by enzymesrétatgnize up to 8 base pairs
(bp) sequences will be very large, a special kihdlectrophoresis is needed to separate
them. The agarose plugs are placed in the wellagafose gel, in an electrophoresis
chamber and voltage is applied. The principle bethims procedure is the ability of the
DNA to travel through a gel sieve and give a spedfnd patttern. The agarose gel is
basically chains of sugar residues cross linkeceaoh other (Hentea, 2004). This
techniqgue has become a standard technique amorg alth agencies due to its
accuracy and reproducibility. However, current PR&&ocols involve time consuming,
tedious procedure for the purification of intachgmic DNA trapped in agarose, lengthy
restriction enzyme digests and extended electr@si®rtimes. These time-consuming
steps preclude the use of current PFGE proceduneomtoring the rapid evolution of

events during ongoing outbreaks (Gautom, 1997).
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2.3.8 Amplified Restriction Fragment Length Polymplasm (AFLP)

The AFLP method is based on the detection of genwoestriction fragments using PCR
amplification (Voset al., 1995). This method can be used for DNA of anigioror
complexity. The technique involves three steps iharestriction digestion of the DNA
and ligation of oligonucleotide adapters, selectaraplification of sets of restriction
fragments and gel analysis of the amplified fragisleRCR amplification of restriction
fragments is achieved by using the adapter andetftection site sequence as target sites
for primer annealing. The selective amplificatienachieved by the use of primers that
extend into the restriction fragments, amplifyinglyothose fragments in which the
primer extensions match the nucleotides flankirgrastriction sites. Using this method,
sets of restriction fragments are amplified andiaiized after PCR. The method allows
the specific co-amplification of high numbers otrection fragments. The number of
fragments that can be analyzed simultaneously, hernvés dependent on the resolution
of the detection system. Typically 50-100 restotifragments are amplified and
detected on denaturing polyacrylamide gels. The RARirovides a novel and very
powerful DNA fingerprinting for DNAs of any origior complexity (Voset al., 1995).
The combination of different restriction enzymesdathe choice of selective
oligonucleotides for primers for PCR make AFLP &fuknew system for molecular

typing of microorganism (Liret al., 1996).

Fingerprints are produced without prior sequencisgg a limited set of generic
primers. The number of fragments detected in deirgaction can be tuned by selection

of specific primer sets. The AFLP technique is siband reliable because stringent
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reaction conditions are used for primer annealirige reliability of the RFLP technique

is combined with the power of the PCR techniques(&al., 1995).

2.3.9 DNA sequencing

Several DNA sequencing methods are available (&nik2004). The DNA sequencing
methods that so far have been developed are basetiva fundamental different
strategies, namely, direct or indirect sequenddigect sequencing involves a variety of
synthesis, degradation and separation techniquég development of improved
sequencing methods has led to recent importantnadgan understanding gene structure
and function. A number of methods for sequencirgglibses in a DNA molecule have
been developed since Sanger and Coulson presémtdiast technique in 1975 (Erikson,
2004). The sequencing techniques fall into two gates, that is, chemical and
enzymatic techniques. In 1977, Sanger and co-wsrldgveloped two enzymatic
methods that depend on primed synthesis with DNIxperase to generate fragments of
different lengths (Erikson, 2004). In 1980, Maxand &ilbert developed a method that
uses chemical reactions to cleave terminally labelNA at specific nucleotide
producing fragments of varying lengths. The DNA wEtring techniques rely on
electrophoresis on polyacrylamide gels to sepdratgnents that share a common end
but vary in length. However they also require atsteone additional preparative gel
electrophoresis step to isolate the fragment tedmpienced (Erikson, 2004). Regardless
of which method is used, DNA has to be isolatedimit can be sequenced. The DNA
amount in a cell is too small to be used direc8yaasource for sequencing (Erikson,

2004).



34

2.3.9.1Sequencing of DNA according to Sanger

The Sanger sequencing method which is also cdiledplus and minus” technique was
discovered by Sanger and Coulson in 1975 (Rosenktuah, 1997). Two years later
Sanger and his collaborators described a new miiest method, which has been
fundamental to the field of DNA sequencing. The ggammethod is now known as the
chain termination method, the dideoxynucleotidehodtor simply known as the Sanger
sequencing method (Rosenblaal., 1997). The method emphasizes on the inability of
DNA polymerase to synthesize DNA using 2, 3- didgmcleoside triphosphates
(ddNTP). Four reactions are set up including prinsgthle stranded DNA template,
DNA polymerase, dideoxynucleoside 5-triphosphate&l dhe four deoxynucleoside
triphosphates being labeled witfP. When a dideoxynucleoside is incorporated aBthe
end of the growing primer chain, chain elongatisrtarminated at G,A,T,C due to the
lack of a free 3-hydroxyl group. Each of the fodongation reactions contains a
population of extended primer chains, all of whidtve a common 5’ end determined by
the annealed primer and a variable 3’ end terrmgagit a specific nucleotide. The base

pairs can be visualized after autoradiography efgél (Rosenbluret al., 1997).
2.3.9.2 Maxam and Gilbert Sequencing Technique

Maxam and Gilbert discovered a chemical method dequencing DNA in 1977

(Blomstergren, 2003). They exposed &- labeled DNA molecules to reagents that first
modify a base. The backbone of the DNA moleculeésakened at these positions and
could therefore easily be broken. The removal afebawas limited to one residue for

every 50 to 100 bases, while the cleavage of tlekldmme was performed to completion.
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Four different reactions, affecting different basesre performed and the resulting
fragments were separated and analyzed on polyauddéa gels followed by

autoradiography (Blomstergren, 2003).

2.3.9.3Automated sequencing method

Sanger’s dideoxy DNA method is the most commonbdusiethod for DNA sequencing,
particularly in large scale genomic sequencing.ofdted DNA sequencing makes use
of fluorescent dyes for the detection of the etgatioretically resolved DNA fragments.
Two different methods of automated DNA sequenciagehevolved that is the dye-
labeled primer sequencing, in which the fluoreschlyats are attached to the 5' end of the
primer oligonucleotide, and dye-labeled terminageguencing, in which the dyes are

attached to the terminating dideoxynucleoside tgphate (Rosenblust al., 1997).

Dye-labeled primer sequencing has benefited froenue of DNA polymerases
which do not discriminate between deoxy- and digeaxleotides (Rosenblure al.,
1997). These polymerases provide synthesis of Didgnients followed sequencing of
the fragment which has very even peak heights. Bes#ing is easy and reliable, and the
ability to determine heterozygotes can be baseueak heights as well as the presence of
two bases at a position. The major disadvantagehefdye primer method is the
requirement for four separate extension reactionsfaur dye-labeled primers for each

template (Rosenblumt al., 1997).

The major advantages of dye-labeled terminator esegjng are convenience,
since only a single extension reaction is requicegach template, and the synthesis of a

labeled primer is unnecessary, allowing the usepreferred hybridization sites. In
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addition false terminations, in which the DNA fragmts are terminated by a
deoxynucleotide rather than a dideoxynucleotide, rast observed (Rosenblueh al.,

1997).

2.4 Lipopolysaccharide analysis methods

2.4.1 Distribution of lipopolysaccharides in bacier

The envelope ofSalmonella contains a complex lipopolysaccharide (LPS) stmect
(Gomes, 2000). The lipopolysaccharide moiety manction as an endotoxin and might
be important in determining virulence of the orgams. This macromolecular endotoxin
complex consists of three components, an outer Isaccharide coat, a middle portion
and inner lipid A coat. Lipopolysaccharide struetis important for many reasons. First,
the nature of the repeating sugar units in therddtpolysaccharide chains is responsible
for O antigen specificitySalmonella lacking the complete sequence of O sugar repeat
units are called rough because of the rough appearaf the colonies. They are usually
avirulent or less virulent than the smooth strdiat tpossesses a full complement of O-
sugar repeat. Second, antibodies directed agdiastntddle coat or R core may protect
against infection since a wide variety of Gram-riegabacteria share a common core
structure or may moderate their lethal effect. @hthe endotoxin component of the cell
wall may play an important role in the pathogenesfs Gram-negative bacteria.
Endotoxins evoke fever, activate the serum comphgnienin and the clotting system,
affect mycordial function and alter lymphocyte ftion. Circulating endoxin might be
responsible for septic shock that can occur inesyat infections (Gomes, 2000). These

macromolecules composed of a hydrophilic hetergqaagharidgcomprising the core
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oligosaccharide and O-specific polysacchadd®-chain) which is covalently linked to
lipid A, which anchors these macromolecules to taeer membrane (Shnym al.,
1993).

The innermost, hydrophobic region, lipid A, is respible forthe major toxic and
beneficial properties of bacterial endotoxins (Haingt al., 2005). Lipid A is the least
variable part of the molecule amotige different species of a genus, and its structure
generallyconsists of a diglucosamine backbone substitutéld wariablenumber (usually
four to seven) of ester- or amide-linked faatyds. Phosphate and other substituents are
linked to carbonat the C-1 and C-4' positions of the glucosamisaatharide. 2-keto-3-
deoxyoctonate unit links the lipid A @ core oligosaccharide composed of 10 sugar
residues dividedto two regions: a best conserved inner core gadta distabuter core.
The core is linked to a third outermost regioradfighly immunogenic and variable O-
chain polysaccharide or O-antigen. The latter negiothe LPS molecule is responsible
for bacterial serologicaitrain specificity and is present only in smootpetyacterialhe
so-called rough-type bacteria produce lipopolysaddes lacking O-antigens (Hamieti

al., 2005)

2.4.2 Lipopolysaccharides extraction methods

Lipopolysaccharides can be isolated from Gram-negdtacteria by differenhethods,
the most efficient and commonly used one being hbe phenol-water extraction
procedure introduced by Westplaadd Luderitz (Westphal and Luderitz, 1954). It was
later modified by different authors, and specifiethods were developed for rough-type

endotoxinextractions (Hamidet al., 2005). However, each method requires sevzygd
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for the extraction and purification of endotoxinsdafurthersteps to isolate the lipid A
moiety. New methods have been descrifeeextract LPS from small quantities of cells,
such as by minphenol extraction or using an RNA-isolating reagéotthese methods

still require 2 or 3 days (Hamiet al., 2005).

In early experiments, acid hydrolysis was usedtdaieipid A from endotoxins,
splitting the acido-labile ketosidbmnd of Kdo (Hamidet al., 2005). In 1963 the method
was modified by a mild hydrolysigseatment using acetic acid. Excessively long and
strong hydrolytic conditions, which are sometimes necesdar releasethe lipid A-
polysaccharide, result in dephosphorylation and e@eglation of lipid A. Such
modifications strongly diminish the biologicadtivities of the molecule. Mild hydrolysis
conditions, suchs pH 4.5 with sodium acetate buffer often proweld efficienfor lipid
A isolation and are usually improved by add813S when the hydrolysis kinetics are too

slow (Hamidiet al., 2005).

2.4.3 Techniques involving the analysis of lipids

The use of lipid biomarkers for revealing the cosipon of microbial communities is
well established. A comprehensive lipid analysismaérobial communities has formed a
framework for improved understanding of the popalat structure in natural
environments (Jahnket al., 2001). Extraction, identification and quantifica of
phospholipid fatty acids (PLFA) can provide valwalhformation on the total viable
biomass in microbial communities (Macnaughton anéplen, 2000). Lipids are
essential components of membranes and are uniledsstributed in all cells (White and

Ringelberg, 1998). The signature lipid biomarkealgsis is used in combination with
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other methods that are necessary for fine-scalentaric studies. These are mainly
nucleic acid-based methods. The combination ofl lgmalysis and PCR-fingerprinting
can bring an improved report on the physiologicitus and identify the major
components of an active microbial community. Fattyds composition of bacteria is
affected by conditions, under which the bacter@ala#ing cultured, thus its combination

with other techniques is essential (Macnaughton&teg@hen, 2000).

A combination of lipid biomarker analysis and nuclecid based methods
successfully reveal a phylogenetic relationshiBiifcella abortus with members of the
Alpha-2 subdivision of the class Proteobacteria@o et al., 1990). This method has
also been used in the analysis of the community &oghic structure of the

hyperthermophilic pink streamers from Octopus gp(iahnkest al., 2001).

Lipopolysaccharides (LPS) play an important rolehe pathogenesis of gram-
negative bacteria. Sodium dodecyl sulfate-polyaemytle gel electrophoresis (SDS-
PAGE) in conjunction with silver staining is a pavu tool, allowing the analysis of size
heterogeneities of small quantities of LPS with@RS purification (Sledjeski and
Weiner, 1991). Using this method, the LPS compmehimany gram-negative bacteria
have been characterized. The LPS of many speciEsitefics and of manyibrio were

found to have a ladderlike banding pattern (Slddjasd Weiner, 1991).

Using this technique, lipid A binds to SDS and nwoWerough the gel with the
bound O chain moiety (Aucken and Pitt, 1993). Sicehains occur in different lengths,
the result is a ladder profile in which the loweshgs represent rough LPS while the

higher rungs represent smooth LPS with increasurglrers of side chain repeating units.
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The size of the repeating unit is reflected ingpacing between the rungs. It follows that
isolates of the same species with different LPS&tedphoretic profiles will also have
serologically different O antigens. Therefore, ttashnique may allow the comparative
typing with potentially similar discriminatory powas O serotyping. LPS profile typing
method has been applied to differentiate and dlassolates of a variety of gram-

negative species from a number of hospital outlsr¢akicken and Pitt, 1993).

Analysis of S-form LPS preparations by SDS-PAGHofwed by silver staining
technique reveals numerous bands arranged in ldddgrattern (Formsgaardt a.l.,
1990). Such bands reflect the number of repeatmmits present in the O chain of the
LPS. The fastest migrating band is LPS lacks tipeagng units, whereas the second
band represents the core-plus-one repeating udisarforth. Thus, silver-stained SDS-
polyacrylamide gels are often used to distinguistwkeen the R-form and S-form LPS.
SDS-PAGE analysis of LPS derived from clinical &ebk of polyagglutinable strains of
Pseudomonas aeruginosa showed a rough LPS profile after silver stainingich was

characteristic of nontypeable aeruginosa strains (Formsgaam al., 1990).

Lipopolysaccharides ofsalmonella dublin, S. enteritidis, S. typhimurium, S
choleraesuis and similar strains were analyzed to investigaéedorrelation between LPS
and virulence plasmid dialmonella (Kawaharaet al., 1989).All wild-type strains had
smooth type LPS i.e. LPS with long O-specific palysharide. The virulence plasmid-
cured strain of Sdublin, C524, exhibited a shorter O-specific chain thamp#rsent strain,
5240. No distinct ladder bands were observed dt higlecular weight region on the
SDS-PAGE for C524 lipopolysaccharide. In the cageSo enteritidis neither S.

typhimurium nor S. choleraesuis, alteration of neither chemical composition nor
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electrophoretical profile of LPS was detected byetien and reintroduction of their
virulence plasmids. Those results suggest thaticeregulatory factors of the chain
length of O-specific polysaccharide are encodedhenvirulence plasmid of Slublin

(Kawahareet al., 1989).

2.5 Background on antibiotics

Antibiotics can be categorized as bactericidal actériostatic. They are bactericidal if
they Kkill the susceptible bacteria or bacteriostdtthey reversibly inhibit the growth of
bacteria. Generally, the use of bactericidal aatibs is preferred but many factors may
impose the use of bacteriostatic antibiotics. Hasvenvhen bacteriostatic antibiotics are
used the duration of the therapy should be sufficte allow cellular and humoral
defense mechanisms to eradicate the bacteriaininadllaboratories a more common test
for antibiotic susceptibility is a disk diffusion ethod. During this test the bacterial
isolate is inoculated uniformly onto the surfaceanfagar plate. A disk impregnated with
a standard amount of an antibiotic is applied sogtrface of the plate and the antibiotic
is allowed to diffuse into the adjacent medium. Theult is a gradient of antibiotic
surrounding the disk. Following incubation, a baeldawn appears on the plate. Zones
of inhibition of bacterial growth may be presentward the antibiotic disk, the size of
which is dependent on the diffusion rate of thebamtic, the degree of sensitivity of the
microorganism and the growth rate of the bacteriihe zone of inhibition in the disk
diffusion test is inversely related to the Minimuimhibitory Concentration (Mayer,

2003).
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2.5.1 Antimicrobial susceptibility pattern 8ilmonella isolates

The emergence of antimicrobial resistant bact@ahogens has become a major public
health concern. The use of antibiotics in medical agricultural sectorsas resulted in
widespread antibiotic resistance and in the devetgof genetic mechanisms efficient
for the dissemination of antibiotic resistangene cassettes, especially within and
between species of gram-negatganisms. In recent years, testing S#monella
isolates from various countries has shown thatremeasing proportion is multidrug
resistant (Chenget al., 2004). Of particular concern is isolation of tdakone and
ciprofloxacin resistanBalmonella species because of the continuous use of these two
agents in treatin§almonella infections in children and adults respectively ¢6bet al.,

2004).

Resistance to antimicrobial agents in bacteriaesliated by several mechanisms
including changes in bacterial cell wall permeaypilienergy dependant removal of
antimicrobial agents via membrane-bound efflux psjympodification of the site of drug
action, and destruction or inactivation of antirolmial agents (Chengt al., 2004).
Bacteria can possess one or all of these mechan&oasiired antimicrobial resistance
phenotypes most often develop via conjugative feard plasmids. Plasmids may carry
class 1 integrons which are mobile DNA elements &éna important in the proliferation
of bacterial multidrug resistance (MDR), especiaiyiong the gram negative enteric
species. Integrons primarily have been found latatghin transposons Tn 402 and
Tn21 which in turn reside on broad-host range pidsnor the IncF plasmid. By
incorporating into transposons and plasmids, imtegrparticipate in the capture of

resistance genes and dissemination of these gerwgyebacteria (Cherg al., 2004).
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Molecular genetic techniques have been used toactaize antimicrobial-
resistantSalmonellae, especiallySalmonella enterica serovartyphimurium DT104 For
instance, variantSalmonella genomic island 1 (SG11) MDR regions, consisting of
integrons encoding different resistance genes, bhaea found in the chromosomal DNA
of Salmonella serovartyphimurium DT104 and Agona (Boydt al., 2002). The formation
of these MDR clusters is hypothesized to favor eggion of a large number of resistance
genes and to enhance their transfer to other bac&nce class 1 integrons have become
integrated into the chromosomeSalmonella serovardyphimurium DT104 and Agona,
they are able to persist even in the absence ahi@nbbial selection with no apparent
fitness cost to the cell. This has led to a stadte widely disseminated clone of
multidrug resistanSalmonella serovartyphimurium in the case ofalmonella serovar

typhimurium DT104 (Chenggt al., 2004).

For more than 40 years, chloramphenicol was thg dfichoice for the treatment
of Salmonella enterica serovarTyphi, the causative agent of typhoid fever (Karigkal .,
2004). However, the emergence of multidrug resistmrovar Typhi to ampicillin,
chloramphenicol and cotrimoxazole was reported ontls Africa, India, Arabian Gulf
and the Philippines in the late 1980. This hastéethe use of the fluoroquinolones as
alternative drugs (Kariuket al., 2004). Among the first reports of clinical tneent
failure due to serovar Typhi resistant to nalidixacid and showing an increased
ciprofloxacin MIC (0.125ug/ml) resistance was fidgmonstrated in 1991 in a patient
who had recently returned to the United Kingdomniréndia (Kariuki et al., 2004).
Thereafter, several cases of MDR serovar Typhi aésistant to nalidixic acid and

fluoroquinolones have been reported in Bangladesi#ia] Thailand Vietnam and
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Tajikistan, raising concern about further spreadhe species to other regions where
typhoid fever is endemic (Kariula al.,2004). In addition, molecular characterization of
the serovar Typhi outbreak strains have revealadrésistance to commonly used drugs
including choloramphenicol, ampicillin and trimeghon are encoded by plasmids of the

HI incompatibility group (Mills-Robertsost al., 2002).

2.5.2 The mode of action of antimicrobial agenisduis this study.

Bacteria cause diseases that can sometimes ldd€-tioreatening conditions (Cheref
al., 2004). Because bacteria are able to multiplydigpspread diseases quickly and can
be devastating. Antibiotics show the ability to pstbacterial growth by blocking
processes essential for cell division (Cheh@l., 2004). Therefore, antibiotics can be
defined as agents that are selectively toxic tadve either killing them (bacteriocidal)
or inhibiting their growth (bacteriostatic) withttle or no harm to the patient. Toxic
selectivity is very crucial in the activity of abiptics, these compounds must act on

structures found in bacteria, but not on the hGsiefiget al., 2004).

In ensuring this principle three major processesbacteria are targeted by
antibiotics. The first is protein synthesis by birglof the antibiotic to the 30S subunit of
the ribosome. By binding to the ribosome, the aotib prevents translation and the
bacteria cannot synthesize proteins (Chetrg., 2004). The second function targeted is
cell wall synthesis. Certain groups of antibiotesvent cell wall formation by blocking
cross-linking reactions of peptidoglycan necesdarystabilization of the cell wall and
thereby causing the cell to rupture (Chest@l., 2004). The most common family of

antibiotics that affect cell wall synthesis is tfidactams of which penicillin and
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ampicillin are members of. The third class of atibs interacts with the genomic
material of an organism. For instance Novobiocid aavofloxacin interfere with DNA
gyrase and prevent replication of DNA necessaryc@dr division and therefore survival

of the bacteria (Cheng al., 2004).

After isolation of pure colonies, the susceptibilif bacterial isolates to a variety
of antibiotics can be tested. The basic quantigatheasures of thi vitro activity of
antibiotics are Minimum Inhibitory Concentration () and the Minimum Bactericidal
Concentration (MBC). The MIC is the lowest concatitn of an antibiotic that inhibits
visible growth either on plate or turbidity in binotulture under standard conditions
(Chenget al., 2004). The MBC is the lowest concentration c #mtibiotic that Kills
99.9% of the original inoculum within a given petiMayer, 2003). In other words the
zone of inhibition around a disk impregnated witttilaiotic is a measure of antibiotics

inhibitory activity (Chenget al., 2004).

2.5.2.1 Neomycin

Neomycin is used to treat external infections inmhns and is given orally to cattle,
sheep, pigs, goats and poultry in cases of battgastrointestinal infections. It is an
aminoglycoside and is active against bacteriadhat aerobically. It is considered to be
inactive against anaerobes, and its activity agdatsiltative bacteria in vitro is lower in

anaerobic environments than in the presence ofexygrown, 1988).

Neomycin is produced b$treptomyces fradiae (Brown, 1988). The antibiotic is a

complex consisting of neomycin A, neomycin B ané@mgcin C, generally containing
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more than 90% neomycin B, the remainder being maiabmycin C. Neomycins B and

C both contain three amino sugars attached by gigimlinkage to the central hexose.
Neomycin A, more appropriately referred to as ndoamis a hydrolysis product of

either neomycin B or neomycin C and usually makedess than 1% of the mixture.

Neomycin A has a bicyclic ring system with four amigroups. Neomycin B has a total
of six amino groups and consists of neamine andinsamine B, a disaccharide of D-
ribose and neosamine B. Neomycin C is a stereois@meé consists of neamine and
neobiosamine C, a disaccharide from D-ribose anosarmaine C (stereoisomer of
neosamine B). When tested by antibiotic dilutiorthteques against aerobic and
facultative bacteria, the activity of neomycin Bgsnerally greater than that of neomycin

C, which is greater than that of neamine (Browrg&)9

The bacteriocidal effects of aminoglycosides angsed by disruption of cellular
transport mechanisms as a result of the formatfoabaormal cell membrane channels
by abnormal proteins. Neomycin reacts with 30Sgdoal subunits of prokaryotic cells
by electrostatic attraction (Prescettal., 2000). Since it is a polycation, neomycin binds
to negatively charged bacterial surface anions s@schhe lipopolysaccharide of gram-
negative bacteria, teichoic acids of gram-posithvacteria and polar portions of
phospholipid in both types of bacteria (Brown, 1p98ctive transport is required for
neomycin to traverse the membrane so that it cachréhe ribosomal target site. Such
transport mechanisms are lacking in a number ofatreerobes studied to date, and for
this reason they are generally not sensitive taath@oglycosides. Aminoglycosides are
moved across the cytoplasmic membrane by the memlpatential after non-specific

association with a transporter in the cytoplasmembranes. Ribosomes and nucleic
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acids act as binding sites for transported amiraugligles and contribute significantly to
total cell uptake. In the presence of sufficiem@ntrations of neomycin, transport may
cause some release of cell components, includintaspmm, amino acids and

nucleotides, from exposed bacterial cells throlnghdamaged cell wall (Brown, 1998).

Aminoglycosides have additional effects on micr@migms, including
interference with the cellular electron transfestsyn, induction of RNA breakdown,
disruption of polysomes into inactive monosomesjhition of translation, blocking of
initiation of DNA replication, effects on DNA metalism and damaged cell membranes
(Prescottet al., 2000). Most of these effects are likely to be do the mistranslation of

MRNA.

2.5.2.2 Chloramphenicol

Chloramphenicol (Cm) was first discovered in 1947aa antibiotic in cultures of the
Sreptomyces venezuelae and is now synthesized chemically. It is one of thost
effective and inexpensive treatments, for the cagd®ocky Mountain Fever (Stallings,
2001). This important antibiotic inhibits proteiiobynthesis by binding reversibly to 50S
prokaryotic ribosomal subunits at a site that béottle peptidyl transferase step in protein
biosynthesis. Resistance to chloramphenicol duéhéoenzymatic inactivation of the
antibiotic is the result of chloramphenicol acebjisferase (CAT) activity (Shaw and

Leslie, 1991).

Chloramphenicol has a very broad spectrum of agtivecause it functions by

inhibiting bacterial protein synthesis (Cocokh al., 2001). It is active against Gram
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positive bacteria, Gram negative bacteria and aba&sr It is not active against
Pseudomonas aeruginosa or Enterobacter species. It has some activity against
Burkholderia pseudomallel, but is no longer routinely used to treat infecti@masised by
this organism (Cocolirt al., 2001). The original indication of chloramphenieghs in
the treatment of typhoid, but the worldwide problemmultidrug resistanSalmonella
typhi has minimized the usage of this antibiotic excelpgmvthe organism is known to be
sensitive. Chloramphenicol may be used as a setinadagent in the treatment of

tetracycline resistant cholera (Cocodiral., 2001).

Chloramphenicol is bacteriostatic, that is it stdyagterial growth by inhibiting
the enzyme peptidyl tranferase. While chloramph@nend the macrolide class of
antibiotics function ultimately in the same manrdr affecting the 50S ribosomal
subunits, chloramphenicol is not a macrolide. Tlegeethree mechanisms of resistance to
chloramphenicol: that is reduced membrane permggbiutation of the 50S ribosomal
subunit and elaboration of cholramphenicol acetgkferase. It is easy to select for
reduced membrane permeability to chloramphenicugltio by serial passage of bacteria,
and this is the most common mechanism of low lesldbramphenicol resistance
(Cocolinet al., 2001). High level resistance is conferred by thiegene. This gene codes
for an enzyme called chloramphenicol acetyltrasfer which inactivates
chloramphenicol by covalently linking one or twoetd groups derived from acetyl-S
coenzyme A, to the hydroxyl groups on the chloraemitol molecule. The acetylation
prevents chloramphenicol from binding to the riboso Resistance conferring mutations
of the 50S ribosomal subunit are rare. Chlorammoémesistance gene maybe carried on

a plasmid that also codes for resistance to otheysdCocoliret al., 2001).
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2.5.2.3 Doxycycline

Doxycycline is a member of the tetracycline antiis® group and is commonly used to
treat a variety of infections (Chopaad Roberts, 2001). Tetracyclines were first isalat
from the Streptomyces species. The tetracyclines, which were discovered in tBd(s,
are a family of antibiotics that inhibit proteinrgiiesis by preventinthe attachment of
aminoacyl-tRNA to the ribosomal acceptor @e. The tetracyclines reversibly bind to
the 30S ribosome and inhibit binding of aminoaciRNA to the acceptor site on the 70S
ribosome. Tetracyclines (tetracycline, doxycyclité)d to the 30S subunit and block
polypeptide chain elongation by preventing thechitaent of charged aminacyl-tRNA.
Tetracyclines are broad-spectrum agents, exhibiiogvity against a wide range of
gram-positive and gram-negative bacterdypical organisms such as chlamydiae,

mycoplasmas, and rickettsiamd protozoan parasites (Choaral Roberts, 2001).

2.5.2.4 Streptomycin

Streptomycin is an antibiotic that belongs to theug called aminoglycosides (Kingston,
2004). It is the first class to be discovered iis tiroup and was the first antibiotic to be
used for remedy of tuberculosis (Kingston, 2004)e@omycin was first isolated in1943
in the laboratory of Selman Abraham Waksman by AlBehatz (Kingston, 2004). It is

derived from the actinobacteriu@reptomyces griseus. Streptomycin stops bacterial
growth by damaging cell membrane and inhibitingt@iro synthesis. Specifically, it

binds to the 16S rRNA of the bacterial ribosomejciwhprevents the release of the

polypeptide chain. An adverse effect of this meaigs ototoxicity (Kingston, 2004).
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2.5.2.5 Kanamycin

The antibiotic kanamycin is used extensively in ej&n engineering as a marker
(Onaolapo, 1994). There is a well known-resistatoeeards antibiotics of a particular
type. A mutation to resistance to an antibiotic ntuse resistance to some or all
members of the antibiotic family (Onaolapo, 199Kanamycin is a member of the
aminoglycoside antibiotics. Cross-resistance batwe&anamycin and other
aminoglycosides including streptomycin, gentamyanal tobramycin was found to vary
markedly between isolates (Onaolapo, 1994). Athefantibiotics mentioned are used to
treat bacterial infections. The aminoglycoside lantic neomycin was found to cross
react with kanamycin B in inhibiting RNase P ribomy, 16S ribosomal RNA and tRNA
maturation (Onaolapo, 1994). Kanamycin inhibits tineding of EF-G to the ribosome

(Chopra, 2002).

2.5.2.6 Cotrimoxazole

Cotrimoxazole is an approved sulphanamide drug (Kimal., 2004). It consists of a
mixture of two drugs, trimethoprim and sulphametimde, which both prevent bacteria
from reproduction. They interfere with folate mesadm in the bacterial cell by blocking
the biosynthesis of tetrahydrofolate. Cotrimoxazd also used to treat Shigellosis,
urinary tract infections, isosporiasis and bronshiintravenously cotrimoxazole is used
for treating Shigellosis, Salmonellosis and sewwreomplicated urinary tract infection

(Kim et al., 2004).
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2.5.2.7 Sulfamethoxazole

Sulfamethoxazole is a sulfonamide bacteriostatio(k al., 2004). It is most often used
as part of a synergistic combination with trimethwpin 5:1 ratio with cotrimoxazole,
which is also known as bactrim or septrin. It canused as an alternative to amoxicillin-
based antibiotic to treat sinusitis. They are $tmat analogs and competitive antagonists
of para-aminobenzoic acid (PABA). They inhibit n@inbacterial utilization of PABA
for the synthesis of folic acid, an important meiéb in DNA synthesis (Kimet al.,
2004). Sulfonamides interfere with folate metabuolisn the bacterial cell by

competitively blocking the biosynthesis of tetratofdlate (Kimet al., 2004)

Tetrahydrofolate acts as a carrier of one-carbagnfrents and is necessary for the
ultimate synthesis of DNA, RNA and bacterial celdlivproteins (Kimet al., 2004).
Unlike mammals, bacteria and protozoa usually lagkgansport system to take up
preformed folic acid from their environment. Mosdt these must synthesize folates,
although some are capable of using exogenous thyejidircumventing the need for
folate metabolism. Sulfonamides competitively blalk conversion of pteridine and p-
aminobenzoic acid to dihydrofolic acid by the eneypteridine synthetase (Kiet al.,
2004). The effects seen are usually bacteriosiati@ature. Folic acid is not synthesized
in humans, it's a dietary requirement. This alldvs selective toxicity to bacterial cells
(or any cell dependent on synthesizing folic acidinpared to human cells (Kiet al.,

2004).
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CHAPTER 3

MATERIALS AND METHOD
3.1 Sampling
Water samples from Gogogo and Tyume rivers, anceatdd wastewater samples from
Fort Hare wastewater treatment plant in Alice, Andd wastewater treatment plant in
East London, Schornville wastewater treatment planKing Williams Town were
collectedusing sterile 1L Nalgene bottles. The samples \leea transported on ice in
cooler boxes to the laboratory of the DepartmenBichemistry and Microbiology,
University of Fort Hare, Alice for further procesgi Water samples were collected by
carefully removing the cap of the bottles to prevesntamination of the inner surface.
Holding the bottle at the bottom and plunging itoe the water surface allowed the
water to enter the bottle. The mouth of the botides placed opposite the water current.
If there was no current, it was created artifigidbly pushing the bottle forward. The
bottle was filled leaving about 2.5cm of empty spéz allow mixing during laboratory
analysis. It was then immediately closed and ke cooler box. All the water samples

were analysed within 12-24 h after collection.

3.2 Isolation and identification of Salmonella species

Five hundred milliliters (500 ml) of water sampleg&re centrifuged in sterile 50ml
centrifuge tubes at 3500xg for 25 minutes using Beekman type centrifuge (TJ-6
Centrifuge, Scotland). The supernatants were dischrand 20 ml of the supernatant and
pellets were left for further processing. The selspensions were used fgéalmonella

species isolation. The suspensions were enrichedeirathionate broth (Merck,
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Darmstardt, Germany) in a 1:1 ratio (sample: bratinj incubated for 18-24 hrs at 35°C
on an orbital incubator (Stuart Scientific U.K.)ftér incubation period, a loopful of the

enriched culture was transferred onto XLD agar iidiagnostics, Saarchem, S.A) and
incubated at 35°C for 18 - 24 hrs. Red colonieshviatack spots in the center that
appeared on the agar were randomly picked andigulirif single colony was streaked

onto a nutrient agar plates, incubated overnigl5a€C and colonies were Gram stained.
The isolates were further confirmed $smonella species by API assay (Bio Meux,

Lyon, France).

3.3 Antimicrobial susceptibility test of isolates

The susceptibility ofSalmonella isolates to antimicrobial agents was determinadgus
Kirby-Bauer disk diffusion method (Bauet al., 1996). A bacterial lawn was prepared
by transferring a bacterial colony in 2.5 ml norrealine using a sterile inoculating loop,
and spreading onto Muller-Hinton agar (Biolab Diagfics, Saarchem, S.A). The excess
inoculum was withdrawn off with a Pasteur pipettekstes were allowed to dry at room
temperature. Disks containing predetermined amoofnditibiotics were dispensed onto
the bacterial lawn and the plates were immediatatybated at 37°C for 18-24 hours.
After the incubation period, the diameters of thkibition zones were measured. The
following antibiotics and sulfonamides were usedcomycin (NEO), 10 pg/disk;
chloramphenicol (CHL), 30 pg/disk; doxycyclin®XT) 30 pg/disk; sulphonamides
(SMX) 50 pg/disk; kanamycin (K) 30 pg/disk; straptecin (S) 300 pg/disk and

cotrimoxazole (TS) 25 pg/disk. The test was doneiphicates.
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The recorded zones of inhibition were compared whith standard of the United
States National Committee for Clinical Laboratoar®lards (NCCLS) now known as
CLSI. The isolates were classified in three differeategories as follows: resistant (R),
sensitive (S) and intermediate (). An isolate wasasidered resistant if the disc has no
discernable zone around it or if it has an inhdsitzone less or equal to the disc diameter.
It was considered sensitive if it had a clear zond it had an inhibition zone greater
than the disc diameter. It was considered interatedif the zone of inhibition was

cloudy (Bauer, 1996).

3.4 Isolation of DNA and restriction digestion analsis

Genomic DNA from fortySalmonella isolates cultured in nutrient broth was isolated
according to Neumanet al. (1992). Cells were harvested by centrifugation &0kg for

20 min., using a JA20 angle rotor (Beckman cergeju The pellets were resuspended in
400 ul Tris-EDTA (TE) buffer, containing 0.01M T+#4$Cl pH 7.4, 0.001M EDTA,
(Saarchem,Gauteng, S.A) by vortexing. Fifty migesk of 10% Sodium Dodecyl
Sulphate, (SDS) (Saarchem, Gauteng, SA) was adadttktsuspensions. Samples were
digested with 50 pl (20mg/ml stock solution) protse K (Merck, Darmstadt, Germany)
for 1 hr at 37°C. DNA was extracted twice with elqualumes of phenol: chloroform
(2:1) (Merck, Darmstadt, Germany) by centrifugat@n1000xg for 1 min. It was re-
extracted with equal volume of chloroform followbd centrifugation at 1000xg for 10
min. The supernatants were treated with 5 ul RNas&mg/mL in RNaseA buffer
containing 0.5M NaCl, 0.01M EDTA) and the samplesrevincubated at 37°C for 30

min. DNA was precipitated with 5M ammonium acetéiteal concentration of 0.5M and
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2 volumes of isopropanol by incubation at 4°C oigith The DNA was centrifuged for
10 min at 10 000xg and washed twice with 70 % etsharhe pellets of DNA were dried
at room temperature and dissolved in 50-100 ul Uieb

Two-five micrograms of the DNA samples were digdstgth 20-50 units of each
of the restriction endunucleases Xbal and Ndel Bmd1 (Promega, Madison. USA)
in the presence of buffer D (Promega, Madison. UBAA final volume of 20 ul. The
digestion of the DNA samples was allowed to procae8l7°C for 3 hrs to overnight. The
digested DNA samples were separated on 5% AcryktRisacrylamide (30%/0.8% w/v
stock solution) (Merck, Darmstadt, Germany) geltaomng 0.04M Tris acetate and
0.002M EDTA pH 8. The gels were run at 90mV, 30neAfive and a half hours. When
the bromophenolblue dye reached the end of thetigelglectrophoresis was stopped.
The gels were stained with silver sequence DNAnstgikit (Promega, Madison, US.).
Images of the gels were taken using Biodoc-IT Swysteith built-in CCD Camera
(Transilluminator, UVP, Upland, CA). Dendograms weronstructed using Jackard
simple matching coefficient (found in the vegankaae) as the input into the UPGMA

clustering technique in the R statistical compugngironment.

3.5 Extraction of protein and SDS-PAGE analysis

After identification ofSalmonella strains using APl 20E assay, a single colony ohedc
the forty Salmonella strains was inoculated into 200 ml of nutrient tbr¢gSaarhem,
Gauteng, S.A) in a 500 ml Erlenmeyer flask. Thewel was incubated at 35°C for 48h
at 180 rpm on an orbital incubator (Stuart Scientd.K.). Cells were harvested by

centrifugation at 1000xg for 30 min using a JA angitor (Beckman centrifuge). The
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pellets were washed twice with millipore water amduspended in Tris-HCI buffer,
containing 0.05 M Tris HCI pH 7.5, 4% sodium dodesylphate (SDS) and 20% (v/v)
glycerol (Merck, Darmstadt, Germany). The ratiobaffer to cells was (1:1) buffer per
gram of cell wet mass. The cell suspensions weatelen a water bath at 100 °C for 15
min and centrifuged at 4°C for 3 h (16000 xg). Bapernatants containing the proteins
were dialyzed for 48h against distilled water. Thalysates were freeze dried and the
crystallized protein dissolved in 100-150 ul of Infd water. The proteins were analysed
by SDS-PAGE. Gels containing 12% acrylamide (MerDlarmstadt, Germany) and
0.8% bisacrylamide in 0.04M Tris HCI pH 8 and 0.5®S. As a standard, a broad range
molecular weight marker (225-10KD) was used tobrate the gels. The samples were
run at 70 mV in vertical slab gel apparatus (TalpMy Small Vertical Slab Gel Unit,
model SE 200 Hoefer Scientific instruments Sannéisxo California) until the marker
dye reached the bottom of the gel. The gels wexieed with silver - Fast silvEP gel
staining kit (Calbiochem Darmstadt, Germany) andtaleed in a solution containing
25% ethanol and 8% acetic acid. All protein exsagere run in duplicates. Gel images
were taken using Biodoc-H system transilluminat®VIP, Upland, CA. U.S.).
Dendograms were constructed using Jackard simptehmg coefficient (found in the
vegan package) as the input into the UPGMA clusgetechnique in the R statistical

computing environment

3.6 Isolation and analysis of lipopolysaccharides
Lipopolysaccharides (LPS) were isolated frdgalmonella strains according to the

method of Yang and Lin (1998%almonella isolates were cultured separately in 500 ml
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nutrient broth overnight at 35°C. Five hundred iitérs of overnight cultures of
Salmonella strains were centrifuged at 1000xg in a Beckmamirifuge for 30 minutes.
The pellets were suspended in 0.1M phosphate-laaffealine, pH 7.4. The suspensions
were stirred for 30 min on ice and centrifuged @t0D0xg for 10 min in an Eppendorf
centrifuge (Hamburg, Germany). The cell pelletseveeated with hot phenol buffered
with sodium carbonate (0.1% NaHg®5% phenol) at 65°C for 15 min and cooled to
10°C for 15 min. The samples were centrifuged a0Q@xg for 10 min and the aqueous
upper layer was poured into dialysis tubes andydeal against distilled water for 48
hours. After dialysis the samples were centrifuggd10 000xg for 5 min and
supernatants were lyophilized in Xerotec FreezeeD($ussex, England). The LPS were
collected in 50-100 pl of distilled water. Aliquaté the samples were loaded onto 12%
PAAC/SDS gels using slab gel electrophoresis apparérall Mighty Small Vertical
Slab Gel Unit, Hoefer Scientific Instruments Sararf@isco, USA) (Laemli, 1970).
Twenty microliters of each sample of LPS was mixath 20 pl of 5X sample buffer
containing 0.5M Tris- HCI (Merck, Darmstadt, GermgarpH 8.8, 10% glycerol (Merck,
Darmstadt, Germany), 10% SDS (Sodium dodecyl ®)lfafSaarchem,Gauteng,SA),
0.0001M Beta-mercaptoethanol (Merck, Darmstadtntery) and 0.04% Bromophenol
blue (Sigma, Aldrich, St. Lois, Mo. US). Ten midtets of standard protein marker
(Broad range Protein Molecular Weight Marker, Prgem&ladison,USA) was used for
calibration of the gel. The lipopolysaccharides eveun according to the method of
Laemmli (1970). The electrophoresis was run at 60foV6hrs using power supply
(LKB-Broma, Uppsala, Sweden). The gels were stainil silver - Fast silvéf" gel

staining kit (Calbiochem Darmstadt, Germany). Insagé the gels were taken using
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Biodoc-H system (Tronsilluminator UVP, Upland, CAJ.S). Dendograms were
constructed using Jackard simple matching coeffic{ffound in the vegan package) as
the input into the UPGMA clustering technique inetlR statistical computing

environment.

3.7Dendogram
The software used was R Development Core Team J20R7 A language and
environment for statistical computing (R Foundatfon Statistical computing, Vienna,

Australia, ISBN3-9000 51-07-0, URL
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CHAPTER 4

RESULTS

4.1 Antibiotic sensitivity of Salmonella species

Forty purified and confirme@almonella strains were tested for antibiotic susceptibility.
The results of the antibiotic sensitivity profileszgn in Tables 1 show the percentages of
the isolates against different antibiotics, basedh@ir reaction to the drugs as resistant,
intermediate or susceptible. The antibiotic sewisjtitest of the Salmonella isolates
against neomycin revealed a very high level of ep8bility. Ninety percent of the
isolates tested manifested susceptibility to neomyubile 10 % was intermediate (Table
1). The classification dfalmonella isolates sensitivity against neomycin was deterthine
in accordance with NCCLS derived performance stadgdas follows: Resistagt12mm,
intermediate 13-16mm and suscepti®dE/mm (NCCLS, 1999).

The sensitivity tests ddalmonella strains against chloramphenicol showed a high
level of susceptibility, with 72.5% of isolates hgisusceptible, 22.5% were intermediate
and 5% were resistant. When doxycycline was usedetermineSalmonella strains
sensitivity, the strains were categorized as su#dep(< 14mm), intermediate (15-
18mm) and resistant (19mm) in accordance with zone size interpretivedsiads for
doxycycline (NCCLS, 1999). As seen from Table lg thoxycycline sensitivity test
revealed that 57.5% of isolates were resistan§%7wvere intermediate and 5% were
susceptible, which shows that more than 50% of ispewere not affected by the
antibiotic. Also, of the forty Salmonella isolates tested for sensitivity towards

Sulphomethoxazole 92.5% were resistant towardsstiiphonamide and only 7.5%
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showed intermediate effect while none was susdeptd high degree of susceptibility
was observed for kanamycin. Only 5% of them showesistance and 5% were
intermediate. Results of streptomycin 8almonella species revealed a high level of
susceptibility (85%), absence of resistant stramg 15% intermediate strains. Similarly,
the Salmonella isolates showed a high level of susceptibility &oss cotrimoxazole

(85%) with 10% exhibiting intermediate effect amdyo5% were resistant.

Table 1: The effect of tested antimicrobialsSahmonella species.

Antibiotic Antibiotic Antibiotic sensitivity (Percentages)

concentration

on the disc

(mg)

Resistant Intermediate  Susceptible

Neomycin 0.03 0 10 90
Chloramphenicol 0.01 5 22.5 72.5
Doxycycline 0.03 57.5 37.5 5
Sulfonamides 0.05 92.5 7.5 0
Kanamycin 0.03 5 5 90
Streptomycin 0.3 0 15 85
Cotrimoxazole 0.025 5 10 85

4.2 DNA profile of the Salmonella strains
We have studied the genetic diversity of fo@gimonella isolates from Amalinda,
Shornville, Fort Hare wastewater plants, and défifiersites of Tyume and Gogogo rivers

in Eastern Cape Province. Restriction digestiogeriomic DNA of the 4@almonella
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strains with EcoR1 and SMA 1 revealed different band pageihe DNA profiles of
Salmonella strains were resolved into 18 different bands irem@n size from 500 bp to
12000 bp (Figure 1).

The dendogram obtained using Jackard simple matatoefficient as the input
to the UPGMA clustering technique in the R statetcomputing environment (software
R development Core Team 2007) (Figure 2), revefdad similarity groups of strains
(Table 3). Group 1 (Table 3) comprises 65% ofsdlates and includes strains: 5, 6, 11,
12, 13 and 15 recovered from Amalinda wastewdtantp sludge tank, strains: 26, 32,
36, 37, 38, 39 and 40 isolated from Amalinda waatewplant’s sludge tank, strain 9, 24,
27, 31, 33 isolated from Shornville wastewater’platudge tank, strains: 7, 14, 16 and
30 recovered from Shornville wastewater plant'soséary clarifiers, strain 25 recovered
from Fort Hare wastewater plant, strains 4 andc®vered from Gogogo river and strain
10 recovered from Tyume river. All 26 strains ckrsd as a tight and distinct group with
genetic similarity ranging from 80 to 93%. Theyrfead a well defined group, clearly
separated from the rest of the isolates.

The second similarity group comprised the followistgains: 1, 22, and 23
isolated from Shornville wastewater plant's slud@gk, strain 21 isolated from
Shornville wastewater plant’s secondary clarifsrain: 28, isolated from Tyume River.
The genetic similarity values of the five straimsmged between 60 and 69%. The third
similarity group included strains with similarityales ranging from 42 to 51%, strains:
29 and 35 were recovered from Amalinda wastewdtet’s secondary clarifier, strain:

20 were recovered from Amalinda wastewater plastigdlge tank, strain: 34 were
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recovered from Shornville wastewater plant’s sluteygk and strain 18 was recovered
from Shornville wastewater plant’'s secondary clerif

The fourth similarity group comprised a tight andticict cluster with similarity
values ranging from 21 to 35%. The strains: 2 af@dwkre isolated from Amalinda
wastewater plant’s sludge tank, strains: 3 and &&wsolated from Fort Hare wastewater

plant’s sludge tank. They formed a small distinciugp as seen from Figure 2 and 3.

Table 2:Salmonella isolates sources representations on SDS-PAGE gels.

Water Sources Lanes on SDS-PAGE gels

Amalinda Wastewater Plant

Sludge tank:
Site 1 Lane 2
Site 2 Lane 5
Site 3 Lane 6
Site 4 Lane 11
Site 5 Lane 12
Site 6 Lane 13
Site 7 Lane 15
Site 8 Lane 19
Site 9 Lane 20

Amalinda Wastewater Plant
Secondary clarifier

Sitel Lane 26
Site 2 Lane 29
Site 3 Lane 32
Site 4 Lane 35
Site 5 Lane 36
Site 6 Lane 37
Site 7 Lane 38
Site 8 Lane 39

Site 9 Lane40




Shornville Wastewater Plant
Sludge tank

Site 1

Site 2
Site 3
Site 4
Site 5
Site 6
Site 7
Site 8
Site 9

Shornville Wastewater Plant
Secondary clarifier
Site 1
Site 2
Site 3
Site 4
Site 5
Site6
Gogogo River
Site 1
Site 2
Tyume River
Sitel
Site 2
Fort Hare Wastewater Plant
Site 1
Site 2
Site3

Lane 9

Lane 22
Lane 23
Lane 24
Lane 27
Lane 31
Lane 33
Lane 34
Lane 1

Lane 7

Lane 14
Lane 16
Lane 18
Lane 21
Lane 30

Lane 8
Lane 4

Lane 10
Lane 28

Lane 3
Lane 17
Lane 25
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Figure 1: Lanes of digested DNA samples on th€lgaies 1-20).
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Table 3: Distribution of DNA groups according taetkimilarity coefficient (§,) based

on restriction digest profile.

Group 1 Group 2 Group 3 Group 4
80-93% 60-69% 42-51% 21-35%
4,5,6,7,8, 9, 1,21, 22, 23, 28 18, 20, 29, 34, 35 2,3,17,19
1011,12,13

14, 15, 16, 24,

25, 26, 27, 30, 31,
32, 33, 36, 37, 38,

39, 40

4.3 Protein moiety of theSalmonella strains
The protein profiles of fortysalmonella isolates from Amalinda, Shornville, Fort Hare
Wastewater Plants, Gogogo and Tyhume rivers in Hhstern Cape Province were
evaluated (Figure 3). The protein patterns showeéata of 29 different protein bands
ranging in molecular weights from 10 KD to 150 KBidure 3). The dendogram
obtained using Jackard simple matching coefficéenthe input to the UPGMA clustering
technique in the R statistical computing environmsoftware (R Development Core
Team, 2007) revealed two similarity groups: Groupith similarity values ranging from
50-70 % and Group 2 with percentage similarityhia tange of 23-48 % (Figure 4 and
Table 4).

Group one forms a distinct cluster of isolatesudaig isolates from Shornville

wastewater plant’s sludge tank (strains 1, 22, &8 27); Amalinda wastewater plant’s
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sludge tank and clarifier (strains 2, 20, 36 an§l 88d one strain isolated from Tyume
river (strain 37). Since most of the isolates we@overed mainly from two wastewater
plants — Amalinda and Shornville which are in clpseximity, this might be the reason
for the close relatedness of the strains. Grouprfpeises thirty strains with similarity

coefficients ranging from 23 to 48 % (Figures 3blEad). The isolates were recovered
from different water sources. Strains from Amalindastewater plant’'s sludge tank
included strains 5, 6, 11, 12, 13, 15, and 19. Amdal wastewater plant's secondary
clarifier yielded strains 29, 34, 35, 37, 39 andwlile Shornville wastewater plant’s

sludge tank vyielded strains 9, 24, 31, 33 and 3dmFShornville wastewater plant’s

secondary clarifier came strains 7, 14, 16, 18a8d 30 while Fort Hare wastewater
plant’s sludge tank yielded strains 3 and 17 amdeaicondary clarifier yielded strains 25.
Gogogo river yielded strains 8 and 4, and from Tgumer came strain 28 (Tables 2 and
4). The isolates in group 2 showed lower percentgeelatedness — 23 to 48 % as
compared to the strains in Group 1 with similagtefficient ranging from 50 to 70 %

(Figure 4).
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Table 4: Distribution of protein groups accordinglte similarity coefficient (&)

Group 1 Group 2

50 -70 % 23-48%

1, 2,19, 20, 22, 23, 26, 27, 3,4,5,6,7,81912 13, 14, 15
36, 38, 16, 17, 18, 19, 21, 24, 25, 28, 29

30, 31, 32, 33, 34, 35, 37, 39, 40

4.4 Lipopolysaccharides profile of theSalmonella strains

Lipopolysaccharides from fortgalmonella strains were evaluated. The strains patterns
were compared with a marker: lipopolysaccharidessaimonella enteritidis (Sigma-
Aldrich Co. GMBH, Germany). As seen in Figure % tipopolysaccharides of the forty
strains were resolved into 15 bands with differemctrophoretic mobility. The
dendogram obtained revealed three similarity gro(figure 6). Twenty one strains
(52.5% of all isolates) formed a distinct clusteithwhigh sequence similarity values
ranging from 67 to 87 % (Figure 6). Strains 6, 12, 13, 15 and 20 were isolated from
Amalinda wastewater plants sludge tank; strains36.and 40 were recovered from
Amalinda wastewater plant’s secondary clarifieraisis 9, 22, 27 and 31 were isolated
from Schornville wastewater plant’'s sludge tankaiss 7, 14, 16, 21 and 30 were
recovered from Shornville wastewater plant's seeoydlarifier; strain 17 was isolated
from Fort Hare wastewater plant; strain 8 was reced from Gogogo river and strain 10

was recovered from Tyume river (Table 2).
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The second similarity group included 16 strainschHormed rather homogenous
group with similarity values ranging between 37 &8%. This group comprised the
following: strains 2, 5 and 19 from the Amalindasteavater plant’s sludge tank; strains
29, 32, 35, 36 and 38 from Amalinda wastewatertjdasecondary clarifier; strains 23,
24, 33 and 34 from Shornville wastewater plantiglge tank; strain 18 from Schornville
wastewater plant’s secondary clarifier; strains gl 25 from Fort Hare wastewater
plant’s; and strain 4 from Gogogo river. Strains28,and 37 formed a distinct group,
with similarity coefficient ranging from 29 to 34%Strain 1 was isolated from
Schornville wastewater plant’s sludge tank, whilaia 28 was recovered form Tyume
river and strain 37 was isolated from Amalinda westter plant’s secondary clarifier.
The first similarity group comprising species wgtmilarity coefficients of 67 to 87%
includes more than 50% of the isolates which shawsery high relatedness between
strains from different water sources- Amalinda wastter plant, Schornville wastewater
plant and Fort Hare wastewater plant indicativedfigh stability in the pattern of the
lipopolysaccharides. The difference between theeethsimilarity groups may be
indicative of the adaptation of the bacterial outegmbrane to the different ecological

niches of the bacterial strains examined.
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Table 5: Distribution of Lipopolysaccharides groupscording to the similarity

coefficient (Qn).

Group 1 Group 2 Group 3
67-87% 37-63% 29-34%
6,7,8,9,10, 11, 12, 2,3,4,5,18, 19, 23, , 281 37
13, 14, 15, 16, 17, 20, 24, 25, 29, 32, 33, 34,

21, 22, 26, 27, 30, 31, 35, 36, 38

39, 40
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CHAPTER 5

DISCUSSION
The aim of the present study was to examine theimesity of fortySalmonella isolates
collected from domestic water sources and wastewestatment plants in the Eastern
Cape Province of South Africa. The outcomes of thgearch will certainly shed a new
light on the diversity of Salmonella strains and on their environmental and
epidemiological impact. The antibiotic suscepttigilprofile of the forty Salmonella
strains was evaluated as well. This informatioassential in providing the much needed
data on the diversity dialmonella speciesn the studied province since the information
on the diversity of these species in the Easteppe@aovince is non existent to the best
of our knowledge. However reports in other partSo@ith Africa and other countries are
available. Moreover, antibiotic susceptibility dathtained onSalmonella strains in the
areas covered is imperative in providing informatem the antibiotics used in this study
and reviewing their clinical use.

Our results on antibiotic susceptibility 88lmonella strains indicates that out of
seven antibiotics and sulfonamides tested on fd@@monella species, namely:
neomycin, chloramphenicol, doxycycline, sullfametarole, kanamycin, streptomycin
and cotrimoxazole, five proved to have a substheffact on thes&almonella strains.
Between 72.5% and 90% of the strains proved to Useeptible towards neomycin,
chloramphenicol, kanamycin, streptomycin and catxazole. Comparable observation
was reported by Thong and coworkers (2002) who detnated the sensitivity of
Salmonella isolates towards chloramphenicol, neomycin, karamgtreptomycin and

cotrimoxazole. These results agree with that of @lal. (2007), who reported similar
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patterns of sensitivity ofalmonella isolates from HIV/AIDS patients in Limpompo,
South Africa towards kanamycin.

The introduction of antibiotics for the chemotheragf bacterial infection has
been one of the most important medical breakthrewgyhce their discovery. However,
the emergence of bacterial resistance to antilsiatitdermines the therapeutic utility of
existing agents and thereby necessitating moreargsein this field. Towards
doxycycline and sulphamethoxazole, ti@&lmonella strains showed considerable
resistance of 57.5% and 92.5% respectively. Thigates that the two drugs can hardly
be considered for treatment &@almonella infections as compared to neomycin,
chloramphenicol, kanamycin, streptomycin and caixazole.

Using restriction digestions of genomic DNA, folled by SDS/PAGE
electrophoresis and construction of dendograms; &milarity groups ofSalmonella
strains were identified based on their DNA profileish different base pair lengths. We
identified two different groups of the strains ldhsen their protein moiety using
SDS/PAGE electrophoresis and three different granfpSalmonella strains based on
their lipopolysaccahride profiles. DNA profiles eated four similarity groups showing
18 different bands with base pairs length varyiragf 500bp to 12000 bp. Most of the
strains (approximately 65%) recovered from Amalingdastewater plant, Shornville
wastewater plant, Fort Hare wastewater plant, Gogogl Tyume rivers showed a high
percentage of genetic similarity ranging from 8098%. The genetic variability of the
strains between this group and the rest three groampging from 21 to 69% suggests a
high degree of genomic rearrangements that couldsbeciated with the acquisition of

mobile genetic elements, insertion sequences andtions, resulting from the different
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environmental conditions of the water sources frarmere the strains have been
recovered, as well as the environment of the andasse wastewater were collected in
the Amalinda, Shornville and Fort Hare wastewatants.

Restriction digestion of a given DNA with specifienzymes provides a
reproducible array of fragments which can be sepdrhy agarose gel electrophoresis
into categories of relatedness among strains erprgted using criteria of Tenoweral.,
1995 as follows: (a) isolates are considered imdjsishable if the number and size of
the bands are the same; (b) closely related isolzge patterns that differ by 2-3 band
difference; (c) an isolate may be considered possiblated if the PAGE pattern
corresponds to 4-6 band differences. Thus resinctligestion of genomic DNA
followed by SDS-PAGE gel provides a valuable metfaycevaluating the relatedness of
Salmonella species.

Ribeiro and coworkers (2007) used PFGE for studygemetic diversity of
Salmonella strains isolated from salami. They observed lowegje similarity amongst
strains indicating that the strains could be froiffecent sources. The SDS-PAGE
method was used to evaluate the similarities affdrdhces between the protein profiles
of the Salmonella species. The main advantage of this method isellative ease as well
as the quantity of samples that can be used. T¢endeadvantage of the method is that
the results obtained by SDS-PAGE of whole cell @irat discriminate at much the same
level as DNA: DNA hybridization (Ribeiret al., 2007).

Comparing DNA and protein profiles of the for8amonella isolates, it was
observed that isolates 1, 22 and 23 fall in theselsimilarity group. Similarity

coefficients for these isolates are in the range6@#%69% for DNA and 50-70% for
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protein. Isolates 1, 22 and 23 were recovered fsame wastewater treatment plant’s
sludge tank and this might be the reason for ttlese similarity. This indicates that the
restriction digestion of DNA followed by gel elegphoresis and construction of
dendograms methods we used allows us to grouplglodated isolates, recovered from
the same water sources and also differentiates thmse obtained from different water
sources. Thong and coworkers (2002) reported tatINA profiles of most of the
Salmonella serotype Weltevreden isolates from various hosputatied greatly indicating
that the isolates belong to different clones.

Isolates 3, 17 and 19 have close similarity comfits which fall in the range of
21 to 35% for DNA and 23 to 48% for their proteirpfde. Isolates 3 and 17 were
recovered from the same wastewater plant, nametyHrare wastewater plant and they
have a percentage similarity which falls in the sarange with strain 19 which was
isolated from Amalinda wastewater plant’s sludgekt#éhus suggesting that a unique
pattern for DNA, proteins or lipopolysaccharidegslomot exist for each genomic species.
DNA and proteins for strains 10, 26, 27, 36 andf@Bwithin close similarity groups.
Similarity coefficients for these isolates arehe range of 80-93% for DNA and 50-70%
for proteins, which shows a very high relatednestsvben strains from different water
sources. Strains 21 and 28 have close similar@jficeents which fall in the range of 20-
69% for DNA and 23-48% for proteins. The differemae the similarity coefficients of
proteins and DNA of a number 8&lmonella species from the same water sources shows
that there exists substantial diversity betweesdhgrains. Though the similarity levels
of the protein profiles of the fort§galmonella species varied appreciably, 25% of the

strains formed a tight and distinct cluster withnigarity values ranging from 50 to 70%.
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Thus the SDS-PAGE protein patterns support the wiest considerable phenotypic
diversity can exist within the individual genomigesies, although some strains such as
strains 39 and 40, 10 and 32, 22 and 23 have a#npatterns. These results are
comparable to the results obtained by Maszenancanarkers (1997), who noticed a
considerable diversity in the protein profiles o€iketobacter genomic species from
activated sludge systems, but contrasted the fysdaf Franccet al. (1992), who noticed
homogeneous outer membrane protein profiles an@ahgonella typhi strains isolated
from Peru and Indonesia.

Lipopolysaccharides are one of the componentseb#cterial outer membrane.
The differences in their profiles on SDS/PAGE gelsy be indicative of the adaptation
of the bacterial outer membrane to the differerdlagical conditions. Comparing the
lipopolysaccharide and protein profiles for the@0monella isolates, we found that the
similarity coefficients for strains 1, 2, 23, 36daB8 fall in the range of 37 to 63%.
Similarity coefficients are in the range of 50 @ % for their proteins and 37 to 63 % for
their lipopolysaccharides. Strains 3, 4, 5, 18, 248, 25, 29, 32, 34 and 35 have close
similarity coefficients which fall in the range 88-48% for their proteins and 37-63% for
lipopolysaccharides. These results show that tiseeeconsiderable relatedness between
the Salmonella species from different sampling sites. These ofasiens corroborate the
report of Mansfield and Forsythe (2001). They stddihe lipopolysaccharide profile of
42 Salmonella isolates from food, animals and strains from thiuce collection at the
Nottingahm and Trent University and Dynal Reseam@md Development using
SDS/PAGE and revealed 19 serogroups suggestingdevable relatedness between

these isolates.
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The similarity coefficients of the proteins of st®6, 7, 8, 9, 11, 12, 13, 14, 15,
16, 17, 21, 30, 31, 39 and 40 fall in the range28fto 48 % while the similarity
coefficients of their lipopolysaccharides are ie tlange of 67 to 87 % which shows the
diversity of the species in terms of proteins apdpdolysaccharide. Strains 10, 20, 22,
26, 27 have a close similarity coefficients of th@ioteins which fall in the range of 50 to
70 % and 67 to 87 % of their lipopolysaccharidele Bimilarity coefficients of the
proteins of strains 28 and 37 fall in the range28f to 48% while the similarity
coefficients for their lipopolysaccharides fall time range of 29 to 63% which confirms

their relatedness.

CONCLUSION

Antibiotics susceptibility test revealed that tleety Salmonella are susceptible to five
antibiotics and significantly resistant to 2 anttics which is of clinical importance in
the treatment oSalmonella outbreaks. Also, the restriction digest patterDSSPAGE
and dendogram construction shows that there isgh kimilarity between the forty
Salmonella strains studied. Sixty five percent of the stralvssed on DNA show
similarity coefficient in the range of 80-93 whiahdicates a high genetic relatedness
between the strains investigated. DNA and protefrisalmonella show close relatedness
between the strains with few exceptions. Lipid peobf the Salmonella strains has
shown a considerable variability in terms of simiia coefficients. Our observations
have proffered a veritable reference point on tiverdity of Salmonella strains in the
studied areas. Also, the methods used in this dhadg proven to be valuable tools for

evaluating the relatedness &dlmonella. However, it was not possible to show a clear
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correlation between isolates characteristics aedsthurces of the isolates in this study.
Further studies on epidemiology of isolates and twerelation between strain

characteristics and their sources should be coregide
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