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ABSTRACT
The evolutionary transition from phenotypic to molecula i i s disease in
bacterial epidemiology led to the search for suitable approach i ¢ relatedness or

electric field. Comparison of electrophoresis profiles o

from bacterial isolates has proved to be a useful epide for genetic discrimination of
f outbreak and to monitor the

: as a gold standard method for
typing of bacterial isolates because of the remal andurance of this technique as a typing method
for the last 20 years in molecular epidemiology. review the pros and cons of PFGE use
in current molecular microbiological research are the context of determination of genome

organization of certain food-borne h#® isolates@ausing infectious diseases in human beings.

) of the rapid progress that is being made in molecular biology
o separate, determine size and visualize DNA molecules. Gel
., 1989) is one of the most commonly used separation techniques in
laboratory. In conventional gel electrophoresis DNA molecules are
W matrix (i.e. agarose or polyacrylamide) under a static electric field. DNA
100 to 200 bp up to 50 kb are routinely separated by this technique. In 1982
Schwartz &pt/., (Schwartz et al., 1982) introduced the concept that DNA molecules larger
than 50 kb"can be separated by using two alternating electric fields employed in Pulsed field
gel electrophoresis (PFGE). Since that time, a number of instruments based on this principle
have been developed, and the value of using pulsed fields has been demonstrated for
separating DNAs from a few kb to over 10 megabase pairs (Mb).

The development of PFGE has increased by two orders because of the magnitude of the
size of DNA molecules that can be routinely fractionated and analyzed. This increase is of
major importance in molecular biology because it simplifies many previously laborious
investigations and makes possible many new ones. Its range of application spans all
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organisms (Gardiner, 1991) from bacteria and viruses to mammals (Smith et al., 1986). PFGE
has shown excellent ability to separate small, natural linear chromosomal DNAs ranging in
size from 50-kb parasite microchromosomes to multimillion-bp yeast chromosomes. PFGE
provides the means for the routine separation of fragments exceeding 6,000 kb (Gardiner,
1991; Steward et al., 1988; Maloy et al., 1994; Kaufmann and Pitt, 1994).

Therefore, PFGE separates DNAs from a few kilobase (kb) to over 10 megabase pairs
(Mb) (Levene, 1992). The combined use of PFGE and restriction endonuclease digestion
facilitated the determination of genome sizes as well as is the construction of physical maps of
large numbers of bacterial isolates. The general apphcatlons of PFGE can be in the sqmaia

2. PFGE TYPES

The pulsed electrophoresis effect has been utilized by a variety ot instruments (FIGE,
TAFE, CHEF, OFAGE, PACE and rotating electr gel) to infirease the size resolution of
both large and small DNA molecules.

ping”. By changing pulse durations continually during
has the advantages of straight lanes and simple equipment.

Fythe gel is oriented vertically and a simple four-electrode array is placed not
the gel, but in front and at the back of it. Sample molecules are forced to
21gzag thro ¥ch the thickness of the gel, and all lanes experience the same effects, so the bands
remain straight (Steward et al, 1988). As the molecules move down the gel, they are
subjected to continual variations in field strength and reorientation angle, but to all lanes
equally. TAFE has been used for the separation of fragments up to 1,600 kilobase fragments.

2. 3. Contour-Clamped Homogeneous Electric Fields (CHEF)

The CHEF apparatus provides a more sophisticated solution to the distorting effects of
both the edges of the chamber and the passive electrodes. CHEF has twenty-four point
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electrodes equally spaced around the hexagonal contour. CHEF uses an angle of reorientation
of 120° with gradiations of electropotential radiating from the positive to the negative pores.
Molecules up to 7,000 kb can be separated by CHEF (Levene, 1992).

2. 4. Orthogonal-Field Alternation Gel Electrophoresis (OFAGE)

A similar apparatus that used two nonhomogeneous electric fields was reported by
Carle and Olson (Carle and Olson, 1984) in 1984. DNA molecules from 1,000 to 2,000 kb can
be separated in OFAGE (Carle and Olson, 1984; Chu et al., 1986).

2. 5. Rotating Gel Electrophoresis (RGE)
In England in 1987, Southern (Southern et al., 1987) described a ngvel

homogeneous fields, and DNA molecules from 50 kb can be separated by
adjusting the frequency of the gel rotation. In addition heptation can be easily

ability to alter the reorientation ; & the alternating fields permits an increased
speed of separation for large I3 omputer-driven system known as PACE,
designed by Lai et al., (Lai anstdered to be the ultimate PFGE device. It is an

ables such as pulse time, temperature, agarose
w fields affecting DNA migration in PFGE (Birren et

extremely useful tool
concentration, voltage 4

Olecules undergo four reorientations per cycle instead of two. This
fragments of up to 1 Mb (Ziegler and Vols, 1992).

The advent of PFGE techniques for the resolution of large DNA molecules has provided
a new analysis approach for bacterial genomes (Dempsey et al., 1991). The PFGE of DNA
fragments obtained using different enzymes is a powerful technique for quick resolution of
the bacterial genome into a small number of large fragments. PFGE separated genomic DNA
fragments obtained by using restriction endonucleases produce a discrete pattern of bands
useful for the fingerprinting and physical mapping of the chromosome (Correia ef al., 1994)
as well as useful to establish the degree of relatedness among different strains of the same
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species (Correia et al., 1994). PFGE has proved to be an efficient method for genome size
estimation and the construction of chromosomal maps, as well as being useful for the
characterization of bacterial species (Basim et al., 1999; Churin ef al., 1995; Roussel et al.,
1994). PFGE technology has proven invaluable for the accurate estimation of genome size
and in the construction of physical maps of a diverse range of prokaryotic organisms (Bourke
et al., 1995; Pyle et al., 1990). This technique is a powerful tool for genome characterization
and has led to the construction of the physical map of more than 180 bacterial chromosomes
(Bourgeois et al., 1995).

PFGE will greatly facilitate the precise selection of large DNA fragments fg
REs which are specific for cutting infrequently occurring sequences are used tg
DNA fragments which are then separated by PFGE. By blotting and )
fragments containing the desired gene are determined. This region is rec

insertion and functional gene mapping (Smith ez al., 1988).

4. ROLE OF PFGE IN THE STUDY OF GENOMES
BACTERIAL ISOLATES

4. 1. Shigella spp.

ED PATHOGENIC

Shigella spp. is one of the most prevalent fi r-borne pathogen which is
i e et al., 2011). Shigellosis,
the disease caused by Shigella, kills an estir} million people per year worldwide, 60%
of them children under the age of 5 (Welssm v "
in children who surv1ve Shigella spe r higiflly adaptable to selective pressure and
icyobials with patterns of resistance varying
temporally and geographical ~ Limi 1 usage patterns (Rowe-Magnus and Mazel,
2002; Goh et al., 2010; , Fluit and Schmitz,2004). Resistant clones of

Shigella have emerged j itg et al., 2001; Madiyarov et al., 2010; WHO 1987).

frequent serotyp€ switchi uiring resistance to multiple antimicrobials in the process
e study conducted in Argentina it was detected clusters of
portance, which have been confirmed by PFGE as consisting of

C¥probably evolved from a same precursor, while the type 2 and S. flexneri
» probably evolved and diversified from a common progenitor (Pal et al., 2013).
PFGE anal}fsis of certain strains of Shigella isolates in Bangladesh showed that S. sonnei
biotype a strain was genetically more diverse than biotype strains of other Shigell isolates, and
revealed that strains having different integron patterns belonged to different clusters Ud-Din
et al., 2013). This finding is congruent with a previous study (Ranjbar et al., 2007).

4. 2. Salmonella spp.

Salmonella Enteritidis remains a significant pathogen and a substantial threat to the
food supply. It also represents one of the most genetically homogeneous serotypes of
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Salmonella, and certain clonal lineages remain intractable to differentiation by commonly
used conventional subtyping methods (Fitzgerald et al., 2007; Sukhnanand et al., 2005;
McQuiston et al., 2008; Xi et al., 2008; Hudson et al., 2001; Olsen et al., 1994; Zheng et al.,
2007; Wise et al., 2009; Cebula et al., 2005). The unusual genetic homogeneity observed
among certain lineages of S. Enteritidis strains remains intriguing. Recent population genetic
studies suggest that most S. Enteritidis strains belong to a single multilocus genotype
(Botteldoorn et al., 2010; Liu ef al., 2011; Olson et al., 2007). A subpopulation of this clone
was shown to associate more frequently with egg-related salmonellosis and chmcal 111ness
(Botteldoorn et al., 2010) Ina study 1t was described the natural genetic variatio

SNP variation among 366 genes as well as the presence
plasmids among these close relatives. This genetic Y
i dry patterns for these
nomics approach allowed
investigators to cluster clinical isolates within the ¢ t of thgir environmental source and
farm isolates (Allard et al., 2013).

In one finding based on the results ol PFGE, MLVA, PCR, and sequencing,
the Salmonella monophasic strains seemed v' tained great homogeneity over the
years. Another study carried out fimonefla (4,5,12 :-) isolates from the United
i ikely represents multiple clones with distinct
ol independent deletion events (Soyer ef al.,
#Wiher study and expanded the information given
ALt Spanish monophasic strains, as they studied a larger
number of strains a ced the Pligments flanking the fljAB deletions (Laorden et al.,
2010).

from 1998 999 was 14:1. Non-Ol/non- O139 V. cholerae is also frequently isolated from
seafood and water sources but has not been implicated in any major outbreaks (Elhadi et al.,
2004; Chen et al., 2004). Although non-O1/non-O139 V. cholerae is not associated with any
major outbreak, it has been reported to be responsible for sporadic cases of diarrhea (Nandi et
al., 2000; Rivera et al., 2001; Faruque et al., 2004). The well-known genes associated with
colonization are ctxA and fcpA.

These genes are commonly found in O1 and O139 serogroups. Olivier ef al., (Olivier et
al.,2007) had reported that accessory toxins such as hemolysin and multifunctional
autoprocessing RTX toxin in El Tor V. cholerae are involved in prolonged colonization
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without cholera toxin (CT) or toxin-coregulated pili (TCP). As these accessory virulence
genes are commonly found in all serogroups of V. cholerae, it is of interest to investigate the
involvement of these accessory virulence genes for prolonged colonization in other
serogroups of V. cholerae. Molecular subtyping of pathogen is important for tracing a new or
previously found virulent or multidrug-resistant clone. Genomic variation and
epidemiological study for different serogroups of V. cholerae have been carried out using
many DNA-fingerprinting tools. PFGE is the most common subtyping tool to define strains
from outbreaks and from sporadic cases of cholera as it has the highest dlscrlmmatory ability
(Chen et al.,, 2004). A combmatlon approach of PFGE and MLVA analysis may 4

study, the 23 Ol strains were subtyped into 18 pulsotypes (Teh et al
different PFGE conditions were used by different researchers in the re
was difficult. Adoption of a standardized PFGE protocol such as the

2010).

In another study combination of both PFGE an roaches for molecular
typing to examine the bacterial genome by differen t m each individual
assay. Similar results were observed not only in PFG analysis but als¢”in MLV, though the
components of some of the minor clusters differ@ Furthermd@re, even the oldest EI Tor
variants studied had already showed some genetic sity angf were divided into different
minor clusters. These results suggested tha
typical El Tor strains rather than classical t ains, and that the El Tor variant epidemic

ase symptoms result in the life-threatening, hemolytlc
toxins (Stx1 and Stx2) are the key virulence factors

were linked to severe human disease in the United States, Europe and
tin America (Brooks et al., 2005; Bettelheim, 2007; Caprioli et al., 2005;
., 2010; Beutin and Martin, 2012).

, the current gold standard molecular method, for assessing STEC O157 genetic
diversity (Swaminathan et al., 2001), primarily detects insertions and/or deletions within
genomic regions specific to STEC O157 (Kudva et al., 2002). In one study it is reported that
the PFGE based diversity pattern surpassed polymorphism-derived genotype diversity overall,
although the PFGE polymorphisms are known to change between subcultures of the same
strain of STEC O157:H7 (Iguchi ef al., 2002) and that plasmid DNA migration within PFGE
can be unpredictable (Barrett ez al., 2006). This group identified ten different PFGE patterns
in two or more strains with different polymorphism genotypes with 42 polymorphism-derived



International Letters of Natural Sciences Vol. 29

19

genotypes which have immediate potential to resolve genetically distinct STEC O157 strains
comprising an outbreak investigation that may be indistinguishable by PFGE. They suggested
future studies should be conducted that compare STEC O157 diversity assessed with the
polymorphism-derived genotypes and PFGE using outbreak samples (Clawson ef al., 2009).

In a recent study conducted on extended-spectrum beta-lactamase (ESBL)-producing E. coli
from hospitals in Bangladesh phenotypic and molecular characterization of isolates using
PFGE-typing revealed 26 different pulsotypes, but identical pulsotype showed 6 isolates of
serotype O25:H4. Thus PFGE profile analysis showed heterogeneity among majority of
isolates except for a few that could be clustered into a single PFGE type (Lina et al.

5. DISCUSSION AND CONCLUSION

species (Shere ef al., 1998; Swaminathan et al., 2001). PFGE
in epidemiologic studies of many eukaryotic and prokaryoti

higher efficiency for molecular epidemiologic a
fluorescent amplified fragment length polymo et al., 2000) and DNA
microarrays (Call et al., 2001; Salazar and Caetano 96). According to a report,
for proper estimation of genetic relatednesghe solates six or more restriction
enzymes would be needed for investigatit aroper epidemiologic relationships using
PFGE method (Davis et al., 2003).

The aim of this present reviey
tool to be used in identifying g4
hospitals and countries whg
applications for PFGE clude protein separations and nucleic acid
sequencing and studies . This review will help current molecular biologists
to assess the prese is vapllable technique so that further modifications of this
method may provige & i able technology for genome study of organisms.
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