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ABSTRACT

Pulse Field Gel Electrophoresis (PFGE) has emerged as a critical molecular tool for the
genomic typing of Salmonella enterica serovar Typhi (S. Typhi), especially to understand its
genetic diversity and track transmission pathways. This paper examines the optimization of
PFGE protocols for typing S. Typhi isolates in India, aiming to establish a standardized
methodology that enhances reproducibility, sensitivity, and accuracy. By refining PFGE
procedures for local S. Typhi strains, this research contributes to improving epidemiological
tracking and addressing public health challenges associated with typhoid fever.

Keywords: Genotypic Profiling, Pathogen Surveillance, Restriction Enzymes, PFGE
Optimization, Epidemiological Surveillance.

I.  INTRODUCTION potential to develop resistance to multiple

Pulse Field Gel Electrophoresis (PFGE) has
emerged as a cornerstone technique in
molecular epidemiology, offering a precise
tool for characterizing bacterial genomes
and understanding the genetic diversity and
distribution of pathogens. This study
focuses on optimizing PFGE for typing
Salmonella enterica serovar Typhi (S.
Typhi) isolates specific to India. S. Typhi,
the bacterium responsible for typhoid fever,
remains a significant public health concern
across the Indian subcontinent, leading to
high  morbidity and mortality rates,
especially in areas with limited access to
clean water and sanitation. Despite efforts
to control its spread, typhoid fever
continues to challenge healthcare systems,
primarily due to the pathogen’s ability to
persist in diverse environments and its

antibiotics. Monitoring and controlling S.
Typhi  outbreaks require a detailed
understanding of its genetic makeup, which
in turn necessitates reliable molecular
typing techniques like PFGE to
differentiate between strains, track their
spread, and design effective interventions.

PFGE is a well-established method for
separating large DNA fragments by
applying an alternating electric field,
making it ideal for genotyping and
molecular subtyping. Unlike traditional gel
electrophoresis, PFGE allows for the
resolution of whole bacterial chromosomes
and other large DNA segments, enabling
researchers to distinguish between even
closely related strains. PFGE has been
widely adopted as the "gold standard" for
bacterial typing due to its high
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discriminatory power and reproducibility.
In the context of S. Typhi, PFGE has proven
invaluable for epidemiological
investigations, such as outbreak source
tracking, strain  differentiation, and
understanding  transmission  dynamics.
However, its successful application
depends heavily on optimized and
standardized protocols. Without such
standardization, PFGE results can vary
significantly across laboratories and
regions, limiting  the  technique’s
effectiveness for global comparisons and
large-scale epidemiological studies. This
study addresses this challenge by focusing
on the optimization of PFGE for S. Typhi
isolates in India, which have unique genetic
characteristics that often make standard
PFGE protocols inadequate for accurate

typing.

Indian S. Typhi strains present specific
challenges in PFGE, including genetic
homogeneity and resistance patterns that
complicate traditional typing methods. The
genetic similarities between Indian S. Typhi
isolates make it difficult to achieve the level
of resolution needed to distinguish between
strains, which is crucial for effective
epidemiological surveillance and
intervention planning. For example, during
an outbreak, it is essential to identify
specific strains and their distribution
patterns across different regions to trace
infection sources and prevent further
spread. Standard PFGE protocols may not
be able to provide this level of detail, as
they are often designed based on Western S.
Typhi strains with distinct genotypic
characteristics.  Therefore,  optimizing
PFGE for the unique genetic landscape of
Indian S. Typhi strains can significantly
improve the technique’s resolution and
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reliability, providing more accurate data for
public health interventions.

A critical component of PFGE optimization
involves refining the conditions under
which the technique is performed,
including DNA extraction, restriction
enzyme digestion, electrophoresis settings,
and gel staining and imaging. In DNA
extraction, for instance, cell lysis
conditions must be carefully controlled to
release  high-quality =~ DNA  without
excessive fragmentation, which could
compromise the clarity of the resulting
band patterns. Likewise, the choice of
restriction enzyme is crucial for generating
distinct and reproducible patterns. Enzymes
such as Xbal and Spel have been commonly
used in PFGE of S. Typhi, but the optimal
enzyme and digestion conditions can vary
depending on the specific characteristics of
the target isolates. By experimenting with
different enzymes and fine-tuning digestion
parameters, researchers can enhance
PFGE’s ability to differentiate between
closely related S. Typhi strains.

Electrophoresis settings, including pulse
times, voltages, and total run time, also play
a vital role in achieving high-resolution
DNA separation in PFGE. These
parameters need to be tailored to the size
range of the DNA fragments generated
during restriction digestion. For S. Typhi,
the target DNA fragments typically fall
within a range of 30 to 600 kb. Achieving
clear separation within this range requires
careful adjustment of pulse intervals and
voltage gradients. Previous studies have
shown that even small changes in pulse
times can significantly impact the
resolution of DNA bands, affecting the
overall quality of PFGE results. Therefore,
this study explores various electrophoresis
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settings to identify the conditions that yield
the best separation of S. Typhi DNA
fragments, thus enhancing the technique’s
ability to reveal subtle genetic differences
between isolates.

Beyond technical optimization,
standardizing PFGE protocols across
laboratories is essential for ensuring that
results are comparable and reproducible.
Standardization  involves  establishing
consistent guidelines for each step of the
PFGE process, from sample preparation to
data analysis. Without standardized
protocols, differences in equipment,
reagents, and laboratory practices can lead
to variability in PFGE results, making it
difficult to draw meaningful conclusions
from multi-center studies or compare data
across different regions. By developing a
standardized PFGE protocol specifically
for Indian S. Typhi isolates, this study aims
to contribute to a unified approach that can
be adopted by public health laboratories
and research institutions across the country.
Such standardization will facilitate large-
scale epidemiological studies, enabling
researchers to track S. Typhi transmission
patterns more effectively and coordinate
efforts to control typhoid outbreaks.

The benefits of an optimized and
standardized PFGE protocol extend beyond
immediate epidemiological applications.
By providing a high-resolution genotyping
tool, PFGE can support broader research on
S. Typhi evolution, antibiotic resistance,
and genetic diversity. In recent years, the
rise of antibiotic-resistant S. Typhi strains
has emerged as a pressing concern,
particularly in countries like India, where
access to effective antibiotics is limited.
PFGE can help monitor the spread of
resistant strains by identifying specific
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genetic markers associated with resistance,
allowing researchers to track how these
markers disseminate through populations.
Furthermore, PFGE data can complement
other molecular typing methods, such as
whole-genome sequencing (WGS), by
providing a cost-effective alternative that is
accessible to laboratories without advanced
sequencing facilities. This makes PFGE a
valuable tool for both routine surveillance
and in-depth genetic studies of S. Typhi.

The relevance of PFGE optimization is
underscored by its potential to improve
public health outcomes in India. By
enabling faster and more accurate strain
typing, optimized PFGE can support early
detection of typhoid outbreaks, allowing
public health authorities to respond
promptly and prevent further spread. This is
particularly important in densely populated
areas, where typhoid transmission can
escalate rapidly if not contained. Moreover,
PFGE-based genotyping can aid in
identifying  high-risk  regions  and
populations, guiding the allocation of
healthcare resources and the
implementation of targeted prevention
measures. For example, if PFGE analysis
reveals that a particular S. Typhi clone is
responsible for multiple outbreaks in a
specific region, public health officials can
prioritize interventions in that area, such as
improving water quality, sanitation, and
vaccination coverage.

In optimizing PFGE for S. Typhi isolates in
India represents a critical step towards
enhancing the molecular epidemiology of
typhoid fever. By addressing the specific
challenges associated with Indian S. Typhi
strains, this study aims to improve the
accuracy, reproducibility, and utility of
PFGE as a genotyping tool. The
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development of a standardized PFGE
protocol tailored to Indian isolates will not
only facilitate local epidemiological studies
but also contribute to global efforts to
understand and control typhoid fever. As
PFGE continues to evolve alongside newer
molecular techniques, its role in public
health remains indispensable, particularly
in regions where cost-effective and reliable
bacterial typing methods are urgently
needed. Through the findings of this study,
PFGE stands to play a pivotal role in
advancing S. Typhi research and enhancing
public health strategies against typhoid in
India and beyond.

II. DNA EXTRACTION AND
PFGE PROTOCOL
OPTIMIZATION

Sample Preparation:

e Fresh S. Typhi cultures are grown in
optimal nutrient broth for 12-16
hours to ensure adequate cell
density.

e Cells are harvested by
centrifugation and washed with
phosphate-buffered saline (PBS) to
remove any media residues.

DNA Plug Preparation:

o Bacterial cells are embedded in
low-melting-point agarose to form
DNA plugs, minimizing DNA
shearing during extraction.

e Plugs are then treated with a lysis
buffer containing lysozyme and
proteinase K to break down cell
walls and digest proteins, yielding
purified DNA within the agarose
matrix.
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DNA Purification:

e Plugs are subjected to multiple
washing steps with TE buffer to
remove any residual cellular debris.

e A second digestion with proteinase
K can be used to enhance DNA
purity for clearer band patterns.

Restriction Enzyme Digestion:

o Xbal or Spel restriction enzymes are
applied to DNA plugs to cut the
bacterial genome into large
fragments suitable for PFGE.

e Optimal digestion  conditions
(temperature and duration) are
critical; typically, digestion is
conducted for 2—4 hours at 37°C.

Electrophoresis Conditions:

o DNA fragments are separated using
PFGE in a gel electrophoresis
system.

o Pulse times are set based on the size
range of the fragments (e.g., 5-40
seconds), and a voltage gradient is
applied.

e The run time (16-24 hours) and
buffer system are adjusted to
maximize resolution and band
clarity.

Gel Staining and Imaging:

e After electrophoresis, gels are
stained with ethidium bromide or an
alternative  dye  for DNA
visualization.
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o Gel images are captured using a UV
transilluminator, and band patterns
differentiate

are analyzed to
between S. Typhi isolates.

Standardization and Replicability:

« Protocols are standardized to ensure
reproducibility across laboratories,
optimizing each step to reduce
inter-lab variability and enhance

data quality.

1. COMPARISON OF

DIVERSITY

The comparison of band patterns in PFGE
plays a crucial role in assessing genetic
diversity among S. Typhi isolates. PFGE
provides high-resolution DNA fingerprints
by separating large DNA fragments created
by restriction enzyme digestion. These
band patterns, each representing specific
DNA fragment sizes, allow researchers to
distinguish between closely related and
unrelated isolates, making PFGE highly
effective for outbreak investigations and

epidemiological studies.

1. Band Pattern Comparison:

o Each S. Typhi isolate’s band
compared
identify distinct or shared
DNA fragments. Variations
in banding patterns indicate
genetic differences, while
identical or similar patterns
suggest a close genetic

pattern is

relationship  or

lineage among isolates.

o Software tools
BioNumerics are

BAND
PATTERNS AND GENETIC
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employed to quantify band
pattern similarities, where
each band position and
intensity are analyzed to
generate a  similarity
coefficient.

Clustering algorithms, such
as the unweighted pair
group method with
arithmetic mean (UPGMA),
are used to create
dendrograms, visually
representing the genetic
relationships among isolates
based on band pattern
similarities.

2. Assessing Genetic Diversity:

@)

PFGE’s ability to reveal
unique  band  patterns
enables researchers to map
genetic diversity within S.
Typhi populations,
identifying the presence of
multiple strain types in a
given population or
geographic area.

Higher diversity in band
patterns suggests greater
genetic variability, which
could be attributed to
mutations, horizontal gene
transfer, or  geographic
differentiation of S. Typhi
strains.

Tracking genetic diversity
aids in  monitoring the
evolution of  resistance
genes, tracking the spread of
specific strains, and
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understanding the
epidemiology of typhoid
fever outbreaks.

3. Epidemiological Applications:

o Differences in PFGE band
patterns can provide insights
into transmission pathways,
helping to trace infection
sources during an outbreak.

o By establishing genetic
links among cases, PFGE
data contribute to the
development of effective
public health interventions
and targeted treatment
strategies.

PFGE band pattern comparison is a
powerful method for studying genetic
diversity in S. Typhi, offering insights into
the bacterium’s evolutionary dynamics,
geographical distribution, and outbreak
potential.

IV. CONCLUSION

The standardization of PFGE protocols for
S. Typhi isolates in India provides a
valuable resource for genotypic analysis,
offering improved reproducibility and
accuracy. This optimized method enhances
the capacity  of  epidemiological
surveillance systems to track typhoid fever
outbreaks and understand S. Typhi genetic
diversity across India. Future studies should
focus on integrating PFGE data with
molecular typing approaches such as NGS
for a more comprehensive understanding of
typhoid transmission dynamics.
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