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ABSTRACT

Context: Bacteriophages are one of the most promising alternatives to antibiotics in the treatment of bacteri-
al infections.

Objectives: In this study, virulent (lytic) phages were isolated from different sample sources and morphologi-
cally identified using Transmission Electron Microscopy.

Methods: From sewage water samples, more than 50 bacteriophages were isolated against Escherichia
coli, Klebsiella, Enterobacter, Pseudomonas, Serratia and Staphylococcus. Escherichia phages were isolated from
river water of the Ganges. The Citrophages were isolated from marine water samples and mycobacteriophages from
soil samples within the vicinity of a hospital in India.

Results: The bacteriophages were isolated using the phage enrichment method, and virulent phages were
identified using plaque morphology. For the analysis by electron microscopy, phage samples were prepared using
three different methods; filtration, precipitation and purification. Here, the simple phage filtration method was
found to give the best TEM results. For the phages we analysed, we found that staining with 1% [w/v] uranyl ace-
tate was better than 2% phosphotungstic acid. The bacteriophages which may have therapeutic potential, were iso-
lated from eight different bacterial genera, and belong to the Myoviridae, Siphoviridae and Podoviridae.
Conclusion: The sewage water samples are excellent sources for bacteriophages, and virulent phages can be rap-
idly characterized using plaque morphology and TEM.
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mans. Before the discovery of antibiotics, bacterio-
phages were the choice of treatment against bacte-
rial infections such as diarrhoea.” But soon after the
introduction of antibiotics, the use of bacterlophag-
es in therapy was almost abandoned The overuse
and mishandling of antibiotics led to the develop-
ment of antibiotic-resistant bacteria which is one of
the most worrisome healthcare problems. In the
post-antibiotic era, it becomes necessary to combat
antibiotic-resistant bacterial infections using alter-

INTRODUCTION

Bacteriophages are the most abundant organisms
on Earth and an estimated 10°' phage partlcles on
this planet.’ Phages are known to present in every
environment in which bacteria exist, and there is at
least one type of phage, more than one 1n most cas-
es, to infect every strain of bacteria.! With their
ublqulty and diversity, phages play a profound role

in determining bacterial diversity and evolution.?

One hundred years ago, Frederick Twort discov-
ered bacteriophages, followed by the studies on its
various applications. Phage therapy is the use of
bacteriophages to treat bacterial infections in hu-

native therapies as antimicrobial compounds are
ineffective. Phage therapy receives renewed inter-
est among phage researchers, and fundamental and
applied studies on bacteriophages increased dra-
matically, recently also including clinical trials.’
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The research on bacteriophages for clinical or bio-
technological purposes gained increasing attention
after the 2000s, especially the isolation of virulent
bacteriophages for the treatment of bacterial infec-
tions, and the preparatlon of phage banks for per-
sonalized phage delivery.® Though bacteriophages
and their proteins have a multitude of applications
in different fields, for clinical use therapeutic
phages are required to be characterized in much
detail. Virulent phages undergo a so-called lytic
cycle that differs from that of the temperate phages
which are characterized by a lysogenic cycle. Dur-
ing this cycle, the phage genome integrates into
the host genome, which can present as an ad-
vantage to the host as some prophages (i.e. ge-
nome integrated lysogenic phages) influence host
behavior or virulence by encoding virulence fac-
tors such as toxins or antimicrobial resistance
genes.”®’ Phages suitable for therapeutic purposes
are generally lytic, where the produced phage
progeny is released by lysis (the destruction of the
bacterial cell envelope) after their replication in-
side the host bacterium.'® With this specific quali-
ty, virulent phages can be used to kill the patho-
genic bacteria inside the human system and more
often phages are bacteria-specific. For therapy,
phages that are strictly lytic are preferred to reduce
the complication of horizontal gene transfer as lys-
ogemc phages can transfer genes by transduc-
tion.'” The majority of the therapeutic phages fall
within the Order Caudovirales (tailed phages), and
they are grouped into three morphological fami-
lies, 1) Myoviridae (long contractile tail with tail
fibers), Siphoviridae (long non-contractile tail)
and Podoviridae (short non-contractile tail). The
recent International Committee on Taxonomy of
Viruses (ICTV) classiﬁeation
grouped Caudovirales into nine families."!

Previous studies explain the importance of bacteri-
ophage characterization for phage therapy.'”'®
With the increasing use of antibiotics during the
coronavirus pandemic to treat or prevent second-
ary bacterial infections, we are facing another
global threat, this time of w1deS};)read antibiotic
resistance of pathogenic bacteria.'” Phage therapy
might be a possible solution to overcome such a
crisis, and therefore has to be studied in detail. Our
work outlines a simple and effective method for
the identification of lytic bacteriophages with ther-
apeutic potential (Fig.1).

The challenges prior to the deployment of phages
for clinical therapy include the isolation and iden-
tification of virulent phages, their purification and
identifying suitable storage and delivery condi-
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tions.'" The microscopic analysis of phage mor-
phology is an important characterization technique
to identify the tailed phages which is often fol-
lowed by genomic analysis. This study aimed to
describe simple methods for the isolation and iden-
tification of virulent bacteriophages from the envi-
ronmental sources, using plaque morphology and
Transmission Electron Microscopic (TEM) analy-
sis.
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Figure 1: Schematic of virulent or lytic phage isolation
and morphological characterization using transmission
electron microscopic analysis.
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Materials and methods

Sample collection:

For the isolation of bacteriophages, the samples
were collected from 1) Ganges river water, city of
Varanasi, i1) municipal sewage water treatment
plants in Vellore, Chennai and Karur, iii) hospital
sewage-waste water in Vellore and Chennai, 1v)
soil samples within the hospital area at Govern-
ment Vellore Medical College & Hospital, and v)
marine water from the coastal regions of Rama-
nathapuram, Tamil Nadu. The collected water or
soil samples were processed immediately to isolate
bacteriophages or filtered using 0.45 micron filters
and stored at 4°C.

Isolation of bacteriophages:

The bacteria used for the isolation of bacteriophag-
es include the clinical isolates of Escherichia coli,
Klebsiella pneumoniae, Enterobacter cloacae,
Pseudomonas aeruginosa, Serratia marcescens,
Staphylococcus aureus, whereas, Citrobacter sp.
was isolated from marine Water samples, and My-
cobacterium smegmatis mc°155. The bacterio-
phage isolation was performed using the phage
enrichment method as follows; to a 1 mL of bacte-
rial culture (ODgpp =0.6) 9 mL of water samples
were added and kept in an incubator shaker (120
rpm, 37°C) for 24 hrs.'> [Note: For soil samples,
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the phage enrichment method). Once the bacteria-
bacteriophage was enriched for 24 hrs, the content was
centrifuged at 6000 % g for 15 min, and the supernatant
was collected. The supernatant was filtered through 0.22
micron syringe filters, and at least 3 mL of phage filtrate
was collected for each bacterial host. The filtrate was
stored at -20°C until further use.

Identification of virulent phages:

The phage filtrate was tested for bacteriophages using
the spot test followed by the double agar overlay meth-
od.'? In the spot test method, lawn culture was prepared
using the exponentially grown host bacterial culture on
the Luria Bertani (LB) agar plate and 0.2-0.5 pL of re-
spective phage filtrate was spotted on the bacterial lawn.
The plates were allowed to dry for 15 min and incubated
at 37°C for 15 hrs. The presence of clear spots indicates
the antibacterial activity of phages. To further confirm
the presence of phages, a double agar overlay method
was performed. To a 200 uL of bacterial culture, 100
pL of phage filtrate was added, and the mixture was
kept undisturbed for 10 min and 3 mL of molten soft
agar (0.75% agar) was added, mixed well and poured on
to the pre-prepared LB agar plates. The plates were
dried and incubated at 37°C for 24 hrs. The appearance
of plaques indicates the presence of bacteriophage and
plaque size was measured after 24 hrs incubation.

For identification of mycobacteriophages, M. smegma-
tis mc®155 bacterial lawn culture (host bacterium) was
prepared in the Middlebrook 7H10 agar plates supple-
mented with carbenicillin (50 pg/mL), cycloheximide
(10 ug/mL) and 1mM CacCl,. Then, 10 uL of enriched
phage filtrate was spotted and the plates were incubated
at 37°C for 16-20 hrs. The appearance of clear spots
indicated the presence of mycobacteriophages. For dou-
ble agar overlay method, in a 15 mL centrifuge tube,
0.5mL M. smegmatis mc*155 cells and 50 uL of en-
riched phage lysate were added and incubated at room
temperature for 20 min. To this, 4.5 mL of M7H10 soft
agar was added and layered over a pre-prepared M7H10
agar plate. The plates were incubated at 37°C for 48 hrs
and observed for plaque formation and plaque size was
measured after 48 hrs incubation.

Transmission Electron Microscopic (TEM) analysis:

Morphological characterization of bacteriophages was
performed using TEM imaging following previously
established protocols.'*'* For TEM analysis, the phage
samples were prepared using three different methods. I)
Highly concentrated phages at 10°PFU/mL were pre-
pared without following any purification processes, 1I)
the phages (10° PFU/mL) were precipitated using 10%
polyethylene glycol (PEG 8000) and 1% sodium chlo-
ride (NaCl) and used for TEM analysis, I1I) the phages
(10* PFU/mL) were purified using sucrose gradient cen-
trifugation and the purified phages were used for TEM
analysis. In all the cases, the phages were highly con-
centrated to enable easy TEM imaging. For TEM analy-
sis, 2 pL of phage filtrate/precipitate/lysate was placed
on the copper grid and allowed to settle for 10 min. The
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grid was dried to free the sample, and 1% [w/v] uranyl
acetate or 2% [w/v] phosphotungstic acid (PTA) solu-
tion was added. The grid was kept undisturbed for 30
sec, and the staining solution was cleared. The grid was
washed thrice with distilled water to remove excess
stain and died for 30 min. The copper grid with a nega-
tively stained phage sample was visualized using TEM
[FEI-TECNAI G2-20 TWIN, Bionand, Spain] at the
VIT-TEM facility.

RESULTS AND DISCUSSION

Isolation and identification of virulent bacterio-
phages:

The bacteriophages against their host bacteria were
isolated from the different sample sources. The
strategy of a simple bacteriophage isolation and
identification method, which we have used, is pro-
vided in Fig. 1. For the isolation of bacteriophages
against the clinically relevant bacteria, water sam-
ples collected from sewage treatment plants and
hospital waste water collected from the Indian cit-
ies of Chennai, Vellore and Karur were used. We
were able to isolate more than 50 bacteriophages
against E. coli, K. pneumoniae, E. cloacae, P.
aeruginosa and S. marcescens from sewage water
samples (Table 1). Marine water samples were used
to isolate bacteriophages against the environmental
bacteria, for example, Citrobacter causing aquacul-
ture infections. For the isolation of mycobacterio-
phage, soil samples close to Government Vellore
Medical College & Hospital were processed. My-
cobacteriophages were mainly studied to tackle tu-
berculosis causing Mycobacterium sp.

Pseudomonas phage:

The Pseudomonas phage PNROI was isolated
against P. aeruginosa and found to infect both viru-
lent and non-virulent P. aeruginosa strains. A total
of six phages were isolated against Pseudomonas,
and only one phage isolated from sewage water
collected in Chennai was found to have broad-host-
range activity. The isolated phage was found to in-
fect 34/45 P. aeruginosa strains. The isolated Si-
phoviridae phage was found to form clear plaques
(Fig.2), and the TEM image shows an icosahedral
head of 57 + 3.0 nm and a long non-contractile tail
of about 255 + 5.0 nm in length (Fig.2). The familzy
Siphoviridae is the most abundant tailed-phage.”
Sewage water samples present a highly valuable
source of diverse microorganisms. TEM that
should preferentially not belong to the Siphoviridae
as many phages of this family exhibit a lysogenic
lifecycle, and would require further testing c.g. the
absence of genes that allow genome insertion.”
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Table 1: The list of characterized bacteriophages against their host bacterium

Bacterial host Sample used for phage Number of “Characterized phages
isolation phages isolated (#family)
Pseudomonas aeruginosa Sewage water 6 1 (Siphoviridae)
Serratia marcescens Sewage water 1 1 (Siphoviridae)
Staphylococcus aureus Sewage water >10 2 (Siphoviridae)
Citrobacter sp. Marine water 2 2 (Siphoviridae and Pod-
oviridae)
*szcobacterium smegmatis | Soil sample from hospital 3 2 (Siphoviridae)
mc~155
Escherichia coli -Ganges River water, Va- >10 1 (Siphoviridae)
ranasi >25 1 (Siphoviridae)
-Sewage water
Klebsiella pneumoniae Sewage water 8 1 (Podoviridae)
Enterobacter cloacae Sewage water 5 1 (Myoviridae)

*Characterized phages- number of phages having broad-host-range activity; “family- morphological differentiation
based on TEM imaging. Samples collected: i) Ganges river water, city of Varanasi, ii) municipal sewage water treat-
ment plants in Vellore, Chennai and Karur, iii) soil samples within the hospital area at Government Vellore Medical
College & Hospital, and iv) marine water from the coastal regions of Ramanathapuram, Tamil Nadu.
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Figure 2: Transmission Electron micrographs of Pseudomonas phage (left) and the plaques formed on the
double agar overlay plate (right).

about 270 £ 5 nm (Fig.3). Only few studies on
Serratia phages have been reported as the bacte-
The Serratia phage PNRO0O7 was isolated from rium is not associated with severe disease out-
sewage samples collected in the Indian city of breaks. However, infections by antibiotic-
Vellore. Only one Serratia phage was isolated resistant S. marcescens are regularly reported.”**
against pathogenic S. marcescens and found to Up to date, less than ten Serratia phages have
infect all five S. marcescens strains tested. The been reported, and the therapeutic characteristics
isolated Siphoviridae phage is morphologically a of the Serratia phage PNR007 remain to be stud-
tailed phage with an icosahedral head of 60 + 5 ied in detail.

nm and a long non-contractile, flexible tail of

Serratia phage:
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Figure 3: Transmission Electron micrographs
of Serratia phage (left) and the plaques formed
on the double agar overlay plate (right).

Citrobacter phage:

The two Citrobacter phages, Citrophage MRM19
and Citrophage MRMS57 were isolated from ma-
rine water samples collected near the coastal re-
gions of Ramanathapuram, Tamil Nadu. The
Citrophage MRM19 and Citrophage MRMS57
were infecting Citrobacter werkmanii and
Citrobacter amalonaticus, respectively.14 The iso-
lated bacteriophage Citrophage MRM19 (against

Morphological characterization of virulent bacteriophages
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Figure 4: Transmission Electron micrographs of
Citrophage MRM19 (A) and Citrophage MRMS57 (C). (B),
(D) represent the plaques formed on the double agar
overlay plate.

Citrophage MRMS57 infecting 15 strains. The
morphological characterization revealed that both

phages possess an icosahedral head with
Citrophage MRM19 showing the typical features
of a Siphoviridae phage with a head size of 60.7 +
1.2 nm and a long non-contractile tail (120.0 + 2.0
nm). Citrophage MRMS57 belongs to the Podovir-
idae with a head size 0f48.0 = 1.0 nm and a small
tail size of 11.95 = 1.92 nm (Fig.4). In particular
for the aquaculture industry, infections by
Citrobacter species are of great concern. The fish

C. werkmanii) showed a plaque morphology of pathogen can cause massive economic loss in the

small and irregular shapes (0.75 + 0.2 mm),
whereas  Citrophage MRMS57  (against C.
amalonaticus) showed medium-sized, clear and
circular plaques (2.0 = 0.5 mm). Both the phages
were found to have broad-host-range activity with
Citrophage MRM19 infecting eight strains and

7
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Figure 5: Transmission Electron micrographs of Staphy-
lococcal phage (Top left and bottom left) and the plaques
formed on the double agar overlay plate (Top right and
bottom right).

commercial aquaculture industry across South
Asia. Instead of using massive amounts of antibi-
otics, the deployment of phages is promising.**
The in vivo efficacy of these phages in zebra fish
(Danio rerio) infection model also showed prom-
1sing results to combat Citrobacter infections pub-
lished previously."

3

“a) Mycobaaeﬂmmom %

Figure 6: Transmission Electron micrographs of
Mpycobacterium Phage VIT001 and Mycobacterium phage
VIT002 (Top left and bottom left) and the respective
plaques formed on the double agar overlay plate (Top right
and bottom right).
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Staphylococcus phage:

Staphylococcus aureus is an opportunistic patho-
gen that causes skin abscesses, endocarditis, oste-

omyelltls pneumonia, and toxic shock syn-
drome.”®> The two staphylococcal phages
(vB_Sau ¢vetls and vB_Sau ¢vhcds) were iso-

lated against the clinical isolates of S. aureus
from sewage water samples collected in Chennai
and Vellore. Both phages exhibited a plaque size
of approximately 4 + 0.6 mm in double agar
overlay, showing a clear plaque. TEM observa-
tion showed that both the phages belong to Si-
phoviridae family. Phage vB Sau_ vetls showed
an icosahedral head of size 82 + 0.5 nm and long
non-contractile tail of about 214 + 0.9 nm and
another phage vB Sau ¢vhcds showed an icosa-
hedral head of size 47 £ 0.6 nm and long non-
contractile tail of about 170 + 2 nm (Fig.5). Both
staphylococcal phages showed a broad host range
of 83% (177/213) and 62% (132/213) re 6pective-
ly, similarly to S. aureus phage JD419.° Earlier
studies using phages against S. aureus infections
showed promisi ng results against local and sys-
temic infections.”" The use of so-called phage
cocktails -a mixture of different phages in a sin-
gle solution- has the promising ability to cure
complex bacterial infections also caused by bio-
film-forming bacteria. In the light of MRSA in-
fections becoming more common in the develop-
ing countries, the use of phages or phage cock-
tails contalmng staphylococcal phages becomes
more likely.”®

Plaque with fizzy

Plaque with

clear-cut edges formed by
edges formed lysogenic
by lytic phages phages

Figure 7: Plaque morphologies of the bacteriophages on the
double agar overlay plate. A) A clear halo-plaques formed by
the virulent phages and B) Turbid, bulls-eyed plaques formed
by the temperate phages.
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Mycobacteriophage:

Tuberculosis (TB) is one of the deadliest infec-
tious dlseases that humanity continues to experi-
ence.”’ The occurrence of multi-drug resistance
and extremely-drug resistant strains  of
Mycobacterium tuberculosis made the situation
worse; therefore, an urgent solution to combat
TB is required. Phage therapy is getting more at-
tention from researchers around the world and
can be a promising alternative to tackle the rising
drug resistance problem in M. tuberculosis. Their
natural capacity to kill Mycobacterium spp. has
attracted researchers to work on phages for the
treatment of tuberculosis.’** Interestingly, in the
1970s such phages were utilized for typing of
clinical strains of M. tuberculosis in dlfferent epi-
demiological studies in Europe and Asia.*®

Two Mpycobacterium phages (VIT001 and
VITO002) were isolated from the soil samples col-
lected from Government Vellore Medlcal College
& Hospital using M. smegmatis mc*155 as the
host. Both the phages exhibited clear plaques
with a size of approximately 1.2 + 0.04 mm and
3.4 £ 0.27 mm diameter respectively, in double
agar overlay method. TEM analysis showed that
both the phages belong to Siphoviridae family
(Fig.6). Mycobacterium phage VIT001 showed
an interesting morphology containing prolate
head of 83 £ 1.07 nm in length and 32.4 + 0.18
nm in width with a long tail of about 201 + 2.28
nm in length. In contrast to this, Mycobacterium
phage VIT002 showed an icosahedral head of
size 54 + 0.1 nm and a long non-contractile tail of
about 225.47 £ 1.67 nm (Fig.6).

Figure 8: TEM images of bacteriophages stained using 2%
[w/v] phosphotungstic acid (A) and 2% [w/v] uranyl ace-
tate (B). A) Escherichia phage- Myoviridae; B) Mycobac-
teriophage- Siphoviridae
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Mycobacteriophages which infects the
Mycobacterium spp. were grouped into 29 (A-Z)
clusters and ten singletons in the actinobacterio-
phage database (phagesdb.org) and each cluster
has been further subdivided into sub-clusters
based on the sequence nucleotide identity and
gene content. The database shows cluster I and O
to have mycobacteriophages with prolate heads.
India has amongst the highest occurrence of tu-
berculosis infection rate in the world. Therefore,
there is a possibility for the widespread presence
of the bacterial host i.e. Mycobacterium in the
environment indicating the presence of varied
mycobacteriophages. However, there are m1n1mal
reports about the mycobacteriophages in India.*

% We believe that finding novel mycobacterlo—
phages would not only contribute in expanding
the existing database, it may also lead to the iden-
tification of unexplored virulent phages, with
promising therapeutic potential.

Escherichia phage:
Bacteriophages against pathogenic E. coli were
isolated from Ganges river water collected from
Varanasi and municipal sewage water collected
from Karur. More than 10 Escherichia phages
were isolated from Ganges river water against 16
different E. coli strains. Only one Escherichia
phage was further characterized for therapy mam-
ly based on their broad-host-range infectivity.'
The complete characterization of Escherichia
phage myPSH1131 isolated from Ganges river
water was studled in detail and has been pub-
lished prev1ously This phage was found to form
clear plaques in the double agar overlay plates.
Historically, in the early 1890s, bacteriophages
were first isolated from Ganges river water and
reports describe the Ganges river water’s
“antibacterial properties” and the presence of bac-
teriophages against bacterial pathogens.’”’ An-
other Escherichia phage myPSH2311 was isolat-
ed from sewage water samples; judging from its
morphology, this phage belongs to the Siphoviri-
dae family with an icosahedral head of 33 + 3.0
nm and a non-contractile tail of 65 £ 2.5 nm in
length. An extensive characterization of the phage
and therapeutlc potential was published previous-
ly."”? From the sewage water samples, more than
25 bacteriophages were isolated against patho-
genic E. coli in this study.

Klebsiella phage:

Klebsiella pneumoniae is an opportunistic patho-
gen that can cause severe infections in hospital-
ized patients. Recent reports on infections caused
by carbapenem-resistant K. pneumoniae are

Int J Bacteriophage Res 2021;1:1-9

alarming, and alternative clinical strategies such
as phaée therapy might present a treatment op-
tion. The isolation of virulent phages with
broad-host-range activity is challenging and the
source of the sample plays an essential role in ef-
fective phage isolation. In this study, Klebsiella
phage with broad-host-range infectivity was iso-
lated from sewage water samples collected from
sewage water samples collected in Karur. The
Klebsiella phage was found to form clear plaques
surrounded by a halo and morphologically be-
longs to the Podoviridae family with an icosahe-
dral head of 80 + 4.5 nm and a very short non-
contractile tail. A comprehensive characterization
of Klebsiella ph age myPSH1235 has been pub-
lished previously.

Enterobacter phage:

The isolated Enterobacter phage myPSH1140 was
found to belong to the Myoviridae tfamily with the
icosahedral head of 80 + 2.0 nm and long contrac-
tile tail with tail fibers of about 101 £ 3.5 nm in
length. The characterlstlcs of the phage have been
described elsewhere.'* The phage has been isolat-
ed from municipal sewage water in the Indian city
of Chennai. Though the sewage water samples are
known to carry many bacteriophages (against dif-
ferent bacterial strains), the selection of spec1ﬁc
phage is essential for therapeutic applications.'?
Under certain conditions, the phage cocktails are
used in sewage treatment plants to remove specif-
ic groups of bacteria; even in this instance, the
use of virulent phages should be preferred to
eliminate the transmlssmn of resistance genes by
lysogenic phages.*

Plaque Morphology as an Indication for the
Lifecycle of the Phage:

In this study, most of the phages were isolated
from sewage water samples. Earlier reports also
described the abundance of bacteriophages in
sewage water samples.*”*'" The most abundant
phages in the environment are known to belong to
Siphoviridae family and we report nine Siphovi-
ruses, two Podoviruses and one Myovirus. Many
SlphOVlruses exhlblt a lysogenic cycle such as
phage lambda.*> However, as the use of virulent
phages is considered most suitable for therapy, it
is important to characterize the phages. Therefore,
based on several microbiological tests, including
plaque morphology (on double agar overlay
plate), virulent phages can be identified. A halo-
clear plaque formed by the virulent phages can be
differentiated from the turbid, bulls-eyed plaques
that are often formed by temperate phages

(Fig.7).
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“Halo-clear plaques” are characterized by the oc-
currence of a defined boundary with a clear-cut
edge, while “bulls-eye plaques” are turbid and
have fizzy edges. The plaques formed by viru-
lent / lytic phages look clear due to the complete
lysis of the bacterial cells; whereas temperate /
lysogenic phages form rings of bacterial growth
around the clear regions (lysis) due to only partial
killing of the host (Fig.7). This simple virulent
phage identification method can be used to screen
phages for clinically important pathogens and dur-
ing phage screening under time constraint. Except
for few phages such as T7, most phage plaques
presume certain size and form a boundary, either
clear-cut or fizzy edges.* The plaque morphology
was also found to be differed based on virion
structure or morphology.*® Previously, we report-
ed that plaque morphologies of different phag
depended on the microbiological medium used.

Preparation Procedures:

For TEM imaging, a simpler phage filtration tech-
nique was found to be most effective compared to
precipitation and purification. Both precipitation
and purification takes longer and is a tedious pro-
cess, therefore, a simple phage filtration using
0.22 micron syringe filters are sufficient for TEM
imaging. We also observed that samples contain-
ing precipitated phages often showed unwanted
crystal structure formation, obscuring the viruses
during imaging which might be due to the salts
present in the solutions. In order to avoid prob-
lems during imaging, we recommend using fil-
tered phages for the TEM. Regarding staining of
the particles, the use of 2% phosphotungstic acid
the TEM images were dark even though the
plaque morphology was observed around the
black background (Fig.8A). In comparison, 1%
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Conclusion

Bacteriophage research is gaining more and more
attention due to vast applications, in particular
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