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Abstract Characterization of bacteriophages to be used

prophylactically or therapeutically is mandatory, as use of

uncharacterized bacteriophages is considered as one of the

major reasons of failure of phage therapy in preantibiotic

era. In the present study, one lytic bacteriophage, KPO1K2,

specific for Klebsiella pneumoniae B5055, with broad host

range was selected for characterization. As shown by TEM,

morphologically KPO1K2 possessed icosahedral head with

pentagonal nature with apex to apex head diameter of about

39 nm. Presence of short noncontractile tail (10 nm) sug-

gested its inclusion into family Podoviridae with a desig-

nation of T7-like lytic bacteriophage. The phage growth

cycle with a latent period of 15 min and a burst size of

approximately 140 plaque forming units per infected cell as

well as a genome of 42 kbps and structural protein pattern

of this bacteriophage further confirmed its T7-like char-

acteristics. Phage was stable over a wide pH range of 4–11

and demonstrated maximum activity at 37�C. After injec-

tion into mice, at 6 h, a high phage titer was seen in blood

as well as in kidney and urinary bladder, though titers in

kidney and urinary bladder were higher as compared to

blood. Phage got cleared completely in 36 h from blood

while from kidneys and urinary bladder its clearance was

delayed. We propose the use of this characterized phage,

KPO1K2, as a prophylactic/therapeutic agent especially for

the treatment of catheter associated UTI caused by Kleb-

siella pneumoniae.

Introduction

Bacteriophages are viruses that infect bacteria and consist

of DNA or RNA enclosed within a protein coat. Recently

bacteriophages have been used extensively for various

purposes but the use of bacteriophages for therapeutic

purposes has come a long way since its first use by d’He-

relle in 1920s. Several studies show that bacteriophages

could be used successfully for therapeutic purposes both in

humans and animals [7, 10, 20, 21, 30]. Phages not only

have been used in therapy but also as immunomodulatory

agents to help our immune system eliminate endogenous

and exogenous pathogens [16] besides inhibiting produc-

tion of reactive oxygen species in response to bacteria and

endotoxins [24]. However, despite the efficacy of bacte-

riophage in biological applications there are concerns about

the use of bacteriophages [32].

It has been postulated that about 1030 bacteriophages are

present in the environment [4, 17, 29]. Despite this rich

resource of bacteriophages present in the environment only

about 300 phages have been characterized [8]. One of the

major reasons for failure of phage therapy in preantibiotic

era was the application of uncharacterized bacteriophage

preparations that led to inconsistent outcomes of the ther-

apy. Hence isolation and characterization of new phages is

very important especially in the light of observation that

most of disease causing organisms live in matrix enclosed

environments called biofilms [31] that inherently show

resistance toward antibiotics [14]. Even though, for biofilm

eradication phages can be used alone as biofilms offer little

or no resistance to bacteriophages and their encoded

enzymes [28] but certain recent studies [6, 11] reporting

the synergistic application of phages and antibiotics have

further broaden the horizon for bacteriophage application.

But for all these purposes characterized phages are

V. Verma � K. Harjai � S. Chhibber (&)

Department of Microbiology, Panjab University,

Chandigarh 160014, India

e-mail: sanjaychhibber8@gmail.com

123

Curr Microbiol (2009) 59:274–281

DOI 10.1007/s00284-009-9430-y



required. Hence, in the present study an attempt has been

made to characterize a bacteriophage for its in vitro as well

as in vivo characteristics to assess its potential for therapy.

Materials and Methods

Bacterial Strains and Culture Conditions

Bacterial strains used in the present study have been

enlisted in the Table 1. All bacterial cultures were grown

aerobically in nutrient broth. Stocks of bacterial cultures

were made in nutrient broth with added glycerol (60%) and

stored at -80�C. Prior to phage sensitivity bacteria were

subcultured at least twice in tryptone soya broth. For all

phage experiments 4–6 h bacterial growth, unless other-

wise stated, was used.

Bacteriophage Isolation, Detection, and High Titer

Preparation

Klebsiella pneumoniae B5055 specific bacteriophages were

isolated from sewage water by enrichment technique.

Water sample was centrifuged (10,000 rpm/15 min) and to

the clear supernatant 5% (v/v) host bacterial culture

(overnight growth) along with equal volume of nutrient

broth was added and incubated at 37�C overnight. Next day

after centrifugation (10,000 rpm/20 min) phage activity in

the supernatant was detected by spot assay [9]. Titer of the

phage preparation was estimated by agar overlay method

[3] and titer was expressed in plaque forming units (pfu)/

ml. To ensure a pure phage preparation several plaque

purification steps were performed wherein a single isolated

plaque was cut using a sterile spatula and inoculated into

fresh 6 h growth of K. pneumoniae and incubated (37�C).

Ultimately isolated phage was ascertained of its purity by

homogeneity of plaque morphology. Isolated phage was

named KPO1K2, with the first two letters indicating the

host genus and the species name [2]. It was further con-

centrated by polyethylene glycol (PEG) precipitation [33].

Single-Step Growth Experiment

One step growth curve of KPO1K2 was performed accord-

ing to the method of Pajunen et al. [25] as modified by

Sillankorva et al. [27]. Optical density (OD) of mid-expo-

nential bacterial culture at 600 nm was adjusted to a corre-

sponding cell density of 108 cfu/ml. To 5 ml of this bacterial

culture was added 5 ml of bacteriophage suspension in order

to have a multiplicity of infection (MoI) of 0.001. Phages

were allowed to adsorb for 5 min at room temperature. The

mixture was then centrifuged (10,000 rpm/5 min) and pellet

was resuspended in 1.0 ml of nutrient broth. Samples

(100 ll) in duplicate were taken at 5 min interval and sub-

jected to phage titration. First set of sample was immediately

diluted and plated for phage titration while other set was

treated with 1% (v/v) chloroform to release intracellular

phages in order to determine the eclipse period. Experiment

Table 1 Characteristics of the bacterial strains used for determination of phage bacterial host range

Bacterial strain Characteristic Reference/source

Klebsiella pneumoniae B5055 O1K2 M. Trautmana

Klebsiella pneumoniae 43816 O1K2 David P. Speertb

K1-K25 Clinical isolates from UTIe

Escherichia coli

25922 ATCC Type strain ATCCc

DH5-a endA1 hsdR17(rk_mk_) supE44 thi-1 recA1 gyrA relA1_80d

lacZ_M15_(lacZYA-argF)U169

MTCCd

E1-E5 Clinical isolates from UTI

Salmonella typhi Ty2 ATCC

Salmonella typhimurium 98 ATCC

Pseudomonas aeruginosa PAO [18]

Pseudomonas aeruginosa PAO1

P1-P4 Clinical isolates

a M. Trautman, Department of Medical Microbiology and Hygiene UIm, Germany
b David P. Speert, Department of Paediatrics, University of British Columbia, Vancouver, Canada
c ATCC, American Type Culture Collection
d Microbial Type Culture Collection
e Urinary Tract Infections
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was performed at three different occasions and values depict

the mean of three observations ± standard deviation (SD).

Electron Microscopy

Bacteriophage sample was concentrated by ultra centrifu-

gation at 100,000 rpm/2 h (Sorvall M150 GX, Newton,

CT, USA). Concentrated viral samples were adsorbed onto

carbon coated copper grids and negatively stained with 4%

phosphotungstic acid (pH 4.0), and viewed under an elec-

tron microscope (EM; Hitachi H 7500, Tokyo, Japan) at

80 kV at Sophisticated Analytic Instrumentation Facility

(SAIF), Panjab University, Chandigarh, India. The phage

size was determined from the average of 5–7 independent

measurements.

DNA Isolation and Restriction Endonuclease Analysis

Bacteriophage DNA was extracted and purified from phage

lysates by proteinase K method, followed by resuspension

in Tris–EDTA buffer after ethanol precipitation as descri-

bed earlier [23]. DNA from phage was digested with the

restriction endonucleases EcoRI and Sau3A1 (Bangalore

Genie, Bangalore, India), BsuRI and HinfI (MBI Fermen-

tas), according to the suppliers’ recommendations. DNA

fragments were separated by electrophoresis in 0.8% aga-

rose gel containing ethidium bromide (0.5 lg/ml) in 19

Tris–acetate–EDTA buffer, at 80–100 V in a Bio-Rad

agarose gel electrophoresis system (Bio-Rad Laboratories).

Fragment sizes were determined from HindIII digests of

lambda DNA and 1 kb DNA ladder (Bangalore Genie,

Bangalore, India). Restriction digestion was repeated at

least thrice to ascertain the results.

Bacteriophage Structural Protein Analysis

by SDS-PAGE

Structural proteins of PEG precipitated KPO1K2 were

analyzed by SDS-polyacrylamide gel electrophoresis

(PAGE) [5]. Phage particles purified partially by PEG

precipitation [21] were mixed with the sample buffer and

heated in a boiling water bath for 3 min, followed by

separation of proteins in the gel (10%). Protein bands were

visualized by staining the gel with Coomassie brilliant

blue.

Host Range Determination

The strains to be tested were grown overnight in nutrient

broth. Three milliliters of the molten soft nutrient agar

(0.7%) was mixed with 100 ll of bacterial cells, which was

then overlaid on the surface of solidified basal nutrient agar

(1.5%). A total of 10 ll (ca. 1.0 9 108 pfu/ml) of phage

suspension was spotted onto the plate. Drop was allowed to

dry and plate was incubated in inverted position, overnight.

According to the degrees of clarity, the spots were differ-

entiated into three categories: clear, turbid, and no reaction.

Organic Solvent Sensitivity of Bacteriophage KPO1K2

Equal volume of bacteriophage (108 pfu/ml) was mixed

with appropriate organic solvent viz. chloroform, ethanol,

and ether and incubated at room temperature with inter-

mittent shaking. After 1 h, mixture was centrifuged

(10,000 rpm/10 min) and phage titer in aqueous phase was

estimated by soft agar overlay method against K. pneu-

moniae B5055 as host. The % inactivation was reported in

comparison to phosphate buffer saline suspended phage

preparation held at 4�C.

pH Sensitivity of Bacteriophage KPO1K2

For evaluating the stability of bacteriophage at different pH

values, pH of the nutrient broth was adjusted with either

1 M HCl or 1 M NaOH to obtain a pH range of 2–12. A

total of 1 ml of bacteriophage suspension at a titer of

104 pfu/ml was inoculated into 9 ml of pH adjusted med-

ium to obtain a final concentration of 103 pfu/ml. Prepa-

ration was then incubated at 37�C for 1 h. Phage

suspension held at pH 7 acted as control. After incubation

phage titer was estimated by soft agar overlay method

against K. pneumoniae B5055.

Temperature and UV Light Sensitivity

Stability of KPO1K2 toward various temperatures (25, 30,

37, 40, 56, and 60�C) was checked by incubating the phage

(108 pfu/ml) at respective temperature for 1 h and then

enumerating the phage titer at the end of the incubation.

However, optimum temperature for activity of KPO1K2

against K. pneumoniae B5055 was evaluated by exposing

the bacteria at a MoI of 0.01 at different temperatures viz.

25, 30, 37, and 40�C for 1 h. After incubation, phage

sample was treated with chloroform (1:1) and centrifuged

(5000g/5 min). Phage titer in the aqueous phase was esti-

mated by soft agar overlay method. Further, stability of

KPO1K2 to UV light was evaluated by exposing the phage

suspension (103 pfu/ml) to UV bulb (Sankyo Denki, Japan;

G3018, UV-C, k 253.7 nm).

Stability of the Bacteriophage in Mice

For assessing the in vivo stability of bacteriophage a group

of 12 mice (Balb/c, 20–25 g) was injected intraperitoneally

(i.p.) with 1 ml of phage preparation (108 pfu/ml). Another
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group of six mice was injected with heat inactivated phage

suspension that acted as -ve control. After appropriate

time intervals three mice each (2 test ? 1 control), at one

time point, were euthanized by cervical dislocation and

their organs were removed aseptically into sterile tubes.

Phage titers were determined in the supernatant of the

homogenized organs. Two mice were injected with sterile

normal saline and observed till the duration of experiment.

All animal experiments were performed according to the

guidelines of the Animal Ethical Committee, Panjab Uni-

versity, Chandigarh, India. At each time point before

euthanizing, mice were examined for any signs of illness,

lethargy, and their rectal temperature was noted.

Statistical Analysis

Statistical analysis of the data was done by one-way

ANOVA using Microsoft Excel Program and P \ 0.05 was

considered significant.

Results

Ten bacteriophage samples were isolated from effluent

water. All were found to produce clear plaques indicating

the lytic nature of the bacteriophages. Plaque proper was

surrounded by a large halo indicating the production of

very high amounts of depolymerase enzyme [13]. From the

isolated phages, one with largest halo around the plaque

proper was selected for further studies (Fig. 1).

On the basis of spot test to check the host range, phage

was found to infect seven out of 25 Klebsiella pneumoniae

clinical isolates. Escherichia coli ATCC 25922 was par-

tially sensitive to this bacteriophage giving turbid plaques

after overnight incubation while one of the clinical isolates

of E. coli was found be sensitive to the partially purified

depolymerase enzyme isolated from the same bacterio-

phage (data not shown). None of the Salmonella or Pseu-

domonas species showed susceptibility to this phage.

TEM showed that KPO1K2 belonged to Podoviridae

family having a short non-contractile tail that is about

10 9 6 nm in its dimensions (Fig. 2). Head of the bacte-

riophage was found to be icosahedral with pentagonal

nature with apex to apex diameter of about 39 nm.

Restriction enzyme, EcoRI did not cut the phage DNA

while other three restriction enzymes resulted into pro-

duction of DNA fragments of varying sizes (Fig. 3). On the

basis of digestion pattern produced after treatment of DNA

with Sau3AI, genome size of the phage was estimated to be

approximately 42 kbp which is close to the genome size of

T7 phages that varies between 38 kbp and 45 kbp [27].

Fig. 1 Plaque morphology of the isolated bacteriophage. A charac-

teristic triple zone plaque is produced. Central clear zone is the plaque

proper surrounded by a dual zone of depolymerase activity

Fig. 2 Electron micrograph of the isolated phage. Phage was stained

with 4% PTA and viewed at a magnification of 1500009
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No effect on phage activity was seen after 1 h of incu-

bation with chloroform and diethyl ether. However, after

ethanol treatment complete loss of phage activity was seen

(Fig. 4b). Similarly phage lost its infectivity completely at

pH 3 or below whereas within a pH range of 4–11 no

difference in the phage titers with respect to control was

observed. At a pH of 12, within 1 h, phage lost approxi-

mately 71% of its infectivity and a titer of 1.36 ± 0.10 pfu/

ml was observed at the end of incubation. Maximum sta-

bility of bacteriophage was found at pH 7.0 (Fig. 4a).

KPO1K2 was found to be relatively heat stable as over a

period of 1 h, between a temperature range of 25–40�C, not

a significant loss (P [ 0.154) in phage activity was

observed. However, at 56�C after 1 h, a 27% reduction in

phage activity was observed that showed relative heat

stability of bacteriophage (Fig. 4c). While when exposed to

60�C, within first 15 min of incubation [80% phage

activity was lost and after 1 h a complete phage inactiva-

tion was observed. Moreover, 37�C was found to be the

optimum temperature for phage activity even though slight

changes in the temperature did not alter the activity of

KPO1K2 drastically (data not shown). However, upon

exposure to UV light, a complete inactivation of bacte-

riophage within 80–85 min was observed (data not shown).

Phage growth cycle parameters viz. latent period,

eclipse period, rise period, and burst size, were determined

from the dynamic change in the number of total and free

phages during one replicative cycle. It was found that

phage had short latent period of about 15 min with a burst

size of *130–140 pfu/infected cell (Fig. 5). This is a burst

size characteristic of lytic phages of family Podoviridae

[21]. To further characterize KPO1K2, its structural protein

composition was analyzed by SDS-PAGE. Twelve bands

could be seen ranging in size from *120 kDa to 29 kD,

with two major proteins being 75 kDa and 43 kDa (Fig. 6).

Within first hour of i.p. inoculation of phage into mice a

titer of 4.93 ± 0.32 pfu/ml in blood that increased to a titer

of 5.97 ± 0.07 pfu/ml within next 6 h, was observed.

However, by 12th hour of inoculation, titer had fallen to

3.51 ± 0.53 pfu/ml. Likewise phage titer in kidney and

urinary bladder was also estimated. Titers in kidneys at 1,

6, and 12 h after phage inoculation were 6.9 ± 0.09,

7.84 ± 0.49, and 5.56 ± 0.49 pfu/ml, respectively. How-

ever, phage titers in urinary bladder at respective time

periods were 6.23 ± 0.64, 6.52 ± 0.12, and 4.27 ±

0.24 pfu/ml (Fig. 7). There was a gradual fall in titer

thereafter and ultimately, after 48 h of inoculation, phage

became undetectable. Even though there was a difference

in the phage titers of blood, kidneys, and urinary bladder

but the difference was not significant (P [ 0.05). All mice,

during the experiment were healthy and active with normal

body temperature.

Discussion

The main aim of our study was the isolation and charac-

terization of a lytic bacteriophage with a potential for

prophylactic/therapeutic use. Phage with clear plaque and

maximum halo size around it was selected for further

characterization. Presence of clear plaque is indicative of

lytic phage while halo around plaque proper is suggestive

of depolymerase activity associated with the bacterio-

phage. Depolymerase enzyme helps the bacteriophage in

Fig. 3 Agarose gel

electrophoresis of bacteriophage

DNA digested with restriction

enzymes. Label on top of gel

shows the respective restriction

enzyme used for DNA

digestion. M1 and M2 are the k
hind III marker DNA and 1 kb

DNA ladder used as reference

DNA. Control is the undigested

phage DNA. On right side are

the markers with their

respective band size in kbp
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establishing the infection in the host, even if latter is

producing CPS in abundance that otherwise tends to be a

barrier for antimicrobials. A large burst size with short

latent period is further suggestive of lytic nature of phage

KPO1K2. Finding bacteriophages with broad host range is

not uncommon [15]. Scholl et al. [26] isolated lytic bac-

teriophage with tail fibers that helped the bacteriophage in

infecting multiple capsular types. This expression of dual

characters helps the phage in extending its host range. In

the present study, KPO1K2 not only infected Klebsiella

pneumoniae B5055 and some of its clinical isolates but

also Escherichia coli ATCC 25922 and one of its five

clinical isolates. Since both Klebsiella species and E. coli

are known to cause hospital acquired catheter associated

UTI, sensitivity of both these bacteria toward a single

phage is of added interest. The use of such phages

in situations where multiple drug resistant bacteria are

encountered can be of help for clinicians.

However, before applying a phage for any therapeutic

purpose, determination of its characters is essential. One of

the criteria for classification of bacteriophages to a par-

ticular group is their morphological and genetic charac-

teristics. Under TEM KPO1K2 was seen to have an

icosahedral symmetry with pentagonal outline. This phage

belonged to family Podoviridae as it had a small non-

contractile tail which is a characteristic of this family. As

has been reported earlier head and tail size of KPO1K2

matched with the size range of the T7-like phages [1]

suggesting a close resemblance of the isolated phage with

T7 phages.

Further evidence to show its closeness to T7 phages is

based on its genome size. After digestion with Sau3AI

genome size of KPO1K2 was found to be approximately

42 kbps which is close to the genome size of 42,519 bp of

T7 phage UKMV of Pseudomonas aeruginosa [22] and

other T7-like phages [1]. Similarly, two prominent protein

bands of 75 and 43 kDa on SDS gel are suggestive of

major tail and head proteins, respectively, as has been

shown earlier for a T7-like lytic bacteriophage [27]. Bac-

teriophage KPO1K2 when exposed to various organic

solvents was found to be stable in presence of chloroform

and ether indicating that this phage could be stored over

these agents for prolonged periods without the risk of

bacterial contamination. Phage, KPO1K2 was also stable

over a wide range of pH (4–11) as no loss in its activity was

observed after 1 h of exposure. All these stability studies

have implications in the use of this bacteriophage as ther-

apeutic agent for treatment of Klebsiella pneumoniae

associated UTI, the purpose for which this phage was

Fig. 4 KPO1K2 sensitivity to various pH (a) organic solvents (b) and

temperatures (c). For sensitivity to various pH phage preparation held

at pH 7.0 acted as control while control for sensitivity to organic

solvents and various temperatures was phage preparation held at 4�C

in sterile PBS. All values represent the mean of two experiments done

in duplicate on different occasions with error bars representing the

standard deviation (SD; n = 3)

Fig. 5 One-step growth curve of phage KPO1K2 in Klebsiella
pneumoniae at room temperature. Bacteriophage showed a latent

period of about 15 min while a burst size of about 140 pfu/infected

cell was observed. Experiment was done in duplicate on two

occasions and error bars represent the SD (n = 3)
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isolated. Since this phage did not lose its activity even at

extremes of pH hence it can be used for impregnation of

urinary catheters for prevention of bacterial biofilms as

suggested elsewhere [12, 19]. As at 56�C a 27% reduction

in phage activity was observed hence slight exposure of

phage impregnated catheters to elevated temperatures

would not adversely affect the activity and quality of the

catheter. Moreover, since 37�C is the optimum temperature

for phage activity, this phage impregnated catheter would

be highly effective when placed inside the body.

Phage kinetics for its in vivo stability was performed in

mice. When mice were inoculated i.p. with 108 pfu/ml of

bacteriophage suspension blood titers of phage reached

4.93 ± 0.32 pfu/ml within 1st hour of injection that

increased to 5.97 ± 0.07 pfu/ml at 6th hour of inoculation.

However, in an earlier study conducted by Cereveny et al.

[9], raised blood titer of bacteriophage was obtained within

1st hour of inoculation and the difference between phage

titers at two time points (1st and 6th hour) was not sig-

nificant. The basic difference in two studies is the route of

phage inoculation. It was observed that when phage was

given intravenously it accumulated to higher titers in blood

in shorter duration than when given intraperitoneally. Since

route of phage inoculation is important, hence route of its

administration should be chosen with utmost care for the

therapy to be effective.

Phage titers in kidney as well as urinary bladder clearly

indicated that KPO1K2 accumulated in higher concentra-

tions in these two organs. After that till 12th hour of

inoculation, concentration of bacteriophages fell gradually

to 3.51 ± 0.53, 5.56 ± 0.49, and 4.27 ± 0.24 pfu/ml in

blood, kidney, and urinary bladder, respectively. In blood

phage became undetectable by 36th hour whereas in kidney

and urinary bladder phage survived and became undetect-

able only after 48th hour of inoculation. Since, without its

host, phage survived for an appreciable duration in, in vivo

conditions hence, we speculate that it will act as an

excellent antibacterial agent especially in the light of

Fig. 6 SDS-PAGE analysis of bacteriophage structural proteins. Left

lane shows the wide range protein markers (205–14 kDa) while right

lane shows the protein bands of KPO1K2 separated on 10% SDS-

polyacrylamide gel

Fig. 7 Stability of KPO1K2 in

mouse model. Phage was

injected i.p. at 108 pfu/mouse.

After 1, 6, and 12 h of phage

inoculation blood, kidneys and

urinary bladder were removed

and their phage titer was

estimated. Titers are mean of

two experiments done in

duplicate and error bars

represent the SD (n = 3)

280 V. Verma et al.: Characterization of a T7-Like Lytic Bacteriophage of Klebsiella pneumoniae B5055

123



observation that phages are self replicating and will be

available in higher concentrations whenever its host is

available.

The data obtained in the present study clearly indicates

that the isolated phage is a T7-like lytic bacteriophage with

a small latent period and large burst size [27] and its rel-

atively longer stability in kidneys as well as urinary bladder

makes it a suitable candidate to be tried in Klebsiella

pneumoniae associated UTI. Hence focus of our future

research would be the application of this characterized

bacteriophage in eradicating the catheter associated UTIs

caused by Klebsiella pneumoniae both in vivo and in vitro.
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