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ABSTRACT 

 
Context: Multidrug-resistant strains of Klebsiella pneumoniae are ever emerging and creating a big challenge to 
healthcare worldwide. Therefore, there is a growing interest in potent lytic bacteriophages against multidrug-
resistant Klebsiella pneumoniae.  
Objectives: This study repor ts isolation and character ization of a potent, waterborne lytic phage of multi-
drug-resistant Klebsiella pneumoniae isolated from the hospital environment.  
Methods: Pavana r iver  water  sample was used to isolate the phage against Klebsiella pneumoniae. 
Results: Phage (vB_KpnM_KPP) isolated specific against Klebsiella pneumoniae from r iver  water  was iden-
tified as a member of the Myoviridae family, which is morphologically similar to the FC3 phage group. The adsorp-
tion rate constant was 4.7 × 10-10. Latent and eclipsed periods were 15 and 20 min, respectively, with the burst size 
of 120 phage particles per infected cell. The phage DNA size was 54 kb, and a proteome of 9 bands in the gradient 
gel was obtained. It is stable within a range of pH (5 to 10) and temperature (4 to 50 °C) range. As KPP, phage 
showed infectivity from pH 6 to 9 and temperature from 28 to 42 °C.  
Conclusion: KPP is stable over  a wide range of pH and temperature, indicating its wide applications to con-
trol Klebsiella pneumoniae infections. 
Keywords: Klebsiella pneumoniae, Myovir idae,  multidrug resistance, burst size, stability, infectivity 
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INTRODUCTION 

Klebsiella pneumoniae is a Gram-negative, oppor-
tunistic bacterial pathogen belonging to the Entero-
bacteriaceae family. It has been associated with 
various types of infections, viz., hospital-acquired 
urinary tract infections, pneumonia, septicemia, 
soft tissue infections.1 The infections caused by 
Klebsiella pneumoniae have been well documented 
in United States2 and India.3 Multidrug-resistant 
strains of Klebsiella pneumoniae are ever emerg-
ing. Recently, World Health Organization (WHO) 
has also warned regarding the emergence of multi-
drug-resistant bacteria worldwide and their big 
challenge to healthcare.4 These multidrug-resistant 
bacteria are very hard to eradicate using available 
antibiotics. The extensive use of antibiotics has led 
to the development of multidrug-resistant strains of 
Klebsiella spp. About 80 % of nosocomial infec-
tions in immune-compromised patients are caused 
by multidrug-resistant strains of Klebsiella pneu-
moniae.5  In one study, it has been found that over 

60 % of strains of Klebsiella pneumoniae from the 
clinical cases were resistant to chloramphenicol and 
tetracycline.6 Cephalosporin resistant strains of 
Klebsiella pneumoniae have been associated with 
increased morbidity and mortality in hospitalized 
patients.7 Nosocomial infections caused by ESBL 
producing Klebsiella pneumoniae strains have been 
reported in Europe,8 United States, and South 
America.9 The study in France showed plasmid-
mediated ESBL production in K. pneumoniae.10 
The study carried out in the United States of Amer-
ica during 1998 - 2010 reported that the antimicro-
bial drug resistance in K. pneumoniae has increased 
for every antimicrobial class studied except tetracy-
clines and ciprofloxacin.11 The biofilm formed by 
wild type Klebsiella pneumoniae resisted killing by 
ampicillin and ciprofloxacin was reported Anderl et 
al.12  

From the above reports, it is clear that Klebsiella 
pneumoniae has now become resistant to almost all 
antibiotics available.  
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therefore, there is a growing interest in lytic bacte-
riophages as an alternative for solving conventional 
antibiotic problems. Phages are highly specific 
against their host bacteria and are unable to kill the 
normal microflora; they are highly reproducible 
with no side effects.13,14,15 Phages can be used as a 
potential therapeutic agent as they are host specific 
and lyse target bacteria efficiently.16 Numerous lyt-
ic phages specific to multidrug-resistant Klebsiella 
pneumoniae have been isolated and characterized. 
The majority of these are tailed phages, which be-
longed to families Myoviridae, Siphoviridae, and 
Podoviridae of order Caudovirals.17 This study re-
ports a detailed characterization of indigenous, wa-
terborne bacteriophage targeted against hospital 
isolate of Klebsiella pneumoniae.  
 
MATERIALS AND METHODS 

Isolation of Klebsiella pneumoniae and its antibi-
otic resistance pattern   

Klebsiella pneumoniae was isolated from the hospi-
tal environment on Mac Conkey’s (HiMedia) and 
Eosine Methylene Blue (HiMedia) agar media. All 
the suspected colonies were identified based on the 
identification recommended by Bergy’s Manual of 
Determinative Bacteriology18 that identifies bacte-
ria based on morphological, cultural, and biochemi-
cal characteristics. Klebsiella pneumoniae was 
screened for its sensitivity to different antibiotics. 
Kirby-Bauer’s modified disc diffusion technique 
was used to check its antibiotic resistance pattern 
on the Muller-Hinton agar medium (HiMedia). 

Isolation of potent lytic phage 

Lytic phages specific to multidrug-resistant 
Klebsiella pneumoniae were isolated from the Pa-
vana river surface water, Pune, India. The water 
sample was collected in 250 ml sterile screw 
capped bottles. Further, the water sample was fil-
tered through a sterile Nitrocellulose membrane 
(0.20 µm, Porafil @ NC from Machery-Nagel, Due-
ren, Germany). Then, phages were isolated from 
the collected filtrate by the double agar layer 
plaque method.19 The mid-log phase culture 
(O.D650 = 0.57) of Klebsiella pneumoniae (0.5 ml) 
and the filtrate (0.5 ml) were mixed in 4 ml sterile 
soft agar (0.6 % w/v agar-agar, Qualigen Fine 
Chemicals Pvt. Ltd.) and then poured onto sterile 
nutrient agar medium. Plates were incubated at 37 °
C for 24 h and checked for the presence of plaques. 

Preparation of phage lysate and its titre determi-
nation 

A single plaque (5 mm in diameter) was selected 
and transferred into sterile phage broth (250 ml) 

with 0.5 ml mid-log phase culture of Klebsiella 
pneumoniae. The flask was incubated at 37 °C for 
24 h without agitation. Then, the contents were 
centrifuged, and the supernatant was filtered 
through a nitrocellulose membrane filter (pore size 
0.20 µm). The lysate with enriched phage was 
stored at 4 °C. The phage titer in the lysate was de-
termined by the double agar layer plaque method. 
Klebsiella pneumoniae phage hereafter was named 
KPP. 

Plaque morphology  

The plaque morphology of KPP was studied on nu-
trient agar and Mac Conkey’s agar media. An ali-
quot (1 ml) of phage lysate (2.4 × 108 pfu ml-1) 
was mixed with 1 ml of the mid-log phase culture, 
and then 0.1 ml of this mixture was spread onto the 
surface of the respective medium. The plates were 
incubated at 37 °C, observed at an interval of 3 h 
throughout the development of plaques. The one-
way ANOVA test was used to evaluate the effect of 
nutrient media on the nature of plaques.20 

Phage  morphology 

Phage morphology was studied by sedimenting 
phage particles for 60 min using a Beckman J2-21 
centrifuge (Beckman Instruments, Inc., Palo Alto, 
USA). Phages were washed twice with 0.1 M am-
monium acetate buffer (pH 7.0), stained with 2 % 
phosphotungstate (pH 7.2), deposited on carbon-
coated Formvar films, and examined under a 
Philips EM 300 electron microscope at a magnifi-
cation of 297,000 X.21 

Cross infectivity study  

The cross infectivity study was carried out on dif-
ferent bacteria viz., Citrobacter koseri (MTCC 
1657), Enterobacter aerogenes (MTCC 111), Esch-
erichia coli (MTCC1678), Klebsiella pneumoniae 
(MTCC 39), Pseudomonas aeruginosa (MTCC 
424), Proteus vulgaris (MTCC744), Salmonella 
Paratyphi A (MTCC 735), Salmonella typhimurium 
(MTCC 98), Shigella sonnei  (MTCC 2957), and 
Vibrio cholerae (MTCC 3906). Cultures were ob-
tained from the Institute of Microbial Type Culture 
Collection (IMTECH), Chandigarh, India. phase 
culture was mixed with 4 ml of soft agar (0.6 % w/
v) and then poured onto a sterile nutrient agar plate. 
Once the overlay was solid and dry, a volume of 
100 μl of phage lysate (2.4 x 108 pfu ml-1) was 
deposited at the center of each plate. Plates were 
incubated at 37 °C and examined for plaques after 
6-10 h.22 A clear zone in the bacterial lawn was rec-
orded as complete lysis. 
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Phage growth kinetics   

A mid-log phase culture of Klebsiella pneumoniae 
(OD650 = 0.57) (9 ml) grown in phage broth sepa-
rately was infected with 1 ml of KPP (2.5 × 1010 pfu 
ml-1) and introduced into sterile 100 ml flasks equil-
ibrated at 37 °C at time zero (t=0). The flasks were 
incubated at 37 °C in a shaker water bath at 160 rpm 
for one h. At one min interval, 50 µl aliquot was 
withdrawn from each flask and transferred into the 
two separate tubes containing 950 μl phage broths, 
supplemented with 5-6 drops of chloroform under 
cold conditions for 10 min.  The tube contents were 
mixed thoroughly on a cyclomixer, serially diluted 
in phage broth, and then plated on sterile nutrient 
agar plates. Plaques were counted after overnight 
incubation at 37 °C.  

One step growth curve  

A one step growth curve was constructed as de-
scribed by Hyman and Abedon23 with few modifi-
cations. Briefly, 9 ml of the mid-log phase culture of 
Klebsiella pneumoniae (OD650 = 0.57) estimated on 
spectrophotometer UV 1800 (Shimadzu, Asia Pacif-
ic PTE Ltd., Singapore) was mixed with 1ml of KPP 
(2.5 × 1010 pfu ml-1) in a 100 ml flask (with MOI 
of 0.19). Phages were allowed to adsorb for 10 min 
at 37 °C. The mixture was then centrifuged (10,000 
× g, 20 min, 4 °C), the pellet formed was resuspend-
ed in a 10 ml fresh phage broth medium. Two ali-
quots of the suspension (0.1ml each) were with-
drawn at 5 min intervals throughout 1 h. One aliquot 
was transferred to a tube containing  0.9 ml of sterile 
phage broth, and the second aliquot was transferred 
into a tube containing 0.9 ml of phage broth with 
chloroform (1 % v/v) kept on ice. The plaque form-
ing units (pfu ml-1) in each tube were determined. 

Restriction digestion pattern of KPP phage DNA 

DNA from KPP phage was extracted as described by 
Ausubel et al.24 and purified by cesium chloride 
density gradient centrifugation as mentioned by Da-
vis et al.25 using a Hitachi 55P Ultracentrifuge 
(Hitachi Koki Co. Ltd., Tokyo, Japan) at 64,000 × g 
for 24 h. Phage DNA was digested with EcoRI and 
Hind III restriction enzymes according to the manu-
facturer's instructions (Fermentas International Inc., 
Glen Burnie, MD, USA). The reaction mixture com-
prised Phage DNA 20 µl, 10X assay buffer 2.5 µl, 
nuclease free water 1.5 µl and 1 µl each of the re-
striction enzyme according to the manufacturer's in-
structions (Fermentas International Inc., Glen Bur-
nie, MD, USA). The reaction mixture was incubated 

at 37 °C for 1 h in the water bath. Molecular weights 
of fragments were determined using an electrophore-
sis unit (BioEra Life Sciences Pvt. Ltd., Pune, India) 
at 100 V for 9 h on a 0.5 % agarose gel. A broad 
range DNA molecular weight marker (BioEra Life 
Sciences Pvt. Ltd., Pune, India) was used for control. 
Alpha Imager Software (BioEra Life Sciences Pvt. 
Ltd., Pune, India) was used to determine the molecu-
lar weight of the products. 

Protein profile of KPP phage 

The purified KPP phage was used for the extraction 
of proteins. The proteins were concentrated by pre-
cipitating using 10 % PEG 8000 after incubating at 4 
°C overnight and then centrifuged at 12,000 × g for 
25 min. The supernatant was discarded, and SM 
buffer (pH 7.5) was added to the glazy pellet. Fur-
ther, phage proteins were concentrated with an 
Amicon kit (Millipore India Pvt. Ltd, Bangalore, In-
dia) using a 3 kDa cut-off membrane. 12 % SDS-
PAGE gel was prepared and loaded with phage pro-
tein (100 µg ml-1) with a standard molecular weight 
marker.26 Protein bands were visualized after stain-
ing with Coomassie dye G-250 (Sigma-Aldrich, 
Bangalore, India). 

Effect of pH on stability of KPP phage 

The stability of KPP at varied pH 1-14 (0.05 mol l-1 
citrate buffer: pH 4, 5 and 6; 0.05 mol l-1 phosphate 
buffer: pH 7, 8 and 9 and 0.05 mol l- of Tris-glycine 
buffer of pH 10, 11, and 12) was determined. 1 ml of 
the KPP (2.5 × 1010 pfu ml-1) lysate was suspended 
in 9 ml of buffers, respectively. All the tubes were 
incubated for 1 h at room temperature. Contents of 
the tubes were serially diluted in SM buffer (pH 
7.5), and plaque forming units (pfu ml-1) in each 
tube were determined. 

Effect of temperature on the stability of KPP phage  

The stability of KPP at different temperatures (4, 10, 
20, 30, 37, 40, and 50 °C) was determined. 1 ml of 
KPP lysate (2.5 × 1010 pfu ml-1) were incubated at 
the selected temperatures for 1 h, respectively. Con-
tents of the tubes were serially diluted in SM buffer 
(pH 7.5), and plaque forming units (pfu ml-1) in 
each tube were determined. 

Effect of pH on infectivity of KPP phage 

The pH value from 4-10 was selected for the infectivity 
study of phage KPP. The mid-log phage culture (5 h) of 
Klebsiella pneumoniae (0.5 ml) was mixed with KPP ly-
sate (2.5 × 1010 pfu ml-1) (0.1 ml) in a sterile tube (4 ml) 
containing soft agar (0.6 % w/v) and then plated onto 
sterile nutrient agar medium plates (varying in pH values 
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from 4-10). Plates were incubated at 37 °C for 24 h and 
then were observed for plaques.  

 

Effect of temperature on infectivity of KPP phage 

The temperature ranging from 0-42 °C was selected 
for the infectivity study of phage KPP. The mid-log 
phage culture (5 h) of Klebsiella pneumoniae (0.5 
ml) was mixed with KPP lysate (2.5 × 1010 pfu ml-
1) (0.1 ml) in a sterile tube (4 ml) containing soft 
agar (0.6 % w/v) and then plated onto sterile nutrient 
agar medium plates. Plates were incubated at differ-

ent temperatures (0-42 °C) for 24 h and then were 
observed for plaques.  

bacteriophage was enriched for 24 hrs, the content 
was centrifuged at 6000 × g for 15 min, and the su-
pernatant 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.  

RESULTS 
 
Antibiotic resistance pattern Klebsiella pneumoniae  

Table 1 Antibiotic resistance pattern of hospital isolate of Klebsiella pneumoniae 

Host bacterium 

Antibiotic per disc (μg) 

Cu 
(30) 

OF 
(35) 

T 
(30) 

G 
(10) 

Ac 
(30) 

DO 
(30) 

Cl 
(30) 

C 
(30) 

A 
(10) 

CO 
(25) 

Klebsiella  pneumo- R R R I R I R R R R 

Cu ; Cefuroxime, OF; Ofloxacin, T; Tetracyclin, G; Gentamycin, Ac; Amoxyclave, DO; Doxycycline-HCl, Cl; Ceftri-

oxone, C;Chloramphenicol, A; Ampicillin, CO; CO-trimoxazole, OF; Ofloxacin; ‘R’: Resistant, ‘I’: Intermediate 

Plaque morphology  

The single phage was isolated against Klebsiella 
pneumoniae and was named vB_KpnM_KPP. KPP 
plaque was clear but was surrounded by a turbid 
hallo. The average plaque diameter of KPP was 5 
mm, and the average number of phage particles per 
plaque was 5 × 105 pfu/plaque on nutrient agar and 
Mac Conkey’s agar media. There was no signifi-
cant difference in the average plaque diameter val-
ue and the average number of phage particles per 
plaque on nutrient agar and Mac Conkey’s agar 
media. 

Phage Morphology 

Transmission electron microscopy (TEM) revealed 
that KPP belongs to the Myoviridae family that 
resembles Citrobacter FC3 phage. The phage has a 
head of 85.5 nm with an extended tail of 95×17 nm 
and a contracted sheath of 50×20 nm. The phage 
has no neck, base plate, but the tail fibers are fold-
ed along the tail (Fig. 1).   

 

Fig. 1: Transmission electron micrograph of phage 
KPP isolated against Klebsiella pneumoniae 

Cross infectivity study 

KPP produced complete lysis (clear zone) on E. coli 
(MTCC 1678) and Klebsiella pneumoniae (MTCC 39). 
While it showed incomplete lysis (turbid zone) on 
Citrobacter koseri (MTCC 1657) and Shigella sonnei 
(MTCC 2957) and no lysis was observed on the other 
bacteria used for the cross infectivity study (Table 2).   
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The hospital isolate of Klebsiella pneumoniae was isolat-
ed and checked for its sensitivity towards different antibi-

otics. The isolate showed resistance to almost all antibiot-

ics used in the study (Table 1). The results noted are as 
per Clinical and Laboratory Standards Institute (CLSI) 
guidelines. 
 

Table 2 Table 2 Cross infectivity study of phage 
KPP 

(‘+’: Complete lysis; ‘-‘: No lysis zone; ‘*’: Lysogenic activity) 

 

Fig. 2 Adsorption rate kinetics of phage KPP to 
Klebsiella pneumoniae. Data are averages of 
three determinations ± SD 

 

 

Restriction digestion pattern of KPP phage DNA 

The genomic DNA of the KPP phage was digested 
with Eco RI and Hind III. Nine bands and one band, 

respectively, were visible and indicated an approxi-
mate size of 56.8 kb.  

Restriction digestion pattern also revealed only one 
band after digestion with Hind III indicating no re-
striction site for Hind III on the KPP phage genome 
(Fig.4).  

Host 
KPP lytic 
activity 

E.coli (MTCC1678) ⁻ 

Proteus vulgaris (MTCC744) ⁻ 

Salmonella typhi (MTCC 733) ⁻ 

Salmonella typhi (MTCC 733) ⁻ 

Salmonella Paratyphi A (MTCC 735) ⁻ 

Salmonella Paratyphi B (ATCC 8759) ⁻ 

Klebsiella pneumoniae (MTCC 39) ⁺ 

Salmonella typhimurium (MTCC 98) ⁻ 

Vibrio cholera  (MTCC 906) ⁻ 

Enterobacter aerogens (MTCC 111) ⁻ 

Citrobacter koseri  (MTCC1657) 
Turbid 
zone * 

Shigella sonnei  (MTCC2957) 
Turbid 
zone * 

Phage growth kinetics and single step growth 
curve 
KPP phage showed fast adsorption to its host. The 
number of free phages was 50 % in the first 6 min 
and declined to 9 % after 10 min. The affinity of 
KPP phage for Klebsiella pneumoniae, i.e., the 
adsorption rate constant was 4.7×10-10 phage par-
ticles cell-1 min-1 (Fig. 2). The latent period of 
KPP was 15 min, and the burst size was 120 pfu 
infected cell-1 (Fig.3). 
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Fig. 3 One step growth curve of phage KPP on 
Klebsiella pneumoniae in phage broth at 37 °C. : 
Log10 pfu infected cell-1 without chloroform treat-
ment, : Log10 PFU infected cell-1 with chloroform 
treatment  

Fig. 4 Restriction digestion pattern of KPP phage 

DNA. Lane M: Broad range DNA marker (300-
62,500 bp), Lane 1: Restriction digestion pattern of 
KPP phage DNA with Eco RI, Lane 2: Restriction 
digestion pattern of KPP phage DNA with Hind III 

 

Protein profile of KPP phage  

Total nine bands were revealed in SDS-PAGE in 
protein profiling of phage KPP. A protein band with 
molecular size 143.2 kDa was the highest, while 
10.3 kDa was the lowest protein (Fig.5).  

Fig. 5 KPP phage protein profile. Lane 1: High mo-
lecular weight protein marker (range 3-205 kDa). 
Lane 2: Protein profile of KPP phage  

 

Effect of pH and temperature on stability of KPP 
phage 

KPP was stable within a wide pH range, 6 to 10. The 
stability was 100% at pH 7 to 9. However, the stabil-
ity decreased to 90 % at pH 6 and 9. The stability of 
KPP was 100 % in the temperature range of 4 to 30 °
C. Stability was decreased beyond 30 °C. 

Effect of pH and temperature on infectivity of KPP 
phage 

 The optimum range of pH for KPP infection to its 
host was from pH 6 to 8 with 100 % infectivity. KPP 

phage showed 10 % infectivity at pH 4 while 65 % 
infectivity at pH 5. For pH 9, 90 % of infectivity was 
shown by the KPP phage. The optimum temperature 
for KPP infection to its host was 37 °C, whereas in-
fectivity decreased to 95 % at 42 °C. Infectivity was 
80 % and 40 % at 28 and 8 °C, respectively. 

 

Discussion 

Characterization of bacteriophages is a mandatory 
step to explore them in various fields.27 It has been 
observed that, amongst the phages studied so far, 96 
% of phages are tailed phages, and the remaining 3.7 
% are polyhedral, filamentous, and pleomorphic.21 In 
the present study, phage isolated is a tailed phage. 
Bacteriophages specific for Klebsiella pneumoniae 
are widely spread in nature and can be isolated from 
freshwater environments. We observed that the 
plaques of phage KPP were surrounded by halos, 
indicative of bacterial cell decapsulation. This obser-
vation suggested the phage produced a depolymerase 
enzyme that could diffuse through the agar layer. 
Phage depolymerases, often a part of the tail spike or 
tail fiber, can degrade bacterial capsular polysaccha-
rides into their component oligosaccharide units dur-
ing infection. Capsular polysaccharide depolymeras-
es have multiple applications, including therapeutic 
agents against bacterial pathogens28 and preventing 
or eradicating biofilms.29 Such morphological fea-
ture of plaque is observed in the case of the FC3 
phage group. The plaque features of KPP are similar 
to the FC3-9 phage of Citrobacter intermedius C3.30 
The halo's presence might suggest the production of 
the soluble phage enzymes, e.g., polysaccharide de-
polymerases, as indicated by Huges et al.31 It has 
also been reported that FC3-9 phage shows capsular 
depolymerase activity.30 Polysaccharide depolymer-
ase could be used for efficient capsular typing. The 
lytic phage and depolymerase have the potential as 
alternative therapeutic agents to antibiotics for treat-
ing K. pneumoniae infections, especially against an-
tibiotic-resistant strains. Electron microscopic stud-
ies revealed that KPP has an icosahedral head of 
about 85.5 nm in diameter and a contractile tail of 
about 95 nm long. It belonged to the Myoviridae 
family. Morphologically, KPP resembles the FC3-9 
phage of Citrobacter intermedius with a capsid of 
about 80 nm and a tail about 110 nm long.30 FC3 
phages are reported in Klebsiella pneumoniae and 
Citrobacter spp.30,32 Bacteriophage FC3-9 is one of 
the several FC3 group phages of Klebsiella pneu-
moniae C3 that is reported. Mutants resistant to 
these bacteriophages are also isolated and found to 
be devoid of lipopolysaccharides O antigens.33 FC3 
phage members require capsular receptors 
(lipopolysaccharides) for their binding.34 Therefore, 
it can be concluded that the host (Klebsiella pneu-
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Klebsiella pneumoniae showed 98.5-99.7 
% of adsorption in 5 min while KP 15 was able to 
adsorb only 75 %. Similarly, a myovirus (vB-
KpneM-Isf48) adsorbed up to 78 % in 4 min,38 
and a siphovirus (vB_KpnS_Teh.1) adsorbed 
around 99 %,17 which were isolated against K. 
pneumoniae. The one step growth curve of KPP 
showed that the latent period is 15 min and the 
burst size is 120 pfu infected cell-1. These results 
contradict the previous works of FC3 phages 
where the range of latent period for FC3-1 to FC3-
9 was 30-50 min, and the burst size was similar to 
FC3-4 phage.30 Further, Kęsik-Szeloch et al.37 re-
ported that the latent period of siphovirus and pod-
ovirus was 15 min with a burst size of ~50-60 pfu 
infected cell-1 while myovirus showed 25 min la-
tent period with burst size 10-15 pfu infected cell-

1. The podovirus KP8 of K. pneumoniae showed a 
latent period of 15 min and ~ 40 pfu infected cell-1 

burst size.39 The siphovirus (vB_KpnS_Teh.1) 
showed a 40 min latent period and 35-40 pfu in-
fected cell-1 burst size.30 Peng et al.40 isolated 
phage vB_KleS-HSE3 (Siphovirius) against multi-
drug-resistant Klebsiella pneumonia, showed a 
latent period of 30 min with 277 pfu infected cell-1 
burst size. The restriction digestion pattern indi-
cated that KPP DNA is resistant to Eco RI's diges-
tion and sensitive to Hind III restriction enzyme. 
The genome size of KPP is 57 kb that is found to 
be close to the FC3-11 phage of K. pneumoniae 
genome size of 48-50 kb.35 This newly isolated K. 
pneumoniae phage (KPP) shows properties simi-
lar to the FC3-9, FC3-11, FC3-4 phages that be-
long to the Myoviridae family and the φKMV-like 
virus particle of the Podoviridae family, indicating 
the genetic evolution. The proteome analysis re-
vealed a total of 9 bands on the gel, with thee 
prominent protein bands viz., 143.2, 90.8, and 60 
kDa and four less prominent bands viz., 42, 32, 18 
kDa were detected. Similar proteins were also de-
tected (16, 30, 33 90 kDa) in FC3-11phage of K. 
pneumoniae.35 Similar proteins (94, 62, 42, 30, 20 
kDa) were also found in the φKMV-like virus par-
ticle of K. pneumoniae that belongs to the Podo-
viridae family.41 Morozova et al.39 reported that 9 
protein bands were revealed using SDS-PAGE 
analysis. This indicates that these proteins may be 
the common structural proteins in these phages. 
Storage stability is an essential parameter to apply 
phages as a biocontrol agent in the environment. 
KPP is found to be stable over a wide range of pH 
(6 to 10) and temperature (4 to 40 °C), indicating 
their wide applications to control K. pneumoniae 
infections. Similarly, in support of this, phages 
showed wide stability from pH 5-8  and tempera-
ture 4 to 50 °C,37 phage vB-KpneM-Isf48 showed 
pH stability from 6-9, and temperature 30 and 40 °

C,38 phage vB_KpnS_Teh.1 showed pH stability 
at 7 and temperature at 37 °C,17 and phage 
vB_KleS-HSE3 showed pH stability from 5-11 
and temperature 4 to 50 °C.40 Besides, phage KPP 
showed 100 % infectivity at pH (6-8) and temper-
ature (37 °C), respectively.  
 

CONCLUSION 
 
The newly isolated phage of Klebsiella pneumoni-
ae has many unique features such as a short gener-
ation time and high stability over a wide range of 
pH and temperature, making it a promising bio-
control agent for drug-resistant strains of Klebsiel-
la pneumoniae. 
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