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Abstract  The bacteriophage P13 that infects Klebsiella serotype K13 contains a heat-stable depolymerase capable of effective 
degradation of exopolysaccharide (EPS) produced by this microorganism. In this study, the titer of phage P13, initially 2.0 × 107 pfu 

mL−1, was found increasing 20 min after infection and reached 5.0 × 109 pfu mL−1 in 60 min. Accordingly, the enzyme activity of de-
polymerase approached the maximum 60 min after infection. Treatment at 70℃ for 30 min inactivated all the phage, but retained over 
90% of the depolymerase activity. Addition of acetone into the crude phage lysate led to precipitation of the protein, with a marked 
increase in bacterial EPS degradation activity and a rapid drop in the titer of phage. After partial purification by acetone precipitation 
and ultrafiltration centrifugation, the enzyme was separated from the phage particles, showing two components with enzyme activity 
on Q-Sepharose Fast Flow. The soluble enzyme had an optimum degradation activity at 60℃ and pH 6.5. Transmission electron mi-
croscopy demonstrated that the phage P13 particles were spherical with a diameter of 50 nm and a short stumpy tail. It was a dou-
ble-strand DNA virus consisting of a nucleic acid molecule of 45976 bp. This work provides an efficient purification operation in-
cluding thermal treatment and ultrafiltration centrifugation, to dissociate depolymerase from phage particles. The characterization of 
phage P13 and associated EPS depolymerase is beneficial for further application of this enzyme. 
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1 Introduction 
To protect cells against environmental stresses, bacteria 

tend to produce various extracellular substances and form 
bacterial biofilm in a broad range of environments, espe-
cially in food processing fields. Major components of 
such bacterial biofilm include water, exopolysaccharides 
(EPS), proteins, lipids, mineral ions and cells (Flint et al., 
1997; Coenye and Nelis, 2010). To date, more than 80 
kinds of EPS with different chemical compositions have 
been reported in Klebsiella, which surround the cell sur-
face and connect cells to form the biofilm with compli-
cated structure (Griffiths and Davies, 1991; Sutherland, 
2001). A variety of techniques with chemical disinfectants 
and antiseptics have successfully been used to degrade 
the undesired biofilm. However, their side effects should 
not be ignored. During the treatments, resistance may be 
induced in some cells by mutation or gene transfer for 
survival and growth (Davies, 2003). The bacteriophage- 
borne depolymerase, an enzyme specifically degrading 
bacterial EPS, is potentially effective for controlling mi-
croorganisms involved in biofilm formation (Stewart et al., 
1995). The bacterial EPS-degrading ability of bacterio- 
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phage-borne EPS depolymerase has been recorded for 
more than 50 years (Simoes et al., 2010). The enzyme is 
released by bacteriophage during its infection and binding 
to the capsular material of bacterial cells. Then, the cap-
sular polymer is degraded and the phage is allowed to 
access bacterial cell, further binding to an outer-mem- 
brane receptor (Hughes et al., 1998). There has been a 
study using phage-borne glycanase to facilitate the re-
moval of biofilm from clinical settings (Hanlon et al., 
1998). This enzyme has also been used for other purposes 
such as biological control against animal and plant 
pathogens (Kim and Geider, 2000; Scorpio et al., 2008), 
preparation of novel oligosaccharides with potential bio-
logical activities (Dutton et al., 1981; Di Fabio et al., 
1985), and structure analysis of bacterial EPS (Altmann  
et al., 1990; Cescutti et al., 1993). 

The properties of bacteriophage-borne depolymerase 
have rarely been reported. The enzyme randomly attacks 
the glycosidic bond of capsular polysaccharide to release 
repeating units of the polymer. It normally occurs in two 
forms, i.e., soluble and phage-bound depolymerase, with 
similar enzymatic and other properties. The presence of 
soluble enzyme may indicate the overproduction of gene 
product from the phage genome (Yurewicz et al., 1971). 
The illumination of reaction mechanisms and enzymologi-
cal properties of bacteriophage-borne depolymerase en-
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zymes is necessary for further application of the enzyme. 
In this paper, a heat-stable phage-associated depolymerase 
with high-performance of EPS hydrolyzation was isolated 
from Klebsiella K13. In addition, the properties of the 
phage and associated depolymerase were characterized. 

2 Materials and Methods 
2.1 Strains 

The bacteriophage P13 capable of infecting Klebsiella 
serotype K13 (NCTC 9133) was isolated from sewage sam-
ples according to the method reported by Mou et al. (2008). 

2.2 Preparation of EPS 

Klebsiella K13 was grown in nutrient broth at 32℃ for 
24 h, and then transferred to 1500 mL of fresh fermenta-
tion medium with the following composition (g L−1): 
CaCl2·2H2O, 0.001; Na2HPO4, 10; KH2PO4, 3; NaCl, 1; 
MgSO4·7H2O, 0.2; FeSO4·7H2O, 0.0001; K2SO4, 1; glu-
cose, 30; beef extract, 0.5; peptone, 0.5; and oleic oil, 1.5. 
After 48 h incubation at 24℃, the fermentation liquor was 
centrifuged and the supernatant was concentrated by ro-
tary evaporation at 60℃ to approximately one-third of the 
initial volume. Then three-fold volume of 95% icy etha-
nol was added for EPS sedimentation. The precipitate was 
dissolved in distilled water, sealed in dialysis bags 
(cut-off value, 12000–14000 Da), and dialyzed against 
distilled water at 4℃ for 48 h. Sodium azide was added to 
the EPS for long-term preservation. 

2.3 Preparation of Crude Depolymerase 

Klebsiella K13 was cultured in nutrient broth at 32℃ 
in a shaking incubator at 150 r min−1 until the optical den-
sity at 600 nm (OD600) reached 0.4 (cell density 3× 1010–4 × 

1010
 cfu mL−1). The culture was infected with phage sus-

pension in a volume ratio of 10:1. The incubation was 
continued under the similar conditions until OD600 was 
below 0.1. The lysate was processed immediately for pu-
rification by centrifugation at 8000 r min−1 and 4℃ for 10 

min. The supernatant was filtered (Millipore, 0.22 μm 
pore size) into a sterile screw cap bottle to remove sur-
viving bacterial cells or cell debris. The filtered phage 
suspension was dialyzed (cut-off value, 12000–14000 Da) 
against distilled water for 48 h at 4℃ to remove the re-
sidual broth components, and the retentate was taken as 
the crude enzyme extract solution.  

Icy acetone (4℃) was added slowly under stirring to 
the crude enzyme extract solution in a volume ratio of 3:2 
and the mixture was incubated at 4℃ for 24 h to allow 
protein precipitation. The precipitate was collected by 
centrifugation and re-dissolved with ultrapure water. The 
re-dissolved solution was dialyzed against distilled water 
at 4℃ for 48 h to remove the low molecular mass materi-
als including acetone. The retentate was freeze-dried and 
enzyme powder was obtained. 

2.4 Ultrafiltration of Enzyme 

The enzyme powder was re-dissolved in ultrapure wa-

ter at a final concentration of 1 mg mL−1. The aqueous 
fluid was separated using Sartorius vivaspin (molecular 
weight cut-off of 100 kDa, 6 mL) by centrifugation at 
3000 r min−1 until the volume ratio of retentate to filtrate 
was approximately 3:7. Enzyme activity and phage titer 
were determined immediately. 

2.5 Purification of Enzyme by Column Chroma-
tography 

The prepared enzyme solution was loaded onto a 
Q-Sepharose Fast Flow column (40 cm × 2.5 cm, Amer-
sham-Pharmacia Biotech, Sweden) equilibrated with 0.2 

mol L−1, pH 6.5 phosphate buffer solution. The flow rate 
was adjusted to 2 mL min−1. The protein was eluted from 
the column with the same buffer containing a linear NaCl 
gradient (0–2.0 mol L−1). The elute fractions were con-
tinuously monitored using a UV detector at 280 nm and 
collected for enzyme activity assays against bacterial 
EPS. 

SDS-PAGE of depolymerase was performed on 6% 
stacking gel and 12% separation gel at 120 V according to 
the method of Zhu (2010). The protein bands were visu-
alized by staining the gel with Coomassie blue.  

2.6 Determination of Enzyme Activity and Phage 
Titer 

The EPS-degrading activity of bacteriophage crude 
depolymerase was assayed by determination of the in-
crease in reducing sugar levels as described by von Borel 
et al. (1952). Two mL of 0.5% EPS was mixed with 0.4 mL 
of filtered crude phage lysate and then incubated at 60℃ 
for 30 min. Then, 1.5 mL of reaction solution was mixed 
with 1.5 mL of 3, 5-dinitrosalicylic acid (DNS), heated at 
100℃ for 5 min, cooled to room temperature and diluted 
to 25 mL with deionized water. The optical density was 
read at 520 nm and values for reducing sugars were ex-
pressed as D-glucose equivalents. One unit of phage en-
zyme activity was defined as the amount of enzyme that 
released 1 μg of D-glucose per min under the above con-
ditions. 

Sloppy agar (0.6% nutrient agar, Sigma) was used for 
titer counting of phage. Equal volumes of bacterial cells 
and phage suspension (0.1 mL) were mixed with 3 mL of 
melted sloppy agar, and poured on a nutrient agar plate. 
After incubation at 32℃ for 48 h, the number of phage 
particles on the plates was enumerated as the resulting 
plaque-forming units (pfu). 

Total protein content was determined by Coomassie 
brilliant blue assay (Xu et al., 2010). 

2.7 Effects of Environmental Factors on Enzyme 
Activity 

The optimal pH was determined by measuring the en-
zyme activity under different pH conditions (5.5–8.0) at 
60℃. The optimal temperature was determined by meas-
uring the enzyme activity at pH 6.5 and temperatures 
ranging from 10℃ to 70℃. To determine the heat-sta- 
bility, the enzyme was pretreated at different temperatures 
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for 30 min or 2 h and then assayed for enzyme activity at 
60℃ using EPS of Klebsiella K13 as the substrate. To 
analyze the effects of metal cations on enzyme activity, 
phage enzyme was incubated with EPS in the presence of 
different metal cations (CaCl2, KCl, NaCl and 
MgSO4·7H2O) at a final concentration of 0.1 mol L−1. In 
addition, the effect of EDTA on the enzyme activity was 
studied using the same method. 

2.8 Extraction of Phage Nucleic Acid 

The phage suspension was sealed in dialysis bags 
(cut-off value, 12000–14000 Da) and 20-fold concen-
trated by PEG 20000. The residual host cells and con-
taminating microorganisms were removed by filtration 
(0.22 μm pore size, Millipore, USA). DNase І (D5025, 
Sigma, USA) and RNase A (EN05311, Fermentas, USA) 
were added to the filtrate at a final concentration of 0.25 

U μL−1 and 0.2 μg μL−1, respectively, for digestion of 
DNA and RNA released by host cells during the infection 
of phage. After the removal of nuclease, phage nucleic 
acid was extracted from the phage particles by UNIQ-10 
genome extraction kit (Sangon, Shanghai, China). The 
purity of phage nucleic acid was evaluated by restriction 
enzyme Nde І digestion, which made a distinction be-
tween phage P13 and Klebsiella K13 nucleic acid. 

2.9 Transmission Electron Microscopy (TEM) of 
Phage Particles 

For TEM analysis, the phage suspension was concen-
trated by PEG 20 000, and the phage particles were col-
lected by ultracentrifugation at 83000×g for 3 h (CP70ME, 
Hitachi, Japan). The phage suspension was fixed by 3% 
glutaraldehyde for 10 min. A drop of the phage fixation 
liquid was placed on a grid coated with a defatted car-
bon-holey-film and aired at natural state for 5 min. The 
excess liquid was withdrawn with a filter paper (Bayer 
and Anderson, 1963). The sample was stained with a drop 
of 1% phosphotungstic acid for 3 min with excess liquid 
removed with filter paper. The grid was introduced into a 
JEM-1200EX transmission electron microscope (JEOL, 
Japan) with an acceleration voltage of 80 kV. The phage 
particles with typical morphological characteristics were 
recorded under 10 k× to 180 k×. 

3 Results and Discussion 
3.1 Preparation of Bacterial EPS 

Bacterial EPS commonly contains repeating single 
units joined by glycosidic linkages, mostly with the se-
quence of two to eight monosaccharides and unusual 
sugar residues. These can be homo- or heteropolymers 
substituted by both organic and inorganic molecules 
(Roberts, 1996). For example, the Klebsiella genus has 
been classified into more than 80 serotypes on the basis 
of serological reactions with K-antigen (Griffiths et al., 
1991). In order to improve the EPS yield by Klebsiella 
K13, single factor and the orthogonal test were used here 
to optimize the fermentation conditions. The addition of 

0.2% Tween 80 or 0.15% oleinic acid was beneficial for 
increasing the EPS yield. After incubation in the optimum 
fermentation medium at 24℃ for 48 h, the yield of bacte-
rial EPS reached 6.7 g L−1. 

3.2 Fluctuating Curve of Phage and Enzyme During 
Infection 

At the beginning of phage infection, the depolymerase 
released from phage P13 showed a rapid increase in its 
EPS-degrading activity, which promoted the invasion of 
the phage particles. However, the titer of phage remained 
stable at approximately 2.0×107

 pfu mL−1 in the first 20 

min during infection, indicating that the latency time of 
phage P13 was approximately 20 min. Results of OD600 

measurement and plate counting showed that the K13 cell 
density remained at the level close to the initial value 
(Fig.1). Then, there was a significant correlation between 
the rapidly increasing titer of phage and decreasing num-
ber of K13 cells from 20 to 60 min. After 60 min, the 
quantity of phages and cells stabilized, whereas the phage 
gave a final titration of 4.3×109

 pfu mL−1 at 100 min. The 
host cells reduced from the initial number of 3.2×1010

 cfu 

mL−1 to 9.0×104 cfu mL−1 (3.6×105-fold reduction). Re-
ducing sugar determination showed that the production of 
bacterial EPS depolymerase increased from 0.046 to 
0.397 and approached the maximum at 60 min. 

 
Fig.1 Changes in phage P13 titer and EPS depolymerase 
activity after phage infection. Cell density (□) was moni-
tored at OD600. Remaining cells numbers (lg cfu mL−1) 
were counted on nutrient agar plate (△). Titer of phage 
(lg pfu mL−1) was determined according to the number of 
plaques formed on sloppy agar (■). Enzyme activity (▲) 
is represented as OD520 using the DNS method. 

3.3 Purification of Phage P13 Enzyme 

The enzyme activity and phage titer were assayed after 
preliminary purification by acetone precipitation and ul-
trafiltration centrifugation (Table 1). The addition of ace-
tone in a volume ratio of 3:2 (acetone: crude enzyme so-
lution) largely inactivated the phage particles and EPS 
depolymerase, and enzyme activity was substantially low 
after acetone precipitation. When the supernatant col-
lected from acetone precipitation was spot-inoculated 
onto nutrient plates spread with host cells, no phage 
plaque or halo was formed. Enzyme activity assays using 
the DNS method with bacterial EPS as the substrate con-
firmed the complete inactivation of enzyme in the super-
natant. By comparison, approximately 13.8% of enzyme 
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activity was recovered in the precipitate. Only a small 
amount of active phage particles remained, and the total 
phage titer was decreased from 1.7×1011 to 3×103 pfu. 

The material precipitated by acetone was collected with 
large molecular particles including phage particles re-
moved via 100 kDa-ultrafiltration centrifugation. Phage 
particles with molecular weight greater than 100 kDa 
were not found in the filtrate. After the separation, ap-
proximately 34% of enzyme activity remained in the re-

tentate and 66% of enzyme activity penetrated through 
the ultrafilter. These indicate that the phage depolymerase 
enzyme is a protein with a molecular weight less than 100 

kDa. Purification of the enzyme from phage particles and 
other impurities by acetone precipitation and ultrafiltra-
tion centrifugation recovered 8.9% of the enzyme with 
the activity increased by 12.4-fold. It is possible that the 
phage enzyme was freely diffusible or loosely associated 
with the phage particles (Adams and Park, 1956). 

Table 1 Enzyme activity and phage titer of the bacteriophage-borne depolymerase during purification 

Purification procedure 
Vol 

(mL) 

Total enzyme 
activity (U) 

Recovery
(%) 

Total pro-
tein (mg)

Enzyme special 
activity (U mg−1)

Purification 
(fold) 

Phage titer 
(pfu mL−1) 

Total phage
titer (pfu)

Phage lysate suspension 220 307.4 100 17.528 17.5 1 7.8×108 1.7×1011 
Acetone precipitation redis-
solved solution 

20 42.6 13.8 4.323 9.85 0.56 1.5×102 3.0×103
 

6 14.1 4.6 3.531 3.99 0.23 3.3×102 2.0×103
 Ultrafiltration 

(100 kDa) 

Retentate 
Filtrate 14 27.5 8.9 0.127 216.53 12.4 0 0 

 
The proteins precipitated by acetone showed several 

peaks on the eluting curve of Q-Sepharose Fast Flow 
(Fig.2). Two of them showed enzyme activities (E1 and 
E2). After ultrafiltration centrifugation, the filtrate 
showed only one peak with enzyme activity (E2) on the 
eluting curve (data not shown). This indicates that the 
phage P13 produced two different types of depolymerase, 
or the same depolymerase occurred in soluble and phage- 
bound forms. The latter explanation could be supported 
by the evidence that the phage particles were larger than 
100 kDa and were removed by ultrafiltration. The soluble 
enzyme is likely resulting from the overproduction by the 
phage genome (Yurewicz et al., 1971) and released by 
phage particles during lysis of host cells. SDS-PAGE as-
say showed that the molecular weight of phage P13 de-
polymerase is 62–65 kDa. 

 

Fig.2 The elution curve of enzyme by Q-Sepharose Fast 
Flow. The sample was eluted with 0.2 mol L−1 phosphate 
buffer solution having a linear NaCl gradient (0–2.0 mol L−1) 
at an eluant velocity of 2 mL min−1. The protein content () 
was monitored by UV detector at 280 nm. The enzyme ac-
tivity (■) was assayed based on the released reducing 
sugar level detected by the DNS method at 520 nm. 

3.4 Properties of Phage P13 Enzyme 

The addition of phage P13 rapidly decreased the vis-
cosity of EPS solution within minutes, showing that 
phage EPS depolymerase is a high-efficiency endo-gly- 
canohydrolase. Reduction in EPS viscosity might also aid 
bacteriophage to penetrate bacterial biofilm (Hanlon et al., 

2001). Within the first few hours of hydrolysis, the con-
tent of reducing sugar produced by EPS hydrolysis in-
creased rapidly with the reaction time. The OD520 reached 
the maximum value in 4 h of hydrolysis. 

When the reaction temperature increased from 10℃ to 
60℃, the activity of phage enzyme correspondingly in-
creased (Fig.3). The maximum enzyme activity was ob-
served at 60℃ after incubation for 0.5, 2 or 4 h. The en-
zyme activity began to gradually decrease when the tem-
perature reached 70℃. In addition, it was found that the 
enzyme had a distinct heat-stability under the experimen-
tal conditions. Almost all measurable activity was re-
tained after treated at 60℃ for 30 min, whereas the phage 
titer on the host bacteria decreased from 6.45×108 to 
1.6×106

 pfu mL−1, showing that the phage is heat-sensitive. 
After pretreatment at 70℃ for 30 min, the phage particles 
were completely inactivated, whereas the majority of en-
zyme activity (>90%) remained. The obvious difference 
in heat-sensitivity between the phage particle and EPS 
depolymerase is advantageous for isolation and purifica-
tion of the phage enzyme. The application of heat-stable 
phage enzyme can effectively inhibit bacterial 

 

Fig.3 Effects of temperature on the reaction activity and 
stability of phage enzyme. The optimum reaction tem-
perature of phage enzyme was determined by hydrolysis 
at different temperatures for 0.5 h (–▲–), 2 h (–●–) or 4 h 
(–■–), respectively. The heat-stability of enzyme was de-
tected by pretreating the crude depolymerase solution at 
10℃, 50℃, 60℃ and 70℃ for 0.5 h ( ) or 2 h ( ), 
respectively. The residual enzyme activity was monitored 
according to OD520 value by the DNS method. Titer of 
phage after thermal treatment for 0.5 h ( ) and 2 h ( ) 
was evaluated by the bilayer agar method. 
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contamination during oligosaccharides preparation and 
exclude the influence of phage on the biofilm. Similar 
results have been reported in the literatures. For example, 
a phage depolymerase isolated from K. pneumoniae 
B5055 was notable as it was more heat-stable than the 
associated phage, and 70% of enzyme activity remained 
after incubation at 60℃ for 30 min (Kassa and Chhibber, 
2012). Sutherland (1967) also demonstrated that the en-
zyme extracted from the phage F31 showed great degra-
dation activity above 55℃ against the EPS from K. aero-
genes. It is obvious that the phage enzyme isolated in this 
work possesses substantially higher heat-stability than 
those reported in previous work.The crude depolymerase 
showed highest activity at pH 6.5 (Fig.4). The enzyme 
was partly destroyed when exposed to pH below 5.5 or 
above 8.0. The cations K+, Na+ and Ca2+ had promoting 
effects on the enzyme activity. Among these, 0.1 mol L−1 
K+ and Na+ elevated the relative enzyme activity by 46% 
(Table 2). No enzyme activity of depolymerase was ob-
served in the presence of 0.1 mol L−1 EDTA after incuba-
tion at 60℃ for 4 h. 

 
Fig.4 Effects of initial pH values on the phage enzyme ac-
tivity. 

Table 2 Effects of metal cations and EDTA on relative en-
zyme activity 

Agent (0.1 mol L−1) K+ Na+ Ca2+ Mg2+ EDTA

Relative activity (%) 146.0 146.0 132.4 91.1 0 
 

3.5 Electron Micrographs of Phage P13 Particles 
and Its Nucleic Acid Analysis 

After concentration by PEG 20000, the titer of phage 
reached 2.6×1010

 pfu mL−1. Before the extraction of phage 
nucleic acid, DNA and RNA must be entirely removed 
from the host cells by nuclease. The phage nucleic acid 
extract showed a single band on agarose gel, with a 
molecule larger than 20 kbp (Fig.5). Its nucleic acid was 
digested by DNase I and insusceptible to RNase A, 
showing that it was a DNA phage. After treated by re-
striction endonuclease Nde I, phage DNA was digested 
and produced four bands on agarose gel, whereas the nu-
cleic acid from Klebsiella K13 was resistant to Nde I. 
These proved that phage P13 DNA extracted after DNase 
I and RNase A treatment was highly pure without con-
tamination of host cell DNA. Since Nde I is a restriction 
enzyme capable of digesting double-stranded DNA with 

the restriction cutting site of CA/TATG, the phage was 
confirmed as a double-stranded DNA virus. High-through- 
put sequencing of the phage genome showed that the mo-
lecular size of its nucleic acid is 45976 bp (data not 
shown). The size of phage P13 genome detected by aga-
rose gel electrophoresis was far less than its actual size, 
presumably due to the limiting resolution of routine aga-
rose gel that was unable to separate DNA with a size lar-
ger than 20 kbp (Zhu, 2010). TEM showed that the phage 
P13 consisted of a small spherical head with a diameter of 
50 nm and a short stumpy tail spikes (Fig.6), similar to 
the members of Podoviridae family. The whole DNA 
sequence of phage P13 was analyzed by BLASTP, show-
ing a high homology with several members of SP6-like 
virus genus, e.g., Enterobacteria phage SP6 (97%), K1E 
(88%), K1-5 (91%) and Erwinia amylovora phage Era103 
(77%). The molecular size of nucleic acid of P13 is much 
close to that of SP6-like virus genus, which has 44.7 kbp 
genomes on average (King, 2011). Accordingly, phage 
P13 is ascribed to the family Podoviridae. 

 
Fig.5 Agarose gel electrophoresis of phage P13 nucleic 
acid. The electrophoresis was performed in 0.8% agarose 
gel in 1×TAE buffer with a constant voltage of 95 V. Lane 
M, molecular size marker (λ-Hind  digest DNA Ⅲ
Marker); lane 1, phage nucleic acid; lane 2, Klebsiella 
K13 DNA; lane 3, phage nucleic acid digested by RNase 
A; lane 4, phage nucleic acid digested by DNase I; lane 5, 
phage DNA treated by restriction enzyme Nde I; lane 6, 
Klebsiella K13 DNA treated by Nde I. 

 
Fig.6 TEM micrograph of phage P13 particles. 

4 Conclusions 
This work isolated a bacteriophage-borne EPS depoly-

merase showing high efficiency of bacterial EPS degrada-
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tion, and proposed the preparation method of special oli-
gosaccharides. Acetone precipitation and ultrafiltration 
centrifugation are feasible procedures for the preparation 
of phage P13 enzyme. Thermal treatment at 70℃ for 30 

min can be used for the complete separation of phage 
enzyme from phage particles due to the distinct heat sta-
bility of the enzyme. This property can greatly contribute 
to the application of phage enzyme in production of novel 
oligosaccharides and bio-control of bacterial biofilm. The 
isolated phage is a double-stranded DNA virus with a 
nucleic acid molecule of 45976 bp. The propagation of 
phage likely depends on the growth of host bacterial cells, 
which restricts the large-scale preparation of phage en-
zyme. Therefore, gene cloning of phage depolymerase 
enzyme and expression in bacterial cells may be the only 
way for future development of the enzyme. 
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