Table 1. Bacteria strains, bacteriophages and plasmids used in this study.

Bacterium strain

Klebsiella pneumoniae
10693

Klebsiella pneumoniae
25 strains

Enterobacter cloacae
24 strains

Serratia marcescens
29 strains

Escherichia coli
13 strains

Klebsiella oxytoca
1 strains

Enterobacter agglomerans
1 strains

Escherichia coli DH5a

Bacteriophage

KPP2, KPP3, KPP4, KPP5,
KPP6, KPP7, KPP10,
KPP11, KPP30, KPP42,
KPP50 and KPP95

Plasmid

pOK 12

Char acteristics

No plasmid, no drug resistance
phage host

Extended-spectrum 3 -lactamases
(ESBL) strains

ESBL strains

Cefotaxime resistant

G (-) pathogen

Cefotaxime resistant

ESBL strains

EndA1 hsdR17(rk- mk*) supE44 thi-1
recA gyrA relAl f80dlacZDM 15
D(lacZY A-argF)U169

Char acteristics

Iytic phages of Klebsiella pneumoniae

Char acteristics

E. coli general cloning vector, lacZ a
fragment, P15A origin, Knt, 2.1kb

Source or reference

American Type Culture
Collection (ATCC) 23357

, 2001

This|aboratory

This|aboratory

Thislaboratory

This|aboratory

This|aboratory

Hannahan, 1983

Source or reference

This study

Source or reference

Vieiraand Messing, 1991




Table 2. Titer of 12 lytic phages.

Phage Titer (PFU ml) 2

KPP2 2.8 x10°
KPP3 2.5x10°
KPP4 2.7 x10°
KPP5 2.4 x10°
KPP6 3.5x10°
KPP7 1.8 x10°
KPP10 1.55 x 10°
KPP11 4 x10°

KPP30 1.6 x 10°
KPP42 1.25 x 10°
KPP50 1.5x10°
KPP95 3.15 x10°

aThe titers were measured using
K.pneumoniae 10693 as the indicator host.



Fig. 1. Electron micrograph of four lytic phages
of K.pneumoniae 10693 stained with 2 % Uranyl
acetate. KPP3; B: KPP30; C: KPP42; D, E:
KPP95. Magnification: A,B and C, 75000; D and
E, 150,000.
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Fig. 2. Restriction fragment profiles of ECORV-
digested genomic DNA from KPP2, KPP3,
KPP4, KPP5, KPP6, KPP7, KPP10, KPP11,
KPP30, KPP42, KPP50 and KPP95.

Lanes: M, kb 25 markers 1, KPP2; 2, KPPS;
3, KPP4; 4, KPP5; 5, KPP6; 6, KPP7; 7,
KPP10; 8, KPP11; 9, KPP30; 10, KPP42; 11,
KPP50; 12, KPP95.
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Fig. 3. Pulsed-field gel electrophoresis (PFGE) of KPP2, KPP3,
KPP4, KPP5, KPP6, KPP7, KPP10, KPP11, KPP30, KPP42,
KPP50 and KPP95 genomes. Electrophoresis was done in 1%
agarose gel at 14 and 200 V, with initia time of 1 sec, fina
time of 40 sec and running time of 16 hr.

Laness M, A ladder markers, 1, KPP2; 2, KPP3; 3, KPP4; 4,
KPP5; 5, KPP6; 6, KPP7; 7, KPP10; 8, KPP11; 9, KPP30; 10,
KPP42; 11, KPP50; 12, KPP95.



Fig. 4. Pulsed-field gel electrophoresis (PFGE) of KPP95 genome.
Electrophoresis was done in 1% agarose gel at 14 and 200 V,
with initial time of 1 sec, final time of 40 sec and running time of
20hr. M, A ladder markers.
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Fig.5. Lysis of Klebsiella pneumoniae 10693 by KPP95 phage. The Cultureswith

an initial ODgg, of 0.05 were grown at 37 , and the phage was added (MOI= 0.1)

at 1.5 hr (indicated by arrow). Samples were taken for measurements of ODgg,.
., phage added; - , without phage. Vaues are mean (n= 3).
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Fig. 6. Restriction endonuclease digestion of KPP95

genomic DNA.

Lanes: M, kb 25 markers 1, Sspl 2, Asel 3, Dral
4,Smal 5, Nael 6, Sac 7, BamHI 8, Sau3Al
9, Kpnl 10, Hae 11, Aval 12, EcoRl 13, Hind
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Fig. 7. Restriction endonuclease digestion of KPP95
genomic DNA.

Lanes: M, kb 25 markers 1, EcoRl 2, Pstl 3, ECORV
4, Hind 5 Ndel 6,Scal 7,Accl 8, Hpal 9, Nsli
10, Hincl 1



Accl, 16 Hincll, 277 Hincll, 622
Sspl, 91 Hpal, 277 Nsl, 386 Sspl, 673
|
1 100 200 300 400 500 600
13 564

(76)  Patch of 37% identity with T4 gp wac (487 aa) (259)

Fig. 8. Restriction map of 678 bps fragment cloned in pOS 1 and comparsion
of putative polypeptide encoded by fragment 678 bps cloned in pOS 1 with
protein of T4 phage. The corresponding position of pOS 1 was represented by
bps and that of the T4 phage protein was represented by (a.a.). The bar with
arrow indicated the gene position.

Hindl 11, 645
Asel, 712

Sspl, 1 EcoRV, 581 Hindlll, 807
Dpnl, 81 Dpnl, 316 Pstl, 573 Sspl, 854
\ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ |
1 200 400 600 800

29 592

(1062) (1250)

Patch of 27% identity with T4 gp34 (1289 aa)

Fig. 9. Restriction map of 859 bps fragment cloned in pOS 2-34 and comparsion
of putative polypeptide encoded by fragment 859 bps cloned in pOS 2-34 with
protein of T4 phage. The corresponding position of pOS 2-34 was represented
by bps and that of the T4 phage protein was represented by (a.a). The bar with
arrow indicated the gene position.
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EcoRl, 327
Spl, 1 Dral, 141  Hincll, 237 Sspl, 333

1 200
4 213
(96) (165)

Patch of 47% identity with T4 gp37 (1026 aa)

Fig. 10. Restriction map of 338 bps fragment cloned in pOS 2-37 and
comparsionof putative polypeptide encoded by fragment 338 bps cloned in pOS
2-37 with protein of T4 phage. The corresponding position of pOS 2-37 was
represented by bps and that of the T4 phage protein was represented by (a.a.).
The bar with arrow indicated the gene position.

Sspl, 1 Pstl, 962
Scal, 37 Nsil, 695 Sspl, 973
Hindlll, 84 EcoRV, 740 Asel, 976
Scal, 243 EcoRV, 572 Dral, 800 Sspl, 1026
1 200 400 600 800 1000
167 592
(1) (142)

Patch of 68% identity with T4 gp41l (475 aa)

Fig. 11. Restriction map of 1031 bps fragment cloned in pOS 3 and comparsion
of putative polypeptide encoded by fragment 1031 bps cloned in pOS 3 with
protein of T4 phage. The corresponding position of pOS 3 was represented by
bps and that of the T4 phage protein was represented by (a.a.). The bar with
arrow indicated the gene position.
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Sspl, 1

Hincll, 15
Mlul, 19 Clal, 502
Kpnl, 109  Sspl, 225 Nsil, 506 Dral, 754
1 200 400 600 800
1 834
(97) Patch of 91% identity with T4 gpl7 (610 aa) (374)

Fig. 12. Restriction map of 906 bps fragment cloned in pOS 11and comparsion of
putative polypeptide encoded by fragment 906 bps cloned in pOS 11 with protein of
T4 phage. The corresponding position of pOS 11was represented by bps and that of
the T4 phage protein was represented by (a.a.). The bar with arrow indicated the

gene position.

Dpnl, 2
Dral, 28
Hindlll, 32
Scall, 56 Pstl, 508  Hindlll, 651
EcoRV, 61 Clal, 316 EcoRV, 550, EcoRV, 748
1 200 400 600
4 771
(99) Patch of 83% identity with T4 gp23 (521 aa) (354)

Fig.13. Restriction map of 789 bps PCR product-gene 23 fragment (PCR 23) and
comparsionof putative polypeptide encoded by fragment 789 bps cloned in PCR

23 with protein of T4 phage. The corresponding position of PCR 23 was
represented by bps and that of the T4 phage protein was represented by (a.a). The

bar with arrow indicated the gene position.
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Table 3. Comparsion of putative polypeptide encoded by fragment 678 bps cloned in pOS 1
with proteins of different T4-type bacteriophages.

Corresponding position

Phage Protein I((()j/oe)ntl ty Posl (bps) @
Protein (aa) P
T4 Fibritin (gp wac) (Whisker antigen 37% 13- 564
control protein) (Collar protein) , 487 aa 76 - 259
— . . 7. 580
ARL Fibritin (gp vyac) (Whisker aqtl gen 36%

control protein) (Collar protein), 485 aa 72 - 263
Ox2 Fibritin (gp vyac) (Whisker ar_ltl gen 38% 13- 564
control protein) (Collar protein), 487 aa 76 - 259
Fibritin (gp wac) (Whisker antigen 0 4 - 669
RB4S control protein) (Collar protein), 762 aa 36% 60 - 300
Fibritin (gp wac) (Whisker antigen 0 16 - 669
RBA9 control protein) (Collar protein), 589 aa 34% 78 - 294
Al T britin (gp vyac) (Whisker antigen 35% 217 - 558
control protein) (Collar protein), 1035 aa 137 - 250

The comparison are obtained by using NCBI blastx program, so the corresponding position
of pOS 1 was represented by 2 bps and that of the phages protein was represented by P a.a.
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Table 4. Comparsion of putative polypeptide encoded by fragment 859 bps cloned in pOS 2-34
with proteins of different T4-type bacteriophages.

Corresponding position

Phage Protein '(g/oe)ntlty 00S 2.34 (bpg) @
Protein (aa) °
T4 Proximal tail fiber protein gp34, 1289 a2 27% 29- 592
PO P ’ 1062 - 1250
107 - 2
RB49 small distal tail fiber subunit Gp36 , 496 aa 33% 0 9
397 - 441

The comparison are obstained by using NCBI blastx program, so the corresponding position
of pOS 2-34 was represented by 2 bps and that of the phages protein was represented by P a.a.



Table 5. Comparsion of putative polypeptide encoded by fragment 338 bps cloned in pOS
2-37 with proteins of different T4-type bacteriophages.

Corresponding position

Phage Protein I(((;oe)ntl ty pOS 2-37 (bps) 2
Protein (ag) P
T4 Long tail fiber protein gp37 (Receptor 47% 4-213
recognizing protein), 1026 aa 96 - 165
K3 Long tail fiber protein gp37 (Receptor 0% 43- 213
recognizing protein), 1243 aa ° 110 - 166
ppop  L-ong tail fiber protein go37 (Receptor 3004 7-258
recognizing protein), 1109 aa 104 - 183
il fi j 7- 258
AC3 Long tgl I_ fiber prc_)tem gp37 (Receptor 35%
recognizing protein), 1103 aa 104 - 183
Long tail fiber protein gp37 (Receptor 0 7-186
ARL recognizing protein), 1103 aa 29% 104 - 181

The comparison are obstained by using NCBI blastx program, so the corresponding position of
pOS 2-37 was represented by 2 bps and that of the phages protein was represented by ° a.a.
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Table 6. Comparsion of putative polypeptide encoded by fragment 1031 bps cloned in pOS
3 with proteins of different T4-type bacteriophages.

Corresponding position

Phage Protein | dentity pOS 3 (bps) 2
(%) .
Protein (aq) P
. . : 167 - 592
T4 Primase-helicase (Protein Gp4l), 475 aa 68% 1- 142
. . : 167 - 592
RB49  Primase-helicase (Protein Gp4l), 470 aa 53% 1-142

The comparison are obstained by using NCBI blastx program, so the corresponding position of
pOS 3 was represented by 2 bps and that of the phages protein was represented by ? a.a
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Table 7. Comparsion of putative polypeptide encoded by fragment 906 bps cloned in
pOS 11 with proteins of different T4-type bacteriophages.

_ Corresponding position
| dentity

Phage Protein pOS 11 (bps) @
(%0) .
Protein (aa) P
DNA packaging protein Gpl7 0 1-834
T4 (Terminase) , 610 aa 91% 97 - 374
, . 1-
RB49 DNA packagl ng protein Gpl7 76% 834
(Terminase), 607 aa 05- 372
K\ P40 DNA'packagl ng protein Gpl7 60% 25- 828
(Terminase) , 600 aa 91 - 357
DNA packaging protein Gpl7 0 22 - 828
KVP20 (Terminase), 600 aa 60% 90 - 357

The comparison are obstained by using NCBI blastx program, so the corresponding position
of pOS 11 was represented by 2 bps and that of the phages protein was represented by P a.a



Table 8. Comparsion of putative polypeptide encoded by fragment 3788 bps cloned
in pOS 21 with proteins of different T4-type bacteriophages.

. Corresponding position
| dentity

Phage Protein %) pOS 21 (bps) 2
Protein (ag) P
[ j 1-591
T4 DNA packagl ng protein Gpl7 81% 59

(Terminase), 610 aa 414 - 610
RB49 DNA packagl ng protein Gpl7 20% 4-591
(Terminase), 607 aa 412 - 607
DNA packaging protein Gpl7 0 1-537
KVP40 (Terminase) , 600 aa 1% 399 - 581
KV P20 DNA packagl ng protein Gpl7 51% 1-537
(Terminase) , 600 aa 399 - 581

Table 9. Comparsion of putative polypeptide encoded by fragment 3788 bps cloned
in pOS 21 with proteins of different T4-type bacteriophages.

Corresponding position

Phage Protein |dentity pOS 21 (bps) 2
(%0) .
Protein (aa) P
Portal vertex protein of head 0 3325 - 3786
T (Gp20), 524 aa ba% 1- 156
Portal vertex protein of head 0 3337 - 3786
KVP40 (Gp20), 515 aa 39% 1- 149
Portal vertex protein of head 0 3421 - 3708
RBAY (Gp20), 99 aa o2% 2- 98




Table 10. Comparsionof putative polypeptide encoded by fragment 3788 bps cloned
in pOS 21 with proteins of different T4-type bacteriophages.

Corresponding position

Phage Protein I((c;gwtlty pOS 21 (bps) 2
Protein (ag) P
28 - 2592
T4 Tail sheath protein (Gp18), 659 aa 71% 628 - 259
1- 656
: . 628 - 2595
42 Tail sheath protein (Gp18), 662 aa 69% 1- 659
: : 28 - 2
RB42  Tail sheath protein (Gpl8), 663 aa 64% 6 i 22?
RB49  Tail sheath protein (Gpl8), 665 aa 64% 62? ) 222?
: : 628 - 2592
KVP40 Tail sheath protein (Gpl8), 671 aa 50% 1- 671
28 - 2592
nt-1 Tail sheath protein (Gp18), 671 aa 49% 6 81 231




Table 11. Comparsion of putative polypeptide encoded by fragment 3788 bps cloned
in pOS 21 with proteins of different T4-type bacteriophages.

Corresponding position

Phage Protein I(((;Oe)ntlty pOS 21 (bps) 2
Protein (aq) P

. . 2729 - 3217

T4 Tail tube protein (Gpl19), 163 aa 67%
1- 163
. . 2729 - 3214

42 Tail tube protein (Gp19), 163 aa 69%
1- 162
. . 2729 - 3217

T6 Tail tube protein (Gpl19), 163 aa 66%
1- 163
: . 2729 - 3217

RB49  Tail tube protein (Gpl9), 164 aa 65%
3- 164
. . 2729 - 3214
KVP40 Tail tube protein (Gpl9), 166 aa 60% 3. 163
. . 2729 - 3214
n-1 Tail tube protein (Gpl19), 166 aa 57% 3- 163

The comparison are obstained by using NCBI blastx program, so the corresponding position
of pOS 21 was represented by 2 bps and that of the phages protein was represented by ? a.a.
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Fig. 15. Sodium dodecy! sulfate-polyacrylamide gel
electrophoresis ( SDS-PAGE ) of KPP95 coat proteins.
M BioRad broad range markers
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Table 12. Comparsion of N-terminal sequence of 46 kDa putative major coat protein of KPP95
with that of different T4-type bacteriophages proteins.

: | dentity Corresponding N-terminal

Phage Protein %) sequence (aa)
KPP95: 1 AEI GGDF

SV14  Magor coat proteins (gp23), 503 aa 93 AEI GGDHGY + AC
Svi4d : 67 AEI GGDtFG
KPP95: 1 AEI GGDF

RB69 Major coat proteins (gp23) , 512 aa 93 AEI GGDHGY A
RB69 : 67 AEI GGDFH
KPP95: 1 AEI GGDF

AR1  Mgor coat proteins (gp23) , 521 aa 86 AEl GGDHGY + A
AR1 . 66 AEI GGD&H
KPP95: 1 AEI GGDF

T4 Magjor coat proteins (gp23) , 521 aa 86 AEI GGDHGY + A
T4 . 66 AEI GGD&H
KPP95: 1 AEI GGDF

T6 Major coat proteins (gp23) , 502 aa 86 AEl GGDHGY + A
T6 . 66 AEI GGDFH




gene 23 fragmént (PCR Zé) with p'rotéi'ns' of different T4:type bécteriophéges.

Corresponding position

Phage Protein |dentity PCR 23 (bps) 2
(%) .
Protein (aa) P
T4 j id protein (gp23), 521 83% 4-rl
major capsid protein , aa
3 or capsid p ap. 0 99- 354
T6 major capsid protein (gp23), 502aa 8% 4-7r
aor capsid p (9p23), 0 99- 354
AR1 major capsid protein (gp23), 521 aa 82% 4-1m
s 0
3 or capsid p ap. 99- 354
RB69  major capsid protein (gp23), 512aa  81% 4-7r
s (0}
aor capsid p ap. 100 - 355
SvVi4 major capsid protein (gp23), 503 aa 80% 4-71rl
3 or capsid p gp2s), 0 100 - 355
2 - 61
12 major capsid protein (gp23), 188 aa 80% 52- 615
1-188
} . . 52 - 615
KC69 major capsid protein (gp23), 188 aa 8% 1-188
) . . 52 - 615
Tula major capsid protein (gp23), 188 aa 8% 1-188
1 major capsid protein (gp23), 190 aa 75% 52- 615
1-190
) . . 52 - 615
RB43 major capsid protein (gp23), 192 aa 66% 1-192
RB49  magor capsid protein (gp23), 528 aa  64% 4l
aor capsid p gpzys), 0 98- 362
24RR major capsid protein (gp23), 197 aa 63% 5i ) i;?
i . ) 52 - 615
65 major capsid protein (gp23), 193 aa 59%
1-193
KVP40 major capsid protein (gp23), 514 aa 57% 4-7rl
g or capsid p (9p23), 0 96 - 349
KVP20 major capsid protein (gp23), 514 aa 57% 4-rml
s 0
aor capsid p ap. 96 - 349
. . . 52 - 615
Aehl major capsid protein (gp23), 193 aa 54% 1-193
} . . 52 - 615
nt-1 major capsid protein (gp23), 189 aa 53% 1-189

The comparison are obstained by using NCBI blastx program, so the opposite
sequence of PCR 23 was represented by 2 bps and that of the phages protein was



Fig. 16. Restriction enzyme digestion of
Klebsiella pneumoniae 10693 chromosome
Lanes: M, kb 25 markers; 1, EcoRl; 2, Pstl; 3,
Hind ; 4, Hincll
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Fig. 17. Restriction enzyme digestion of plasmid
DNA of three transformants pOS 1, pOS 2, pOS
3 (hogt, E. coli DH5a ) cloned from KPP95
genome.

Lanes: M, kb 25 markers; 1, pOS 1; 2, pOS 1
digested by Hincll; 3, pOS 2; 4, pOS 2 digested
by EcoRI; 5, pOS 3; 6, pOS 3 digested by Pstl

71



Recognition sequences contain either

31
31

37
51

3’
51

Aor T only.
Sl 5  AATATT
3 TTATAA
Asel 5  ATTAAT
3 TAATTA
Dral 5  TTTAAA
3 AAATTT
Recognition sequences contain either
Gor Conly.
v
Smal 5 CCCGGG
3 GGGCCC
Nael 5  GCCGGC
3  CGGCCG
Sacl| 5  CCGCGG
3  GGCGCC
Not blocked by dam methylation
v
BanHl & GGATCC
3 CCTAGG
Sa3Al 5 'GATC
3 CTAG,
Not blocked by dcm methylation
v
Kpnl 5 GGTACC
3"  CCATGG
Hae 5 GGCC
3 CCGG
Others ,
Aval 5 CPyCGPUG
3 GPUGCRyC
EcoORI 5 GAATTC
3 CTTAAG
Hind 5

AAGCTT

EcoRl

Pstl

EcoRV

Hind

Ndel

Scal

Accl

Hpal

Nsil

Hincl|

51
31

51
37

51
31

51

31

51

51

31

51

GAATTC
CTTAAG

CTGCAG
GACGTC

GATATC
CTATAG

AAGCTT
TTCGAA

CATATG
GTATAC

AGTACT
TCATGA

GT AT AC
CG
CATATG
GC

GTTAAC
CAATTG

ATGCAT
TACGTA

GTRPAC
CAP,PTG
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T-evens

Identities:

RB69: 95%
TulA: 96%
T6: 95%
K C69: 96%
1zo T-evens
65
(58%) nt-1
(52%)
KVP20
KVP40 (55%)

(55%)

0.1

Fig. 22. Phylogenetic tree constructed by the TreeV 32 program based on the
sequence of gene 23 proteins from 18 T4-type phages. The percentages of
aa identities between the T4 gene 23 sequence and that of the other T4-type
phages are shown beside each branch of the tree. The varoius subgroups are
indicated by the shaded areas (white, T-evens; dark gray, pseudo T-evens;
and light gray, schizo T-evens).



