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2. How to construct MTF phages

Aim
of this

stu
d
y

To control EHEC with multi-tail-fiber (MTF) 

phage containing randomly shuffled LTF

ECP52-MTFe

ECP52-MTFr

ECP52-MTFre

① Infection to

 LTFPE37 host strains

② Assembly of MTF

phage and lysis

③ Centrifugation

and filtration

LTFPE37 expressing host strainsECP52 PE37

1. Background

4. Against biofilm formation

5. Receptor binding and adsorption assay Conclu
sio

n

LTFr host LTFe host LTFre host

➢T2 like phages

➢Straboviridae family

➢No lysogenic/pathogenic genes

Host Strain ECP52 PE37

EHEC No.166 〇

EHEC No.196 〇 〇

E.coli BW25113 〇

E.coli BL21 〇

Deference in LTFs of ECP52 

and PE37 may cause different 

attachments and host ranges.

EHEC lytic phage ECP52 and PE37

T2

ECP52 PE37

Long tail fibers (LTF) in T2-like phages

LTF
➢ Binds to receptors

locating bacterial

cell surface

= Determines its

host specificity

Method Result
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vs No.196vs No.166
Planktonic cells

Biofilm cells

Biofilm formation

• Viable cell counts

• Planktonic

• In biofilm

37℃, static

(0, 6, 24, 48 h)

Overnight 
culture of host 

strains,

• EHEC No.166
• EHEC No.196
(107 cfu/mL,

  in 100 𝜇L of LB)

•no phage
•ECP52
•PE37
•MTFre
(107 cfu/mL,

  in 100 𝜇L 

of LB)

• C.V. staining

(MOI=1)

Method Result

• MTFre showed lytic activity against non

host strain in biofilm and significantly

reduced biofilm formation!!

(PE37>MTFre >>ECP52)

➢Non-host strains

➢Resistant strains

MTF phage

But all genetically same phages

➢ Less impact on

microbial diversity

Expanded lytic range

(Not genetically modified)

Time (h)

3. Lytic activity in broth
Method Result

Viable cell counts

37℃, shaking

(0, 1, 2, 4, 6, 8, 
12, 24 h)

Overnight culture 

of host strains, 
10⁵ cfu/mL
• EHEC No.166

• E.coli BL21
• EHEC No.196

vs BL21 vs No.196

• ECP52-MTFs showed lytic

activity against non host

strain!!
(PE37≒MTFre >> MTFr > MTFe)

• ECP52-MTFs kept lytic activity against

host strains.  (ECP52≒MTFre)

•no phage
•ECP52
•PE37
•MTFr

•MTFe
•MTFre

(10⁵ pfu/mL)

vs No.166

Shuffled LTFs 

expanded host range!!!

To clarify receptor 

binding of Gp97Gp97 homologues

Chaperon in T4

Distal tail protein (dit) in T2

ECP52 binds to receptor via Gp97??
Omp or LPS??

LTFr (root) LTFe (edge) LTFd (dit)

AA Ident. Cover AA Ident. Cover AA Ident. Cover

ECP52 1289 ー ー 1105 ー ー 257 ー ー

T2 1290 92% 100% 1341 34% 88% 262 46% 100%

PE37 1290 99% 100% 1104 94% 100% 259 64% 100%

mCherry

Gp97
rGp97

Fluorescence 

microscopy

Binding assay

Adsorption assay

DAPI (staining all cells)

• No binding to ΔwaaC…

Gp97 binds to central inner 

 core of LPS. 

• Gp97 somehow did not bind to

host strain No. 32, and only

inhibited ECP52 adsorption to

BW25113 but not to No. 32…

 ECP52 would use multiple

 host recognition systems with 

 or without Gp97 binding! 

Receptor binding

ECP52
(1×10⁵ PFU/mL)

Host strain

 (1×10⁸ CFU/mL )

Incubation 
(37oC, 5 min)

Centrifugation

Obtaining 

Supernatant (SN)

Titer assay

MOI=0.001

Adsorption rate

WaaC

WaaG

WaaL

WaaF

Strain EOP rGp97

BW25113 1.0000 ＋

ΔompC 0.2501 ＋

ΔompF 0.0066 ＋

ΔwaaL 1.1574 ＋

ΔwaaG 0.0373 ＋

ΔwaaF 0.0220 ＋

ΔwaaP 0.5092 ＋

ΔwaaC 0 －

No. 166 0 －

No. 32 1.0000 －
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EOP = titer (indicator) / titer (BW25113)

Different LTFs shuffled 

in a single phage 

particle, may be able 

to expand host range…

✓ ECP52-MTFs were successfully constructed

and showed expanded host range!!

✓ Not only edge structure of LTF but root

structure also affected host recognition.

✓ ECP52 would use at least two different host

recognition systems with or without Gp97

(dit protein, LTFd), which can be used for

MTF phage construction!!

Gp97

Binding mechanism 

with Gp97

More variety in 

MTF phage mix…
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