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Abstract

Continuous outbreaks of Shigella spp. have raised concemns about the lack of rapid and on-site applicable biosensor
method for Shigella detection. Since a bacteriophage has recently been employed as an emerging bio-recognition
element in biosensor method, Shigella sonnei-specific bacteriophage was isolated and purified from a slaughterhouse
with the final concentration of 2.0x10'> PFU/mL in this study. Analysis of purified S. sonnei-specific bacteriophage
using transmission electron microscopy indicated that it possessed an icosahedral head with a relatively long
non-contractile tail. It was therefore classified as a member of the Siphoviridae family. Head width, head length,
and tail length were 69.9+11.2 nm, 77.5+8.8 nm, and 264.4+33.9 nm, respectively. The genomic DNA size of
the S. sonnei-specific bacteriophage was determined to be approximately 25 kb by using 0.4% agarose gel
electrophoresis. In specificity test with 43 food-associated microorganisms, the S. sonnei-specific bacteriophage
exhibited a clear plaque against S. sonnei only. In addition, the S. sonnei-specific bacteriophage was stable within
a wide range of pH values (pH 3-11) and temperatures (4-37C). Thus, the present study demonstrated the excellent
specificity and stability of the S. sonnei-specific bacteriophage as a novel bio-recognition element for S. sonnei
detection in foods.
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2 Ad, &45 §831o] ShigellosisE ©F7 A1 Z1TH(1,4).
World Health Organization(WHO)+= 2 AAI A o2 Azt
16479 9F Wol] ZrAEH, 10-200 F = MAdFEL
ShigellosisE '3 4 ATkl B 3stal UTh(1,4). Shigella
spp.<= S sonnei, S flexneri, S, boydii, S dysenteriae®] 47}4]
AP o5 rolxH, 247 ”LtggL 84.9%, 8.7%,
0.3%, 0.1%= S somnei7} =291 95 A star ek
(2-7). T3+ 2013 Centers for Disease Control and
Prevention(CDC) A}&.0l| o]shH, ZASE 1,600712] 21% Al

ZolA ﬂzﬂ Shigella spp.TF2] 89%7} A3 <l thal
WS Zetta B sHATh).
WE@ HAEH] sl wiA] 7]eke] AEA HEY
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2 I A|3EF7] 7 Association of Official Analytical Chemists
(AOAC), Comité Européen de Normalization(CEN), Association
Francaise de Normalization(AFNOR), Deutsches Institut fiir
Normung(DIN) 5ol 4] el #5413 (gold standard)
o} 2, A8, 80l TS AR B A7} o]
£e9E BHE A m Yk olel g B nees] 9
&l Polymerase Chain Reaction(PCR)Z} Enzyme Linked
Immuno Sorbent Assay(ELISA) 52} 22 2147 & Ho] 7l
TE QA o5 ASHEHS v A =2 W 5ol
< BAFUTKE-1D). kATt o] 5 4145 EH-S DNA %A
o} 22 A FHFg o] est, SHE Jled 17t
u7F BeAolete @A Wil AFAFE AN £
Al AHEaE7 ol = Al A o] vh(2,8-11). whebA 1990 ) £
WRE F2 olmgon HgAoR AgHo] Sl vl o
WA 71%0] 4557 P20 T80 2, viol 24l
HE Rl Soldoz wgdts AESY 587
(bio-recognition element)®} ©] 52 A3tE 543 Aoz
Wl Agsls W37 (transducen) & A E ] ATH
(8-10). w2bA, Shigella spp. & W3 L2 3 nlo] @ AlA 7
=S s AAsiMe M2 e 84 g4
w3k A7 A Elojof g

W2 QA= &3 A EZE AEA 0 R APEAI7|= Al
o vlelgaz A AA 10°-10°7) EA8tn e
(13-14), == SolERt ofye} 25, pH, f7]&7) 5ol
ek =& A, 2Ela SolAQl vEIe] 2H o
2 Qe M= e A= 2 Q= Aotk
8,13-16). WebA, FH(EY, 23, 3k F)olvt AFAIA
A, AL, ), ghel, v, A=, 8AE, 9,
= O ENH e TR WH e L 9AE EYsta
o, ol 5 &gaty] 9g A7 2 Folvh12,16).
3L U3 FDAE WH 2 A S AEE AEFH7HE
(Generally Recognized As Safe)Z Q17 dled 2] 5=t2] A
74312 913 “biocontrol agent”2A] ©] S 4] ¥Fol| &85}
ATH(16-17). & Aol A= v e ub4] 7|9t A& S
AL 98 AYATR £5Y A5 ASZPE S somei
o Sol4el vhele) e g o) gAsld Feista 54

ik 4 gARAle) 488 AR 99
Joz gl 1 Bol4n A8 A9

)

&,
o>

,0

At F 3 uftxEA
o] A}-8-3F T (Table 1)= American Type Culture
Collection(ATCC), International Vaccine Institute(IVI),

Bio-Resource Management for Pathogens National Culture

> 00

S

]

o

Table 1. Specificity of Shigella sonneispecific bacteriophage
against food-associated microorganisms

Bacterial strain Plaque formation Source”
Shigella sonnei ATCC 9290 + ATCC
Shigella boydii NCCP 11190 - NCCP
Shigella flexneri 2a strain 2457T - VI
Aeromonas hydrophila ATCC 7966 - ATCC
Aeromonas hydrophila JUNAH - VMRI
Aeromonas hydrophila SNUFPC-A3 - VMRI
Aeromonas lydrophila SNUFPC-AS - VMRI
Aeromonas hydrophila SNUFPC-A6 - VMRI
Aeromonas hydrophila SNUFPC-AT7 - VMRI
Aeromonas hydrophila SNUFPC-A8 - VMRI
Aeromonas hydrophila SNUFPC-A9 - VMRI
Aeromonas hydrophila SNUFPC-A10 - VMRI
Aeromonas hydrophila SNUFPC-A11 - VMRI
Bacillus cereus ATCC 13061 - ATCC
Bacillus cereus ATCC 14579 - ATCC
Bacillus subtilis ATCC 6633 - ATCC
Canpylobacter jejuni - DPFS
Escherichia coli ATCC 15144 - ATCC
Escherichia coli ATCC BAA 2192 - ATCC
Escherichia coli ATCC BAA 2196 - ATCC
Escherichia coli 015T:H7 ATCC 43895 - ATCC
Klebsiella pneumoniae ATCC 13883 - ATCC
Listeria monocytogenes ATCC 19116 - ATCC
Listeria monocytogenes ATCC 7644 - ATCC
Listeria innucua ATCC 33090 - ATCC
Pseudomonas aeruginosa ATCC 9027 - ATCC
Salmonella Dublin - DPFS
Salmonella Enteritidis ATCC 13076 - ATCC
Salmonella Hartford - DPFS
Salmonella Heidelberg - DPFS
Salmonella Mission - DPFS
Salmonella Montevideo - DPFS
Salmonella Newport - DPFS
Salmonella Panama - DPFS
Salmonella Salamae - DPES
Salmonella Senfienberg - DPFS
Salmonella Typhi - DPFS
Salmonella Typhimurium ATCC 13311 - ATCC
Salmonella Typhimurium ATCC 15812 - ATCC
Staphylococcus aureus ATCC 25923 - ATCC
Vibrio parahaemolyticus ATCC 17802 - ATCC
Vibrio wulnificus - DPFS
Yersinia enterocolitica ATCC 23715 - ATCC

D+ clear plaque; -, no susceptibility to Shjgella sonmerspecific bacteriophage.
JATCC, American Type Culture Collection; IVI, Intemational Vaccine Institute; NCCP,
Bio-Resource Management for Pathogens National Culture Collection for Pathogens;
DPFS, Department of Plant and Food Sciences, Sangmyung University, VMRI, College
of Veterinary Medicine and Research Institute for Veterinary Science, Seoul National
University.



392 Sk 2 5275318 A A25¢E A35 (2018)

Collection for Pathogens(NCCP), Department of Plant and
Food Sciences(DPFS), College of Veterinary Medicine and
Research Institute for Veterinary Science, Seoul National
University(VMRD A 79 22 A3 "o} A3}t
Zyzyol ¢ wikS $ldl tryptic soy broth(TSB, Difco
Laboratories Inc., Sparks, MD, USA)& A}-&-3}e] 37°Col| A
110 rpm, 1617t F<t v Fataich. 941 #21(6,000 rpm, 5
) &, A9 1 mLe| phosphate-buffered saline(PBS, pH
7.4, Life technologies Co., Paisley, UK)E 7}t ¢
TAE 30 HHESle] e T 75 RSt BEEEA
(Optizen 2120UV, Mecasys Co., Ltd., Daejon, Korea)E ©]-&
stod 640 nmoll A T dErle] RS SAgeka 2Hdd
#EFAE Z8sto] Z42te] FEE 10° CFUMLE 51

o

S. sonnei S0|X HtH2|2uX|e| 2| -dx|

DA R E5Fe 2R AHS 219 =5 HF
AZ 25 mLE 712 TSB 225 mLe} 1 mLe] S sonmnei ATCC
9290(10° CFU/mL)°ll &£33te] 37CellA 160 rpm, 16A]7F
ek wj kst YA E2](8,000 rpm, 1058+ 5 Aol
< 020 pm cellulose acetate filter(Advantec Tokyo Ltd.,
Tokyo, Japan)Z o3 2}3}t). 200 uLe] S sonnei ATCC
9290(10° CFU/mL)<} 4 mL2| TA soft agar(4 g agar, 8 g
nutrient broth, 5 g NaCl, 0.2 g MgSO,, 0.05 g MnSO,, 0.15 g
CaCL/L)E £33lo] TSB 118 HjA|(TSA, Difco Laboratories
Inc., Sparks, MD, USA)ol| F-o] =31 ¥, ojz}e vhe)|e] 9.0}
Z] 10 pLE TSB L& HjA] 4320l H-F3} th(dot assay).
3|4 &k vhe 2] e 9kA] of 7ol 100 pLot 200 uLe| S sonnei
ATCC 9290(10° CFU/mL)E 4 mL2] TA soft agarcl] £33
o] TSB 1 ufjx]o] Fo] 23 & 37TA 167t Bt
Hl ¥l thplaque assay). T plaqueE 3 3+ed sodium
chloride-magnesium sulphate buffer(SM buffer, 50 mM
Tris-HCI, 100 mM NaCl, 10 mM MgSO,, pH 7.5)°l 14|t
Bt A 2oA wstant ¢ 9AE 2 wHESte] T
v 2] o ukx| S Elelith Eald oY vl ] 234 9]
=21 98l 3 mLe] TA brothell 1% S sonnei ATCC
9290(10° CFU/mL)E &% 3o 37°ColA 190 rpm, 2417t
Bt i FsA Tk v &, S ¥4E2(6,000 rpm,
1083+ & 2F=8-8- 0.20 um cellulose acetate filter= o] 2}
3tk ¢ TS TA broth 42 S7lebiA Wi &
HFAH o g2 o7te v 2] L 92| = 10%(w/v) polyethylene
glycolZ} 1 M NaCl &-9-& &3ate] 4Tl A 16417t E<F
FAAIZ F A413E2](8,000 rpm, 203 SFSATE SM buffer
Z pellet e 3 CsCl Y= 7Hl A4 H2](22,000
pm, 2A17HE AASHA T AdE e E] 2. 914] bandE
3lpste] WAl REA 6A13t B9t FA AT BAE
e 2] @ 91| 9] 2 F F =& plaque assay = 2HQI5F T}

S. sonnei £0|& HtHE|2utX|o| HEStE &4 EY
22| -HAE S sonnei £°]% HlEHE 234 10 uLE
carbon-coated copper gridll &2 4%°| phosphotungstic
acid(Sigma-Aldrich Co., St. Louis, MO, USA)Z G413t &
Transmission electron microscope(TEM, H-7100, Hitachi
Ltd., Tokyo, Japan) .2 Fejstz EAS #a&9t)

S. sonnei 50| H}EHZ|2uX|e] DNA &2 ¥ 37| &4

AAE S sonnei E°]% HHH 2] 23X]9]  genomic
DNA(gDNA)Z NORGEN® bacteriophage DNA isolation
kit(Norgen Biotek Co., Thorold, ON, Canada)Z 2] -7 A 3}
a1, A" gDNAS] FXEE picodrop(Picodrop Ltd.,
Hinxton, UK) 2.2 =4 5}9ith. A A ¥ gDNAS] =71 S &
21ak7] 918l 50 Vel A 15413t 04% otz A A719%
(Takara Bio Ltd., Shiga, Japan)3}$ith. DNA ladder
(GeneRuler High Range DNA ladder, Thermo Fisher
Scientific, Inc., Waltham, MA, USA)Z gDNA 37|15 2%
=g

S. sonne/ §0|8 HlHg|u}x| e S0|d 24

el FAE S sonnei 5017 ¥ 2] 2942 o] Eold
AEES 9J8) 28%9] A=< 72} TSBe vl e $(10°
CFU/mL) dot assay}= ©]-83} clear zone A4 o 52 7+
S od5E gIsH

S. sonnei 50|8 uleg|2uix|e] pH U 2 AEM HE

FAE S sonnei 517 v 2] 2314](10° PFU/mL) 100
uLe}t TheFg pH WS 71zl TSB 900 pL(pH 3, 5, 7, 9,
IDE 33 T 1A Bt Lo kst %
SHAA HEES 98 ] 2341](10° PFU/mL) 100 pLo}
SM buffer(pH 7.5) 900 LS &335te] thakgt £%(4, 22,
37, 45, 50C)°ll 1A13F Fok wH-A171 5 i Falsin) wik
%, plaque assayE &3l S7HE A sth

Zo} 4 pEt

= =<

K

S. sonnei £0|8 dte2|nx[e| &E2|-HH|

A R E5F 2R E FHE B w5 AEolA
S, sonnei ATCC 92901 t-&-3l+= 2702 uhe|g] @ 9kx] 7}
FeE R, weE T R BHH 2 L9 A E A2 dot
assayS T3+ A3} clear zone®] =717} 27t 1.88+0.15
cm, 1.8310.05 cmE &% Ut} 1 = clear zone 37|17}
A3 A7 3H(1.88+0.15 cm, Fig. 1A) W8] L 9HA] = th A}
S = plaque assay s F-35te] T o] HHH P QA & 8
33 (Fig. 1B), @4 o] v 2] e okA] = S22 & S
HZF2 07 20x102 PFUmML 52 A=Ak FAd
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o] v 2] QIR & S sonnei 5014 v ] Q34| (S
sonnei-specific bacteriophage) 2 ™ 3} T}

A r s.s‘m»‘ "

Fig. 1. Plaques formation of S sonnefspecific bacteriophage using
(A) dot assay and (B) plaque assay.

S. sonnei 50|3 YEHIZ|2uX|2| FEfSHA S4 24
S sonnei 5-°]% vtH|g] 2. 3k2| o] TEM &4 2 Z}(Fig.
2), M2l Yulek deole 27t 69.9+11.2 nme} 77.5+8.8
nm$}A oW, 18] Zo|= 26444339 nmZE TEF T} o] 4]
WA vlelst vad 70 wSEd meE KD g,
International Committee of Taxonomy of Viruses(ICTV)el| 4]

wenb o Wl Caudoviridae 22| Siphoviridac©l
FRIBIATH1S). 71Ee] A2 Zol| o517 (Table
un 5(19)2 A& A NLSEZHE MyoviridaeZ
%%51% S somei?} S flexneridll 501421 3 79 v g
LI (pSs-1)E 5kl #e] Zo] 98+4 nm, Ale] Zo|
120+7 nm& H.138}3 9t} 3 Faruque 5002 W

Al $5 take] 7 220 A 71709 ZAE SR RE

L
R==4

Podovmdaei FE = S dysenteriae 5°1% ¥H| 2] .3}
2| (SF-9)Z sl AL, 23es] #S 1E|(TEM o] v &

A A3t s nmi )5 7Hl2 &tk 3 un F21)
S Mg T B AERERE v Zols} el dolrt 24zt
73 nm<} 103 nm<! Siphoviridac=. F-5F%) = Shigella spp.
Eol4 deg] 294 F pSf-12 #2319 1, Strauch &

(22)& A4} gizpe] o2 K E wg] Zolg} ng] o7}
oF 65 nm¢} °F 26 nm =z A}F3] #-S melS 744 S sonnei
CB7888 5°]4 2] Q3R] & F2|ste] ©| & Podoviridae
2 BFalith w3 Kim $(23)8 Myoviridae® E-75 &
S sonnei 5°1% uHH|2] 2312 (SP18)E #-&l 3% 1L, # e
Zo] 110 nm, 222] Zo] 50-110 nm=z H3}a Tk H}aw
B Aol Beld S somei 0] HHE|E] Qukx]= 7]|E

Table 2. Shigella spp. specific bacteriophages reported in scientific research articles

Phage name Classification Morphology Stabily DNA size References
Head length Tail length pH Temp. (C) (kb)
S Somneispcific Siphoviridne 75 tm 2644 311 437 2 This study
phage
pSs-1 Myoviridae 98 nm 120 nm - - 160-250 (19)
SF9 Podoviridae 6-9 4-37 41 (20)
pSf-1 Siphoviridae 73 nm 103 nm 59 4-50 51 2D
7888 Podoviridae 65 nm 26 nm - - 63.4 22
SP18 Myoviridae 110 nm 50-110 nm - - 170 (23)
HYO1 Myoviridae 100 nm 100 nm 4-11 -20-65 167 (24)
o] AT7d v AFE3e 2l Sphoviridaedl £5HH
E-3] mzle] Aol7} Siphoviridae® 75 &= pSf-15.t}H A
o] F o] A= Ao HollA 7ol BaL¥ Shigella spp.
Sol4 v e utx| o= & FHEty 548 /A
ee sl & & sk
S. sonnei £0|3 HiE2|2utx|e] DNA 22| % 37| &4

Fig. 2. TEM image of S sonnefspecific bacteriophage with
magnification of 50,000x.

oro] Aeubio g FelH 8 somnei 5014 v Q. v}
A5 04% oPtE2 AR W7|9% ¢ AT 25 kb ladders
size marker 2 ©]-8-3}o] 2F 25 kb DNA Z7]9] bandE &<l
& o AATKFg. 3). 719 ATF+2 e} Blus) BH, §
sonnei 5°14 HEEl A= < 41 kb A7IQ S
dysenteriae 5-°]174 e 2] Q34| (SF-9)(20)2} °F 51 kb =
719] Shigella spp. E°17 vFel 2] QB4 (pSf-1)(21), L8] 1L
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ok 63 kb =719 S sonnei CB7888 E-o|4 ule|g] 9 912 ¢}
v A H|$=3h 37])2] DNAS 2ta 9182 &l & 4= 99
t}. olol| B3] °F 160-250 kb =719] Shigella spp. E°] 7]
uhe) 2] @ 942] (pSs-1)(19), 2F 167 kb 2712 S fexneris}
Escherichia coli O157:H7 50|14 | 2] 2.3} (HY01)(24),
a8]3 <F 170 kb 2719 S sonnefl E-0]2 HlE| ] Q.91
(SP18)(25)Eth= 1 7|7} BX A58 &+ ATk &
AR A& durd o2 whe el Quix] o] B/t 54
I} FABA T o, dukA o 7 Siphoviridae}ol| <55}
= vhe)e] 2 94 9] DNA =77} 3570 kb 91 7hetsirid
(13), S sonnei 5014 2] QI}A]| = 38| 22 A7]9
DNAE ol e &9 & 4 %l o= 7144
FAA A7IME BAE Tl vt bAoAl 2t
O A7E A5 Al

(kb)

Fig. 3. Genomic DNA of S sonnetspecific bacteriophage using
04% agarose gel electrophoresis.

Lane M, 2.5 kb ladder; Lane 1, S somnefspecific bacteriophage.

S. sonnei £0|X HlHZ|2u}X|2] £0|d =4
BB FEARA 212 HES] S8l 3% ¢
o2 S somei E-°1% vlE|E] Q2] 9] ol HE
23, 8 sonnei 5014 W2 A= S sonnei ATCC
92909t EojAH o2 HF25le] 1.88+0.15 cm 7|9
plaqueS A5 tH(Table 1). A RF, 1052] Aeromonas
hydrophila, 2% Bacillus cereus, 1% Bacillus subtilis,
159 Campylobacter jejuni, 42| Escherichia coli, 152
359 Listeria spp., 159
Pseudomonas aeruginosa, 1352 Salmonella spp., 152

Klebsiella pneumoniae,

Staphylococcus aureus, 22 Vibrio spp., 152 Yersinia
enterocolitica®| A= plaques FAJ3HA] LTt H3H

Shigella spp.2] TF2 & = S boydii NCCP 11190, S flexneri
2a strain 2457T°] thall Sold2 YehlA &4 Jun 5
(19)& EolA EAS 98] 972 Shigella spp.(4F2] S
sonnei, 3%2] S flexneri, 22| S boydins o2 1
ol A 49 S someie} 32| S flexneridl 512 v
g oA E FEattta 7lestdou olE dTE 9%
| Shigella spp.7t A2 0.2 ALg-dlon g I FAZ
7 L o), whEkA] B Ao A] &2l - A e S sonner
Eol4 v g Q3R = 7]Eol| X Shigella spp.oll 5-°]
2 e 2] QupA| Kt} T & -3 o)A 2te v e
B2 e g1 = ATk

S. sonnei 0|8 dtH|2|u}iX|e| pH U 22X HFA
AESHA F A ZA AlA 6 A &5]= v e] QA =
TheFet S wEH B R HAE S somei 517 e
299 pH ¥ &% P2 FolH Fa3t 54 9
shtolTH(10). whekA] ATl A S sonnei 517 | 2]
L3215 theket pH(Fg. 4)9 =(Fig. 5) Helddl =ZFA1A
7 eHPAS A ESIITL Fig. 404 B0l S sonnei 5]
2 vt gl e 9kA]e] FEE= pH 3, 5, 7, 9 28]aL 119014
6.87+0.62 log PFU/mL, 5.94+0.54 log PFU/mL, 5.86=0.66
log PFU/mL, 6.93+0.73 log PFU/mL, ~12] 1L 5.76+0.57 log
PFUML=Z 22} 91 A ). S sonnei £-°]4 HHe| 8] 2.9+
29| F= pH 37 pH 9914 Blw A =7 Q1= 9oy,
A H9(pH 3-1)9 24 oA sEdste gQls]A]
23k thp>0.05). Faruque 5(20) S dysenteriae 5-°]% B}
2] 2. 32| (SF9)°] pH 873 HE 27} pH 699014 <4
hS Hol 390, Lee S(24) S flexneri®} Escherichia coli
0157:H7 E°]7 Hte]g] L 93X (HY01)7} pH 4-11 ¥ 9]l A
g ghs BodF=dtt. ol H3)| Jun 5(21)2 Shigella spp.
5ol v 2] @ 94| (pSf-1)7F pH 5-9901 4 Hl6k3) o1,
pH 32} pH 11914 1 557} A9 100% 243e HolF
ATt webA, S8 sonnei E017 vHE|g] LukA] = 7]EL] AT

8. sonnei-specific bacteriophage
concentration (log PFU/mL)

Fig. 4. pH stability of . sonnefspecific bacteriophage.
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€ D} Shigella spp. 5°17 v 2] @944 Hr} & W9
AN FFe S Hol FAH
“?fh =0 Uigt e A E A} 437C WSl
FgA oI, 45Tl = %‘—':7} 4.25+0.20 log
PFU/MLE 40% ©]/} $-o]4 0.2 Zhadlslon], 5014
+ 0.10£0.00 log PFU/MLE #A°] 98% °]/d fedo=
7LA-3L,0_. ﬁ]-o]z‘ﬂ— _/': 01925}(p<0.05). % %?_4 7&4%
Shigella spp. 5°174 vl 2] Q. 3:X](pSt-1)7} 4C, 20TC, 1]
Il 25 ColX = Aol o) 30CHE 1 2271 8§94
2 s AlAete] 65CAA= A9 100% aghet
T Jun SRS AET L Sk HPAS Hef Tk
T3, S dysenteriae 5017 BHH|E] Q32| (SF9)E tF S
2 3 A AT 437CAME TS HolF uhd 45T
AN st el or Padths fAE AdARE
Ho] F1th20). webA, S somnei 5013 v 2] L3 A| =
N W Mool pHot Lo Sbate He1d 4 %
3, AR BESA FEARA PN pH LRE
Zt= thoksl Al Z o] A8 7S AAA o HoJF9]

o},

S. sonnei-specific bacteriophage
concentration (log PFU/mL)

4 22 37 45 50
Temperature(C)

Fig. 5. Temperature stability of S sonnetspecific bacteriophage.
The letters (a-c) indicate significantly different means among the group at p<0.05.

FO

ok
oF

AT E 9 A =57 H5 AZddA S
sonnei 5014 vHH|2] L 9| & 2] FA e & AETA
SA 2] EAS HESITE Plaque assayS 53l 3
154 e 2] @ kA o] HFEEE 2.0x102 PFUmMLE <1
%13, S sonnei 5014 ¥HH|2] QA 2 HHstSith. TEM
A7} S sonnei 5017 WH P LA = B 55409 vl
71 112](264.4+33.9 nm)¢} oA WA BE] & o] FolA )
lom, W] Yu]e} do|= 2+t 69.9+11.2 nme} 77.5+8.8
nm= Siphoviridae@}ol 432 E918}A ) 04% obl=2 2~

A A719E 23 S sonnei 517 v 2] 2942 °] DNA
71 °F 25 kbl o, 5ol AE A3, S boydi, S
fexneriZ E33F 42719] Folle= wh2akA] &3l S somnerl
Tk Eolx o g uke-3lo] plaques AT S sonnei
o4 ueg] e9tx 9] pH ¥ =% g4 HE 27 pH
3-11 JE].L_ 437 Cof| A E_Fr l_‘f—?:

Zﬂi’ﬂ S sonnei= % %’i—l F A=Al
2 F e FES AA8E 304—71“9113}.

ZAe 2
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