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Characterization of Bacteriophages against Salmonella Gallinarum

Minjeong Kim, Hyuk-Moo Kwon and Haan-Woo Sung'
College of Veterinary Medicine, Kangwon National University, Chuncheon 24341, Republic of Korea

ABSTRACT Bacteriophages are viruses that exclusively infect bacterial cells, and lytic bacteriophages can be used as a safe
alternative to antibiotics for the prevention and treatment of animal diseases. In this study, we attempted to isolate and
characterize bacteriophages for Salmonella enterica serovar Gallinarum (Salmonella Gallinarum), the causative agent of fowl
typhoid in chickens. Ten bacteriophages were isolated from samples of sewage from seven poultry slaughterhouses. One of
these isolate, designated as SGO-YS SP and classified in the family Myoviridae, produced plaques with seven Salmonella
Gallinarum strains. However, no plaques were produced with any of the Salmonella enterica serovar Enteritidis strains tested,
suggesting that this bacteriophage is Salmonella Gallinarum specific. To assess the lytic ability of SGO-YS SP against Salmonella
Gallinarum, bacterial growth rates following inoculation of the bacteriophage were compared with the control. The SGO-YS
SP treatment, with a multiplicity of infection of 10, reduced the growth of Salmonella Gallinarum by 2.21 log cfu/mL at 6
h, and 2.13 log cfu/mL at 9 h, suggesting that this bacteriophage isolate could be used for the prevention or treatment of

Salmonella Gallinarum infection in chickens.

(Key words: bacteriophage, Salmonella Gallinarum, lytic effect, chicken)

M E

Salmonella enterica serovar Gallinarum(Sal/monella Gallina-
rum) HolA 54 52 w3l 7S 2(fowl typho-
id)E -A"23Fc(Shivaprasad and Barrow, 2013; Wigley 2017).
Salmonella Gallinarum-= AT Agt3 S50 gl T2
7ha saelnt @kl Zaske 54l thBarrow et
al., 1994; Foley et al., 2013). 7FFE|F2 7+ HollAe] 7
AR 2 wel 49, F5 2 AT v AH Sl wet
0%°l14 100%71A] theFstAl el Shivaprasad and Ba-
row, 2013). 7FEEFA 49 HE AR (BT B
HAF 7t Eols o, SsHl A 8HA] e A+
7h o, AN P W de] Edsh| = grk(Kang et
al., 2010; Kwon et al., 2002; Lee et al., 2003; Lee et al., 2013).
dle] 2] @ 9}X](bacteriophage)+= Allitol] Sold oz 7+dsk 4=
A "ol 22A &, HF, ES To2TE s
E-2] = tH(Criscuolo et al., 2017; Doss et al., 2017; Haq et al.,

" To whom correspondence should be addressed : sunghw@kangwon.ac.kr

2012; Henry and Debarbieux, 2012). Alxol] 733t 3kx](pha-
ge)= T 7K BFE life cycle =, Iytic cycleX} lysogenic cycle
S AR 4 Aok Lytic cycledl e 79 <5 Al
A o B Eo] PAETEA ST Al S3liste] oA
E|A]| 7 lysogenic cycledl M= 2 AlT-g ZHLE FolA] &
32, 3FA] AlE(genome)?] &5 Al A28 Al (chromosome) &
7% F9loll A4d=lo] prophge DNA FE|2 EA)sHA 5=
Al Asz @74 5218t Doss et al., 2017; Erez et al.,
2017). &als=o] As(lytic) WA= 24 AletollA Foif 3
A 7F FAE QA2 Aol e HAste] AT = U7l o
Fol| A& o] &3k Alit X5 el 282 4 9ITHCh-
hibber et al., 2013; Golkar et al., 2014; Kudva et al., 1999;
Schuch et al., 2002; Wittebole et al., 2014). 7}FE|F 2~ 5 &
o] Mletd AR tislE oA E o] &gk X8 AFE0] o
F 281 ) th(Berchieri et al., 1991; Hong et al., 2013;
Kwon et al., 2008; Lim et al,, 2011). 53], #% 7] 5ol
A Aes T TS AAaA7)7] /8 31 Aot @
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ol
N

] 2188 %31 ITH(Bao et al., 2015; Grant et al., 2016; Suku-
maran et al., 2015; Sukumaran et al., 2016; Yeh et al., 2017).

c

B A3E =23 vl A Salmonella Gallinarum= 83 &
T e IR E sty O BG4S goliuxl skt

N ERIRT

1. ARE vt

vhee] e 9b] 2] 9 71} A ZALE 918k Salmonella
Gallinarum 758} Salmonella enterica serovar Enteritidis(Sal-
monella Enteritidis) 555 AF&-3l9 ). Salmonella Gallinarum
< American type culture collection(ATCC, VA, USA)S. 24
B Bopbo F2F |HATCCI184)9t = H-2]F 65(KN-
U09047, KNU09051, KNU09066, KNU09067, KNU10004,
KNU10025)E A}8-5F3 2™ Salmonella Enteritidist ATCC
BEE Hoklo T2Z |FHATCC4931)S F) B85 45
(SE271, SE306, SE324, SE376)E Al&-3lit) Andelte
BBL™ Salmonella Shigella agar(Becton, Dickinson and Com-
pany, MD, USA) =2
Dickinson and Company, MD, USA)E ©|-8-3}] 37T uj7]
oA eeFersTh

Difco™ Tryptic soy broth(Becton,

2. dHHZ|2utx| 22| ¥ 34
o =539 o A =2 AF sk vtEe o] &
2 & A=tk 50 mL FYZ FEE QFH S sk A RE
A4 QA E2]7](1580MGR, Gyrogen, Korea)E ©|-8-3}¢]
3,000 rpm .= 207 YA S F, AFSAE 045 im ZEH
(Millex syringe-driven filter, Millipore, USA)Z < Z}-5}%th
oJZtel 4.4 mLE 24X 7HE?E ¥l S Salmonella Gallinarum
T KNU1000455107 cfi/mL) 0.1 mL9} 43S % 10X TSB 0.5
£ H7kste] 37T wid7]olA wHl(overnight) B st
HH Gl A 2] vHeg] QK] £a] 55 double agar layer
o] 88 Ze}=(plaque) BA AF-= FlslTh = vk
g 3,000 rppm o2 2047 YA EE S F FEAL 1079
A 10 %704 107 84 ske] 242} 100 lLE <
KNU10004(107 cfu/mL) 100 yLe} £33l 5837+ &213h
50CE A3} top agar(0.7% agarose) 5 mL2} &
E3tS v)2] FH[sle] 23] bottom agar(tryptic soy agar)
ffell o 271 v, 37°CellA 24413 iR - E2ka A
A oAH-E &3} th(Kropinski et al., 2010; Pallavali et al.,
2017).

% S Gallinarum 9} 2] 2944

3. 22|E ZH2[2utx| 2 7L°1=J'?‘-7|C- A

HeE HHg e x| o] s HHE Lotir] ¢lst
o 759] Salmonella Gallmarumiﬂr 5572 Salmonella Enteritidis
E U322 double agar layerH-S ©]83F ZE}T(plaque) A3

g ol AR B3] AYST R E Falsdrh

vt 2] Q Wk S Salmonella Gallinarumell &£ &
AE T FHSGD-YS)E Awste] Axldn|F ez 3
HE A8t AAdAnF o2 wEslr] sl kA wliek
A 4 mL} vlE] w3t Salmonella Gallinarum KNU10004
Bl FA (107 cfwmL) 1 mLE £33 35 mL TSBell &3}
o o] & gAEES 1 T2 S 10" plaque
forming unit(pfu)/mL)3FATE. 5221 8,000 rpm(Mlcro 17TR,
Hanil Science, Korea)ol|A] 2087t AAI &3 & JZ=AS
carbon-coated copper grid®ll &2 2% uranyl acetate = negative
stain® F2Z A&7 Hitachi 7100(Hitachi, Japan) 2.2
Zslich.

5. Salmonella Gallinarum 34! 24| =1t

Salmonella Gallinarum(KNU10004)°l th3+ SGO-YS LP<}
SGO-YS SPe| 52 oAl F=E ARSIt 5, ZH7te] 1A
£ Salmonella Gallinarum®l] 10 multiplicity of infection(MOI)
2 HFa, 6217, 9AIZE, 12413F wlf 2H2Ee] 600 nmel| A1 2]
&3 =(optical density)<} Al j—‘7'—r~(bacter1al colony forming unit)
S 24l iz ol 2k YRS deksisc

Z 1

1. 2EEZ|2uX] 22| X 53 He

N S 254 ot AlREEFE F 1079 e o0k
£ Zelsislnh el viee] e ubx| o] &3 ML S gelst
7] 18+ Salmonella Gallinarum 75} Salmonella Enteritidis
550l ik &3l Frdee e AR e A3, Salmonella Galli-
narumTt £33} FFH(SGD-YS), Salmonella Gallinarum3}
Salmonella Enteritidis %5 83l FF(SGD-JW1, SGO-JW2,
SGO-DW1), 18] 2L serotype @ 2 FEHS Ho|x] &&= F
THE TEEATKTable 1).

5 Al
2. MXA}S0|A npEb Zo)

Salmonella Gallinarumtol| 7+ &8 353 o] = SGP-

L)
Jo
fiL
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Table 1. Host ranges of phage isolates

Bacteriophage isolates

Strain
SGDYS SGPIWI SGOIW2 SGOPHRI SGPHR2 SGODWI SGODW2 SGPCS SGODM  SGOMM

KNU09047 + + + + + + + + + +

KNU09051 + + + + + + + * * *

KNU09066  + + + + + + + * * *
Salrrfonella KNU09067 n i i i i + + + + +
Gallinarum

KNU10004  + + + + + + + + * *

KNU10025 + + + - - + + + + -

ATCCO184  + + + + + + * * * "

SE271 - + + - - + + + + -

SE306 - + + - . + . . + n
Salmo.nle.la SE34 ) 4 " i B + + _ - -
Enteritidis

SE376 - + + + - + + - + *

ATCC4931 - + + + - + - . . .

+: Plaques, -: No plaques.

YSE tldez dAdny #Ee Al=sth SGo-YSE
Salmonella Gallinarum KNU10004] 7+9A]# double agar
layer' & ©]-83F Zel3(plaque)E EQlI3r A3} =77} #
< TR F FTHRE FEH(Fig 1) A vl Fg A
E A5k, s3lol 24 9 F2& Awsle] Z8a A7)
7} 2 Z(SGD-YS SP)H 2 A(SGD-YS LP) o= i-3lo]
72bg AArdn o2 AT SGO-YS SPE AR
7oz A3 A}, nE(il) S 7R e IR FEHE 2
7do] °F 100 nm F =] HE](head)E 2t UL, =
29 3] (contractile sheath)S 7141 A& HENZ Myoviridae
familyell &3l FA 2 75 AThFig. 2). SGO-YS LP=
welE 7L e A2 e A730] 2F 65 nm F EolY

~

ovl, mele dolrh 1 MIgIdn 591918 73 9
| &= o2 YERY Siphoviridae family©l] &3t IA| 2
75 ATHFig. 2).

E

N
o

3. Salmonella Gallinarum &4 2N =0}
Salmonella Gallinarume®l] Tt 2] Zx]o] F2] A
== AF33 . Salmonella Gallinarum KNU1004¢] SG®-
YS SPE H7tete] vl S 4%, 6A1%E 9AIRE, 124131
OD7} 7+7} 0.06, 0.08, 0.36. .= thZ7 OD 1.03, 1.56, 1.71
wrl 34 gokth AlasE 6217 2.3x10%mLE o) 2
3.8x10%mL}t} 2.21 log cfu/mL 743kl o™, oAt wj&
3.8x10°mLE 2t 5.2x10° cfymLET} 2.13 log cfu/mL,

Fig. 1. Two different-sized plaques were observed by soft agar overlay assay with SGO-YS (A). A small plaque of SGO-YS SP was
selected by plaque picking (B). A large plaque of SGO-YS LP was selected by plaque picking (C).
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(B)

Fig. 2. Transmission electron microscopy images of SG®-YS SP
and SGO-YS LP.

Negatively stained electron micrographs of SGO-YS SP virions
shows the typical morphology of phages in the family Myoviridae
(A), and SGD-YS LP shows the morphology of the family Sipho-
viridae (B).

12417F W& 8.0x107/mLE hZ 9.1x10%/mLE.T} 1.05 log
cfu/mL7} 24813 T Table 2). SGO-YS LPE F7lsto] wjj ok
3RS A= 6117L, 9A17E, 12417F wf OD7} 0.73, 1.27,
14002 2R} ggton AlasE 242 dxreh 7t
Z} 0.42, 0.36, 0.22 log cfw/mL7} 248}
L

o =% 3k AgHE B2 A3k Salmonella Galli-
narum®l] it W] e 92| EElE A= 23 F 1052
2|7} E8E iy EelE 3R] <3 WHE Salmonella

% S Gallinarum 9} 2] 2944

Table 2. Inhibition of the growth of Salmonella Gallinarum by
phage SGO-YS

) Control Phage treated

Phage Il’{cubatlon (Salmonella only)  (Salmonella + SGOP)
time (h)

OD cfu OD cfu
0 0.17 6.1x10’ 0.17 6.1x10’
SGO- 6 103 38x10° 006  2.3x10°
YS SpP 9 156 5.2x10° 008  3.8x10°
12 1.71 9.1x10® 036  8.0x107
0 0.16 7.4x10 0.16 7.4x10
SGO- 6 1.08  43x10° 073 16x10°
YS LP 9 147 63x10° 127 2.7x10°
12 156  7.2x10° 140  43x10°

OD: Optical density values at a wave length of 600 nm.
cfu: Colony forming unit per ml of culture.

Gallinarum®} Salmonella EnteritidisTH< T O 2 ZALRH 2
3}, AB= Salmonella Gallinarumol] E0]2Q] <3 HE H

ol A& Yom, X = Salmonella Gallinarum®} Salmo-
nella EnteritidisTh 25 743t= A= ITh 3449

4 53 W9 E oS vtk &, 22 F(species)2] Al

TANE 249 43 89 Ao} Qe FE &7 WAF 7
Ae AT= 9,12 o] 2 A7 = LA A
g 4= e S B WS H+= Uth(Jensen et al 1998;

Koskella and Meaden, 2013). TA] & o]-&3F X5 7f2o]
A SFEL7E FE A S oY 31 E A ARk 1)
A ZYe| Y(cocktails) 2 H4g <= 21 0 (Pereira et al., 2016a;
Pereira et al., 2016b), &5 HL7 FH e IR L+= 1
2857} =THWang et al., 2017). & A3 oA E2]d SGOP-
JW1, SGO-JW2 2 SGO-DW1-& A gl A3 Salmonella
Gallinarum 75} Salmonella Enteritidis 55 25 743
TF A AR EREAJT 2 B AP AR ARd
ekt 7} Ao 015 A 7} A dletate] 9 S5 i
AE 7= AdA= dzﬂiﬁ“ & g gldeod, 71 A
72 530l BUAT STUNT /M Aoz 9d 7
R s e el oI5 9] B S

T 9E Aoz yZEAL
Salmonella Gallinarumo| 9t 83 58] SGO-YS
£ e r AAEn B3s Awg A3, SGO-YS SPE
Myoviridae family, SGO-YS LP= Siphoviridae family2 -

s
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FEATE vlolzi 2 HH IA] 2] 3](International Committee
on Taxonomy of Viruses; ICTV)olAl+= A& 13 family =
TSI low, o|F Myoviridae, Siphoviridae 2 Podovi-
ridae 37V family -‘L]-Z]E‘l’ol wYE 7 e BeR
BFCH Ackermann, 2006). Myoviridae's Z12]9l] %] -‘l](con-
tractile sheath)E 7IA] 1 Yt Aol T2 F familye} 78
™, Siphoviridae= 11E|7} il $EIE 7KL YA
Re= EACZ T E family} FEE T SGO-YS SPE A}
AnFd o m wEe A3 melrt i, & nede 529
£ 7KL o] Myoviridae familydl| &8l A2 EF{
& e, SGo-YS LPE mE|rt 71 x| = *iﬂﬂ—i—
72 A g A2 YR, Siphoviridae family = &
& 4 ASdth
Pereira et al.(2016a) Salmonella Typhimurium®l] o3t
2] 335 FEtd Al S Al A=E AR A3
A5 100 MOIZE e & 4A17HF Al 74 H =7t 17
~1.9 log cf/mL =], 12A]7F FHoll& 2.4~2.5 log
cfumL BE2 S7I6IH7} o] = HAaE Wst 24| %
= WEF Hk ik & Al Eeld 3] SGo-YS SPe
Salmonella Gallinarum 52 A A=& Alder A7, 10
MOIZ HFg F 62131, 9413, 124131 Hell & F24] <A
AeE thza ] 2.21 log cfw/mL, 2.13 log cfw/mL, 1.05
log cfwmL7} Z4sh= Ao & YER, Pereira et al.(2016a)2]
Hael frakek Aotk Sxe] i S oA e A
A&l ulg} zFo]7} Utk Wang et al.(2017)2 Salmonella
Typhimuriume]] gk FA| & Fejste] A =& 2t
o Al 74 H=E AR A, <F 10° MOLZ A 2Alol&
25Tl 12413 % 3.78 log cfumLe] 727} Yebgon,
1 MOIZ A Aol & 0.41 log cfymLe] 7Ha7F Yehd, 117
Ae] gl whet Al A g =e] Aolvt Ale& Hasisit
Guenther et al.(2012)& 821 % 7HA 2] 8] 10° cfw/g 3
T odH ArdaltE 3x10 pfwg(%k 3x10° MOI) 3 =2
SF T, 1Y Fofl= 250l AR
dato] ¢ds] AAES EJ_??} vl ik 2 AgoA &
2lE SGO-YS SPE 10 MOIZ Salmonella Gallinarum®l] =]
S W 1.05~2.21 log cfu/mL a7t & AL 18
s HE A TS 10° MOL o]d o2 7 A9, Al

mlo

L)
|

Of
r

A Al ZE "SSP Sle AR ArE
IAE o] &7 ABHE FYAS o] 8 A ZYPHT o2
HellA Aol sk A2 FYAE Ndshe ARtE

A B tdetn 49, ¥]& = A A Eti(Parasion et

al., 2014). Ix]o i3t #g ¢35 =3 YA A3

MEE

T EdgrY o 10u7F A YEdT(Parasion et al.,
2014). T3 gX= dx2d FHAANE AEs] ey

o FAHM, &3 Mt T=7t 74 w7kA] A

T 917] Wl Eol(Schmelcher and Loessner, 2014), 2 ti’
ol u} ol A-83tle A5 Al AbE &so] ASHh
oM E2E & Salmonella Gallinarum®] WAd-&-2 vl
£ Holth Kang et al.(2010)9] B <fshd =] &
121 98.1%(1055F% 103H)=
nalidixic acidell TlgF UI/d-S 2t 3lew, 94.3%+= fluoroqui-
nolone A|A|Q] enrofloxacinel] WA 7HA| a1 a1, HE3F F
2132 63.8% % Hoj= 3% o]t A tiste] HW
o] Y= 5 Salmonella Gallinarum¥2] YA W4
- A Zhgk gl vtk whebA] A oA A & “c}‘ﬂ
o] & d4sttta & & itk s = FeE 3
15 Sl 283 93\ 73, Salmonella Gallinarum®l] gt
AT R o] e Zlo] oA AR}l o8 &<lE Ht
S THHong et al., 2013; Kwon et al., 2008; Lim et al., 2011).
B ArellA
Enteritidisel] th3t 9}A]2] 4373 Bl i S24] oA A =oll gk
F7HAQL AG7F o] Fold

Salmonella Enteritidis 52

_Hl

ks

Salmonella Gallinarum=F o) -

i

—

=]

NN

=
=
=
1=

[e]
[rm

22)9 Salmonella Gallinarum 22 Salmonella
73, Salmonella Gallinarum =-2
AA Eso] Ye A AA| A

Ve E e Alew 7lgd

A
TS|

kO

v 2] @ 9] = Allatel] 5ol og sk Hlolgj ~m
&3l sEo] U= v P L JJrZ]—‘E EdW S A5t 3
A A A = AR . ATE HellA 7HEEF
25 FU3Sl= Salmonella enterica serovar Gallinarum(Sal-
monella Gallinarum)ol] T3+ vlg|2] e 9pA| & Helsln, 1 &
He FReA STk TS B 251 4 A2 B
FE 1059 "] e 9A 2 Eelekit) ©]F SGO-YS SP
2 gud X = AxEn A & A3, Myoviridae family
EFHAT 228 vt g] 23] 9] 5 HYE Els)
71 98ked Salmonella Gallinarum 752} Salmonella Enteriti-
dis 55 thgt &3l Fdeds A 7:‘4 SG-YS SP+=
Salmonella Gallinarum%t &35t 534S Bt} SGO-YS
SP+ Salmonella Gallinarum®l|] E3199S 7% 6A17H2} 9A]

2 5 747} 2.21 log cfw/mL 2 2.13 log cfu/mLE HAA]7]

5
bl

= Aoz glFo] FollA] Salmonella Gallinarum 7342 <
WelAY X8k 34 AA| el o]8d 4 UE Ao
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=
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ATt

9
Qol: vhelz s, Amde) detE, 890, B

Ris

= o

AL AL

o] =i THAEIE71E%7HI(IPET) Golden Seed
Project &AM 3 213010-05-1-SB330) 3 7 th &}
2015 7]EA7H] A DAFE (No.520150274) .2 3
Ao old ZAt=RUTH
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