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Protective efficacy of formalin-inactivated Salmonella Gallinarum whole
cells vaccine using mastoparan V1 as adjuvant against fowl typhoid
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Mastoparan V1 was used as adjuvant of formalin-inactivated Salmonella Gallinarum whole cells vaccine
against fowl typhoid in a chicken model. The 75 brown nick chickens were equally divided into 5
groups, and all chickens of each group were immunized at 6 weeks of age (0 WPPI; weeks prime post
immunization), and at 9 weeks of age (3 WPPI) (except group B). Group A chickens were intra-
muscularly (IM) inoculated with 500 uL of sterile phosphate-buffered saline (PBS), and group B chick-
ens were subcutaneously immunized with 0.2 ml containing 5x10” viable vaccine strain/bird. The chick-
ens in groups C~E were IM inoculated with approximately 3x10° cells/0.5 mL of formalin-inactivated
the S. Gallinarum whole cells, approximately 3x10° cells/0.5 mL of formalin-inactivated the S. Gallinarum
whole cells with mastoparan V1 as adjuvant, and 0.5 mL of PBS, respectively. S. Gallinarum outer
membrane proteins-specific serum IgG titers were considerably higher in groups B~D than in groups
A and E. However, the levels of IFN-y in groups B and D only than in groups A and E were sig-
nificantly higher. Following oral challenge with virulent wild-type S. Gallinarum, no chicken in groups
A (no challenge group) and B was dead, and only 30% of chickens in group D was dead. However,
70% of chickens in group C and all chickens in group E were dead after oral challenge. The results
of this study demonstrated that IM immunization with approximately 3x10° of the formalin-inactivated
S. Gallinarum whole cells containing mastoparan V1 induced robust antibody and cell-mediated immune
responses in chickens. The whole cells also conferred protection against infection with wild-type S.
Gallinarum.
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M = = Salmonella enterica serovar Gallinarum (S. Gallinarum)
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THEFAE O 248 AdoE Al e 714 AR E FA w7t BAZLeR & EHS 26t
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258 EXHH - 223t - Enkhsaikhan Ochirkhuyag - Z
oFEsl A WAlo} Baks AR FEoR

AN aatA oz oife 4 Qltk(Silva 5, 1981; Jawale
and Lee, 2014; Cheng 5, 2016; Wigley 2017; Hajam
5, 2018). AlFHIAlL. AS JstA L, E2EE, oA
= 5= Adsto] EEVF fE ARAE FAH
o] Jlom, B3} WAL QAo AAE AL ¢
AR 4Rl Ato] EAsHA] k=t Aol ot st
At EE3F A4l WAE FEo o5 A Al
Ad 4 A B3 $F T Ldo] AgtEolojA
st HIAB A (adjuvant)E HRZ 3} (Desin 5,
2013). QWAL 7ol AFREEo] 7Hssithe %
A FA MEGuj7l AGEhE 2RO E435kE
3l 7H EHFAE Pold 4 Utk Aol St
&A| live S. Gallinaru vaccine strain 9R©] <F 607t
7FEFAE Astr] s AREEIL UTH(Cheng
= 2016; Wigley 2017). S}A]qt o] A7 WAl F2L
s B0l Hob YA, RS AWEE, BER
wo] Bg 53 2L w0l ofe) EARNTT B
Z] 27 Qlth(Bouzoubaa 5, 1989; Kwon and Cho, 2011).

3} ¥ Elo] = (Antimicrobial peptides; AMP)= A&,
2%, PNR BHEE So4 434 wely &
wol AA] glo] FRT AL Sesh Aow &
A tH(Wang 5, 2016; Koehbach and Craik, 2019).
o A Fefol=t WAH AL Holshzr 3
of ZR% Qe et U o] WS FRT e
& 43S (Kuhn-Nentwig, 2003; Bulet 5, 2004; Fratini
, 2017). 2504 FdHEe|Es Ad
;% HA AAH”HIS] FQ3F 484 #9E ofyz}t
7= AF &A= ALE HIEN Itk (Yeung
<, 2011).

U2 gt HEols EE A4, W, An|, 7], &,
A 53 22 529 S4E FolA FHASHA T
A= ATHWang 5, 2016). & =01, A4 =4 Y
£ androtonin, parbutoporin, opistoporins, TstH, vpAmp
103} 722 "lelo|t =4l %) ofA W g o4
seejo} E& Aol tet AT B BES Mo

F9]3(Hetru 5, 2000; Powers and Hancock, 2003;
Ramiez-Carreto 5, 2015; Machado 5, 2016), Hi=0]| 4
e cardlotomeJ— crotamine=. 7} &St 4 F= A
o+ 4L Ho]l FQHChen &, 2011; Oguiura 5,
2011). 53], @y} An| 5482 FHAT FH
Efo]EE H{oka = Ao d#A oy olF
SRl mastoparane T Fof ZoHE tEAQI <t
HElo]|=o](Wang 5, 2016), 2Fo}A|9t adjuvantdml

o

ol

ﬁﬂg
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7150] Qdtt= A17F HiEQthKing 5, 2003). 3
= Kim 5 mastoparan V10°] anti-Salmonella 20|

£ A A9l mastoparan} H| W3} RIS wf S5
-3 Eﬂygﬂku}(mm 5, 2016). wEhA oH Aol A

mastoparan V10| HABZAEA Q] G5 UolH7]
913} S. Gallinaru2 X240 g2 B33} 3t & [SA70
7} 314 mastoparan V12 &3} A|Z5}0], oF=3l A+
R A (SGIR), A Z2H Z=2U B3} AF WAL A
250] Tl A ALRET Y= 24 8 1EEo] of
WS & HYA S Gallinarum & =AY 5]
Holo B2 T 52 HEA5H.

lI

2 Y

Ao AEE 25 et HEO|E U Z2jo| 12|

s

= 2 IEZA AFHRI 7 HFAR H
AFSE oA EE3F S Gallinarum #3391 HIL465S
Eam’a-af’}i} AREA WA FF 9 2ATE F

Argoli o, T3 WAl ZF & ELISA & coating

301'%]_—% 23l outer membrane proteins (OMPs)F&<
et FRE AGSAT. ESF HILA6sE WA AE

T FEE+= Cytokine &3S 938l splenocytess A
237 St OMPs 228 FEZE ALSHYL
Adjuvant 837 HZSE 5] A= mastoparan V1
(INWKKIKSIIKAAMN)S- Peptron (F4, SH2)of| 4 ot
4ol WA 257 % =A% § 2 gleny
228 g79 SIS 5} AHSE AmdeSo] x
gholH g S Gallinarum-50] Z2to| §7] AL
Table 1°]] ApA5HA A <5F3] th(Fashae -, 2010; Kang
5, 2011, mEwARTE W AZS AL
HIL465 #3F+= BGA agar 9 LB brotho] HZE%o]

Table 1. Nucleotide sequence of oligonucleotide primers used in this
study

Primer Primer sequence (5°-3”) size (bp) Reference

OMPCF ATC GCT GAC TTATGC AATCG 204 Fashae 5,

OMPCR CGG GTT GCG TTATAG GTC TG 2010
SGL GAT CTG CTG CCA GCT CAA 252 Kang s,
SGR GCG CCCTTT TCAAAACAT A 2011
SGPL  CGG TGT ACT GCC CGC TAT 174 Kang s,
SGPR  CTG GGC ATT GAC GCA AA 2011
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37°Co A HiFE AT SHAITE =R1TAE & ZHF A
2HEH # EHE 954l Fetal bovine serumO]
5% Z7}E BGA agarg ARESISILY.

za2o2l-8851 S Galiinarum ARZA| A=

SG #9] ¢t SEYE AHsto] 200 mLe] LB
A wiA o] HFT & 37°Co A FFETt 0.30] =ET
WA wjFSkc). WokE HjAe] EETAL 03%
7h H| =5 7Fsto] 37°Co A 48A1%F WH-E- AlFH BE
$ T AR oE FAsp] o) 2t A F 100
uLA 5% fetal bovine serum®] Z7}% BGA Agar HjA]|
9 Brotho] 242y 34F3to] 37°ColA 547t v gstod
colony F4 $FE §HEol0] At o]ig TeIstel
o}, 2283} S Galiinarum ARFAE 4,000 rpm
oA 3027+ YAlste] EFSHaL, ot PBSE Al
AF3E 5 2E2 02 [SAT0S ARE31o] 6310 cells/mL
o HEE 3|4ste] mEUURYI ARH WO
2 Agsterh

T &0] mastoparan V19| adjuvantZA49] &35 &
57 9ol FlH AR mEE-RE A
@} ISA70& &318 W mastoparan V1S 30 ug/mLo]
HEs Arlsjel W0 AlgagriEa T R
S} AlF-A-mastoparan V1 8- 91 AL,

i o

bu

uY S8

193] 2 1F ol 7552 TYhe] A
Hol AESIET. FYE BE Hotelt ol WAl:
BFEA gotom, 44E AR AREAT SR
L AREA AT 5 UAx BN ALHU

ol

OfN

U IHUE W3

553 75%0] ZAAIEEES SIHE 15 F 15
o2 theol A2e A8eA0] HSTHES siel
o, 6ol Hee w 1F B (55t A7 WAlel
SGR HEH)E A9l BE 15e] 2 1EEL
6530l 17, 9570l 242 28 HSEA. Group
A% 2 A1EFS &4 txEoE W phos
phate-buffered saline (PBS)Z HZE|oH, IF B=
orssh AF WAL SGRE 633l 13 1aEE
Hoch 18 co ZHHIEES Eeud-2gs)
AA] BA1E 3x10° cells/0.5 mLE, 18 D= T2

2-E835} AtA|-mastoparan V1 -8 8HAIS 3x10°
cells/0.5 mLZ 77} 23] 284% ot 283 vf
Aoz 1% BY ZAYIEEL W PBSE 247}
23] Z238E HUct. P2 0 WPPI (weeks post
prime immunization) (1X} A5 A), 3 WPPI A} 8%
)., 6 WPPL (27 2ol 242 A BE
7HE2 A1 7HA] ot 70k0] EstHEA AE
of ARgSHRATE 2 ARdolA HirH 5= -2 Korean
Council on Animal Care9] Q17}E W2 HEHsty =
=a 9939 5<U(CBNU2016-35)5 'To} Zyst
ATt

HAHES WILE I8t ELISA

F Aol A S Gallinarum (SG) |5 HE QI Tz
(OMPs, outer membrane proteins)of] E0]Z 2l A &
7S ZAH] Y8l 7HF 1gG ELISA quantitative kit
(Bethyl Lab Inc. Montgomery, TX, USA)E A ZA]
Aol ket Abg Stk B4 97ke 2] Sl
WL 110002 5j4jslo] ALt

H|IZAMIZS| Ato|EFtel £

6 WPPIO] 7F LgOlH sulEle] gro] Wz A3
517 918 SEIRT, BIFL o2 o] met B
Hoz AL WA, 24 1§ sl wg
obet ot 95 F, 290l 27 FaHo u
< AFsto] RPMI 1640°] &kt 1 th2 0.8% am-
monium chloride (w/v) 2% o0]835la] AFILE &
B5FALL, 1,800 rpm, 4°C Z7ZIA 1087 94 T
T AAESZ G PBSE 39 A|HSHGIH mhAet o
A8g T, A8 X (complete medium) (RPMI 1640
supplemented with 100 IU/mL penicillin, 100 ug/mL
streptomycin 2 10% FCS)Z AF-F st wigE+=
NxE 5 A4bsto], 2+ FHo =2 72417 ¥ AlX]
T, 1,800 rpm, 4°C 2714 1087F Y& st
S-S —80°Co]| EstH ELISAE ©]-&5to] Afo
E7}9l(MyBioSource, San Diego, CA, USA) L& =
i3t

—_

TH A Y9 okl 54 w520 HIL4562 Hur
S(Hur 5, 2011)0] 7]<&3E B whal F8]skeit.
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BE g2 HFZ 6 WPPL Alof 2x10° CFUR 73+ A 3

To= =3 FYstdd 1 f°ﬂ EEHS =A A

d 5 149 < i sHRe F ﬂl/\} of 77 #F Dioiuke 23}

solct. HA F & FgHoz Rl wjg 9 2t

SO 2RE Hur S(Hur 5, 2011)01 71t W] o Salmonella Galiinarum®] OMPso] Hgt G| I7H=
o Amde FEE EEsigor He® ZFE Fig 194 B vk Zo] AF A 1§ A~ES I

A=

==

GA G712} Alo]EFFR] = SPSS version 16.0
software (SPSS, Chicago, ILYE ©]8&35}9 Kruskal-
Wallis test@} one-way analysis of varianceZ Z+Z} 4]
H Ak POl gho] 0.050]5td W] SATE o= {24
o] qltka Htsioict.

—~ 2.5 -

= OA OB * oy
S Z-EQD £, B,
G, 15 - :

o H

g 1] 33

£ 05 {4 : ’-P

4 H

@) : i

0 3 6
Weeks post prime immunization

Fig. 1. Serum IgG titers against OMPs of Salmonella Gallinarum in
chickens with attenuated live or inactivated S. Gallinarum vaccine
candidate. Group A chickens ([]) were intramuscularly (IM) immu-
nized with sterile PBS; group B chickens (Ill) were subcutaneously
immunized with 5.0x10” colony forming units of S. Gallinarum 9R
vaccine strain; group C chickens (N) were IM immunized with
3.0x10° cells of formalin-inactivated S. Gallinarum whole cells;
group D chickens (#) were IM immunized with 3.0x10° cells of for-
malin-inactivated S. Gallinarum whole cells adding 30 pg/mL of mas-
toparan V1; and group E chickens (l)were IM immunized with ster-
ile PBS. Data shown are the means for all chickens in each group, and
error bars show the standard deviations (SD). Asterisks indicate a sig-
nificant difference between the values of the groups immunized with
the vaccine candidate (*P<0.05) and those of the control group E.
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Q7H= Z4zF 0.5+0.18, 0.52+0.19, 0.55+0.24, 0.55+0.11,
T1=J31 0.53+0.230]Q1H}. SHARE 12} HE F 3:A49
L I% A9 EQ 34 97l= AZE Ay 8|3 £
Q1 Bhd B~D2] A H7k= Z47F 1.7+0.21, 0.84£0.17,
83 1.3+048% Z7Fet o, 23 AZE 5 33 ©
ol B~D9 A d7t= 247 2.140.08, 1.53+0.17,
123 1.89+0.258 Z7lstqich shAlur 23 HE &

Fol= IF A E9] A g7t HE At v

3=F
5% $FL FANA

ROIE F}ol £

22k JF & 1094 Aol 7+ 21FE 2 1EF ¥
FAEZE SG OMPsZ A A= & 4= I1F A~EQ
IFN-rof] thgt Kol E 7191 5%+ Fig. 204 H+= =}
9} Zro, 7z} 52.61422.61, 354.78+95.79, 125.74+32.54,
300.02+65.43, 18] 56.43+24.160] ] Tt.
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T 450 - T .

2 300 - [
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= o -0 L 77 EEH i
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Fig. 2. IFN-y (pg/mL) concentrations in the supernatants of spleno-
cytes stimulated with OMPs of Salmonella Gallinarum at 10 days post
booter immunization. Group A chickens ([]) were intramuscularly
(IM) immunized with sterile PBS; group B chickens (Il) were sub-
cutaneously immunized with 5.0x10” colony forming units of S.
Gallinarum 9R vaccine strain; group C chickens (N) were IM immu-
nized with 3.0x10° cells of formalin-inactivated S. Gallinarum whole
cells; group D chickens (£) were IM immunized with 3.0x10° cells of
formalin-inactivated S. Gallinarum whole cells adding 30 pg/mL of
mastoparan V1; and group E chickens (l)were IM immunized with
sterile PBS. Data are the means for all mice in each group; error bars
show SDs. Asterisks indicate a significant difference between the val-
ues of groups B, C, and D chickens (*P<0.05) and those of the con-
trol group E chickens.
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Fig. 3. Survival rates of chickens challenged with virulent S.
Gallinarum in chickens (except chickens in group A only) immunized
with the vaccine candidate. Group A chickens (O) were intra-
muscularly (IM) immunized with sterile PBS; group B chickens (X)
were subcutaneously immunized with 5.0x10” colony forming units of
S. Gallinarum 9R vaccine strain; group C chickens (<) were IM im-
munized with 3.0x10° cells of formalin-inactivated S. Gallinarum
whole cells; group D chickens ((J) were IM immunized with 3.0x10°
cells of formalin-inactivated S. Gallinarum whole cells adding 30
pg/mL of mastoparan V1; and group E chickens (A\)were IM immu-
nized with sterile PBS.

MM  Salmonella Galiinarum SXZH| CHst
o] &t

WA 22 HE & 3—’:‘—”‘1101] IF A9 H= At 2
E IF9 ZAY1Es2 594 Salmonella Galiinarum
o7 AFZE =AY FT 1 A= Fig 394

= "ot o &, =AY § OF A&
A 932 IF)° BY e A I1EFE Aol £
g 7R FESIAoY, JIF Co 2 IESF 10
uhE] F 3ukERh AES e, 15 DO A 1S
S 10k oA 7utE] 7t *@%C& Wb, 2kl
I1F E9 B ZAYI1ESS HASHIT

a2 oz

72ElFEAE S Gallinarumof] 95 T E= AH
o2 o= 199249 o]% Hh§o] Hilwo] HXj
M = FALNGO] AR F &4 ZHot
= 7k A% F stueltkd 5, 1995; o] 5, 2000;

A 5, 2006; ¥ 5, 2009; Kim 5, 2019; Seo 5,
2019). =} £ oty A AAZ o oF=st At
Al 7591 S. Gallinarum 9R vaccine strian®] 7€
2 o WAoo AMgElo] 91 9ct. 3R]t o] M3
o] WjAl FFL EXo| Yo}9lg Bul olja} A &
7t A ok ®ro] 837 SESHA| %O}(Bouzoubaa

S, 1989; Kwon and Cho, 2011; Van Immerseel 5,
2013; Koerich 5, 2018; Ibe &, 2019) Er} oFA o]—
"I QL WAl 7Ht£°ﬂ et A7 A= HA Ql=
Ao|tt(Jawale 5, 2014; Cheng 5, 2016; Won 5,
2016; Hajam 5, 2018). kA & AFLox= 4 =
oAl AFRE T 9 oF=dl Alg WAl HEZO
2 A8HI Ik Ags YEe E2Ude o8
AVEA 28] ZEUEAREA O] HT Andalg
o] Eo]&?l FHEte]=2 L&A mastoparan VI
adjuvant® 27}3 EORHFXHE Moz Axstel
27185 S5U F A ok AR vl

ru*lil

SbEol Amde 47 WAL AL SFIA
Ag H AEY Ak BEE STHIA BeA
Arpdato] oist Wolgale A= Aoz dHA
AT (Mastroenti 5, 2001). & AollA F=sh At
WS ISlslo] T BSdl AlgH U Zadb

H-E5&35}F ARA UV\E”}% S HMAlS ZAAY T
T30 AT & d2 EHO=EHE ELISAE °|&
oFo] S. Gallinarum OMPso]| Hist A 7S =A5}
o B A3l nE WA JZ0A JREQ PBSE
So 250l vl AT A o1 B 5

| Eagelugs AaAue dad 1§
2we A hAETR B9 A WAl 9 ofs
S RIS YED TFOIA B} %o A =}
7} B ol okEs} A WAle] Aol of
oFEst Aol 7t HFAA A |7 HEFOE

W AN A1Z57] ujRoul (Matsuda 5, 2010)
shaETiel $eel WAle Aol sAR sl
adjuvantZ A9 J&Z Pt Hi(King 7,
2003)°1 A H HITHS o 2 & Ay
RBZEQ . 7haollA Ardet #dE 2ds7] 9
A= AELA HIHrgo] HI=A] - Q5lrk(Setta 5,
2012; Desin =, 2013). WehA 712 E]lEA WA T H
F=2 7ol WA JE & AR "Wy ¥ f=
o] BE HITA|] EeIstojof gith. 2 Aok HE=
WA FE3EE 22 JF F(FES A WA B8
o= 1A HF F) 108 Ao HBAEZERE S
Gallinarum ONMPsZ A A= & 8 &5 IFN+1S =%
Sjof = 73}, o5} AP AR ofz F2U.
2Yo AR B AFANAE 2ol v
$olole E71F BRI ool Ane Aw
H k=5 Aot WAIQl S Gallinarum 9RE FESH 1

Zi

ol
3=} Jlm
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Axg | 58 5T 5 o] EI=l
HEo] ZAYI1EETS MASTHELR 24 L&
AL F 33 A(SF5sH B W4 Aol 12 7
st AF T 65+ Aol ¥=4 S GallinarumE F4=2
gt & HA 9 VHEFEA QASAAE 23
ZF o SR & Wy EAsigich O Ay 39 3
oA Hi= Hie} Zo], PBSE FFotL =HAEE F
Pt IF(AF PolA e A0 YE T 3GARE A&
A, AL JE 53 T2 94 T4 TEEHY] A
Zoto] 4U ARE HAPE TEE0] =HAA 108
Ao RE dixg ZAHIEF0] BF HABHY
o} 3 2289-EES} AAAE FAST 1EONA
T AT 5Y FRE ASRA, HAF JE 5ol &
ZEglon 79 FRE HAkelr] Al&ste] 11974
70%2] ZAHY 1&8F0] HAkste] 30%%ko] A=
o} SHARE Z=2TE-E83} npAEDR ShG AREA|
E AZS IFNAE 7Y ARE Y S0l TF
7] AlZsto] =AAA & 94 ARE HAE A
QAT Ago] FREE AEZA] 30%5to] HARSH
o] 70%9] ¥olgo] TAF Tt tEo] F=3}F A
HAS 13 FopEEet FAfole =A4d & AFol
Bus 14U7HA] A &RA, AT 3EE7E 51
A HANE TEER] At} o]4Fe] IR HE 2
29 283] npAEnRE V1§ AREA] Al SH
E gz ¥ 2205835} ARFA ] vls] E53
Holayrt TAEQITE shANE k=Sl A WAl
H|ojAE ol W2 olaart EE QT whehA
Z2HA-EE0} npAEDRE VI T AREA 9419
7V EFEA Bo] 88 IS AFHAAY FARRE
H&2 37HA717] YiAE oE adjuvant}e] =3¢
WA= vtAEDS VI H7VF S7F JEH2Y W
7 WA= Bot B2 =9 ARA| WAle] HEF 53
7ro

g2 A77F B8t

—_
pan

X

=

AEZAH o7 ZLZUY-EZ3} AFA| mastiparan V1
TEHET Y IESTS AYY L MEd |
= Zog L3519 o HYA S Gallinarum
ol el maHoE wolgt 4 Lo] Sl
Sjo] ohAERE V19] adjwvanc2 2] ofgto] 9180l

H #EQJ filo
io
(0}
ﬂ
J

Korean J Vet Serv, 2019, Vol. 42, No. 4

Solx e Bul olyzl, ZEwWA-EHS} ANEA
mastoparan V1 SHF WAlS 712 EJFEA WA O Z A
37} 9hL0] AZHTE SAT Hr} wTHel
ojaTte A7 R 37h Aot Wasin
7Ty,

A =

o] =& AFMISPS] Ajdem =LA
(NRF)9] 2|92 gro} 7] 151 thNo. 2017M2A2
A6A02020927). TlEo] £ =F2 AEEEH9 A
Yo7 FYPEALT AL ol PsAFY
THNIBR201711201).
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