R ERBEELErEE (2013) 45 53 & 2 0
Korean J Vet Res(2013) 53(2) : 95~101

<® x>

Salmonella enterica serovars Enteritidis, Gallinarum % Typhimurium2| O0}A
siojurSel u|mE7}

Z7IF - AFA  MRY - sact . T - DU - TP - BEAS
LS oISt 0 SR SEUATA, At ey,
A s ol 3

Comparative evaluation of the murine immune responses to Salmonella enterica
serovars Enteritidis, Gallinarum and Typhimurium infection

Kiju Kim"", Dooree Kim"", Jisun Sun', Soyeon Park', Youngjae Cho', Hyun-Jeong Ko?
Hong-Gu Joo®, Tae-Wook Hahn"*

Colleges of 'Veterinary Medicine & Institute of Veterinary Science and
’Pharmacy, Kangwon National University, Chuncheon 200-701, Korea
College of Veterinary Medicine, Jeju National University, Jeju 690-756, Korea
(Received: February 28, 2013; Revised: May 10, 2013; Accepted: May 15, 2013)

Abstract : The study was carried out to evaluate and compare the immune responses in mice experimentally infected
with either wild-type or isogenic mutants of Salmonella enterica serovars Enteritidis (SE), Salmonella Typhimurium
(ST) and Gallinarum (SG). The mutant strains were constructed by allelic replacement of some virulence-associated
genes in the wild-type strains. Seven-week-old female BALB/c mice were orally or intraperitoneally inoculated by
injecting bacterial suspension. To evaluate the immune responses, enzyme-linked immunosorbent assay (ELISA) and
enzyme-linked immunospot (ELISPOT) assay were conducted with serum and fecal samples. As a result, the mice
group infected orally with the SE mutant strain showed the highest level of specific IgA-secreting splenocytes, compared
to the other groups. The peritoneally injected groups showed the greater levels of IgG1 than the orally injected groups,
which was in a good agreement with the previous studies. In addition, the mutant infected groups had the similar
secretion levels of antibodies with the wild-type infected groups. These results demonstrated that the SE mutant strain
elicited humoral immune response as much as wild-type, implying that it can be useful as a delivery vehicle as well

as a candidate of a live attenuated vaccine.
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Table 1. Salmonella (S.) strains used in this study

Z3A -

By - FET - S

K

operon?] W& ZA) hmp(NOZHF-E organism 2.3), rpoS
=

AE U= Z3), ppk(Poly P AT 24), aroA(N1AYE
Alsze] 28,

HESE 9 HEUH

AT ES 7% BALB/c 93 vl$-2x(Narabiotech,
Korea)Z ©] &3ttt BE wl$2E IVC Rack(MVCS;

Threeshine, Korea)ollX] ARS8l om, dA5ES] F2]4] At
< 918 3RYZ A mEt Eg 19 st Egh, 2
© ATS F90ANTwe] SEARETHYS] sl
Holl whel AA| o}aiv}(swﬂdi KW-121120-1). 3 &%
su}ﬂq A2 ARSI O™ SE, SG 2 ST Z}7ke] opi
%a_zrsq. tﬂo]ZE By :?LEL AT-2 HZE3 12749 /\H‘ﬂ{,_l
I, A EFPBS)E EHOE Fod xS 23St
Z 13702 APS AT
7t 9] AEAR} HEFS Table 29F 7t} opYEEF
oF Hlo|Fo] HEH, AT FoATH B JEHFE iy
< &8l v HAREA] e MR gEeo] ARSI
FUn Oy 27 stellde ARdet #E JEFS
daHA LA HE AT AREE F59 F2S 5
stk 54 Foe vhes 1vE PBSOl A& HE
4 100 uLE 1 mL FAPIE HESIGAL, AFFoe vhe2
1] PBSZE 3413k 79 100 uLE zondeE ©|-&3l F
o3t} &S PBS 100 pLyhe Foi3l9itt.

rﬂ o}ﬂ EL
ol

R

A=ze| zHF

HE F 8, 14, 21900 47| v E33 E9s Al
Fstach. A9 45 BARE o]&ste] w2 et
oF 300~500 pLe] NS <ko} MY & & microcentrifuge
tubeol] ETh dAS SIAFZ] F 12,000 x g2 1087 A
AL, SRl EHS HEdte] —70°Ce] Bk &

< 237NN < 0.04 g)
tubed] HS F F¥H A]E7} 50 mg/PBS 1 mLo| ==

Strain Relevant characteristic(s)

Resistance Remarks

S. Enteritidis

B0O1M106 Wild-type Nalidixic acid Isolate from chicken cecal contents
B01MO021 AaroA - Isogenic mutant of BOIM106

S. Gallinarum

B0IM105 Wild-type Nalidixic acid Isolate from chicken cecal contents
B0O1MO085 AssrABAhmpArpoSAppkAaroA Kanamycin Isogenic mutant of BOIM105

S. Typhimurium

B0IM101 Wild-type Nalidixic acid Isolate from chicken cecal contents
B01MO080 AssrABAhmpArpoSAppkAaroA Kanamycin Isogenic mutant of BOIM101

ssrAB: Transcription factors of SPI-2, mp: Flavohemoprotein, 7poS: RNA polymerase sigma factor, ppk: Polyphosphate kinase, aroA4:

Aromatic amino acid.
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Table 2. Route and inoculation amount (colony forming unit, CFU) of Salmonella serovars

Strain type Route Inoculation amount (CFU) Survivor rate (%)
P 10 0/5 0)
w
o PO 102 4/5 (80)
S. Enteritidis
M P 107 5/5 (100)
PO 10° 5/5 (100)
P 10 5/5 (100)
w
) PO 10? 4/5 (80)
S. Gallinarum
M P 102 5/5 (100)
PO 10° 5/5 (100)
P 10 5/5 (100)
w
o PO 10? 5/5 (100)
S. Typhimurium
M P 10? 5/5 (100)
PO 10° 5/5 (100)
Control 6/6 (100)

W: wild-type, M: mutant, IP: Intra-peritoneal, PO: Per oral.

£ PBSE H7IeH & shF 2t AXEit W AlETF A
Azl 2 7] 158 oY sl vortexste] 12,000 x g=
582 ARSI, AFde st -70°Co] Bagh
T 5 A ARk

Enzyme-linked immunosorbent assay(ELISA)

Aol o] &3 drdel o] AAA HY 9 Aupdd]
5= 235 v|wsh7] $1819 indirect ELISAS AA| ST
ELISA®] o]&¥ e HFoll ARSAA 7hzte] Amde}
Ao gt opiEe]TFe] Azt T (outer membrane
protein: OMP)E FZ3}0] ©]8-3}%Tth MaxiSorp 96well
plate(Nunc, Denmark)®]l OMPE 0.05M sodium bicarbonate
buffer(pH 9.4)° &A3ted 7} welld 0.3 pg/100 pL? 5
Sk F 4°CollA 16~24A17F <9t EH”S -, TPBS(0.05%
Tween 20/PBS)E 3W¥ A|Z 3}t PBSol 1% bovine
serum albumin(BSA)E 3]4J(BSA/PBS)st] ZH7te] welldll
B8 3 37°Col|A] 2A17F 5%t blockingslal TPBSE 3w
At b d3 BB AEE 0.1% BSA/PBSE
At 34ste] 37°ColA 2417k &<t wk&§ 5 TPBS=E
3 AFHSAT 22k FAZ= goat anti-mouse 1gGl
horseradish peroxidase(HRP, Fitzgerald, USA)2} goat anti-
mouse IgA HRP(Fitzgerald)E Z}Z} ARE-3}e] 100 pL/well
A 7Y, 4°ColA 16~24417F B1t RESAIZTE 71d 2=
tetramethyl-benzidine(TMB, Surmodics, USA)< 100 pL/
well¥ H7Fste] A-eolx kg &, 2N H,SO,= 100 pL/
well¥] 7] REE-S FESISATE 450 nm w553
Z(OD)E Z7siion, FFHYl gk 7]F2 MaxiSorp
96well plate®] blankoll WIg+ OD,s, BFake] 3METt & 7k
< d7tE AEsdY 2, 11, 18]

Enzyme-linked immunospot assay(ELISPOT assay)

ARdets [T v B 3EZolM BH|HE IgA
£ 34 fstd JF 47 F hAE SEARL 3 4|
AAEE FHsnh HRAERSE EHlEe ARd
specific IgA =4S 98 »F-2 IgA ELISPOT Plus kit
(MABTECH, Sweden)E A}F&-3tth ELISPOT plate®]
PBSZE 343t ARdz}s 1647} 53t 4~8°Collr F” 8l
PBSZ A& 3 T complete medium [10% antibacterial
antibiotic?} 10% fetal bovine serum(FBS)°] 3Z3HE RPMI
1640(Sigma, USA)[S 200 uL/well® F7}ste] 3082 &<t
A2 A1 blockingF$I T}, 100,000~500,000 cells/wello] &=
E vZMEE ZF welldl 258 $ 37°C, 5% CO, &71°|
A 16~24717F St vttt PBSE 7 wellE A3 5o
HAZE A|ASIAL detection antibody(anti-IgA-biotin)E 0.5%
FBS/PBSell 1 pL/mLE 3]4{3}e] 100 pL/well® 53+ %,
AollA 2417 FF REEAIZAT 0.5% FBS/PBSO 1:
100022 38438t streptavidin-HRPE 100 uL/well?] 53t
T A2oA 117 FeF HESAIHTE Ready-to-use TMB
substrate solution2 100 pL/well¥ &3] spoto] F-310]
vehd w7bA] 10~302 F AMAZIAL AlH e 5, F3E9]
7AZ35}e] ELISPOT reader(Aelvis, Germany)Z spot2 =74
skt

SAHEN

FAA 3142 one way ANOVAE ©|-8315121, ELISA
9} ELISPOT A= p value <0.05¢1 7% F2l4do] =
Zog WAL Folido] A== 7T, Tukey] v
H2 3783} Dunnett®] SRS F7H 02 AAsto
7ke] ol S BTt [6].
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4 SE-Mutant-Peritoneal(EMP)
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o SG-Wild type-Peritoneal(GWP)

e Control
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= ST-Wild type-Oral(TWO)

o ST-Wild type-Peritoneal(TWP)

Fig. 1. IgG1 antibody titer of serum. (a) S. Enteritidis, (b) S. Gallinarum, (C) S. Typhimurium. Asterisks (***) indicate a p value

of <0.001.
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o2 HEY FME 1gG19] 3718 Btk dF 2194
o= oREEFe} HlolF BT HJE RS}t FHshA Hlss
g FEo IgGl 97HE vEhieH, tixdto] Hls| of
15~1.68] =& foA Ae 2ol HATHFig. o).

3719 AxE aoksle], JE 21949 drde wols
of tigh JF 7A=Y 1gGl 97F] zpolE Bl th(Fig.
2). SG HiolF= HE=e} FaastA vzl vja ¥ o
£ zolE HolA °}°]'3‘)r, SE ¥ ST ®lol5= A+ ¥
S 2 gzl vla] of 13~1.48 E& 9712y

Ehict.

OFRAMIMLl 1gA |7} Z=A}

AE2e 83 U IgA £7< vwsly] 98 Amde
OMP&lol| Eo]Zo] ELISAS AAJ5le] kAdule-s =43}
S THTable 3). SE HET2 WHolF7t HEA 29 FASHA

HE 5 8, 14, 2194 25 PSS vehlleon =2

E=E Control
SG-Mutant-Oral
P2 SG-Mutant-Peritoneal
=1 SE-Mutant-Oral
E3 SE-Mutant-Peritoneal
’ ST-Mutant-Oral
ST-Mutant-Peritoneal

Log, IgGl1 titer

Strains

Fig. 2. IgGl titer of serum after 21 days. Asterisks (¥**)
indicate a p value of <0.001.
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3H I3 U IgGZ-J Z3 AR zJuLoﬂ}ﬂ BH)sl=
IgA <5 BlaLeh] S8l 7474«1 A Fi AIEE Ui
O % ELISAS AASISAIT oWt oM Fgukgol 1t
ERA] 289k, 7F sk 2 = itk

Fl

I HiE o
lo Ol'ﬂ

30
lor

T
E

:

mdat 50| IgA 2H| HIE ME = 53

e 47 5 B3 Mo 2 RE vAEE FE3] o]
£ F ARdE E5o] IgAE BH|s= MXZ 48 ELISPOT
assayS AH&-ste] Z7g3S1thFig. 3). 2 QJJF spot 52
7ol Slo] SE ®lolFE ZAFE JEe 2olM 7P =& @
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Table 3. Serum IgA titer to different Salmonella serovars (ELISA)

Days of post-infection

Strain Route 8 14 21
Positive / total lee(ﬁz itltse.r]) Positive / total lee(ﬁzitltse.rD Positive / total Nll“;%itlsr])

W 1P ND ND ND ND ND ND

PO 1/4 49+0.0 0/4 <49 0/4 <49
SE P 2/5 54+0.7 2/5 59+0.0 4/5 6.7+1.3
M PO 5/5 53+£0.6 3/5 6.2+0.6 5/5 6.9+0.0
- P 4/5 49+0.0 4/5 59+0.0 5/5 6113

PO 0/4 <49 0/4 <49 0/4 <49
5G P 0/5 <49 0/5 <49 4/5 54+£0.6
M PO 0/5 <49 0/5 <49 3/5 5.6+0.6
- P 0/5 <49 0/5 <49 1/5 49+0.0
PO 3/5 52+0.6 4/5 54+£0.6 3/5 56£0.6
ST P 5/5 53+0.6 4/5 62+1.0 5/5 63+0.6
M PO 0/5 <49 0/5 <49 3/5 56t£1.2

Control 0/6 <49 0/6 <49 0/6 <49

SE: S. Enteritidis, ST: S. Typhimurium, SG: S. Gallinarum, ND: not done, W: wild type, M: mutant, IP: intraperitoneal, PO: per oral.
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Fig. 3. Measurement of Salmonella specific-IgA secreting
splenocyte levels against after 4weeks of infection. The
number of splenocyte was measured by ELISPOT. Compared
with the other strain, SE mutant strain elicits the highest level
of IgA secreting splenocyte. Data are expressed as median,
interquartile range and range of values. Asterisks (*) indicate
a p value of <0.05.
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£ uhgo) et BAeR FJES T 7] XY o
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H|wA 52 $F° %9%‘ W85 Blo, 3FAd= 3
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FUOE A7) R vIEIE Jolk 42 F ek
Tt 3, = A2 wE IgGl HY Hk2-o] zlo|=
Y BAow HJEW 22 FF 15 wel 1gG1el 7t
aBHE W, A7 459 PN 4E 2EANH
1gG12] —2—7}7} -VJrﬂHQiE]- ol B7} HAxo| AF HEHT}
H 2 HAEE ASAA HE e fzee) el
o S uoleh A
JERUSEFE Ry

[eG1Zt fAFSHA, SE ¥

ST ®olF HFwro] oR¥EelF HEwhtt By &

o H e SR WNee Ryt 5G9 45, BF
127 5o S /Ao W7tel S1 diolis e,

IgA—‘: HE T 149 u]ulo A H)wA Lo ORES B

H, HF 35 Follok FEC] TIsIiE
Hh-g-o] lgA—“iE]r W= vehtr] ool [22].
IgAS FHIshe BHZT9| & S4sP7] 913 ELISPOT

assay 94 SE WolFE AT HFE Zold /g we

T @ 19spot/10° cells=  YER AL THp < 0.05).

Strindelius 5 [21]& AT WALS nfg2olA HEE] 36

d T BT ZelM FA 5ol gAE #Hleke AlEE

ELISPOT assay®= =43 A% 1,630 spot/10° cells®] m-5-

ol& IgGH

e FEow Gl nusdy. i 7 A4E
N o, B ATATN Ae £R7h v e Qew

eRdAer Bde 2o vlwe o SpHolFs) the 4
wdeh FFuT o B $AE el

ool mh92: WHA 1gG2o] WelugL ZAwA
ghedl ol oFsshe e Al FE 1gGlt 1gAS A
ety e R AdE) [5, 14]. £ vhe-s EH W 5
o]#¢] IgAQ] 7S =43 EO"Z]UP o Lo S0
HAYRE-S Kol 7k= A= o ]lSlth IgG29} Y
A IgAS] BB GE 0T UL B2 UYE S
s} 744l AT 5

obgel AEbihY Hele %—@E e zwfg g7} glo
22} gk

o] AL YA U Ul Auwels f
whe dudet #5E AU 98 b dude 9
93 SE, SG % STl o) 47 WEH B4 4FL A
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sl 1gG13 1gAS 7P Zo] sk @3 ge HolE
ELISAS} ELISPOTS F3l| Adstaz} § Aoty 1 Az
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S 7P & fEshs ZloE JEit

B ArddAEs S, 7K ARdE 93F F o
TYIE Stehs WA SE WolE A7E HETE

Aoy WY R AAAGS M B frEske A0 89l

=Tt

aAlel 2
B AT FURMAEY AN AR <))
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