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SUMMARY

In the last few decades, various diagnostic test methods have been developed for the
successful surveillance and control of Brucella infection. The standard diagnostic techniques
for brucellosis include the isolation of causative organisms through bacterial culture,
molecular assays for bacterial genome detection, and serology through antibody detection.
Bacterial culture, however, requires biosafety level 3 conditions and a skilled expert, while
genomic detection 1s a rapid but limited technique for the recognition of active infection.
Current serological assessments are more reliable and generally approved.

For the serological diagnosis of brucellosis in animals and humans, classical methods, such
as the Rose Bengal test (RBT), agglutination test and enzyme linked immunosorbent assay
(ELISA), have been widely established in various countries and are preferred in routine
clinical practice. However, more enhanced sensitivity and specificity in the confirmatory
diagnosis of brucellosis are still needed.

Consistent with these assessments, the diagnostic antigen used in classical serological tests
1s commonly derived from smooth lipopolysaccharide or O-polysaccharide as an
immunodominant epitope for antibodies secreted in the humoral immune response. Despite
the strong immunoreactivity of these common antigens, the specificity of LPS-based assays
is assumed to be low, reflecting cross-reactions with other relevant bacteria, such as Y.
enterocolitica O:9, which conserves the similar O-polysaccharide composition. Accordingly,
diverse modifications in the diagnosis of brucellosis have been examined to overcome the
limitations arising from the immune response against Brucella infection.

To determine reliable immunogenic proteins to detect Brucella abortus infection according
to time course responses to aid in the appropriate management of this disease, proteomic
identification through two-dimensional electrophoresis (2DE), followed by immunoblotting,
revealed 13, 24, and 55 immunodominant B. abortus 544 proteins that were reactive to sera
from experimentally infected mice at early (10 days), middle (30 days), and late (60 days)
infection periods, respectively. After excluding several spots reactive to sera from Yersinia
enterocolitica O:9-infected and non-infected mice, 17 of the 67 immunodominant proteins
were identified through MALDI-TOF MS. Consequently, the identified proteins showed
time course-dependent immunogenicity against Brucella infection.

In addition, this study examined novel immunogenic proteins that can be used to detect
Brucella abortus infection or as an effective subcellular vaccine. In an immunoproteomic
assay, 55 Immunodominant proteins from B. abortus 544 were observed using two
dimensional electrophoresis (2DE) and immunoblot profiles with antisera from B.
abortus-infected cattle at the early (3 week), middle (7 week), and late (10 week) periods,
after excluding protein spots reacting with antisera from Yersinia enterocolitica
O:9-infected and non-infected cattle. Twenty-three selected immunodominant proteins

whose spots were observed at all three infection periods were identified using
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MALDI-MS/MS. Most of these proteins identified by immunoblot and mass spectrometry
were determined by their subcellular localization and predicted function.

Moreover, to develop alternative means that can distinguish between these two conditions
without utilizing lipopolysaccharide (LPS), this study was an attempt to determine the
efficacy of combined recombinant B. abortus outer membrane proteins (rOmps) and
individual rOmps in the serodiagnosis of brucellosis by enzyme linked immunosorbent assay
(ELISA), utilizing both that standard tube agglutination test (TAT)-positive and —negative
serum samples from Korean native cattle. The results are very interesting and promising
because the combined rOmp antigens used in the study were highly reactive with the
TAT-positive serum samples. The combined rOmps sensitivity, specificity and accuracy
were 215/232 (92.67%), 294/298 (98.66%) and 509/530 (96.04%), respectively. While these
results are preliminary, the tests performed have very high potential in the serodiagnosis of
brucellosis and likewise, the combined rOmps can be used for future vaccine production.
Moreover, we investigated the possible use of the B. abortus outer membrane protein A
(OmpA), Ompl0, Ompl9, Omp28, Ndk, mdh, bfr, aspC, livF, tbp and several hypothetical
proteinas a candidate recombinant proteins for serological diagnosis for bovine Brucellosis
including latexbead agglutination assay, dip stick assay and wandsich dip stick assay
application. After application, the results of these diagnostic tools was compared to those of
TAT and Rose bengal, resulting that the sensitivity, specificity and accuracy was lower
than those of ELISA using rOmps.

Eighteen recombinant proteins, nine proteins (Ompl0O, Ompl9, Omp28, OmpA, Omp2b, SodC,
AspC, OsmC, DPS) with pMal vector system and other nine proteins (OMP28, mdh, tsf,
rocF, 0628, Bfr, TbpA, OMP10, OMP19) with pCold vector system, were expressed and
purified by mass production system using His-spintrap column. Those proteins were used
for the serological and immunological analysis by SDS-PAGE, Western blot, ELISA, and
ELISpot. When the recombinant proteins were reacted with bovine positive sera, OMP28
showed high reactivity both Western blot and ELISA.

In the cytokine production analysis, production of TNF-a was increased after 24 hours in
RAW 264.7 cell stimulated by six recombinant proteins (OmplO, Ompl9, Omp28, OmpA,
Omp2b, SodC). Of these proteins, OmplO induced the highest production. Also, production
of Nitric Oxide, TNF-a, and IL-6 were induced in RAW 264.7 cells stimulated with nine
recombinant proteins (OMP28, mdh, tsf, rocF, 0628, Bfr, ThpA, OMP10, OMP19). However,
IL-18, IL-12p70, and IFN-y were not detectable in this system. Production level of IL-6
were started in the increase of the production at 8 hours in RAW 264.7 cells stimulated
with 0628, Bfr, ThpA, and OMP19.

Immune responses were analysed with the eighteen recombinant proteins in mice and/or
bovine. In mouse, the proteins were intraperitoneally injected by 30 pg with complete
adjuvant in BALB/C and booster injections were carried out with same amount of the
proteins with incomplete adjuvant in 14 days. Sera were collected at 3, 7, 14, and 28 days

after the injection. Then, production of IgG, IL-4, and IFN-y were determined in the
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mouse sera using ELISA systems. Omp28 and Omp2b expressed with pMal vector system
were showed high production rates of IgG, IL-4, and, IFN-y.

OMPZ28, 0628, Bfr, ThpA, OMP10, and OMP19 expressed with pCold vector system induced
the typical production of IgG and IgM in mice. However, OMP10 showed different pattern
which was gradual increase of IgM production until 28 days.

In the analysis of immune induction of the proteins (OMP28, mdh, tsf, rocF, 0628, Bfr,
ThbpA, OMP10, OMP19) using cytokine production (IFN-y, IL-2, IL-4 and IL-5) in the
naive splenocytes, production of IFN-y and IL-2 were increased in 12 hours after the
stimulation.

However, the immune induction showed different phenomenon in the immunized mice.
Splenocytes were collected from mice immunized with nine recombinant proteins (OMP28,
0628, Bfr, TbpA, OMP10, OMP19, mdh, tsf, rocF) at 28 days after the first injection and
the number of antigen secreting cell were analyzed using ELISpot after stimulation of the
cells with the recombinant proteins. 0628, TbpA, OMP19, and mdh induced high number of
IgG-secreting cells while mdh and tsf induced high number of IFN-y-secreting cells.
ThpA, mdh, tsf, and rocF induced high number of IL-4 secreting cells. Number of
IL-4-secreting cells was higher than the number of IFN-y-secreting cells (p<0.05). These
results suggest that those antigens might induced Th? immune system rather than Thl
Immune system.

In the analysis of the induction of cytokine expression in bovine peripheral blood
mononuclear cells after stimulation with eleven recombinant proteins (OmplO, Ompl9,
Omp28, OmpA, OmpZb, and SodC in pMal vector system; OMP28, mdh, tsf, rocF, and
0628 in pCold vector system). Omp28 and Ompl9 expressed in pMal vector system induced
high production of IL-18 and TNF-a. With the recombinant proteins expressed in pCold
vector system, production of the cytokines (IL-6, IL12p40, IFN-y, TNF-a, iNOS, IL-18,
and IL-4) was induced in time and dose-dependent manners. Especially, OmpA expressed
with pMal vector system induced high expression of Bax and TLR4 genes, which are
related with apoptosis.

Through those experiments, mass production system of recombinant proteins were
established. Immune induction in naive and immunized immune cells were analyzed.
Generally, Th? immune system was induced by most of our recombinant proteins than Thl
immune system. The results of our experiment suggested that OMP28 OmpZb, ThpA, and
mdh induced the Th? immune system and might be candidates for diagnostic analysis of early

brucellosis detection.
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A & E coli DH5aS ©]&3F transformation
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k-2 A A EFZ cell line?l RAW264.7 cell
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A9 in vitro AEEA Y
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- FEE4 A4 5 AEF
of] A FolE= dAdgad
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ELISAE =74
o WANHANET ZTIFY
2 HAAE #TAAD F
microarray S A Alste] WS
#E FAA F 2d S/
2 AES At HAHE-
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©

o g2

vtz A A EF (RAW 26475 ©]&

st AHNAA (jn vitro) WIS H}
- AHGIYAd I AF ol AUE Wi AT
ol ] cytokine A4 #FS ELISAZ =4
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Elge]
A A

a

] &)
=
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ke AAsdon ¥ Fas

=

— —

o
I~

7
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AAN (in vivo) &
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1

g% 37}t
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Ao A Fd Fo] A
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- Ay B8 AU)E Egsty
cytokine % chemokine %59

U, A 45 =AY

o w92
AAA (In vivo) BG4 Z
-84 A7 9 g4 W g

(BALB/C)oll 119
T8 Hrt A4
3.

- H]ZAAME (splenocyte)E A FH st dLdekia 74
2+ A A cytokineS ELISA =4
- BFAAEY gdekil A )3l activated B cell A

i

gtel& 913 ELISpot =4

« EA%E ok F FAA
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o
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9l+= Western blot 7]
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4 oz oo

o EAZTES AFAFH (in
vitro) SFME HYH&H
7t
~EXFE e el <

macrophage cell line &H

o EXFE WIEAFTH
3 7}

- 2o WYuks #d FHA
of tigh primer Az % o]

= A3l sk
quantitative real-time PCR
L

- g Fo A7 H Fo
ol mE WoRks AL &
2

A MEFA FHEE
A, cytokine 59 A
5 2}

GEAE (PBMC)E oo
of 1HRGYN Fdo= A
T Ay E, Folgkd PBMC TE

o] quantitative real-time PCR
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ATy o]
BT ey a8 gowy) A e
o Ad® HZA 39U spotsE picking?d T =H
. wzy Fd9 EHRA enzyme(trypsin)& A #3ked  Aebxl  peptide
oL jﬁ%?}z‘noq AB*P—' b fragment= 2] mass @& FAsL T A ¢
2 arcor o n s e MS/MSEAE 8ol amino acid w74 27
-LC % MS/TOF ol g& @Al 7 "o o= O 0 A o b S
Srelchma Ba w = 4 mass@E 23 atabase search&
O O
vy A 3L tiul 7 o O Az AyIAe
uweey gauwae f| O IR A FARHA A G719
. ) . 71%%  primerg Al#Fstal PCR S3AME I
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L& O E 3 nl A A
_Aze @ wd  w nH s Sl recombinant_protein-s gt —
West blot mae =z © IPTGE ©]&3 recombinant protein® W&
<AL ARAA>| LT o 0 ° T #E@ 5 pCold purification Fd AAE A=
HF 50 e e FFATM AL SDS-PAGE %2 B FA4
n = H99S olast o =aale] el
oAt Swrz ab9lo] cell line 7hele E%E 183 Western blote& “aste] &<l
TRAGA L | L ot m gl o8 R Hdd el
2 R WA= O I S ARS8 e A AR ol cell ine?] RAW2647 cell
I
agey | o AAY FNBNAEE FERQ, 5 10, 50,
AG719 7 100 pg/mDE A3 F MTT assays o] &3
AEEAS 24
1ol o Sl HAa9 za A4 @
e F9zHe o wugs o G900 MEEe A4Ud L9 44 5
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(Western, ELISA %)
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R
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28. A0 21t

1. A1AF-3A 23

1) BEAg adgdy dAEdd daE 5 FolA)
(1) B34 #4399 F% % 2DE(dimensional gel electrophoresis) 41 %3 74
g WS o] g3

B2 Brucella abortus 544 7T 25H F&9 AAstdadwAd
W 9 silver stain® 433+ % Image master 5.0 (Amersham Biosciences)
Alel] 2 Ay, BfAg dAdld2 Ry F
JRom oHkE AHS Foto] HA o
AN (Fig. 1).

pH7

s 2

o BRFAR FAgdEAde] 2DE ¥ silver staing F

1 s 2
WY FA.  Brucella abortus 544 w25 H FE59 dwAGWAZREH F 1181

Mol G spotsE FAT 5 A5

E A7 199l dds HEshy] 8 BeAe g vpeas
A271(109), F71(30¢) 2 27](60¥) EHS o83 2DEE S w24
Z owAS Western blote 2 EAs E Ay gdx7)

immunoblotting spots (Fig. 2A)¥} o]¢} -3t 2DE/AS] @& spots (Fig. 2B),
Z=71(30¥)o = 2470 ¢] immunoblotting spots (Fig. 3A)¥} o]¢} <43t 2DEAMS]
Gl A spots (Fig. 3B), 271(60¥)0l+= 54702 immunoblotting spots (Fig. 4A)%}
o] &} A&3t= 2DEN S @A spots (Fig. 4B)= S8 5 Slsldh

=
)
e
=
als
—
w
=
Lo
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TG ehesEy
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(3) AdsE FAAVIE ALY FY v 5ol4 vbg 5—1 tE e wapgkES
AA 7171 918 v Ad w29 B. abortus®] LPSS} 4 0] FAFSEY =2 Lyt
S-S Moli= Yersinia enterocolitica O9 7+ vh-$- /\4 S olgd 2DEES 53|
wolE BEAg FA g AS Western bloto 2 4] 3 -“ﬁ: A v v~ d
Ayto] vlEo]A wrg o7 veltE 7709 immunoblotting spots (Fig. 5A)3} o] ¢}
A-8-8h= 2DEZAe] wl A spots (Fig. bB)S #elstd o™, Y. enterocolitica O:9 %+
g w2 "R A vrgo g2 YelhE 14709 immunoblotting  spots  (Fig.
6A)Z} o]} g3k 2DEYS Tl A spots (Fig. 6B)= &<1e 4 Atk

20 -
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dehde dag + 99

474

A3} Y. enterocolitica
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371 (Fig. 7B), &71(604)°l = 871 (Fig. 70)=
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spots¥} Y. enterocolitica O:9 g vl I3 9]
& spots< A ZE7I10Y)el 171(A), F71(30¥)el 370(B),

st

. zF ¥k-g- spotsHe]
171600l 87(C) = YERS.

B) HAFE FEAVIE 1AL LS TEety] HE BFAdet g AR FE
TAZ7121Y), T71(49¢) % 47](70¢) EH S ol &3 2DEE &3 wad & &
waS Western blotez  #Ad E Ay AHx7]@21Y)d= 134719

2 g
immunoblotting spots (Fig. 8A)¥} o]} AF&-st+ 2DEe @9 spots (Fig. 8B),
Z71(30¥)el+= 110702 immunoblottingspots (Fig. 9A)¥} o]¢} A-3-3t= 2DEA 9]
A gpots (Fig. 9B), &71(609)o+= 10671¢] immunoblotting spots (Fig. 10A)%}
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6) HATE FAA7IE 1HGLA] Fd9 v Eol3 g 9 o d3e] wAdhgS
A A1 71 7] Y8l w7 A9k Y enterocolitica O9 7 A9l dAHE o] &3] 2DE
= 53] By 238 #AEWMAEAS Western bloto 2 A3 2 Ayl w7
2 dH Y HEo)d wmeor EUE 25709 immunoblotting spots (Fig. 11A)
I ol Agst= 2DEAYS ©¥iAE spots  (Fig. 11B)S  elstgiow, YV,
enterocolitica 0:9 #4 4 dAIe] wawkg-o 2 YeEt= 25702 immunoblotting
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Table 1. A3 s= AAA7|E B5Ade} dAZ LG Do HgdA v,
Antisera
immunoreactions | No. of matched protein spots Mean no. of protein spots % Similarity*
compared
Spotno. No. Mean no.
10 day 13
All 3 sera 0 30 day 24 30 0
60 day 54
10 day 13
10 day vs 30 day 71 1 18 5.56
30 day 24
10 day 13
10 day vs 60 day 8’5133'5238’ 5 33 15.15
- 60 day 54
6,10, 12, 30 day 24
30 day vs 60 day 22,51, 64, 8 39 20.51
68,82 60 day 54

* Percent similarity was calculated as the number of proteins common to the antisera immunoreactions compared
divided by the mean number of proteins in these antisera immunoreactions X 100.

(<))
15B), a5 71(494)2F 271(704) 2t LA 4
o, 37kA A k2

gled 4 AdAH (Table 2).

~
I
B

BEA dAgdek o] W
o} F71(4949) A3 vkget= F
o] FE spotse 107H(B), #FA=7](30Y)e 27]
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(3)

(60¥)2] F%F spots< 470(C), 37FA ZAEAI719] 4 Ao FF spots< 747H(D)=
e

=] = = &F o o =]
Table 2. 54 &= AN 7E BRAde} dAGdGyde] Wy vada,
Antisera
immunoreactions M., of_m aphed Mean no. of protein spots % Similarity*
compared protein spots
No. Mean no.
21day 134
All 3 sera 74 49 day 110 117 47.01
70 day 106
21 day 134
21 day vs 49 day 19 122 15.57
49 day 110
21day 134
21 day vs 70 day 10 120 8.33
70 day 106
49 day 110
49 day vs 70 day 4 108 3.70
70 day 106

=2

1

N

2 O o rrd

* Percent similarity was calculated as the number of proteins common to the antisera immunoreactions compared
divided by the mean number of proteins in these antisera immunoreactions X 100.

AY 9 BASE gAY nagay F99 w9l @ BY 2% 8PS B3
3

AAI7IE A
TE spotsS E5F ujA
Y spotst 170, H45=
< T8 HAEEGAG

) A
A B 294 O Bes g90T 5 AJd (Table

No. of non-matched protein spots|
with negative sera and positive Antisera immunoreactions compared with mice antisera
sera of ¥ enferocolitica
) Antisera ] bvana e o — No.of ‘malched ) Anﬁscm_ No._of _mawhad % Similarity®
immunoreactions protein spots |immunoreactions | protein spots
Matched protein 10 day 5 3.73
spots of all 3
bovine sera 55 17 12 30day 11 10.00
(21,49 and 70
days) 60 day 11 10.38

* Percent similarity was calculated as the number of proteins common to the antisera immunoreactions compared
divided by the mean number of proteins in these antisera immunoreactions X 100.
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(1) A¥sE FAA7IE 1HgLd Fd9 =23 A4S &8l 5] ®jkg 2 bk
S5 BT aAIAZ HA 9 spotsS 1712 AW¥Wste] LC 2 MS/TOF #2418 o]
£33 nEAe wAgddnd s d BAS §E2 Ay, gd 27111099 57130
)= hypothetical protein BruAb2_0845, 7dZx71(109)9F L7]1(60Y)0l =

S-adenosyl-L-homocysteine hydrolase, elongation factor G (EF-G), elongation
factor Ts, lipoprotein Ompl0, 7 571(304)2} 27](60¥)el = serine protease Do,
lipoprotein  Ompl9, betaine aldehyde dehydrogenase, DNA-directed RNA
polymerase subunit omega, immunoreactive 28 kDa outer membrane protein, 50S
ribosomal protein 1L25 7} &4 % At} (Table 4).

= =] = o 5) o =i =] KR
Table 4. 23 sE FAA7IE B2 adgdy dde LC 2 MS/TOF 4
g gy 54,
";;{ Atk sty :anm-m GenelD | GL Pn:hn--‘hﬂﬁ:ﬁl} Protein ID ms"‘_"\m% Score M pE: | Somemee
| | |
B. abormus Yersinia nhl l
Poasitive Negative Positive
10day | 30day | 60 day
8 N HD ND ﬁm\ 3340968 @ YP_221940.1 Q370Q% | 694 m:‘:"IJ 306 T6301 | 76235 505 18
0 | W o | o AL 33006 (62200288 serineprotemeno Y 7220811057 | 524 PUARLTY sz | sszas | ss20s | ase | a0
iz | ND W | M0 | ompis | 3340028 lipoprolein Omp19 | YR 2225771 BOCI0S | 534 3“"’:’—“ 337 | 19198 | 19710 | 581 20
o | betaine p—
13 ND ND | ND beB | 3339662 62289523 1 I"“"' YP 2213151 QS7EI0 | 487 b 312 | 51044 | 53514 | 530 26
| D-amino acid BruAbZ o3
2 | W N> | WD | dsda |3341955 623 ye 2o gsroEz| 16 PUAET asy | asaer asto | 647 | 20
subunit
28 D m | WD af 3340671 | gt THYP_2218671 QS7CXE| 305 n’“‘fﬂ"’—' 270 | 31528 | 31491 | so02 s
53 ND ND ND ompl0 | 3342161 (62317036 lipoprotein Omp10 | YP_222889.1 POA3PO | 381 m‘;';z-‘-” 197 | 13908 | 13260 | 663 32
[DNA-divocted RNA. BruAb1 08
™ W | Mo | spez | 3339864 62317250 p Yo 22140 Qs7io1| 133 PRI yop | uasez |wasua | 4z | m
| InEmmOTeActive 28 JBruAbi 14
e | m Mo | ND | omp2s | 3339599 62285901 e zzzisea(rewors| 753 PN 101 | aeesr | 2ese | 513 | om
proloin
7 w [ w | o PRI g o0 mum_nns' e 223sess| Qsrrsr | 1mr PUARESY goo | assos | 1851 | sen #
 — dodi . BruAb2 03
74 | ND ND | WD | ND | sod€ | 3341416 623174 A YP 2233070 P15453 | 173 gos 283 | 18233 | 18131 | 624 a
BruAbl 14 ! | 508 ribosomal BruAbl 14
82 D ND | WD 55 F340810 62289118 ae [YRZ222001 QSTRYZ| 207 = 171 | 72368 | 27383 | 591 47
ND?, not detected
=X e [) = ) © = &) o
(2) HAFEL) FAAZIE 1Hg99d A4 3 spots T A EFF2)A A H]
E © o Z © o = : Ko o el = A5
Sojubg 8l wHkE-S B wjAAZl AA 9] & spots¥= 12707F YA St
= =]

gom o T AIdFES FHH I Hrgor MEHHE spotse 37] (aldehyde
dehydrogenase, malate dehydrogenase, superoxide dismutase, Cu-Zn) 9 &<l
T UAT. 1 T FURESAol =2 5719 spotsS 1AAHO R AWEe] LC ¥
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=
"'—éie

MS/TOF
membrane protein, 31 kDa, OmpZ2a, porin, Omp2b, porin, Leu/Ile/Val-binding

family protein, OmpA family protein’} &7 ¥ 1t} (Table 5).

ol gal BFAde} wAFAdEWd w4 2 FAE sE A, outer

S =2 o 7 =1 o
Table 5. %2 3 d3des ZAAA7IE BRAG uddgdd sdde LC ¥
1=} [e] =
MS/TOF #4& &3 @id 54
Gena ID Gl Protein Protein D logm | 1OCUSDE | Soore Mw pr :;),w
B.abortus i
a
mice | bovine
3z 164 NI ND | omp31-1 3340872 in,31kDa YP_222291.1| E&WIS1 786 |BruAbl 1608 332 2701 274|521 0
k5 188 ND | ND | ompZa | 3339453 | 62289558 OmpZa,porin | YP 2213901 | Q44620 966 |HuAbl 0655 274 | 34228 34535 436 22
'::;‘ 39 189 ND ND ompZh 3339995 | 62289600 OmpZb,porin | YP_221393.) | Q44619 1128 |BruAbl 0657 310 38482 3ETIF 541 32
45 01 ND ND LivF 3787897 | 82700119 milyprotein 'n_}_ugzu RYQMO 1092 | BAR) 1313 | 358 38444 38613 590 2%
&7 753 ND | ND | ompA 3340717 | 62290115 |OmpA family profein YP_72219081| QSICT7 | 663 |BruAbl 1209 260 | 73367 23008 | 604 20
ND*, not detected
e o 1=} ) = = =] S Sk o
BEYAY FAG BAS BE SYRA L A2 FA AN
[ o) e = SO o [e] 1=
() e ameey AR § gnegel B Omploel fa wuE E

pPMAL purificationS 33 2 ZA¥ J,} Z2 ow Zél(lOkDa)O]
PMAL vector(42.5kDa)°ll | Z% % recombinant protein® Z A =7](52.5kDa)ol A
dhdo] fFdE S ged 4 o (Fig16A), BF A A nfe2~8H S ol &3] 4
AE Az dMAS Western bloto 2 A3 2 A iz (empty pMAL
vector?] maltose-binding protein; MBP)¥} W3] #jzzgchul o]l B2 Aglef] sk

protein ¥ %= %

o]

GRS S FAdT = JAH(Fig.16B).
B kbpa 1 2

= T

100 — v

70 -+

50 - o

35 » x

25 —

20 —
Fig.16. B4 FAsdtwza Omploe &d % WA 4. OmplO(10kDa)
o] pMAL vector(42.5kDa; Lane2,4)°l AZ% ¥ recombinant protein®] A =7|
(52.5kDa; Lane3b)ol Al walo] =S gHeldd 4= gl o (A), Western blotS =3l
) 2= (MBP; Lanel)¥ w]us] Az A (Lane2)] BEFAgke] sk &duk-s-A

o] &NdB).
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(2) =y 1HGAA Fadild F gYadkgAgo] =2 OmploY FHA &4 2 5
A S s B Ay 5% o9l A (19kDa)e] pMAL Vector(425kDa)°ﬂ A 8t
¥ recombinant protein®] A4 =Z7](61.5kDa)ol A Tdol FEHE AT 4 do
o (Fig.17A), BF A} %A np¢~d S o] &3] Western blot o 2 T}\ 3 2 A3,
2= (MBP) 2 vlas)] AlxgFardide] Bfdate] oigh FUAnkgAds g 4+ 3l
2 tHFig.17B).

A kDa B kpa i 2
240 — =
140 — 100 —»| *
100 —|
1 70 |4
70 —| -
50 -
50 —~
35 —» -]
25 —
25 —|
20 — 20 —
Fig.17. B34} ?Xﬂﬂ-ﬂ‘%‘ﬂ”;‘] Omp194 2 oHAAA FA Ompl9(19kDa)
o] pMAL vector(42.5kDa; Lane2,4)°ll recombinant protein®] A =7
(61.5kDa; Lane35)ollA o] €& AT 4 Ao (A), Western blotS &3l
= (MBP; Lanel)®} w]wa] A 23kl d(Lane2)e] HF Ao ofsh Anrs-A
o] &A= (B).

(3) =y 1HGAA Fadtild F FadkgAgo] =2 Omp28e FA &4 2 5
4 24e & & 2y, 54 A @28kDa)e]l pMAL Vector(425kDa)°ﬂ A 25t
% recombinant protein®] AA Z7]1(705kDa)ollA] wdo] HFEHELS AT 4 glo
H(Fig.18A), BFAe} A w28 S o] 835 Western bloto 2 —c* & X Ay}
= (MBP)Z v 3] A zgggude] B2Agle st gYdutegds s £ gl
2 tH(Fig.18B).

B kDa 1 2
o e
100 -
70 —~ -
50 —~
35—+ |§
25 —
20 —
Fig.18. EBEFAg FAstdutmza Omp28e] wd % WA B4 Omp28(28kDa)
o] pMAL vector(42.5kDa; Lane2,4)°] A Z3%¥ recombinant protein® 274 =7]
(70.5kDa; Lane35)ollA o] 8-S AT 5 A2 (A), Western blotS &3l
) 27 (MBP; Lanel)¥} ®las] A2 (Lane2)2] B FAgko] sl kluk-3-A

o] &Nd®B).
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(4) 22d nWd9y FAdud F FLeNggol & Omp3l-19] Fala B4 9
B /“33 Z

a ® Ayl 27 oz (31kDa)o] pMAL vector(42.5kDa)ol]l A %

54 248
3t¥ recombinant protein® %A = 7| (735kDa)oll Al w3 o] FrES Feldd 4 9l
oW (Fig.19A), BFAz} %A n9 28 HS o] &3 Western bloto & A& 2 2
¥ =7 (MBP)# vlas)] Azgade]l HR A oist ggntgAds gl
T AN HFig.19B).
B kpa 1 2
W
100 — v
70 — .-
50 —
35—>‘
25 —»
. 20
Fig.19. BFAdz FAFddmd Omp3l-1¢] wad = wdddayg B4,
Omp31-1(31kDa)e] pMAL vector(42.5kDa; Lane24)°]l A Z3%%¥ recombinant
protein®] A7 A 7](735kDa; Lane35)elAl Tdo] FEHES AT o+ A2m(A),
]

Western blotS %3] thZ*(MBP; Lanel)¥ ®|ua] A 23k 2 (Lane2)2] B2 FA

gholl W3 FdnkgAdo] 2elH(B).

Ty A9 Fdaid F FATEAdo] =2 Omp2ad A 24 2 54
BAS Fas) 2 Ay 27 ez (33kDa)e] pMAL vector(42.5kDa)ell A % 3$HF
recombinant protein® # 7% = 7](755kDa)olA] wdo] FEEHS Qs & 3o
(Fig. 20A), BFAg 44 vf9-2dH S o] &3] Western blotoZ #43) 2 A
2= (MBP)Z vl sl Alz=gawde] Byt gist FAdSAS A = 3l

IS E]‘(Flg. ZOB).

B kDa i 5
240 —
140 —
100 —~
70 — i

50 -

35 —»

25—»;

0 |
Fig. 20. 254z} wAgddadwzd Omp2ad] &d 2 HoIgYAd 4. Omp2a(33kDa)
o] pMAL vector(42.5kDa; Lane2,4)°ll AZ %% recombinant protein®] A =7|
(75.5kDa; Lane3b)oll A walo] =S &ed 4= o1 (A), Western blotS 3l
2= (MBP; Lanel)® ®]alel] A=l d(Lane2)o] HEFAgto] ok 3dwk-g-4
o] A= DB).
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6) =E HAGAA FAdamF F FAurSAo] =& Omp2be FHA 4 2 5
A BAS e B Ay 24 o (36kDa)e] pMAL vector(42.5kDa)ell A %35t
H recombinant protein®] AA Z7](785kDa)ollA] L&Ho] FEES el £ 9o

M (Fig. 21A), 2542 A vh¢2dH S o] &l Western blotoz EA4e] & 2
S}, EFMBP)I vime] Axgdmde] nedete] od FAngde Fd

“)I\‘ S »;\K]'(Flg ZlB)

A kpDa L 2 3 5 5 B kpa 1 2
240 —+[
140 = Er i
100 — 100 —
70 —=| v == . -
'1 70 —
50 -
g ~— 50 —~
35 - .
: 35 -
*
25 —»
25 -
[ —
20 ~ 20 -

Fig2l. 254 dAgdeid Omp2be] #d 9 WAL 4. Omp2b(36kDa)
o] pMAL vector(42.5kDa; Lane2,4)°l A% %% recombinant protein®] A =7

(785kDa; Lane3b)olAl Hdo] FEE-S g1 4 o™ (A), Western blots &3l
= (MBP; Lanel)®} W] d] A z3tekd] A (Lane2)o] B FAete] tfsh kg4

ol &1 (DB).

A F FPukgAdo]l =2 SodCo FHA 4 2 54
ol A (17.5kDa)e] pMAL vector(42.5kDa)oll 2| =¥
recombinant protein® AA =Z7](60kDa)o A wdo] FLEHS 0T 4 Qo
(Fig.22A), B.FAe} %dA npeA~dH S o] &3] Western bloto & #4]3)

i Z=a"(MBP)# Blas)] Ax=gFatide] BgAdate] st gadnkgAdS

S tH(Fig. 22B).

A kDa 1 2 3 a 5 B pa 1 2
240 —
240

140 — E 140 =
100 = | 100 —

ed

=2 =
70 — 70 —

50 - 50 —

35 — 35 —

25 —+ 25 —»
20 -~ 20 —|

Fig. 22. 25 A #AZdddd SodCe o 2 WYL &4, SodC(17.5kDa)o]
PMAL vector(42.5kDa; Lane24)oll #Z3%¥ recombinant protein® 24 =7
(60kDa; Lane35)elAl #do] Frds AT o+ JA2M(A), Western blots &3l
)z (MBP; Lanel)® ®]aal A=t # 2 (Lane2)e] BFAdete] thdk 3FAvk-&4d
o] &2 H(B).
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H T dEEAdol =2 OmpAe A 4 2 &
T8 E Ay Zx awE(23 kDa)o] pMAL vector(42.5 kDa)oll A %
3% recombinant protein®] HA A 7]1(655 kDa)olA] Hdo] S xHS I3t £ 9
© ™ (Fig.23A), BFAet A vl9-28 A& o] &3] Western bloto = +43] £ 2
¥ g2 (MBP)# vlas] Ajzgadide] HRAdgd oigh gdnt-gAdS gl
“)I\‘ }\N\E]'(Flg 238)

y

il

et

A kpa 1 2 3 4 5 B xpa 1 2
240 — [7F 240 —
140 — | 140 —+
100 — r 100 —
70 - . - - 70 — |
- . -—
50 - 1 ﬁq-“ 30~
| - 3
- - 35 -
35 — | IS0
- 25
25 —» ! g = 1
20 = [ 20 - | s

Fig.23. BFAz #AdAddm A SodCe o 2 HAdA 4. SodC(17.5kDa) 9]
pPMAL vector(42.5kDa; Lane24)°l A Z3¥ recombinant protein® A =7]
(60kDa; Lane35)olA W&ol fFEdHS A& 4+ o™ (A), Western blotS &3l
= (MBP; Lanel)® ®]aal A 2=3Fetw 2 (Lane2)e] BFAdete] thak 3Fdvk-&-4
o] ZlHE(B).

(9 Wz 1HgYdy dddid F gantgdo] =2 LivFe 314 &4 4 54
BAS S8 2 Ay, 57 Gl (38 kDa)ol pMAL vector(42.5 kDa)oll A} %3
recombinant protein®] A =7]1(80.5 kDa)oll A W&o FrxHS el &£ 9lomn
(Fig. 24A), B A2 S w28 H S o] &3] Western bloto= A3 2 A},
2= (MBP)# vlas)] A=k de] Bgdate] gk gAnkgAds g0 + 3l

AtH(Fig. 24B).

A kDa i 3 5 i 5 B kDa 1 Z
240 —
240 — [
140 > 140 =
100 — — 100 ~
(e—— &
70 — [N 70 - ;
3= uay 50 -
35| -
5
0
¥
25 - E B
20 - L=

Fig. 24. 2542} #AZdGHAd LivFe 2d 2 Wgdd 74, LivF(38 kDa)o]
PMAL vector(42.5 kDa; Lane2,4)°] A Z3%¥ recombinant protein® 274 =7](80.5
kDa; Lane 3, H)ollA Walo] FEdS &2 4 9 o1 (A), Western blotS %3l
)z (MBP; Lane 1)3 vlaLel] Azl A (Lane 2)9] B FAeto] ojgh &dvkg
‘o] Sl HB).
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—

(10) E=d nHgdy FAdds

SodC, LivF, OmpA)2] Azt 3t =

e BFAY Gy 2THS

ol&3 AAdE A=

(Ompl0, Ompl9, Omp28, Omp31-1, Omp2a, Omp2b,

] =

"10%(5\_)9/] %L%@l—%}g% 7&‘%6’}-7]

Western bloto. & &

5= 12 =2
Hel) ¥ A3, x(MBPiLanel)# nlas] AxFoudse] BAEE(L)6
WU e A% 5 A ATHFig.25),

kDa 1 2 3 4 5 6 7 8 9 10

M= ]

100 — :

- sl

70 - - - |- - -

50 - ” b

35 —»

25

20 —
Fig25. 545 820N B #4939 Azxgandse) weldy 24, g
Aal o 428 HS o] &3t Western blotg 3 2 (MBP; Lanel)d} B3] #)

Z e =(0Ompl0;Lane2,

Ompl9;Lane3,

Omp?28;Lane4, Omp31-1;Laneb,

Omp2a;Lane6, Omp2b;Lane7, SodC;Lane8, LivF;Lane9, OmpA;Lanel0)?] =45 &

(Z2)ell gk FAnkgAdol gl

3 nWe Ay FREAe] AxLEY H7}

WE e AEGAY R AEHYS BN e HYALRY cell lined)
RAW264.7 celld]l G#l¥ A =S 550, 5 10, 50, 100 pg/mh= A & 2
3, YEEMBP)E RE FRoM AEEYS Holx 2gom 24 FAUNAEL BF
100ug/ml $EANE AEEHS 8% vwe] YEEE AEEHL BHoLt 50ue/ml o]
ol 05% olate] AE &R MESACl AAHA eoktl (Fig. 26)
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120

T %0

2 0 pg/ml
£ =5 pg/ml
= 60

3 510 pg/ml
£ 50 pg/ml
& 100 pg/m1

5

20

MBP ompl0 ompl9 omp28 omp3l omp2a ompZb SodC LivF ompA

Fig. 26. B3Ag} dASAdSdH D M54 F7E RAW264.7 cellol AA1H 3
A E0mpl0, Ompl9, Omp28, Omp31, Omp2a, Omp2b, SodC, LivF, OmpA<S &
(0, 5, 10, 50, 100 pg/mhH= AZA], & 54 FLAdINAEL2 100 wg/ml 5%
85% wgte] AEE T 50 pg/ml o]dHEE Al 95% o]t AEES HY.

B £750] nAGAY AZY FA AN L WG YA 7

D 2FAd nuday FAGY wE A bR F98 nuday 39 0% s
of 2 dEe] TAGNY 9 195 BFeho] F VI I BFAL Fo| WA
AxFGUe] YArHon], 7 Fdo) Be W s B4 I

(1) 12xpd =0 A] pMal vectore] & E Ompl0, Omp 19 @ Omp 28= pCold vectorE ©]
23} recombinant DNA 2HA4] 3 IPTGE ©| &3 recombinant protein 2& %= %
pCold purificationS 33l & ZAx, &4 oWz OmplO(10 kDa), Omp 19(19 kDa)
2 Omp 28(28kDa)¢] pCold vector(60kDa)oll 2} Z3%¥ recombinant protein®] %4
=7] Ompl0O(70 kDa), Omp 19(79 kDa) % Omp 28 (83 kDa)ollA w&do] FEdS
g & Jom(Fig. 27), BFA A AdT @HS ol &3 AAdE Axd

=

o

Western blote.2 #4243 2 Ay dix=(empty pCold T3} vl 3] 2|3
o

=

¢

o JZ o
i)

Ompl0, Omp 19 % Omp 28%F7F BFAdet P o] s vk v
o= ®kge] fAATHFig. 27).

ox md
[ AU

A B C

kDa M 1 2 3 4 kDa M 1 2 3 4 kDa M 1 1 3 4
100 — 100 — 100 —

63 — 63 — 63 —

48 — 45 — 48 —

20 — { 20—. 20 — .
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Fig. 27. B3 Adg}
=

28(28kDa)e] pCold vector(60

R
.|_4

R

g Ompl0, Omp 19 2 Omp 289 od 2 7495
4 e

. Ompl0(10 kDa), Omp 19(19 kDa) % Omp

Da; Lane2)o] A Z& % recombinant protein® %A

=
o] g3 H

do 2

=27]17F OmplO(70 kDa; Lane 3), Omp 19(79 kDa; Lane 4) % Omp 28 (88 kDa;

Lane 5)o Ao A o&o] Fx
Western blotS &3l A2
DR Aol g FAvkgAdol &<

]
Omp 19 ¥ Omp 28(Laned)oll A HH-$-

3 g = Jou(A), AdF HE o] &3
24 Ompl0, Omp 19 % Omp 28 (Lane 2, 3, 4)°
A RoH(B), A48T = AxFEHZ Omplo,
o]
o

o] U4EtA &= (C). pCold &AL B FA

KeR
=
s

2} %A (B; Lane 1) 2 <4 (C; Lane 1)oA] 25 Hkg-o] {1302

(2) H=d 1

pCold vectorg o]&

o

1t

recombinant DNA ZA] & [PTGE ©] €3t recombinant

rob

Y FAund F FAnsyel B AT birdl fA4 BHS %
%

protein 4d % % pCold purificatione G833 = Ay =% =z (19 kDa)o]
pCold vector(60 kDa)oll #} %% ¥ recombinant protein®] A% =71(79 kDa)oll A

do] FERS

B\ =2 Ag AL E bfre] 23 <
bfr(19kDa)°] pCold vector(60 kDa; Lane2)°l| %%
1

S AT F Jdom(Fig.2g), BFAet YA FAT-EAHE o] &3 AA
WS Western blote2 #2438 2 Ay o2 (empty pCold )3}
statulz o] B2t digk dAnksAd S &3t = A ATH(Fig.28).

1 2 3 4 5 6 7 8
kDa

- <7tk

- 8
d2 7

o2

2 AL ol g WUy ¥

F recombinant protein]
A7 A7](79kDa; Lane3, 4)dlA4] &¢do] FEES AT & 9o, #4ds dHS
o] 83t Western blotS &F3] oz (pCold; Lane5)TJr H]E'E?H bfr A =gk

(Laneb)e] HFAlglo] st gdnt-g-Ao] delyglon SAIAH = o=+ (pCold;
Lane7) 2 bfr Az d (Lane8)o A ¥k LEFYA] e

2 Ay B

4 Fdamd F FUurEsAdol =2 Al5F 0628 (Metal-dependent
Ax A4S 8 pCold vectorg ©]-&3gk recombinant DNA 2} A]
5t recombinant protein W& % % pCold purificationS 43} 3
2 @A (25 kDa)ol pCold vector(60 kDa)oll A Z% ¥ recombinant
4 A71(8 kDa)dlA Tdo] FrgS ST F Jom(Fig. 29A), X
AA-EHS ol & AAE AxF dHAS Western blotS 2 4] 3|
Z " (empty pCold &)@} vl Ajz=ghhuldo] B2 At gk &
o1 = AT (Fig. 29B).
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Fig. 29. B 242 #AFA ki a 0628(Metal-dependent hydrolase)e] w3 2 7+
+ @73*5 o] &3t WAAdA A mdh(25 kDa)e] pCold vector(60 kDaeoll A z3t%
recombinant protein® A% = 7](85 kDa; Lane2)olA @& o] %EQ—Q slol sl <=
Ao GA F AHA7|7F 2l A3 (85 kDa; Laned)(A), a5 S ol &

3 Western blot<

A kba 1 2 3 B kba 1 2 3

180

180 135

135

100 100

75 2

53

53

41

Y L o
1

30

Z3] Z+(pCold; Lanel)d} H] L3 Metal-dependent hydrolase

AZFHN A (Laned) o] D7 Aol td FANSHol FAHgon], SHAYT=

) =+ (pCold; Lanel)
AR 9F 85 kDa.

(4 w2E nHgay FAvNd F FANeAel e At msrAd FAA BAL

=1
=

3k pCold vectorE ©] &3t

protein W& & %

pCold purificationg <=3} 3

mdh A=A (Lane 2)ol A ¥H&-o] YeEbA] &3 (B).

o

h 4

o

IPTGE ©] &3 recombinant

A 5
BoAs =2 G (24 kDa)ol

recombinant DNA 2]

y >

d

pCold Vector(60 kDa)oll A} %% recombinant protein® A A =7](84 kDa)oll A &
Z

dol FEPL g

“IL_E

T o m(Fig. 30A), 2748 44
e

A2 HS ol &l %

= =
A xS G AdS Western blote® EAa] 2 Ay thZF o (empty pCold )
o °

I omlae] Axghduide] BRAge] digh FAwteAgs &eld 5+ AATH(Fig.
30B).
A kDba 1 2 3 B kpa 1 2 3
180
180 135
135
100
100 ! ‘(_
75— 75
3 - 53
4 41 -
k]
30
Fig. 30. 2542 #AFAa8d msrae]l 2@ 2 7S 4 ol 43 WA

24 msrA (24 kDa)o] pCold vector(60 kDa)oll A} Z& % recombinant protein® %
kel

A A7](84 kDa; Lane2)olA] & o] fx4 )
7F &9l A3l (84 kDa; Lane3)(A), A A S o]
Z++(pCold; Lanel)¥} w1l I

s/dol selslen,

°
=

N

o, Al & HAH A7
5 Western blotS =& of
=]

3l msrA A=A (Lane3) o] BFAgke] gk aFAnk
A

g = P E2a(pCold; Lanel) ® msrA A %3z




(Lane 2)oll 4] ®F-g-o] YEA] Z&(B). 43 oF 84 kDa.

o

d @

o

1l

(5) dzZE 1Hy
pCold vectorZ ©] recombinant DNA Z4 & IPTGE o] &3t recombinant
protein ¥3d % 2 pCold purificationg 3 2 Ay Z2 ohwlza (39 kDa)ol
pCold vector(60 kDa)ell A} %3 ¥ recombinant protein® ZA =7]1(99 kDa)oll A 2+
o] FEH S Fod 4 Qo (Fig3lA), BFAe A AA-EH S o83 AA
H AQxg G AS Western bloto 2 #A4&] Ay} Eﬁiil(empty pCold ©9)3}
H

Hlals Azgretde] BRAdete] gk dASAS ST = AAHFig. 31B).

o)
dad T FAubSAdol w2 At rocFe] FAA 24s S
s

|E C’ko

A kDal 2 3 B kba 1 2 3

180
135 135

100 100
75 -
¢ 75
3
53
41
-— a1

0 —

30

Fig. 31. 234z #AFAddNZ rocFo] od 9 7dS
2. rocF (39 kDa)e] pCold vector(60 kDa)oll A Z3%t%l recombinant protein® %
4 A71(99 kDa; Lane2)ell A Tdlo] s 08 5 o, A & AA4=27]
7b 29l H 3 (99 kDa; Lane3)(A), 74 = °]8% Western blot= &3 o
Z 7 (pCold; Lanel)¥} M]3l rocF A2 A (Lane3)e] BFAgko] dgh kint
S0l EIFHAom SAHAEH Y= dE=T(pCold; Lanel) ¥ rocF Azx=gekw) =
(Lane 2)oll A ¥hg-o] vebbA] e2-5(B). shabsg: oF 99 kDa.

9% g3 W

84

]

ml
e
[e5

o]

i
N

6) E=d 1AL Fdadmd F FANkgAdol w=& At pgke] A
pCold vectorE ©]&3F recombinant DNA ZtA] & [PTGE o] &3 recombinant
protein %3 % % pCold purificationg 3 ¥ Ay} Z# ohwla (42 kDa)o|
pCold vector(60 kDa)Oﬂ AN Z3H recombinant protein®] A = 7](102 kDa)ol 4]
o] FEHEE A8  Jom(Fig. 32A), BFAde A #HE-EH S o] &3l
AAE Az G AS Western bloto = FA38] 2 A3 thZ+(empty pCold
W)t vlae] A xgeuid o) B gk FdAnteAds 4T &+ AAHFig.
32B).
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A kDal 2 3 B kba 1 2 3

180 180
135 135

100 100

75 75

53 53

a1 41

Fig. 32. 25 A¢ #AFAGMA rocFeo] e 2 g €3S ol&d dgdA
2. pgk (42 kDa)©] pCold vector(60 kDa)ell A Z% ¥ recombinant protein® %
A A7)(102 kDa; Lane2 )olA] W&ol SEgS 323t & gom AA T A=
717} &<l = 3lar (102 kDa; Lane3)(A), -5 H S o] &3¢ Western blots &3l
] 2= (pCold; Lane 1)Z} B3] pgk A Z=3e® A (Lane 3)¢] HFAgke djgh &9
vhE-Adol FelEen, SAEH A= dxa(pCold; Lanel) R pgk A =g
(Lane 2)oll Al ¥hg-o] veEHA] &45(B). shax: oF 102 kDa.

ol

i)

(7)) Yed aEsgdyd dddnd T FAwrsAdel =2 A9t mdh  (malate

dehydrogenase)-J FAA A4S 53 pCold vectorE ©| 83 recombinant DNA %}

A & IPTGE ©] 83 recombinant protein & % % pCold purifications <3}
& ¥ Ay 54 d A (33 kDa)e] pCold Vector(60 kDa)oll A1 %Z3% recombinant
protein® AA =7](93 kDa)olA Wdo] FrES FFdd & o (Fig. 33A), H

F g kA %Log_ﬁlsﬂ = o] {sH XJ;q]EJ xﬂz—% 1;/_}3 A& Western bloto. = A gﬂ
= A3, diE=a(empty pCold W) ¥} Blalel] Az=gheulde] Bpdeto] dfgh 3¢l
e #dF = AJH(Fig. 33B).

A kDal 2 3 B kbai 2
L R— !

100

FI

[ <« +t
= 537
41
41
¥
e 30 e

Fig. 33. 254 dAZAddWd mdhe] 2d 2 29 @34 ol &3 A
2. mdh (33 kDa)¢|] pCold vector(60 kDa)ell A

A A7]1(93 kDa; Lane2)olld 2o Fx=HS el
7} g2l H A3 (93 kDa; Lane3)(A), g% S o
Z - (pCold; Lanel)¥} ®¥]uad] mdh A %3¢ =)
SAol gelEer, SAdH A= EHZL—E(DCold; Lanel) ‘3-1 ng Az d

%%+ recombinant protein®] %
g low A & AAH AV

Western blotS Z3&) o

r‘?L %0

H

e
i
i)
=
o}
j)
(@)
®
lo
o
=
é
k)
=
=
<
oot
(o
i)
T
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(Lane 2)oll A ¥hg-o] WeEpbbA] e35(B). shabsg: of
(8) =¥ 1
pCold vectorE
protein & % % pCold purificatione
pCold vector(60 kDa)oll ==
dol Frds g
Al Azt o
¥ H]aLE)
34B).

PN
= T

] [e)

S Western bloto 2 4]
o] B F A

=)

Azad

A kDal 2

135

75—

3 -

' 2

n
0
Fig. 34. B34z #AFgddMza mdhe] 43

=]
=4,

=i}
=

tsf (31 kDa)¢] pCold vector(60 kDa)ell =
A =7](91 kDa; Lane2)ol| A 3 o] =)
7F 22l =913 (91 kDa; Lane3)(A), £l
Z+(pCold; Lanel)¥ w®] sl tsf A
dol glENen, FAEH A=

2)ell A Whg-o] YEhA] B (B). SR

) [e)
'ITI:E]E

@
7]-Ouﬂ

=i
=s

il
KeN
=

—1011

k|
=
|

Sk

H

=

3

) T=d

3+ pCold vectorZ

ey g o] E&
s

3]

&

==

. -101.
ih

JN—E

M n& o

0] &3} recombinant DNA
PN

% 2 pCold purificationS =3}

pCold vector(60 kDa)oll A%

ol gy & 9

protein W3

3)

FEd

) oW (Fig. 35), B.#Ag}
Western blot o & 213
do] BFAeto]

KeN
=2 =2
HX

= o

=
53 3 2 Az
+¥ recombinant protein®] &
%) 1 (Fig. 34A), _—r‘“‘j/]r

=%

[eig
=

st¥ recombinant protein?

93 kDa.

A9t tsfe]
IPTGE

I
o] recombinant
=3 (31 kDa)O]
Z7](91 kDa)oll A ®
A+ o] &3l 73

=

O z
&
g

I

oﬁJ

OC}:/K

HJ u}i

(empty pCold w4)
T AR (Fig.

T OMRAA

7}

qas AL ol gF MIAs

recombinant protein®] %
nom, A A7)
o] 83 Western blotg &3l Ut

k<3

H
P
T T

= (Lane3)e] B FAlgtof ojst snks-
Z+(pCold; Lanel) %
°F 91 kDa.

=

pgk AZgH A (Lane

=
©

1_17“ OsmC-/l TR EAS
TGE ©]&3F recombinant
E;ﬁl @A (15 kDa)o]
A71(75 kDa)oll A

HHS o] &s] A
(empty pCold 1)z}
T A AT (Fig. 35).

A AN

4

%4
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Fig. 35. 25 A2} #AFAddNd OsmCe dd 2 FdAs dHS o] &3 g U
2. OsmC(15kDa)e] pCold vector(60 kDa; Lane2)°] A Z3¥  recombinant
protein® A A = 7](75kDa; Lane3)dlA W&ol x9S &t 4= o, 7d$
H S o] 83 Western blotS %3] OsmC AZF e+ A (Laned)2] BHFAgto] o3t
FeadwrgAdol FelEANeH, S I= OsmC A=A (Laned)oll A §FS-©]

e e,

rﬂh

(10) =¥ n1Agdyd Jddnd 5 IS4 o] %—8— 219F ndke] FHA E4ES F
3l pMal vectorZ ©]83F recombinant DNA 24 & IPTGE ©] €3t recombinant
protein =¥ % % pMal purifications 33 & A3} 52 A (17 kDa)ol

pMal vector(42.5 kDa)oll #|Z3¥ recombinant protein® A7 = 7](79 kDa)ol A

SR
Hhgo] frgS e = Jdom(Fig. 36), B4z A 74d vl dHE o
g3 A" Az dWAS Western bloto = EA3] E A

= -
pMal @)} vlnd] Azgotwde] BF A gt dArSAd S A 5 9]
2 tH(Fig. 36).
kDa
125 —s
93

72—
57 ¥ « 59.1kDa
42 =

21—

24 _5

Ry

o
LA A, ndk(17 kDa)©] pMal vector(42.5kDa; Lane2)ol #Z3H%E recombinant
protein®] A4 = 7](79 kDa; Lane4b)ollA W&ol FrHS &dd 4 ¢

-2~ P& o] 83 Western blots& &3l dlZv (pMal; Lane6)¥} B3] ndk A
o (Lane) 9] B FAlete] ot oﬂ?‘l%*éol gelHglon, A4S A=

Fig. 36. 2FAd¢ dAZAdHd ndkel & 2 749 nb¢= @5
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(11)

(12) 2=d addgdd Fdamd T FAnkggol w2 A dpsé F#d4 245 T3

Z7-(pMal; Lane7) ¥ bfr Azt 2 (Lane9)ol A ¥F-&o] el A &8 Lane 1;
Marker, Lane 2; E. coli whole cell lysate, Lane 3; pMal expression Lane 4; ndk

expression, Lane 5; purification

o

= 1o ddawmd F FdAnkEAdo]l =2 At aspel FAA #AE T
Sk pMal vectorg ©]& 3%t recombinant DNA ZtA] & IPTGE ©]&3F recombinant
protein @3 % % pMal purificationS 3] 2 Ay 2 oz (45 kDa)o)
pMal vector(42.5 kDa)oll A Z3%¥ recombinant protein® A7 = 7](83 kDa)oll A
Hdo] fFrds A% 4 Jdom(Fig. 37), BEFA ¢4 74 vex HE o
&3l AAE Azt dHAES Western blote = A& & ZA¥, thZxa(empty
pMal ©¥)3} v als] Ajzz=gfobulze]l Bdate] heh S-S g + 3

AtHFig. 37).

mE

(

Fig. 37. 27 Aeh A GG aspel B 2 2 whgs YL o8 WY
d A, asp(45 kDa)el pMal vector(42.5 kDa; Lane2)el #1Z3%%¥ recombinant
protein® A4 =7](87kDa; Lane4,5)°lA &l fF=ds 20T = oy, 74
922 A S o] 83 Western blots a8 2 A3 F4IHH}E= A &S B
oldtH (lane 5) 484 I+ (lane 6) 7| 2F3 ¥F3-2 Wt} Lane 1; Marker, Lane
2, pMal expression Lane 3; asp expression, Lane 4; asp purification, Lane 4; asp

westernblot (positive serum), Lane 5; asp westernblot (negative serum)

T

pMal vectorE ©]&3F recombinant DNA ZFA] & IPTGE ©]£3F recombinant
protein @& % % pMal purificationg a8 # ZAy =74 o ;‘a(20 kDa)©]
pMal vector(42.5 kDa)oll A Z3¥ recombinant protein®] A% =7](62 kDa)ol A
o] RS I F Jom(Fig. 38), BFdet 44 74 2 gHE 9
g AAY Az dwWAS Western blote® A8 ¥ Ay o) Z(empty
pMal @)z} vluwsf Az Ao B2 g ik FAnkAS Felst = 9

A tHFig. 38).

-10an
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[

EDa

.
57— - — §le1kDs

Fig. 383. B7Ale} wAdatd dpse] od 2 744 vhe2 dHE o] &3 W
A EA dsp (20 kDa)e] pMal vector(42.5 kDa; Lane2)ol] %3+
protein®] A4 =7](62 kDa; Lane3)ol A W&ol fFrgS &elst
22 A& o] &3 Western blots 33 2 Ay 4B A=
HHi (lane 4) 4 @4 = (lane 5) ¥H&-o] YERUYA] ¢ttt Lane 1; Marker, Lane
2, pMal expression Lane 3; dps expression, Lane 4; dps westernblot (positive
serum), Lane 5; dps westernblot (negative serum)

(13) W=y nHdgy

1t

3

ot

Ay F FUARkgAdol =2 2l9f YaeCol 42 248 &
3k pMal vector® ©]-83%F recombinant DNA #A] & IPTGE 9|83 recombinant
protein %3 % % pMal purificationg &) 2 Ay =2 w2 (33 kDa)ol
pMal vector(42.5kDa)oll A% &% recombinant protein® A7 = 7](75kDa)oll A
do] =S AT = AoH(Fig. 39), 274z A #9 nb¢2 HES o &
) AAE AxFg GwAS Western bloto® A& ® Ayl thEvH(empty pMal
) vl wE] A zgoude] BEAddbe] gk 3]

b FUARESA S ST & A
(Fig. 39).

+ T™A47kDa

Fig. 39. B3 Alg} Al d YaeCol @d 9 71 vl§-2= dAHS o] &3 W
A4 4. YaeC (33 kDa)e] pMal vector(425 kDa; Lane2)o] Az=3gtE
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recombinant protein® %A 37] (75 kDa; Lane3)olA w3o] frHS dold 4
glom 7Hdutg~ HHS o] &3 Western blotS & 2 Ay AT A= 7
3 W3S ®WolvtH(lane 4) A A A 3= (lane 5) WHg-o] YERLR] 9tkt}. Lane 1;

Marker, Lane 2; pMal expression Lane 3; YaeC expression, Lane 4; YaeC

westernblot (positive serum), Lane 5; YaeC westernblot (negative serum)

(14) =¥ nHgay Fddd 5 gAvkgAdo] 52 Aqf InPBY #dA 48 &

(15)

Ry

3t pMal vectorE ©]&3t recombinant DNA ZFA] & [PTGE ©] &3t recombinant
protein ¥d % 2 pMal purifications 3 & ZA3 524 Gl A(20 kDa)ol
pMal vector(42.5 kDa)oll A Z3¥ recombinant protein®] %A =7](62 kDa)ol 4]
o] fFugS s 4 9 om(Fig. 40), BFAg A 7d vl dHE o
g3 AAE XHZSL Gl A5 Western blotez® 43 2
pMal T3} vl A=k g o] BEAdeto] thgk FdNhg-
A TH(Fig. 40).

kDa

= 6LBlkDa

il

Fig. 40. E—E;—%]E]r -?ﬁ;q]a}ﬂu}uﬂ;ﬂ InPBe] & 9 7k u]- > d4
A4 4. InPB (20 kDa)©] pMal vector(42.5 kDa; Lane2)el =] =3t
protein® A7 =7](62 kDa; Lane3)ol A #&dHo] FrdS g 4 9l

22 HE o] &3 Western blotS 73] & 2y FAAIH A= g vkgS 1
HHH (lane 4) 483 3= (lane 5) ¥Hgo] YERUA] @ kt}. Lane 1, Marker, Lane
2; pMal expression Lane 3; YaeC expression, Lane 4; InPB westernblot (positive
serum), Lane 5; InPB westernblot (negative serum)

TaE IWgYd Fdawd T FUnks

Ry

Aol =& A9 aspC, hypothetical
protein, LivF, ndk % tbpAel F#A #A& F3F pCold vectorgE o] &3k
recombinant DNA Z}A % IPTGE ©]&3% recombinant protein @& f% %
pCold purifications F8ja & A3 =24 childo] ddylom 7F diof ojgh
HARkg = A HAS (Fig. 41)
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kDa
100
A 104.41Ds TE —n
4 e i -— + 31E7iDa
100 — — 3k
TE— ” —
|~ 4 T
B3 — M
A |
4 - "J 35—F
g s |
L e
- | m—w
35— b
o= —
» -
25_)& J .
WM 1 2 3 4 5§ s L& & & 3
s 10314 5D 0=
L — 75.451Ds
15 5 - l'l-l-
s gy —F
- : -
B+ ag }
- 35— .

o) !
v
B, - ! HE
= o '

Fig. 41. B34 w43 A2 aspC, hypothetical protein, LivF, ndk % thpA2]
b g AES dHE ol&et WogdAd 4. aspC44 kDa)(A), hypothetical
protein(22 kDa)(B), LivF(45 kDa)(C), ndk(15 kDa)(D) % tbpA (37 kDa)(E)°]
pMal vector(60 kDa)oll A Z3$t¥ recombinant protein® ZA = 71(Z+ZF 104, 82,
105, 75 % 97 kDa)oll Al 2ol FdS AT = don, 4
Western blots T3 & 23 FAIHA= 23 vh&s Bdvd A A}=

Rk3-o] UERURA] 99k

—{o
il
O:

FAY awody A e A 1xdEe s udgdd g (9F)d ©lst
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(1)

(2) A

Y
(L

)
o%
fo

3}

H,

19%=

[

32 o
lO oX,

oZ
Lo
Nl

=2
R

Az 1o dd e 630628, msrA, rocF, pgk, mdh, tsf)oﬂ gk w2

2 M E Raw 264.7¢] AZ5A BrtE
0628, msrA il pgk Az gwe] A
o o o

of Hl#ste] Al

=

120
100 +
a0

60 —

Survival rate (%)

40

20

628

Fig. 42. 2542 A3

ol 2 50628, msrA, rocF, pgk, mdh, tsf& T
rE Ex geutuzls o

2 A,
520 A A5
R EEEIES

o]

T

o]

T %
®d

7
o
A=

Z3 1

el
264.7°] AlEZ
Omp 10 A= &

A A Fgkort

43).

4 4
=4

T} ul

-

o A%
B

0.1 A

xo
e 2 W

)

el =
oA

=

BT
x9)

Oﬂtﬁ

Fad An A ¥

4% 5, 15, 50 2 100 mg/ml¢] -&
skout, 21 9] rocF, mdh % tsf xH}_%l— guwe e

(Fig. 42).

PGE

mdh
=2 H7F (1). RAW264.7 cellell A%

0628, msrA 2

2% (Omp 19, Omp 10)°] ti3lF w}$-
H7Me e 23 A & 48 AIF A AJFel A Omp 19,
L2 AYstis W AEEA o]
5= (100 mg/ml) off A AMAEH

10 mg/mle] =

4(0, 5, 10, 50, 100 pg/ml)=
pgk A=
%oy, 1 9 rocF, mdh 2 tsf Az @

el o
S ASAI T A Al A ol A
=2 A8k

H O ug/m|
B 5 ug/mi
W 15 ug/ml
W 50 ug/ml

B concentrated

tsf
3t
8

L

o

S
>,

& el 4

=
-
o =
(¢}

2 F8 HAAME Raw

[e]
s

29l (Fig.
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110.00
g 100.00
2 90.00
B 8000
z
T 70.00
=
W 50.00
50.00
Oompls9 ompld
W 100ug/ml 7289 62 49
B 10ug/ml 81.03 8326
® lug/ml 9138 97 49
H01ug/ml 100.00 99.20
H0.01ug/ml 100.00 10:0.00

Fig. 43. BEF A dAdddN A NESA HI7E (2). RAW264.7 celld] FAE 3¢
Gl A= Omp 19, Omp 102 =¥ (0.01, 0.1, 1, 10, 100 pg/mD= 48A1ZF A 2 A|
01614 10 mg/mle] FE2 A2laAe @ ALHol AAHA egtor), 1 o4
o] =2 % (100 mg/ml) oA AEZAHS K

b

3) Axgd nHIgAdA dd 2F(Ompl9, Omplo)o] w3t v~ Fz8 WA AFE Raw
264.7°] MEFA H7HE FIAS A A F 48 AZE A AlHeA Ompl9,
Ompl0 AZF @] 49 01914 10 mg/mle] FEZ AR e w AELE5A o]
AAFHA ko, 1 oA ¥ FE (100 mg/mD) oA AEEAHS w (Fig.

44).
11000
33 10:0.00
& 90.00
E 80.00
£ 70.00
-
W 50.00
30.00
Ompl9 ompld
W 100ug/ml 72.89 62.49
H10ug/ml 81.03 83.26
= 1lug/ml 91.38 97 49
H01ug/ml 10000 99 20
H0.01ug/ml 100.00 100.00
Fig. 44. B F A dAgdddNd NESA HIF (2). RAW264.7 celld] FAE 3¢
G EAE Omp 19, Omp 102 FEH(0.01, 0.1, 1, 10, 100 wg/mDE 48A1ZF A2l A],

0.1914 10 mg/mle] == =73}t
o] =2 F& (100 mg/ml) o AELHEAHS H

v AE3 FAS o] 83 BEAY YA JdY A&
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D E=d 1dagdd &

g/ml& °]&3tq
]

ox

ol sl 2HAlE A

)9

ELISAE

0400
0300
K
g o200
o
0100
0000

0078

Fig. 45. B5 A g}

0150

0100

0.050

oD492

400 0.000

B Average o004z

g} ol ot

RS

A

[e]

2 3% (Ompl0, Ompl9, Omp 0)=
(TAT 100; 42, 200; 44, 400;69)& 3 =

omp 19

100

0049 0nsg

23 FAL ol g3,

°ol-&

6] O]’Oq

3835 243, Ompl0, Ompl9¢ Omp28 EF
ol 4 FelAel Ax=E H9 (Fig. 45A, B, C)

o] §5to] T Ae}

=4 Z
50 ul®] antigen (3 n
oA TAT

0250
0200
o o1se
&
o 0100
0050

0.000
400

0093 W Average 0048

i S o] &3k ELISAY A&

omp 28

o.0s8

3% (0Ompl0, Ompl9, Omp 0)& o] g3t BHEAT &4 @ kg (TAT 100; 42,

200; 44, 400;69)8

A Ads 1el

(2) AzF nELAY

100; 40, 200; 40, 400;56,

g/mh& ©]&3ke]

AFRE 1B (Fig. 46). o] EWZE cutoff valuem=

sto] g7kstel on]

136782 TAT Fd#= &

89.719%(122/136) =

d= ©

Z13670)4d
ELISAE

Hel &
o
E—AAJ—-, Tf/‘ Sé

CERE

43Fe] 50 pl9 antigen (3 pg/mbh<S ©] &
33 23 Ompl0O(A), Ompl9(B)e Omp28 (C) B

3% 1207804 11578 9]

=7 95.83%(115/120)= YEFW o, A= 92.58%(237/256) 5 WEHY (3

w74 (12070) 2
42 ol&3ske] 50 el A
8% AR, bfr WEold TAT 1000 4ol A o2 <l
w3 Akl 20l 01560 %
(% 6), 7_}- *B‘Eﬂ%oﬂ EH8]— U]7h: _E_o]c 2 x%:i:l-l,:_

sto] ELISAE

ol 1 TAT 2000]%ell A 2]

oo}: /\j

a3 (TAT
%3 bfr antigen (6 n

E BAE Ay

= 1

4o ELISA oA 122717} Sk o= vpep mzhms)
o] 7

o o
LRCR IS

ol Sol
7).
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# Megative TAT 400 TAT 200 TAT 100

oD4s2

a 20 40 80 B0 lon 120

Mumber of samgls

Fig. 46. BEFAz} dAFdFHdS o] 83t ELISAY A& bfr A3 1WId
g & o] g3te] BRA $A4 (n=120) @ FAEH(n=136)dmf °]&354] 50
antigen (6 pg/ml)< ©]43t4 ELISAES F33 27, $48H dAs vt it
Bl dHbH (0.078+0.051), ¥AolA= TAT 100 (0.284+0.105), 200(0.331+0.086),
400(0.434+0.12)= H. At} cutoff value:= 748 A ke 2¥iQ) 0.1560. % stof H7}

13
.

oo &,
o 1o ox

Table 6. Absorbance values of bovine sera using rBFR antigen based enzyme-linked

immunosorbent assay (ELISA)

Negative TAT 400 TAT 200 TAT 100
(n=120) (n=56) (n=40) (n=40)
Average 0.331%
ODgygo 0.078 = 0.051 0.434 + 0.12 0.086 0.284 + 0.105

Cutoff value was calculated as double of average mean of negative sera = 0.0783*2 = 0.156

Table 7. Evaluation of diagnostic values of rBFR antigen based enzyme-linked

immunosorbent assay (ELISA) compared to a standard tube agglutination test (TAT)

TAT positive TAT negative
(n=136) (n=120)
ELISA Positive 122 5
Negative 14 115

Sensitivity=(122/136)*100=89.71 %; Specificity=(115/120)*100=95.83%; Accuracy=(237/256)=92.58%
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ug/ml)S

3) Mz nHIUA FY osmCE o] &3le] BF

100; 40, 200; 39, 400,40,
o]
Al AxE BY (Fig. 47). °1&
o7 sto] Hrhstd
23 11870 TAT ¢4 %k
E7F 92.37%(109/118) & X
o] =7} 97.6%(84/86)= YEL

Ak 5440671 2 g% (TAT
Z1187)EH L& ]%:6}04 50 ple] A% osmC antigen (6
T3 A3 osmC EFollA TAT 1000]alA <2
EU2 cutoff value= =74 A gkel 291 0.156

OO]: /\é

&3t ELISAE

om(® 8), 2} FHo| W3 UL Eolr W ATFLE B
9 B9l & ELISA oA 1097174 FA oz vhs} w7
AL, SAEH A5 8670 8470 SA#S B &
Wwom Ak = 9258%(237/256)E YEY (3 9).

1.5 7

TE¥ iy

09 -

ODaaz

06 -

03

+ Megative o TAT 400 + TAT 200 o TAT 100

40 30 o0 100

Mumber of sample

60

Fig. 47. B
4 g g

9] antigen
[e) E_ ?_]_

=

13
.

HhA - (0.084+0.041),
400(0.426+0.

Table 8. Absorbance values of bovine sera

=3
H

o
L
R

st 50 ul
SAEH e Ee uke

AS o]&3k ELISAYW A&, osmC Axg 1HY

At 54 (n=120) ¥ FAAEH(n=118)5 o] &
o]-&3}lo] ELISAZS 33 A}
FAol A= TAT 100 (0.295+0.95), 200(0.382+0.081),
A A g 2u¢l 016802 o Hr}

=
[e)
=)

(6 pg/ml)<

45)S H.A T} cutoff value:

using rOsmC antigen based enzyme-linked

immunosorbent assay (ELISA)

Negative TAT 400 TAT 200 TAT 100
(n=86) (n=40) (n=39) (n=39)
Average 0.382 +
ODygo 0.084 + 0.041 0.426 + 0.238 0.177 0.295 + 0.116

Cutoff value was calculated as double of average mean of negative sera = 0.084%2 = 0.168

Table 9. Evaluation of diagnostic values of rOsmC antigen based enzyme-linked

immunosorbent assay (ELISA) compared to a standard tube agglutination test (TAT)
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TAT positive TAT negative

(n=118) (n=86)
ELISA Positive 109 2
Negative 9 84

Sensitivity=(109/118)*100=92.37 %; Specificity=(84/86)*x100=97.67%; Accuracy=(193/204)=94.61%

HAAA 9 aspC, ndk, livF, tbp ¥ hypothetical proteins ©]-&3lo] BHF
J S o] &3tel 50 ple] Z7bel AxF FW (6 pg/mhe °]&
3to] ELISAS S8t A3 oA =343k bfri} osmC o H|gle] B wige 24 &

Table 10. Absorbance values of bovine sera using different antigens based enzyme-linked

immunosorbent assay (ELISA)

ODgygovalue
Negative TAT 400 TAT 200 TAT 100
Antigen (n=36) (n=24) (n=20) (n=20)
0.204 +
rAspC 0.112 £ 0.068 0.286 + 0.163 0.105 0.178 £ 0.084
0.286 +
rNak 0.133 £ 0.072 0.368 + 0.152 0.094 0.253 + 0.131
0.252 +
rLivF 0.118 £ 0.054 0.290 + 0.082 0.166 0.196 + 0.106
0.285 +
rTbpA 0.124 £ 0.089 0.311 £ 0.147 0.119 0.206 + 0.075
Hypothetical 0.314 +
protein 0.128 £ 0.044 0.343 + 0.186 0.092 0.243 + 0.103

Table 11. Evaluation of diagnostic values of rAspC antigen based enzyme-linked

immunosorbent assay (ELISA) compared to a standard tube agglutination test

(TAT)
TAT positive TAT negative
(n=64) (n=36)
ELISA Positive 39 5
Negative 25 31

Sensitivity=(39/64)*x100=60.9 %: Specificity=(31/36)*100=86.11%; Accuracy=(70/100)*100=70%

Table 12. Evaluation of diagnostic values of rNdk antigen based enzyme-linked
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immunosorbent assay (ELISA) compared to a standard tube agglutination test

(TAT)
TAT positive TAT negative
(n=64) (n=36)
ELISA Positive 48 10
Negative 16 26

Sensitivity=(48/64)x100=75 %; Specificity=(26/36)*100=72.22%; Accuracy=(74/100)*100=74%

Table 13. Evaluation of diagnostic values of rLivF antigen based enzyme-linked

immunosorbent assay (ELISA) compared to a standard tube agglutination test

(TAT)
TAT positive TAT negative
(n=64) (n=36)
ELISA Positive 34 18
Negative 30 18

Sensitivity=(34/64)*100=53.13 %; Specificity=(18/36)*x100=50%; Accuracy=(52/100)*100=52%

Table 14. Evaluation of diagnostic values of rTbpA antigen based enzyme-linked

immunosorbent assay (ELISA) compared to a standard tube agglutination test

(TAT)
TAT positive TAT negative
(n=64) (n=36)
ELISA Positive 44 13
Negative 20 23

Sensitivity=(44/64)x100=68.75 %; Specificity=(23/36)*100=63.88%; Accuracy=(67/100)*100=67%

Table 15. Evaluation of diagnostic values of recombinant hypothetical protein based
enzyme-linked immunosorbent assay (ELISA) compared to a standard tube
agglutination test (TAT)
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TAT positive

(n=64) TAT negative (n=36)
ELISA Positive 49 17
Negative 15 19

Sensitivity=(49/64)*100=76.56 %; Specificity=(19/36)*100=52.78%; Accuracy=(68/100)*100=68%

o B2 A SR Ausly A8 9% A A=Y Fd 2FEA

D A A= Lo =

o

1 olgstel, 2%

i)
&

2 Aergel ¢4 ST

ol

(D) AzF maeldd T4 3%Omplo, Ompl9, Omp 28)& ZF dho] HFAL A4
(n=298) 3 ¥ (n=268)dd A= ol&stod Hl& L1 (B pg/ml), 2,22 (6 pg/ml)
2333 (9 ng/mhe FAFE 50wl o] §3ke] ELISAS Fa@ A3, 2 ng =
ol TAT 100014e14 folel Avg B9l (Fig. 48). ol Edz 713 ¢%

= = o T T
st A3}E AL 33,3 (9 pg/mDe FLFE 50 uls o] L3te] ELISAE 33 23
54 A nlsto] AEs] FoAd FARE BFow, TAT 54 2987194 294
7F 544 E Ko, Solxrt 98 66%E YERW I, TAT ¢4 268705 1777017F A
WSS Hol RIPET} 66.04%E5 HAS (Fig. 49, ¥ 16)
Combination
1.000
0.800 l
o 0600 | L]
a
0400 | |
° |l
0.200 I
0.000 | === T _ |
(=) 100 200 400
=1.01.01 0.051 0.086 0134 0250
e} 02'02. 0.053 [ 0097 0167 0206
3:03:03 0.060 [ 0182 0.320 0.791

Fig. 48, n34% 4z% AFdend 239 o] &8 ELISAY A& 4z¢ ww
G449 3F(Ompl0, Ompl9, Omp 28)= %% slo] BFAZ 34 (n=298) ¥ <
d(n=268) €H <& ol&std FX Hl&(ug/mD L151, 22,2 R 33,3 9 dAsE 50
uls o]&3te] ELISAE 33 23, 7zt vl& EFolA TAT 1000]7elA <42l
AINE K.
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# Positive

B Negative

0 50 100 150 200 250 300
Sample No.

Fig. 49. 23 A} A3 Agdekia z3H8 o] &3 ELISAY A& Az 1
AAA 3 3%F(0mpld, Ompl9, Omp 28)S %3t dle] BF Az} A U UA
e o] g3ty F% HE (ug/mb 3:3;3 9 ¢

H

1_%:

3 Ax}, Z+ ulg =T A TAT 1000] 4ol A
_]

L
a

I et 2

50 pl& o] &3t ELISAE
ol# el A¥= H Y. Cutoff value

Table 16. Evaluation of diagnostic values of recombinant OmplO, Ompl9 and Omp?28

proteins based enzyme-linked immunosorbent assay (ELISA) compared to a
standard tube agglutination test (TAT)

TAT ELISA %
(=) 298 294 98.66 specificity
(+) 268 177 66.04 sensitivity

AL LYY AxYE 9 dFAACE Y H olE o|&F o] XY gH
(Latex bead agglutination)

1) pCold ¥ pMal vector expression system
o] gy lon, FAHE ANxT Fd F

Azg FAS olg3te] o] Wewel S

i)

ol g nE A A% U] dPA)Y

3% ELISAE H3d 2F° ¢ bfr 2 osmC
o

(1) bfr @ osmC AZ% IAS =3 31

196 Latex bead (Sigma)°ll coating

o] &¢o] IR A latex beadE 2ol A]
ZF W& ESFo Al TAT 1000]73el A &

, AAo R FA FHHET =2 S wES-o] UEW e (Fig. 50,




51). ﬁfjrﬂoi bfré] 4% TAT
87.66%% YEtWHaL, T

E

= O =
AT ¢4 17T0% 159717F 44 whgs Hof ®
B (3% 17), osmCe 4

agglutination test compared to a standard tube agglutination test (TAT)

=73 1467191 A 1287} e BY, 5

=

Negative Positive
Fig. 50. B2} x5 Fdd A bfrS o] &3 rojehy A& thx3 bfr
A= o]&sto] TAT SA4EH (AT FPAEdHB)= w33 23 A EHo] =&
e Holt= gloz Ay

Table 17. Evaluation of diagnostic values of recombinant bfr proteins based latex

T
17k 89.8%

TAT =7 1467l A 1397} TS He, 5ok
7b 0 952%E dEtdla, TAT ¢4 17770 161707 448 weS ®o] Wz=rt
90.96%= HAth (% 17, 18).
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Latex bead ®
TAT agglutination 70

(=) 146 128 87.66 specificity
(+) 177 159 89.8 sensitivity

Table 18. Evaluation of diagnostic values of recombinant osmC proteins based latex

agglutination test compared to a standard tube agglutination test (TAT)

Latex bead 0
TAT agglutination 7
(-) 146 139 95.2 specificity
(+) 177 161 90.96 sensitivity

of, nAIGYA AZFT @S o] &3 7to] AAr|H & F (Dip stick assay)

ELISAE 2949 2% Omp 107 Omp 28 A3 39S o
2l Dip stick assay?] 8= F33. & 8579 TAT SA4EH
of SAsYY. 4243 SA4EHL o
Eo] W=

=
N
)
(i,
2
BN
ot
o
o,
of\
o
5>
rSL'

SRR REE

407114 4 %ﬂ'é—g °]-&-3t ]
7F A A ettt (Fig. 53, & 19).

Fig. 52. 224z Q%3 Uiz Ompl0Z Omp28&¢Y & o] &3k 7rol Xk
Dip stick assay® 8. A1Z% Ompl0¥ Omp283LS o] &3] TAT < % =
ol g3t A3 &4 AHoA = Sold Mt A LS
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0.90
0.80
0.70
0.60
0.50

Total Medijan ELISA OmpIO Dlpsbck Omp28 Dlpshck Omp 10728 Combi ELISA
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g o
o TAT &4
=7

@ a5 g4

Fig. 53. BFAg} Azxs Fddwzd Omplod} Omp28&d<
Dip stick assay?&. %3 Ompl0¥ Omp28&YL o] &3}
Omp 103} 28&Y & HFgxA e ELISA(Combi ELISA)S =
A= 97% o] A A 54 vHeS YEY

oo

ro

Y r:i
3

%E, EE

mﬁL
ox!
=2,

p 84

Table 19. Evaluation of diagnostic values of recombinant Ompl0 and Omp28 proteins
based Dip stick assay compared to a standard tube agglutination test (TAT)
and ELISA with Brucella negative serum

Dipstick ELISA
Total Combi(rOmp Combi(rOmp  TAT negative
rOmp10 rOmp28
10 +28) 10 +28)
83/85 83/85 83/85 294/298 85/85
0.98 0.98 0.98 0.99 1.00

2

2) A" Az FY F 73 ELISAE EAH 22 Omp 10?% Omp 28 A=% L&
{3to] 7to] ek = dhbel Dip stick assay® &85 33 F 40709 TAT IAEHS
= CSRAY SA4EHS oA WMt WJHMED%(Flg. 54), 70% ©]4+<]

So] vt G130 (Fig. 55, & 20).

o2l
i
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Fig. 54. B.EAlet Az 3 %J_‘:‘rt‘”z‘ Ompl0¥ Omp28&F¢¥ = o] &3 Fro] Xty
Dip stick assay&&. %% Ompl0z} Omp283tYS o] &3] TAT FAIH(A)S
ol g3t A3 &4 AHA = Sold Mt A

0.85

0.90

0.85

0.80

0.70
0.65
0.60
0.55
0.50 T T T T

Total Median ELISA  Ompl0 Dipstick Omp28 Dipstick  Omp 10£28 Combi ELISA TAT
Dipstick

Fig. 55. BFAg} AQzx3 Fddwzad Ompl0d} Omp28d¢Y &

Dip stick assay&-&. AZ3% Ompl0d Omp28&US o] &3kl TAT dAHIH o
Omp 107 28%94S H3Fx4 e ELISA(Combi ELISA)S 743 Ay FAHH ol
A= 70% o] A A S vHES YERY

Table 20. Evaluation of diagnostic values of recombinant Ompl0 and Omp?28 proteins
based Dip stick assay compared to a standard tube agglutination test (TAT)
and ELISA with Brucella positive serum

Dipstick ELISA
Total Combi(rOmp Combi(rOmp ~ TAT positive
fOmp10 rOmp28 11 (FOmp
10 +28) 10 +28)
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28/40 29/40 34/40 215/232 40/40

0.70 0.73 0.85 0.93 1.00

3) AAE A2 Y T 53 ELISAE 2949 259 Omp 102 Omp 28 A=3 Y& o]
£3Fo] 7ro] 2= &tel Sandwich Dip stick assay e -85 3ttt & 5719 TAT
A EH I 6708 TAT ¥ 43S ol &3t S48 2 23 4 €3 E5FolA Sandwich
Dip stick assay”’} 4 WSS H o, °o“é‘5§% £ Gold reader cut off 50¥ % < 72%°]
A8 B9 a1, Gold reader cut off 359 W, 87% = X At} (Fig. 56,

1.00 -

¥ 21).

Tota MedanBsa | Ompl0 Omp28 | CombiDipstick  CombiELISA
Fig. 56. 2542 AQzxg dddwd Omploy Omp2834 = ]%1’ Zhol e
Sandwich Dip stick assay? €. Z1Z3% OmplO¥ Omp283Y S o]&3slo] 7679
TAT $AEHSE o] &3]  Sandwich Dip stick assayE 33 Z 3} Dip stick
assayHrH BT F7F -3k AEES-o] 35 cut off valuedl A SAHFUS (EHA;
50, 48415 35 Gold reader cut off %k)

Table 21. Evaluation of diagnostic values of recombinant OmplO and Omp28 proteins
based Sandwich Dip stick assay compared to a standard tube agglutination test
(TAT) and ELISA with Brucella positive serum

Gold Reader DIDStICk ELISA
Total TAT

Cut Off Omp10 Omp28 Combi Combi
50 61/76 55/76 64/76 294/298 76/76
0.80 0.72 0.84 0.99 1.00
35 70/76 66/76 76/76 294/298 76/76
0.92 0.87 1.00 0.99 1.00
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7). QLAY AZF LS o] &3 ELISA ¥ &4
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ZAzkel Axd FdS olgste], ELISAM <= 38 TAT Z3te} vjas] £ 23}, bfr,

ompl0, ompl9, omp28 2 osmCeol A ¢F 90% o]Ate] W wel Eo|vE WP, 1
of @ H2 wkgAdo] vy W SolmrF 70% wRte]l 1A, § 574 ¢
&3k ELISA WY 75 48% o= vt
8). AHAAAR A= T4 HH =¥ 23
747kl Az FYPS o] §3te], ELISAHS F3s] TAT ZA¥e} vaste],
=33k bfr, ompl0, ompl9, omp28 ¥ osmC 5& ¢ =g L
ompl9, omp28& ] A @A ALY AREel Hgt] =TS SRS W W=
=7} 95% ol S7tE A, bfr 2 osmCeE ©d o] AL =
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2. A1g A 23

AJTE dY IE A7IE 1

7},

SR

T4 AT 5%

Jegws 41

(Ompl0, Ompl9, Omp28, OmpA, Omp2b, = SodC)2 A

dd=

Bl Al g Rko}

% (Omp31, Omp2a,
PR a=

p
of A&,

A

LivF)2 Al 1 A5 oA A+

rotein assay kit (Thermo Scientific, USA)&

AAE wRday Fge %

Table 22. BCA protein assay® =43 1 HIGPA dhld sr
Ompl0 Ompl9 Omp28 OmpA Omp?2b SodC MBP
==
° 0.23553 | 0.312693 | 1.608749 | 0.419897 | 1.228436 | 2.053448 | 0.569634
(mg/mL)
2) ARAAY FAL o] 8T FAS AYWG N F Y
- 65 1A YA FL oprrEE A e wEE SA6] A VIeE &4HE)
a7k ELISA 71W& o]-&staith
- okl %A A 2 SA AL 1/1009 A wj&R 3 A Ete] mHgAA
Ao MgS fFrotdoen 1 A oferbd A EAH Y wESo] SlojA
Omp283t OmpA®] WgAol st F7hdglon e 439 w9y 34
S Mg v AL gl (Fig. 58).

_76_




A Optimal Concentration of Antigen (Positive)

025
024 A~
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E 0.15 9 ——-0mpl9
e \\ =#=0mp28
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A ===0OmpA
8 0i 4
—+=0mp2b
=a=SodC
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0 - : o ——gg————
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B Optimal Concentration of Antigen (Negative)
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0.2 - ——0mpl0
- ~#—-0mpl9
2 015 == 0mp28
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-+ ===0OmpA
8 01 - —+=0mpzb
~0—S0dC
005 MBP
0 - B B0 . i ; L T 3 —

3125 15625 78125 390625 1953125 09765625 048828125
Antigen Concentration (ng/well)

3 ALFE o83 wWd UM Pl

= W9 @dsEs Frtshy] g 7 AT

i/ﬂ, *ﬂﬁirzrﬂ J'—”?io—d;—?ﬂ’\o @}%01 EE2HAS A FEEHE F42 2 cytokines 9]

il 2 AAEFTQA RAW 264.7 celld] =ruf] oF<]

L2850 B. abortus 1119-3& 74 A7l & Az HY 9 o] A FHzt
z7

714 d o5& microarray 71HS ©]835te] 4 35A T

- RAW 264.7 cell®] A FAdx H&F3) v|wste] B abortus 1119-3 #4 A] &
dol F7Fsk F-AA = 147 &, 1A% FA1R= 3650t} (Fig. 59)




o up

w down

Count of genes
0
[a]

1119-3/uninfected

Comparison

Fig. 59. RAW 264.7 celldl X B. abortus 1119-3 #4 ¥ & S7F 2 7 Fd# 93t

o

- RAW 264.7° B. abortus 1119-3 7+ Al S71s FAAE 7|54z BF35 43
% Immunity and defense®} #+& FZ2F= 40%, Apoptosis ## FHAA= 18F 2

=2 FAH AT (Fig. 60).

Signal transcluction

Immunity and defense

Apoptosis

Cell proliferation and differentiation
Developmental processes

Cell cycle

Cell structure and motility

Oncogenesis

0 10 20 30 40 50 60
Number of Genes

Fig. 60. RAW 264.7 cellel Xl B. abortus 1119-3 7+4 % &do] S7Hd 42 A&

- RAW 264.79 B. abortus 1119-3 #d Al 4% {FHAE 71sdo=z #7324
7} % Immunity and defense®} #& F-7 2} 2%, Apoptosis®t & FHAA= 2F

ow gy At (Fig. 61).
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Fig. 61. RAW 264.7 cellol Al B. abortus 1119-3 73 5 Wao] 7had #-44}F &3

HFE S 2 immunity and defense #d FAA &= 40F,
18F 2] wdo]l F7F HY. WkHol immunity and
defense T& FHA= 2%, apoptosis ¥&E FHA= 2 £ Wdo] oA HE A
< Qs o] Ay g9 EATAAE vE e R IL-1B, IL-4, IL-6, INF-v,
TNF-q, Bax, Bel2, Z12]a TLR4 ¢ #32 & J&=5 4 PMBCE ©]83}9]

243

- Microarray
A

>

N

i

re

-

apoptosis #

r"

- RAW 264.7 celldl B. abortus 1119-3 7% ¥ induction of apoptosis ¥ & 7
2} 103 28] 3 inhibition of apoptosis ¥ #FHA} 8F o2 F 18F 9] apoptosis
#HHE FAAE S7HE S &2lsA Y (Table 23).

Table 23. RAW 264.7 cellollAl B. abortus 1119-3 7+ % apoptosis #&# 42 && F7
By

Probe set |  Asccssion no. | Fold increase |  Gene symbol | Description
Induction of apoptosis
Tumor necrosis
ILMN_2899863 NM_013693.1 13.00 Tnf factor (Tnf)
Tnf
ILMN_1230586 NM_009421.3 9.40 Trafl receptor-associated

factor 1 (Trafl)

Leukemia inhibitory
ILMN_3137287 NM_001039537.1 3.81 Lif factor (Lif),

transcript variant 2

Fas (TNF receptor

ILMN_2902979 NM_007987.1 3.03 Fas superfamily member
6) (Fas)
. Leukemia inhibitory
ILMN_3137291 NM_001039537.1 2.76 Lif factor (Lif),
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transcript variant 2

Activating
ILMN_2619408 NM_007498.2 2.36 Atf3 transgription factor 3
(Atf3

NLR family, pyrin
ILMN_1237471 NM_145827.3 1.81 Nirp3 ((iomair; containing 3
Nlrp3

ILMN_2629297 NM_145827.1 1.81 Ciasl

Receptor
(TNFRSF)-interactin
g serine—threonine
kinase 2 (Ripk2)

ILMN_2634970 NM_138952.3 1.62 Ripk2

Nucleotide-binding

Py EQEr © . oligomerization
ILMN_2702208 NM_145857.2 1.56 Nod2 domain containing 2

(Nod2)

Inhibition of apoptosis

Leukemia inhibitory
ILMN_3137287 NM_001039537.1 3.81 Lif factor (Lif),
transcript variant 2

Cytokine inducible
ILMN_2718330 NM_009895.3 355 Cish SH2-containing
protein (Cish)

Suppressor of
ILMN_2618176 NM_007707.2 2.45 Socs3 ?ytokir;e signaling 3
Socs3

Avian

. reticuloendotheliosis
ILMN_1246841 NM_009046.2 2.23 Relb viral(v-rel) oncogene

related B (Relb)

B-cell

. mon leukemia/lymphoma
ILMN_2936165 NM_007535.2 2.04 BclZalc 2 related protein

Alc (Bcl2alc)

B-cell

o e leukemia/lymphoma
ILMN_3006505 NM_007536.2 2.02 Bel2ald 2 related protein

Ald (Bcl2ald)

Nuclear factor of
kappa light
ILMN_2592476 NM_008689.2 1.63 Nfkbl polypeptide gene
enhancer in B-cells
1, p105 (Nfkbl)

5 Reticuloendotheliosis
ILMN_2659408 NM_009044.2 151 Rel oncogene (Rel)

- "bHof gpoptosis ¥ FHAE T inhibition of apoptosis®] #oJsli= FHAF 2
S B. abortus 1119-3 79 3 @wrd o] A ES &2lssth (Table 24).

Table 24. RAW 264.7 cellol Al B. abortus 1119-3 7+ 3 apoptosis & F-242F &3 744
A3t

Probe set \ Asccssion no. \ Fold increase \ Gene symbol \ Description
Inhibition of apoptosis
myeloblastosis
ILMN_2826881 NM_008652.2 -1.55 Mybl2 oncogene-like 2
(Mybl2)
histone deacetylase
ILMN_2659160 NM_001077696.1 -1.61 Hdach 5 (Hdac5h), transcript
variant 1

- RAW 26479 B. abortus 1119-3 7+ % immunity and defense®} ¥ H 4
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ZF40F0] S7HE & @eletltt (Table 25).

2

Table 25. RAW 264.7 celldl Xl B. abortus 1119-3 7F9 % immunity and defense ¥
24 s F7F s
Probe set | Asccssion no. | Fold increase |  Gene symbol | Description
B-cell and antibody-mediated immunity
CD40 antigen
ILMN_3115796 NM_170702.2 3.96 Cd40 (Cd40), transcript
variant 5
Interleukin 1
. = . receptor antagonist
ILMN_2682566 NM_001039701.2 3.02 Illrn (Ilmn), transcript
variant 2
Intercellular
ILMN_2896601 NM_010493.2 2.67 Icaml adhesion molecule 1
(Icam1)
ILMN_1258283 NM_008518.1 250 Ltb fymphotoxin B
Avian
) reticuloendotheliosis
ILMN_1246841 NM_009046.2 2.23 Relb viral(v-rel) oncogene
related B (Relb)
Cytokine/chemokine mediated immunity
ILMN_2771176 NM_013654 451 Ccel7
Chemokine (C-C
ILMN_1245710 NM_011333.3 4.01 Ccl2 motif) ligand 2
(Ccl2)
Cytokine inducible
ILMN_2718330 NM_009895.3 3.55 Cish SH2-containing
protein (Cish),
ILMN_2777498 NM_008361 347 I1b
Chemokine (C-C
ILMN_1224472 NM_013652.2 3.44 Ccl4 motif) ligand 4
(Ccl4)
ILMN_1258283 NM_008518.1 250 Ltb {ymphotoxin B
Tumor necrosis
. factor receptor
ILMN_2485839 NM_011610.3 248 Tnfrsflb superfamily, member
1b (Tnfrsflb)
Tumor necrosis
ILMN_2841290 NM_009396.1 2.32 Tnfaip2 factor, alpha-induced
protein 2 (Tnfaip2)
Chemokine (C-X-C
ILMN_3142803 NM_021274.1 2.23 Cxcll0 motif) ligand 10
(Cxcl10)
Granulocyte-mediated immunity
Chemokine (C-X-C
ILMN_2811154 NM_009140.2 57.86 Cxcl2 motif) ligand 2
(Cxcl2)
ILMN_2778289 NM_009140 7.07 Cxcl2
Chemokine (C-C
ILMN_2752624 NM_017466.4 3.62 Cerl2 motif) receptor-like
2 (Ccrl2),
Interferon-mediated immunity
Chemokine (C-X-C
ILMN_3142803 NM_021274.1 2.23 Cxcll0 motif) ligand 10
(Cxcl10)
Macrophage-mediated immunity
Chemokine (C-X-C
ILMN_2811154 NM_009140.2 57.86 Cxcl2 motif) ligand 2
(Cxcl2)
Cytokine inducible
ILMN_2718330 NM_009895.3 3.55 Cish SH2-containing
protein (Cish),
ILMN_2777498 NM_008361 347 I1b
ILMN_1215209 NM_019948.1 2.71 Clecsf9
ILMN_1258283 NM_008518.1 250 Ltb Lymphotoxin B

(Ltb)
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ILMN_2841290

NM_009396.1

2.32

Tnfaip2

Tumor necrosis
factor, alpha-induced
protein 2 (Tnfaip2)

ILMN_1216972

NM_019948.2

2.31

Clecde

C-type lectin
domain family 4,
member e (Clecde),

ILMN_3142803

NM_021274.1

2.23

Cxcll0

Chemokine (C-X-C
motif) ligand 10
(Cxcl10)

Natural killer

cell mediated immunity

ILMN_1258283

NM_008518.1

Ltb

Lymphotoxin B
(Lth),

Other immune and defense

ILMN_1215209

NM_019948.1

2.71

Clecsf9

ILMN_2841290

NM_009396.1

2.32

Tnfaip2

Tumor necrosis
factor, alpha-induced
protein 2 (Tnfaip2)

ILMN_1216972

NM_019948.2

2.31

Clecde

C-type lectin
domain family 4,
member e (Clecde),

ILMN_3142803

NM_021274.1

2.23

Cxcll0

Cchemokine (C-X-C
motif) ligand 10
(Cxcl10)

Stress response

ILMN_1216764

NM_133662.2

6.79

Ter3

Immediate early
response 3 (Ier3)

ILMN_3137287

NM_001039537.1

3.81

Lif

Leukemia inhibitory
factor (Lif),
transcript variant 2

ILMN_3001914

NM_010907.1

3.61

Nfkbia

Nuclear factor of
kappa light
polypeptide gene
enhancer in B-cells
inhibitor, alpha
(Nfkbia)

ILMN_2742152

NM_007836.1

2.64

Gadd4ba

Growth arrest and
DNA-damage-induci
ble 45 alpha
(Gadd45a)

ILMN_2900653

NM_008655.1

2.22

Gadd45b

Growth arrest and
DNA-damage-induci
ble 45 beta
(Gadd45b)

T-cell mediated immunity

ILMN_2811154

NM_009140.2

Cxcl2

Chemokine (C-X-C
motif) ligand 2
(Cxcl2)

ILMN_3115796

NM_170702.2

Cd40

CD40 antigen
(Cd40), transcript
variant 5

ILMN_1258283

NM_008518.1

Ltb

Lymphotoxin B
(Ltb)

ILMN_1246841

NM_009046.2

Relb

Avian
reticuloendotheliosis
viral(v-rel) oncogene
related B (Relb)

- WhHol B,
o] Zads

abortus 1119-3 79 ¥ 2% immunity and defense ¥& %}
gelst it (Table 26).

j -

=

Table 26. RAW 264.7 celllX B, abortus 1119-3 79 ¥ immunity and defense ¥ /-7

A A d9
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Probe set \ Asccssion no. \ Fold increase \ Gene symbol \ Description

Cytokine/chemokine mediated immunity

chemokine (C-X-C
ILMN_2630459 NM_009911.2 -2.21 Cxcrd motif) receptor 4

(Cxcrd),

T-cell mediated immunity

nuclear factor of
activated T-cells,
orAQAE B cytoplasmic,
ILMN_2648455 NM_198429.1 1.62 Nfatcl calcineurin-dependen
t 1 (Nfatcl),
transcript variant 2,

4) 1HIAA Yol thd RAW 264.7 cell®] cytokine 3 4]

A dd el td macrophage® W ®REES #<1str] #18 mouse
macrophage cell line (RAW 264.7 cel)S& 1x10° cell/mL = ®j%sle] 1 AA
g 6719 2o 2 MBPE 01, 1, 10 ng/mL %2 723 & 1, 2, 6, 12,
24, ZElan 48X F A AFHSt] TNF-ad 2dA=ES
ELISA kit (eBioscience, USA) AF-&3to] 431310

quantitative

- Mouse RAW 264.7 cellS ©]&3lo] TNF-a A= AdS AAg Ay} Z+7e] 1
WA FU BE FEolA A= F 24A7F o] £ H-E TNF-a2] Adol 7
skelsktt (Fig. 62).

i
tlo

(A) |- MBP (B | -xMBP (© | ~*MBP
400 1-#-Omp10 4007 —#-Ompl0 400 { #-Omp10
4-Ompl9 - Omp19 4-Omp19
- -8 Omp28 200 | ~® Omp28 = 2 - Omp28
E " |oompa E -¢-OmpA E™"] --ompa
g -A-Omp2b g -A-Omp2b E -4-Omp2b A
200 {-E+SodC 200 1 “E-SodC /{j§
77
e A
A ‘B
100 2 100 g

e

T T T T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50

0 10 20 30 40 50
Hour post stimulation Hour post stimulation

Hour post stimulation

Fig. 62. B. abortus 119 YA o2 Mouse RAW 264.7 celld] =¥ A= 5
A E TNF-a 5% (A) 0.1 pg/mL (B) 1 pg/mL (C) 10 pg/mL

3

3], 1

o
03

pg/mL <+ 10 pg/mL ol
=as Rl (Fig. 63).

o =

5 b A 8N 9 A
4] Ompl0¢] MBPX.t} TNF-a A/ =Fo] =
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Fig. 63. RAW 264.7 cellol B. abortus

oA TNF-a 84 5% #lal (x p < 0.05 = p < 0.01)
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€: 5 ng/well in 100 pl coating buffer

i

e 1st Ab (mouse serum sample): 1/200
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e 2nd Ab (Goat anti-mouse IgG HRP conjugated, Jackson lab): 1/2000

7F Ompl0
- Ompl0°l W& IgM A4 W BF A% Zrkstel 7 L Ao Amgrs ek
A AR HAste] 14 A o]lF HE S ol FH IgGel AY W2 HF F 3 A 9
FHEH A4 ow Frhstdv (Fig. 64).
1.5
-x-PBS IgG
-A-PBS IeM
—-Ompl0 IgG
E k] -& Ompl0IgM
>
!":
=
o
0.5 -
o — R . . . . .
0 5 10 15 20 25 30
Post injection (days)
Fig. 64. Ompl09] #} %2 A% ¥ vl$x &4 1 39 So] IgM¥} IgGel W3}
) Ompl9
- Ompl9ell Hg IgM A g HF A5 Frsto] 7 A o] Haghks e

R

glovt the &gl wuael wgel mel 7 ke 0D @ (05 olshe nyow,
q

o|F Zaste] BYPL o]F ODFH 2 Aol gl Ao vhehuh gGel A4
Uge 4F F 7 U oFRE A A (Fig. 65),
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-¥-PBS TegGG
—A-PBS IgM
—-Ompl9 IgG
—& Ompl9 IgM

(8]
|

-
w
|

OD 450 nm

30
Post injection (days)

Fig. 66. Ompl9¢] vh$-2 HF 5 nhg-2 A4l 9 5ol gV [gGel W

t}H) Omp28
- Omp28el] &k [gM A vH&2> HEF 3 dA S7kste] 7 4 Aol Hags e
Wi A3 aste] 14 4 o]F ODgtol HAS ol FAeH IgGe A e
? , OFE WA YA el vlal] 7P =&

%)
I

—
(o]}
|

= PBS IgG
-A-PBS IgM

—-Omp28 IgG
—& Omp28 IgM

OD 450 nm

Post injection (days)

Fig. 66. Omp28¢] v}-9-2= HF F vhg-= 3 W &4 So] IgM¥} [gGe] #3}

2}) OmpA
— OmpAe°] gt IgM A W& HF 39 2ol Haugks Yeda g2k 74ashy
144 o]% ODgto] S o] Fom IgGe A W& 4

fo ®
2,
o\
Olt
w
me
4z
Ay
©
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A E7kshe As gl (Fig. 67).

% PBS TeG
-A-PBS IeM
1.5 9 - OmpA lgG
—& OmpA IgM

OD 450 nm

Post injection (days)

Fig. 67. OmpA®] vk~ 4% F vbe2 &3 1) 39 So] [pM} IgGe @5

vl Omp2b

d 1.3)& Bl 5 A #Zaste] 14 4 o]F OD
grol WS ol FAY IgGe A wE2 HE 5 3 dFE ##EH7] AF
14 4 2 A AF A7A 543 S7hde] #2EAT. o) F IgGel FsE

1.5 A
=% PBS IgG
E -A-PBS IgM
=
37, 1 - Omp2b IgG
= -4 Omp2b IgM
= mp2b Ig
0.5 A / \‘\
I’ i‘ S~ —-— - _
7 A A e A
7
& — ——A————— o = i i e S =T A
0 .— : 4 PEVPEPTIRTITTR RIS \J(.I ......................... S, pUd )
0 3 10 15 20 25 30

Fig. 68, Omp2bel vl 92 1% ¥ vl$2 3% ul &9 So] [pM3} IgGol M3l

_87_




Hh) SodC
- SodCel @ IgM A4 Wee PEF AFRY
Wi A4 #gaste] 14 9 olF ODgte] BHL o] %
4% F 3 9 gasow !

=717k s 7kshe e E]lst

- PBS IeG
-A-PBS IeM

L3 7 -mSodC IeG
—& SodC IgM

OD 450 nm

Post injection (days)

Fig. 69. SodCe] M4 7% & n$ 84 U &9 So] [gM¥ [gGe) 3

- 77kl A F Fol Ao @AM E e YT BF g udy
o Felel Hat IgGet IgMo] v wrgtov 1 4 HE 5+ 7 o 74A IgM9] <
3ted 14 o Fole RE 1wWddyd 3D HE

- IgGe 5 Y olF A&How g5ate] 2 A boosting HE O1F, A7t ww el
B FY U Gt ASHoR JFats ol wAHYoM oF Eitel B
3 FUYe vehd
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IgM
=X-OmplO —-W-Ompl9 -A-Omp28

y " - - OmpA -&-Omp2b -& SodC

OD 450 nm

=)
9]}

10 15 20 25 30
Post injection (days)

IgG
2.5
=X-OmplO -W-Ompl9 -A-Omp28 2
21 -e- OmpA -9-Omp2b -& SodC ——

0D 450 nm

0 5 10 15 20 25 30

Post injection (days)
Fig. 70. 6 & 14 Fd9o ntsx HEF F vb¢2= 4 U &9 5o IgMy}
IgGe W3}

>

- oo 6 7HA Fdel gk IgM¥ IgGel WANtSS EA3E Ay IgM Al 5ol
7 =2 39S OmpA, Omp2b oo, IgG Sl 7MY =2 &2
Omp28, Omp2b °|At}. E3] o]E F Omp2be AF HE ¥ 3 dAREH =&
9 IgMeo] ##ZHNI, HE & 7 A =2 [gGE B 7H wE A AA

= L.
fFEsgeh FA A4S M2 fEIGR BUEE Ompbe] UL AF F7b
&

=]
o
3

o

[e]
&M 27| brucella @A HA kel o] &2 & Q= 7hHsAdol M

2) 1 HA LA o i3t ml--~ splenocyteo A A 2 cytokine A 4

= -
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- ¥3A J aEdd g4
q4F

= 3 "
F 149 W 28 ool eAE AN U1 (spleen) S

np 2 of] A
AT},

- R v WS

0.017 M, pH 7.2)& o]

ZHA sk & RBC lysis buffer (NH4CI 0.145

&3] ko] RBCE #1713 5, Z2ld WAAE

cells/mL &2 3o RPMI 1640 wjj kol A uff &F3} St}

M+Tris
21 x 10°

of thgt n A Zoll A2l antigen specific IgGe IgM &l

ME 9 INF-y 2 IL-4 28 A *343= ELISpot kit (Mabtech, Sweden)S o] &
3ol Omp28, OmpA, Omp2b, SodC HF2] B ZA X (in vivo activated)2} PBS
HE (negative control) B &AM EE o] 8-3to] vlnl #2431t

- B FAMEAA 27 targeto] Ik WE A EF

= =
2 o] &3te] spot 2 ZAste] Hla A EY

skl 1 A3 &

el ol Wit
B4 AAAELS 57}
A Hel= e 5
71).
8
0 7
[
%) 6
o
= 5
S~
L]
¥] 3
[
<L 3
+
E 2
2
0

P94 &Y Omp28, OmpA, Omp2b, SodCE HZFT %
PBS A% <A WET v929 splenocyte & & 5ol IgM, IgG A AlxE
M ETH vlalste] FY So] IgM A AMEF

Control group average [ Injected group average

28 A wf

= HEF F 280 At F9 So] IgM
A2 eyl Wil Aow Ay, ojsh e A Fig.
F Azt ol [gMel A 27 FA ol AR ol %
| 2

ELISpot reader (EPSON, USA)

o
T —
hva

L g e

9/]

N

N
=

1401 o]
Ao+ (Fig.
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SodC HETolA AU vluste] =2 AXTE BA o] T Omp2s,
OmpA, SodCe A% SAdzI vuse] F22¢ F712 ®mTh ole 2
A= Fig. 70004 JF §F 2840l &9 5ol IgGo o] FAHETRY =
e sk AN AR olF i) Aze nuddy o] BPoR HE A
ahg-2o A FEe FAAES BY 7 Ade5s g (Fig. 72).
50 N Control group HInjected group
sk
M a0
o
o
8 30 - &
—
Py
O 20
el
< 8
+ &
6] 10 T T\
2 N N\
0 & i & i
oMP28 OmpA Ompzb SodC
Fig. 72. 3% & 28¥ wl$-2 splenocyte & &Y Eo] IgG A Ax
(x p < 0.05
- 1A g Omp28, OmpA, Omp2b¥} SodCE HE $ 28 LA nf§-29}
PBS A& S4dxa vff2elA splenocytes 8] sldst ¥ Zh7he] ddo=

)
ERS
£
ol
ol
b4/
o
2 9
ne)
12
i3
T

kS ol a3k AdS &= INF-y, [L-42 A= AE

= Gtk Omp28, Omp2b % SodC HETNA SAH -3}
Hlaste] =2 59 IL-4 A Alx5E st e, 53 Omp2be 45 Al
e Al ST Hlaste] o] Agl IL-49] B AlE & S7HE gelskeleh v
Holl OmpA2] 745tz Hlawete] F7He L4 A Alx 75 213 = gl o
of 22 A= INFyAAE glo] HIUTE oAl AolE& HSl Omp2bd} tlEo]
Omp28¥ SodC HEwollMe SANEL I Hlaste] =2 FF9] INF-y A4 AX 5
HAom whH OmpAd] 745 Szl vlaste] F7hd M 5 gRlstr] o8 sl
t} (Fig. 73-74).
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9
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=
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onP28 SodC

Fig. 73. H% % 289 v}~ splenocyte o 3+ @l a x}= A] INF-y AA AE 4
(* p < 0.05)

70

Ncontrol group Oinjection group

60

50

40 :f:fff:f:

30

20

10

IL-4 SFCs/10%cells

Fig. 74. 3% % 289 w}$-~ splenocyte o 3 whilzal k= A] [L-4 YA AL
(* p < 0.05)

- 1A9Y9A &Y Ompld, Ompl9 H= v~ v FAFES A HA ¢ cytokine A
AeS gQlsty] Yot HAFAE ASd F INF-yE quantitative ELISA
kit(eBioscience, USA)E ©]-&3}o =73} t}.

- 1 x 10° cells/mL ©& 3ol RPMI 1640 vk} ® PBS HE (negative
control) H| &M Z9} &9 HET vHAAYEE ztzh 1 1
o2 A=k 12, 24, 48 AFtel] S5 ds FASAT FAE FE5dS AER
3le] INF-yo AAHS =4 24591




- Quantitative ELISA kitoll 4] A& % INF-y standard &gdeol o3t 450 nm OD 3%t
S 71Eow 7 AZ9 OD S mluste] INFy= A #3ich

Ompl0 H=F 28 4 F n92~9] splenocyted] A 3 2=+ &

N EEE T )
12, 24, 48 A1z w) INF-y #Fo] Aozl vjsl] felshAl =4 &&=, Ompl9
= FAxANA INFy Aol 34 shakil olske] gk Hlsidltt (Fig. 75)
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Fig. 75. ¥ 994 &4 Ompl0 HF F BY w92 AL 4] & 2= 5 A[7F
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- AAA7IE B abortus ol Wid A A wbES A5 9fste] s HSA
° 2

A
R gBRE 7tdAE S FRaYa, 574 Table 27 - 299 %

— B. abortus %7 83 W9 23 - 27 MY @ & 7 wgld B. abortus 23085

4x10" CFU/head @9 = ZA 9 (conjunctive sac) F=3dte] 24 dHS 23

sty B. abortus Y3 @3 o2 gy AdH# S iz—“ﬂauii Fdgs:

[}
@3 54 Q).
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— wxzp ¥kS 3elS 93t Yersinia enterocolitica O:9 %A EH WY 14 )
2 5 utg] o) Y enterocolitica O:9 5x10° CFU/head ©91& 1 o 3 3] 114
g3, +H JFst FAE EFH AFASY] Y enterocolitica 09 43 A &
9.
Table 27. 725 4 24 d3 (F 2071)
o et AAH S B #3
3766 37 (D), 55(1), 75(1)
B. abortus 2308 61 37 (D), 55, 771,97 (1),105(1)
(A=) 56 3F(1), 55(1), 73 (1),95(1),105(1)
3528 37(1), 55 (1), 77(1),95(1),105(1)
Y. enterocolitica O:9 —
(LS 7 AbE) 9810 17(2)
Table 28. 7FH-5- @3 o] Al H-SF v A
A7) A
[ 1FA | 3FA | 55 A | 6FA | 1A | 8% | 9FA | 1054
A s
3766 50 100 100 100 200
61 20024 100 100 100 100 50 50
2T 79 =+
561 100 400 400 400 400 400 400
3528 400 100 200214 100 100 100
Y. L [it1 _
eg:gigi;;m 9810 FHE 159 A Hugol A 1:400 97}
Table 20. Z9¢ BH9) 2=y $H0-g A
/\E]_\:lqﬂ]iﬂ = = = = 5 = = 5 == 4
e 154} 352} 2k 65 2F 75 2F 852} 952 | 1054}
3766 24 * Kk Kk Kk Kk
61 24 *% * *k *k *k *3% Hkok
B A FES
B o 561 24 *% * *k Hkok wkok k% Hkok
3528 <A * * * skok o sk o
Y. enterocolitica
09 2=z 54
25
@ ©F2| brucella YA EA 3tH
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- ©oF9] brucella FFAEHE AA 72 A - = FFSABAIE A FaAstL d=
brucella 471 AN FHow Agd Fdge AP 74 APad F=
st skt
- 749 A7IE G 8F 20 AN, oFY] TES A 30 ME SR
(2) AgAA (in vitro) FTAE 4 HH5E Agu-gH 7}
- %FEE 2ol WG9y FUo AGNSS =437 AA Bovine
macrophage cell lineg ¥4¥ 7|3 (Gifu) W Z5E Eowol dx AIad ALt
9 ke A5 98 248 AAsn
- ¥I4E =5 Sassa Y., Inoshima Y., Ishiguro N., 2010, Bovine macrophage
degradation of scrapie and BSE PrP*, Vet Immunol Immunopathol
15; 133(1):33-9
- AwE nEelgd Pl BARE (&) WAMEdA Wddy 0 Welfuk
=74 Bgsgt
(3) AN FA] hE BABEY AL AU B4
1) & PBMCE o83 1 qdd o Agddey H7t
7}) 4 PBMC9]
- Fu AL B9old Folg AR AHAg olgste] Bew A @ &
Histopaque 1077 (Sigma, USA)E o] &3l PBMCE #3233t}
- ®2l® PBMCE 5 x 10° cell/mLe] Al %= RPMI 1640 (10% FBS)ol| Hj %
sto] Aol o] &3k
) =84 PBMCel &9 A=, 23
-6 T UYL FLI MBPE polymixin B 50 pg/ulz A2 ste] LPS
S 93 F HEHE 5 ug/mLeE PBMCE A3t th Positive control?l
LPS$¢} concanavalin A (ConA)¥= HF % 5 ng/mLeZ PBMCE A=3&ith
- wd g & A=¥ PBMCE 6, 12, 24, 18] 31 48 AZF (xA o2 +A35}
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o] RNeasy kit (Qiagen, USA)E ©o]&3le] RNAE F=319 )

t}) Cytokine %

apoptosis & WY ¥g IH FHAA TH =H

- RNeasy Kkit(Qiagen, USA)E A}-83l9] RNA FE3ta ¥ RNAE 100 ng/ul

o= A3 § o] DNAS

A A% $ QuantiTect Reverse transcription kit

(Qiagen, USA)E ©]-&35te] cDNAE AT widgdAd Fdeo= zd

2 PBMColA w3 # cytokines Wad @2 2
st7] 918l A7lell A Fd ¥ cDNAE template=

apoptosis fd7ke] && 54

3} Rota-Gene SYBR Green

PCR kit (Qiagen, USA)S} Rota-Gene-Q real-time PCR 7174 (Qiagen, USA)E

o]-&3}o] quantitative real time PCRZE 4 A]3lo]

apoptosis Q12| WS A& F43At (Table 30).

HIuks #H cytokine 2

- Quantitative real-time PCR< &3l €<% cytokines®} apoptosis fr3d#be] &

& #Z& house keeping gene®l B-actin®] A% wdsFo = wju #4384t}

Table 30. 413k & PBMC9 cytokines % apoptosis®] <1&+2] primer?} product size

Primer Sequence Product size
IL-18 Forward 5'-ACCTTCATTGCCCAGGTTTCT-3’ 120 bp
IL-18 Reverse 5'-TGTTTGGGGTCATCAGCCTCAA-3’

IL-4 Forward 5'-CAAAGAACACAACTAAGAAG-3’ 181 bp

IL-4 Reverse 5'-AGGTCTTTCAGCGTACTTGT-3'

IL-6 Forward 5 - “TCCAGAATGAGTATGAGG-3’

IL-6 Reverse 5 -CATCCGAATAGCTCTCAG-3’ 236 bp
IFN-y Forward 5'-ATAACCAGGTCATTCAAAGG-3’ 218 bp
IFN-y Reverse 5-ATTCTGACTTCTCTTCCGCT-3'

TNF-a Forward 5'-TAACAAGCCAGTAGCCCACG-3’ 277 bp
TNF-a Reverse 5" -GCAAGGGCTCTTGATGGCAGA-3’
B-actin Forward 5-CGCACCACTGGCATTGTCAT-3’ 297 bp
B-actin Reverse 5-TCCAAGGCGACGTAGCAGAG-3'
Bax Forward 5 -TCTCCCCGAGAGGTCTTTTT-3' 151 bp
Bax Reverse 5'-TGATGGTCCTGATCAACTCG-3'
Bcl2 Forward 5 -ATGTGTGTGGAGAGCGTCAA-3’ 146 bp
Bcl2 Reverse 5'-CTAGGGCCATACAGCTCCAC-3’
TLR4 Forward 5 -TGACATCTTCACAGAACTGACTA-3’ 164 bp

TLR4 Reverse

5'-GGAGTGGTTCATAAAGAAATGTA-3’
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2) & PBMCE ol &3 uwiedd d<le] wddss 7 44

- IL-1B+= A¥EA w92 Thl ¥ES F %o #Hosli= cytokine®]|™ 4 PBMC o A]

= % 6 ANZEE 24 AZF A 2 oA 6
SAIZE W= o] 1 olst2 FHA i
st om IL-18 F3dA ¥&d %S non-treat negative control XUt EF =0
o AL el ZAFH MBPO 83 Hlastr] g MBP (reference
control) A= A& vluste] folatA F7kst AL A5 £ 6A1Fl A Omp28,
12417 ol Ompl9, Omp28, 24 Al 7l A Ompl9, Omp28 ©] At} wakA], Ompl9
¢} 53] Omp28°] 4 PBMColA A= § 6AIFF-E 2441307bA4] IL-1B A 2
AFS FosiAl 7RI E AS EAA T (Fig. 76).
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Fig. 76. 1173 ol g Azhefd IL-18 23 A=
(x p <005 == p < 0.01)

¢l Th2 Wk$ %o #o]3dfi= cytokineo]™ 2 PBMC ol A

1 dd g S ul, A= F 6 AFE 48 A3 7pA] wEdEF 1
olgt=Z A YeEtstem IL-4 73 A @& 22 non-treat negative control®} MBP
A

Z vluste] 6% WY FUS A=3 PBMCOA
T7het AEgs AFS Y] oHAet AV ARE FE 6 T 1A dd Fde
2~ PBMCOlA A= Al IL-4 $4 Gl o}
o2 dAdHEY (Fig. 77).
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ojetm WA FAHASY 24 AIZF o] FHE TR F 1 A%
MBP (reference control) A= AZ3} wlulsle] W& ko] ZF71e uHAIA P2

Ompl9 ¢} Omp28= #T&= At} (Fig. 79).

IFN-y
1.8 ¢
ONTR m MBP BHOmpl0
1.6
WMOmpl9 BOmMp28 BEOmMpA }
1.4 1
Omp2b B8SodC
- }

0.8

Gene expression

24 hr
Stimulation periods (hours)

Fig. 79. 1A ol gk A7 INF-y 28 A= (+ p < 0.05)

!

- TNF-ax= A2 899l Thl wg fr=ol #olsh= cytokineo|™ 4 PBMC °l
A oA FPor ASEASs W A= F 6 AEH 48 AZEA= 04 °]
A 10 o]t wAHES FAERSeW TNF-a Fdx LdAFS non-treat
negative control R U+ E5F #=3k3 MBP (reference control) A= A&} H]il
sto] o stAl S7FsE AL A= 6 AlZFol Al Ompl9, Omp28, 12 Azt =

X
2

A

AN

Ompl9, Omp28, SodC, 24 AlZF¥ 48 A|Fbell= Omp28 o= #ZHAT. F,
Omp28¢] 7§ 4 PBMCOIA A= 5 6 A ZHEE 48 AIZH7EA], Ompl9e] 4% 6
A ZEE-E 12 A Z74A], SodCe 24 A7kl A TNF-a 32 2dFS FolshA 5

ZHA Y= AS Flskdv (Fig. 80).
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24 hr

1

T

- 2 PBMCE WYY Fdez A5 $ 48 A|774A 9] cytokine - A}
AFE AP A3 negative control®th =31 MBP A= W& v ushgl S
W fod FEoR FhE A$E Ompl9 A= Al IL-1B, IL-6, INF-y, =
TNF-a ¢ Omp28 A= A] IL-18 ¥ TNF-a fFxztel™, 19 Ldd &9 2=
PBMC % IL-4 4= 2do S/l #2E A sk

o (I

) Apoptosis A2 T A

ol

rr

- Bel2E apoptosis fritel #edstE 24 duldoln & PBMC oA i¥
Aoz 4GS o AT F 6 ATLE 48 A0AA FAA BE o
Attt Bel2 F3dA #d S MBP (reference control) A= A1 &3 H] il &}od

A4 Fd AFel= A SV F¢E Fdsh7] o v (Fig. 81).
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ko]l FAEHAL 48 Algte] HAadgow TLRAFHAA whé #Fo] non-treat
negative control Bt} 31l MBP (reference control) A= AZ3} H|ulste] F7}
& A2 A= 5 12 AIZFel A Ompl99k Omp2bol™ 24 A3kl Al Omp28+t
OmpA, 48717l A SodCY S &1ttt webA, Ompl99t Omp2be 4 PBMC
of A A= T 12A]7Fe A, Omp283 OmpAT 24A17FAl A, SodCe] 48A] 7Fol A
TLR4 737 wad=Fo] S7FeS Elstdtt (Fig. 83).
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Fig. 83. 14 ool tig A0 TLR4 28 A%
(x p <005 = p < 0.01)
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)
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Aoz 23k T 4ARA 7H7HA 2] apoptosis =4 o9

Elge] A3} negative control ®B.tF =il MBP A= 23] 2o
Hld] fost oz S/ 495 Ompl9, Omp28, OmpA°] Bax, TLR4E
Ompl0°] BaxE, Omp2Zb, SodCe] TLR4 F7FA7]%= AS gelsilow Bel2
A s F7HA170 3 g E e gld ¢ gl mEbA 659 g9

@9 % Ompl9, Omp28, 7183 OmpA©] ¥ 7} |4 apoptosis £ 24 2

==

5. AFFEANA A AVE 2L A= Fdel A 59 HgHg F7}
(1) 2 &Qel et &5 Aurs ot
D i g Az U AspCE whg-2=of W
- FAE wezo] B & 5F 9 7F AAG AFNA AEA WA #HstE




[gGlar A9 o audod oz FdA e [gGad TARLE
ELISA 7195 o] &ste] vl A skt 7 A3 diat pMal &9 Wk w}
S0 W8] rAspC B WG w9 aol ] 1 wd Awst AR Fobes
A& gelstan (Fig. 84).

IgG1 IgG2a
5 - 5 4 "
*

.ﬁ 6 i * - _E 4

> >

3° E

& 2- E rpMal E 7 mrpMal

2 WrAspC o=

o = WraspC

21 -0 |
0 D

5 7 5 7
Time (weeks) Time (weeks)

Fig. 84. IgG response after 5 and 7 weeks
rpMal-AspC (+ p < 0.05)

In mice vaccinated with rpMal or

- FYEe vgxd Fosk 3 55 W 75 A AlFoA wWIHEg] uE
cytokine®] W&l @S cytometric bead array 71WH& o]&3fe] vl EAEct 1
A3t iz pMal @) W ARk vhp-2o] Bl rAspC @ G vhg- 2ol A

O od AR @A FhsE AL 8

stk (Table 31-32).

Table 31. Concentration of cytokines after 5 weeks in mice vaccinated with rpMal,

rpMal-AspC
Concentration  (pg/ml) of cytokines in mice vaccinated with:
Cytokine
PBS rpMal rAspC

[L-12p70 017 £ 0.02 021 £ 0.08 533 £ 049

TNF 1.06 £ 0.09 347 + 022 551 £ 0.35
IFN- y 0 004 + 0.03 279 + 028
MCP-1 11.79  + 0.68 1254 + 048 3214 £ 276
1IL-10 0 005 £ 0.03 148 = 0.17

IL-6 003 £ 0.02 002 £ 0.01 09 £ 0.1
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Table 32. Concentration of cytokines after 7 weeks in mice vaccinated with rpMal,

rpMal-ASPC
Concentration  (pg/ml) of cytokines in mice vaccinated with:
Cytokine
PBS rpMal rAspC
IL-12p70 0.19 + 0.05 024 =+ 0.07 547 + 0.65
TNF 097 + 0.13 355 +0.36 843 + 0.88
IFN- y 0 0.16 + 0.09 574 + 057
MCP-1 1286 = 2.03 1471 £ 192 30.06 £ 3.12
IL-10 0 0.12 =+ 0.04 266 + 022
1IL-6 004 + 002 0.03 =+ 0.01 1.08 + 031
2) RGN AZEF FU OsmCE vh§-20] W
-G whgsel Fol@ F 57 % 7F AR@ ARolA AEA wee] wolshi
IgG13t AN W Awsold Aom dedd Ui [gGas BAYEED
ELISA 7|W¥& ol&3te] nla ZA&ity. 2 23 tix=< pMal &4 WHelgh np
$20) wls) rOsmC WU WG b9 seld 1 wd AEst AAsA S
= AL A3} (Fig. 85).
IgG1 IgG2a
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Fig. 85. IgG response after 5 and 7 weeks in mice vaccinated with rpMal or

pOsmC (x p < 0.05)
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cytokine®] W& %S cytometric bead array 71WH-S ©]&3te] Hln EA AT 1
A3 2z pMal @9 @ w2 HE rOsmC & WG np9- gt ef A
O3l AT dASHA FUeteE AS 1St (Table 33-34).

Table 33. Concentration of cytokines after 5 weeks in mice vaccinated with rpMal or
rpMal-OsmC

Concentration  (pg/ml) of cytokines in mice vaccinated with:

Cytokine
PBS rpMal rOsmC
IL-12p70 0 0 183 + 0.21
TNF 197 +  0.25 407 £ 0.36 1251 +  1.46
IFN- ¥y 0.06 £ 0.04 0.03 + 0.01 092 + 017
MCP-1 1223 £+ 229 1117 £ 094 50.07 £+ 348
IL-10 0 0 149 + 031
IL-6 0 0 06 £+ 0.16

Table 34. Concentration of cytokines after 7 weeks in mice vaccinated with rpMal or
rpMal-OsmC

Concentration  (pg/ml) of cytokines in mice vaccinated with:

Cytokine
PBS rpMal rOsmC
IL.-12p70 0.08 £ 0.05 019 £+ 0.07 367 £+ 047
TNF 276 £ 036 443 + 081 1259 £ 1.05
IFN- ¥y 03 £ 012 026 £ 0.08 343 + 055
MCP-1 1286 + 1.04 1421 £+ 207 5097 + 844
IL-10 0.05 + 0.03 0.07 £ 0.04 523 + 0.09
IL-6 0 0 219 = 0.05

3) nWAUY AxF FU DPSE rhgro] B

ELISA 7]'H& o] &3
F-2~0] W3] rdps W] WG vt A] 1 ubke
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Ae &8st (Fig. 86).

IeG1 IeG2a
5 5 * x
. *
E 4 * g 4
=]
g 7
(=] % o 3 -
2 2
E E Ml
S ¥ - mrpMal § i ErpMa
g‘ mrDPsS _g! WrDPS
-1 1
0 04
5 T 5 7
Time (weeks) Time (weeks)

Fig. 86. IgG response after 5 and 7 weeks in mice vaccinated with rpMal or
rpMal-DPS (x p < 0.05)

- Y gz T3 & 55 9 73 A Ao W
cytokine®] W& &S cytometric bead array 7]% )
A7 iz pMal @ HAGE wpg-2of v DPS oW W wmhg- 2ol A

I 83 A=7E dASHA S7keke AS glstdtr (Table 35-36).

Table 35. Concentration of cytokines after 5 weeks in mice vaccinated with rpMal or
rpMal-DPS

Concentration  (pg/ml) of cytokines in mice vaccinated with:

Cytokine
PBS rpMal rDPS
IL-12p70 016 =+ 0.03 018 £ 0.08 171 £ 0.26
TNF 1.37 £ 0.22 298 + 0.31 6.89 + 043
IFN- y 0 0.08 + 0.05 291 =+ 0.36
MCP-1 103+ 047 1258 £ 0.8 2854 +19
IL-10 0 002 £ 0.02 135 + 022
IL-6 004 £ 0.02 0.03 £ 0.01 09 £ 0.1

Table 36. Concentration of cytokines after 7 weeks in mice vaccinated with rpMal or
rpMal-DPS
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Concentration  (pg/ml) of cytokines in mice vaccinated with:

Cytokine
PBS rpMal rDPS
IL.-12p70 019 + 006 021 + 0.04 464 = 0.29
TNF 125 £ 031 261 + 0.37 1172  + 048
IFN- y 0 023 + 0.08 6.01 + 0.44
MCP-1 1287 = 097 1436 + 271 41.07 + 348
IL.-10 0 0.04 + 0.02 142 £ 0.08
IL-6 0 0.05 =+ 0.03 1.04 £ 012

sk A Ho A AEA WA Fo]st=
oAl ARo= dHx v IgGae TIA

ELISA 71& o]&3fo] ] —

229} rompl0, rompl9 % rompA T W

ol HolA &¥e S gttt (Fig. 87).

IsG1 IgG2a
28 140 +
2 120 +
= £ 100 - i
F=] p=] =
-E‘ 15 - I mpbs -E- a0 | mpbs
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5 1 Z . s %7 y
a i W rompl0 i W romplo
3 5 4
& o5 Wrompl% -] Brompls
WrompA 20 1 W rompA
0 0 A
3 7 5 7
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Fig. 87. IgG response after 5 and 7 weeks in mice vaccinated with rpcold or

rpcold—ompl0, ompl9 and ompA

- FHE vzl T3 § 55 B 7 F AHRE AFoA WHYukEe] wE
cytokine®] W& FS cytometric bead array 7|H-& ©]&3te] vluw FASSIH 1
A3 iz rpeold @) W ph¢-229F rompl0, rompl9 3 rompA T W
g mpe-atol Al T e H L9 XolE HolX 9= AS gRldov 7+ A
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3 Ao "R cytokineSS LW AA A%

3ttt (Table 37-38).

odt
(o,
=2
rlI
olo
ol
o
rlr
N
o
dat
ro

Table 37. Concentration of cytokines after 5 weeks in mice vaccinated with rpcold,
rompl0, rompl9 and rompA

Cytokine PBS pCold Ompl0 Ompl9 OmpA
IL-12p70  32.84:371  16.95:1.62 <0.1 <0.1 <0.1
TNF 838+1.04 3174227 227023 0640495 <0.1
INF- y  305£043  238:190  0.30.14 <0.1 <0.1
MCP-1  5204+36.19 3658+2118  2382:9.39  1632¢442 2779571095
IL-10 27.8042.86  1871+184  4.785£0.903 <0.1 3.04
-6 4032+045  19+0.24 1.3+.74 0.545 <0.1

Table 38. Concentration of cytokines after 7 weeks in mice vaccinated with rpcold,
rompl0, rompl9 and rompA

Cytokine PBS pCold Ompl0 Ompl9 OmpA
IL-12p70 26.92+3.89  14.46+10.84 19.49+£10.51  46.86+7.59 51.34
TNF 3.165+1.90 3.93+3.22 9.195+3.71 2.65+2.34 8.99+0.95
INF- ¥ 1.74+1.14 1.41+0.90 2.35+2.10 1.3 4.83
MCP-1 36.666£23.04 429442558 34.02+15.66 22.517+15.37 33.51£19.45
IL-10 11.056+11.73  7.49+5.52 9.586+5.75 17.02 35.31
IL-6 1.91£1.69 1.37£0.705 2.64 4.98 4.67

6. 1AL E AxE FD 63 dFAALS AF wF =23 I A AP AA

(1) g Az

oot

pele) w23

- uHgAA Az FdY 5 F (Outer Membrane Protein 28 (OMP28;88kDa),
Malate dehydrogenase (mdh;93kDa), Elongation factor Ts (tsf;91kDa), Arginase

(rocF;93kDa), and Metal-dependent hydrolase (0628;85kDa))e] o ZFAAS $]3k
Mgz 2 gZFgdAE st 218 S5
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rio

D adgayd Axzs o g

(o

Az B9e 47

A 1 ARIA AFEOZRE A FHolH 57 1HY
of mj<k =3l skao] mj A A

- 5% uHIYJA AExF FY stocks LB agar plate (ampicillin 100 pg/ml 3
7HE o]&3te] 37 TollA ujSFAZ ).

- LB agar plateolA] #jg=olxd zbzre] awWgddd AxF FHUe colonys
picking3}e] LB broth medium (ampicillin 100 pg/mL %7} o ©hA] 3k ¥ wj ok
A7l %, IPTG (0.5 mM) iductionsS &3te] HFHo=m 1HALAY A G

samples &H 3T}

<=

- Histidine= ©]-&3to] 2ol AMEHod nAdddA A= A= FAsA

gl d AAE 35kl His SpinTrap (GE Healthcare, UK)S o] £33
Denaturing condition buffer 10 mL <= Z}Z+e] tubeol #H7}ste] pelletS
suspension A AF3 4Tl A overnightA] 71 ¥ sonications 30% 5<F 2 A3}
ATk 123 sonication AAl F HiEHLEE A4FEEste] S HE 600 ul A
His SpinTrap columnel ¥ 70 - 100 x gollA 1&3 AR E A5
t}. wpA 9o 2 denaturing condition buffer 600 plE columnel WH &
Elution bufferE 500 ul 2 YolA @wld GAE AA]s}A T,

- 5% nAAgAA Axd Fdds GA FH Ao Az dwAe] =27] 2 A

Al 7S SDS-PAGES} Western blot (anti-his Ab AF8)& &3te] &1ttt
(Fig. 83).
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Table 40. 7+ g4 B4 ds (F 2070
o el A5 | ng @
3766 371, 55, 75(1)
B. abortus 2308 61 37(1), 57(1), 77(1), 97(1), 105(1)
(FPA=) 56 35(1), 55(1), 7#(1), 97+(1), 105(1)
3528 37 (1), 55(1), 75(1), 95(1), 105(1)
Y. enterocolitica O:9 —
(LRSI AbE) 9810 15(2)
Table 41. -5 @39 A FASHRS 23
A3 ) A _ _
| 1A | 353 | 57 | 653F | T | 8FAF | 974 | 10=2F
AEH S
3766 50 100 100 100 200
2004] 1 1 1 1 50 50
S 61 o A 00 00 00 00
75 561 oo 100 400 400 400 400 400 400
200<]
3528 400 100 N 100 100 100
Y.
enterocolit| - ge1 FHE 159 AR P34 1:400 97}
ica O9
PR
Table 42. a5 g3 2=z P& 23
AANA ] ) ) . ) . | 105
g | | 3| SRR 634 | 7R | 83 02| T
3766 L A] * *ok ok *kok ok sk .
B A gt 61 A ik * Hk ok Hok sk sHokok
7red 9 561 L A] sk * sksk soskosk skskok skoskook soskosk
3528 L A] * * * koK ok sk sk
Y. enterocolitica
09 XL EE Y
iRk
2) °F9] Brucella %74 2 &4 4 &1
- oF9] Brucella ¥3383 2 AA 7+ Al T 7SR E A st e
Brucella A7) AR Fpom Avd Fg9e dHe 24 Adre Wx
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7}) 4 PBMC9| ]

- U ARS A EAE AfFH ] S ol &t &F8a A
Histopaque 1077 (Sigma, USA)E °]&3lo] PBMCE &8 3%t}

et
o
ot

- Zg¥ PBMCE 5 x 10° cell/mL ¢ A% & RPMI 1640 (10% FBS) ] uj
Foto] Aol o] &3t}

) #elE 4 PBMCe| Ax3 dwd 2=

- 5% v Az s AFEE 44 5 9 10 ug/ml = PBMCE
Ab=8E9e™  polymixink B 50 pg/ul® A gste] LPS 29SS WA ST
Positive control24 concanavalin A (ConA) & AF&3t9 o FHF T% L35
o} 10 pg/mLe. = 5d3tAl PBMCE A= 3ttt

- 29 WY F A58 PBMCE 247 2
RNeasy kit (Qiagen, USA) & o]-& }04 RNAE —"F%’S‘}‘}iﬂr.

t}) Cytokine % apoptosis & W WS & {312 &3 =4

- RNeasy kit (Qiagen, USA) & A}-&3}od RNA F=33 F+5% RNA 500ngs
QuantiTect Reverse transcription kit (Qiagen, USA)E ©]&3}o] ¢cDNAZ g4
vk aH AN Axd FLdoz AE A PBMColA @& cytokines
d A 9 apoptosis A Fe FAs7] A& Al FAHE cDNAE
template® 3} Rota-Gene SYBR Green PCR kit (Qiagen, USA) <}
Rota-Gene-Q real-time PCR 7|7 (Qiagen, USA) & ©]&3}% quantitative
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real-time PCRE 2 A]3te] Wwtg & cytokine % apoptosis Q1Ae] ¥ S
A S35k (Table 43).

- Quantitative real-time PCRS &3] ¥<214¥ cytokines®} apoptosis 71 #F2] wt

& %2 house keeping gene?] B-actin®] % wa o g Hlw #2359

Table 43. 2~ PBMC2] cytokines % apoptosis @& 72 2}2] primer set

Primer Sequence Product size
iNOS Forward 5'-AGCGGAGTGACTTTCCAAGA-3’ 97 bp
iNOS Reverse 5 -TTTTGGGGTTCATGATGGAT-3’

IL-18 Forward 5 -ACCTTCATTGCCCAGGTTTCT-3' 120 bp
IL-18 Reverse 5'-TGTTTGGGGTCATCAGCCTCAA-3’

IL-4 Forward 5'-CAAAGAACACAACTAAGAAG-3’ 181 bp
IL-4 Reverse 5'-AGGTCTTTCAGCGTACTTGT-3’

IL-6 Forward 5 + -“TCCAGAATGAGTATGAGG-3’ 236 bp
IL-6 Reverse 5'-CATCCGAATAGCTCTCAG-3’

IL-12p40 Forward 5+ ~AACCTGCAACTGAGACCATT-3' 186 bp
1IL-12p40 Reverse 5 -ATCCTTGTGGCATGTGACTT-3'

IFN-y Forward 5'-ATAACCAGGTCATTCAAAGG-3’ 218 bp
IFN-y Reverse 5'-ATTCTGACTTCTCTTCCGCT-3’

TNF-a Forward 5'-TAACAAGCCAGTAGCCCACG-3’ 977 bp
TNF-a Reverse 5'-GCAAGGGCTCTTGATGGCAGA-3’

B-actin Forward 5-CGCACCACTGGCATTGTCAT-3’ 297 bp
B-actin Reverse 5-TCCAAGGCGACGTAGCAGAG-3'

Bax Forward 5 -TCTCCCCGAGAGGTCTTTTT-3’ 151 bp
Bax Reverse 5 -TGATGGTCCTGATCAACTCG-3’

Bcl-2 Forward 5'-ATGTGTGTGGAGAGCGTCAA-3’ 146 bp
Bcl-2 Reverse 5'-CTAGGGCCATACAGCTCCAC-3'

TLR4 Forward 5 -TGACATCTTCACAGAACTGACTA-3’ 164 bp
TLR4 Reverse 5'-GGAGTGGTTCATAAAGAAATGTA-3'

Sl

2) & PBMCE °]&

ok

a8l

1t

4 A=

ot

clo
S

EER R I P e

d
o

7F Inflammatory cytokine % zpe] e FA]

- Inducible Nitric Oxide Synthase (INOS)&= AM¥A wWelel Thl WS F =8
cytokine®l &Jste] WA E i M o] E F3te] AA UL Nitric Oxide (NO)O] %]
7bo ke A He AeE2 gEA domn awHdgdAd Axd Add 10ugle =

o

PBMCE #=3t3ls wf 48A1%F %ol rocF 3 9lo] fFo#ow = Wilst= A
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gelstArt (Fig. 89). 1#ivt tr& 39 A=l dofA= 1 FoAdol vEA
S selasirh
(A) iNOS
5 9 DoMP:28 Emdh
B tsf MmMrocF
B0628
e 47
=]
=
2 3-
o
>
@
@ 2
=
@
o
1 e
0

(B) iNOS
30 1 DoMP28 @mdh
= tsf mrocF %
25 4 [E0628
=

=

% 20 -

s

Ee' 15 -

-]

2]

e 10 -

&

5
12 hr 24 hr

Fig. 89. 1WA LA A=3} &Y Sug (A), 10ug (B) == gk A7FgiE iINOS &
AF (x p < 0.05)

- Axd W9l Thl ¥-& fFXo #HoJsh= cytokine ¢ 3 F/<S IL-1BE &
PBMCel| 5ug ¥ 10uge WU Az dAdS A=89S u 047kl H] 8}
of o] Frlste ol HolA= skt shAIRE rocFeol 49 10ugel s==
PBMCE A== at3ls uwl 48413 wjel IL-1B¢] Wa o] & 1Rl Ax
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& Fd= A
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o
38
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lo
(222
[.4 1
ot
=
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r 1
2

ol
o
X
o|N

N
==

ol
o
rr
Y
o

slstatt (Fig.

(A) IL-1

3 4 OOMP28 ®@mdh
Etsf mrocF
E0628

[e¥]

Gene expression

0 hr 12 hr 24 hr 48 hr

®) TL-1

5 4 DOMP28 @Emdh

mtsf mrocF

. E0628
=
w
S 3
i
="
i
3 2 *%
=
)
€]

i M N\ CIENlzm Nl

0 hr 12 hr 24 hr 48 hr

Fig. 90. 144 AxF &9 Sug (A), 10ug (B) A=l oigh Alzkdid IL-18 &
A= (== p < 0.01)

- IL-4= AN ©9Ql Th2 W& f=ol #oldh= cytokineo= A glom =
PBMC olx a4y Az Yoz (339 w 0AzF wo] wd Py v
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Werel HAF A bugs AUSNAE BT A6l rocke] Ta@el @A
A F7keteE AL gelst = JdAoer 10uge F%2 PBMCol A=FS FAS o
EE rocF Az Tl ko] 24417t 4841 bel ThE 4% o] whul o] wlashe] 1
W o]l dAskA Frkste AS gl (Fig. 91).

(A) IL-4
20 1 moMP28 ®Emdch
Stsf mrocF
H0628
g 15 -
‘=
g
=
2 10 - )
-]
&
=
=]
I
24 hr 48 hr
(B) IL-4
1 mOMP28 mmdh b
3000 | ®tsf OrocF ”Hm
0628
=
S 700 - *
wh =
% 600 -
| 59
? 500 -
o 400 -
S 300
<o 200 -
100 -
0+ PR =R = ==
0 hr 12 hr 24 hr 48 hr

Fig. 91. mH 994 Ax3 d<¥Y Sug (A), 10ug (B) A=l ik A7 IL-4 9

= (« P < 005 =+ p < 0.01)

- A Wl Th2 ¥k F o] o3} cytokine Fo el IL-69 W=
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Zat7] $lste]
10ugel =2 A3

s

o IL-69]

o
159t (Fig. 92). 5ug?]

slo
= U

KeN
=

:_
L
1

H 12417F Hof IL-6¢

s

A HE 0A]

FAI R 10ug 2]

S

R E:

3
pul

mdh®}t rocFE #}
FA ok (Fig. 92A).

o

=

iy

o
=

HAAE7} Suge] 52 AFAAL 9o}

=13
=

0A]7Eel Ht}

-
1

12A17F e, mdh} tsf

<
T

Nl

‘_Ir,Vl
rhy

o

Fo A IL-69]

2= Al 71 A

o] mdh¢} rocF T

o

o
o

el

Atk (Fig. 92B). ©]

AT,

IL-6

(A)

@Emdh

COOMP2Z8

tsf

mrockF

B0628

remen [T e

48 hr

8 ia

uoissaadxa auan)
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(®) 1L-6

40 4 ©DOMP28 ®@mdh
Etsf mrocF

35 1 mos2s

*%
30 - |

20 - *k

Gene expression

R
48 hr

Fig. 92. g AA A% 39 Sug (A), 10ug (B) Aol tidh Az IL-6 4
= (xx p < 0.01)

- Thl Wutg3} Aol glom dFukEAl IFNy ¢ CD4+ T cell?] AES 7=

st Aoz dEA & IL-129 subunit®! IL-12p40¢] #d +F& 4 PBMCE
o]-g3fo] =<lst (Fig. 93). 19U A= ¢ 555 7212 5ug 2 10uge]

At 4
71 A3} Suge F% A=A 1247k OMP28, mdh, tsf, rocF, L&
el gFo] 0rZbell Hlste] AASHA S7tehs Ae 1T 5 UM
24110 AA] OMP28, tsf, 12|31 0628 Ax=3 TS AHejst AgToas 1 3
S Felsk 4= ATt (Fig. 93A). whdoll 10ugd v==5 83 gt
A= 12241%F el OMP28%}F 0628, 24A1%F wjoll mdh$} 06285 *2gh o4
T ARtk (Fig. 93B).

o
e
0]

s

[L-12p4029] W&o] Z7sle o= gl
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@ IL-12p40

50 - OOMP28 ®Emdh
Hitsf mrocF

E0628
40 ~

30 4

20

Gene expression

10 A

0 hr

® IL-12p40

30 4 ©OMP28 Emdh
Mtsf M rocF
25 | @E0628

Gene expression
T

48 hr

Fig. 93. .TL
IL-12p40 =&

il
&

dAX Az FY Sug (A), 10ug B) Aol dizk A|ztoid
(* P <005 %= p < 0.01)

- INFy= Al¥A W92l Th-1 ¥+$ %o Todt= cytokineol™ 4 PBMCo A
aHddd Az & Sugd 10uge = 22 A=383s W Sugedl sEE A=
sk PBMColl A 12, 24, 18]a1 48A1ZF $-o IFNy f+3dx¢] &#do] F7hshs gl
g UAJAR mdhet rocFE AFAIZ AS 12A 0704 = 1 i wFo] F7het
RAIRE o] & 244 9F 48A|ZFe L Wb EFo] fHadke Ae AT ¢ AU (Fig.

94A). WHHel, 10ug? &= A=53% PBMColA &= 12A1F o OMP283 06285
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A= aF PBMCol A4 1 arddfo] @A A =/lel= A<
(Fig. 94B).

okt

@ IFN-y

50 1 DOMP28 ®Emdh

mtsf mrocF
E0628
40 -

=

=

Z

& 30 -

- EE3

="

e

=] 20 -

W

=

=]

w 10 -

®) IFN-y

10 1 oOMP28 ®@mdh
| @tsf mrocF
B0628

L (=) =1 ca o

Gene expression

(= R R o IS = R -

Fig. 94. W9 dA A= &9 Sug (A), 10ug (B) AF=oll thek A7k IFNy 2
A= (x P <005 = p < 0.01)

jid
a<!
14
ot
N

- AEA W]l Th-1 vkS fr5=o] #efst= TNFa fd#ke] SdYES #2367

fl8ke] 2 PBMCell 1w o917 & 717 Sug¥ 10uge= =3t

At Sugel TEE ASS FolE Wl fAAke] WMEks 244%F ol tsf, 484]%F
u

woll tsfol 0628 wid A=rwtoll M wk FojstA W7 Jdes Sdd ¢ sl
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17 ool mdh, tsf,

(Fig. 95A).

w2

rocF, 24417t wol]l mdh, 28] 3L 4843t Wl rocF

B
~

el TNFa

Zkell w2l

o} (Fig. 95B).

TNF-0

(A)

-1 OOMP28 @mmdh

3

mrock

uoissa1dxa auar)

TNF-o

(B)

1 OOMP28  mmdh
mtsf

20

OrocE

=0628

*

W = W
— —

uoissaadxa auan

48 hr

24 hr

] 7+tiE TNFa

R84

3k A

2 Sug (A), 10ug (B) A=l of

(x P <005 #x p < 0.01)

o

=13
=

Ry
-

PBMCE A=

&

FaS o, Al

5]
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Az Y smek AlRbe] Watel] wel gEd YEes e SlE o AT

A

- Suge] xR AL ddatel M= IL-6, IL-12p40, 2¥]aL TFNy #Fd*%
o] 12A%F W e aHddd A2 FddolA FostA ket e &<
w o] % 24X 7F 48AIFF woll = FolstAl SUbske I o] Wl
2} OMP28<2 IL-12p403} IFNy, tsf& IL-12p40, IFNy, TNFa, rocF
IL-1B, IL-4, IL-6, 0628< IL-12p40, IFNy, TNFaolAl 77} th2 A e
ATt webA, 55 HAAd Axed FdS & PBMCol #
WS- 12413 7bA] Skt Al EAshE Ao ® Als E T

ﬁd
o

Omjoi_"
o

o\
=

2

2 o

d4 e
o
fot

- 10ugd sE== Az

i g Az Rl
A Zre) whel Zhzke] fHAES] wE o] dEA = AS FATd 5 A
1) Apoptosis A A2 T A

- Bcl-2+% apoptosis f&tol] #olst= 24 daidolr & PBMCOA WS

4 A
Az &Y 552 bug, 10uge 2 7zt AFad S v 5 Add w5 e P
2po]E Holx kA wF 10uge HTEZ PBMCE A=39< o Bel-2 429
ko] 484 7bol] fo)A o w F7tshe AL e = AT (Fig. 96).

(A) Bcl-2

3 - oOMP2E @mmdh
mtsf mrocF
| mo628

Gene expression
&
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(B8

Bcl-2

k%

50 4 oOoMP28 @mmdh

st mrocF
EH0628

= 40

o

)

5 30 -

-

c

)

o 20 -

s

L,

O -

0 | FEmm EsN O e ) o et o B2 ==
0hr 12 hr
Fig. 96. W9 9A Q=3 3D Sug (A), 10ug (B) A=l thst A7kt Bel-2
W (+x p < 0.01)

- Bax X3t apoptosis el #ost= 24 wlA 24 4 PBMCOA 1S LA
ANzxE FY 552 bug, 10uge = 2H2F 2A=38tdS wf + A B5F dd o
kol g HolA AT Suge] FEE PBMCE A=3t¥ S W Bax fdzke]
Aol Aap F7Fste] 48AIHA el oz FrteteE AE AT & AT (Fig

97).

(A)
3 - oOMP28 mmdh
@tsf orocF
55 |m0628
=
=)
w2
[}
-]
.
;
= 1.5
=]
W
= 1 -
W
&)
0.5

Bax

*%k
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(B) Bax

3 - oOMP2E @mmdh
mtsf orocF
E0628

Gene expression

0 hr 24 hr 48 hr

Fig. 97. W9 A94 Axg &Y Sug (A), 10ug (B) A= thadt A7t Bax &
dak (xx p < 0.01)

- TLR4 apoptosis 2o #ojst= MET FEA ol & PBMCOlA 1S AA
ANz FES 27 bug, 10ugl = A=3tH S vl Algke]l Aol mel TLR4
AApe] wbe wko] Walrt W AEkA] ok AL sed = At (Fig. 99).

(A) TLR4

3 ooMP28 mmdh
@tsf OrocF

55 | 0628

Gene expression
&
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®) TLR4

8 - DOMP2E mmdh
mtsf mrock
7 1 =0628

Gene expression
E=

Fig. 98. aWHAAAd A= 339 Sug (A), 10ug B) A=l gt Azt TLR4

il o
- 2HAYAE AxT dY 55 47 Sug 2 10ugd TEZE A& PBMCOl A%

o
NS uw, A7ro] Aol we} Bel-2, Bax, 1@ TLR494 e gke] Wkt
3 le)

o] A5 1 qAFe Aoz} 484t
T} AlZbe] wet 1 xpel7t dEt S

- AdHoR udddd Axd 9 555 & PBMCel A=A121 ¥ apoptosis ¥
el E Z

A3 o5 5% BT AT Ade] 4949 AL

3t Apoptosis®t #HEHE 37019 442 (Bel-2, Bax, “18]1 TLR4A)ES 5%°
THALGA AZF FY Sugd 10ugez 717 AF3lY S wo Hd Was B
A3} rocFE 5ugel X2 A0S ) 48417k Bax FAA7 Fo4 A
& FAsgom 10ugd FER AF89e Wi 4843kl Bel-2

O

N
-
ol
-
rr
N

30 o 2L oy o
59
N
N

7l AL Bt olge] BE faAd ol nHRAdA A%
G99 s D A0 W fAAe B@As] t ool YEIA 8
e Blaar
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- 5% nWAAY AzxF FUN okl FE: FRAE) WL FFH AR 7]
% S9eaq ELISA 7'M ol gahart

S g4 WA 2 &4 WAL 120%H 1/25607H4 A g ow
H aHALd A= 8&% (OMP28)2 400ngH-E] 1.56257+A] =2F4 S

(A) Optimal concentration of Antigen (Positive)
3

2.5 - & =200

= a— 100

—tm— 50

Q=25

el = s Bt

0D 450 nm

——625
- & —3.125

= B— 15625

4 ; T ] —®—Elank
o 0.02 0.04 0.06
Dilution Rate

(B) Optimal concentration of Antigen (Negative)
3

—&— 400

2.3 - = =200
— A— 100

|8

—— 00

=y =25

e
w

e — i 5

0D 450 nm

=]

—_——5.25
— @ —3125

- B 156253

—®—Elank

o 0.02 0.04 0.08
Dilution Rate

it (
O:

Fig. 99. &< 3 &4 = A4 (A) ¥4 €4 2 B) &4
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tsf
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o

S o] 83 Western blot

Az

A

3

o

(2) 1W<

il

0
o

tod

=
S

KN
=

western blot

15k91t} (Fig. 101).
o ¥ J)FoF (2ug,

g2l

=

S

o

EEE
B

KR
T
=

=

antibody = A}
- Western Blot
. BCA assay

—_
fIfe)

et
NR

=
=

9 w5

5}

0.3ug, 0.5ug, 18]l 2ug?l 47}
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o]

lly

2HALA Ax3 FAES NuPAGE kit (Invitrogen, US)E o] &3}
loading samples A 2tslal o] E Al A2t sampleE<S 100TC heat blockelA] 8
B2 95 3 A7)9E5S AAE F iBlot Gel Transfer System (Invitrogen,
US)S o] &3} transferE 2 A3t} Transfer A A & 5% skim milkE ©]-&3}
o] blockingS 1A17F A AEH & primary antibody® A& %A &3 (1:100) 3
=4 83 (1:1100)& =13t 4Tl A overnightS A A gho,

. Primary antibodyE #| A3 &, 1X TBSZ o] 839 washing (33])S A A%
4, secondary antibody (Rabbit anti-bovine IgG AP, Sigma, US)E& g3t H
2N s Ao WA g 51X TBSE o]&3te] washing (33)S 2AA% F,
AP conjugate substrate kit (BIO-RAD, US)E ©]&3}o] developmentE A A&}
ATt

Positive Negative

%8&83 — 2ug
80kD

60kDa —> [ 0.5ug
80kD.

60kDa —3 L 0.3ug
80kD:

60kDa —3 0.2ug

1 2 3 4 5 1 2 3 4 5

1: OMP28 (88kDa) 2: mdh (93kDa) 3: tsf (91kDa) 4:rocF (93kDa) 5: 0628 (85kDa)

Fig. 101. 559 W9 Ax3 FPUS o] &3k wo] mpE Western blot

ftlo

‘l U

)

_0|L

38

o

o

-

wn

> o2
M we o

s 8284 1S 98] ELISA ¥ Western blot 7]

Eot] Ztzte] mHdg Yl A dU HAAH T 2 Y ¥H 44 T=
ZAFe7] 918k OMP28 39S ©]83F check board titratione 2 Alslke] 1 7]
To A9 Western BlotS o] &3te] 7} Al7|¥ 7S dH o MPg=EE
gtz A4 g Frod AFS A
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- 1 A3 OMP28E ALt thE dddAe #FES A dg s e
UERA eSS Elskdth ol ELISAE S8 Wizt= Ao Aypetw A3
S meolth webA, ELISA 2 Western blotg o] &3 B34} 7149$ Xy
HALA AT Fd3e g AE gk 7HES gy Aoz Fridn
9. Recombinant protein& °]&3% A W= HAF AA
(1) Recombinant protein A A 2 SDS-PAGE and Western blot

AR gwd 9F)EH € (kb E ) EH] weAd A E S @A shH
AES 913 dd5n 524 FA8 g8 A4S Dask

- SDS-PAGE ¢} Western blots &3 Az @¥d HE 3 okerba @ 99
WSS geletr] flste] e 22 BHoR AFE HdsAnt (Fig. 102).

(5,769 bp)

el

\ A
A o o

Cloning by pCeld TF vector system

PCR products

Each proteins were
collected by His
SpinTrap

i

5DS-PAGE and Western Blot analysis

Fig. 102. SDS-PAGE % Western blot

AT

- Western Blot2 oS3}

o2
off
—_

Incubation at
i S

i

\
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: BCA assaye &3te 99 W94y Axd Y (OMP28, mdh, tsf, rocF,
0628, Bfr, OsmC, ThpA OMP10, and OMP19)9] T =& 7|+ 2 03ug?d A=

§ wwAse Fulshac

)

il

aHAGAA AxF FUES NuPAGE kit (Invitrogen, US)E o] &3}
loading sampleS A 23t o2 A A 2tE sampleES 100C heat blockolA] 8
B2z & AV)dES AT ¥ iBlot Gel Transfer System (Invitrogen,
US)S ©]&3}9] transfer 3+ 5 5% skim milkE ©]-&3}o] blocking= 1A]7F A
Al8lal primary antibody® ARES 4 @34 (1:1000% &4 4 (1:1000&
Hlgle 4TColA overnightS AAIATH 283 thgd 1X TBSE o] &3¢
washing (33])& 2 A3 F, secondary antibody (Rabbit anti-bovine IgG AP,
Sigma, US)E A3 H 2A3Hs<t Ao wWxg % 1X TBSE °]§3t4]
washing (33])& A3 T, AP conjugate substrate kit (BIO-RAD, US)Z o]
4-3}9] developmentE 2 At} (Fig. 103).

A Positive

1: OMP28 (88kDa) 2: mdh (93kDa) 3: tsf (91kDa) 4:rocF (93kDa) 5: 0628 (85kDa)

SDS-PAGE Histidine Posifive Negative

T 2 3 4 4 1T 2 3 4 5 T 2 3 4 5

1 2 3 4 5

1:Bfr (77kDa)  2: OsmC (75kDa) ~ 3: TbpA(97kDa]  4: OMP10 (70kDa)  5: OMP19 (79kDal)

+ Posifive : » 1:400 ©| 4, Negative : €1:10 | st

Fig.103. Western blotS §3 &84 B4 (A) OMP28, mdh, tsf, rocF, 181l
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0628. (B) Bfr, OsmC, TbpA, OMP10, 22 12 OMP19

- 1029 A% awas 01%3}01 estern blotS AA|gt A3} OMP28 w2 uh

o] MPEIL

i
o
el
=2 1
>,\I
ru{o
Jﬂ
‘O,
;L
g
rE
:
é
o
(/2
O
2
BN
%
AV
z
N,
o,
to oxt r

3 A%
Folstel GF A @ azow Aaa we A

g

- Egh 57FA] Al xF G (OMP28, mdh, tsf, rocF, 0628)< ©]&3le] ELISAE
AAEEAT (Fig. 104).

A il
L Positive
J
3.5 + 35
m 50
E * A4l
= 2.5 42
- . 2
o - 47
15 . 34
3 = . 44
os =
o i - — | = -
N e & o e 4
1 o = W L
d‘:c‘.g &8 k- e & Q\:‘_:S?
B .
) Negative
4
25
£ s .a
325 mB
i -
[=] e [
Q..
D
1
05
o 4 o n L. n =]
o e o A o e
‘;gf\, & 5 & &£ 2
&

Fig. 104. A z3 wwd (OMP28, mdh, tsf, rocF, 0628) o] &3 ELISA &4

- & 10709 positive sera ¢ 4719] negative seraZ ©]-83}o] ELISA #2418 24
3t A3} Western blot A3} 5A31A OMP28 A xg @il dgto] Wzt =7} =7
et AS elstdon b Az didel glojas Rzt E Wste] Ao
7b AA es FRlskAth. webA, olgr Ay zhzbe] o
DA A AT G vt Zolrp A Aow dAkEh
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T 4G BHo) B nUGNY ARF BuAY] WPEE $A
7] Siste] APFB@ A4 FAUES AR F, 209 499 a1 709 A
of Bojg FFstel AFFIS BHL Fu A

- AFEAS S o] 83t HUe] AR @A (OMP28, mdh, tsf, rocF, 0628)
o] wkgA AdS AAskAo (Fig. 105).
505 533
80kDa—>
; $0KD:
60kDa—> 29th i 29th
$0KD
0D —> 49th ioe— 49th
80KD
sokDa— 70th Ange—) 70th
$0kDa
Bkba—> Before ggtgg = Before
1 2 3 4 5 1 2 3 4 5

1: OMP28 (88kDa)  2: mdh (93kDal 3: tsf (91kDa) 4; rocf (93kDa) 5: 0628 (85kDa)

Fig. 105. Western blot& &3 QA4 E-T A S o] &3 A= @Az bgA
]

- 91e] 2"l FAT 5 glko] 5057hA ] A2 tsf A dW A el whgAd
S vebdlon 533/MA9] A2 OMP28#e] whgAdo] =A yvErTh wpebA, 7t
Zte] wH AU A3 e vkl lolA JRAIZES] Apolzb l&E Eel
atSiet.

9 ELISAS T3t @33y 242 AAsdtt (Fig. 106).
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A Positive (29th)

0.25
-
E 01s -+ W 305
P

010 -

0.05 A

0.00 -

OMP28  md rocF 0628 Blank

B Positive (49th)

045

040

0.35

030

Wso4

2 025
=

—_

= 0.20 — . W505
o

015 — — B 533

0.10
005

0.00
OMP28 mdh tsf rocF 0628 Blank

c Positive (70th)

0.60

0.50

040

030
020
010
0.00

OMP28 mdh tsf rocF 0628 Blank
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D Negative
050
040
2 020 Ws04
,__‘f - B 505
c - 533
010 + —
000 -+
OMP28  md rocF 0628 Blank
Fig. 106. 21&749$% 3AH= & (A) 299, (B) 49¢, (C) 70¥, (D) SAdH S &=
gk ELISA 4
- ELISAE &3 1994 Az didse] g Ae 23 349 84
A= FAA d& AolE YElA &S st aela Frlgos A
3k Bfr, ThpA, OMP10, OMP19 A xg v A o] ELISAS] WA Al fFoA S
stol &t x| ZE3skAtt (Fig. 107).
A Positive
1.2
5 1 |35
< m30
0.5 -
b kkl _lh

TbpA OMPI10 OXMFP19 Blank
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B Negative

[B)

1.5
2
=
o L1
o "
) l
BB hE .
Bir TboA  OMPI0 OMP19 Blank
C Mongolian (505)
1.b
3 m29
] 1 m4ig
2 70
0.5 _ m@Before
0 -

Bfr  ThpA OMPI0 OMP19 Blank

Fig. 107. 2@ 994 Axg @9WA (Bfr, ThpA, OMP10, OMP19)& ©] &3 ELISA
4. (A) ¥4 okI7HEH, B) &4 8%, (O 539y 274

10. RAW 264.7 celldlA 9] ndaSgYgA Az dd@ld T w2 dHIduE=d
(Nitric Oxide @ cytokines) o3 ¥4
g Az A odk WM E (Macrophage)o] HHAQ WAFE WS
S BA57] 9stel NO 2 954 cytokines] od FAahS HA519 )

S QTSR eI 2 e Bale] AAa

" RAW 264.7 cellS 10% FBS7} 718 RPMI1640 viA] & ARg3sto] 37T, 5% CO.3f

o A wjFS A E] RAW 264.7 cellS 1 x 10° cells / mlE 12 well plateel] %7

A 8AIZHESE SHAELE AZITh olul, 2% FBS7F H7He RPMIGA0 WA & AHE-314l

o kA3 g % 97kA] aH A Azt aAS 10 ug / welld %

RAW 264.7 cell& A=tA1Z ) 14 Az gld A= 5408 24, T1E]a
3

H 17
AL R RS
48 AN RAW 264.7 cell 4545 F7|5ko] NO assay 3! ELISA 295 A8
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ATt

(1) RAW 264.7 celll 1AL A=zt Gz 2= & No assay= &3 Hujr7j&2

¢l Nitric oxide & & HA]

- O7FA A aAd Az whaid (OMP28, mdh, tsf, rocF, 0628, Bfr, ThpA, OMPI0,
2]3l OMP19)S ©]-8€3Fo] Nitric Oxide?] @@ #EFS NO assay WHS o83l &
A8k (Fig. 108).

NO
4000 1 —— OMP28
- # -mdh
—& - taf
—&—rocF
- & -0628
2000 - B bir
—&—thpA
= ¢ =0MFP10
- 2= OMP19
—&—DFBS

MO {pgfml)

Time

Fig. 108. 1A Az iz zp=o Al7ke] w2 Nitric Oxide & ®H3} &4

- NO assay 23} Alzbo]l Aol wheh |quiziEd] NO 2@ go] Hah S7hsh=
S Y 5 o (FigdlA). B3, nugdAd Axs dad A=

48417kl 0628, Bfr, ThpA, OMP192] NO wr&lwko] A =712 &

ﬂl

o

- mebd, AxF BNd A
.

1

%3 Raw 2647 celle] Woukgo] f=gS &lals]

03:

(2) RAW 2647 celld]l 1HSAY Azt did A= § ELISAE &3
=]

pro—inflammatory cykines W& % 49

- Raw 2647 celle] A LA Az wwlad 2= 3 pro-inflammatory cytokines
(IL-1B, IL-6, IL-12p70, IFN-y, TNF-a)9] @dF=E &2l x} ELISA 2gS 2
] 0]‘ A

- ELISAE &3 722 W o2 AAE9 Y (ebioscience, ready—set-go Kkit).
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: ZFZe] cytokines (IL-1B, IL-6, IL-12p70, IFN-y, TNF-a)¢] capture antibodyZ=
96 well plateol coating 3+ %, 4ColA] overnight A|Z Tt} tha¥ 1X PBST (300ul)
Z o]g3}o] washingS 33 AA|8FaL 1X assay diluentZ 200ul ¥ 1A 759 A2
oA blockings AAISIATE 1 F standard 2 ZZe] FEH AMEZES FH| 5l
100ul A ¥ar 2A s Aol A WA Tt o2 1X PBST (300u)E ©]-&3f
o] washing= 33] 2 A]%F & 1X assay diluentel] 3]213+ detection antibody 100ulE
Yar 1A ZHseE Aol A BEg A AT thA] 1X PBST (300ul)E ©]-8-3%] washing &
33] AA|5kar 1X assay diluentel] 3143k Avidin-HRP 100ulE& ¥ 32 30%-5<F A2
A 9hgAIZl % 1X PBST (300uDE ©l-83te] washings 53] HAlekitt whA| 9o
2 100ul9] substrate solutions ¥l g4 1587F A8 2 A5k 50ule] STOP
solutione o] &+ % 450nmelA plateE reading ATt

- 9ok 22 o ® ELISAE ZAIR 23} TNF-a ¢F IL-69 2d X%
ot (Fig. 109).

it
-I (
rO
ol
o
38

A TNF- @
1200 |
—g— OMP28
- 1000 - -4 -mdh
=
=
i
z
e
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- 2= OMP19
—ae— DFPBS

250 -

(Tu/Bdy g1

Time

B
S|

LN

Azke] A

-
.

- ELISA &4 Z3 TNF-a

lol] glojA] A

w2

Azg &

gl

5

o)

- IL-1b, IL-12p70, IFN-r 37§¢] cytokines?] =&

9/‘{

R

3 Raw 264.7 cell

2ol 9]

uH
i)

)

s

o] A]

<
-

= IL-69 &

EA7]
¥ o] Thlxth

oF

ol
oo
f

ar

)

Th2H

1
-

gl

Aoz

<
T

Prime ¥

T
T

11. In vivo B9 =

[e)
95

al

(splenocytes) ol 4 ]

o

o W)

o

0ug F¥E== BALB/C n}$~ B

1ol In vivo

)

o
=

Bkt (A

-2-1 and SNU-150302-2-1).

s}
ol

o] o
=2=

44

27 A%

A5 SNU-150225

Jo

o

o

—

- 1Y FEEARYY 3 7, 14, 282
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- 3l HgA 7l & 28294 BALB/c mouseZH-E spleeng A A3] splenocyteE 3
Haksith Splenocyte 34 th 22 W o At

: "M% mouseZH-E] spleend A Ade] 70% SAES o] &3F9] washingS A3
T RMPI1640 (10% FBS) vjA| & o]-&3}o] spleene tHA] washing 3+ ¥ spleen<
Bkl strainer (100um)E  ©]-&3st] oFAIZl ¥ 300 x golAd 7T
centrifugations AA| sty 2ths FolXl pelletol] 2 mL9 red blood cell (RBC)
lysis bufferoll A 233t lysis A1Z1 & 40mle] RPMI 1640 (10% FBS)E “olA &
Aola 5 300 x goll A 7EZE centrifugations AAIEE 3 thA] 20mle] RPMI1640
(10% FBS)S 2o] pellets A7l 3 centrifugations 2-33] A3k} wpx] et
washing ¥ 5ml¢] RPMI1640 (10% FBS)S %ol pellets HFA171 & cell

counting= A A8t

- olg€ 7 13 splenocytesE ©|-&3sle] WM Ee] W3S 15| $%k ELISpotS
A A5
(1) xHAdLA Q=g @z 2o 23l Naive splenocytesZF-EH HAw/l &2 23]

& Hlal

- Normal BALB/C mouse®] spleen®.Z%-E splenocyteE 2e]ste] 5 x 10° cell / well
2 12 well plated] &% * 9% @ AS 10uge] == A=A

- xR 9N E A5 12, 24X A FFAE FASE] WA us) cytokine (IFN-y,
IL-2, IL-4, IL-5)2] @& &S ELISAES $3le vl #48At (Fig. 110-111).

- IFN-y¢} IL-2% Thl WYe] #oJdt= cytokines® 2 &l glom [1L-49} [L-5%
Th2 Wol] #ofsh= HEAQ cytokines® L&A At
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A IFN— 7y
800
o —e— OMP28
600 -+ -mdh
3 - tsf
E
?’500 —&—rocF
. 400 - ©-0628
i 300 -8 -Bfr
& -+ -ThpA
=0 - +- OMP10
100 - &= OMP19
3 - ——DPBS
0 5 10 15 20 25 30
Time
B IL—2
20
1 —o—OMP28
16 1 =+ =mdh
~ 141 - tsf
:§ 12 4 —=—rocF
E 104 - o -0628
e -5 Bir
= ——ThpA
" - = —OMP10
- @- OMP19
= ——DPBS
0 .
0 30
Time
Fig. 110. A%xg vz 2=+ 3 gplenocyted] A =¥ o]z (A) IFN-y¢F (B) IL-29]
e 2
- FA% FFTHS o] &3to] ELISAE AAI$H 23} Thl W #ost= IFN-y<F IL-
o] WHFE IFN-yoll oA+ Axd diide] wel 7 wd =k xfol7} &S &
SEAAI T IL-2% Ax3 @i doel mp& xfol= §lth
- Wil Th2 Wejel] #elshs IL-49 IL-59 T ge nHddd Axg o
zkol7b gllom o] FrEx] &S sttt (Fig. 111)
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A 11.—4
1 -
0.9 1
—o— OMP28
0.8 1 - - mdh
~ 071 S
\E 0.6 1 —e—rocF
£ 051 - & -0628
T 0.4 4 -8 Bfr
= 0.3 - —— ThpA
| - & - OMP10
B - o- OMP19
o —— DPBS
0 5 10 15 20 25 30
Time
B IL—5
1.2 4
17 —o— OMP28
-+ -mdh
5 08 - u tsf
E
B —e—rocF
(=]
~ 06 - & -0628
I - e Bir
w B —— TbpA
- « - OMP10
0.2 - & OMP19
——DPBS
0
0 5 10 15 20 25 30
Time
Fig. 111. A%% v = & gplenocyted A FE5o2 (A) IL-49F (B) IL-59]

A B4

(Fig. 112-113).

A7 (3, 7, 14, 28¥)
Baobe] uja EAsgth
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A Total IgG

4
35 I,
et
3 it L
E 25 & - - -
£ -
D g 2 —=—FBS
- e
~ 7 -2 -0628
o 15 i Vi - <= ThpA
7,; i ——(OMP19
1 e
.fl!
i
05 JO 7’
) :.‘m
0 =l - - - - -
0 5 10 15 20 25 30
Postinjection (day)
B Total IgG
35
3
2.5
E
E 2
= —s=—PBES
: s - & -0MP28
2 - o= Bir
) —— OMP10
0.5
0 - : : ' r i
0 5 10 15 20 25 30

Postinjection (day)

Fig. 112. A% &@9d A5 & dodss 23027 H Total IgG A4
3, =
%Oﬂ/ﬂ iﬂoﬂt A7 %01 2F A R

- 3 IgMe] %% ELISAS %3to] gelatsitt (Fig. 113)
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IgM

—a—PBS
-2 -0628

- <= ThpA
——Q0OMP19

wups g ao

30

25

20

15

10

Postinjection (day)

IgM

- -OMP28
- o= Bfr

—a—PBS

—=—0OMP10

L 20 25 30

5
Postinjection (day)

10

1.4

1.2

«® =
S =)
wugs p ao

=]
w4

=
[€)

HE IgM A4

o

b7

&
=

=

Br

—

o] wtop

3
[}

ol IgMe] 4450l

lof 9l

v

A" OMP10 A z=%

S

ATt

%

Njo

w
4

(3) MAAIZ =2 A7 (spleen)oll A ¥

Fod splenocytesoll A IgG, IFN-y, IL-49]

=3

Kol
=

- ELISpot

Fith (Fig. 114-116).

S

=]
54
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- ELISpot<

A5

No.of ASCsf 2.5x 10%¢cells

300 1

250 1

200 A

150 1

100

20 1

Fig. 114. 114

IeG A M= F

splenocytesE =73 ¥ ELISpot kit (Mabtech, Sweden)Z ©]-&3}o] 2

Total IgG

* % *k

*x

0 B
Control 0628 TbpA OMP190MP28 Bifr OMP10 mdh tsf  rocF

Splenocyte 28 day after P.1
Add AxF dild HE T 289 vk~ splenocyte & FHU 5ol

(x p < 0.05, ** p < 0.01)

- IeG A ME S5 X3 A3 0628, ThpA, OMP19, mdh =g Ao 1
sl =4 Yelye AS g2l o OMP28, Bfr, OMPI10, tsf, rocF | Z=%
2

L L R R

- WA cytokine IFN-y ¢ IL-49] od A¥ 5 X390 (Fig. 115-116).

No.of ASCsf 2.5x 10%¢cells

18 -
16 1

14
12 1

10 1

[ o = <+

IEN— 7

*k

0 s
Control 0628 TbpA OMP190MP28 Bir OMP10 mdh tsf  rocF

Splenocyte 28 day after P.1
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Fig. 115, 1S9 YAd Az @l d HFE ¢ 289 w92 splenocyte & & 5ol
IFN-r A AXE 4 (x p < 0.05 ** p < 0.01)
IL—4

120 -
= 100 *%
o
£
= 801 *
S *
(]
~ 601 bt
=
%
Z 40
5 2]
Z,

0.
Control 0628 TbpA OMP19OMP28 Bfr OMP10 mdh tsf  rocF
Splenocyte 28 day after P.1
50]

Fig. 116. 1A Az @id HF § 28¢ vk splenocyte & &€
hvA

IL-4 B4 AxEZ 4 (x p <005 = p < 0.01)

ol

- Thl ®Welo] Bejeh IFN-y A4 xﬂz 42 A8 A3 mdhs tsf AZE @
oA 1 Aol A e AL Selagon] tE Axd g A
o ool e AL Tl

- Th2 o] #ost= IL-4 B ME 5 223 23} ThpA, mdh, tsf, rocF A=
o @ oA 1 Aol =A YEUE AS gl 0628, ,OMP19, OMPZ8,
Bfr, OMP10 A|Z%3% dilido = Aiid ez A4 At As gRlskdnh

- whebA], Axd o W] 289U dA B splenocytesoll Al EUEHA IgGel A
Aol =4 Yeids As hl W3 ## ¥ cytokine IFN-y+= %=
7] Heol] #ofsh= Ao =E AL A3 BHEE cytokine IL-4%= A4 A
Ao Ptz oz AlgH,

fi o
a,
H ¥
3 |
DO
w3

L A= B8de] 4 2 24

Al 1 AFEZA N EE 9% H£FEo] BFAE} pMal vector systemS ©] &3 il
HAAAN Az A (OmplO, Ompl9, Omp28, OmpA, Omp2b, SodC, AspC,
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OsmC, DPS)¥} pCold TF vector system= ©]&3F 9F<o] nHAAA Axgt oz
(OMP28, mdh, tsf, rocF, 0628, Bfr, ThpA, OMP10, OMP19)el] o3t Hgutg £ o

A9A S Bhso) Askel mUAAY AxT audel B JAS AASEO

o 2y AAE 2HIAA A G A 5L SDS-PAGE, Western blot, ELISA, in
vitro, 222} 3L in vivo A ¥ 5ol Zz} A& ¥ At}

DAL AT dNES By AAS] ok EA W A3 HAS HE ol
3t SDS-PAGE, Western blot, Z22] 3. ELISA #2418 AA|3 A¥

O SDS-PAGE % Western blot
: pMal vector system= ©]-&3% A3 WA Fo A OMP28°] Western blot 2§
oANA okt EA R MY = WS UHEUE AS Felsdrh w=gh pCold
TF vector systems ©]-83F z|z23 ©id FolA OMP28 ofel7Fddxy 2

N Sl
A HS o] 83 Western blotoll A 2 WA E=E el tsfE a7
A8 HS o] &3 Western blotol| Al =& 717 =S et wrd), & ¢
WA= A digh gEst vig @A YERR.

O ELISA
THALA A dlAS o] &3 ot EA 2 AT IS A vk
dE AAre7]l $18A ELISA 7IW S ol&3ste] 3 2 A9 v=5 ZAASHA
th o]E Fote] WALl A @A E o8& dH WHE HAE AAs
Rl OMP28 A= %“—Hé‘(’] 7 Iz ETE =2 dwdR lE ok =
ELISA A3 A¥eA 1 dd Axg diidso] Zzte] 44 nigp v & vl

A= E YERY ST
3. In vitro cytokines A £4

659 WA A=xT G (Ompld, Ompl9, Omp28, OmpA, Omp2Zb, SodC)<
RAW 264.7 cellol AF=A171 3 TNF-a o A SS sl Ay 659 Azg oz
F A 5 UAMEE =S A TS Hole AL FAdsdt. 53], Omplo AxE
o] TNF-a A4 %50l 7P =& A= Yetylth =3 9F9 1Hgdd A=
(OMP28, mdh, tsf, rocF, 0628, Bfr, TbpA, OMP10, OMP19)A}=¢] w& W
2 (NO ¥ cytokines) ¥d& #4138k A3} RAW 264.7 cellol 4] TNF-a¢} IL-6
o] W o] Frtsk= As Fdsidvh. kAW, IL-1B, IL-12p70, IFN-ye] 442 #

Z o]3tgth 53], IL-69 W3S Th2 A9gwsS fEste 242 2 A o

=
™ 0628, Bfr, ThpA, OMP19 A=3 G =e glojx= 27]%EH TS FE3)
= AS Selsilon, rocFe 48AHEE o] SUbske RS Selstdlth o= ©f

z
ﬂHU )
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rEE
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o
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o
rlr
poy
o
fr
il
e
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O

- Mouse -
A HA APAA 65 nHIYAY A2 dHZ (Ompl0, Ompl9, Omp28, OmpA,
Omp2b, SodC)& HE F &3 d 5ol A BT HItelA IgM A sl 7t
=2 Y OmpA, Omp2b oller, IgG 85l 7 =2 33U Omp2s,
Omp2b oAtk AlxAd WIS gR1s uHdgddyd Jds v HF

o 5t

1 b -1 fus pul

HI3E vhe2o] HAAE T o 5ol FA IgG Td AE YTl ¥
Z:ﬂ_ o

=
ok
1

4o

A AL Omp28 o] om IL-4, INF-y W3 AL iS50l =& A4S OmpZb ©]
Ak WA 559 nHGAA Az dAS Fo WY K e Ao HAnukg-ol
M =4 #EE adHgdAd Az 39S Omp2838 Omp2b = H7FE

F oA Aol A AR dwWA AspC, OsmC, DPSZ W A7l mouse

=]
= 1
S o] &3k ELISA test 2% IgGl, IgG2a 18] il cytokine B4 5o] A vehgs=
A& glse

A HA A3 oA Normal BALB/C mouse® spleen® Z%E| splenocytesES &) 3lo]
Az dwdg 2=Azl Ay WY %7] Thl W93 3% cytokines (IFN-y¢F
IL-2)9 fF%7F S7Fete AL gl whdAd, Th2 W93} #=HA ¥ cytokines
(IL-49} IL-5)¢ a2 Flgd = gl o= AxF @A 250 naivedt

= 7 H
splenocytesol] lojA] WS 27] A¥xA HIHLS S FEsles Aoz ddEr,

v WA A& pCold TF vector system= ©]&3 wHIAAA A2 iz 9%
(OMP28, mdh, tsf, rocF, 0628, Bfr, TbpA, OMP10, OMP19)& WY % HA7|H

(spleen)ol| A1 ¢] HAUEL- o 2= 7ttt BALB/C mouseS WA LA A% ol
A2 WIS A7l & 3 7, 14, 2894 dHS 3535te] ELISAS E3) IgG 2 IgMe

¢

o

3} ﬂ] A A =2 e}

J & SHele A3 OMP28, 0628, Bfr, ThpA, OMP10, OMP19¢] ¢} g =] A
Ao we ZEHeR dEhds glssivh shxw, OMP109] - IgMe] Aol
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18 dpjessE Q SEYYE

1. 1A = (20129 %)

=]
A -2 A v MEAF =53 = AT &
(%)
o Brucella abortus 544 ZZFTFZ & )
o FF 5o nHYYA T A gl Erm gt =, TCA/acetone F 7
4 3= S T dATEENE S 5 2DES &
gl 2D gel FolA F GdWHAS FE 3o
- vy BFE Ao silver staines T3] TAGHES A
Agdand =& 2 2DE S ou A2 S o] &3l gel o|W|AE
2 silver staing E3F A A A
A WA sy uet o 2DEE &3 #E¥E FT IS
PVDF membrane® £ transferdt & A3 %
-R A FAEgduwAs 100 EMe2) 2 BEH5E(L) ZIA7IE G
Western blot #+4& %3 Az, 7l 2 @) FAHE ol&3|
A FEWMS2) 2 2H5F Western blots F33te] g¢dkgA4d 2 A
E(&)e TEAZIE AHdd A4 8 (BGFY)
d A o ZAA7ZIE w2~ B A A WES)
= 238 AAGWAE spotsS MMEA T
—aHg A Fdde o9 ¢ v Aoz vl #FAa H|5o|Rkg
53 23 #48 T 744 (Mzd) 2 wAHS(Y. enterocolitica O:9
CALAE A S AN HA ge 29 A 14 spots? AAHE TH spotsE R
szEo m=A A A A Al A Bl EA S FAA7IE HA g
A A spots& A
B oadedi o AW T4 T4 spotsS picking® T
Fd @ o A EA enzyme(trypsin)S A zlste] ZEhz
Uz = dA3H 3Fe] o] E A H X N y y%;o " e ZE;G:
A9 A o HEL%Q__ t_z]—-d.% EQEAN pept{de fragmentE 2] mass %Z\E = o.ol'
i 2 AzFgd g4 a3 W o MS/MSEAS 3ol amino
acid @974 2/ mass#HS S35
-LC % MS/TOF o]&3 database searchZ 3}al &3
Aggddnd 22 2 54 o Wy A Idtwldol {FHA F7]A
Aol 71%3 primerEs A #sti PCR 5%
~1HAYGAN gyl & A& 3} pMAL vectors o] &3k
AA #EA % gene cloning recombinant DNAE ZAgt & E. coli
7'M T3 Az a AL 100 DH5aS ©]&3F transformation ¥ 2d&
3] recombinant proteing AJ 4t
-z gL vy o o IPTGE ©]&3l recombinant protein®] =
Western blot #4& %3 dS =3 ¥ pMAL purifications &3l
HAAY &4 AAE AxdEgddEyde SDS-PAGE %
BEAg g A S o] &3 Western blot
- A9 cell line #9S S Fste] FdAnkgAd 2 Wgdg gl
T AxAAAH L MAEH o uf9- 2 o) 2 Al 3 cell line®!
A 87} RAW264.7 cellol AAYE FddNdES
FEE(, 5 10, 50, 100 pg/mbh= =g sk
% MTT assay s ©|&3 MrE=s4dS 24
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ST 5o HRA
g U999y
Az  FLol
g HAug
24 2 AgF
7k=] 37}t

« AEFE 8T 7L B
5

A9 in vitro WY A o w2 wARMA] HEF (RAW 264.7)
g g7t E olgste] AIAAA (in vitro) WG EA
- FEEH AR F AExF =¥ H7t
oA EHEHE WA Hd A A Fd 7AE o] & At wj ¢
cytokines Tl G=5Eof A 5 U cytokine A FS ELISAZ =
ELISAZ %% 100 | A
o WABAATFO| HEd RAW 2647 AZol| B. abortus 1119-3%
4 52 #HAdAE #TAA ZFA A7l ¥ microarrays A A st WY
< microarrays A A5k #HAE A 2 dgs AAetd o &
Ad#d fFHA F vd S T FEEAY g AE A vuxs ¥
7V dgs AAske] | EX A2 &8
kg Ik}
S Ao arolo A
« AYSBAA Gn vivo) PR A e A A
Hegdsd B} it R SEee
_ Elolo © S A& =X o
e ol e 27 AR 2 24 o) FADND So] 7
55%_%Q°L T 100 A (gG, [gM) B &2 ELISAZ =4
S we pd A2 Bas W8 A2 (splenocyte) & AFshe] &
voove el w2 722 A A4 cytokinee ELISA =4
o] cytokine @ chemokine e o _ .
o] ua AA o B 2A} H] A 3 9] ‘%}*@%“ﬁéﬂl_fﬁ?& actlva_ted B
el e ee T cell 44 o] % 3918 919 ELISpot =4
o EAFTE ofF ZTHEA BEAe ok 7S dAHS wA g4
71d 1Y AAY T T aEgYA g oig wES Haw
o3k ANty 4 w2 3te] ELISA 34 715 g3t 7
o A 2 B B O ) 100 g9 dHo W3S HNYE F U=
e 2 FAATIE oke] Western blot 7] Hlal ®A (A =
A g4 S AU} = 98 sMwE)
st 4 2l Western blot FHZAAGERE B FAAVE A9 S
71H g4 A4 FHs Hd9E A2
o _ )
e ey Qe Kifu dsezrel AA A% & ol
My o SRR 900 225 w£$gm»1m>ﬁa%g gl
mmzme oo 2HS g A S o] g3t WA H I}
macrophage cell line &H.
e EAFES WAGHTY
7t
- 49 Wonks #d {4
Ztell &k primer Az 2
o8 ARs - A@ 478 2 BxgAuddE (PBMOE
T gy e R geomry we s nueUy
s 100 FgPoz ZAFAZ T A7y H, Folw
N L # PBMC W@ mRNAT Bt
o eko] wWE Welue Hn quantitative real-time PCR= 54
A

A Al EFA
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of §- FA}

wH ==

73

- 150 -




2. 220d % (20139 %)

oA
A 5-2} A MF-AF 53 = AN U
(%)
o M= HZ a9 spots= pickingd F =
. uzy B9 154 A enzymel(trypsin)= A&t  ZEkx
o AzGgd A ;]'_ peptide fragmentE 9| mass #S =X 3t1L
{fc W MS/TOF o] &3 3 3 W o] MS/MS#24S 3to] amino acid
iﬂazc}auﬂ 12 2] - SAZA 2 mass@ts S5
= <Z U = O -
° e ° database search& 3}i 5%
¥ A4 arolorm A o ]
awea areloidol o %%%_*}Z—. %?J‘Er‘%éﬂjrxdx} A 714
. e ' o 7]%3% primer® A %31 PCR 5%
a2 24 %2 gene o = alQ s .
doning /1S e A2 223 pCold vectorE ©]-&3F recombinant
eyt DNAE #A% ¥ E. coli DH5a% °] 4%
° = 100 transformation % & & &3] recombinant
ing AAH
Az arle] wa W protein= s
V]ifes;em ;lgt’],ﬁj_ Mo = o IPTGE ©]&3&l recombinant protein®
<AL AFJASL S ma #de F=¢ F pCold purifications 53
SF 50 Coree e AAED AxFFAEW AL SDS-PAGE 2
B24zg 3 . BEAZ gA dHES o] &3 Western blot
_ -t 39 cell line 74 o g ,
1AL | o Eg}txﬁgﬂxiﬂ uf;} S Tt FANed B WA
Uz g augs 353\4‘—\*37} . o w2 AAMERSH cell  linedl
¥ 387 EANICHR RAW264.7 cello]l AAE ddgmdss x
A7 e =30, 5 10, 50, 100 pg/mh= A
MTT assayE ©]&3 AlX54S &4
o FAXYS TS 9 o Ay F-o WSl HHFY 23 244 4
= 8HEH AG7H A DA E dHsA 97y A
Lls -l did gdAs FAHe wWodks
H7} (Western, ELISA %)
- A AE Ay ks -HA Z23F FYE olg AUy A&
s HAY g =FAA 100 (ELISA %)
2 oudge dA3gsty A
947y A8 o Zto] dHgH Hk7|H A& (latex bead
- agglutination'y 2-&)
- HAYgd 23 4 H “AES dHE o8 HAY 23 LA
o] AT gy A ~HA 23 FgYS ol g AdvH HE ¢
£ i 7}
- A1 AFA dFEHoZEYH AlF HoAx
DAL AxF Gl d $RTES ol §
sto] Wiz gy
o THYAAY FL9 &3 - wjokE @M AS column (anti-histidine) 7]
<A1IBFHA> | 2@ A=A HE o] &3t e AA
&FEo] BFEA 100
ST F
g 1LY B - wuddl Fho M - AAHR @MAdES SDS-PAGE H
el g "W 2 B AA 24 &Y Western Blot 7| & °o]&3lo] A%
KN 1:1/_\_-] \:U piR=1
(s Ry < T
A 7}x H7} - BR A ofe] A FHE o] &3 747
°of X dwMAse WSS Western
Blot 7" S o] &3l &<l
o EXFFE WHITAHTF 100
47} - AR & BEAAVAAE (PBMOE &
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Ztoll i g+ primer A2 9
ol & A &3] 213k
quantitative real - time
PCR 71 &4

- g9 R A7 B %
ool me Welug 7
= 4

N L L E:

(PBMC)oll A #H] == &
A, cytokine 5o A
5 A}

Jom e Fel wdste] WAy B4
o AFA F AzY W, Folw
PBMC ] mRNAE

Fedo] AFE Bz vel g

¥2HRE EREoAE=  cytokine (NOS,
IL-18, 1IL-4, IL-6, IL-12p40, IFN-y,
TNF-a) ¥ apoptosis (Bax Bcl-2, TLR-4)

o #HH HHAES Real-time PCR7|IW

S ol gsho] wlw B

e EXFTE o9 F ZEA - BRAg oke] 7S FAHE WA A%
714 A9 LAd T T WA YgA Fdo] dig vgg v &
g Ay 24 Aste] ELISA 54 7I+& g% (@94
100 T 2 84 s Em)
- odbEE aEdA Il
&z AT okg] - FUFAAGER BGg gAAE 29
HEs A wgs g B ofe] #AAS ¥H gx g5 4 A
7te e 71H g9 HAA oA
2 A 2 L ¥
S EERS bR X - msan okl g9 @RS ¥
entericolitica O:9, E. coli o #4898 &~ &
e FHS 71 S ol g3lo]
- Y. entericolitica 09, E. ;}H} o o ]:]} ;j HEI/;IE_LA o Lf I-&stel At
coli ol ZJA® 2 FH| 100 v woE e
3}
oE - ELISAZ 5% waug d7g =gz 7
L nvdaxn g9e oe E/\]ﬂ% A4 g5y 2¢S 2AT 9
& Bttt wANHg °
7}
3. 3xd = (20149 =
!
Al -4 Al A5 3 = AR T
(%)
o JE Hut¥el 7|E WA WRE 5
o]k, A%gx ZA(Rose bengal, TAT,
<Xﬂ 1 *1]—'?*34'11]> ELISA _‘i:)_)xﬂ 1@5 E_E/‘Sg
SF 5ol Md JAdHge A, o e .
¥ = 4 g} Eo® & A} 100 o JiE Frolxwe] 7|E Wy el R E
——: e N © Eolx, AL ZAHRose bengal, TAT,
saday v ELISA %) Al 18% 3553
2= 9 AR A= al ] o] X S 2F 2=3g]
g o JE XAAES s} A FH
ur
VN AY nwaay vas aga| | |- suewd wus agaaad 49 o
AAA FH R AL A4 5t
<ALIFEHA> |o ZFEAZIE 71E HE| 100 |0 B FHFol 3 I 248 F7}
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Immunoproteomic identification of
immunodominant antigens independent
of the time of infection in Brucella abortus
2308-challenged cattle

Jin Ju Lee’, Hannah Leah Simborc®, Alisha Wehdnesday Bernardo Reyes™, Dae Geun Kim®, Huynh Tan Hop®,
Wongl Min®, Moon Her', Suk Chan Jung’, Han Sang Yoo and Suk Kim™*

Abstract

Bruceliosis & a vital zoonotic disease caused by Brucelly, which infects a wide range of animak and humans.
Accurate diagnosis and refiable vacdnation @an controd bruceliosis in domestic animals This sudy examined nowel
immunogenic proteins that can be used to detect Brucella abartus infection or as an effective suboellular vacdne. In
an immunoproteamic assay, 55 immunodominant proteins from B aborus 544 were observed using two
dimensona electropharesis {20F) and immunoblot profiles with antisera from B ahortus-infected cattle at tha earky
{week 3], middie (week 7), and late (week 10} periods, after excluding protein spats reacting with antisera from
Yersinig enterocalitica Ord-infected and non-infected cattle. Twenty-three selectad immunodominant proteins whose
spots were obsenved at all three infection paniods were identified usng MALDIMSNE. Most of these proteins identified

by immunablat and mas spectrometry were determined by their suboeliutar localization and pradicted function. We
suggest that the detection of prominent immunagenic proteins during the infection period can support the
development of advanced diagnostic methods with high spedfidty and accuracy; subsidiarily, these proteins can
provide supporting data to aid in developing novel vaocine @ndidates.

Introduction

Brueeila spp. are the etological agents for brucellosis, a
debilitating and chronic diease infecting a varlety of
domestic anirak and humars, Brucellosk is characterized
by aborton and serility in livestock as well as undulant
fever, arthritis and neumlogical disorders in humans [1].
Definitive diagnesis s commaonly performed by sohtion
and identification of the cavsative organismis), but be-
cause the isolabion ls time-comsuming and dangemus,

serological analyss | widely preferred [2]. Several specific
serological tests have been developed for the definitive

diagnosk of brucellosls, and these tests have been
upgraded repeatedly to obtain rellable data [3]. However, a
large number of tests il rely on preamptive evidence of
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infection. Most semlogical tests for Brcella infection
use antibodies against common antigens of Brucella [4].
O-polysaccharide {(OPS) a wel-known Imoownodomi-
nant epitope in smooth lipopolysaccharide (SLPS) is a
commonly wed antigen in serological tests for the diag-
nogds of brucelosis |5,6]. Consequently, the serological
diagnesis of brocelloss & complicated by cross-reactions
of the antibodies againsg other Gram-negative badena,
such as ¥ enteracolitica 009, which have conserved and
highly analogous OFPS structures | 78] Therefom, it is cru-
dal to discover highly specific Bruela antigens that are
immunogenic in the host Several studies have focused on
the use of antigenic proteins for alternative diagnostic
methods and to lmprove vaccine efficacy. Becent studies
have focused on the wse of Immunogenic proteins for
serodiagnesk of brucellosis [9.

Several immunogenic proteins of B abortus have been
identified [10], but the antigens that are immunogenic at
different stages of the infection have not been defined
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Evaluation of recombinant AspC of Brucella abortus for
serological diagnosis of bovine brucellosis in Korea

Lauren Togonon Arayan'™ Huynh Tan Hop'™, Alisha Wehdnesday Bemardo Reyes', Hannah Leah Tadeia Simborio’,
WonGi Min', Hu Jang Les’, Suk Km"
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Abstract To date, most serodiagnostic methods for brucellosis screening are based on antibodies against lipopolysaccharides
of Brucells spp. However, this approach has the drewback of yielding false-positive results due to cross-reactivity with
Fpopofysaccharides of other related pathogens, especially Yersinia enferceolica 09, In this study, Brusels sbortuz Aspl was
cloned and expressed by PCR amplification into a pCold TF expression system fo obtain recombinant AspC (rAspC). The
mmunogenicity of rAspl was confirmed by wesiern biotting of Brucells-posifive bovine serum. rAspC-based ELISA was
performed to deterrine whether rAspl could be used in the serodiagnosis of bovine bruceliosis. rAspC reacted strongly with
anti-Brucella antibpdies m positive sera in the fube aggiutination test (TAT), but did not show strong reaction with most
negative samples. In particular, the average ODum value at the highest TAT titer showed a 1.4-fold increase with respect io
the cutoff value. The accuracy, specificity, and sensitvity of rAspC were 71.B8%, 78.33%. and 93%, respectively. These
findings suggest that rAspC might be valuable for the serological diagnosis of bovine brucellosis.

Mey words: Brucellz aborfus, Aspl, ELISA, sercdiagnosis

INTRODUCTION

Brucella ebortus is a Gram-negative cocco-bacillus that
is kmown to cause brucellosis in animals and humans.
Brucellosis is a chronic debilitating condition in humans,
and it causes abortion and inferdlity in cattde and other
animals, leading to severe economic losses as well as public
health problems worldwide [16]. To date, there is mo
effective and safe vaccine for humans, Therefore, the
prevention of animal infection is the predeminanc
approach to cootrol human brucelosis [13], However
current diagnostic protocols for brucellosis in both apmals
and humans have only a limited eHectiveness due to many
reasens, Cross-reactivity of the diagnostic tools and
overlaps in the clinical profile with other pathogens are
the major complications in the diagmoesis of brucellosis
[19]. Typically, sercdiagnostic methods for brucellasis
screening rely on the detection of antibodies against the

lipopalysaccharide [LPS) fraction of Brucella spp. However, this
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poses a risk for false positive reactions with the LPSs of other
pathogens. especially with Yersinia enterocolitic (49 which has
an OF5, 12-linked 4.8-didecogr4-formamida-a-n-mannopyranasyl
(r-perosamine] thar is idenmtical to that of Brucella
sppJ13,14,17.20].

The development of immunoproteomics has paved the
way for the identification of immunogenic proteins of
several different pathopens and subsequent applicaton of
immunogenic proteins of & abortus has proved to be an
effective approach to minimize cress-reactions in the
diagnosis of brucellosis [6]. Therefore, several surface or
cytoplasmic components of Brucela have been nsed as
potential markers for diagoesis of brucellosis including
lumazine synthase [1819], type IV secretion system
protein VirB5 [13], cuter membrane protein Omp28 [14],
and periplasmic immunogenic protein Bp2& [17]

In particular, AspC was found to be immunogenic in a
study using a 2-DE method in B cbortus 2308 infected
cattle, which aflows the analysis of protein expression
{unpublished data). This previous study provided safficent
data to consider the application of this protein for
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Introduction

Abstract

Brucellosis is a major zoonotic disesse caused by pathogens of the genus Bru-
cella, The emdication of brucellosis in domestic animals, ssocated with the
prevention of human infection, can be attained through accurate diagnosis.
However, the comventional serological diagnosis of brucellosis has lImitations,
particularly in detecting the infection period Accordingly, the aim of this smdy
was to determing reliable immunogenic proteing o detect Brucelln abortus
infection according to time cowrse responses to aid in the appropriate manage-
ment of this disease. Protenmic identification through two-dimensional electm-
phoresis (2DE), followed by imnunoblotting wweded 13, 24, and 55
immunedomisant B abemws 54 proteins that were eactive to sera from
experimentally infected mice at early (10 days), middle (30 days), and late
{d days) infection periods, respectively. After excluding several spots reactive
to sera from Yersinis enterceofitica O:%-infected and noninfected mice, 17 of
the 67 immunodominant proteine were identified through MALDI-TOF MS.
Consequently, the identified proteins showed time couse-dependent immuno-
genicity against Brueella infection. Thus the results of this study suggest that
the production of immuonognic proteins doring infection periods imprves
the diagnosis and discovery of vaccine candidates.

organisms through hacterial calture, molecnlar asavs for
hacterial genome detection, and serology through anti-

Brucella is 3 genus of major zoonotic pathogens that
induce chronic infections in 4 broad mnge of animals,
including livestock, wildlife, and humans (Bappas er al,
2005), These bacteria are considered to be-a major health
theeat, mfleting the lighly infections nature of these
organisms and the woddwide outhreak of this diease
[Seleer er al, 2010), Importantly, these pathogens escape
e detection, and subsequent dlaborate virulence is
4 fundamental aspect of the pathogenic lifestyle of these
microorganisms (Roop er al, @],

In the last few décades, various dignosic test methods
have been developed for the siccessful surveillance and
contm] of Brucefla infection, The standard diagnostic
techniques for brucellesis indude the isolation of causative

& 3014 Fedaraton ot & opan Monhiongicl 3ot
Rubliched By lohn Wilay & Sore L. Al righs manod

body detection. Bacterial colture, however, requires bin-
safety level three conditions and a skilled expert, while
genomic detection is a rapid but limited technigue for the
recognition of active infection. Current serological asmess-
ments are more reliable and geremlly approved (Al
Dahouk & Mockler, 20111, For the serological diagnosis of
hrucetlods in animals and humans, classical methods, such
as the Rose Bengal test (RBT), agglutimation test, and
enrymie-linked immunosorbent asay (EEISA), have been
widely established in various countries and are preferred
in routine dinical pracice (Al Dahouk et al., 2003; MNiel-
sen & Yo, 2000) However, more enhanced sensitivity and
specificity in the confirmatory disgnosis of brucellosis are
still needed (Christopher et al, 2001{; McGiven, 2013),

FEATE Adiobicd Latt 35T (X014 16774
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Curently. there are several semciagnostic ook available Tor bruellbsis however it & dilficdt o
diferentiate an active infection Fom vaccination. Hence, there &8 3 great nesd o devebop aliernative
s that can dlistingidadt belween Uhess two condilions without wilizing lipopol yssccharide (LPS | This
study was ai altermpl o determite the e flicacy of combined recombrinant Bruells (B aborbis outer
miemby ane protein (r0mps] and individual rOmps in te semdiagneis of brucellosis by encyme linksd
immunimerbient anay (ELISAL utilizcing both thal standand tube agglutination test (TAT)-positive and
negative sermm samples from Kotean native citfle. The resuls are very interesting and promiving
because the combinedr Omp antigens wed in the sty werne highly reactive with the TAT-posi tive senun
sampes. The combined rOmps senditivity, specilicty and soormacy wers 215232 (92 67X 294298
(98.66%) and SO9530 (9604L), reipedively. While these resulls are prefiminary, the lests performed

Serodiagnoss have wery high palential in the semdiagnosis of brucellosii and likewise, the combined mp can be
] Kor firture vaccime production

& 2015 Elievier Ll Al rights reserved.

1 Introduction dizeasze contml are generally based on serological testing. The Rose

Brucellpsis is a zoonotic disease thar ocours worldwide and s
caused by bacteria of the genus Brucella, which are Cram-negative,
non-spore-forming and nonencapsulated coccobaccilli or shomn
muds with rounded ends [1.2]. Brucellosis is rransmited from do-
mestic animals to humans and is endemic in many areas 1] The
arganism mainly affects the repmductive system of domesticated
animals, cawsing abortion and infertling which in rum can cause a
SerioLE eConomic crisis (4],

The definitive diagnoss of brucellosis is isolation and identifi-
cation of the cauzative organism [5]. However, diagnosis and

Abbrevigions: OMP ouer membane potem, TL standard rube aggiuanaion
esr; ELSA, enavme binked immun csortent 355,
* Comresponding author inssrate of Amimad Madsons Collage of Vetennary
Medicine, Lysongsang Matonal Unrversity Jinju, 6 50-T01 Republic of Kored
Emol gigress msul@gmiac kT (5 Kim

b 3ot arg 1009 | mec path 201 303004
OREZ-S0108 2015 Elsevier L. All mghes reseraed.

Bengal plate te2 and the complement fixation test are the most
accepiable diagnostic methods wordwide [5]; however, Korea
utilizes the standard tube agglutination test (TAT) as the main
serpdiagnostic tool for brucellesis | 7] A present, many developed
countries have declared that brucellosis s eradicated and no longer
present in their countries | 3] Eradication of the disease can be
artained through accurate diagnosts. However, current serological
tonls available are hased on lipopolysaccharide ( LPS) components
of the organism that cannor distinguizh narurally-infected from
vaccinated animals with Brucells abortus 519, Therefore, mew
serological diagnostic tools thar not employ LS are needed.
Lindler et al reperted that one non-1PS group of immunogens
focused on vaccine and diagnodic purposes is the outer membrane
protein (Omp) [E]. The major mechanisms of Omp-medfated bac-
terial adaptive responses to the host environment incude iron
uptake, antimicrobial peptide resistance, serum resigance, mult-
drug resistance and bile resistance, amang others [0] However, the

- 166 -



Comparative nmunalogy, Microchiclagy and Infecticus Disszces oo (2014 ) oo oxx

Contents lists available at Sciencelirect

Comparative Immunology, Microbiology
and Infectious Diseases

journal homapage: www.slsavier.com/locata/cimid

Characterization of culture supernatant proteins from
Brucella abortus and its protection effects against
murine brucellosis

JinJuLee®®!, Jeong Ju Lim™', Dae Geun Kim®, Hannah Leah Simborio®,
Dong Hyeok Kim®, Alisha Wehdnesday Bernardo Reyes®, WonGi Min®,
Hu Jang Lee", Dong Hee Kim*, Hong Hee Chang?, Suk Kim -4+

* Animal ard Plant Gearantine Agency, Anyung, Gyeonggi-dod 10-757, Repullic of Koren
3 College of Veterinary Medicine, Gyeongsang National Urwersity, Jinfu 650-701, Republic of Karea

v School of Medione, Gyeongrang Notioral Undversiry,
A Institute of Agriculture and [ ffe Soenoe, Gyeorgsang.

Jinjuz GG A, Repubiic of Korea
-Natinnal Urdversity, [inje 660701, Republic of Kores

ARTICLE INFOD

ABSTEACT

Artiche bstary:

Received 10 March 2014

Received inrevised form 13 May 2014
Accepeed 5 juns 2014

Keywords:

Bruceils ahortus

Culture supernatan: prozeins
Virulence

Protection

In this study, we characterized the secreted proteins of Srucella abartus into the enriched
media under the bacterial Lboratory growth condition and investigated the pathogenic
importznce of culture supematant {C5) proteins to B, abarius infection. C5 proteins from
stationary phase were concenirated and analyzed using 20 electrophoresis. In MALDE
TOFTOF analysis, more than 27 proteins including Cufn 500, Dps, Tat, OMPs, Adh, LivF,
Tuf, Sucl, GroEL and Dnakl were sdentified. Cytotoxic effects of C5 proteins were found
to increase in a dose-dependent manner in RAW 2847 cells Upon 8. aborfus challenge
into phagocytes, however, (5 proteins pre-treated cells exhibited lower bacterial uptake
and intracellular replication compared o unireated cells, Immuniz ation with C5 proteins
induced & strong humoral and cefl medizted immune responses and exhibited significant
higher degree of protection against wirulence of B aborfus infection compared to mice
immunized with Brocella broth protein (BEF). Taken together, these results indicate that
B abortus secreted a number of spluble immunogenic proteins under laboratory culture
condition, which can promote antibody productson resulted in enhancing host defense
against to subsequently bacrerial infection. Moreover, further analysis of CS proteins may
help to understand the pathogenic mechanism of B. abarnis infection and host- pathogen
interaction.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Brucellosis leads to sterility and abortion m animals
and an undulant fever associzted with severe fatigue in
humans including endocarditis, ostecarthrits, and neuro-
logical damage | 1|, Brucells spp. are uptaken by phagocytes

* Correspanding author at: Colleps of Veterinary Medicine, Gyecagsang within the host and establish a replicative niche within
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macrophages and dendritic cells [2], Although killed Sru-
cella are engulfed by macrophages, they fail to associate
with the ER and are rapidly degraded, suggesting that
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Antibactenial Effects of Copiis chinensis Franch against
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ABSTRACT

Brcelioss 135 an irportsnt bactemal zoooobc mfecion wordwide responsible for econommc
logzes in Lvestock mdnsimies which represens a coosidersble and mcressing pablic health tamden
The disesse 15 camsed by Brucells which peossess the sbiliny w imvade mnd replicate wiathin
phagocytes and may result to chromic mfecion leading o diffouly o medical therapy of the
disease The meament for brucellosis employs comvenoons] prncipies that heve besn applied for
a lonz tme and 3 combmaton of aofbiotics 15 omenty wed due o low efficacy of
moaotherapies. However, viml effecs with respect to beslth and safery me peglected
Meverthsless, the preventhe mwthods and mestment: for brocellosis nsing radifons]l medicne
have oot yet been thoroushly smadied hence altematve therapies such as the wse of nenual
plamr exmacts 3 maditons] medione thar are safe effcem and ecomommcal should be egplored
m order ®© identfy candideses that eliminste complications due 1o brucellosis.

Copriz chumensiz Franch (Husnslisn) iz 4 maditons] Chinese medicins] herb and i exwract has
been known to possess soong mnobecteral acovity. In this stedy, the apfibacenal effecs of O
chimersic Franch extracts, snd the major conponents of the herb nsmely berbenine and palmatme
were mwestizated on B gbortus. The O chmenns Franh ethsnol edracts (OCFE) showed
bacteniodal efects at 1000 pg'ml concenmation and besberine at 100 ppml concentration
However, O chiwnsz Franch snd its components did not afec mrvesion and miracelnlar srowth
of B abormc m FAW 2.7 cells In coochmsion © conewis Fraoch ethsmol exracts. woater
exmact and it major cooponents such os berberipe snd pelmatne wonld e 3 beneficial
anfmmcrobtal ament withow affecong phespoyoc patwrsy wihin mecgophages. and fimther smdy
for the precise mechsnisms of antibactenal effecs would be necessary
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The key roles of toll-ike receptor (TLR) for intracellular
survival of Brucella
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Abstract Bruceflz spp. are faculiabve intrecalluiar pathogens that have the abdity to suneve and muliphy in professional and

nonprofessiona

and cause abortion in domestic animats and undulant fever in humans Brucefis spedies can

phagocytes

sundve noa vansty of c=lis, mduding macrophages and ther vindence and chronic infections are thought to be due to their
ahifity o awoed the killing mechanisms within macrophages. Inhibition of phaposomelysosome fusion has been proposed as
a3 mechansm for infracellular sundval of Bricals in professional and nonprofessiond phagooytes. Tol-ke receptors (TLRs) are
part of a3 skiFful system for detection of invasion by microbial pathogens. Recognition of microbid components by TLRs inggers
sgnaing pathways that promote expression of genes and reguiate nnate mmune responses. Recent studies for the interac-
tion between TLRs-Brucsila have indicated the importance of control of Brucels mfection. Here, we reviesw seleched aspects
of TLRs-Bniceliz interacbon, which may be helpfl to understanding the mechanism of Brucefla pathopeness

Hey words: Brucells. phaoooytes. TLRs, mirscelluiar sunvival

INTRCDUCTION

Bruceflosis known as undulant fever in humans is a
major zZoonobc disease that causes 2 serious debilitating
disorder in humans and shorton and sterility in domestic
animals.

Bruvcelle spp. are small Gramenegative and facultatve
intraceliular hacteris, which can mulbply within professional
and nonprofessional phagooytes [21, 22) The geme Brucellz
consists of six well-recognized species classified acoording
i host preference - B melitenas (sheep and prats), B abor
s (cattte], B suis (hogs), B ovis (sheep), B oomis (dogs)
and B nemormns (wood rats) [37] In recent years, Brucelis
has been recovered from several marine mammals, Eclu-
ding ortaceans and pinnipeds. These marine isolates belong
to two potental new species, B pimnipadialic and B oot
1271 A new speces of Brucelln, B reowt, was recenty
isolated from wild common voles suffering from 2 systemic
dizease [32, 539|. B melitress, B abortis and B sk swains

& Brcelyes 5 Deplemier 2013, Bmvsed 30 Ociooer 313, Aczepi=d 5 Hioweicer 13
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cause ahortion and mferdlity in their naswral hosts - goats
and sheep, catte ard swine, respectvely. Humans can also
aoquare @ severa, debilitzting febrile illness known as Bru-
cellosis, resulting from contact with infected animals or
their products |48, B ovis, & natural pathogen of sheep,
primarily causes epididymitis and infertlity in rams [11].

B oot mfection causes ghortion and infertility in dogs
|23, &7). Although B ovis and B omic ere important in
amimals, human infecton with B canis is rare | 18], and
human infecion with & ovis has not been reported. B
negioime, a Brucella strain that infects only desert wood
rats is -not known to be associated with clinical disease
in any host species.

Crmtrary to ocher inraceliular pathogens, Brucelln species
do mot produce exotoxins, antiphagooytic capsules or thick
cell walls, resisance forms or fimbrize and do not show
antigenic variation [25). The ability of Brurellz to avoid
the killing mechanisms within macrophages is tSwought to
be the key aspect of their windlence |58, 641,

In brucellosis, respiratory, digestive, and genital tracs
are the mast commnn paint of ety for both animals and
humans. Brucelly enter phagooydc cells at an unkniown
celfular site and spread throughout the body by e regional
lymoiph nodes. Breliz show high tropism in mamophages;
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Impaired bacterial proliferation, and compromised
immune response in diabetic db/db mice infected with
Brucella abortus
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ARSTRACT

Brocellotis s an fporsnr bocwrisl zoonods o lmeang and domainc amimody Brucels o me
taksn 1, ad omvre wntin ooo-profesonsl and profsssonal phosocytes. [ coommon helisf
disberss meline noexes mscepthdiny o pahopevic nfaction In ot gudy. Beeln (B
adortus was moculatsd mio a dybetc ool model Jhiel mice moarder o thow the coume of
raceliosis o dibetic saie The Bver proliferasion, tocieil boxden of the bver, level of cyiokimes
mosenm and moacrophaps mupraton 80 lnwr wene imvwesnpated o 14 dna pon-infenon B
comprizon with the mminfected coomel muce. the it revealed that the weigie of the lver of
mfected abidd mice wan hipher b oweth loweer bactenial lead in don orpm The level of MOP]
mENA epresaes m e bve we lows, the leels of IL-13p70 0I-10 ThF+ aod BN &
serem was sipnificonrly bpher and the macrophares muFanon was sipmificantly bower in imfecrad
m=ce than in the conmol group. o coochioon. this present ssady supreckd that MOP-l appressen
by B abonec icfechon mry mbibit de macopiaes mission, md cocsequently oy mdoe D
srope e bacwria! wnvial 2 SE moue Bver. Ponbermors the ooreaed  mfismmsery
Cytoiines may contribute %o ichiwtior of B clorhc poolifention o dishetic mice
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Protective effects of recombinant Brucella abortus Ompl8 against
infection with a virulent strain of Brucella abortus 344 in mice
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The outer membrane proteins (OMPs) of Brocella (L)
abartui hane bocin  evtemively Qodbod. B ilede
immumogenicity and prdective ability againsd B obortus
infortion are still unclear, In the presomt stuady, B, aborfi)
Uriapli, & groug ) anbigen, was anapdificd by PCR and cloned
irBis o i lese Tosdon prolein expression syston. Rocombinand
Crap2 8 (rChmp2 B was exprossed i Evcherichia colil and was
thin peirifiod, Bnmunogentel o of rOmp 28 wee conlirmed hy
Wisdern bl analysis with Bracelle-poitive aeme semitin
Furthermare, humoral- or odl-prdiatal immone resgosses
mesared by the production of TG or BgliZa in rOwmp28-
imimmized mice snd the ability of rfOmp 28 inmunizstion G
prodect againa B shories infection were eveluatod in g moese
model, In the b sogeedoity analssls, e mean titors of
Ltz 1 cd g 2a prociuced by rOmp2S-bmmumied mice weme
i Fold higher than those of FES-treated nice throogheut the
endire euperimental pertd. Furthormore, sploon proliforation
and bacerfal burden in the splon of e pZ-immantocd
mice wore approvimalely  15-fold lower than thow of
FS4reated mbce when challenged with viruken 8, obores
These Nmvilings suggest thal rOvap 28 Do B, abomui bsa good
candlidate for manufsciuring an effective ashundt yaocine

macrophages, thereby leadme 1o the establishment of
chrome usfection [9, 10). Brucells spp. may occur as erther
amoath or fough, amooth hpopohysacclands
{5-LPS] or rough LPS (R-LPS) as magor surface anhgen
Az} 5-LPS exprewsed by Bmucelln B the smongest Ag
cormpared to other antigeme mobectiles it are mvolved
the unnmmne response agamst brucellosis {16]. Cumently,
Bricella (B) aborms 519 5 wsad to unmmsuze catile
whereas 5. miefitersis Rev 1 b used to inumimaze goats and
slieep [28] In peneral, the wse of hive atteniated orgamsos
85 vaerHes 15 associsted wih safety concermns dunng
vaceine production, and antepunted Srwcells vaccmnes have
many specific deadvantnges. mpcludmg  abortion o
anumals admimstered dunng preguancy [26,25]. For these
rewons, different strtegnes are bemp sought for the
production of safe, non-rephicatng vaceines that ane easy
o reprodiuce with consistent quality [20].

Recently, outer membmne protems (OMPs) of Bcella
have been evaluated 25 2 pon-LPS group of mmmimogens
and vaceme [6.8,16]. Brucelis OMP Ag are calegonzed
accarding to their molecular weaght oo three groups
erovais | ¥ and 3 Groon § 3 and 3 Aes have nomeotimnte
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Early transcriptional responses of internalization
defective Brucella abortus mutants in professional
phagocytes, RAW 264.7

Seung Bin Cha', Won Jung Lee', Min Kyoung Shin', Myung Hwan Jung', Seung Won Shin', An Na Yoo',
Jong Wan Kim? and Han Sang Yoo

Abstract

Background: Brucella abortus is an intracellular zoonotic pathogen which causes undulant fever, endocarditis,
arthritis and osteomyelitis in human and abortion and infertility in cattle. This bacterium is able to invade and
replicate in host macrophage instead of getting removed by this defense mechanism. Therefore, understanding the
interaction between virulence of the bacteria and the host cell is important to control brucellosis. Previously, we
generated internalization defective mutants and analyzed the envelope proteins. The present study was undertaken
to evaluate the changes in early transcriptional responses between wild type and internalization defective mutants

infected mouse macrophage, RAW 264.7.

interactions and need to be studied further.

Results: Both of the wild type and mutant infected macrophages showed increased expression levels in
proinflammatory cytokines, chemokines, apoptosis and G-protein coupled receptors (Gpr84, Gpri09a and Adora2b)
while the genes related with small GTPase which mediate intracellular trafficking was decreased. Moreover,
cytohesin 1 interacting protein (Cytip) and genes related to ubiquitination (Arrdc3 and Fbxo21) were down-regulated,
suggesting the survival strategy of this bacterium. However, we could not detect any significant changes in the mutant
infected groups compared to the wild type infected group.

Conclusions: In summary, it was very difficult to clarify the alterations in host cellular transcription in response to
infection with internalization defective mutants. However, we found several novel gene changes related to the GPCR
system, ubiguitin-proteosome system, and growth arrest and DNA damages in response to B. abortus infection. These
findings may contribute to a better understanding of the molecular mechanisms underlying host-pathogen

Keywords: Brucella abortus, Infection, Macrophage, Response, Transcription

Background

Brucella abortus is a zoonotic pathogen that causes un-
dulant fever, endocarditis, arthritis and osteomyelitis in
humans and abortion and infertility in cattle [1,2]. They
are small, non-motile, non-spore-forming Gram-negative
rods and facultative intracellular organisms that are very
difficult to isolate and have a long latent period that makes
early diagnosis after infection impossible. Instead of pro-
ducing toxins or utilizing classical virulence factors, these

* Correspondence: yoohs@snu.ackr

'Department of Infectious Diseases, College of Veterinary Medicine, Brain
Korea 21 for Veterinary Science, Seoul National University, Seoul 151-742,
South Korea

Full list of author information is available at the end of the article

®© )
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microbes are able to grow in phagocytes where they are
inaccessible to the host humoral immune response. They
also employ several intracellular survival strategies both in
professional and nonprofessional phagocytic host cells
[3,4]. Therefore, understanding the interaction between
bacterial virulence and the host cell is important to control
brucellosis.

Several studies have described the host cell responses to
Brucella infection. Genes from macrophage RAW 264.7
demonstrated up-regulation of proinflammatory cytokines
and antibacterial response-related chemokines [5,6]. In
contrast, genes involved in cell cycling, apoptosis, and
intracellular trafficking were decreased after four hours of
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Host immune responses during Brucella infection :
A brief review

Kyung Yong Sung, Han Sang Yoo'
Department of infectious Diseases, Coflege of Veterinary Medicine, Seow! Nafional Universily, Seowl 151-742 Repubiic of Korea

Abstract: Brucellosis is a Zoonotic infectious disease of domestic animals, wild animals and humans. Innate immunity is a
rapid and non-specific immune response that occurs during the early stages of Brueelia invasion. Physical barriers such as
epithelial celis and gastric juice secretions form the first line of defense. Humoral components such as complement and lysozyme
can remove microorganisms by opsonization and bactericidal actions. Celflular components of the immune system, inciuding
macrophages, dendriic cells, neutrophiis and innate T celis, have major roles in innate immunity. They recognize invading
Brucedla spp. by various cell surface receptors and then kill both the invading microorganisms and infected cells owing to
their phagocytic or cytotoxic activity. In addition, they present Brucelia anfigens or produce cyitokines to frigger adaptive
immunity. Activated adaptive immunity consists of T helper cells, cytotoxic T celis and antigen-specific antibody-producing B
cells. These can eliminate Brucella spp. effectively via antigen-specific mechanisms and by immunclogical memory. T cells
activate bactericidal functions in macrophages by producing cytokines such as [FN-y and by exerting cytotoxic effects on the
infected cells. B cells produce antigen-specific antibodies that neutralize or opsonize the antigen. Because Brucelia spp. can
survive in macrophages and other host cells, Th-1 cellular immunity that enhances the bactericidal effects of phagocytic cells

and the cytotoxic effects of lymphocytes is more impaortant than humoral immunity in Brucelia infection.
Key words: Brucella spp., innate immunity, adaptive immunity, cytokines, lymphocytes

INTRODUCTION

Brucellosis is a zoonotic infectious disease of domestic
animals, wild animals, and humans. It was first identified
in Malta by David Bruce in the 1860s and became known
as Malta fever [3]. The causative organisms Brucella spp.
are small, gram-negative, aerobic, facultative intracellular,
coccobacilli. They can invade, multiply, and survive for long
periods within host cells [53, 59]. Unlike other pathogenic
bacteria, Brucella spp. do not have well-known bacterial
virulence factors such as exotoxins, cytolysins, capsules,
fimbriae or plasmids [16, 58]. The genus Brucella consists
of 10 species that are differentiated on the basis of antigen
variation and their primary hosts: Brucella abortus (cattle),
B melitensis (sheep and goats), B ovis (sheep), B sugs (pigs),
B canis (dogs), B neotornae (desert wood rats), B ceti
(cetaceans), B pinnipedialis (seals), B migoti (common
voles) and B inopinata [6, 71].

Brucellosis is transmitted via the ingestion or inhalation

* Recewed 15 February 2014, Revised 17 Masch 2014, Accepted 24 March, 2014
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of organisms from an infected animal. The organism can
penetrate mucosal epithelium in the gastrointestinal and
respiratory tracts and then spread via macrophages, further
multiplying in the lymph nodes, spleen, liver, bone marrow,
mammary glands and sex organs [53, 59, 71]. Bovine bru-
cellosis caused by B abortus is the most widespread form
of the infection, and it causes devastating economic effects
on livestock production due to abortion and infertility [2].
B, melitensis B abortus, and B suds are the major zoonotic
pathogens of human brucellosis, causing various clinical
signs such as undulant fever, endocarditis, meningitis, arth-
ritis and osteomyelitis [71]. Direct contact with infected
animals and the consumption of unpasteurized dairy pro-
ducts obtained from infected animals are major causes ol
human brucellosis [33].

The control of brucellosis in livestock is crucial for the
prevention of human brucellosis. An ideal control program
should consist of prevention, monitoring, elimination of
infected animals via testing and slaughter programs, and
vaccination. The general diagnosis for brucellosis is based
on serological tests in both animals and humans [43].

The host immune response can be functionally classified
into innate and adaptive immunity. The innate immune
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Introduction

The diagnosis of Brucella abortus is mainly based on serological methods using antibody
against LIS, which has diagnostic problems, Therefore, to solve this problem, we evaluated
two proteins of B. abortus, Cu /Zn superoxide dismutase (Sod(C) and outer membrane proteins
2b porin (Omp2b). The genes were cloned and expressed in a pMAL system, and the
recombinant proteins, rOmpZb and rSodC, were purified as fusion forms with maltose-
binding protein. The identity of the proteins was confirmed by SDS-PAGE and Western blot
analysis with sera of mice infected with B. abortus. Production of cytokines and nitric oxide
(NO) was investigated in RAW 264.7 cells and mouse splenocytes after stimulation with the
proteins. Moreover, cellular and humoral immune responses were investigated in BALB/c
mice after immunization with the proteins. TNF-c, IL-6, and NO were significantly inducible
in RAW 264.7 cells. Splenocytes of naive mice produced [FN-y and IL-4 significantly by
stimulation. Moreover, number of 1gG, IFN+y, and IL-4 producing cells were increased in
immunized mice with the two proteins. Production of IgG and IgM with rOmp2b was higher
than those with rSodC in immunized mice. These results suggest that the two recombinant
proteins of B, abortus may be potential LPS-free proteins for diagnosis,

Keywords: Brucella abor tus, cytokine, immunogenicity, Omp2b, SodC

species for humans, and B. cants, B. cett, and B. ponnipdialis
also cause human brucellosis but with comparatively low

Brucellosis is a major zoonotic disease with public health
impaortance worldwide and causes huge economic loss on
the livestock industry. The causative agent of brucellosis is
the genus Brucella, which is a group of facultative intracellular
bacteria [3]. The genus consists of six classical species
according to primary preferred host and antigenic variation:
Brucella melitensis (sheep and goats), B. suis (hogs), B. abortus
(cattle), B. ovis (sheep), B. canis (dogs), and B. neolomae
(rats) [17]. Recently, B. ceti and B. pinnipedialis isolated from
marine mammals [10] were included in this genus. The
zoonotic potential of Brucella species is variable: B. melitensis,
B. abortus, and B. suis are considered as the most pathogenic

zoonotic potential,

Infections of B. abortus show different clinical signs. This
zoonotic pathogen causes undulant fever, endocarditis,
arthritis, and osteomyelitis in humans, and abortion and
infertility in cattle [11]. B. abortus organisms are present in
the reproductive tissue and fetal fluids, and also concentrate
in the udders of animals that produce milk Therefore, the
predominant route of exposure for B. aborlus between
animals is through ingestion or inhalation of organisms
that are present in the products of parturition. Human
brucellosis is usually transmitted from infected animals by
direct contact with the bacteria highly presented in tissues,
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