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Abstract : Outer membrane proteins(OMPSs) of Brucella abortus 1119-3 strain were extracted
by Triton X-100 treatment, and fractionated by DEAE-cellulose column chromatography and
Sephacryl S-300 column chromatography. The antigenic proteins in these fractions were
identified by Western blot analysis. In Western blot analysis, a single band(38kDa) was observed
in the DEAE fractions from 36th fraction to 38th fraction against sera of cattle infected with B
abortus . And other fractions have several bands. However, the Sephacryl S-300 fractions
exhibited a total of 3 peaks of proteins with a broad range from about 30 to 116kDa.

In order to characterize further, the extracted OMPs and the DEAE fractions were analyzed by
two dimensional polyacrylamide gel electrophoresis(2-DE) and Western blot using serum from
naturally infected cattle with Brucella spp. The 2-DE immunoblots of DEAE fraction showed
immunoreactive spots more than twenty two. The major protein spots have ranging from about 32
to 47kDa. The pl values of the spots were detected from pH 4.7 to 5.4. Among the major
protein spots, the 38kDa protein which is a specific antigen, located at the point of approxi-

mately a pI 4.8.
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BEgEEe vnY BYe $3U9E AAE ¥e
7oz £, % 94 5o AP F Agdl 2UL
JoslE YSFEAG YOI Z, LEHHRE 75
A Q2N AR f4 4 BYS S X9
A4 A F2 ¢S sy, AddAME fvy
AU LG4 E 5 Bl Ao] HY g 2EE 5
Ho2 HE ASFEALE S LR

ZU ol A brucellosises RE B A
Atk A 3177 E AA, S 2 &
de FestdA BPA7EE Ay #4e Baz
=HET QdE ARt ol Agd: EF
27N (STA), A&7 % S kS (RSA), rose bengal test,
MRT(milk ring test), coombs test, CFT(complement fixation
test) 59 FHHH dgol &5 gtk ol YH
g3 Ao o] gHE 43 FAEL ¥ TF % ¥4
ZAY o meh FAYo] BheFaie, B MTFEY At
FEol 4YHER H Ffo A= Western blot & o
£3te] Solge g #% A9 ELISAY Y
MEE v Ee 43 G Dy vuA g #
3 237} o4 9ok 12y 2-dimensional electrophoresis
(2-DE)Y & ol 8% Brucella o139 B3 &4
o A L T B BuE obd HE £ ¢t

Sl A Brucellosis®] Z1-& $l8)A41 MRT o] o
¢ IAHAF TAT o2 &5t o] UG
02 $4¥7H 1 9o, AFE 59 A&
BAZFHEY(CFDo] 71 &3 Ut} qF £
Ao o] 5= 4F HYH FAYNY Bolxs
A7EE AEAGA Y 953 edolng Agg
4] FulAd 5 Fo9 o] e AFH YU} o
#A £ A7 T2 S brucellosis®] o] o F
Solgde 22, A 2 F49 24E A =AU
o old] B abortus 1119-3¢] T} M ¥ 39S Tri-
ton X-1003} Sarkosyl 5-& ©] &3t %3 = Sephacryl
S-300 column chromatography$} DEAE-cellulose column
chromatography®} 0.2 Eo|g & H& AA s A
AE 2t Y& Western blot ol 95t 1 oA 2 &
Adstsen, Feof 44& o AAs #3314 2DEE
& F A9AYE Eida FHEFE o83y

Western blot3} 19 v} B abortus E0)g o2 A HE
g o] 215} isoelectric point(p) Y X & FAY % 9}
A7lol B auae vpolt)

Mz 3 U

SA 22 Me 73 Y oY A A4S Brucella
abortus 1119-32 A& R oz e ¢
utol Brucella broth(Difco Co.)ol) 3 7F vhgasle] 3=
Ao AL&5 Tt 3+A Yersinia enterocolitica O : 93 nu-
trient broth(Difco Co.)ol| 393t S u|F & &2 7o) A}
&3t

OMP ZaZ8| : 47] Wid o wMgd A&
Tris buffered saline, pH 7.4(TBS)Z wj =] A £o] &4 3] A
A" g7tA a3 94 A3 (5,000g/20min)sk g o 3
g FAHE2 S Moriyon ef al 9] WL B34S 0.
4% Tiiton X-100Merck Co.), 04% Sarkosyl(N-lauroylsarcosine,
Sigma Co) 59 AWLRAZ ol &3 tRuyg
¢ F 10000082 1417 7494 2} (Beckman Co)2t
o &3 A& OMP F90 2 ALEEATh

Seyol Fo| : FHH Y FHE AHMe BeAdg
Y FAHLE BAE AARYE 29 X stEA B
abortus 1119378 2x10° cell2 ZA 8o Freund's adju-
vant(Difco Co)% 5 T F 1mlY 534 10 o
T WYoR 2F A0z 23 AA WY
FEAN L F7F BRHEFF 274 X & L3t
gHHo g AR

§+9 Yersinia enterocolitica 79 i3 3L A3
B9 FobAld 4719 g WHor WYE s
A& Folssih

gl % ¢ A : B abortus 11193 OMP 92
Triton X-1003} Sarkosyl 59 AHEPAE o] &3ld F
2% %99S Moriyon et al 3} Zygmunt et al °9] U &
T3 H&8to] Sephacryl S-300 column(1.5 x 80cm) chro-
matography$} DEAE-cellulose column(2.5 x 7cm) chromato-
gaphydlol ZA T 2EuudL RE FAQ
%, Sephacryl S-300 column chromatography= 0.4% Sar-
kosyl 323 9(10.24mg/ml) 5mlZ column®] A& .o F
AA7] 5 10mM Tris-HCl, 1mM MgCl,, 0.5mM EDTA,
0.1M NaCl, 0.1M PMSF, pH 7.4(¢] &} elution buffer)Z. fil-
tration gel2 HPA 7 § FE3) A3z 4mlhre &
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£0 2 elution buffer2 £EA/H Sm¥ 2+ 23L& Fo}
spectrophotometer(Beckman Co)= 280nmo}| 4} Optical Density
(OD)E 34 ¢o2 v NA 9 peakE FUdtgom,
FAEo]A dhgo] =& E Y2 Western blorr] .8 &9l
A

DEAE-cellulose column chromatography= DEAE-cellulose
(Sigma Co)Z columnd| FZ A7) 10mM Tris buffer pH
7.4 (starting buffer)2 3 HA| 71 ¥ Triton X-100 %34
(6.97mg/ml) 10mlE J & o FHAZ 9 starting buffer
2 82 AH 838 A3 1, binding® AL 0-0.5M
KCl linear gradient buffer(200ml)& 20mlhre] f402
elutionA] A Zt 4ml¥ £ 8 & Fo} 7} fractiond 280nmo])
A FREE ZA43Y peak HAE HAF 5 Westem
blotstol Bl Bol4 W0l & 2UE G}

Sodium dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE) : Brucella ¢} OMP 323919 # %% sam-
ple buffer(0.125M Tris-HC, pH 6.8, 4% SDS, 20% glycerol,
10% 2-mercaptoethanol)9} F#F-S Z 53191 12, DEAE-cel-
lulose$} Sephacryl S-300 column chromatography 2 o] & &}
o BE ZAT g9 H 35 X4 sample bufferol] 1:4
Bl &2 EFst 100ToA 38D #9 F 10% gelof
7ul¥ loading 3} 31 stacking gelo] &= 60 voltE2 M7 4%
841 32, seperating gelo A = 180voltZ 1A MR & A 7)o
39t A7) 9FF Gele Coomassie Brilliant Blue R-
250 staining g0 GAFE Baso low molecular
weight marker(Bio-Rad Co.)9} W) w&te] E2pek& A AHs}
Qo

Western blot : #7953t B2 39L& 47 &
Holl o Fu|g FEHE o] £3te] Western blotS 4
AERT. &, 471955 gel2 Nitrocellulose membrane
(Schleicher & Schuell Co.)of| 60voltZ 1A] 7} transfer A]7)
3, g g2 RE B3 2% BSAZL §4€ 02% Tween
20 Tris buffered saline(pH 7.4, TTBS)o 4 13:0F A 2(4T)
gl blocking dtgith whg A& 005% TIBS9|
2009 &4)8te] 247k HHS-F 0.1% TTBSZ 10£/33) A
#39c}h. ConjugateZ ¥ phosphatase labeled affinity pu-
rified anti-bovine goat IgG(KPL Co.)E 3,000} 3]4 &}«
2A1 2 ¥EEAI71 3 0.1% TTBSZ 1024 33] 435t
714842 BCIP:NBT:0.1M Trs buffer® z}7] 1:1:
10 H] &2 E§3te] HHA T

Two-Dimensional Electrophoresis(2-DE) : Brucella 7

o OMP #2399l BHAY B4 B4 Adsn
o|}4 4719 ¥F& OFarrelle] ¥g” & &43ta] 4A 8}
At &, Isoelectric focusing gel [30% polyacrylamide 1.
33ml, 10% NP-40 2ml, 2% Ampholines(pH 3.5~9.5, Phama-
cia Co.) 2.47ml, 10% ammonium persulfate 10ul, TEMED
Tull& 8|51 glass tube(Bio-Rad Co.)o) Hojgt 7| X2
Aglol XA FYL lysis buffer(9.5M urea, 2%
NP-40, 2% 2-ME, 2% ampholines)o] 247} 4+$-A7) 31, 0.
02M NaOH¥E upper tanko] 0.01M H;PO,Z low tankd) 2z}
7t Y91 71EE AAT H FLEDE FY3HT 500volis
M 10/ T3t DA 2F tygon wher}t A
g FAIR gel& ZA2YA glass tubed] A 23S
t}. Isoelectric focusing gel S SDS sample buffero 4] 14]
7 BEANZ g, 3 A9 54X BioRad Cooll A
200volt2 1A} o] 2t A7| G F& F3AT. A9 F
% A2 NC membraned| electrotransfersh®} Westem blot¥ &
ojdkg spot& FolsiTh AU 2zt plo PAE EF
marker(Sigma Co.)9} H) 2 8}od 2R3},

2

Btelol & 9 XM : B abortus 1119-3 3+-9-& Triton
X-1008} Sarkosyl ¢ AWEAAD =23 FYL
DEAE-cellulose column chromatography 3t 72 3} Fig 13} 2
< profile$ #9151 % 21, Sephacryl $-300 column chro-
matography& ¢ fraction Fig 20 A4 9} z+o] 27] 9] peak
g 9% 4 3l2irh. DEAE-<ellulose column chromatography
dto] A2 FYFolA Fojgy A HEAXNE &Y
stz 2+ 2E¥e A719% 3 Western blotal gl u}
36(144ml)3} 38(152myM A o] £ & B2 oA 38kDa7} 7%
& e YR EA o Bdo] B Az Sogy
L2 B Ah(Fig 3). ¥H Z2e] B8g F(4~80mi),
M(84~200ml) 7] 3 L(204ml~320ml) 2502 Fo} ut
THE HlLSAUD v} 3] ¥ EF 37-60kDa g
o] broad3} Al ¥+&-@ W, FYersinia YA 9] S0l A
T 20kDag FAHOZ B7H9] band YR A T o]
&l 5 A th(Fig 4).

Sephacryl $-300 column chromatography8 & fraction&
Fig 20X &} Zo] 27]¢] peakE AT & Y31 o]
Western blot 3} So|g o] 9 & TR a4 sge
u Fig 59 A 2% 30~116kDa ¢} )9} A] broaddt uk-2-oj
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Fig 1. Ion exchange column chromatography of extracted outer
membrane proteins from Brucella abortus. The proteins were
layered on the column(2.6x6.5cm) equilibrated with 10mM Tris-
HCl buffer(pH 7.4). The bound proteins were eluted using a
linear KCl gradient(0.0~0.5M) in a total volume of 200m! with a
flow rate of 40ml/hrs. The fractions of 4ml were collected.

Gel : DEAE cellulose, Column : 2.5x7cm, flow rate : 20ml/hr,
elution : linear gradient of 0~500mM KCl in starting buffer.
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Fig 2. Gel filtration chromatography of extracted outer membrane
proteins from Brucella abortus. The proteins were layered on
the column(1.5x80cm) equilibrated with 10mM Tris-HCl buffer
(pH 7.4). The column was eluted using the same buffer with a
flow rate of 14ml/hrs. The fraction of Sml were collected.

Gel : Sephacryl S-300, Column : 1.5x80cm, flow rate : 10ml/hr,
elution buffer : 10mM Tris-HCl, 1mM MgCl,, 0.5mM EDTA,
0.IM NaCl, 0.1M PMSF, 0.4%sarkosyl(pH 7.4).

Anti-Yersinia serum

Brucelia infected serum

38 38 : Br Ye 38 ’ 38

Fig 3. Western blot analysis of B abortus (Br), Y enterocolitica
(Ye) and DEAE fraction(36, 38) with B abortus naturally in-
fected bovine serum and cattle antiserum to Y enterocolitica .

Anti-Yersinia serumn

Brucella infected serum

kDa [
104 SIS

483

334
284

19.4 |

SM Br Ye F M L B Ye F M L

Fig 4. Western blot analysis of B abortus, Y enterocolitica and
DEAE pooling fraction(extracted OMP from B abortus ) with
B abortus naturally infected bovine serum and cattle an-
tiserum to Y enterocolitica.

Brucella infected serum  Normal serum

Fig 5. Western blot analysis with Brucella infected serum and
Normal serum to pooled peak of Sephacryl fraction of Bru-
cella abortus 1119-3 antigen extracted with Triton X-100.

SM : standard MW marker, P1 : peak 1, P2 : peak, 2, P3 : peak3.
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7t #&FH Ak

w2tA B abortus 11193 50|02 AT F YA
9 & DEAE-cellulose column chromatographyoll o] & &
29 38kDa EFAZ AlRHZ O, 13, 20, 41, 49 F
72kDa €3 & Yersinia &} W= E T8 TEFLYE
AR 4 Al

Two-dimensional gel electrophoresis : SDS-PAGE$}
Western blot®] o] ¢ 2] B abortus 1119-3 E0]3 gl 2 Q)
AE diZe J4E Fo A8 7 A OMP 2
3} 9(Fig 6@)3} Ion-exchange chromatographyo] o] &
g 1~208# 9 £8& Eof centricono 2 TH] F5
(Fig 6®)% samples ©¥ 3 o] 100pge] HEE 23}
o] capillary tubeo]] PHS o} isoelectric focusing geld] A
H.o 30p4 apply 3t pl M2 13} 2 ¥ o] & 10% gel
o] SDS-PAGE 3}¢] Western blot2 31 d v} crude OMP
9 A% pl 3.5~7.0 ¥ Ezbgk 25~82kDas] YA ANA +%

koa @®

104

-
82 =

48.3

334
28.4

19.4

28.4
33.4

82
< 104

R ®e |
5

© kDa
46 51 59 66 8.2

pl

Fig 6. Outer membrane proteins(100pg) and DEAE fraction
(100pg) of Brucella abortus 1119-3 separated by IPG-Dalt(1st
dimension, IPG 3.5-9.3; 2nd dimension, SDS-PAGE, T=
100%), and electroblotted onto NC membrane, and then West-
ern blot analysis with rabbit antiserum to B abortus 1119-3. 2-
DE map is oriented with the acidic pH to the left, basic pH to
the right.
® : Crude OMP sample, ® : DEAE fraction(1-20),
kDa : prestained MW marker proteins.

< WEEAo] B ARA JEIton, £3] pH 59 ©]
3Ql acidZo] FQ wrgwdFo] E2iM BAHIU
3H DEAE fractiono| &= =3 pl 5.1¢] 17kDa 3]
1709 spot, 28kDas} pI 5.2~6.5 9]¢ 3742 spots 28]
I GRE FQ spotsE 4.7~54 91X ¢} B2 32-47kDa
Abolo A tiEF 227)9] Eo]utg spotso] BTt &
8 pl X 48 A} 2213 38kDa E3o] Fig 39
Western blot Aol 4] BQ) S v EAY o
2 AR A TH(Fig 6).

U

Brucellosis= 4, 4%, 94 S da £XHo Q&
A-FTFAYHL2A Al glM & 5, BHY,
7Y F& o ANARFPE o] YL FEF} FE
Atoldl AHEE A R AdA HIFHORE A&
AZe] £7HE AWo|rh & AW AL F=2 AF
&3 28y gALHA $YPog o)FojAT oy
MV A2 A WRAAE A MYs] e A
o|A gt HRdado FEo| F2 £F9 AT A
FHRER 3 FE7t §ol8A ¥e Aol A
gt @A 2 Ay Ade YR E gATHY g
Wl JEHT AT FFFY AdgH € 23L&
28 EAZ 4949 2 A4 2AE 2d8E A4
BT ol EAY T2 93 1%< ELISAY Y
M T8 X3¢ 94 79 tstd g A7+
Hg vl Ao B3] 399 Bojge gy
o AR g4 7] e S 2HE Y
2R M & o9 Brucella FF0 g0 AL ALolx
o) A3 Fae 97 g & A ggA F
Z9£ PCR(Polymerase Chain Reaction)§& 4% ¥
AR ESH Aehgo] FAo) A Yo a8yt
PCRY & Azt 27be) Al & a7t 75 @3
g FoZ Fo|dit Wdgol 3 o] A
Hol $8¥UH &3, Y € FAFANS 5L ¥4
g AZE ADdHY Aol 7beE Aot

Brucella 79 &7 YA sF9 wguge F2
oA ERYY] FAHE2 g REY A7 OMPs¢}
R-LPSO| ti& 54 & 73sted YFHo gu™®
Logd AW 2% BE F2 OMPs g9 o
 AFEIE A3 Bol oFAUE v, Brucella
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sppe} OMPso] tj¢ A& 43 22 A} Dubrays}
Bezard®& B abortus # & lysozyme 2.2 2} % peptido-
glycan sacculiol Al 37, 25 281 15kDas] 83 & ¥4
B 151, Verstreate ef al 5L 43, 41 2 30kDad) &3
& Zwittergent 31422 %% % jon-exchange chromatography
gt £ 2o g v Aok

E A F o ME B abortus 1119-30.2 2F Eo] Y&
A¢ #9l, 288 A} Triton X-1003} Sarkosyl 2 A}-&3}
o 74 A S F%3 5 gel filtration?} ion-ex-
change chromatography §& o] &3&td FY& Y34
3,0 2YEAL Western blot § 02 7 HH-EA S F9l
391 d v} Sephacryl S-300 column chromatography 3t -2}
ol A& crude Y3} fALSHA 30~116kDa £ o] 3749
peak L5 A 73 iH-3-& JENBE A Kolgr e £
go] 2A3EQYHFig 5. 28} DEAE-<cellulose column
chromatography®] 4 $-& 144ml(36H % £ 3)3} 152ml
@G8uA 28 dfFaes LYEF 3 Western blot
A3}, 38kDaoj A7t 53] 7 wE-E YEREZEA o]
B0} B aborus o] td EolFUoZ ARHHLH
(Fig 3), 82 37§ 2 F.o} B abortus 1119-3 ¥ A 3} vt
SAZ A 2 dh o E A Hh Fig 4oA Y
38kDa A& FA o2 60kDaztAl FHA 9T
Ao w7t #FHU ol @ A W 5 Ba-
bortus U e A7 FHEHAY g A
Ejtt band B & Aole UAAT £ oA Eolnt
SHE 228 ¢ UAQD AL AUEHAE o} 83o
OMP 398 #Z3} 5 column chromatography ¥ 0.2 ¥
48 FERAR HEY Folth

%3 B abortus S0l FACE AFE F AW 8kDa
£ 22 B abortus ¢ peptidoglycan T+ @A £ 4 Mori-
yon3} Berman'® 712] I Lugtenberg et al o] B2 23}
2o 4A9Y peptidoglycand Ho2 ARHUT. §H
Teixeria-Gomez et al **& Brucella sppd] 0|3 9E 11
37] A3l d2Z A& o] &3t 2-DES} HAYEF
S &4 ul, B melitensis 7} B abortus ¢+ %A -& 2<l
oA 2 GroEL(heat shock protein) W 113} 00, o]
£ 3 9] N-terminal sequence> AAKDVKFGRT, ¥-2}3#&
57kDa 12| 3 plE 5.1~5202 &% v ot & A
) A= B abortus ¢} Eo|3 Yo g AAFE 38kDad pl
&g 2R vt pH 4801, B8 F2 FLFA
He-g 13l Ao RE 17kDash pl 5.1 994 ¢ 17} spot,

28kDa 2 pl 5.2+6.5 9| XA 3¢ spots 28] T Lo
YEE FQ spots 4.7-5.4 91219 B3 32-47kD A}
ool Al tigk 227§ ] Eo]ukg spotso] HFH o] e
o2 B d19 A Teixeria-Gomez ef al *o] B3
g ool M E o pl S A YAy EAF|
g2 #4251 JR e, ole A 4y 2 SDS-
PAGES] 27io] 027 &Y Ao 2 A5HUTh &3
B ovis &+ B melitensis o) )3 2-DE 4L tjB-8 A3
FAVE Y 2.8, B melitensis = 56kDa(pl 5.0~5.12), 22kDa
(p1 5.7), 21kDafpl 6.09) 2 . 11kDa(pl. 5.35) §.0.5, B
ovis = 33kDa(pl 6.25), 32kDa(pl 5.84) 71 31 11kDapl 5.
84)l et Z7) Aol & Hole Ao HudT™ of
d APEs A7|GEZXAY 2o, IEF sample bufferol] A
o g4 gl B84, MTY FHAHEF 8T F
o Aol YEY Aoltt. 18y 2-DEE 7|E4 reso-
lution#} sensitivity7} F7) W&o Listeria®, Chlamydia
trachomatis®® 18] 11 Haemophilus influenzae® 5] 7
o A FA5HE FREYsed 1F¢ Bo| AHE
=o| gt

B G A% column chromatography {22 U<
12 a3l 1 AAHS Western blottj 28 T3 5,
HAue o] £ BB EASL 2-dimensional
electrophoresis Y 0.2 #Q18tn2t ¢tk &, Fig 49 F
lane(1-2091 4 o} ¥3)o] EAE 53 ojA4 &4
3 3 AGERS A9 uh pl 47-54 9|9 EAF
32<47TkDA M 227) F x| Eojuty EFo] UYL
v (Fig 6), pl 9 %] 4.8 229 2Ae 38kDa B3 & B a-
borms 1119-3] & Holgdoz AFHAEH ol
DEAE fraction?] Western blot 2 #}(Fig 3)9} 4|3t}
o] £4& %% N-terminal amino acid sequenceZ %918}
o 3¢ Eo|Ag FA8 T synthetic peptideS A) X8
H Agggoze AgstsAe g 977t o 2
K3t}

2 £

Brucellosis®] A 33 Aghe Zuin A otds} 4¢3
F7he AAH g g Hig & 5 Yo FLA H
olch. -2t A brucellosise] ko] A ZA] FAF
F2 AH4H 3 Q1 B abortus 111937 9] A X9 5t ¢
29 Eo|4g 1WA Brucella FHE Triton X-
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A %3t
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o} 2-dimensional electrophoresis & Western blots}%l o u}
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1119-39] ¥ 83 o] Western blotol] 4] 3+, A wl&-o)
Z3HA doltd 38kDa &3 9] pl gt pH 4.80] 1t}
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