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Comparative serological analysis of outer membrane proteins
extracted from Brucella abortus Korean isolates and 1119-3 strains

Seung-bin Cha!, Mi-lan Kang!, Won-jung Lee!, Min-kyoung Shin!, Dong-hee Cho?,
Suk-chan Jung?, Han-sang Yoo'"

!College of Veterinary Medicine, BK 21 Program for Veterinary Science and KRF Zoonotic Diseases Institute,
Seoul National University, Seoul 151-742, Korea
’National Veterinary Reasearch Institute, National Veterinary Reasearch & Quarantine Service, Anyang 430-824, Korea
(Accepted: December 15, 2008)

Abstract : Brucellosis is one of the most important zoonosis in worldwide. As one of the control measures,
attempts have been made to develop new diagnostic methods using filed isolates as a national policy in
many countries. Currently, bovine brucellosis in Korea have been received attention in both public health
and economical aspects due to sudden increase of outbreak. Based on the situation, we compared standard
strain (B. abortus 1119-3) with field isolates to reveal the differences among them. Biological and
biochemical charateristics, antibiotic resistance profiles, outer membrane proteins (OMPs) and
lipopolysaccharide analysis of the strains were included in this study. For the diagnostic purpose, an attempt
was made to find out a novel antigen from the Korean isolates by serological analysis. There were differences
about 55 kDa, 36-38 kDa and 20 kDa in analysis of OMPs by SDS-PAGE and Western blot with positive
sera (= 1:400 in SAT titer). Also, a serological diagnostic method, ELISA was conducted using OMPs of
the strains as novel antigen. Relationships between O.D. and SAT titer were analyzed using field sera
showing different SAT titer. High correlation coefficient was observed between SAT titer and ELISA. Results
from this study suggested that a new diagnsotic method should be developed using their own field isolates
in each country.

Keywords : Brucella abortus, ELISA, Korean isolates, OMPs

N = A FY 5715 woln slof FA Bk
£ olof v tizlo] AFE Aol [9, 10]. 53]

BRADZe BE “E}—“ﬁ"oﬂ -431 EAQ JAFF WellXe Aolla 453 OOV‘JEE A== B &
T AdH ] U =E, Sl 22 A AAFE IR ]2 =2H(test and slaughter) 23 Zol] wl2ba] 2bA] ol u}
A7 7:]x.]]x4 o2 Azst E_;Q]E—L o}7]sl= Aot} 2 ghjjsl AAZQ IS §sls @Holtk BEA

[26, 29, 36]. HZ =UlolA] & ZEFo] AAL} 7150l o] F23 HYAAAZE lipopolysaccharide(LPS),

*Corresponding author: Han Sang Yoo
College of Veterinary Medicine, Seoul National University, Seoul 151-742, Korea
[Tel: +82-2-880-1263, Fax: +82-2-874-2738, E-mail: yoohs@snu.ac.kr]

431



432 A== A =1 = ACY K= b BV )|

Outer membrane proteins(OMPs), Type IV secretion
system 5 TF&eH WA AALE 7R AL Y [2, 8, 27].
Brucella 7-& A XY 7|t 24 AW F-831= Al
#AORE I FHe T 74'74' ?Z Sol8s 7=
ot} o]g g BeAlaEo) AA7A 2 8
AT &3 YoM UETES AstA A
daled 22 EAES xS k[, 4, 6, 15, 17,
31, 33). B3k FA AA oA A AT 9
ste] ARSI Sl BRAR 3Ed = AAXLE
T3 AAl Z=ellA] @A) S sk e BEAe)
9] AR1+e] LA WHo| 7FsAd o] A = AL 1T:]'[34
T3 ol AR LolA B EAIE L e
B 28} F52 Brucella abortus(B. abortus)2A] ©1&
2al7] 918k B. abortus 1119 straing ©]-&3fe] =
Mo FRlske dHeHA el Had 9 A
SNk Xk o g ARg3taL Tt o] Qo= Ttk
gk A Zehgo] AREE 7= SRAIRE ZH7te] 83
4 7] NEe) oyt vhesar Hgk 7t
Zkol Ay Ee] &, ddE 7RG 7] wiiel], shv
ol NEHoE Hest BREAEe o] g ofel$-
‘Fefoltt, Bt HA7kA o] BRAa} Ity LPS,
whole cell preparation, cell sonication extractss2 A&
ste] gb7] wjEo] EATH Xete|] oy 71| E‘Xﬂ’“g
|31 53] smooth B. abortus 25EH 4= 5 9l
£ LPSE 73k Auke-S fght} [14]. 3EAI G o9
mE B2 FAHE 7 A [5, 7, 13]. AA, B
abortus2] O-polysaccharide®] immunodominant epitope”}

oJ2] F72| M, Yersinia enterocolitica O:9, Salmonella
urbana group, Vibrio cholerae, Francisella tularensis,
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Escherichia coli 0;157 2 Stenotrophomonas maltophilia
9] immunodominant epitope} F-A15Fd I 2PHHS-(Cross-
reaction)S &&= It} [21]. 4, anti-LPS of ot
A7} acute brucellosis ©] 5ol @ PFt SR 4= 9
o] Xwte] Solwr Wojd 4= At} [16, 20]. AAME B.
canis, B. ovis®t 732 rough strain ©] 7FHe] ¢ 31‘%
_g. 5L /\7]. 02-7 u]_;qul-__g =) E@;q. S19 uu/\]&
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2% Ezgtﬂ—z% ;(1:}7]&44 7Hu¥o] 74];.;(4_; B_?QO]
L3 ek olFd a7E SFA717] $l5ko] LPS-free
e A S o] &3 Mgk 7S JEelaat ke B
o] AEAHoRE JAPH L Ut} [11, 12]. 53] ol
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AFde] e & AFLE A ol iz A7t &
s1A A= Tk [22-24, 29, 30, 32]. 53] A4
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2 ofelHFE ol &% A7t 5"‘“0}71] Y=L Q)
oA [3], o213t SRl FuEtll e A4 AH-H
3 A A BEATO S Bl ﬁﬁ“’] o
HEA o) g:g}.tﬂ—/‘d EAm ollg}t LPS, OMPs 5 H|

ML, o]E o]8-3F ELISA 7IR& Q‘%f“} -
7]:‘:4 A7 g3} ¥wstarat skt
ST

SAZ2FE H JIHEA

E Aol AR FAETE S8 G
RAZ2 B abortus =W E215-(45%), B. abortus 1119-
3 @ B abortus RB51S AHE3I T A 7HHEA &
EFE A AR oA oA BRAR %
A2 AAHE Lo o2 508, 1008, 20080, 400
v A 7te] FRAEHES A 3R 4 7
AL SlolA 200095 LA & AT EA] 232>
AFze] & S ARt

HazAb

A slshA A0 2 oxidase, catalase, urease, nitrate
reduction, citrate, indole, H,S 52| AALS AAeE & #}
S 71719 Vitek li(Biomerieux, USA)E ©]&-alA4] &=
35} 2.™, lactose, glucose, sucrose, cellobiose, arabitol,
mannitol, dulcitol, sorbitol, inositol, maltose, raffinose] T
£35S 2] EASY 24E plus kit(Hanil Komed, Korea)s
Abg-sted AL TE gk A digk g
Clinical and Laboratory Standards Institute®] =]l t}
24 penicillin, vancomycin, colistin, streptomycin,
tetracyclin, bacitracin, erythromycin, amikacin, ampicillin,
neomycin, kanamycin, chloramphenicol, sulfamethoxazole
trimethoprime, nalidixic acid, oxacillin, cefezolin® T 3}

of st

/X 24

S LEETot MAFRES 124 E4E g5
93}, Brickere} HalllngQ—] PCR & Hsle] 3]
AT [19, 24]. FAR B4 S flste] BRAZGHS
Brucella agarll 4] 37°C 4847} 8| 9¥31aL methanol-saline
= o] &dto] FHIF F-FHAIA LTt Methanol
< AA}] st F/FFE 13 dAAH & 4EE
£ 600 nmollA 0.15~0202.2 ZH3th o719 10l
9] lysis buffer(10 mM Tris-HCI, 50 mM KCl, 0.1% Tween
20)5 7}kl 100°C, 5 #7F boilingst -1 13,000 rpm,



Brucella abortus =] £-2] 2] A| 2]

287 AAste] FEAS #Egt T template® AMS-3)
Aot & A gl ARE-3F oligonucleotide primer2] sequence
= B. abortus specific primer; 5-GAC GAA CGG AAT
TTT TCC AAT CCC-3', RB51/2308 primer; 5'-CCC CGG
AAG ATA TGC TTC GAT CC-3', eri-gene primer 1; 5'-
GCG CCG CGA AGA ACT TAT CAA-3, eri-gene primer
2; 5-CGC CAT GIT AGC GGC GGT GA-3, 18711
specific primer; 5-TGC CGA TCA CTT AAG GGC CTT
CAT-3' ©]t}. PCR HH&-2 60 mM Tris-HCI(pH 9.0), 15
mM(NH,),SOy4, 1.5 mM MgCly, 250 uM 4-deoxynucleo-
side triphosphates, 5 primer cocktail(z} 0.2 uM B. abortus
specific, RB51/2308, 2 eri-gene, 1puM IS711-specific
primen)2 ZA 3t} PCR WH-8¥ 45 g 1 unit®]
Taq polymeraseE #7}8l3L PCR tubeol]l £53F & PCR
kg8l 25ulg 2.5ule] #A5% DNAE 78t
Thermocycler(Perkin Elmer, USA)olIA] 95°C, 5¥7F WS-
AlZL T 95°Cell A 18- 123, 55.5°CollA] 2%, 72°CeilA]
227k 353] WSt SEAZTE 72°ColA 587Y final
extension ¥ ZZ% DNA 10 plE 2% agarose gelllA]
7719833 ethidium bromide® 94 & th3 DNA
bandE& ¥ W8 ¥ UV transilluminatorol] 4] &1 &

A8 ST,

OMPs &2&|

IAFFERE F et e] %2 Barenkamp 5
[18]¢] Wil wet AAEk3ATE S, Tryptic soy broth 1
Lol ¥iFdt 7S 4,000 pm o2 30387 U4 Helsto]
& TR FHE 8 PBSE 23] d4AH &
10 mM HEPES buffer 30 miol] F--A1# & tubeol] 2o}
XA AL ©] AL ice bathol| 4] Sonic Dismembrator
(Bandelin Electronic, Germany)Z 60% powerol|A] 3
318 w7}A] sonication A1Z1 ¥, ©]ZS 4,000 rpmoiA]
307 AR Bt AEAs 3t o] A4S
S T 20,000 rpmollA] 1A F9F AR £
AES 3]atsint o] A-ES 1 ml® mixing buffer(2%
SDS, 10 mM HEPES)dl| £+43] F-F-A1A A& 1A]7F
WRIEIATE 2 F, TRA] 20,000 rpmoll A 1417 B9
AEYT 5 JAEE Fgete], B ST 1 mlol F
FrAIZE 3] F-7A171 F, 13,000 rpmel] 33E7E €
&2 A1A solubledt F5-HE OMP &l o= 31317,
SDS-PAGE #24Jof] AME-3lt).

LPSe| &2

TAFFZHE LPSe 2= LPS extraction kit
(Intron, Koreayg ©]-&3te] FZ3I3th. &, & tryptic
soy agarol|A] W et & F-& 4-8te] A3 lysis buffer
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£ 9o FFA1Z 3, chloroforme 414l A2 5%
ZF XA 2 F 13,000 ipm 2 1087 A4EE]
£ 3t AF5AE FHEATE o] A AF
purification buffer2 573+ &, —20°C|A] 1027
XA 223 13,000 ripml 2 1587 YA RS
% pelletS oeHE-2 washingd}3L 10 mM Tris-HCI buffer
2 BHFAIA 187 boilingdle] LPS o2 3193,
SDS-PAGE #4]0] A}-&3}3ith.
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SDS-PAGE % Western blot &4

OMP % LPS &l z+7t 32| 2 x Laemmli sample
buffer(50 mM Tris-Cl, 2% SDS, 0.1% bromophenol blue,
10% glycerol, 100 mM mercaptoethanol)E go] &35}
31100°C, 107 A28k, 117195 PROTEIN 1T
xi Cell(Bio-rad, USA) ©]-8-3}4 15% acrylamide gel®l]
A AABEATE 39 A7 B F LPSw SHREet
fixation solution(25% isopropanol, 7% acetic acid)®ll A]
fixation A1Z1 ¥, oxidation solution(25% isopropanol, 7%
acetic acid, 1.05 g periodic acid)®l] 537+ ¥H-&-A17] 22, DW
2 3084 89 washing 3}t 28] 3, silver staining
solution(0.1 N NaOH, 29.4% ammonium hydroxide, 20%
silver nitrate)2- 2 10i&7F stainingS 32, DWZ 102
49 washing3}3Z, developer solution(50 mg citric acid,
37% formaldehyde)ollX] 1037} develop AlAX & <&
& A

Z12]31 OMP+ 0.1% Coomassie brilliant blue R-250
S o] &ate] FAste] vl A8 B o]X ™
Z71 g OMPS} LPS+ nitrocellulose membrane®l] Z1A}
sk & ) BEAE oFAd-9-(SAT 3371 1:400)2] &
]85k Western blotS A&}t
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FE 7} #72] OMP &Y< coating buffer(0.01 M
PBS : 0.138 M NaCl, 0.0027 M KCI)°ll 0.2 pg/wellZ 3]
2] 3 4°ColA overnightsled ELISA plateol] F-ZA| AT
o] BZE plateS 0.05% PBSTE 33] A H 3 ¥,
1% skim milk 8422 37°Cel|lA 147} blockingAlZ
th 7k g3omE 25 AP S-S T8l Al
7He £ sl o @A) 72} 5080 (3271), 10041 (607H), 200
HY(15171)2 1:4002.2 3]4)8lo] ALgsll o, FAdth
o 2E RE AW SIS FAVE 400009 €3
S, SANETLEE A 797 2Rt o] gl
d AFE @S 22 HEE 348t 37°ColA 14
ZHEer WA ZTh PBSTZ 33] Al d ¥, HRP-
conjugated bovine IgG(Bethyl Laboratories, USA)E 1:
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10,0002 3]43te] 37°ColA] 1A17F Bt REGAI AT
thA] PBSTE 33] washing ¥ ABTSE ©]-&3}o] 30%
ZF dAakS- A171 3405 nmoll A =S 245
ELISAt HEE A& STEHSel oA 24
A SRS SRl ELISAS] A=
MicrosoftAl2] Excel 2003(version 11.8211.8202; Microsoft,
USA)S o|&3le FaAgE 7935t 248t &
T AE SFNES 7 Avte] TR BHHke o8
ste] A3 A WS Tt FAE B8

2 I

Msisty Mok 3l 2 Bélls

B. abortus®] XFF, WMAIFE 2 =) 27 A
slaty B4 vlwst A3, o] Asety g2
BE #FolA FARH U NO, A5l 3
o} RB51-& ¥3(B. abortus 1119-3) 2 71e} B2
9} &) NO, & A &ataitt. ¢k, & 3l
thate] ZAVEE A3} RB51, E5F(B. abortus 1119-3),
S Be|F BT A AMeE YES EskA
S5 tH(Table 1).

SN =
Brucella abortus®] RB51, 35555(B. abortus 1119-3) 2
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W £21F 7090 thale] penicillins 16 <] YA
st S AEe A3 the Zri(Table 2). &
A3 TR0 #3271 AP, VA, B, E, SXT, OX, CFollA]
= WS Jehle, S, Te, AN, N, K, ColFE 7+
AL Yepigien, UHa] Ao tsite T
Zo] ZAAde JeEpYen, #5E bl 53 ghet
ztoli= HolA] ettt

REA E2Y
y

WYAF, 2T, A2 g AGAH FE2EALS S8l
H

o|X= 364 bpe] RB51 50| 327 HEEJoH, &
79 v #FolA= RBS1 50] f32ks HEHA
2gkow, 498 bp2| B. abortus S0)-5-AASL, 178 bp2l
eri Sol-fAA o] AZE JTh(Fig. 1). °1& &3 oF
QT WA FRTE e EA 32 AdS gelst

At

OMP % |PSo| EM

B. abortus 1119-3, RB5S1 ¥ = EE]5(1-7, 1-81, 2-
55, 3-60) ol tidt OMPe] Y-S #4ls A3} 36~38
kDa =71¢] whlAo) 1-81, 2-55 & 3-600014] W& Zko)
olE YRR, 2+ 755 Zbell 2F 10 kDa band<]
e gko] xjo), WEIF 1-81, 2-55 @50l A, 2F 20 kDa
band, 55 kDa band?] & Ze] 2}o] 55 & 4 Ik

Table 1. Biochemical characteristics of Brucella (B.) abortus strains

NO,

Phenylalanine

Strains  Oxidase Catalase produce H,S  Urease deaminase Citrate Phosphatase Coumarate Lipase
RB51 + + — — + + — — — —
1119-3 + + + - + + - - — -
1-7 + + + - + + - - - -
1-81 + + + - + + — - - -
2-55 + + + — + + — — — —
3-60 + + + - + + — - - -
Strains Arabitol Lactose Sucrose Mannitol Dulcitol Sorbitol Inositol B-Glucose Glucose Maltose Raffinose

RB51 - - - - -
11193 - - - - -
1-7 - - - - -
1-81 - - - - -
2-55 - - - - -
3-60 - - - - -

+: Positive — Negative, RB51: B. abortus RB51, 1119-3: B. abortus 1119-3, 1-7, 1-81, 2-55, 3-60: B. abortus field isolates in

Korea.
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Table 2. Antimicrobial susceptibility of Brucella (B.) abortus strains

Strains P VA CL S Te B E AN AM N K C SXT NA OX CF
RBS51 R R S S S R R S 1 S S S R I R R
1119-3 R R 1 S S R R S S S S S R I R R
1-7 R R S S S R R S S S S S R 1 R R
1-81 R R 1 S S R R S S S S S R R R R
2-55 R R 1 S S R R S S S S S R 1 R R
3-60 R R 1 S S R R S S S S S R I R R

R: Resistance I: Intermediate S: Susceptable.

P: Penicillin 10 pg, VA: Vancomycin 30 pg, CL: Colistin 10 pg, S: Streptomycin 10 pg, Te: Tetracyclin 30 pg, B: Bacitracin
10 pg, E: Erythromycin 15 pg, AN: Amikacin 30 pg, AM: Ampicillin 10 pg, N: Neomycin 30 pg, K: Kanamycin 30 pg, C
Chloramphenicol 30 pg, SXT: Sulfamethoxazole trimethoprime 30 pg, NA: Nalidixic acid 30 pg, OX: Oxacillin 1 pg, CF: Cefa-

zolin 30 pg.

RB51: B. abortus RB51, 1119-3: B. abortus 1119-3, 1-7, 1-81, 2-55, 3-60: B. abortus field isolates in Korea.

Fig. 1. Detection of Brucella species-specific genes and
eri- gene in Brucella (B.) abortus by PCR. Lane 1, 100
bp ladder; lane 2, B. abortus RB51; lane 3, B. abortus
1119; lane 4, B. abortus 1-7; lane 5, B. abortus 1-81; lane
6, B. abortus 2-55; lane 7, B. abortus 3-60.

kDa 7
-

80

F 9 S 8

(Fig. 2A). B4 F3FF30Rgol A 4d-8(1:400) B
9l oke] 7FEHE ©]&3le] Western blot A3}, SDS-
PAGE A9} A & RO, 32 major band
£(36~38 kDa)o] FHEH =} ZatA ukg STk Ak
Hog FFFel MAlF g ofe] FeF1te] EAeHH
g0 xfe]& YESIT. 1-81 759k 2-55 ¢ Wi
T frAke e S Bylom, o]5 #72] 36~38 kDa -
flellA gt vkg-5 ERH AT 20 kDa F-91914 5+

FE vEae 181, 2-55 M WS B 5 9l

o Eo]3 M WMAIFE o7 I HEAME=
L'c-ro] v oF3hE ER1E = AUATHFig. 2B).

LPSE silver staining3t A3} ¥55-9} =5+ 71l H]
=8 FFE YERIITE o 9A3=<] RBS1 A=
O-side chain °] A& Ho%le AL #2S 5 3
o, LPSY lipid A FE-E RE dFoNA 22 size
FA £ 4 AT Silver stainingS 53 B4 o=

OE

B
kDa 1 2 3 4 5 6 7T
80 -

il | S | = =
40 - ! '-' ’- -
30 '

Fig. 2. Electrophoretic and immunological analysis of outer membrane proteins extracted from Brucella (B.) abortus strains
by SDS-PAGE (panel A) and Western blot (panel B). Lane 1, molecular weight marker; lane 2, B. abortus RB51; lane
3, B. abortus 1119-3; lane 4, B. abortus 1-7; lane 5, B. abortus 1-81; lane 6, B. abortus 2-55; lane 7, B. abortus 3-60.
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Table 3. Optical density of a developed diagnostic method using Brucella (B.) abortus OMPs depending on Standard

tube agglutination test titer

Standard tube agglutination test titer

Antigen
x50 x 100 % 200
B.abortus RB51 OMP 0.468 +£0.084" 0.483 +£0.105 0.625+0.177
B.abortus 1119-3 OMP 0.934 +0.260 0.961+0.210 1.072 +£0.189
B.abortus 1-7 OMP 0.857+0.210 0.915+0.218 1.054 +0.140
B.abortus 1-81 OMP 1.009 +0.243 1.007 +£0.232 1.157+£0.186
"Mean O.D. £SD, p <0.05
OElE 2 FHAE e IS8 ¢+ I

Fig. 3. Analysis of lipopolysacharides of Brucella (B.)
abortus strains by SDS-PAGE and silver stainining. Lane 1,
molecular weight marker; lane 2, B. abortus RB51; lane 3,
B. abortus 1119-3; lane 4, B. abortus 1-7; lane 5, B. abortus
1-81; lane 6, B. abortus 2-55; lane 7, B. abortus 3-60.

3)

+ A3 O=side chain®] WiEE sjetslr] e,
oo we Sl EelFte] zole 1] ofHglrt
(Fig. 3).

2t #Fo| OMPEIE 0|88t ELISASH EEHT

o7 o]g3sle] ELISAES AA|sH
w2} o o2 A4S Ve

st WA juipue g

AR F7HE, T
o] I} FEAE THEAE Yolr
7] flste] 7+ AEe] F3=e] o g A7 W
2)8 Yo} SATE T3 3|7 ofe] JaaAE 24
stk ZhzE WAE EE, 17 9 1-81 FUS AN
o o] AAAFR)E 098, 0.82, 0.87, 0.87=, A5z
02 22 FATAE & F don, 53] Wil
OMP 1§ ARE-gH A9-ollA 71 & F8aAE e}
WthFig. 4). ©12 53] AA 2oz SATS} AFE-alo]

20
=4

3, ok BAE Bk, 22 SAT 97he] g3 olgk=
7 wt52] OMP gl we} theket 0.D. #he WERd
< IRIF = AUATH(Table 3).
o F
BRAZY tigk E&21 F7HHQ WS 5
Y3l HsiFe 2 Al sk st zlcto] o] &

z
oxJof siet. AA7EA] JEE & BRAAEe] Xy
oFsiy 2 A el HigtEe) SolkoA] Tkt
2po]1 S YERJ L Ut} o= 4 BRAEte] 149l B,
abortus 7+ MY 718238 717 MdozA Mg A
9w AN WAL F3lal oy, AAle F= A
Hd Mo A A Ak whHo] ARS-E AL §)
a, T3 v AUAEESe] A 5 o AA|7E
7H = e o 7R JRe] ofuly, AAEE A
oA <] LPSel| tgh =& dA7F 2 B2 49 Brucella
s E g, Z2Eal A ARSERL Ay
Azga A9 gt Adatold] wE gt
At o]E]g TO2 A2 Hd whge] o] Al
Ao g AY7|=o] Yt
o3t TARES ddst] gt 71xAFe] FRE
Y3l B AFANME B, abortuse] =W 25, dAY
S B2 Agd A o) ARR-El= #5F B. abortus
111939} Q]=efA] & BHRAg oS 9lte] wWAld
F2 AME3IL JE B abortus RB51 #5¢] 2] 714
7S WAL AL, 72 o5 dF-¢] OMP ¥ LPS

g F&30] 2 Ao|F AT EE, °1F OMP
A¢ & AYS F 7129 s}

o]g-3}e] ELISA 719
v A ST

B AT AHgE FAETFY < S5t 224
2} ofke] #2543, B. abortus 1119-3 2 B. abortus RB51
o] Aslstd B4, gE&T @ f-A4 A4S A4
Azt B Ao FAI BE F57} B abortusell 3}k
o] 7] IR E RAEY FLA Vel SAA 7
T4 HAAIM =GR gt 57ke] Atket 2je]

g9l
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FEB1 OMPS y=01045+0.2184 11190V y=0.1608¢ +0.3224
(R=0.98) F=0958 (R=0.82) H=06767
14 18 |
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£08 8 1| l I
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d“—ﬁ Ci{18 I
o4 ©08 | 3 5 i
04 | * "
02 02| a )
0 2 0!
Jeju Sera Xb0 X100 200 =400 Jeju Sera x50 X100 200 =400
17OV y =079 +0.2973 1B  y=018%+0412
(R=0.87) R=0768 (R=0.87) F=0.7503
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| ¥
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Fig. 4. Comparison of a serological method developed in this study with standard tube agglutination test in field bovine sera.
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