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Abstract : The diagnosis of brucellosis is currently based on serological and microbiological
tests. However, the microbiological isolation and identification have several disadvantages such
as time-consuming and laborious, and the serological methods have been reported to cross-react
with antigens other than those from Brucella spp. To develop a sensitive and rapid diagnostic
method for detection of Brucella species, the genus-specific primers were designed and
synthesized from the sequence of gene encoding a 31kDa cell surface protein(BCSP) and a
36kDa outer membrane protein(OMPB) of B abortus . The amplified 711bp and 982bp DNA
fragments were only visible in each species of Brucella by PCR method using the BCSP and
OMPB primers, respectively. However, PCR product was not obtained with DNA from other
Gram-negative bacteria. As little as 1pg of the B abortus genomic DNA could be detected by
this PCR method. Using the PCR technique, semen samples from 185 bulls of Brucella -
seronegative herds in Cheju island were examined for comparison of this PCR method with
conventional methods in 1995. The semen samples from 5 bulls were positive by culture method
and PCR, and one was positive and 5 were suspect by semen plasma agglutination test. However,
the semen samples obtained from 177 bulls were negative by semen plasma agglutination,
culture and PCR methods in 1996. The results of comparison tests suggested that PCR was a
better test than agglutination test against semen of bulls. This study indicated that the PCR
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technique was a valuable for the diagnosis of bovine brucellosis, particulary in bull semens.

Key words : Brucella abortus, PCR, bull semen.

M E

2 Brucella ¥ & ZE 7|7t 70 B4 AP o2 HA
Adoe= wAE 9ou, B aborus 7} FR YU
3 YE B melitensis, B suis 50 7rg3te A2 ¢d
A gtk QARA G FhdME FF4E YA
ok YA oA At BEY T WA GRS frEHL

L olEtn eadAME 28Y, F1Ed 5 92
A F7H 3]6117} 3“‘1 Atgd A By g, BdY 58
dodlE 8 AFFTFAGEY JuUEA o] ¥

Ae %—%%Mai ¢ F2A Ha o

Brucella ¥ 9] AdE 3 FFHYL Alzto] 109
ol o=y A FEY Hfel dRego] vol 2
ZIAEH o2 HEEIE o] fEo gAFAA W
W &3] AHEEa ok A Ay &3S,
EAAGYNS, 24HANS 5 Be Wy Ec] ey
of ALgHI glont ofF vy oz gdg Py
o] glo] Frbvuith 23 o] e MIH & Wt AL&-3}
T A gAEH Aaye v 5ol uhgo] B,
AE7Zol AY WYY Afel HEHA %
dgo] lom® B3] 29 Aol mgoly ag
o FAZEE 4oz ¥F FAFFo| u§ ol
4 gi AFAE o] &3 SHNEH O Brucella 3
A At Qo

olg| gt BHL FEIy] Hatd HITdE TPk
Eoldo]l & B fA%A Wy Z, A g
Eolf A E FEIAA I M EWY F3] v FA
X AE2E £ JEPCR Y 59 Z7/Ady fddy
7 @23 951 Utk PCR ¥& o] 43 Brucella
79 A28 98 AHEEE FAXZA 1S711, omp(2a,
2b), 16S 1RNA, 31kDa 2 43kDa 89 5 &
g 74A FAA} Hasgm ot

3 el A Brucella B o TAL 19563 A& E1

2 encoding 3=

g o)lF Aoz wAEy glon 53| AFroMe
198413 o] F uid 1005 o] FAHI §lo AFEY
AASHT Qe & AFFE Wi oz e Ay
& 19135 AAEn dgolx BFetan 2HHA &
I UAGPH EF PCR 71 & 0|88 & HAF Lep-
tospira & AE37] ¥ FFE Hude oy’
A&7 AT 97 of g flE AAolt

we}a o] AL A= A Brucella ¥ &) A& &5 A
g3t 27288 $8to] PCR Ay & Adatn, AF
EA AR YE FESE gFOE HAL ol
& Brucella B3 7% 7 %8 4 PCR A& <& v
zAbsHgh

Brucella #&

Mz 3 U

ABRF 1 of ¥ ALE Y Brucella RFFFE V|
% NADC(National Animal Disease Center)2HE 2okt
£ B abortus, B suis, B melitensis, B canis & B neotomae

5 5%3 2 Brucella W Z9E 29 #9494 4=
9 e oz B3l B abortus 197 #F78 A2
11, Escherichia coli 0157 : H7-& n]=* Pennsylvania State
Universitys] tj3+# EZFMe2He Eygugoen, v-
ersinia enterocolitica , Citrobacter freundii, Salmonella en-
teritidis , Klebsiella pneumoniae %2 ¥+ dv= Sta-
tens Serum Institute®] International Escherichia X Kleb-
siella Centreoll A £ 9Fito}l AL&-5191 T}

A" W 7HAME : Brucella 3-8 4h-3-(standard plate
agglutination test; SPT), 224 Z+-8-7 ul-§(Rose Bengal plate
agglutination test; RBPT) ¥ AJ&# 87 4H3(standard tube
agglutination test; STT) R ghel-& USDA WHf’e] e} 429
A Aa A Hzse] A5G .09, Brucella monos-
pecific A, M R %842 NADCZ 38 £uto} 4163}
Atk & 44 AFEAN A4an It FRIE 9
Aoz 19950 185%, 199616 17759 ts] A7) Al
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APoz AHE g FaAEHd Yo 4g4dE ¥
Zagetd A8 AHEs A

Genomic DNA £2] : Brucella 2] genomic DNA 2]
= 2+ #FE serum dextrose agar Hj | of A 347t WG ¥
e Jgg BZALNErE J T3t TE buffer
(10mM Tris-HCl, 1mM EDTA, pH 8.0)2 13] 43§ o &
CTAB-DNA precipitation #*go] o3 Ax|atgom’,
Brucella 7 -39 600p1E phenol?s} % E¢A 351
15,000pmoj] A YA ®FF th, 5M NaCl 1251 %
CTAB(10% cetyl-trymethy]l ammonium bromide in 0.7M
NaCl) 80p1E 7}5te] 68°C ol A 10423k 8H-3-8k ¢l T} Chloro-
form % Phenolg 713t} dlA& AAE % isopropanol
€ 5% 7tetd 15000pmel X ¥4 FPAFIL, 0%
ethanol2 A H ¥ c}¢ AZX At TE buffer(pH 7.5)2
DNAE FHAT F FEE Ay R Aueoll A DNA %
& £33 ALg3 AT

A A2 Brucella 7+ ¢} genomic DNA ¥d & A 9% 1ml&
1,500rpmel A 127+ 4R ¢ o 43 4L 13,000rpm
o] A 583 APAAT. JHE PelletS TE buffer(pH
8.0) Imlo AEH3te] 28] AHAHE ¥, CTAB-
DNA precipitation *#'8'°%) ¢] 3] genomice DNAZ £ 3}
o] PCR& template DNAE A}-&3}5ich.

Primer XX : Brucella & Eo|3 22 #Z387] 9
8k BCSP31(Brucella 31-Kd cell surface protein) 2 omp
2b(Brucella 36Kd outer membrane protein) -4 248 g7
A 93} GeneBank] sequence databasedl] 7]Z3}o] 2 set
(BCSP % OMPB)9| primerE design 317 DNA ¢1F ¢4
7)(Applied Biosystems, model 391)E o] &3] Az 3|A}
o] whgol w2} Az 33 tH(Table 1).

PCR assay : PCR 7] 50mM KCl, 10mM Tris, 1.5mM
MgCl,, Primers(forward & reverse) 2} 100nM, deoxynucleotide
triphosphates 200um, Tag DNA polymerase 2.5 untis ¥ template

Table 1. Nucleotide sequences of primers used in this study

DNA ¢} 10nge] 48 reaction mixture 10piujoll A} 48
814t PCRE GeneAmp PCR system(Perkin Elmer Co.)uj
oA A A 843, Tag DNA polymerase 2.5 unitE 7}3}7]
A WA 527} boiling® T} denaturation2 94T o A
1%, primer annealing® 55T ol A] 1%, DNA extension
72CAA 188 303 BHEGOH, HF DNA ex-
tensionS 72T oA 527 A A& th PCRo| BYF 2
sample®] 10plZ ethidium bromide7} 3¢ 1.5% agarose
geld] 10plE loadingdled 100V, 1AZHESH A7|9F &
ANE F 29 ZAsto] A DNA bandE 891 2 AR
#9 & AN

PCR 9] Eo|4 ZA}E B abortus 5 Brucells 7 5%,
AF & Gram SAMF 559 genomic DNA 10ngS
AL g5t AA Y od, WIRA L B abortuse] genomic
DNA 10ng%-§ 100ag7HA] 843t 33t

Brucella 7 22I8H : A/IANAYPLR FELIA
A5 A 501142 Bacitracin 25pg/ml, Polymyxin B
Spg/ml, Nalidixic acid Spg/ml, Vancomycin 20pg/ml ¢ Cy-
cloheximide 100pg/ml-S ¥-f- 3 Serum dextrose agar 29f ol
zZtzt £ st CO, 10% 23k 37Col A 3~54 %k w)
F3 AT, Brucella # o2 A EHE £ smoothd
39 Y@ F 24mm)] thsh Gram G4 E AN
3o Gram $4 9 HF7E $U3}IL urease, CO, &F
4, H,S AH4, 884, MacConkey agar] M 9] 435 &
o] A3eta MAAEOZ Brucella sppYlg #4931,
Brucella 7+ monospecific 383 A, M, R& o] &% &3
g AN #E L AT

S : A ¥H & o] 8¢ SPT, RBPT ¥ A%
& o] AP §4 -3 (semen plasma tube agglutina-
tion testy® USDA #W4°& AH&-8ton, A4 Add
ST AL 2,000pmo A 5~1087 42T
A AL 43 AR Yo, AF 0.

Primer Nucleotide sequence(5' to 3') Size of products(bp)
BCSP1(F) GTA TCG TTC TTG AAG CCT AC 711
BCSP3(R) GTG CAT TTC AAT AGG CTA GAG
OMPB(F) ACT GGA GGT CAG AAA TGA AC 982
OMPB(R) GAT TAG AAC GAA CGC TGG AA
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08ml, 0.04ml, 0.02ml, 0.0iml £ 0.005ml¥-& z}2} AJP &
of 551 1:1022 X4 AgHE DY 2miy
S E¥sto] 37N 48AES AR F BA
Ak G 1:25 o)l A R ANE o2 B
A, 1:50004 A= %4, 1:100 o] Aol A
RN E o2 BHSAt

3 o

Brucella & %719 &% & = PCR AW Y&
833 7] 98] BCSP(Brucella 31kDa cell surface pro-

8 910 11 2

982bp-

Fig 1. Specificity of the PCR assay for detection of Brucella
species using OMPB(A) and BCSP(B) primers,
Lane, 1; DNA size marker(1Kb ladder, BRL), 2; B abortus,
3; B melitensis, 4; B suis, 5; B canis, 6; B neotomae, 7;
Eshcerichia coli 0157 :H7, 8 ; Yersinia enterocolitica , 9 ; Ci-
trobacter freundii, 10: Salmonella enteritidis , 11 ; Klebsiella
pneumoniae , 12 ; negative control(No template DNA).

tein) R OPMB(Brucella 36kDa outer menbrane protein)
primerE A %314 2 ¥ (Table 1), WA PCR 7149 JF
Z7AL MY 243 °|E primerse annealing EEE
55C 93, Mg" 2 1.5mM FE=4th

PCR 7]y 2]5 BCSP ¥ OMPB primers®] Brucella
dof & Sold g &A1zt B abortus F 5% Bru-
cella 73 AT 5 559 Gram 24 HFOoERE &
%3 7}27} genomic DNA 10ng & A} £3}¢} PCRE 433}
Nt} Brucella T 5%tk Eolxog ztzh 7ilbp ¢
982bp 2719 FE DNAE 2%% 4 dgov ge A
FolAde AEYA FUtHFig 1). £F o] PCR 7P &

12 13 14 15 16 17 18 19 20 21 22

- 711bp

Fig 2. Amplification of the DNA from field isolates of Brucella
abortus by PCR assay using BCSP primers.
Lane 1 to 10 and 13 to 21; B abortus strains isolated from
supramammary grands and milks of cattle, 11 and 22; DNA
size marker(1Kb ladder, BRL), 12; negative control(No tem-
plate DNA).

Table 2. Comparison of the agglutination test, culture and PCR methods with semen samples from bulls in Brucella -seronegative

herds
No. of positive samples(suspect)
Year No. of semen samples tested
Semen plasma agglutiation test Culture PCR
1995 185 1(5) 5 5
1996 177 0 0
Total 362 1(5) 5 5




2 Brucella ol Z9E 29 484924 9 44
A Eeld B abortus 9 197] FF RFAAE SojHo
Z PCR productE & 4 AN h(Fig 2).

PCR 7| 9] QA& dotry] Y48t} B abortus
genomic DNAZ 10ngo) A £ €] 100ag 0.2 1094 348
o] template DNAZ A}43 1 BCSP primerE o] &34
PCRE 8% A3} 1pg7tA] 72T + AAHFig 3).

Fig 3. Sensitivity of the PCR assay for detecting the DNA from
Brucella abortus using BCSP primers.
Lane 1; DNA size marker(1Kb ladder, BRL), 2~10; genomic
DNA (serial 10-fold dilution: 10ng to 100ag), 11; negative
control(No templatd DNA).

982bp-

Fig 4. Application for detection of Brucella abortus in semen
samples by the PCR method.
Lane 1; DNA size marker(123bp ladder, BRL), 2; positive
control(B abortus genomic DNA 10ng), 3; Negative control
(No template DNA), 4 to 7; Semen samples collected from
bulls in Cheju island.

AFE AgeA AfEn e FEHE o=
1995\d ¢ 1855, 199613 0] 17752 RE 7A5d ¥ &
AAg AFH 3 Brucella BFEAZALS FF4E o
€8 N8R S, A4F Brucellad $EFAH 4
PCR 7] & |2 ZAMG A3 Table 29 2o}, 19954
of 29 18559 Ad ¥H o2 SPT ¢ RBPTE 4
A 23 25 SR oy AN G o] &3t Ay
F ARG E F4 17, J¥A 5552, T £
NEAME A 5FAME B aborrusy) B FAHA
i, 18559 A4 g o] &3t AY PCR 7P & H4¢
AFAME F 2N EAN FAHAUD 5FA Bru-
cella o) E0]2¢] 982bp 17| 2] DNA 2 EAE S &8
& U ATHFig 4). ° & Brucella YA 552 FALT F
199630 FES 177% o o8] AHALE 32} Brucella
g A e AAF e 2 PCR 71l A Brucella
$4 02 Yeprth

&

Brucella ¥ o] A2 A0 FH54, FEAAA
R FATH FAA Fol & A JdoH, AR 7
€ B 2 FA%E AL MY AEE Adgolrle 3
Aot g2 Ao 2857, NHHENN P FAE F
Bate B PAaEA Yol DNA probe HL T o]

€ TR Jorz giEY It FHAFHA
B E5 A Yo

oo N Brucells ¥ AL $13e AFS &
€ ol & +HE B (mik ring test), HAE VAL
o] g% SPT, RBPT, STT, ¥ 4 @ut-&(complement fix-
ation test) 5o] AL H I glou o]F YA Fay
2 HBolghgo] 11, WA #YE HEHA Xdte 7
7 Bot 2o e UG Bolgol ¥& Reg &
AA le PCR gy A3 Ahe §&5Hx
%lq”'m.

B abortus®] F8 FYOZ = cell surface protein® 2
31 kilodaltons(kDa), outer menbrane protein(OMP)2.2 =
88~94kDa, 35~40kDa, 25~30kDa, 16.5kDa % =7]¢] ¢
o] & A o ol FA& ok} AAFHANA
o gAFHTol 383 1A ot 1dE FLdo
2 AXyo A3 smooth lipopolysaccharide 3¢
g o] g% ASY S Agda Qo™ Ficht et al L B
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abortus ¢] 36kDa OMP 3413 encoding 3l+ 3¢l
omp 22 % omp 2bojl ¥ F7|HEE ¥ 781, May-
field et al & 31kDa 390 encoding 5} BCSP31 &-#
2o 471 gE Bag b gl

Romero et al & B abortus®] 168 rRNA §A}d] 712
% PrimerE 2HA 3o} PCR Y 0.2 Brucella & E90)3
02 FA2Y T AN, &A= genomic DNA 80fg
7R A28 ¢ Aotz Badyoh Baily ef al L B a-
bortus &} 31kDa &9 FRAe] 712 % primer2 PCRE
85 43} B abortus 2 B melitensis | A 2k 223bp 3
719 BolHA FEAIES AEY F Ao, genom-
ic DNA o 60fg(20 cells)7tA A2E 4 Ut =3
Fekete er al > & 43Kd 819 $-ARE 0)]£3 PCR 7Y
o2 9 635bp 279 FEAEES 100fg7HA] HEE
AL 21 v Yok

o] Aol A Brucella #& E0)3 28 H&37) Y3
o] BCSP31 % omp 2b §AA}o] tis] A 2 seto]
primers(BCSP ¥ OMPB)E o] £3}¢] PCR 7|® 9] Eo]4
< ZAE A Brucella 437004 242 7T11bp % 982bp
3719 DNAE ZAE¥ 4 sden, & Gram &4 A
FoAME FE2HA F}em o] PCR 719 HETA
£ genomic DNA 1pg7tA] &8 F JATh @A o
€ primerE ©| &% PCR 7| Brucella #& &8 e
o o UREa FolHQ whgo s AU §A
gt o] A¥o|M Brucells FolT Eo]jyoz ZEg
711bp % 982bp 3.7]9] 1 A}7} BCSP31 ¥ omp FA A
AR FHAHE T AdM e o2 AGELE
o] &3 EAolu} Hr MG R0l WA Aoz HZd
.

%3 Romero ef al *& PCR 7] Brucella ¥ Ao
A 4387 998 $#% ELISA 7|¥d 9% 3319
PCR 7|39 W2 2AG A3} o] Auyy 54
< 27} 100% oy 917HA & ELISA o] 98.2%, PCR
He 87.5% YvEten, ¥ Gy &L 91%
At ol & F7HA] Ay S FAl ALY o NP e
100%2 vel} Ao M 2l Brucella ¥ HAA ojx- 12
Bye Algete A Boe FU1R] By & BAY AL
e Aol HigAE o2 FAEAT Leal-Klevezas
et al”& PCR 7] & Ab§38te] 198bp 7] 9] omp-2
HAAE Brucella FAM EBolHoz FEE + U1,
o] 714& Brucella ¥ 748 2 948 4oz &

A B FHHEAEY 27 29EEA 35 Q)
FTHEAZ G4 3FE PCRY O H3AQ why @
7 Y BFdAM A8 5 Ao, o9 A4 2F
o] thdt ulmA gl M= RBPT A A 1457} Ao
UL AFAX &R 179X Brucella 7o) 25
%201} PCR 7| 0.2 AE 195, £4 1743 1144
A ¥4 22 Y PCR 7o) W$ QiztAo] &
HAE A

AF Lol A= 1984d o] F Brucella ¥o] A& 243}
I o 191378 s WAl & FA8S Bru-
cella ¥ 228 & Y3l &2 oy ZAHA gn
A& 2 Qe AR AFEE 57 &
b EFH A 3FREFANN EFASHOEHN
FE7 FAZA A FFo|Y FR L 9%
A@n| 7} Brucella W9l 8 HIYAL2 FHHo
. FEFAN BFFAHALZE Brucells Ho| &5
T A7t W ol 2HY Fofjgloz gslo AF
EUAM AAEEHT Qe FESE U2 JEF Bru-
cella ¢ A& NE3ATE 199530 2R S 18559
&) A Brucella ¥ 3 FAPA N E ZF 24
oAU AN E o] &g AFH SH A FA
157, 444 57 dom, 3459 788 54 2 PCR
7o 2y 559 B abortus 7} A& FH Ut Brucella
¥ GHoE BAH o]E 558 AR T 19969 A
AAG 23 FES 177%F Z5E Brucella ¢4 02 U
Ehgttt. Wetd F299 Brucells ¥ AA L 8333
AR A4 g o] 8¢ HAVL Brucella ¥ 24 & 9
3 ded Aoz A

o]} Z#E & ¥ PCR 7|YE 0%
Brucella #+& gsted AM4d F A&
FATEo] W& AN E Brucella F& M43 35
T YoBE goF HHHAH Py Yy Fd,
+fr, 4938 59 ASEZHH AH Brucella 7 A%
st /L E PCR 7]Ho] ALEE & 18 Aoz AR
fh

ok

b Awge
@ ohjg)

i A

Ox=

i B

Brucella W9 Z7]24d] 71998 13 A&A&3A
HY4E 4 JE PCR A7 & &eh, 199593 2
199630 AFE A e £2 90| )3 Brucella 34
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ZAL} JdF Brucells 7 ¥ % PCR 7Y & ¥azx
At

Brucella #& Eolzxoz HZE37 9189 BCSP
(Brucella 31kDa cell surface protein) % OMPB(Brucella
36kDa outer menbrane protein) primer 2 setZ A28} g o
™, o] & primerZ o] &3 PCR 7|4 & Brucella F| A 2
Z} 7T11bp & 982bp 17| 2] DNAE Eo]3H o2 H&d o
AN L THE Gram $4 A ZAME FEHA KUt o
PCR 7|2 B abortus 2] genomic DNA 1pg7tA] A% <]
Vst At

19950l AFZY FES 18558 diY
Brucella ¥ BFFAHANE BF 240
S ol & ANER SHNEAME FY 1F, JF 5F
Rom, AF] 7 22 §4 € PCR 7/|Yo2e 5%
ol B aborus 7} FEHUT. o] ¥4 5FE AAE
B2 1996130 At At EES 1777 R £4
S 2 YEbYTH PCR 7|2 AAF @A vFo] &
29\ & Brucella && AN£38 A28 4 9ol A Brucella
Ao EEH R AMRE U AT A EHET
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