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Identification of Brucella melitensis isolates originating from Mongolia
and diagnostic real-time PCR evaluation using a specific SNP
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Abstract : A real-time PCR assay using hybridization probe (HybProbe) has been developed to detect Brucella (B.)
melitensis strains. The primer and HybProbe sets were designed based on the gap gene of chromosome I with a specific
single nucleotide polymorphism of B. melitensis. Specificity of the assay was confirmed by comparison to reference
Brucella species and other related strains. In the melting curve analysis, B. melitensis generated a peak at 67°C unlike
those for other Brucella species observed at 61°C. Sensitivity of the assay for B. melitensis ranged from 20 ng to
200 fg of genomic DNA. The ability to identify 94 Mongolian B. melitensis isolates using the real-time PCR assay
was identical to that of classical biotyping methods and differential multiplex PCR. These data showed that this new
molecular technique is a simple and quick method for detecting B. melitensis, which will be important for the control

and prevention of brucellosis.
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A= T v, HUAME Ui oREE A}ao
ZYXE Brucella(B.) melitensisSt B. abortus 3ol &
HyEa o [8, 11, 22].

B2A8= 1887 @ David Bruceol o8] AgRe] H]Z ol A
As FYE o)F, AT F 10E5°] Brucella taxonomy
o Exﬂﬂmo‘ﬂ 23], o] & WYl 7HF “rg B
melitensis= a9k FolX F=2 A=Y, Heht o/ 5
st FEOAME B8 BAEI U [2, 6, 7, 9]

& XH, H Exﬂa}uﬂ ;qr/}m og= xg%fsm A kA 1?_7\}.
_ﬁ_;ﬂf‘;}x-l Hhﬂg /\].baol h:], [7 ]5 16] /\ggtﬂx-l H]-I:H
of oJaf %J_?lﬂ“* 2] - F4sks Zlo] 7P F& WhHolx
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2 A%, BYEA wKolugol thehiAL GA X

25 A7k ot lom Y olRg 7] olgd A}

g Aol oItk [16]. meb, oleld P nek o)

A7) Slal B - A% A WY F Sol NS
h=d

o] o]Fofirh. ¥

time PCR H-2 A7 3 1z
3 RIzteA R & e Aol dem, 1 9] SYBR
green, Tagman probe, hybridization probe(HybProbe) 2]
& @ol] ARgE ot [13, 15, 18]. ©] % HybProbe W
218 12} FZ& 9l & melting curve B4S 58 &
o] &2} SNP(single nucleotide polymorphism)F$]2} &
=] (matching) = B X](mismatching) sF=A] HAH = &
To] ApolZ AR} AT F Jorz 7E WaHY o 3
s BRAE F ES de ¢ e ARl Aok
£ AFedlME 5o SNPE o] 88 HybProbe *2]9]
real-time PCR H-& /NE3lHom, ol && fE<] ok
B. melitensis 25, B. melitensis =0+ L B. melitensis
Rev. | BAlH#TE T3l Y53ttt

e o

SAZF

Ao AR #FE BEAgt MAAFE X338 24
N FEAF, FA R AR @ @Y ew o
ANeE dodl= S/ #FF (Ochrobactrum  anthropi,
Escherichia coli O157:H7, Yersinia enterocolitica O:9,
Clostridium perfiingens type A, Staphylococcus aureus)}
B ATA(IVM)ERE 201220143714 2= W 1070
A o (Khentii, Bayan-Ulgii, Uvs, Govi-Altai, Arkhangai,
Baynkhongor, Khovd, Baganuur, Sukhbaabar, Dornod)<
dem daoh & 9 Ao 2RE Z2d 9ie] B
melitensis {21 FE ©|-83FTh (Table 1).

2k % DNA F&

B2zl wjFS $8] tryptic-soy agar(TSA; Becton,
Dickinson and Company, USA)<} tryptic-soy broth(TSB)
2 Her 5 [10]°] 7det B} wjofg e ul<] (modified
Brucella selective medium)°l] 5% 4 % (Gibco, USA)S
A7¥eE WA E ARESIATE +F Wi 5% CO, M1l
37°CollA 3~4 Ft vt AWt #5F= 5% sheep
blood(Hanil Komed, Korea)|#|ollA 37°C, 1~2Y w33
g, o7 G JES AEH (biovar) TS 93l classical
biotyping methods® CO, ¥i¥ 275, H,S A4Fs, urea
35, oxidase WHe-, T Eold FH(A, M, RS &
FWkg-, A4 vl A (basic fuchsinz} thionin)el|A12] BjYs
9}X] &3]3 (Thilisi, Weybridge, Izatnagar, R/C)yS ¥o}lxE T
Z(species) T2 3 2R F 7P multiplex-PCRES
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ot
5

Table 1. The specificity of the real-time PCR for the bacteria
strains used in this study

Strains Reference  Real-time
Number PCR
Brucella species
B. abortus bv. 1 544 ATCC 23448 -
B. abortus bv. 2 86/8/59 ATCC 23449 -
B. abortus bv. 3 Tulya ATCC 23450 -
B. abortus bv. 4 292 ATCC 23451 -
B. abortus bv. 5 B3196 ATCC 23452 -
B. abortus bv. 6 870 ATCC 23453 -
B. abortus bv. 9 C68 ATCC 23455 -
B. abortus RB51 - -
B. abortus S19 - -
B. canis RM6/66 ATCC 23365 -
B. suis bv. 1 1330 ATCC 23444 -
B. suis bv. 2 Thomsen ATCC 23445 -
B. suis bv. 3 686 ATCC 23446 -
B. suis bv. 4 40 ATCC 23447 -
B. suis bv. 5 513 NCTC 11996 -
B. ovis 63/290 ATCC 25840 -
B. neotomae 5K33 ATCC 23459 -
B. melitensis bv. 1 16M ATCC 23456 +
B. melitensis bv. 2 63/9 ATCC 23457 +
B. melitensis bv. 3 Ether ATCC 23458 +
B. ceti B1/94 NCTC 12891 -
B. pinnipedialis B2/94 NCTC 12890 -
B. microti CCM4915 BCCN 07-01 -
B. inopinata B01 BCCN 09-01 -
B. melitensis 77 Field strains +
B. melitensis Rev. 1 17 Field strains +

Non-Brucella organisms
Ochrobactrum anthropi Field strain -
Escherichia coli O157:H7 Field strain -
Yersinia enterocolitica O:9 NCTC 11174 -
Clostridium perfringens type A ATCC 13124 -

Staphylococcus aureus Field strain -

olgal = SF3IAUTt [12, 16].

+59 genomic DNAE blood & tissue kit(Qiagen,
Germany)E ©]&dt] FE3 F -20°CollA HaAshH ALE
sk3ATh.

Real-time PCR probe MZ 2 ZZHMY

B. melitensis chromosome 12] gap gene(accession no.
CP007763)S CLC Main Workbench software ver. 6.0
(Insilicogen, Denmark)S ©]-83le] 1052 BFAdz} H7|A
A3} vl AT o] A4S F3l B. melitensis chro-
mosome 19] G71AE 3209315 XA thymine©]
cytosine® = WHSE Eo] SNP 192 a3t} o2 E
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=, primer®} probeE Tha3 o] AASNoH, T3 4t
2o 148 bpith

Forward: 5'-ATCTCCAACGCTTCGTGTA-3'

Reverse: 5'-AGAGATCCTTGTGCATGGT-3'

Sensor probe: 5'-GGATCGTGGTCATAAAGCCCTT-3'

Anchor probe: 5-CGATACCGATAGTATCGTTGAGAAC
CTGAG-3'

Real-time PCR ®HE-$-2 5 x genotyping master mix 4.0
pL, 2+ primer(10 pmol) 0.5 uL, ZF probe(10 pmol) 0.5 pL,
distilled water 12.0 uL, DNA 2.0 L= E§3te] 96-well
platedl] EF3}Th 28], plate 4 bubble A|ASH] 9
3 FAEE7IE 2,400 x gollA] 27 AEE T F, real-
time PCR”7]7](Roche Diagnostic, Germany)Z %23} T},
Real-time PCR 712 95°C-5% ©]¥, 95°C-10%, 61°C-15
%, 68°C-15%2 453] whE3lo] FE3sE g 40°Coll A
80°C7HA 30% FF REE ASATIHA FFH 4

ol

[e)
melting curveE #4383 RUEY 3k Th.

% 9 BYe, fAsHoR BaE o
HybProbeZ ©]&-3 real-time PCR THy
ST, 283, B. melitensis AE HAE AR $5)
NanoDrop ND-1000 UV/VIS spectrophotometer(NanoDrop,
USA)E ©]&3le] genomic DNA FEE =43 3 20
ng~2 fg7HA] AXIP o2 S8t ARSIt g, B
A B. melitensis =25 947 4FE real-time PCR assay
o) AT B FH2 s AHgssih

g I
B4 SH
&9 B. melitensis %-2]5= classical biotyping methods

M 1 2 3 4 5 6 7

2000 bp == [

1000 el

500 =l

o oJalA 947 #F EF B. melitensis® 1Yo 1
% biovar 1°] 677 «3, biovar 3°] 107] «+F°|H,
biovar 25 ZEEA] &Udth YA 177] 5= thionind}
basic fuchsin A AvfR| A AEFA] kol B melitensis
Rev.l WAIZEE 1EATKTable 2 and 3). 2542 £ 7+
H-S multiplex-PCRE. SIS A3} 947l +5 5 770
7V B. melitensisZ FAHJow 177 FFE B
melitensis Rev. 1 WAFF2 RIEATH (Fig. 1).

ool A=A Wi e zlehHe] AxE v
o7 FF FU 94 B melitensis -2l biovar 19]
67N o, biovar 3°] 107 &5, Rev. 1°] 177 dF=
I ATt
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THT MAFTE AYFoz FTEIE ZoE ERIF
ow YR Brucella 2 21 cycles AFolA] 02 ©]3}]
o]~ wro & (fluorescence) kol A signale] HEH AT}
(Fig. 2).

B. melitensis® Sol&0 ARIA] 15171 913 melting
peaks X938t A3 B melitensis biovar 1, 2, 3 XdF
o} WAl#ZE Rev. 12 melting peak”’} 68°CE EHlE whd
1 %] Brucella 2 61°CZ SR1FAL.

o]9} 7> 2% Aol= SNP 919 100% LAsk= 5%
A= EYX s T3 A= zlold] o Zle=® B
melitensis?l] 50202 FEIIUFE BT T
947l E-2]FE real-time PCROIM E5 B. melitensis® &
A=A tH(data not shown).

ShA, 9] 739~ B. melitensis genomic DNAS 4%
Ho 7 X5l HE IS AR 23 200 f7A] HE
7Fsst Aoz Yeltor o] wl Ci(cycle threshold value)
e 12014 337HA =2 FIET (Fig. 3).

=
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Fig. 1. Multiplex-PCR results for representative field strains isolated from Mongolia. Lane M, 100-ladder; lane 1, Brucella (B.)
abortus; lane 2, B. abortus RB51; lane 3, B. abortus S19; lane 4, B. canis; lane 5, B. suis; lane 6, B. ovis; lane 7, B. neotomae;
lane 8, B. melitensis; lane 9, B. melitensis Rev. 1; lane 10, B. ceti; lane 11, B. microti; lane 12, B. pinnipedialis; lane 13, B.
inopinata; lane 14-20, B. melitensis and B. melitensis Rev. 1 isolates.
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Table 2. Identification of species of Brucella isolates by the classical biotyping methods
Numb Phage lysis
Disvision Species o flgtrrlai?'nrs Oxidase Urease Tb 10°Tb Wb Iz, R/C
RTD RTD RTD RTD RTD
Isolates B. melitensis 94 + + - - — + _
Reference strain  B. melitensis* 1 + + - - — + _

*Strain: 16M (ATCC 23356). Tb: Tbilisi, RTD: routine test dilution, Wb: Weybridge, 1z,. Izatnagar1.

Table 3. Identification of the biovars of Brucella isolates by the classical biotyping methods

Growth on dye* Agglutination with

monospecific sera
Disvision Species Biovars Nume: r of CO, H.S - P
strains .. Basic
Thionin fushi A M R
shin
1 67 - + + - + -
Isolates B. melitensis 3 10 - + + + + -
Rev.1 17 - - - - + -
1 1 - + + - + -
Refer;nce B. melitensis 2 1 - + + + - -
strains
3 1 - + + + + —

*Dye concentration in serum dextrose medium: 20 pg/mL.
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Fig. 2. Specific differentiation of between B. melitensis and
other Brucella species by the real-time PCR assay using
hybridization probe (HybProbe). (A) Amplification curves.
(B) Melting peaks.
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Fig. 3. Sensitive of real-time PCR assay using HybProbe B.
melitensis DNA was diluted from 20 ng to 2 fg by 10-fold
serial dilution method.

HE Aldstal vk [24]. 29HE S22 A W=
PR o] FFo] MR EF AREA U FF

749 Aot GA dojubH, AlE T TRSellA ALk
FAIES DatstAl ¥ HAHAAY AH AR i 2k
HEFol 419 BfAdet W Eo] & J7FE HilE vk
[17].

A BZolX= F2 B. abortust B. melitensis’} T2
HE Aog d#F o, o] £ B melitensise BEFAE
T T Wedol 7P Asith. £ AFelxe Wedel 2
B. melitensisS A&slal EolFog HAESA} 7|E &
o]ZQl SNP7F UE HHAZ LEF gap geneS E431e]
°]Z ©]-&3F HybProbe 49| real-time PCR HS 7123}
AT} HybProbe W22 Solxef WIZAE7} vl & Ao
2 dHHOH melting curve ¥4S T3 SF 2] &
oS AT U= Gl AUt

HybProbe 4] 9] real-time PCRH-S 7]Eo] RHIE
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BMEI1162(accession no. NC_003317) H<12] IS711 A
FHS 0|83t Tagman probe W219] real-time PCRYHOA]
PG AR BEEAET U YRS W 0= Q)
25l= A [18], FRET®} Tagman probes &-8-3td 71zt
AxZ TmOZ B melitensises HESF= AR Eolwrt
EE A ERIT F AT [4, 20]. B F S
AREE= 16S rRNA 7-919] geneS ©|-83F PCR HelAd
H|E0|WkS-8- A0 F|= Ochrobactrum anthropi, Stapylococcus
aureus, Klebsiella spp., Acinatobacter spp. [119}e] 78
=&, 5°] SNPE Fall 8 AT s =2
Brucella spp. WAXS B. melitensis?ts Eol8 o7 H&sH
= At TR B, melitensistt 501802 HES 4
= ¥k PCR Xee Hawx] 3 Sl

HybProbeZ ©]-4-3} real-time PCR -2 DNA 200 fg7}
2 AEY 4 doiA Probert 5 [18]7 Redkar & [20]°]
Hargk 150 fg, 250 fg} AR o2 Blou, Bounaadja
5 [4]°] S8 1S711, besp3l, per gene F-9l914 &3
220 fgHtbE= 108 o] S, Bogdanovich 5 [3]°] X
8 HE S 9] 2000 fgil‘/h: =3t B3 71 real-
time PCR¥} Hlusl HokS o W &g gHAIX|9 Eﬁé}‘ﬁ
melting curveZ % AFE -—‘—L.]"?_]%L 4 202 melting <
off wpg} EolHQl FF AHES ERIT F e Aol MD}.

a#ER 2 ATLE B SNPE ©]89 real-time PCR

ATHE L& HEsA Hadol =2 B melitensiss 7
Z28 F SJojA] Ao} e BFAZ &8 FF tFolof st

Ao AT, ol

71%0 $-8& B} P‘é% Uehhs 5% &5
Aol et A9} FAPY E Ego] B mal oz}, AH
Az 2 ks BAEEY ZA 719 Aoz AET
EF, 54 BeAd # 19e B 9 dyds B

Al 2
£ A7e SEHSMHGER sESHGAA ST Al
AT (1-1541778-2012-14-01)0. 2 S LT},
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