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1.1 BEHIMEYHEAR DNA

B /K 38 A 3% [H 41 DNA 44 % Bvb ATCC 51672,
PR LR AR ATCC 49882 F1 H #4 /R 38 /& ATCC
VR358. 7% [k 2 /R i 4k (B. clarridgeiae, Be) ATCC
51734 w0 #) 12 /R 3@ & (B. koehlerae, Bk) ATCC
700693 K B A [ /K3 44 (B.  bacilliformis, Bb) ATCC
35685 3 AR L /R 4 B 3% E ' (B. vinsonii subsp.
arupensis Bva) ATCC 700727« 3 £ [ /R 38 4 3¢ # W
F (B. winsonii subsp vinsonii, Bvv) ATCC VR-52.
W 95 (1 BRI 4K (B, elizabethae, Be) ATCC 49927 \ k%
LWL O R B A (B, grahamii, Bg) ATCC 7001323
S EIRIE A (B, doshiae, BA) ATCC 700133 < 45 F %
B R GEAK (B, tribocorum, Bt) CIP 105476 }; Bvb
[ S B 35 4% B9 1 Ak Q52SHD. Q80SHD. Q106SHD .
Q109SHD. Q132SHD. QI51SHD; # ¥ + 4T &
(Agrobacterium tumefaciens) N Iy N A N -8
[KT 41 DNA 23 Sy e [ 5 9o 01 15 42 ) o0 A 2% 9 T B
5 1 JT A A 4 1 = AR A

L a0 41 DNA AU 55 A1 & 3 (Brucella
species) - i [l 98 23 BEBR ) (Neisseria meninyitidis) - Jiifi
P BR (Streplococcus pneumoniae) VAL IR I AT TR
influenzae ) « = g A
(Campylobacter jejuni) « W4 ] 82 #T & ( Helicobacter
pylori) i % 58 55 14T B8 (Klebsiella pneumoniae) > 1ji
2 W ( Salmonella typhi) « B 5 2 ¥ |7 &

(' Haemophilus

typhimurium ) < A K & WK
( Shigellaflexneri ) « W& B ZE B &
pneumophila) ~ K7 i (Escherichia coli) ~ FE il K B
( Vibrio cholerae ) ~ ¥ K& 37 75 X & ( Rickettsia

( Salmonella

( Legionella

prowazekii) « By FENLTE AR (R, massilliae) < [ A 358
WA (R. japonica) W& 75 Wi 41 B JC T & (Anaplasma
phagocytophilum ) « & H W & J7 & ( Orientia
tsutsugamushi) < R % HE /R #x W ( Yersinia pestis
EV76) 45 1% 4y ¥ #F B (Mycobacterium tuberculosis) ~
fif) = ANBAT T (Acinetobacter baumanii) ~ 4z 35 4, % %4
BR B (Staphyloccocus aureus) ~ ¥4 b W2 JiE 74 (Leptospira
interrogans) A K B2 i & (Bolrelia burgdorferi) ,
43 Sy vl ] g TS 428 ) o0 A G g TS 4 o T AT %
RSt

L2 FEMHFRESKA

ff1 %k (BioRad) CFX96 7)€ it PCR 4% 5 i
2 0 Ml Eppendorf centrifuge 5804 R« #% ¥ ¥k FE Il 52
{% NanoDrop-1000.

QIAamp DNA Mini Kit (QIAGEN) , pEASY-T1
Cloning Kit+ TransStart Probe qPCR SuperMix I H 1t
WA &AEWE ARG WA A Premix Ex Taq™
(Probe qPCR) 1 8 5 A= T 12 CK3&E) A B 2w ;
GoTaq® qPCR Master Mix JJ H Promega 2\ &) ; Jit i
PTG AL 5B RUI L A R A ] .
1.3 #EMATFIE.5145 TagMan-MGB &t By 1%
tE5E&K

IS 1 B HL 51 4 3S (S15: 5-GGAGGGTGTT3”,
S18: 5°-CCACAGCAGT3", S103: 5°-AGACGTC
CAC3") %t Bvb 2% 11 F [ /R i 14 3 17 RAPD-PCR,
A RAPD 5] 3 o [ R 38 A4 5 A Aol 2 T 1) 2 St 47 344
A7, JiiiZ Bvb B SCAR brid, & # s A id o H b5 Fp
51, % B ABI Primer Express2. 0 &k £ ¥ 1 #4 BvbT
(FAM-CACACACCAGCTTTG-MGB) « L i 5] ¥ N
BvbF (5°-CACACAACCCCATATCTCATTCG-3") 1 N
W 5l W & BvbR (5°-CATGCTGTATCGGCTATGG
TTTT37) » th Lk e B A W) &5 B
1.4 SIYMRFHFSE GRAERIBLESHS
#r

BN SRR £ 6 Bvb (38 R RER 5 1
Bvb  H g bl U 7R 38 A4 A B R 8 - 3 AT 1 4 E
R A TR B R A N BRI 25 D R 4 DNA )
WP HE 2 K2 1 - 10 ng/pL 7oAy, BUBERR 1 L 3
17 % & PCR A&

¥ Bvb brifE 5k (1.08 x 10" #% U1 /ul) 4 10 x
5 LEARRE » 20 00 B0 1L 7 B 5 1) A #E JBORE (1. 08 x
10° = 1.08 x 10°#% Ul /L) Sy AR 247 5 & PCR, 4%



978

Dongmei Li et al. /Acta Microbiologica Sinica (2013) 53 (9)

AT BB A5 Kt 110 d5 /N b 9 JTORE #5 DL, BV 7 v () UK
PE o

5 R — € & PCR N o 5 AN B B b 14 T
Rl 3 AN AL, LA HT 4 22 55 DL Bl ) 4% 1
Sy MHEAT 3 ML AT S A, o) B 4 ) 2 S O AR
Cq 1578 5 R E CV {H UG UE % 7 ¥ 1 o k.

L5 #RERBHE

PL BvbF F1 BvbR & 5| 4, Bvb #n #E B £k
ATCC51672TM [f) DNA Sy KBib, §7 58 H 1 3L R 119
bp ; PCR =4 U1 g ol Wi 448, J5 3% $z 31 pEASY T 25 f4
bR R AR N DHS o S22 40, 9 2k BH
v B 15 F PCRIN 7 J7 Y2 56 11 I 42 50000RE , I 7 94
£ A by 22 i) g i PCR AR v il 2 (b AE il o J50RE A
T EH YT 2 0 R AF T -20°C 1 -T70C .
1.6 RAENHKRELRE

W TR TE N 47,7 ng/wL, pEASY-T 44 )
B B #3928 bp, AN 6 1) P 1 4y 1 Bl 660
dalton /bp, i ki 4 F & HP &y (3928 + 119) x 660 =
2.67 x 10°, M 28 2 #5 DUk B (3% D1 /pl) = (R
B/ TR) x6.02 x 107 1 5015 H 45 DU 7 4
1.08 x 10" 4% I /Lo
1.7 #rAEH &Ry &

H KL SR R 10 x £ LG AR RE, Ak R IX B
1.08 x10° —1.08 x 10* # U1 /uL 347 & & PCR, [
A 3 AP AT HE -

1.8 RMEHMHL

1.8.1 RAGEE: DL XTI DNA 4 B4R, 51 -
62°C HEAT KR JE 52 B PCR, 07 %6 B U0 38 KL%

1.8.2 IREFRSIWIRE 700 [ 52 51 ) AR ik
B BREE RN 51 W s Nk B 43 3l 2 40100200300
400.500 nmol /L F1 200 300400500 nmol /L, {3 4z
1 BN (48 R B E (Cq) R 38 il 2k 1 % 6 fs 5
o 52 3% P B U AR EE RN I IR ¥ 3 ALV AT FEREAT
oAUl

L9 RNAKRERRRESHE

Probe qPCR SuperMix A
12.5 pL, EW# 514 BvbF (10 pmol /L) Xy 1.25 pL,
T 514 BvbR (10 wmol/L) 24 1.25 ulL, TagMan-
MGB 4t BvbT 2y (10 wmol /L) 1.25 pL, DNA i
1O pl, 28 7K 7.5 pl, Jx N & & H 25 pl;
Premix Ex Taq"" (Probe qPCR) Mix fl GoTaq® qPCR
Master Mix 24 10 pL, 37514 BvbF (10 wmol /L) Jy

2 x TransStart™

1 wL, R 5% BvbR (10 wmol/L) & 1 wL, TagMan—
MGB £ %F BvbT & (10 wmol/L) 1 wL, DNA # 4
1 pl, LB 77K 6 pl, R NAKRR K 20 plo § 14 2
J¥ 8 —4,95%C 30 s, I MEH;HE 0,95C 5 s,
55%C 15 5,72°C 10 5,40 MEF

1.10 K Mm# & qPCR &

FEI AT R AR T AL R0 AR I IX (DC) F 78 3 X
(XC) HR I 42 JE K 20 DNA, N A #E 5T b 514 F1
PREFREAT 9t 58 1 PCR, il 5 PH 1 £ 5 47 38 7= )
o (AL s R B A= 2 5 R A B =)D LU HIE & 77
h H AR T

2 iR

2.1 SCAR #RiB0H % R IR E 514081

3S Gy K KB Bvb 9 F 7 A1 e LRG3 44
XFRALE EJC R (B L), WY S 78 NCBI | L
X B LA AL Je K 2 Ba 1 argF (78% ) 5 3L
'EIEAT Bg F1 Bt(67%) o F 4 R ¥ 51 GenBank %
5% %5 KC665722, LAk AE Jy SCAR #gid, Bil H T
B SRR  Bvb (KR AR B 51

M BhBq BecBk M BvbBvaBe Bg M Bt BdBb # M

1. F 3S 514 (S15, 10-mer; S18, 10-mer; S103,
10-mer) ¥ 1% B /R i@ K &) RAPD [E %

Figure 1. RAPD profiles of the eleven type strains of Bartonella spp.
Using the primer 3S (S15, 10-mer; S18, 10-mer; S103, 10-mer) .
Electrophoresis was performed at 100 V for 90 min. M, 100-bp
ladder molecular weight marker; Lane Bh, Bq, Be, Bk, Bvb, Bva,
Be, Bg, Bt, Bd and Bb indicate Bartonella type strains for B.
henselae, B. quintana, B. clarridgeiae, B. koehlerae, B. wvinsonii
subsp. berkhoffii, B. vinsonii subsp. arupensis, B. elizabethae, B.
grahamii, B. tribocorum, B. doshiae and B. bacilliformis. The #

sign indicates the blank control.
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2.2 BHRREEH g '
2.2.1 BB KRR B KELE N 51.0.51.7, N 7~z
53.2.55.3.58.0.60.2C i, Cq {i 4% %1 4 19.39. = 400 -

19.36. 19.34. 19.32. 19.35. 19.43, 9% ¢ {5 & ¢ o /f

51.7.53.2 1 55. 3C I 42 otk o 45545 % BB R Cq (i (B 20 30 L
e B T BRI LI 55.3°C , 05 (4 o

B KL 5y 55°C < .

2.2.2 BALEREF MR KR AE 4 B UK g

500 nmol /L Y, Cq {5t/ « 3615 5 38, 52 50 56 4 5 4

WAL, MOk $E 500 nmol /L A M T (] 2-A) . 2 /

5] 4 2 R JE 500 nmol /L 1N, Cq {8 5/ 5% 6 % B e » w0
s oom 4 A Bk 4 500 nmol/L % B 2. ) 31 R R 5K RO 3T g

Figure 2. Amplification curves under the different concentrations of

the primers (A) and the Tagman-MGB probe (B) .
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Figure 3. The results of specificity of real4ime PCR using TaqMan-MGB assay for the detection of B. winsonii
subsp. berkhoffii. 3-A is the amplification curves of real-time PCR using DNA templates from other Bartonella

species and animals and 3-B is for the wild strains and other bacteria.
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2.3 SIYIRIRETEIEFRMERDN

Bvb b v B KR K SE 56 3 4 55 ) Bvb BRAR T 1 Y
S BE 1 BvasBvy K i€ BRI R 25 3L e Bl LR T
PCRIATT G B4 AR T AT B S K T AT 1 4l Rl
A e 0 VT R R A o R W 38 R L SO A s i A
R H P, 2 E 5 ENTC S B4k (K] 3-A3-B) o
2.4 S| RIRE AR

LA 10 x %5 Eb A B (0 A e 5 ki (1,08 x 10° -
1.08 x 10°#% U1 /L) % BEAR 7 FH A ) 24 71 £ 2 x Tag
Pty AUV YRR WU 7 v ) U o A5 IR R A R A F
(1) Taq B X T A SN (19 € & PCR 7 25 G0 1k
AR, S A R BE 108 x 10" 5 UL/, Bl 4G A
SN E LT AN D1, K0 2 DA b &3k B ORE 34 H B R
R B S, 2 [ X I (NTC) W 55 (|
4) .

Amplification

12f
10
& 8
E 6
~ 4
2 10010° 102 10!
0L — S E— = ,I}U'C
0 10 20 30 40

Cycles

B 4. 7[5 8 B A M PR Y 48 o 2%
Figure 4. Amplification curve of real4time PCR for the different

dilution of the reference plasmid.

2.5 EEMSWH

N &FLIE CV AR TE 0. 12% —0.70% 2 [i], 41
I FE M E CV {4 0.14% - 0.55% 2 |d), /N T
1% (%1) o

% 1. TagMan-MGB R XA EE PCR N HRERBAEBREXTHES
Table 1. Repeatability and reproducibility of real4ime PCR based on TagMan-MGB probe assay for Bartonella vinsonii subsp. berkhoffii

Repeatability / Plasmid Cq value

Reproducibility (copies) 1 (well / group) 2 (well / group) 3 (well/group) Mean SD CV (%)

Intra— 10° 13.20 13.20 13.12 13.17 0. 044 0.33
10® 16. 50 16.29 16. 31 16. 37 0.114 0.70
107 19. 26 19. 50 19. 42 19. 40 0.125 0. 64
10° 22.76 22.71 22.71 22.73 0. 028 0.12
10° 25.99 26.01 26.07 26.02 0.043 0.17
10* 29.12 28. 88 29.10 29.03 0.132 0.45
10° 32.07 32.31 32.52 32.30 0.225 0.70

Inter— 10° 13.17 13.04 13.12 13.11 0. 066 0.50
10® 16. 37 16. 25 16.27 16.30 0. 064 0.39
107 19. 40 19. 44 19. 45 19.43 0. 026 0.14
10° 22.73 22.55 22.77 22.68 0.117 0.52
10° 26.02 25.91 25.90 25.94 0. 067 0.26
10* 29.03 28. 81 28.72 28.85 0. 159 0.55
10° 32.30 32.21 32.53 32.35 0. 165 0.51

2.6 fFRAEmhZ

FR 4 Cq fH 15 A v JTURE (1 ¢ B ) 25018 222 o b
2k, oA O R H R® 5 1.000 (y = - 3.214x +
41.95) , M E E Ky 104. 7% , Cq {85 F1 ¥k fF 2 |A]
SRR (B 5-ASB) .
2.7 RKI# s qPCR #2il

F 47 4y R4 JE K 20 DNA 3E4T qPCR &30, 4
Py 1K PRI ZH DNA 7= A4 9856 f5 5 (% 2) o B HCEH 1
FEd T 4 5 o Q22DC RN QSXC (g4 184 7= 4 3k 47 )
¥ 15 51 5 Bvb A fE BB — S0 G SR R H
Zci A Byvb, dE 5T 2 JRIX R Bvb @G % H 8. 5% «

% 2. K7 BRIBKEREXT#H TagMan-MGB
R & qPCR # il 45 R
Table 2. The result of dogs DNA for B. vinsonii subsp.
berkhoffii using real-time PCR based on
TagMan-MGB probe assay

Specimen  Positive Infection
Origin

sizes sizes rate / %
I X ( Dongcheng District,

22 1 4.5
Beijing)
78 3 X ( Xicheng District,

25 3 12.0
Beijing)
Total 47 4 8.5
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30 o
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(B) 105! mphﬂLcanqn ‘
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?
102}
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Cycles

5. RRLFRAE SRR SE E & PCR AR £ (A) Fod
H#Eph 2k & (B)

Figure 5. Standard curve for real4ime PCR based on natural
logarithm of plasmid concentration& Cq values (A) and

amplification curve of real4ime PCR for the reference plasmid

(B).

3 ik

Bvb Ji 3T 4 4F % B ) 1 R A% O P R R
A, e 51N RIR L P 58 28 25 7™ T 500, B By
T2 HRFBEY, WK RBF WK Je %8
TR U R0 IR Y A U A B S W A O o Y A
Y o WH T SCHR RS AR A B
X BN 2 BRI BRI R (<5%) W]
BART A BRI SRR R (19% -65%) ™, ¥ &
KRB (S [ 7 3 1 R0 5 %k 329 ", T
WAEREB S b AR s B . v B A SRR
ot U (BRI TR b, W ER 2 BT B 5 bR
FEROR I 7o g T AE T T B XS R Byb [ 46 900 A
W W A AR AE SCAR FRid 3EmE b, FFR & T
LLH % MGB #8 %1 $ K 4 3L 6t 19 Taqman 9% 6 & it
PCR J5 i, JH DA 5 A« DR« 3R M0 S Y Y O

AR5 N RAPD-PCR J5 i §iii & tH Bvb 11
SCAR #Ric, i 5 3% BE 4% 5 5L N 5 51, Wit 519 15
TagMan-MGB 84« i H #5358 5 B 5 b 4 A 4

7HE it o L DN O B AR SR b, BT 2 B LR
AN EC R D A0 A D B R B B BRI T
IR S R @7 T Byb [ 980 52 B PCR e il s
o BRH AR WA, W SO EURIE AR S 2 AR AE
WIIEE 1T R EL R 38 420 4% B 38 i s 40 1 A
RIS B WA 2 (R R D 41 DNA 093945 5
RWIAZ TR FATAR G (R 2 4k BE 8 i A2 — M I IR
P SR AN 2 Y BB BH A B g o N AN [ 2 ]
Taq M, K0 R B80RE AN 7] 5 di AR S 0 B w3k £ & A
PCR Je Bider 11 A5 DU H A 5 D] DA 0 T 8 7 19
TREE B AT A e ) B0 R 5 2 i BB ) DNA 2R
g, X B € PCR J7vE AR 5 10 5% m R 3% kg
(e A% LEARRE AR TEE i 3 P47 B A2 SE 0 i 4L A
21 ) A2 A 35 B BAT ARG i R, R W%y ik
R ~ LV B A T s L a1 I R Bodls T
SN RRYE B2 00 2t R N C {5 ORI R
Uf IR R R O R AN 9 18 203, Ui W PCR SO 4% 1F 45
BT AU SR R AR A A5 R AT A o KA
Bvb (R4S R F 56 G0E 45 2R 2t 25 R WY k5 vk ad
T R AL S o AT AS IS 3L 1 94 6 € B PCR S
LA Byb G K) — R B R AL 5O 539 I R 2
T 5 S0 A R A DL R AT R A R b
20 P S 36 S A I T B

BO A R TR 47 1 AL A% B T B 45 A BT A
T3 TO T AR 3 S W S B e A IR T R
EANARURE A REE NS S T S B N ) P
AT R G T KR (0 3% D 41 DNA, 75 I 3 7% 320 ) K
o

Z 2 WK
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Real-time PCR-based detection of Bartonella vinsonii sub
sp. Berkhoffii by TagMan minor groove binder probe

Dongmei Li , Xiuping Song, Jun Wang, Qiyong Liu
Department of Vector Biology and Control, State Key Laboratory for Infectious Diseases Prevention and Control, WHO
Collaborating Centre for Vector Surveillance and Management, National Institute for Communicable Disease Control and

Prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China

Abstract: [Objective]l Bartonella vinsonii subsp. berkhoffii is a fastidious haemotropic Gram-negative bacterium that has
been identified as an emerging causative agent for zoonotic diseases of human and dogs. This study aimed to develop a
TaqMan-MGB probe based, highly sensitive and species—specific fluorescence quantitative PCR assay for rapid detection of
B. winsonii subsp. berkhoffii. [Methods] The species-specific primersand probe set for B. winsonii subsp. berkhoffii were
designed. The annealing temperature, final concentration of the TaqMan-MGB probe and primers were optimized.
Specificity, sensitivity and reproducibility of the PCR system were assessed. The standard curve was made using 10 x
dilution series of the plasmid standard to analyze stability and PCR efficiency. [Results] The real-time PCR with
TaqgMan-MGB assay was highly specific and sensitive for the detection of B. wvinsonii subsp. berkhoffii. TagMan-MGB
probe-based fluorescence quantitative PCR did not show cross reactivity with the other Bartonella species, non-Bartonella
bacteria and dogs and human. The detection limit of the TagMan-MGB assay for the detection of B. wvinsoniisubsp.
berkhoffii was 11 copiesof the plasmid DNA per PCR reaction. The coefficient of variation CV% from the intra—and inter—
groupwas in the range of 0. 12% -0.70% and 0.14% -0.55% which were acceptable. The correlation coefficient and
E-value of the standard curve were 1.0 and 104.7% , which reflected a very good linearity and high efficiency.
[Conclusion] The TagMan MGB-based probe fluorescence quantitative PCR assay was a reliable, species-specific,
sensitive and useful tool for rapid detection of B. winsonii subsp. berkhoffii.

Keywords: Bartonella, fluorescence quantitative PCR, TaqMan-MGB probe, SCAR markers
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