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The molecular detection of the causative agent of plague on the basis
of the pla gene
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Abstract. Yersinia pestis, a gram-negative rod belonging to the Enterobacteriaceae family, is the causative agent of

plague. Classical methods of detecting the organisms are time-consuming, expensive and dangerous. The aim of the
study was to design a Real-time PCR assay on the basis of the pla gene of Yersinia pestis. In this research the Real-
time PCR test was optimized by using special primers for targeting pla gene. After preparing 10-fold serial dilutions of
the pla and their analysis by the assay, the last dilution showing a fluorescent signal was confirmed as the limit of
detection (LOD). A standard curve based on the Ct values was depicted, so the assay was developed to quantify the
target gene. The analytical specificity was determined by subjecting the genome of some control negative bacteria to the
assay. In this experiment, negative control genomes did not show detectable signals in the assay. The last dilution of pla
plasmid which showed a fluorescent signal was 4.5 fg. So, the lower detectable copy numbers of the gene in a 20 pl
PCR reaction was calculated as 1x10°.
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Table 1. The list of primers and probes used.

<9 9 roiln b ol (5 ->3Y)
F-pla-real GCTCACGTTATTATGGTAC
R-pla -real TCTCCACTATTCTTATCAATG
P-pla -real ATTAACGCTGGATATTATGTCACACCT

Cmolais] o S odd oolaiul glog xS e —T,Jgd-'?
Table 2. The list of bacteria used for specificity assay.

el 9,5 U Ay 0,led
Shigella sonnei ATCC 9290
Klebsiella pneumoniae ATCC 7881
Escherichia coli ATCC 25922
Bacillus subtilis ATCC 6051
Staphylococcus aureus ATCC 25923
Enterococcus faecalis ATCC 29212
Yersinia enterocolitica PTCC 1480
Yersinia pseudotuberculosis ATCC 29833

Amplification plot

s 0.01 1 \/

<1 0.001

0.0001

0.00001

0.000001 ——l
40

)
(3%}

0 8 16 24
Cycele
S il az )0 FO loo jo ST e =) S0
Fig. 1. Amplification curve at 45°C

Amplification plot
10

“1 0053073
=
- s g A 5
001 4 I = Sl AN AN { A
\ / \J |‘ ! v A -
0001 4 \ { {| -.\ > g
. ‘l , " |
0.000] Lsrmpmgrrrgrpamgerigayl s e S
0 8 16 pl | 32 0

Crele

pla-Real- time PCR 55,5 oo —Y S
Fig. 2. Specificity curve of pla-Real- time PCR

377/¥vW



Nova Biologica Reperta 6(4): 374-381 (2020)

YA TYEYAY F 5Lt & ale ) pole 55 g sloazily

Amplification plot

10

0.1 poows
s 001 Y
=
0.001 \ \/

0.0001

0 8 16

)
o

24
Cycle

40

A: 45ng/ul, B: 4.5 fg/ul pla-Real- time PCR Lascis a> o 5nS cnd gz iS5 loges =V S5l
Fig. 3. Amplification curve to determine the limit of detection for pla-Real- time PCR, A: 45ng/ul, B: 4.5 fg/ul

Standard curve

CT

7.54

1x10°

Quantity

CT:6
1x 10%°

pla-Real- time PCR s lutewl g -F JSb
Fig. 4. Standard curve for pla-Real- time PCR

b syl55 (T az S en olnl 5o @)l s9zy 55 el
2 bl cwl 8 ans puiz 4 by Sl peelb (o)
s, w8 5550 olnl gl g 531 SLEIS el
Filippov et al., ) cosl 7 ke 55 oygelb amb lgie o
oasis  sla by, (2011, Esamaeili et al., 2013
J{PC SN PV N Pt PR B PR 1 CESNN X | FO8
Al olezel BB g o e oYL coolas! g conlis
sla g, o (Loiez et al., 2003; Zhang et al., 2013)
J>1 4 ;L5 Real-time PCRalws 4 asis JsSse
Pl b sieel Ky 9895801 J5 rasile PCR Iy
Jlaml g ojla i @lisle Ho b 5 e 9 beg
S gy ol 50 eizmen e 2alS gblie sla (Sl
Y R = VRS CIPERE SCIL PRV RS A
Drancourt ) sses oy 1) Gan Jlg5 o5 jlaie ol o0 g

& Raoult, 2002; Arya et al., 2005; Mackay et al.,
2004; Chase et al., 2005; Espy et al., 2006;

595t (Ayyadurai et al., 2010; Qu et al., 2010

1 o5t S5k At cqx Real-time PCR I oy ki

S g VXV BN XN T asis o ol ssslive
ol PTZSTRIT- pla o5 51 oS )V XV 7 jasis o>
chale o 56S a5 sl $0 ng/ul G folpl oo laedale
sols L F US55 a5 jeblen ool 110 FO/U s cpl 5o
CT 5 a3 Ojpo oo 30 wdale pals b el ool

el il i3l

ol Real-time PCR Sss 8yae b 3] sloans jo

slaiss alex 5l g iSL 5l ()l plolid Cuz G,
ol a8l dmusgs SGdoS o500l Ly 5 e jslS p2gigo g
4 >4 L (Matero et al., 2009; Wang et al., 2014)

B e ya e Jalge A aiws jo e L p a5 00l
ngsu.a o LgL@C)L.: Cele o QT 3g cwl ad s
Coee Oz pled Gl s Slsre 4 sges eolitl
gble glez bl 51 )lew jo yol> Jb 0 005 o

378/YYA



Kabiri and Majidzadeh. Molecular detection of causative agent of plague

@ bg e coslazst o YL ol oles LT s s ges oalicul
(Rachwal et al., 2012) cul (ao,0 V¢ +) (s Lo

Pla gocedly 03 Sz ool 2 et L CResetS
@ Comwlas g Coolaisl as cé 5 00 YOPT g Ymt cafl
Tomaso et al., ) o 5,155 Ad Cfu g ooy Voo s
(2003

sl TagMan g, 5l solewl L Real-time PCR g,
ol odlinl (uendly (A g (09)909)5 0 Su At
Sl qlas lerv g cafl « pla yihn - slayys coolas! ool
I e @l 4 eie Bad () (Gol> (sladaendly (138 Casd
Oleyen ysbo & Blize slag 53, 2 Sz (el 5 295
Stewart etal., 2008) ss 5 o Sl 2alS 4 zrie

5l oslaxwl L Real-time PCR 2iSTg o9, (i anlllas o
oy s Ly Pla o5 Laskis cq> TagMan oy,
Slp G S g Pla o 5SS logel jo ad g3l
Sl Sy (S g wid edalie e S sladiges
L onle 0F sl oelesl nl o parsis s> (S oS
hs 00game 0 (pnd (055 (S ) XV T) Fio Tg/ul pla
¥iofg -fong/ul o pla asis slp S5 (oS o)
G cpl 0 Al sdslie 5 5l S () XV T o) XYL
iy 4 R2 4 y-intercept Slope sle,lae oled 03500
L gllas a5 ool Caws 0 +/29% 5 FY/-FA FYF Ll
ol R2 (oo .cwl Real-time PCR oo ol asls
S 9 Jhe bl ags 0 Come 5 S8 owias
Y- o5 sl bSelr g a0 Jupe sbod, S
(i Comlu wogs 03L st olis a5 iNtercept
) 398 Ghegh @l el oS (omin CeS 28 5 Como
Real-time b5, sael Caws 4 mls bl 5 sled go ol
5 Cel 19585 5 Vb Hlewy Coolaisl 5 colus 51 PCR
3 e Wi 6L panteis sl Ghe) crl 5l OlE e
3 i gy ol oges ool (il g e sladisal
WMo 50 ol Sl Gl 5 Sl o3 VL Ce e
3ged 03liiwl (Sojelgmednl (Slaom) 9 (s y9 P

&l ol
oS cdghn adS 1) 0e5 Jlojad (ol dllie Basgy
65 adlhae cpl el o T Sip pgle oBiils o

Ayl o 3l cilosges

Ogelb Jele (JoSIge panduil ooljonze 5 605

2los,S soliiul 0 e 5 S5 ¢ Sliwk (b Gilisee ladiges
(Leal & Almeida, 1999; Sergueev et al., 2010)
Jied 08 5,15 Real-time PCR :ols olis glasilas gzl

oS ggdgm Ly g Gy by pansedd S
2 sln olaiS il Chzrgs g Gragh o Ll ol
P Sl Sitie el Chr S el Glag Sl plas
S ez R0 yely Cdxr S Geizmes 5 (g SL g0
anllls cul b y5 isgai (b (s J58) Rk jlis 5L
05 9 bl Jete eaniSaS YP02088  eg3509,5 03
Slr w5 el Gisianadly oo Jlud a5 pla gopadly
OF e g cmiay L g m ol pgigdgm Lo
Ol g5l =l 0,8 Ol jasid Cys WZIZ S jie
Jsbos 52 50 Loy 5 ol canlie (aseis gz pla 5 ol
Matero ) s ls sg>g o5 cnl 5l &S Yer B0 o oS0

(et al., 2009
Sloedel Cews a4 dges VP (gs, g ladllas by
S ol 4 SSie e gt sud (gl ]
L (gl yd o g 5llS'ss 07) Real-time PCR s,
oty b adils Sqa SiS (GBSl Seise]
Lasgi 0,90 Tooolowd (g ot slodiges .ol 00l aslin
O fawgs 0,901V e (ST ileg S gigeul Jawgi 3,90 AL (2uiS
5SS olawi w8 cuie Pla 5 lawgs 5,501 14 4 Cafl
35 ol e ols s 51 o 4 cafl 4 s pla
9, olse 4 1) Real-time PCR oyl ob ol ;553
S ol 4 Silis phlen pasis Cezr el
sledises g9, » (Riehm et al,, 2011) wio,S slpiw
Sleslatwl b uing Lo (Sogll Lo (g3l acds owiss
&8 B |, pla o5 5" nuclease Real-time PCR s,
30 00S lge D929 pae Dyge o ol las bl Lcwl onl
5 Real-time PCR g, cowlus g coolais! ( iuSly
L g ol V-YCRU/MI g 0o y0 Vo + Ll o5 5 & NUClease
GRS gz o akei a8 gyl ol S oy D 4y ax g
Loiez et al., ) ceul coma 9550 Moz 10 Luiions b
55 o3zl 350 (SlpndlS) 5l golass glolis cgz (2003
el 00 oolazwl Real-time PCR 5l o5 slopds el
Vo) Caolaisl iVl Guos Glapanl g Ko (s 5o
AP gz A 0liie s Liew s b LS 1 o (s o
(Hlogogw bydls> e (o Lydsz e iy L
S el Gesheal g eV Sl
e (s Sl ESle Joanily b lapasE )l See

379/¥vA



Nova Biologica Reperta 6(4): 374-381 (2020)

REFERENCES

Arya, M., Shergill, 1.S., Williamson, M., Gommersall, L.,
Arya, N. and Patel, H.R. 2005. Basic principles of
real-time quantitative PCR. — Expert Rev. Mol.
Diagn. 5: 209-219.

Ayyadurai, S., Flaudrops, C., Raoult, D. and Drancourt,
M. 2010. Rapid identification and typing of Yersinia
pestis and other Yersinia species by matrix-assisted
laser desorption/ionization time-of-flight (MALDI-
TOF) mass spectrometry. — BMC Microbiol. 10: 1-7.

Azizi, M.H. and Azizi, F. 2010. A history of the human
plague in Iran. — Arch. Iran Med. 13: 563-569.

Chase, C.J., Ulrich, M.P., Wasieloski, L.P., Kondig, J.P.,
Garrison, J. and Lindler, L.E. 2005. Real-time PCR
assays targeting a unique chromosomal sequence of
Yersinia pestis. — Adv. Clin. Chem. 51: 1778-1785.

Drancourt, M. and Raoult, D. 2002. Molecular insights
into the history of plague . — Microbes Infect. 4: 105-
1009.

Engelthaler, D.M., Gage, K.L., Montenieri, J.A., Chu, M.
and Carter, L.G. 1999. PCR detection of Yersinia
pestis in fleas: comparison with mouse inoculation. —
J. Clin. Microbiol. 37: 1980-1984.

Esamaeili, S., Azadmanesh, K., Naddaf, S.R. Rajerison,
M., Carniel, E. and Mostafavi, E. 2013. Serologic
survey of plague in animals, western Iran. — J. Emerg.
Infect. Dis. 19: 1549-1551..

Espy, M.J., Uhl, J.R., Sloan, L.M., Buckwalter, S.P.,
Jones, M.F., Vetter, E.A., Yao, J.D., Wengenack,
N.L., Rosenblatt, J.E., Cockerill, F.R. and Smith, T.F.
2006. Real-time PCR in clinical microbiology:
applications for routine laboratory testing. — Clin.
Microbiol. Rev. 19: 165-256.

Filippov .A.A., Sergueev, K.V., He, Y., Huang, X.Z,
Gnade, B.T. and Mueller, A.J. 2011. Bacteriophage-
resistant mutants in Yersinia pestis: identification of
phage receptors and attenuation for mice. — PLOS
ONE 6: 1-11.

Kenny, J.H., Zhou, Y., Schriefer, M.E. and Bearden,
S.W. 2008. Detection of viable Yersinia pestis by
fluorescence in situ hybridization using peptide
nucleic acid probes. — J. Microbiol. Methods. 75: 293-
301.

Leal, N.C and Almeida, A.M. 1999. Diagnosis of plague
and identification of virulence markers in Yersinia
pestis by multiplex PCR. — Rev. Inst. Med. Trop. Sao
Paulo. 41: 339-342.

Lindler, L.E., Fan, W. and Jahan, N. 2001. Detection of
ciprofloxacin-resistantYersinia pestis by fluorogenic
PCR using the light Cycler. — Eur. J. Clin. Microbiol.
Infect. Dis. 39: 3649-3655.

Loiez, C., Herwegh, S., Wallet, F., Armand, S., Guinet, F.
and Courcol, R.J. 2003. Detection of Yersinia pestis in
sputum by real-time PCR. — Eur. J. Clin. Microbiol.
10: 190-212.

Mackay, 1.M. 2004. Real-time PCR in the microbiology
laboratory. — Clin. Microbiol. Infect. 10: 190-212.
Matero, P., Pasanen, T., Laukkanen, R., Tissari, P.,
Tarkka, E. and Vaara M. 2009. Real-time multiplex
PCR assay for detection of Yersinia pestis and

Yersinia pseudotuberculosis. — Apmis. 117:34-44.

YA TYEYAY F 5Lt & ale ) pole 55 g sloazily

O’Hara, C.M. 2005. Manual and automated
instrumentation for identification of
Enterobacteriaceas and other aerobic gram-negative
bacilli. — Clin. Microbiol. Rev. 18: 147-162.

Perry, R.D. and Fetherston, J.D. 1999. Yersinia pestis
etiologic agent of plague. — Clin. Microbiol. Rev. 10:
35-66.

Qu, S., Shi, Q,. Zhou, L., Guo, Z., Zhou, D. and Zhai, J.
2010. Ambient stable quantitative PCR reagents for
the detection of Yersinia pestis. — PLOS ONE 4: 1-7.

Rachwal, P.A., Rose, H.L., Cox ,V., Lukaszewski, R.A.,
Murch, A.L. and Weller, S.A. 2012. The potential of
TagMan Array Cards for detection of multiple
biological agents by real-time PCR. — PLOS ONE 7:
1-7.

Riehm, J.M., Rahalison, L., Scholz, H.C., Thoma, B.,
Pfeffer, M. and Razanakoto, L.M. 2011. Detection of
Yersinia pestis using real-time PCR in patients with
suspected bubonic plague. — Mol. Cell Probes. 25: 8-
12.

Rollins, S.E., Rollins, S.M. and Ryan, E.T. 2003. Yersinia
pestis and the plague. — Am. J. Clin. Pathol. 119: 78-
85.

Schofield, D.A., Molineux, 1.J. and Westwate, C. 2009.
Diagnostic bioluminescent phage for detection of
Yersinia pestis. — J. Clin. Microbiol. 47: 3887-3894.

Sergueev, K.V., Borschel, R.H., Nikolich, M.P. and
Filippov, A.A. 2010. Rapid and sensitive detection of
Yersinia pestis using amplification of plague
diagnostic bacteriophages monitored by real-time
PCR. — PLOS ONE 5: 1-10.

Stewart, A., Satterfield. B., Cohen, M., O'Neill, K. and
Robison, R. 2008. A quadruplex real-time PCR assay
for the detection of Yersinia pestis and its plasmids. —
J. Med. Microbiol. 57: 324-331.

Suzuki, S., Sakakibara, H. and Hotta, S. 1997. Latex
agglutination tests for measurement of antiplague
antibodies. — Eur. J. Clin. Microbiol. Infect. Dis. 6:
332-336.

Tomaso, H., Reisinger, E.C., Dahouk, S., Frangoulidis,
D., Rakin., A. and Landt, O. 2006. Rapid detection of
Yersinia pestis with multiplex real-time PCR assays
using fluorescent hybridisation probes. — FEMS
Immunol. Med. Microbiol. 38: 117-26.

Tomaso, H., Thullier, P., Seibold, E., Guglielmo, V.,
Buckendahl, A. and Rahalison, L. 2007. Comparison
of hand-held test kits, immunofluorescence
microscopy, enzyme-linked immunosorbent assay,
and flow cytometric analysis for rapid presumptive
identification of Yersinia pestis. — Eur. J. Clin.
Microbiol. Infect. Dis. 45: 3404-3407.

Tomaso, H., Reisinger, E.C., Dahouk, S., Frangoulidis,
D., Rakin, A. and Landt, O. 2003. Rapid detection of
Yersinia pestis with multiplex real-time PCR assays
using fluorescent hybridisation probes. — FEMS
Microbiol. Immunol. 38: 117-126.

Wang, J.Z., Duan, R., Liang, J.R., Huang, Y., Xiao, Y.C,
Qiu, H. and Wang, X. 2014. Real-time TagMan PCR
for Yersinia enterocolitica detection based on the ail
and fox A Genes — Eur. J. Clin. Microbiol. Infect. Dis.
52: 4443-4444,

380/YA-



Kabiri and Majidzadeh. Molecular detection of causative agent of plague oelb Lol JoSUge asiis ooljouze 5 (5 S

Wilmoth, B.A., Chu, M.C. and Quan, T.J. 1996. detection and characterization of Yersinia pestis. —
Identification of Yersinia pestis by BBL crystal enteric Diagn. Microbiol. Infect. Dis. 56: 261-268
/ nonfermentor identification system. — Eur. J. Clin.  Zhang. Z., Liang. Y., Yu. D., Xia. L. and Hai. R. 2013.
Microbiol. Infect. Dis. 34: 2829-2830. Development of a multiplex polymerase chain
Woron, A.M., Nazarian, E.J., Egan, C., McDonough, reaction (PCR) with an internal control method to
K.A., Cirino, N.M. and Limberger, R.J. 2006. detect Yersinia pestis in the plague foci surveillance. —
Development and evaluation of a 4-target multiplex Afr. J. Microbiol. Res.7: 698-700.

real-time polymerase chain reaction assay for the

*kkk*k

How to cite this article:
Kabiri, Kh. and Majidzadeh, K. 2020. Molecular detection of causative agent of plague based on pla gene. — Nova
Biol. Reperta 6: 374-381. (In Persian)

YYF-YAY 7 ey pole 10 pe sloaidl — pla O ool el Jele ‘5]3&]9@ oreeid IVAA .S ool jouzo 9 .F gy

381/¥AN



