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Mycoplasma (M.) felis and M. canis is related with
pneumonia or conjunctivitis in domestic cats and
several diseases in a variety of other animals, includ-
ing lower respiratory tract disease or pleuritis. Poly-
merase chain reaction (PCR) assays has been reported
as an easy and useful method. It could be conducted
even on nasal swab samples as a non-invasive rapid
testing tools for large numbers of Mycoplasma species.
However, PCR assays have to conduct multiple assays
because of a lot of Mycoplasma species. Therefore, it
need to perform several tests and reveal time consum-
ing procedures. In this study, we developed a sensi-
tive and specific multiplex polymerase chain reaction
(PCR) assay that detects simultaneously two species
like as M. felis and M. canis. The simultaneous detec-
tion of M. felis and M. canis primers were used to dif-
ferentiate two mycoplasma species. The target DNA
fragments were specifically amplified M. felis and M.
canis PCR with 16S ribosomal DNA primers. Single
and mixed Mycoplasma species DNA templates were
submitted to validate the specificity of the multiplex
PCR. The corresponding specific DNA products were
amplified for each pathogen. The detection limit of the
developed multiplex PCR is 10’ pg with M. felis and
M. canis DNA. Furthermore, the developed multiplex
PCR detected successfully M. felis in feline nasal speci-
mens. The multiplex PCR assay provides a novel tool
for simultaneous detection and differentiation of M.
felis and M. canis in cats.
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Introduction

Mycoplasma Al AxsHo] Qv 545 7HA 1
= Molicutes@ell £she Alg o 87) £¢] 1809
Fo] B H o A oz AdHE 34T 4 9l
AP AE 2deE & EAE okg[1]. *ﬂi Hlj ¥
Al Mycoplasma A3t %19 912 27] vljFol AFg-5 =
x4, g9y = AT A 2 OH’\‘] FaE o, A EFO
AP oR A3 YE AE
lth[2]. Mycoplasma % ‘ﬂﬁ% Abgr 2 FEo S5,
AT 5 ZHE A7) AAFsk vk A S dov)=
‘%‘%ﬂ] 24 AR E Fdste AoxE &dHA 9l

=449 7] SHoA] Mycoplasma & Alvt 44 AF&
/‘] %5] Rsts A AAZA SHoly Ay S A
wj-$- FQ3krh[3]. Mycoplasmd 4 A IS
chekst W] sfaby o] o] g¥ 3 glont, Aok
AlzFo] o] A QF 3 HjX] J-”, Alg 54 9 gz
T HE Q4 g dFE BE vk AR
Slth[3,4]. Mycoplasma A& gk W oz Fo] 1A

A7 F91E #HE3E polymerase chain reaction
(PCR) ®o] ol &= i St}h[4,5]. 7]+ 04‘?450]
R 313k Mycoplasma Al+#S H=38H7] $18F PCR WY&
g st F& AEeked 22X gl oy fJ
Mycoplasma Ayt E°] #49E gEo] = A5 o
primer & ©]&3te] ofg] W2 PCR &£4& T3 ok
sk =dol AtH[6]. webd BrgFES species® 7HA AL
81+ Mycoplasma & At 4ol oy 24 o7&
A& e Ago® Wadd = Qle 719 Jiol
L7941 6],

JFololl A Mycoplasma Al el o3t #Ad &=
Autd-g fFstal geolA sy £ 3 £ 94
[10]& 2T & Qe Aoz By H3 Jqo[7-
10]. &gt 2ol oA = Mycoplasma Al g 23t
Ae 557 el e, "ol Wold q1gkol s}
Atgel A= Mycoplasma 7ol €k ¥Hado] Wy
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Meterials and Methods

= 3 HIY gy

2 Ao AbgEl ¥ American Type Cell Culture
(ATCC) ZH¥E] M. felis (ATCC 23391), M. canis (ATCC
19525), Helicobacter (H.) pylori (ATCC 43504) &
T-qlste] AFRSFA T H. pylori= 10% 83 0] H7td
BRAn gmA e HF F 10% COz B 100% F=7}
FA] = 37T incubatoro| A 34 3F vl <F 3t AFE-SFAA T
M. felis®t M. canisi= Hong et al [13]1<] Wil ok
FulE wjek WA E o] &3te] 37CelA 5% COz &
Aol ol A 14 F<t wijkste] AF&-3513iT,

Genomic DNA 22

Wl ¥ 3t M. felis®} M. canis X H. pylori 7552 DNA
F%2 bead beater—phenol FEH S AF&8 o). wjeF
FTFES 13,000 goll A 30 & Qs 42 Az
AAE 1w B SHT7F 5913+ Mini—Bead Beater
(Biospec product) A€ 2 ml FHol F AF3A
o] % "t 3x TRl FHA1Z glass bead (0.1 mm
size, Biospec product) 200 02} phenol—chlorform—
isoamyl alcohol €9 [50:49:1(v/v/v)] 200 wE ¥
Mini—Bead Beater (Biospec product)® 30%%F 5,000
rpm O Z st WY F 4 TollA 12,000 rpm =2
1537 A e dh & A4S ds Uit 2 ml FHEol &HArh
3 M ZAYEE (sodium acetate) 10 ul®} ice—cold
o[ gFE 250 wE ¥o] —20CAA 10&3F FAAZ F,
15,000 rpm & & 1543F A4 sk A2 70%
AR AFste] AolA WEAF)AL Tris EDTA (pH
8.0) 60 plofl &3l A1A A3l AFL-3}3IT.

Multiplex PCRO| JH&

Mycoplasma A2 A% XY FelA Mycoplasma
Alst speciesel 5°]4Ql primer MEE Ax33th
(Table 1). PCR ¥F8-2 DNA thermal cycler (PTC—
100 Thermocycler, MJ Research, USA) & ©]&3}9

Table 1. Mycoplasma species PCR primers and reaction conditions

W3S A Y. PCRE A wbg Aok A&
1ul forward 2 reverse primer (10pmol/uxl), 2.5 ul
10 Xreaction buffer, 500 gm deoxy nucleotide, 1.5U
Taq polymerase® 717} Y1, & WF&%°] 25 ulo]
Yo dad S75E F7kete] Table 13 & 20 %
multiplex PCR HF-g-& A A 8}8 o},

Multiplex PCR2] 501 &AL

M. felis (ATCC 23391), M. canis (ATCC 19525) HjF
459 WERTFE H pylori (ATCC 43504) W 5%
AbEEe] DNA % &, /MEe primer HEZ 743
multiplex PCR9] 5°]% (specificity) & &<l3sl7] {3
Table 13 & Wr$xA 0% PCRS AAgte] Eoln s
Foladul. Solx HAAE 33 WHE AJE S A A E o]
AnE st

Multiplex PCR| 2IZE HA}

NSt primer?] AT (sensitivity) & &13t7] 930
M. felis (ATCC 23391), M. canis (ATCC 19525)%
37CollA 5% CO27F &8 Aol e el A nl sl
Mycoplasma W% #5552 DNAE FEF39
Spectrophotometer® DNAE A &S s 5 i
g A sto] =4 B2l e M. felis DNAS} M. canis DNAS 104,
10°, 10°, 10 2 1 pg® F5% 7}7+e] DNAS st
B3t primer 52 74 ¥ multiplex PCRS Table 13}
A& RO At M EE glelnh. M=

AARE 33 WRAFE ANl A HAFHYTE

1999 Persian &7 1ol 157 A5H &7
A7 TE&7] TS Bl n 7] Ht WO
swab MFHE AAsAdTh. ZF v A AFH WEES 0.1
PBS buffer 2 m(¢] & FE ¥ vortexs 3+ & HF
A A, DNA 55 B 37 STl F7A17 glass
bead (0.1 mm size, Biospec product) 200 102} phenol—
chlorform—isoamyl alcohol €9 [50:49:1 (v/v/v)]
200 ulE ¥o] Mini—Bead Beater (Biospec product) &
307+ 5,000 rpm o2 ANEEATE A F 4Tl
12,000 rpme & 15%3F A4Fe s & 4SS 9t 2
ml FEA %A 3 M FAMYES (sodium acetate) 10
pet YZhE o gE 250 WE ¥ol —20TCoA 1023

Cycle conditions Product size

Species Primer sequence (x30) (bp)

For 5'-CACCGCCCGTCACACCA-3' 95°C 1 min 247
M. canis ° °C 1 mi

Rev 5-CTGTCGGGGTTATCTCGAC-3’ 33°C 3055, 72°C 1 min

For 5-CACCGCCCGTCACACCA-3' 95°C 45's,51°C 30's 238
M. felis 72°C20s

Rev 5'-GGACTATTATCAAAAGCACATAAC-3'
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AN 15,000 rpmO. 2 15837F 448 3k
HAELS 70% 4727 AFso] Ao HExA7 1
Tris EDTA (pH 8.0) 60 wpeoll €A 7 23 o
AR TE AALY AEAd BEls El 38 WS AEE
AAlste] PCR A¥e] AE/d-S skl

Results

Mycoplasma i 2 2ol

2 Ao AF4-¥ Mycoplasmais A Z38E 2 A 3} vj# =
o] g3te] 37TelM 5% CO2 T AFmlolElelA 144
FQF wjekstal, wjA g Mol FHEAoA MO
W3t Mycoplasma”ZF A&k 21 0.2 F743}a1, A 7zko] wigh
Ho g4 v IXFE MZHSES] (Color Change
Unit) & #2383t

Multiplex PCR JHZ =t0l

Mgk Mycoplasma® th& #HE primer AIER
T/ ¥ multiplex PCRE] ®E-g-& &R18t7] 38l M. felis}
M. canis® 50149l primers® 95C A 173t pre—
denaturations AAl 3 & Table 1% #2 o=
AABE] & PCR % AHES 1.5% agarose° ¥
100 voltellAl 203+ 719 5319] ethidium bromide®
AT & Gel-Documentation system (Uvitec
cambridge, EEC) & ©]£3t°] Mycoplasma Al el
5o]dQl Rkgof-5 g M=o {FF=2 sl M.

Table 2. Specificity of the developed multiplex polymerase chain
reaction

No. Species PCR results
1 Helicobacter pylori _
2 Mycoplasma canis ++
3 Mycoplasma felis ++

+++:Strong reaction, ++: moderate, +: mild, -: No reaction

247 bp
238 bp

Fig. 1. Specificity of the developed multiplex polymerase chain
reaction. Lane 1: Helicobacter pylori, 2 : M. canis, 3 : M. felis,
4 : M. canis + M. felis

canis 5°] primerE ©] &3 template DNAS T%
atl& W 247bpellA SolAl M=E SQletglar, M. felis
5] primers ©] 439 template DNAE S3%3F 43
238 bpollA Eold el M=% #1339t} (Fig. 1).

01 AL Zilt

Mgk multiplex PCRE] 5ol & 213t A3} M. felis 2}
M. canis DNA A Ze vt o] o7 wh&-3kol 1 2512l
H. pylori DNA AlZ A& WHg-8hA] ska& €<l 813l
(Table 2).

Izs HAL Zit
NEe multiplex PCRY W4 =S geldt Ay, M.

canis DNAQ &% 1 pge AE3HA £33

ol &3kl 10%, 10°, 10° pgo & =& 5= WtEs}

Eold S g S QS (Fig. 2). =3, M. felis DNAS]

5 1 pgd AEFA 2390, 10 pg o)A HE ]
10% 10°, 10* pgo @ ¥ &4= uztns} Fold & steld

A (Fig. 3).

133 ] Persian &% 1L9Fo] L5
HZ Qbe] W swabg Fsto] &2 A8 DNAZ 7l-3h
primer AIEE ©]43}o] multiplex PCR AALS A A3
A3}, M. felisol] 5022l 238 bpe] ME=E A3 TH
(Fig. 4).

Of

Fig. 2. Sensitivity of the developed multiplex polymerase chain
reaction with Mycoplasma canis DNA. Lane 1: 10* pg M. canis

DNA, 2 : 10° pg M. canis DNA, 3 : 10° pg M. canis DNA, 4 :
10 pg M. canis DNA, 5 : 1 pg M. canis DNA

1 2 3 4 5

Fig. 3. Sensitivity of the developed multiplex polymerase chain
reaction with Mycoplasma felis DNA. Lane 1: 10* pg M. felis
DNA, 2 : 10° pg M. felis DNA, 3 : 10*> pg M. felis DNA, 4 : 10
pg M. felis DNA, 5 : 1 pg M. felis DNA
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Conclusion oA AR, mekolo A EAE E F e 557
Mycoplasma A3t species 2% 57\] of A& F U+=

Mycoplasma Al AHE3 529 5714 47 multiplex PCR 7] o] 7&E o] ko] £ Q%= AFE
59 2% g7lel AE AYe zejstl, 53] HA 9 A&, Ateta MR EY Soln we 7@ y wT $5
B 2o BEAAE A 2 AYo A shost e st A7) ARYOT I GA 4 AP
BAA EAS Fdes HdAclY[14]. Mycoplasma —r7} Aol FF W @ 44 HAll ud gl Aol

AlatE- Al Aol lar Z17] 7y #ro} of Fhefl 2] sto
A 7} ?"SH@QX] Fow, Beko] LfAd PR
ol of (1], m, AzveFe] 2 9% Mycoplasma
A2 F =l 7“’ A% Mycoplasma Al+& tsl7] -?45}
e e 7| EVL st o] A& w3 gleh[5,15]

Ao M= M. canis H M. feliss FA o Aekst 4= 91

multiplex PCR& 7/N&3la Ho]& o7 dkg3h=X
gkt PCR Ak ¥ AAE UgstA A&

fat 4>MMrwr

e WHORE F83 HAol AT WA TR
Z}2} o] AAR7L o] Fol A of ghrh[2]. URFA O % Al vl kel
29% Mycoplasma #% PCRZIWY WUHdEE O
cfu/m e HEIAES HAddw LA gorv(4
# o= DNA %5, nested PCRY, hot—start Taq
DNA polymerase AF&22 #HAZEZ3A7F 1-100 cfu/ml7}
FAS MRS Rty Rusky 9vh(4,16,17]. £33
template DNA2] pg @9 & H ¥ Mycoplasma PCR
A% @7 52 10° pg o149l A& st 5 9t [13]
B AFAAM = M. canis B M. felis®] 7%= DNAY] &
10 pg °]d o2, 719 Mycoplasma A& oi:lLéﬂr*j}
Hlas] & o A e B & U EE gl
Eo|% WSk M. canis U M. felis Z}2to] #57o HES-Sl=
e g F e, dxaFE nto]ZEe=vke)
E F9 Al H pylorz?}«] H| 5] Rk

o nk

fS

Hhg-o] dojupA] ¢k Zi% glgt & ‘}l‘”‘:]'

Mfe‘llS glg sl7] St o R 5ol
Ay (18], FFFAS[19], Wnt ]
ﬂ”ﬁ‘?gﬁ“&% 11 se° 3853 . 3t
P AAES ] e E Mycoplasma Al¥ species®©l
Eo]43l 16S rRNAE]— 16S/23S rRNA intergenic spacer
(IGS) DNA ¥-21& %%—f& Icto] Zab= a1 Qlth[4,22].
Brown et al [23] < A ]9]— Aol ZFE PCR
K o2 M. felis 21+ REINTA= =] S A=

e iﬂ
ro(‘ Orr‘ e

P N

NS-L  NS-R

238 bp

Fig. 4. Amplification with the developed multiplex polymerase
chain reaction was identified on a 1.5% agarose gel electropho-
resis. Lane P: positive control, N: distilled water, NS-L: Left
nasal sample, NS-R: Right nasal sample

o] Fol A A Flolt}

2 A5 F38ke] /e multiplex PCR 3190 <]
Mycoplasma At 73] AJAA M. felis®t M. caniss
MO HARE F3to] sAlol 1 el o o] &2

At

4 e
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