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The economic impact of swine mycoplasma infection is high. An accurate diagnosis is often difficult
and time consuming. We report the development and validation of an effective multiplex polymerase
chain reaction (PCR) assay that detects Mycoplasma (M.) hyopneumoniae and M. hyorhinis. The multi
detection of M. hyopneumoniae and M. hyorhinis primer set were employed to detect mycoplasma spe-
cies and typing of the species was performed on the basis of sequence analysis of the PCR product.
The target nucleic acid fragments were specifically amplified by M. hyopneumoniae and M. hyorhinis
PCR with 16S ribosomal DNA primers. Single and mixed Mycoplasma species DNA templates were
used to evaluate the specificity of the multiplex assay. The corresponding specific DNA products were
amplified for each pathogen. The multiplex PCR assay provides a novel tool for simultaneous detection
and differentiation of M. hyopneumoniae and M. hyorhinis.
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AR} ARAAL doA AuA|E £AFe] ¢2lo]
u] olefdt EAo.® <lste] thE WU o3t 2

2} H-S {8 4~ Qlth(Taylor-Robinson, 1996). M.
hyorhinis’= S| 9] &&7] Auto]| &E3}A £A|5t=
AA R &2 vff =X JARES 2 A
ojo, 7}&} 7|1 HA HH 1 - H ol TRl

4
A eelo g &aA Q) th(Schilman 5,
1970). E3SF porcine reproductive and respiratory syn-
drom (PRRS) At Al o7 227} H7|= St
(Kobayashi 5, 1996). M. hyorhinis'= | X| 9] A& &
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opneumoniae+= N3t Q AFE A1&3] Hdst= A
o AAH Zuolt Ay BeZEolA S Fas
tHLee %, 2003). &A] Mycoplasma 7+ o2& 32l
sh7) g% e 5 =Ad SEelerE 1
] /\1]-}/\]6194 olui 7(]1413“0]: xS o]_g_ﬁj
plasmaF- A A EH-S 4235t QJth(Hopert 5, 1993).
e e Alzto] Bl 488 Wk ofel, He)
Bz 24, AlEo] EA W wjokzAd = uke gol
o] o8] TS HrS 4= 9lri= thHo] QJti(Hopert
S, 1993; Tang 5, 2000). whefA] ZFZo= Al&SH
Mycoplasma 2ttt B o g2 So] HAA Hd7|Ag F
9]& <=3} polymerase chain reaction (PCR) R+
o] B3 QIti(Harasawa 5, 1993; Tang 5, 2000).
gy 71E9 Mycoplasma AL AHAE3517) %’4‘51-
= = 3 TS AEsk=d X2
ws1ela ol olel £2 Mycoptasma A
g gEo] e 7:‘T°ﬂ AE
ol el PCR B

S [z ]

. Mycoplasma <5
1A 3 WHe] Aoz
A 3}cK(Spaepen 5, 1992).

Z]2Loll&= Mycoplasma species®] 2] G252
7] Wjgo] Wal A3, HAsls o] DNATHS Al
ghoz Aguheld o 2L 4 9
polymerase chain reaction (PCR) ®Wrtio| 7Ngre 3l

30 fo

rfr o

fr

91

Korean J Vet Serv, 2014, Vol. 37, No. 4

dAE A A7 &
multiplex PCRe] 23+
. TE RS He] ¥
. hyopneumoniae2} M. hyorhinis®|| 50|21

I 4 9, AGSHA FAlO EA e

multiplex PCRS 7812} A 2l = ¢ict.

oF

M=z

a
3!

[=]]

ME2F R

HH S

2 Ao AMRE H#FE= American Type Cell
Culture (ATCC)ZYXE] M. hyopneumoniae (ATCC,
25934), M. hyorhinis (ATCC, 27717), Helicobacter py-
lori (ATCC, 43504), Salmonella gallinarum (ATCC,
9184)2 Fsto] ARSI} Helicobacter pylori=
10% calf serumo| H7}E 222l shdu)z|of] M=
10% CO; 100% S5x=7} -H-X]E]b 37°C in-

kel =i}
T

cubatoro]| 4] 3L 7F vfjeF dfod ALL-35} a1, Salmonella
gallinarum= 1B v} X HZE &, 100% F5=7} T4

Bl 37°C incubatorol 4] 327F wjeFstol AHEsiELe.
W, M. hyopneumoniae®} M. hyorhinis+= Friis H]| X
(Table 1)E ©o]-&3}o] 37°CollA] 5% CO, $+& incuba-
torof A 144 F?F Hj¢Fsto] ARE-sh % th(Friis, 1975).

Genomic DNA9| 27|

uljokst Z+7Fo] Mycoplasma w553} Helicobacter
pylori 2 Salmonella  gallinarum®] DNA F&2

Table 1. Components of culture medium used at the Mycoplasma
hyopneumoniae and Mycoplasma hyorhinis cultivation

Components Source Dose
PPLO broth BD Difco 87¢g
Brain heart infusion broth Oxoid 82¢g
HBSS (X10) Sigma 50 mL
2% Thallium acetate Sigma 5.5mL
Phenol red Difco 4.5mL
Yeast extract Duchefa 60 mL
Horse serum Sigma 100 mL
Porcine serum Sigma 100 mL
Glucose solution Gibco 60 g
Ampicillin Sigma 6g
Distilled water - 750 mL
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Table 2. Primer sets used in this study

Reaction condition

Primer set  Primer Nucleotide sequence (5' — 3) Product size
Denaturation ~ Annealing  Extension Cycles
Primer 1 set* F AGATCT TAG TCAAAGTGC CCGT 264 bp
R TCT GCC TTG GTA TGA CTG GAT C o . . . o .
Primer2set* F  ACT TCG GAG ACC ATT GCC TAA G 94C l1min  60°C, Imin 72°C, Imin 30 160 bp
R AAA GCT CTC AAAAACTAG ACACGA A
*Primer 1 set: Mycoplasma hyopneumoniae, Primer 2 set: Mycoplasma hyorhinis.
AccuPrep® genomic DNA extraction kit (Bioneer Co., T 224525 AH71sto] Table 29} 28 27422 PCR
Daejeon, Korea)& AH&-5FAH (Kim 5, 2010). HiFE Hhe2 AAISHAH

FHES 13,000 golA] 308 ok AR elste] g
W AAE | mL W FH47E Sol9lE Mini
Bead Beater (Biospec product) A& 2 mL £ Hof T4
AHetol AT T AE 33 2Red] BHA
glass bead (0.1 mm size, Biospec product) 200 pL<2}
phenol-chlorform-isoamyl alcohol -&-94(50:49:1(v/v/v))
200 uLE go] Mini-Bead Beater (Biospec product)®
30%7F 5,000 rpm O 2 g5ttt HE 3 4°Coj A
12,000 rppm & 2 1527 4223t & 45Hes it
2 mL BB &7tk 3 M ZAH}E F(sodium acetate)
10 pLe} ice-cold ofgh2 250 uLS gof -20°Cof| Al 10
B2F AAAZL 3, 15,000 pmO 2 1587F QAR
st HAEL 70% dIEZ A|F St AL A
AZXA|Z] AL Tris EDTA (pH 8.0) 60 uLo]| 83jA|A A
Aol ARg-sHATE

E S01H 20l JHE

Mycoplasma universal primersi= - Z} Ho|7} 7
9] gl Ao® Azl 168 rRRNA FHze] EolF
BRE FEAY S Qe $AAR B AN A
T Z}Q15} 3 0.1 ANE-E| o7 primer+= Bioneer (Daejeon,
Korea)o]] A 92514 consensus primer A E 2}
M. hyopneumoniae X M. hyorhinis primer N|EE A%
39 CHTable 2). E3H E4%t AILE NCBIQ] blast
search (http://ncbinlm.nih.gov/)e] A FHZ} & 7] A
Azte] wlmste] sHelshelr.

PCR HF-$-& DNA thermal cycler (PTC-100 Thermo-
cycler; MJ Research, USA)E ©]-&3}o] HH-8-& A A5+
Ak PCRS 913t WEg-AloFe] =4& 1 pL forward
9 reverse primer (10 pmol/uL), 2.5 pL 10x reaction
buffer, 500 uM deoxy nucleotide, 1.5 U Taq polymer-
aseE ZMZF @a1, F WhgsFo] 25 plo] =& Hit

PCR ZZI0I09l S0

Mgt Zafo]m o] Eo]L(specificity) S 215}
A3l, M. hyopneumoniae (ATCC, 25934), M. hyorhinis
(ATCC, 27717)2 Alke 2143k v w2 ol gal
o] 37°Co A 5% CO, $H incubatorof| Al 1447t wljoF
sto] ALE3l Al 24 U)X =& consensus prime
of| HH-3-3}%| Q= Helicobacter pylori (ATCC, 43504),
Salmonella gallinarum (ATCC, 9184)& A3},
oA At PCR Hhg-2H o2 PCRE A A|S}]
7t7pe] PCR 9] Bl S ehelsiac.

PCR LZI0|09 &AE

gt Zafo]m o] izt (sensitivity) S 215}
A3 M. hyopneumoniae (ATCC, 25934), M. hyorhinis
(ATCC, 27717), M. pulmonis (ATCC, 19612)Z #2138+
2| A3} v WA E o]-8-3to] 37°Cell 4] 5% CO, T
incubatoro| A 1447t vljoFsle] ARESHI T Mycopla-
sma 55 DNAFZE3}9] Spectrophotometers ©|-&
sto] DNA AeE 3 &, oA A5k oaield
M. hyopneumoniae DNAS} M. hyorhinis DNAZ 107,
103, 102, 10 ¥ 1 pg9] === M. hyopneumoniae DNA
@} M. hyorhinis DNAS A &F5lo] Z}2F2] PCRS 4~3)
sheact.

2 I

OiOIDZ2t =0t HiY =40l
& Aol A8 Mycoplasmas= A| 215t |4} uf
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37°Co Al 5% CO, &t incubatoro] 4]

Rt wloFstaL, wjx| o] Mzbo] FH2A oA gt
Mo g WalH MycoplasmaZ} Ak Ao 8 =A4d}a,
Azro] W3R X34 w49 AR|E Az
2](Color Change Unit; CCU)E #2351t

E S0I1A OJ0IH JHer 2ol

7Nt Mycoplasma®] th5 HE Zefoln| AEE
gkolstr] ¢l PCR Primer 1 set (Mycoplasma hy-
opneumoniae)?} Primer 2 set (Mycoplasma hyorhinis)E
95°Coj|A] 1E-7t pre-denaturationS A1A] 3t 3 95°Co|
A1 E, 60°CAlA 18, 72°ColA 18 30 F7]|2 A
Y5t mpAEro g 72°CollA 1E7F post-polymer-
izationS AA]5}o] U2 PCR & AHE2 1.5% agar-
oseo] @Il 100 volto]| Al 2087F A7] =35} ethi-
dium bromide= At & Gel-Documentation system
(Uvitec cambridge, EEC)S ©]-&3}4] Mycoplasma E-0]
o G55 &lsl4t) Primer 1 set (Mycoplasma
hyopneumoniae)S ©]-&30] DNAS ZZ 3192 U
264 bpoll A WHEE EH2l5} AL, Primer 2 set (Myco-

4264 bp
4160bp

Fig. 1. Specificity of the developed multiplex polymerase chain
reaction. Lane M: DNA marker (100 bp DNA ladder), 1:Helicobacter
pylori, 2: M. hyopneumoniae, 3: M. hyorhinis, 4: M. hyopneumoniae +
M. hyorhinis.

Table 3. Detection limit of M. hyopneumoniae and M. hyorhinis
by the multiplex polymerase chain reaction

Template DNA (pg)
Strain
10t 100 100 10 1
M. hyopneumoniae -+ + + + -

M. hyorhinis -+ ++ + -

+++: Strong reaction, ++: moderate, +: mild, -: No reaction.
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plasma hyorhinis)E ©]-8-35}%] DNAE PCR $Z31 2
3t 160 bpoll Al MHEE &Is 3 th(Fig. 1).
PCR IZt0I0{o| S0I=

27019] primer set®] DNAE PCR ZZ35}o] Eo|x
(specificity)E &1t A1}, M. hyopneumoniae, M. hy-
orhinis DNA A &o[qt Solx o= ukgshglal 4
2521 Helicobacter pylori, Salmonella gallinarum
DNA Al ZollM= W8] ¥ska= Selstiti(Fig. D).

PCR I2i0l09l D=

Eo|@} Zo] 27]9] primer set®] DNAE PCR %

4264bp

Fig. 2, Detection limit of Mycoplasma hyopneumoniae by the de-
veloped mutiplex PCR. Lane M: DNA marker (100 bp DNA ladder),
1; 10* pg DNA of M. hyopneumoniae, 2; 10° pg DNA of M. hyopneu-
moniae, 3; 10° pg DNA of M. hyopneumoniae, 4; 10 pg DNA of M.
hyopneumoniae, 5; 1 pg DNA of M. hyopneumoniae.

4160bp

Fig. 3. Detection limit of Mycoplasma hyorhinis by the developed
mutiplex PCR. Lane M: DNA marker (100 bp DNA ladder), 1; 10* rg
DNA of M. hyorhinis, 2; 10° pg DNA of M. hyorhinis, 3; 10° pg DNA
of M. hyorhinis, 4; 10 pg DNA of M. hyorhinis, 5; 1 pg DNA of M.
hyorhinis.
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BiTS

2 510] M7 (sensitivity) S &21$F A3}, M. hyopneu-
moniae DNA®] %= 1, 10, 10%, 10°, 10* pgo.&2 =<
5 R woE 0¥ 4 UUtH(Table
3)(Fig. 2). M. hyorhinis DNAS] %% 1, 10, 10°, 10’

10° pgOo & &4 UPET} Fold e AT 4
Q] 1 tH(Table 3)(Fig. 3).
1 %

Mycoplasma Alut2 APt F&9] S&7|u A4
7] 59 A% A7) e At Ae 4o
=, 53] A olA= HHel ot A fasto]
sEA ATl wdie SAE 2T 5 9= A

o]thRazin &, 1998). ©]#|3+ Mycoplasma A& 3}

AEZ o] Aol Qa1 I 77} 0.15~0.8 um Y E=0]7]
3

R Oﬂﬂrt"?oﬂ osto] A A=A o, Fejst
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B o83t ¥ ieo] ol¥th(Hay 5, 1989). @A| 25
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