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Establishment of a diagnostic method for porcine proliferative
enteropathy using polymerase chain reaction
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Abstract : Porcine Proliferative Enteropathy(PPE) is an infectious enteric disease and a major
cause of economic loss in swine industry due to weight loss, poor growth and sudden death in
growing and finishing pigs at 6 to 20 weeks of age. 4

PPE has been diagnosed by clinical signs, syndrom and lesions in the intestine in Korea.
However, the diagnostic method had several problems in the detection of infected or carrier pigs.

Therefore, in this study, we established the polymerase chain reaction(PCR) which was a fast,
specific and sensitive method for identification of Lawsonia intracellularis (L intracellularis). We
designed and synthesized primer on the 16S rDNA and p78 gene encoding L intracellularis.
Specificity of the method was confirmed by comparison of the PCR results using other enteric
bacteria and the study has shown that PCR method was sensitive to detect 1ng of genomic DNA
as a template. Identity of the PCR products was confirmed by comparison of pattern of restric-
tion endonuclease analysis with restriction enzyme Haell and Pst 1. Also, the PCR method was
applicable to the naturally affected pigs with PPE.

Based on the results from this study, the PCR method could be used as a fast and specific
diagnostic tool for PPE.

Key words : porcine proliferative enteropathy(PPE), diagnosis, PCR.
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A F24 %<4 (Porcine Proliferative Enteropathy, PPE)
& Lawsonia intracelluraris o €3 LAHE Agog!
02, 420, 2ed Aol § AA Z A o A
of glom Syt ME g 5o 93 19959 EAo)
gog ojF A&H o YT e AWtk F=
6~2053 9] H|KES &3V &% 53 HF 49
AES F43 oo o Hetu|Frt §Foln ¥
A& A4 Z F(intestinal adenomatosis), I A 2 (ne-
crotic enteritis), A} 2] 24 (regional ileitis), F44 &
¥4 A9 2(proliferative hemorrhagic enteropathy)®] 47}
A o2 Yehye® AR EE A%}, FAF #L, AF
Z3Al7] Ad, AA B2 AF AAA Hae A4
o,

of A9 UAFL o] Aol A& ¥ 237]9
= 739  8}He] F(Campylobacter (Vibrio) sputorum subspecies
mucosalis & C hyointestinalis) 2 2° @o] o} o] &
Ao tig DNA 2423 DNAY gr|Mde] b & AL
2 ggHon a% ¢4 WP ileal symbiont in-
tracellularis 7 & ¥ X0 AFHPAIA PPES 2 7L
24 PPEY] 9AAYE HAgFom " 19953 F4
2 © 2 Lawsonia intracellularis 2. 33 5 o).

o] AFe IS FHEFE Frhggoln?
gut AFMA M E AetA F2on [EC-18(ATCC CRL
1589)0l gt RES) FAEFAN 714 F 2Aee” o
SHANE AR Ao g FLYL A3
Hog HA Yo"

o] Y9 AgL o] W AYH PexFH2AH
749 AzFoly £¥g AF Warthin-Starys} 22
T g ANga XA FE BEHAYD
GEFEFANE ol4std HHYFYAYLR A &
o gy g ol 4% &g olu A
& H|Eolukgo] Ho| ey wzdA] %37 BE
of 43 $85x F3H F23E o]$8 ¢ v
AR A 7H5ar] G of AWl tiF AT}z
U A AR E AR g gl Bth
23 o] AW YA AXANT lFo] 758}
Y2AE 7itgy) dio] dAA Y FYANEE g
Al Aghig oz olgstedE A7 Ut dA=

o]l 349 ARZR7} FEE AXY £UE B 7Y
o] o]RojA 1 o)’ BHE o] 8% Adye] ¥
Hol ZYE 2 HFEE F&dE Ao FAUTE A
T8 4AoIn

u}2}A & 2o = DNA probe-g o] 43 Hybridization 7]
¥ 0| W% L intracelluraris T+-& E0|FH 08 S F
Z3le A&dle FTELAH4H-$(PCR, Polymerase Chain
Reaction)o] o] 851 glom AdEo|Ao] £ 7| F
Fol ZgHo] UdAE FEE F o] &, wjFo] o
B¢ o] Aol Agte] 714 Hol o] g8tx Y™ 1
gy $e vt e o] 7o Feugoly EARE
&y gL o] &3 Adugo] Yol A @7 9
Bol 32 FEFU @AY, 438, ¢4 4 23
HEdy Yu g pasty AdHg). ges 2 AY
dAE $AUgAME o] AHE A&, &3t Jd
& 7] ¢ 8 multiplex PCR 71 -8 &3 a )

Mz ¥ g

MERFE 2 A A8 L intracellularis genomic
DNAX Minnesota t 8t Al 44 Adoz #HE 9
A9 AH oo 2B 22§ DNAE Dr. Connie Gebhart
ZRE Fgyrel A F33T

Genomic DNA £2| : DNA} £+ Jones et al 9] ¥
e W3l Guanidine thiocyanate(GuSCN)-diatomaceous
carth(DE)& o] &3t #&3 At ZY€ FxFeeR
B ATe $AF F 750xgo M 1027+ 94828
S5pmsh 1.2pm, 0.8pmE 3¢ § ohA] 8,000x g A 108
7 YA R 8t 3] A E-& phosphate-buffered saline(PBS)
2 A3 d3E FFAY sopo] FF 20%(w/
v) DE Ff43} 95011 lysis buffer(SM GuSCN, 22mM
EDTA, 0.05M Tris HCl, 0.65% Triton X-100)& &§3 ¥
A Lo 3083 WA AF T o] 14,0004 2023F
AAE Y % lysis bufferE #7813 washing buffer(5.5
M GuSCN-+005M Tris HCIpH 64) 28] QA4 H8k{ch
ARE-E 70% cold ethanold} aceton 0.2 A& § F vacuum
concentration systemojj 4] 2087F A= A]71 & PCR buffer
of §3A)A 4T BB3HT 329 DNA FEE spec-
trophotometerg ©]-&-3}d 260nmol 4] ODE &3l A}
£330t Sol4 Halel AR A FTHAAA
%% 99 9@ g o2 DNAS BEsgh
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Table 1. Primer scts used for the optimization for the multiplex PCR and their expected size of amplified DNA

Primer Nucleotide Sequence Position of Sequence
878F 5'-TAACGCGTTAAGCACC-3' 868-883
1050R 5'-GTCTTGAGGCTCCCCGAAAGGCACCTCTTAATC-3' 1020-1052

C 5'-TTACAGGTGAAGTTATTGGG-3' 285-304

D 5'-CTTTCTCATGTCCCATAAGC-3' 45-64

Primer ®MZt : & A¥o] AL §78F9} 1050R prim-
er= L intracellularis ¢ 16S tDNAE encoding 3} gene
(GenBank accession number L08049)*&, C$} D primer
IS-intracellularis specific DNA clone p78-& encoding 3+
gene(GenBank accession number L15739)**& (F)§= 4
HEGAT L0} g3late EAA A ALEIRG. 7
A% primerE ¢ W71 Y 2 2 A= Table 13 2.

PCR

42 X7 : Minnesota t] 32} Dr. Connie Gebhart 2 3 €]
Bopul e Lawsonia specific DNAE AM8-3t¢ Cooper et
al™ Wyio)] F3to] AAFAAT &, FHF 33504 10x
PCR buffer(530mM KCl, 100mM Tris-HCI pH 8.3, 15mM
MgCl,) 54, 25mM MgCl, 4pl, 10mM dNTP 1pl, forward
primer 1pl, reverse primer 1pl, template DNA 1pl, Taq poly-
merase(2.5U/pl) 1p1Z PCR tubeo]| @& F thermal cycler
(Perkin Elmer 9600)0] A %2-& A T 8t${c}.

PCR ¥Hg &5 9] 2L Jones ef al 9] WY & W Y3}
o AAEQt 95T A 5837 predenaturation A7) 3
93 A 30%, 55Tl A 30%, 72T A 303k 353 ¥
EANG 3 ubA % extension 72T A 7EI A%
Q.

PCR AtZe| &0 : 12u19] PCR FE4E-L 219
loading buffer(0.25% Bromophenol blue, 0.25% Xylene cyanol)
¢} E53 § 2% agarose gelol] loading 33 100V A
143t TBE buffer(0.45M Tris base, 0.45M Boric acid, 0.01
M EDTA)ol A 7] % 3te] EBr0.5pg/m)= 4% ¥
UV light2 ZA}ato] 3ttt

£0/4 ZAL : Primere] 5ol & HAIS7] A8 e
AW AFEL FTMA o wjg3to] genomic DNAE &
SR FUT 2AF A PCRE LA E T PCR
ZEZAEL BAFo2H Bo) S AAFAUT FolA
AA AHEE FFEE F44 394 TR0l A

% Serpulina hyodysenteriae , Campylobacter jejuni (ATCC
43440), Campylobacter coli (ATCC 43488), Campylobacter
lari (ATCC 35221)s} 2 H]&EolA EAA] He 3
A2l Clostridium perfringens type C, Salmonella cholera-
suis , Salmonella enteritidis , Salmonella typhimurium 3} 719
AWAF Q2 Yersinia enterocolitica (ATCC 55075), Helico-
bacter pylori (ATCC 43504), Clostridium perfringens type
C, E coli, Listeria monocytogenes & A} 43t

TN HAL : L intracellularis &) genomic DNAE 1pg
oA 1pg7tAl 104 845 o]AE template2 3}
PCRE AANE g SEAEE #2224 PCR 7Y
o W74 & ZABEL.

PCR AlE2| 8012 2I8t HftE4 24 : DNAY A
FEAAYE ol 4T $4& Sambrook ef al ) W &
$-859ch. PCRE ZZA|7] DNAE 1pg® 1-2 Unitd]
APFEAZ 37CAA 1N wrEAZ F 1/6 volumes
loading bufferg H7}3le] w-g-& S AR DNAE 2%
agarose gel AFolA] 100Ve A 1417 A7 9§ F EiBr
(05pgmz G A& At PCR FEAEL 48] 4
& AF& AP AAE Genbank g o] §3te] F4 g 2
Haell, Pst 1 (Gibco/BRL)S A€ 3} A48 4T}

a4 o

PCR 9t8Z 2 : PCRY g2 L 95ColA S&T
2 2 denaturation A7) F 55T A 30% 7} annealing 3
% 7209 A 30% 7 extension 33l ThA] 93T oA 30%
7} denaturation 3= #A & 353 wEE T g 72Cd A
783 % extension AT $9} ¢ whgEzHOE Dr.
Connie Gebhart2 ¥-E] 44L& L intracellularis DNA% A
878FS}050R primer 182bp 7], CSHD primer: 258bp
9 L intracellularis o) § A& S8 & AUKFig ).
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Fig 1. Establishment of the multiplex PCR using 878F&1050R
and C&D primer sets.
M : DNA size marker(100bp ladder), lane 1: L intracellularis
genomic DNA, lane 2: control reaction with template of por-
cine normal tissue.

PCRE 0|4 : #3d PCR7IYY Eo|4 & A3
71 918 12709 98 FgATy FA% FELES ¥
AL A3} L intracellularis AT So|FAR} F2

& 89 + UAHFig 2).

Fig 2. Specificity of the multiplex PCR using 878F&1050R and
C&D primer sets.
M: DNA size marker(1000bp ladder), lane 1: L intracellularis
genomic DNA, lane 2: Campylobacter jejuni (ATCC 43440),
lane 3: Campylobacter coli (ATCC 43488). lane 4: Campylo-
bacter lari (ATOC 35221), lane 5: Yersinia enterocolitica (ATCC
55075), lane 6: Helicobacter pylori(ATCC 43504), lane 7:
Clostridium perfringens type C, lane 8: Salmonella cho-
lerasuis, lane 9 : Salmonella enteritidis , lane 10: Salmonella
typhimurium , lane 11: E coli, lane 12 : Serpuling hyodysenteriae ,
lane 13 : Listeria monocytogenes .

PCRel glztA : &% ¥ multiplex PCR 7|¥ L L in-
tracellularis genomic DNAE 1ng7} Al 29| 715384t
Hetaaof o3t PCR Mg 24 : FEF PCR A
E0| L intracellularis &) 5ol A2 FEANEYE F
37 93 ABELE o] &3t EAF AAE Fig 49

Fig 3. Sensitivity of the multiplex PCR assay for detection of L
intracellularis genomic DNA.
M: DNA size marker(100bp ladder), lane 1~6: Genomic
DNA serially ten fold diluted from Ipg to 1fg.

Fig 4. Analysis of L intracellularis amplified by multiplex PCR
and digested with restriction endonucleases.
M: DNA size marker(100bp ladder), lane 1: Amplified PCR
products, lane 2 : 182bp fragment digested with Haelll , lane 3
: 258bp fragment digested with Pst | .

Fig 5. Muitiplex PCR amplication of L intracellularis DNA
from the naturally affected pigs with PPE.
M : DNA size marker(100bp ladder), lane 1: L intracellularis
genomic DNA, lane 2~5: PCR products from ileal mucosa of
pigs, lane 6 : No DNA control.

2t} PCR ZEZANEE Haell & Pst] 2 A3 d3
182bps} 258bpe] FEAHE-L 7+z} 64bps} 118bp, 62bpst
196bp®] fragment’} #& = o] Genbankg o] §&te] ¥4
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3 o| & fragmentE-o] B2 H | L intracellularis $3 A7}
BolHoz FEHE AT + AU

OFIXEAY : Sol4s NFEst ¥UY primerd
o] &3t FYFAHGHG L sE NHEFT HA
FAE A9 AFAHQA TS v T F9 Yo
TAY 22 & PCRE AL AF 4719 A REYR
E] 182bps} 258bpe] Eo] FEAE & HAE & AT

n &

HZ g2 FAA G g BA o] FopAEA 1|
=, 97 § AATAAME o ¥4 A A A
o i gEd &Y, 4y, FES N84 AT F o
Ao FLg 77 AYgF A 2374
T o]l §e A dAFFold £ad, Y2
273 WS silver stain 3t LM T TS
#AgozM Addg a2y o WEL AFY
Aol o E3tn Qo] JEFA BRFEE HEdEH
ol2]&o] Wol o] A& monitoring 3=t FA 7 Yo
o o] 7o Zelyol FYdE APHAME dAAE &
T8 % ¥ EC18 MXoj 3¢ A A Warthin-Starry stain
FAY FBFAYoE A9 £ YAW 229
& ujBolgtgo] go| Yehun FFFAY L gzt
of o] a7l UsA] R’ ¢FELA Fo| ¥
2387 g 7o 4A o] 8¥ F e Aol

g8 Py o ELISAH-2 A 7p7F wa Hol7}
A8t 1gGrt of Aol ¥t patent = FBA o] ot
o] Ao] AYPH HANME F2 IgAr} [gMTto] F7}
e ASE A Qo™ nEFEoIUY ¥ud Ue
WA ¥ oM A WP o AWE Ad
&7] B¢ 44 oo

# o] Dot-blot hybridization”, PCR/Southem hybridi-
zation™, Nested PCR, Multiplex PCR™® E-o] 224 &8
A NNYPES o] 83t FxA Bk ohy AR
o] AWML Agdl=d da 431 ot DNA probe
& o] 43 Dot-blot hybridization 7] & £ 1g% 1077}
9] L intracellularis 7} 950 A& 3% AE7bssy’
PCR 7]9& B 1g7 10°7] #ZEAIE 428 &
o] PCR 7]§o] & o] 9Ind WHoz ¢4 o
Z44 A #gHo dEFEE vdedE HAs
29 19 10-10°]9) #& $Ro2 W) g

o 27t 71 EF #EEE FEsed o4 5 4
o PCR 7| & o] §¥Ttd 4e #& wWFeEA
AR OR RN EAE GodE RIEY T
Bol EAEA BL AR, A EF T FARHAA
T A & U9 A28 A4E. Nested PCROJ L
PCR/Southem hybridization 7]3§-& W#A L 27142 +
Q& woz 4@ A gloy PCR 3% Southem hy-
bridizationt} 12} PCR A& & ThA] 22X L gokste W
AHZEo] U nested PCRY H 4 o]H e FEANERR
B @750l Qo & AYdME 2709 primer %2
o] &3l FAld) 2709 Tt PCR AEE FEAIE
Multiplex PCR ¥ & &3t}

B A%l A3t L intracellularis genomic DNAS %
AGgoz B9 HAe FYFo2RH FeF L
intracellularis genomic DNAE vy AElt)& <] Dr. Con-
nie Gebhart 2 28] oo}l A go| 3l

Primer= Jones et al 0| L intracellularis & &3 =1)
o) % 5o]®Ql primer2 ¢elA C, D primer§ o] 431§
on T3 878F<} 1050R primer sett> 16S tDNA F-ofl A
Mt L intracellularis o tha) So]H g ¥ obz}
] conserved g} sequenceE M ¥} 3}, 3§ DNA frag-
ment7} 200bp o} 42l 2% 2 HH A &AM DNAE 2
A8 BE) og7] YEY® 432N 2 HHE
encoding 3} primerd] o} §-& A7} gloy B Agd)
A ALS-g primery Bl2d £E AWL encoding 3}
Cooper et al & paraffin block. 2 @53 o2
E] DNAE $%319 o] 7|} & 43 o] AW Hg
foji} G5t A e ZA| o] &3t

PCRo] A Z3 02 o457 ¢l template DNA
o}, primere] ¥ 5, ANTPS] 5%, Mg” 5%, 982 % 1
23 dhgAIZE 5o 250 Aol dot 2§ B Y
oju Z o= PCR ¥H§-& A3t ARE0| Bol
EAE 53] TFALE] A BS AU AE A
257 7] Qi) ARE BolAY Ao A43)
£ % ¢F DNAE a3 o] Fa3ith gaA £
Ao M v ud FAHAE A& Y0 &
on 3% DNAE 5% ¢ s oz ¢ed
GuSCN-DE %'§& o] &3t DNAZ ¥e3te AP
o] &3t}

B Aol A oA HAld AlLS FFEL LAY
Bl YFFae] of AW {AIY =X ¢ Campylo-
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bacters} HlmatQom 19 b Ay MZEFE L3
ghg-o] glo] 11 FolAo] FHHIUT

F44 39 9257 2V, AE* FAME o) A
Hol BuHn gJon B Ay &3 multiplex PCR
Mg o] 43y o] FEY WA L& AXY Al
TANAE oA 2218 L intracellularis ¢4 L
PCR 3E4E0] A8 Ro2 Hol* o|F 58 4
¥ A7 L intracellularis % DNA sequenced] §]o}4]
ol d@Aol A& JZE F Yo Fo o] of
AT o AgEH AR AZhEr)
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€ B3 Hdo] o]Fojx 1 9o FHF oz 7
Y714 AAE Ago] o2 dAFEE YERRA
FodA A&HoZ F& HEdd TR HYH R
BAZ HI e BRES FEded o] Bk
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g o g ol &3t o FA Ha
Ae AN BT EL AESAY 422 TAES
A& g 22 & 799 &3¢ multiplex PCR
Y& o] &8 A&, A 1D F A Ao
Ao 2§ &30 A2 1dE Hgez 49
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9tz 22§ tylosin, tiamulin, tetracycline® 5] & 47|
& FREA AFEEL Qlo] g Zol 24E F U
o] AWl 479 L intracellularis & #83ld ¥ F
of e 5A4E TAS A Sevte A #E A8 3
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i E

HA 244 9L F2 6~20FH HSENH &
o]HQ 3AY 27AE Uehlin ¥, HA}, 4 LF4,
LF, 3 59 44FAT o] AL AIREE A
8, FAF A, AFEHA 7] A F22 AT HAH
s Asch fPugdME 1959 22 83
HoF 4402 24T 3o o] AHE 7)o
gg = g AEE Adsigel aFH AT oy
A Z7 A &= o] AWe] UMl Lawsonia intracellularis
7} gt JFuA M E A g A= FAEA

Atz gEo] FeEAel oY F2 FY2F
27 &3} o AW E AaEH f)

B Ay e L intracellularis o & S0] primerE
24 8to] multiplex PCR 97| 4 & #g3lo nizix ¥
Eol4 & AAE Z} genomic DNA Ing7hA| H&7t%
332 Campylobacter 5 o8 FUATY ANPIA
L intracellularis o 7+ 50} 3 9] 182bp, 258bp2] PCR 4
2 AT AUS £ FZE PCR AHE Y iden-
titys A FEAZ B3 Genbank 24 A7 ¢ v) g
oS24 9 /st ed #Yd PCR 7|gE o] &3
o BEziddqA FHo2 BHE iy kAR
of 43 F3l 25 Eo] DNAE §o¥ 4 g%y

ol 49l Az wWge] AEI] Wi EEEHl
o of A Figel ¥ dFelA FY§ multiplex
PCR 7|%& HEHo=2H B} sty FEHg Ad
o] s Ao2 Ag L}
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