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Abstract

Purpose: Porcine proliferative enteropathy(PPE), caused by the obligate intracellular bacterium Lawsonia intracellularis, is
a widely distributed disease throughout the world causing substantial economic loss. The bacterial pathogen invades the
intestinal epithelial cells which causes hyperplasia of the infected cells and leads to the process of disease pathogenesis. For
diagnosing PPE in a pig farm in earlier stage, a rapid diagnosing test equipment is needed for farmers. To test the equipment
appropriately, we prepare the samples and antibodies for rapid detecting the Lawsonia intracellularis in pig feces. Methods :
To prepare the PPE infected samples, we sampled PPE suspected pig feces in a pig farm. To manufacture a anti-Lawsonia
intracellularis antibody for capturing the Lawsonia intracellularis, the rabbit-anti LsaA synthetic peptide polyclonal antibody
was inoculated to rabbits. To select the couple of antibodies which is most well sandwiched with the bacteria, ELISA test was
done with PPE infected ileum samples. Finally, to verify the PPE infected feces which would be used to test the rapid kit, PCR
test was done on the sampled PPE suspected feces Results : The rabbit-anti LsaA synthetic peptide polyclonal antibody is
developed, and is verified to capture the bacterial well through the fluorescence antibody test. Also, we found that the
monoclonal antibody and the polyclonal antibody could be used as couples for sandwiching the bacteria. Finally, through the
PCR test for samples of pig feces, we could prepare the 150 PPE positive samples and 50 PPE negative samples. Conclusions :
The manufactured polyclonal antibody and the imported monoclonal antibody could be used to capture the bacteria using
the sandwich techniques. Also, the prepared PPE infected negative and positive samples could be used to test the
performance of the rapid kit to capture the bacterium Lawsonia intracellularis
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Figure 1.
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Figure 2. LsaA amino acid sequence of L. intracellularis (underiined is used for peptide).
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Figure 3. Biosensor system with impedence measurement system.
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Figure 4. Principle of sandwich ELISA and photo of test.
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Table 1. Oligonucleotide primers and PCR conditions to detect L. intracellularis

Primer DNA sequence
LI-1F 5'-GCAGCACTTGCAAACAATAAACT-3'
LI-1R 5'-TTCTCCTTTCTCATGTCCCATAA-3'
LI-2F 5'-TATGGCTGTCAAACACTCCG-3'
LI-2R 5'-TGAAGGTATTGGTATTCTCC-3'

expected size PCR programs
95C-300 s
95C-30 s
56°C-30 s
72°C-60 s
72°C-300 s
(45 cycles)

210 bp

319 bp

o] @ Yo Aol o] ZJsto] 24A|[5k ATk 24| E primer+=LI-1F,
LI-1R(¢)|A4}size 210 bp), LI-2F, LI2-R (9|4} size 319 bp) =
W5ttt 212+ nucleotide sequence 2} PCR program-=-
Table 19f] UEFH 21tk PCR mixture 2] 27425 uL template
DNA®}10 uL.2] PCR premixture(Intron, Korea), 1 uL ] Z+
primer(100 pM), DW 3 uLE & 7}5}¢] 2|5 volume”| 20 uL
7} =) =2 &} W3- 5}9ith PCR HE-2-0] Bt sample2 ethid-
ium bromide 7} &5 % 0.5 1g/uL 2 5% agarose gels
of| A71%53}4] 254 nm 2] UV transilluminator (Bio-Rad)
Slol|A] 2F¢15}3Ith Figure 73} Figure 80 AF8-%E PCR ¥1-2-7]
(Bioneer, MyGenie96) 2} %1715 7](Advance, Mupid-2plus)
= Ueh ek

a3 o A
L P (e
1) Az" FA 9 =R

A2 314 0] 55 5 2 ALY 01 Auk= o}l o] Table 2

ofl LR gl oF&re] FeAgh i o 2 QR4 A|zsto] 4
U A o] S A ZARSHATE Al A9 HEeA
+ spectrophotomer(Biochrom, Libra S32PC) & ©]-&-3}
=geoint

2) FFIAFE o] &% FAY Fo e w3 &<
Figure 92} 100 22} 4] 2] I} F-FA AL o] &5}

o] PCR A1} A4 0 & ghw A| 2o thato] FAAAHE
o] g-ste] A|lxH A7} Y} RS o ol

P Usfde ANE ol 82 Y% YA WS FADH
3 Yfol] Zayo} A1 E 345t} 2ol ol Fe ¥

3ol w2 P2 AT HEkE 54 92418 PBS H T
of] Zajol(¢F10” cfu/mL %%)-2 10, 100, 10004} & 3]
Aot 5 A gl ol 83kl o, T e Hho] @ AllA o 31k
SA|A =253, PBS W 2 33] A A% ok A=A 51c)
E3 98 2 10~500 Hz7kA] Wslsha A A1 AA]

S 23, 91 F9i48 Q3R ko] vk olehe] Table 33}

Table 2. Test result of concentration of antibodies

Local Imported
Antibody LsaA-R1 LsaA-R2 LsaA-JP Bio 323
polyclonal polyclonal polyclonal monoclonal
' 1 6.50 5.82 5.82 -
concentration 9 6.44 565 565 )
(mg/mL)
avg 6.47 5.74 5.74 0.2
Remarks Tested by spectrophometer spec. provided by supplier

Figure 9. (A) The feces PCR positive and (
negative.
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) the feces of PCR

Figure 10. (A) The ileum lysate of PCR positive and (B) the ileum
lysate of PCR negatlve
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Table 3. Measured Impedence by various input frequency

Concetration (CFU/mL)
1/1000
Frequency (Hz)
10 183.2313
100 181.3719
200 180.8663
500 180.5304

Figure 11. ELIZA test for LsaA-R1, R2 pair.

o] Lepiek

ool o) Al ATHE EAIHE, 91 S5 200 Hzol 4
M B Al 5= Fzok o] whet oF 10° CFU/mL e s tee
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w1 Z71ol whahzol4 4 10° CFU/mLE F=oll A 1 57]7}
FAS S71HAa, wteba, gl ez vlol @ HIA &)
FA7E 2 obtS F EPHE BRI whebA 2ol 2]
7Fs40] S Aoz Bestgich iU B A AT k)

around

1/100 1/10 10° chu/mL
183.1306 183.3064 183.5954
181.1234 181.9987 183.2174
180.8229 200 182.9374
180.6193 181.3731 182.3564

a7 Z a5t 2 F ol A & holZdholli= o] g-ofl= ol Bl

o1 ek

4) Sandwich 4] 9] ELIZA pair testE o] &3 24

Yotd A& A¥AT
LsaA-R13} LsaA-R2 A& o]8-5to] HIAEE ZIg)gt 4

I-= Figure 110 YER I} 73t shar <=] 1} e glof| 4] A
23 3 2t wiR] o] AaA|-E1/25~1/16007}14] 314
&lo, TMB A|oF & 2] - A 7Zk-o] W 3}7} gl o] -4 ¥h-g-2
e A] 042 A 0 & ghet=| 9ict. o] 2]gh 3=, DNA 7] 4]
g9 YR = Zeba UHE peptide S o]-2-35}o] AR poly-
clonal gej9] 53t FAE ARSI - MESIA] Aol
o2 fi#Ql Ao 2 HtE| Qi) o]of ule}, Table 40 4+=
LsaA-R1, R2¢} Bio 323 &-49}2] ELIZA HAE A= Ueh
Ui2ick Tableojl A LrERH v} 7o) gh9l- A wk-g-& e}
A) ¢k A o & hhE| ek AHA| A|2ket A= polyclonal §
o] 11, 5=¢] = 3Al+=monoclonal Fefjo]ojA] Agte| falgt
A0 2 syl O BEE-2 l= A 0 & UERg=), o= A
A Azret A <] e Z3] 52 o] Golx|7] el AoR
ek

o]o]A], Yol A 4291 LsaA-JP polyclonal 3A|<}-7-H 4k

=

Table 4. ELISA test for Bio323-LsaA-R1, R2 pair (OD : Optical density)

Antibody LsaA-R1(2.5 ug/mL)

LsaA-R2(2.5 ug/mL)

Bio323 (1/20)

Bio323 (capture 1/20)

LsaA-R1(2.5 ug/mL) LsaA-R2(2.5 ug/mL)

Lswsonia anti-mouse HRP anti-rabbit HRP
in media Test1 Test2 Test1 Test2 Test1 Test2 Test1 Test2
0 0.087 0.102 0.08 0.082 0.155 0.148 0.107 0.088
1/640 0.1 0.097 0.085 0.1 0.135 0.133 0.084 0.123
1/320 0.091 0.088 0.081 0.086 0.116 0.138 0.091 0.091
1/160 0.105 0.091 0.098 0.102 0.12 0.135 0.099 0.125
1/80 0.142 0.129 0.127 0.139 0.187 0.185 0.169 0.174
1/40 0.146 0.139 0.154 0.155 0.341 0.242 0.189 0.184
1/20 0.201 0.192 0.2 0.202 0.362 0.294 0.219 0.216
1/10 0.177 0.219 0.256 0.211 0.339 0.195 0.273 0.269
Result No reaction No reaction
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Table 5. ELISA test for Bio323-LsaA-JP pair (OD : Optical density)

Antibody Bio323 (capture 1/20) LsaA-JP (Capture2.5 ug/mL)

Lswsonia LsaA-JP (detector2.5 ug/mL) Bio323 (Detector 1/20)
in media Filter sample No filter sample Filter sample No filter sample
0 0.707 0.675 0.186 0.199
1/64 0.756 0.495 0.187 0.17
1/32 0.901 0.679 0.155 0.163
1/16 1.137 1.016 0.135 0.143
1/8 1.223 1.201 0.132 0.134
1/4 1.641 1.627 0.13 0.111
12 224 1.561 0.245 0.106
1 2.794 2.993 0.776 0.13
Result Reaction No reaction
'@@@@@@@@@@@@@ l@@@@@@

1500bp > 15000p >

1000bp > 1000bp >

500bp > 500bp —>

100bp > 100bp >

Figure 12. PCR result for detecting Lawsonia (positive: lane 3, 4, 8, 10, 16, 21).

Table 6. PCR test result

Sample No. Result Sample No. Result Sample No. Result Sample No. Result
1 - 51 - 101 - 151 e
2 - 52 - 102 - 152 -

3 &+ 53 ¥4 103 - 153 -
4 kA 54 - 104 - 154 -
5 - 55 %A 105 - 155 -
6 - 56 - 106 - 156 -
7 - 57 - 107 - 157 -
8 %A 58 - 108 - 158 -
9 - 59 - 109 - 159 -
10 %A 60 - 110 - 160 kA
11 - 61 - 111 - 161 -
12 - 62 - 112 - 162 -
13 - 63 - 113 - 163 -
14 - 64 - 114 - 164 FA
15 - 65 - 115 FA 165 ¥4
16 %A 66 - 116 FAl 166 -
17 - 67 - 117 FA 167 -
18 - 68 - 118 - 168 -
19 - 69 - 119 %A 169 -
20 - 70 FA 120 FA 170 -
21 %A 71 ¥4 121 %A 171 -
22 - 72 - 122 - 172 -
23 - 73 - 123 - 173 -
24 - 74 - 124 - 174 -
25 - 75 - 125 - 175 I
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Table 6. Continued

Sample No. Result Sample No. Result Sample No. Result Sample No. Result
26 - 76 - 126 - 176 %A
27 - 77 - 127 - 177 -
28 - 78 - 128 FAl 178 -
29 - 79 - 129 - 179 -
30 - 80 - 130 - 180 %A
31 kA 81 kA 131 - 181 -
32 - 82 - 132 - 182 %A
33 - 83 - 133 - 183 -
34 - 84 - 134 %A 184 -
35 - 85 - 135 - 185 -
36 - 86 %A 136 el 186 -
37 - 87 - 137 - 187 -
38 FA 88 - 138 - 188 -
39 - 89 - 139 %Al 189 -
40 - 90 %A 140 %A 190 FA
41 %A 91 - 141 - 191 %A
42 = 92 = 142 = 192 OF A
43 - 93 - 143 - 193 -
44 - 94 - 144 kA 194 kA
45 - 95 - 145 - 195 -
46 - 96 - 146 kA 196 kA
47 - 97 4 147 - 197 A
48 - 98 - 148 kA 198 kA
49 ¥4 99 - 149 %A 199 -
50 - 100 FAl 150 FAl 200 -
21 Bio X(AH €] Bio 323 monoclonal A& ©|-§5Fo] ELISA Q1 282 Zro|H2g A 9] Y02 AREQ L, ol tigh
Bl 2ES AAI5H 01, Table 50f| 23S UERQITE Table  Adbes 7 ¥R w20l A Hils}7| = ghek

ol A YERF HEe} Zro] LsaA-JPE Detector 2 5}1L Bio 3232
Capture 2 3t 7% LA vh-2- Q= A o 2 LEh, Aﬂipair
7€ 4= Q)= 7 o 2 wohE] Q) a8 L SHIEHA) HE

T AT
Bio323-LsaA-JP %3to] AL S T34 —‘% Hﬂm
background OD Z}o| XU A| =0} ELIZA B2 9] 2 4o}
2 A2E AFSII ol ol 8ol Sl A o= Tekslgl,

L. 24Ut Ug S| 2
2w w5 0 FEY

tfet PCR-S 43510} 571 5:4]
OFg 0] A0 210 W 319 bpolA] 2=
(Figure 12), 212 0 2 200719 —E-
A PCREEZ-0]) 9FA] © & et} (Table 6)

2AES EdE e B =54 B Aol A A F T &
H 20050 thek PCR HARAY 5004 Fdutg-o= oF
25%2] 7Hgo] Fel=glom, 150 oA 54 Hgw o]
°F75% 9] HIZtH o & SRRIEQIT o] FA A W S o= 8

S 91 POR HAS 2
ol
ol

]
zzVo:.
il

o_>1: ol r

4

FA ] AEARE S5t 7]ERAE JulE s vlo] QAN
ELISA test kit, Rapid Lateral flow immunoassay(Rapid
kit) 5o 3= lom Ardel HaE Fof o]-&FofA|ar 9l
TH(717199, 2011). L2, Q7 E A3 o] o] @Al AL} ELISA
test kit 5-2 A A 2432 A H ok Sz 571 3
ol ARgsh7lolle Frae] lem, ofof met tha w=ol A=
EAaUol HEE 34 U t}EE A o] &3 rapid kit 0]
B9 389 Gl AAsin e 2 29 ]
o] 2S5 dEste] e ddde

iR AT 9 %
A7%12] 7ol Hagt Al
ok & Aol A= 2P 1ol fijt Hiol _AIM S
= e A2 Fede FHISAL PCR HIAES AAH 2

A o

i

427



Kim et al. Development of rapid diagnosis technology for porcine proliferative enteropathy(1)
Journal of Biosystems Engineering ¢ Vol. 37, No. 6, 2012 « www.jbeng.org

o, 71 A= T Tk

(1)

(2)

3

(4)

428

2] A 0] AelFel ZAa okt L 2l57] S
= FA7F East, o] & skl gtk ) ai]
ot o) =jste] FAIE AlAsl ATt FAl= Watarai 5
(2004) 2] H.a19]| 7] 235}o] LsaA synthetic peptide S
S Y(AP ol &l=ste] ZFA8kaL, H/dE peptide & E

7)) ¥H2- %]55}o] rabbit-anti LsaA synthetic peptide
polyclonal antibody & @%ith. o1& o835} 43}
A ohgsiol el A o el o1
o] 7kt B Sldol AT

o i E{%
oot
o

=i
H

R
[>
of
A
o
>,

[>

i)
o
-

2
ol

o > > 2 ox
Prl"
8
Hu)
>
jucd)
i
A=)
ot
e
i
H
)
Hr o
9
N,
2

ofr ﬁ‘ m-lNI
o
oS
&L

1o
)
o,
o|N
5 =
oX ¥ ol
£33
s H o=
o W
L
(o
U
I>
T,
lo
K
N
1o
oL
=

T g O g foh pg

d

o
(o o
U o
o)

Oﬂ/\ﬂ of kol zleofi= o] gofl= o1 2

N
)
e

ko

of

!
ol ek
ZHA| A28t polyclonal 24-1 o} gH4)|(LsaA-R1, LsaA
-R2)¢} =9} = polyclonal(LsaA-JP) Y monoclonal
(Bio 323) A 7+9] sandwich A2 Al R 7] 9
5to] ELISAE|AEE AA|SF A} capture 2 Bio323
monoclonal 3}4|E, detector 2 4] LsaA-]PE 0]-&3)
_ﬁ.?_oﬂ ?‘SL;‘q] H]—_Q_o] Ol: 74 OEL}EP/H:} :1_311/} o]
70|z background 1.0 0] ol A7 | ER 0] 835}
7ol ol ol Sl A o= e Yl
E3HE Aol /\} QXJ%' Tl Sl A-RAl At
)

A Tt /o] HAE B A RE ZEs] $lst
o], PCR A|H<& 1*]6‘}911:} A Ty 24 1l o=}
o Al et £ 2007 o]l igHPCR 7 }75450@01]

A PRS0 = 0k 25060 7o) &
ol-g-5to] Zho| HZ%

]l
Ao Al Ol%ﬁm

7@&9

A 2

References

Guedes, R. M. C. and C. ]. Gebhart. 2003. Comparison of
intestinal mucosa homogenate and pure culture of
the homologous Lawsonia intracellularis isolate in
reproducing proliferative enteropathy in swine. Vet.
Micrbiol. 2534:1-8.

Inter PIG. 2009. Repot for pig production cost. http://
www.porkboard.or.kr/board/board_view.asp?code
=F02&idx=11376&num=121&sel=&txt=

Jeong, H. 2008. Development of rapid diagnostic method
for porcine proliferative enteropathy and characterization
of Lawsonia intracellularis isolated from pigs in Korea.
Ph-D thesis.

Kim, G., G. Yang, S. B. Park, Y. H. Kim, K. |. Lee, ]. Y. Son, H.
J. Kim and S. R. Lee. 2011. Rapid detection kit for
Salmonella typhimurium. ]. of Biosystems Eng. 36(2) :
140-146.

Park, D, A. Park, E. Jung, ]. Bae, G. Lee, B. Hwang and M. Lee.
2009. Survey of porcine proliferative enteritis for the
pig farms in Gyeongnam district. Korean ] Vet Serv
32(4):361-368.

Suh, D.K, S.K.Lym, Y. C. Bae, K. W. Lee, W. P. Choiand . C.
Song, 2000. Detection of Lawsonia intracellularis in
diagnostic specimens by one-step PCR. 1:33-37.

Suh, D. K., W. P. Choi and J. C. Song. 2000. Duplex PCR for
simultaneous detection of Lawsonia intracellularis and
Salmonella in swine. Kor. . Vet. Publ. Hlth. 24:27-34.

Suh, D. K., W. P. Choi and ]. C. Song. 2001. Prevalence of
Lawsonia intracellularis and Salmonella spp. on selected
swine farms in Kyongpook province by duplex PCR.
Kor. ]. Vet. Publ. Hlth. 25:179-184.

Suto, A., S. Asano, Y. Goto, ]. Murata, T. Mori, and M. Adachi.
2003. Survey of porcine proliferative enteritis in the
Tohoku district of Japan. 2003. ]J. Vet. Med. Sci. 66:
547-549

Watarai M., Y. Yamato, N. Horiuchi, S. Kim, Y. Omata, T.
Shirahata and H. Furuoka. 2004. J. of Vet.Med.Sci.
66:735-737

Young In Frontier Co., Itd, ELISA test protocol. http://
www.abfrontier.com/support/elisa.do



