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Seroprevalence mﬂﬁL%)ﬂ Toxoplasma gondii AL
Immunocomb Ab test JunuaiagsluLum
NIILNNNRIUAT
Risk factors related with seroprevalence of
Toxoplasma gondii by Immunocomb Ab test of Thai
domestic cats in Bangkok Metropolis

A5z ANPAZIATTY

Verachai Sakdajivachareon

Abstract

Felidae play a key role in the transmission of Toxoplasma gondii to other cats, because cats are
the only hosts that secrete oocyst of this protozoan parasite into the external environment. The objective
of the study illustrated the presence of Toxoplasma gondii in a population of domestic cats in Bangkok.

IgG antibodies specific to Toxoplasma gondii were determined simultaneously by Immunocomb
antibody test kit. 360 cats sera were detected and its prevalence was 34.4%. Specific IgG antibodies in
titres were found no titer(8.6%), <1:16(20%),1:16 (23.9%), 1:32 (13.1%),1:64 cut off point (15.5%),
1:128 (17.5%), 1:256(1.4%). This study indicated the relationship between risk factors and infectious
results. The study found that using cat tray together factor had 95% confidence interval (9.19,30.26) odd
ratio =16.67, rat contact factor had 95% confidence interval (8.33,27.27) odd ratio = 15.07, outdoor
behavior factor had 95% confidence interval (7.57,21.41) odd ratio = 12.74,fresh meat contact factor had

95% confidence interval (0.24,0.59)) odd ratio = 0.37, bird contact factor had 95% confidence interval

dhgszuminenlsn iAW Nae Raunng 181504 7 MENeUNE NIINNEUIUAT
Zoonotic epidemiological subdivision. Veterinary public health division. Health department. Bangkok Metropolitan

Administration.
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(0.21,0.53) odd ratio = 0.34.

For Multiple logistic regression analysis which showed only three factors relative with infected cat
such as cat tray together factor (X1,P value <0.05) had 95% confidence interval (2.75,11.23) odd ratio
=5.56, rat contact factor (X2, P value <0.05) had 95% confidence interval (1.60,7.24) odd ratio = 3.40,
outdoor behavior factor (X3, P value <0.05) had 95% confidence interval (2.71,9.30) odd ratio = 5.02. The
statistic model was Y = -2.8988 + 1.7146 X1 + 1.2263 X2 + 1.6230X3 For the conclusion most cats
infected Toxoplasma gondii by contaminated oocysts in feces and tissue cysts in rats.

Key words: Toxoplasma gondii, IgG antibodies
UNAAED
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AnNgnaadlsn T gondii lutszansunalulmngamnaiuas

AINMIANEWLINERIANNgNLedlsARiatiTa 34.4% 1 WA seropositive 88 Immunocomb

v
antibody test kit AINANUIUAIDLNUABAUNITINA 360 7 HANTTATIAUT Serum IgG antibodies
74
29318 T. gondii WL THRAUTNNNL Serum titer MRUA no titer (8.6%), < 1:16 (20%), 1:16 (23.9%),
v 3
1:32 (13..1%), 1:64 cut off point (15.5%), 1:128 (17.5%), 1:256 (1.4%) ANA1AL N1sAnE1luATal
di o o o o ' dld 1 a d” 1% g ¥ 1 o
Wanaa “wiusaestiadesineinasenisfinme luuun un nisldoingaansydaniu ns
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o o 1 agle v o o a dgl/ o o ¥ ! ¥ ! o a
tladusssialilifiann “wAusiunsfiameluiwe auaidu un nisldningaansydauii S
95% confidence interval (9.19,30.26) odd ratio =16.67, N3iuyag luLFanrinu {1 95% confidence
interval (8.33,27.27) odd ratio = 15.07, ﬂ’]iflﬁ ‘U TaUaaNUWANIIN flﬂ'f] 95% confidence interval
£

(7.57,21.41) odd ratio = 12.74, n3iil “srevniuile “md A A1 95% confidence interval (0.24,0.59))
odd ratio = 0.37, N134At "W WN HA1 95% confidence interval (0.21,0.53) odd ratio = 0.34.

WadtAT1Z3 Multiple logistic regression analyst WuINHeN 3 TTadafiaann “WRusiunng

£

Anuteluuun 1w nsldningaansedanmii (P value <0.05) {A 95% confidence interval (2.75,11.23)
odd ratio =5.66,N95MyeluLFINY (P value <0.01) HA1 95% confidence interval (1.60,7.24) odd
ratio = 3.40, 19N “BHRUAANUANTIY (P value <0.01) HAN 95% confidence interval (2.71,9.30) odd
ratio = 5.02. FOULLNNG DANIWNAL Y = -2.8988 + 1.7146 X1 + 1.2263 X2 + 1.6230X3 Un 31

= | ) vo A P & a Aa
209NANE NN ulFFuEaaingaansefituileu oocysts Uay nNsAUMYAA tissue cysts

AN °’1ﬁmu: Toxoplasma gondii, IgG antibodies
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(Laboratory microcentrifuge)

4. vaan Pipette SLIRATIN
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antibody (Immunocomb antibody test kit) Fanag
¥
#1917 solid phase “dot” ELISA technology W
sensitivity 92.3%,specificity 100 %
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¥
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2. NANNTIATITHENIIAINYNUBINIT
WNSTLNATRaLTe T gondii

HANTTATIANT Serum IgG antibodies AR
{0 T Gondii wudn Vinarsunns Serum titer
1&un no titer (8.6%), < 1:16 (20%), 1:16 (23.9%),
1:32 (13.1%), 1:64 cut off point (15.5%), 1:128
(17.6%), 1:256 (1.4%) AINAIAL

a1nn133Azi Tae § cut off point @gjﬁl
1:64 WU waRAaRnalsA A1udL 124 Fa
(34.4%) ldinefalsn A uau 236 s (65.6%)
ANALLINA 360 FanEing

3. NANITIATIZUAIIN TNWUETEUING
Tl easineiisinaiunnsldsuite T. gondi

3.1 HANTTILATITHAN “NAUSTENING
nslinngaansedauiu funtsnnsldsuide T.
gondii WUINHA1 Odd ratio WAL 16.67 kazAN
95% Confidence interval HAN Lower Wiy 9.19
flAn Upper winff 30.26 @alaiilen 1 sonag lu
Fosuamnudnsy 95% adunelddn nsld
N1AgARANTETINAY lutladenaaiunns sy
deT. Gondii athadlile 1Ayn1e AR wazdlen
ANNUTNUUUTEIANN “UNUENIN

3.2 HANITIATIZUAINN “NAUGTEUING

al 1 a v o VYo ‘iIJ .
msduyat/lutBuriuiunisl#3uma T gondi
WU HAT Odd ratio WINFTL 15.07 WAZA1 95%
Confidence interval §AN Lower Winfu 8.33 HAN
Upper Wiy 27.27 @lafiAn 1 sonae]Tudag
WANLTENY 95% asuLnalidn nnslvyeg

1 ¥
Tusnainu Wutlade " sedunglasumaT.
Gondii aneltla AN TR uardAIAN
PUNLUUTBIAINH “NAUTHIN
3.3 HANTFIATIZHAINN “NAUTTZUING
¥
n19R8 “smauaanuantinuiunslesuLma T.
gondii WU A1 Odd ratio WinfiU 12.74 WAZAN
95% Confidence interval HAN Lower Wiy 7.57
A . = A ,
e Upper winriu 21.41 alaidliAn 1 sanagflu
T9UNANITANY 95% asunaladn n1ed
a o v 3| % dl % ¥
T “smauaanuantiny Wutlade " safunngle

v
5uimaT. Gondii adneilv MATYNIe D5 wazd
ANAIMNAUN WULLBIAIN “NWUENIN

3.4 HANTFIATIZHAINN “NAUTTZUING

aa o a r;"l/ o o Yo il/
A9 “amaURWEe “BY A AunislesuTa T.
gondii W31 HAN Odd ratio 1WNAL 0.37 LaZAN
95% Confidence interval AN Lower N1 0.24
A1 Upper winriu 059 elddan 1 sauagflu
TIUMNANITANY 95% adu1eledn n1ed
T “sraunuie “md aluilade aetunngle

¥
5uiTa T. Gondii ateilide AU OR uay

AN9190 1 A9 ANKHANIIATIANT Serum IgG antibodies 10918 T. Gondi

Titer No titer <116 116 1:32 1.64 (cut off point)  1:128 1.256
AU 31 72 86 47 56 63 5
% 8.6% 20% 23.9% 13.1% 15.5% 17.5% 1.4%
NANIIFIIA lpeiAnlsn(negative) \ALRAL9A(positive)
793 236 (65.6%) 124 (34.4%)
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3.5 HANNTIATIZUAINN “UNUTTENIN
nsiAe Nl un Aunasldsuide T gondii WL
AN 0dd ratio W1AY 0.336 WAZA1 95%
Confidence interval HAN Lower Winfiy 0.21 NAN
Upper Winfu 0.53 @elifiAn 1 sanaglutdag
wisAnnuidesi 95% asunelddn nnsiae
il un flutlade saiunsldsude T Gondi
ag19lWe AN GR  wazliAdAanu
NINUWUL9AN "R U TRE

4. HANITIATIZUANN “NAUSIZTUIN
fladen eaa 5 flade Aunnsldsude T gondii

NAN139LATIZY Multiple logistic regression
dmuiladeitaninasanisldsudeiifes 3
fladeldun nasldnimgaanszdoniu (x1,
95%Cl(2.747,11.233),P value < 0.01) HAuylu
ST GTas Uty (X2, 95%CI(1.604,7.241),P value <
0.01)
95%Cl(2.706,9.304),P value < 0.01) HA21u
“Wiugiuns1#5uda T, gondiethaiiite 1Aty

U “sagauaanuaniiny (X3,

aa a o k% 1 a d” o
N DA uan 2 fadelaun saufiuiie o fu
Al "Nl wnnudn AN “uwusunis e

¥ |

5ULTR T, gondii 81aie4a1nLAR interact $¥1914

¥ 1
fladais 3 7 A ldan 2 tladalud
answasiadaulaay A9 31 logistic regression

v

model TA 9%

Y =-2.8988 + 1.7146 X1 + 1.2263 X2 +
1.6230X3

v

wanewg Y = Tan lunnsfunde T. gondii, X1 =

% 1 o a a
nsldningaanszdauiy, X2 = RuyluiEn
v a o v
1111, X3 = § “saauUeanuantin

PFUNITEFEIANALAIIN TR UFAN

v
ynliundasasiladesia 3 wudn n1gldnnm

gaanseIaNiuEay “Wiugang A (0dd ratio
= 5.56) § “BraUaanuANTNUNAIIN “NRUS
898911 (Odd ratio = 5.02) RuiyluiFiauiig
fanu “wiusiles?i o (0dd ratio = 3.19

FNTRNANITANEN

aqifunisszunaedisa T. gondi Tuua
X o A v Lo X 4 o
aes fadagAaudtennn wigiaeaviaidnans
| o ~ X | DA A |
Tl uwnaiidselinmadnlidevizald annnng
Anwnudndnsacngnaedlsaiiegie 34.4%
(124) Pl¥ea seropositive el Immunoconb
antibody test kit A1NATUILFALBENILABALNA
v 1Y
Vianum 360 69 asanansndlaanlumsgniasa
, p~ a' 1 .
wnahazdaaL enlunisléfuda T gondi 3
v
WFLINNIMII_UTR T. gondii 1NNTARTIRBE
3% PCR Tmendusaatneain aqueuous humor
HANIRIIANLIINANTNTIBITIANY 18 %(8/ 43)
Ya4uNINTLAN289 waY 8.7% (2 / 23)luuun
NG (Lappin. et. al.,1996)
al =] < o 1 A
Annsanelnefiusaetnaaaniug
v
YNUNA 357 B0 1NNTORATIANL T gondii 1gG
antibody 61.3% T. gondii IgM 0.28% WaZWU
v
oocysts shedding 0.28% 1ananniganLIEn
¥
wuRlAFuETe FelV e FIV azmaaaluny T.
gondii IgM  “w5uTsA FelV vra FIV @navinli
- . A 5
LN/ chronic toxoplasmosis Wasannlsailldng
pRAuMlu N suaRa Ui e luAwn
lUHIV (Heidel et a/,1990) Wana1nn1TmIIa
v
Serum IgG antibody TufaatiNAaALNLATI
€3 "W130MIAUN anti - T. gondii IgA Tugaansy
wazluanl “una #2ed% immunoblotting assay
(Yoshitaka et al.,1997)
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M5 2 W A9 NRUSIENnde Tade aesineiinaiunisldiuiae T. gondii
lade e Odd ratio 95% confidence interval P value
lower Upper
nsldnmgaansedaniu 16.67 9.19 30.26 P < 0.01
Ay s 16.07 8.33 27.27 P <001
1 “wreveanuaniinu 12.74 7.57 21.41 P < 0.01
gaufiuile A 0.37 0.24 0.59 P < 0.01
CIREVARRTT) 0.336 0.21 0.53 P < 0.0
AN9I9N 3 1 AIAINN NRUSTEUdNg Tladel T eenia 5 Tady dunnsldfude T gondi
lade e Cutpoint Coeff.  S.E. Z- P- Odd 95%Cl
Statitic  value ratio Lower  Upper
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wanannil T. gondi neliiAn13szLm
2a9lsalurendnalungu “afiaaegnaneuu
o o= o o 1 .
uaz “ATUNAININKN AA9LTIY Protozoan parasite
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Cleaning test on the meat selling table

In Bangkok fresh market

ENENE A9l DET

Yongyoot Jongsatien

ABSTRACT

26 Fresh markets in Bangkok, 62 meat selling tables were test 2 = 4 hours after cleaned, 23
tables [35.5%] were still cleaned. All the table were washed by water, detergent [washing dish solution]
disinfectant [chlorine solution]. After clean, the dirty stainless table were 11%, the dirty white-board table
7.5% and dirty wood table 60%. The white-board and stainless table were clean better than wood table.
The selling table in fresh market should be smooth stainless or white-board. They should be clean before
and after selling of meat.

Key word: stainless, white-board, wood, detergent,chlorine
UNAAED

vinmemsmannn zanelfizamiteiie mslunain ALIANTUNNHUIUAT 26 AATA TAE
psaatanzIfeR ey vennBeuieauda #ald 2 - 4 dalue Swan 62 18 141FxAidm
za1n0g) 23 15y (35.6%) wasdlevnann sealziomaludunewsiely Taanisldh then
freamuuay 1savananaein aZldTRER veraiaty uafdavielfeitll venmegeuaumile
dulde waua  11.5% el 7.5% wazldvld 60% THelwwduay umwa 190
vpm zenldAndnlFeld psldlse umua uaslRenfniituGeuuasiuangagalunis
e B3 uazARiAy reianaduReuTieuLATIdtNLEe RS AAuRuATAming
AN AT Weammineiie “af wiua i thendeany 1sazansnasiy

dramauANLazNIIRgIaLile “Bs nas Founnd 18190s 1 nineudE NENMNEMILAT

Subdivision of meat inspection, Health department Bangkok Metropolitan
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NISANHILUININLUNISNIAALSALNADALAT LULWEN
LAY LUTULN 2 R9UIANTIA LA
A study on melioidosis eradication in village goats in

2 provinces of Southern Thailand

SNA TAANTIANS

Surapol Choldumrongkul

Abstract

The screening method for melioidosis eradication in village goats raised by the farmer in five goat
farms of Songkhla and Satun provinces were studies. Out of 191 goats of over three months of age by
parameter of the seropositive of IHA titre = 1 : 160, specific clinical signs, internal organ multiple
abscesses lesion, B. pseudomallei in pus and bacteremia condition were used. Goats with an IHA titre =
1:160 were 9.94% in proportionally male > female and the elder (>1 year of age)> the younger (<1 year
of age). The specific clinical signs were chronic pneumonitis and multiple abscesses in lung, spleen,
kidney and testis, especially the spleenic abscesses were common lesions. Found of B. pseudomallei in
pus of the abscesses and the increasing of IHA titre by 30-60 days pair serum test were the specific
parameter for screening infected animals.

In addition, the bacteremic condition was not the distinctive feature for detection. Resulting of in
vivo treatment, Cefaxidime was the drug of choice for goat melioidosis both acute and chronic manifestation.
However, the serological and/or microbiological procedure for screening and eradication of the disease
were more practicable and suitable than the chemotherapeutic eradication.

Key words: melioidosis, village goats, eradication
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Department of Animal Sceince, Faculty of Natural resources, Prince of Songkla University, Hatyai, Songkhla, 90110



15 75 “muwnd I3 ok 21 o becw 113
UNARED

= o o a a X = ~
A nN13AN I wIN e lunNNdnlsawaeanTnd Tuwweimeslunuun Inadneluwneh
v
fHeng 3 weuaull aauan 191 o an 5 Wadn Tu 3 ewnevesdandn swauar g lnelddai
v ¥
Tunsasauazanngaalsa Ton IHA titre, "1INLANNT@NE NA9WLE lastny, nnanuidaluadeny
v ]
waznIWLma luaan WUITUNERTZAU IHA titre = 1 : 160 A1 9.94 % § “ suilumwaguin
1 = [~ dé’ 1 £ A )
naunele uaziiluunzanguin (1 Tawhl) snnndiunzangides (3 hew - 1 T) enisanizaes
a a o X o p o , o o ~
sanuAe Uandnt uEFes wariluadaqrnialy Wy das a1 wazduny Ineaniyili
o @ a A v 1 A | R g o X Lq =
fadluidnisennzinuldienn g wudn ungidlluadaazas unsanulda B. pseudomallei Tl
FZ [~1 a a 1 dsl/ A a 1 % £
way xrnuanlgdnunzitiulspuananind  winsnumalungzy 1Aaanlan) Aeudnatas
(12.5%) lTuanuennisldsesy IHA titre Tasiy = 1 : 160 WlnUsiRA Nkt 1N sAnNIag
1 v v
WEN 40% ueitavinn1sasaatineluszeazionn 30-60 41 NWULT IHA titre <3 AxNs0UAN
7 [ 1 o v 1 aa 3| dl v o dl
1691 wnedlulsa aun1me aunIssnEIAREE NN e TaN e liualunisineni
al 9:/ a o ng o 1 [~3 1 o vaa] o |
Alunneyialuseaaunay wazizase atnglsfnulduusin g3 a1 dluiuanalunig
o o vaa] aa o/ a i’/ A dl o o dld
mAanlsn ATLEIENNIAIIANHAETALNTIABINITUALANTT TINTINATIALARALNENIINNEATIATIE
gz~ NEN N
AN Aty Wwaeenlad | uwzduum, nann4An

\
cla

wazwnztlu “minneaaiiledne (Jodie et al.,

[
=

2000) waztiusannelman Ayas

o o
AU
Jauanden

| £%
= A

TspAeealnd  (Melioidosis) tHulsa  Insanwizduiluivasinuimalfnaauansaus

AAANNNITRALTALUATNLSE Burkholderia
pseudomallei FadlunuanFaaiia gram negative
bacilli wu'lsvialdluAn (soil born) Tt Tuis
¥ = o = %
Faulnttanrzlulel@ansduaancasa e
(Yabuuchi and Arakawa, 1993) BN AINNLNU
aglu nunfeniuiiduasindalan tne
o = d X X
azatfluhuuazilafcuan iwelsaasgnazaumn
aguuRaAuLazingnszans llmun (Merianos
et al., 1993) gluvunsinsieaaslsntiilullls
“ANEAD 1w 19, NIviala, nNsReLEeN
Ao e e o o o Hve
PALNANENMI B9 nnsadluleaille wu
Ta nsedia  ng 1fia nons uazuy Tnaanizuney

- X X e o ns

0-90 LURLNAT LaziTatiazanAtag luaulfunu
04 24 1Ay (Mustaffa et al., 1994)

e “miRame dsennedaudanseanala
b ANNNTTANELan laNanLRa1n1 TN e
1l ¥ :" 1 dl [ '8 = = =l a v o 4'3
AR ldmN welile "Rl avTaR)RANTWAN
“nianannsasinansziiiiv Ine Tadmdlufe
ay NH1raman LT luaanTasenI s luung

o e e g A ddae X .
widmn “ndet lununnilsatiszunnagiiy
d’/ o A ala
FLULIATUIBATNUDINTHULIES AR AvHE]
nnauluadaznig s v Ues fu ln uas
Ml RS p9eIn1gAdNelanuaN Rdnu
WAZYIANL 83959 WaNAINLAIANLAINN99a



114 N3 13 "0 I o N @ bae

iU Teeanielulng Mustaffa wazADLY
(1994) TH97enUA N UL AINL TN U
TuajasniEfitlen (ung abscess) 1N71 A 989
A Ay o , K - o
adldpetlndy fu deandvaas 1a Huw
viaanLaaawAsliig] (aorta) fasanaznsvgnuay
v
Tu wes ANATL kaznisheiuiaznTany
o a v o A o & 1 sil’ [~ o/
seauniAniuluaen waz mimatazidusn
¥ 1 1
INENeAEARNNIILEAANTLYT SANMAY 11
% | a K o Ay e o
yn a9 Av 1 wilaamn visedNEluen
K ~ A X
uNaaune dunaesunzetalimelsatiag @
ARARAITLN Jodie WATATUY (2000) T894
Arsnuiluadunzaialuainnisg NN
AU 43 Fa Nenasnalsawaaanlad wiqn
) £ o/ ] it’! =
willutlan 6o 1o sendimaes nsvgn
wardasa wazlu ueg AnWl 63, 60, 44, 42,
30, 19 kA 9 Llafidus ANNalAU
v dl a a ‘:ll a
prennlspawaessing  fulsaiinn
X Ao A o v 2
annawLANEaRnLlLRSau A91ieNIL
248 wvnfaailumenululszmalng dadu
FUENNUARELTS 199/NI1TNTZANE
UBIWAZADLY (2529) FNENIUANKDIENNT
nalsamaeenlnd Tuunzuay nsandamdn
pin97) neanalsresssmelng wudidnene
. . X . o
10917m aulvnnjaswuunuuFefalaawudlu
adenznneluldun Uam sy o uavdn way
AumeIuunE AL
wArdyuazAne (2531) lAsneenunig
o a a yaa dulx a
nmalsaaaaslnd Inaldianiamsuanen
39aluung luannialinauaaraalssme
1 dld o a v o aa
Ina wudrunwenlseiunRduiulonlaaid
indirect hemagglutination NNNNT1YFRLYINAL 1:40
Hanuau 2.93%
sy UnsHaTAE (2544) TH9189114A1N

A7 1qauauRuanfalamAaeninT Tulny
¥ 1
wazuny luiuide mdas 9 ludeamneu
UNIVAN W.A. 2542 D9 SUNAN 2543 WU
NHNFORIANL RIINTUIINGTBUOURLIDR
AR AUTINIABA1G = 1 1 160 MILNEUD
FnTp S WV 1.88% wazwU lALARfNTLsL
1:160 D9 1 : 640 lwdandn w181 Ba uay
1491591
¥
JodieWAZADLE (2000) F18NIULN 1TBLNA
aaulad  AunsaRasiaannud gnldniesn
(transplacental infection) WAzyNILNUNTITINgN
v
uananieasuiiudugiiinisainisfinse
a a ] a dd‘
raalsaaeasind | Au tneseaIunIsneEnN
v A dgj o rd‘
LUULAZT DN AUDIA LA WNE LAY “AALNNETN
vuegiLuneluigaiu uausuewee n9iA
TpanuINHsEay HA titre Tuszsu 1:80 Tuanuy
Aoy = P X ~
nfilasansaniailuawassune Ja1nng
daauanuazhdiy Hensaseaugiduiuly
A 1 o 1 A/ A
iaanagfluseau 1:40 uspsanLma luaenLas
a =) o a aa o %
NUAINTE LB ALAYFL WALl ETIRANNAIN
fungsneuszaziogn 2 ey
1 v v
9189 1IN NAINT NN AT T
¥ RX aa ‘:ll aa o Qll 1
aasnvnde UDEENNaYAiadunuiuey
FZ [~1 a a | 1 21 dl
Teunehusaeaulnd vizald anuziinnsnay
F7 [~ sil’ﬁdl % <
vanlgdunziilulsatiffaayfaanuiiuainig
v
LAWY WTRATIANLILTE TT NN FR NI NN
a @ = 9 L Y 4 o = ~
An9uluEluadenvwinty deriuunefawned
X o . v, X
\walsant lusnaniaaruauninuay i tnede
= Y v 4 d
av wandan i lugafluszezionnil uaziile
=< d’l o [~3 M v dl % o/
Merzaziinisdnunnazlilauna nnnasldsesu
Ay o 2 2 @ ada
pRAnfulsaluaenduduldgnirauas zaan
¥ ]
nTuAtagen el At lluLe U Teana
Wl lddnszazuazinandaalunisianziaan



15 13 “unnd I o& 21N @ b&e 115

v
Wien 12 A3 iy Tuahauazilaqriudalaildgd
aa ai A o o
LULLAZAENWNNE d iHasansanlanals
Talusduay (AEULATATUY, 2543)
. 2 = Y Ae o ol
patiunsAnEATIaaliqalss 9AnN
°’1ﬁ§yiumiﬂixmagﬂLLUULL@%‘Emiﬁmmx
YANNANITINASEN 1N UantAatig
v
usueMuazuiuauIunzsalaluln suials
o A % A gy
naasdAnLaang1sIuaaTInN linalunisg
. X . 4 . o
Paneialenlusaniswng B9 lluwsnang
Tunsnanlsasiall

L4 aal
aAUnsaluazIang

¥
sneuddnivinsiiudayaanuny
o e A ~ a
gnu wiugAudesInauazuaslnaydoun
v
weslagneamsly Awswunlu 3 e1neves
[ o o o a A é{
i auazAnin gadant 3 tauaull
Auau 191 6 Teauanuweilu 2 ngu Ae 3
%
wau - 1 1 way 1 Taull iudeyalaenig
lANZAeAINeRTIan IHA titre Aialsa MNAENNS
984 Alexander et.al (1970) aAN PCV LA plasma
% 1
protein, INZ@BANNLReR, “wnAann1silag, 4
v v
udnga heuay 1 A5 Wunan 6 inaufiase
v v
4 nasantiuazmaninlhaesdesasn 1in
do s . X .
gnlinalunimanedellne ausneiune
dIQQ o/ v 1 | < ¥ o/
mtagauaaniulss iudayananisinming
nisganisuaztiangsasise TnaEuiAudesya
¥
FOUARRUNNNNTUS 2547 - NOHN1AN 2548

NISAANITLALNLNEURILNEATNS
1 v v v
une R AN AT 5 WAsu e
o ' o ri‘l’ A o o ' al
Wuggnu wiugnudesiuiuguasinayden
JTAU NELABA 12.5%, 25% WAz 37.5% MR

Y v
o a

3 el Shuauna w191 fa uaziinng
&AnnaT °ﬁﬁmﬁqu
Wuuwenaglunrfunidszdsinag
a 2 S| 9:/ 1=
svunpnveslspnentlad WissazAaust wa.
2644-2546 uaziagldiunismsaanusy iy
v %4
nRAuTulsnNAeealad  Aauslszdy 1:40 Tu
T (luunzarguinngt 3 e Tudasd we,
o o A o Aa dy
25452546 AMNUANNIARRENYTUTIFALTa LD
Warrer (1990)
" X
2. inumsnIgImlATaINNIazIAEunsIne
Tszuunisdnnisatinadentiunsi nanape
URALUNZIANNTNEIINTNR JUaY 5 TN, ARAA
anluwdasmnn 1 Suussnnfeuw Tddlinagls
¥ a a = v 1 [
anedun Fu AlsFanliunzetedy gnune
gnuEnuniennt 3 e uazunzynaaz iy
natheneninielunn 3 heu Inisuangnun

-

wAduazinAsaanaInii Anaannausiug

AINUANITINTT WAL lEWaRUGANEN waiiuglu
8m91 1:15 69

nsapMsiAutaya
1 %4
Antaanunsiieny 3 wenauld 14
AU 191 A uunwgan a.Aaadvanli
A. 4181 62 F1 a.Aqulaw 84 A1 uaz
B.AUNINAY A, A 45 60 Tneuenuneiilu 2
1 A A =) dé’
nau ANeny Ae a1 3 1hew- 11 uaz 1 au
1 v

Tl vinrsdaihudnuneynsa ngaa a0
niguan mwmmwmﬂﬂmmmm m\r‘]
LN Yimsianz@enunsite 191 A Lite
thlilngaadasziy anwiald Wdud dn pev,
WBC count, plasma protein, WAZATIANNTLAL IHA
. Y o = A Y @ v N o
titre udntiunniva lilludiayaiEunimaand ua
v 1
ANULTUANAY “uRUEI099ZAY THA titre 9



116 N3 13 "0 I o N @ bae

v
WUALUNMIING 35U 2070 LazennsiaLing
Py wenguunzeaniilu 6 ngu AusTAUTe
1 1 ¥
IHA titer NmsaanLuaraInIseeiitlsangfsil
W . .
naud 1 ladu avannnstay uazliny
IHA titre 119U 13 F
nauy 2 laiu mAsanisilas wu IHA titre
< 1:160 A9 23 6
nguy 3 laiw meanisilae wu IHA titre
= 1:160 97U 12 Fn
NaNM 4 u AeeINT9Llag WU IHA titre <
1: 160 A1UaU 11 Fi
NaNN 5 u AseINI9Llae WU IHA titre =
1: 160 AU 7 Fin
v !
FUNUNETI 6 NN NANHIAUI 66 5
Tnevinunneaamanluyuneynsayiinisians
v |
weAuNEYNAsaNhauas 1 AT WatAen
NIFITIATTAL 2NN (AnesAszneutesiden)
v 1
INNTLTR, AIIATTAL IHA titre LWBRNNST
wasuu s Feumiensendng IHA titre n1awL
v v
deluaen AU wiindouazszAu anInwuay
v s : < o A
ansthensng lussudnnsiiudeyail e
Junzlunquidnwipigaziinisdngin
o a Y o K o
fu mslneazipealaunnNaiu wazuinlu
P = ) oAl v =
NIUNUNENANLREUBNNGNNANE (66 F9) Nz
nsdnilszdRlasaziaaanazingindu ne
Tnsazi@sadunaniu inerunldiduan “uns
o o a L8 =2 '
wiFudansninanisAnmsiel
o \ = 4 A g
wasaneungAnely 2 wiew Waedn
P A o = v A Y £ o
JRBUN 3 NAIRNIAILLABAATIN 3 UAYAIAR
I A [ 1 o A o '
wenunzi asenstheatnadanuiniiiungu
a9l pauualtduresnisiiulsaaany
3 unzlungui 4 uaz 5) A1u9u 8 6 (AN
18 6ia) \luwag 5 6 a1g 3-8 T uaziweie 3

FI B¢ 2-7 T s uazsngndi ms neaaanig
neluadangsine ineifsaumeauiuss iy HA
¥ |
titre WATATIINLLTAlUWALA WATINANIWNNT
a A v oA A =
neaadlil 3 ey Wadh \heun 4 ae9nnsdne
v ]

PAINIANLIAAAATIN 4 LAIRTAAADNUNZANN
LA Aa o . A A a
NGNT 1, 2 waz 3 NATZAU IHA titre ASVIVTALAN

P Ko a Y
Ay viramAanLma lulaanatingties 1 A5 (AN
v
nN9AA 3 AN Usznauduiseau ANTNAT
asusdalin asenisteela arwu 15 #a
(a1 48 60) WuwAg 10 6 a1 37 T uazine
e 5 6 81 2.7 T snsuazegnivensoa
Annsluedensine el Fausuiuseay IHA
v
titre WATNIIWLIEA IUATEINY UAIANNHITINUNE
v 1
NAABILAIRZYINITALITAAININIFANLANN
o , , o o v & A
adenzsine] v Uan doune fu fuvisels e
o dgj dl A o aa o )

Nz maiNatiusuNaNITINage LaznNIg

5 a4 s
na auANlraaTdasann taaaanlden
kanamycin, doxycycline, ceftazidime, cortimoxazole

v

ciprofloxacin, oxolinic acid FaaINUUNINIAR
RONUNZAINNANT 4 uaz 5 U AvaInIsilae
pnelsaiaaanlnd | u9u 4 6 (87N 10 FaN
\WAR) WATAINNENT 2 UAT 3 AU 1 6 1N
vinnadnen Taeldeniline auwdadneangvs

) d” a a Q/ddl % a om
vnaneaewanentnd 165N aluviesdiisnig
(in vitro) Taein132a 19 3 TURAAANY NAIAINANT
VIIN193NE NN19AIAAINTS, LANZIABALAS
¥
YINNNIAIATLAL NN, IHA titre LAZINIELTD

A o i’/ o s o o
Twaen peniesasn 1 “Us1vinasannine
T A p 2 9
warpsesaliiilensy 1 ey LAY 2 1AAL Nad
AINFAHIANEIEN LHAATL 2 1HBU URINITNEN
ARABNUNEANNGNT HTLN9SNEN auau 3
§in (AN 5 §i) TINHARAY WadAani17inely

SEALIFNAU NNFNaTU_ASTINLAYATIAINT



15 13 “unnd I o& 21N @ b&e 117

py l o
Aely WalfFauiaunanisineg aannisg

= o =
W UUTUNANITAIIALAAA

v 1

sldayaannnimaaneivnunLie
FeNUHALATAANT] TREANNAINIZINENT
AANTASITA (screening test)  AIUATWANN
AU UIIAA T (WLIBINTUTAINITLAL

o A 53 A A o
mmﬁzm@wuLmiumﬂmmalummx) 100
X

ANUIBUNEA W RALINRG [HA titre=1:160

Fuoentlulafifus

NANISANEILAZIANTOL

v v

¥ dl % v a o
AndayanlianungisTw 191 fa an
5 N U 3 8108 289IUdA 9UAN UL Ba
3| A =) o o
dluuneany 3 wew - 1 U AU 67 A uaz
| = o o 1 dld
21e 1 4 - 7 U 91U 124 Fi7 WUIUWERE
520U IHA Tn1e95 = 1:160 HAUIUYR~ 1 19 Fn
ARl 9.94% ANANUIBUNLIINNA T9 N9
PIENNUEN 19T UNTUATATUY (2544) D992

o

Junzludandn 9aanuar ga Aénsnag

Usngaeslames = 1:160 wiriu 1.88% lunis
[ ¥
ng9atilatl W.A. 2542-2543 wANAINHAINNIT

v v 1 1
FATIUTINUANINHBULNANTI987g) UNET
= 1 a) A o P
Heguannagn 11 fdnsnissngueslames
> 1:160 4091 (12.1%) unsidang 3 ihiew -1 1
(5.97%)

LATAINLENATHINATBILNENUTTUN

val o '
wAgRenInsUsngeslames o 1:160 9
N9 (15.66%) WNZIWALHE (5.56%) F9mIT197 1
AAARBIALITENTUUBNGHN (2543) TINURLTR
nnrainnsinalen annunezNmafanlsALNAee

v
alnd 3 s lunAgviaune

HANTATIATINUNE
AINNITETINUNENAN AU 24 5
AINAUIU 66 57 T 5 NGNNIINARDY UFIAN
= \ = £ o A o
nsAneiull 3 thew Tedndanlaaende
v
DIULNI AN nnsa Anelalinanen
WazAN IHA titre AnuLiatiy 7 nqu Ais AG Usng)
4 ! v
HARIH UNENANTL AeaINIIVanKA 9 6a 1y

ANS99 1 1 ANNNINITANETRUNENIRTIANLIT AU RANTUTsAmMARenTaT  FoedE IHA = 1:160

WAy < 1:160

ANUIUAINNA lomas = 1: 160

lomas < 1: 160 Tinulomes

ANUIUF(%)  WUBINNTLRE ANUIuE(%) Wuenn1gLlae anuausia(%) wuannsilae

LWA

it 83 13(15.66%) 4 19(22.89%) 1 51(61.45%)

e 108 6(5.56%) 1 15(13.89%) 2 87(80.56%)

593 191 19(9.94%)  5(2.62%)  34(17.8%)  3(1.57%)  138(72.25%) -
gl

3 mau1 1 67 4(5.97%) 1 3(4.48%) 60(89.55%)

1971 124 15(12.1%) 4 31(25%) 3 78(62.9%)

593 191 19(9.94%) 5 34(17.8%) 3 138(72.25%) -




118

WWAE 6 B0 uazineie 3 6w AluAN9
2
o Ayt A ~ %
wegwuainig S T iiaaung Jungn
%
wglavaunszunn guren Wuinan
¥
TuanuuiHUNENAY 3 62 & AIBINIT
o o Ny v o Y
AUNTLIN LAY 1 F7 WU AR NN 2 919
, - v = A ~ %
auwAlanuaIn gl Gu eaimns Suyn
v
welaraunszunn dnninan EuUAeITULNE
el iz luauau 3 fa reaunsnAe L A
X o Ao o 1y Iy
a7n79HN 1 Fv ARAINIANL LUBIFANLNTN
e lPENUAINITUIN FNL U
v 1 1
UWEHNUNATL ASBINITAZLTNL A
v 1
ANNTFILFALTNNAADILAZAZL AYAINITEN
Faranligaunaud 3 1a9n1IaaaaLay lina
| o aa o
uassian1eine inaelasusuazdany
TUE9FARUN 4 UBINITNARBIN LN
w1 6 lungud 3 (e = 1: 160 Aeaq
WAL ANBINIFU2NTEAUTULATNINNAG
fnelagentfTouzasuamausliney wes
TUIUEAUNLNAS 1 52 uazUNLNALEE
% 1 dl ‘ile:l v K
1 falunguungiin aeanisiifliannis 14 G

1 v v
\aawns Juyn welanszunn uwazidmedn

N3 13 "0 I o N @ bae

an IEAEM UAaRAIHAREA NN
;74
Tdwuannsuas linuiteneslsnudeanlng
"ufuEinuluadaaenud Rl
4 ws. y .
inuldvesn o Tnewuuudinaasuny 7 60
° A~ o o =
ananuuuneInu uadans 8 fia Tnadiawin
0.3-1 9H. AW 1-4 40 vasusiazdine uEd
TadauaL “ulnguinans 0.3-0.75 43, nszans
v
ag/ludi cortex 20410 WUAWIW 39 qa 1Tl
Ansaaslsannuluuneauau 6 5iv arnunei
= o ° > X o ey
wulluadenzanuauria~u 8 fin Tuaneenny
;7
Tutlapaziawin 0.6-0.76 au. nszantaguile
Uanyntin (apical lobe) WAZHYNAIY (cardiac lobe)
e o = X o
Hndunzaziawmn 1-2.5 g, Tuikeduny
£ @ Ao \ o v
saihiEdawnalugjuazinazuanlide uazay
° ¥ a X N ¥ P
iAansnsvanadalu” suondauls
Hnuiidan aulugjaziliidieulen
v
ant uuazdnazyinliitlen audwianistinge
(adhesion) fiuniiedasandaiu 1wnliune
welasnuinuazynglaveunseunn
wasaInu1du aswuil luadany ez

a
3 1

¥
puadludliinivimaiNansnanima B,

. Y o X =
pseudomallei LL@ﬂﬂVﬂﬂ’]iﬁli"}@‘M’]Lﬁ@iul,@‘ﬂﬂ

AN9199 2 HANNIAIIRTINUNZARINAIRNNAIUN 4 UBININARBIAUIN 24 B

ngw 87017 U lonmaf RN
deudl 1 dewd 2BeuR 4wl wude wude il o
Twedunr Wl lwden
A UL AIBINNS 4 <1160 1N 3 62 am 1 G 2 2 - 2
B liu memanng 5 <1:160 @M 55 - - - -
¢ llw mvennng 2 1160 Ad# 2 B - -
D liw msennng 4 51160 Ui 3 AT 1 3 3 3
Eladl meennng 4 >1:160  @m 4 5 - -
F W A9BINNg 3 51160 1N 3 6 3 3 1 3 ANELAd 1 A9
G W ANBINIg 2 >1:160  @m 2 6 - - fhulspay




15 13 “unnd I o& 21N @ b&e 119

fnel HAN9RIIAAIL ASIUANINN 2 qUuaNg

1 dl | a a al
peaaanaInwLdneulsawaaaning  H
a1 8 Fn Tendluunsinmantiluadeny

¥ ]
WATWLIT® B. pseudomallei 11l Feniadndlidnng
NNz uedlsA (Yabuuchi and Arakawa, 1993) 114
, X - . . .
AuURTLUNEAL A9a1nIiag 5 6in wazly
o o ‘zll f~f a o
W AeeINTg 3 Fn uweynsdaiidulsadisyaule
1 v v
AAFANIUAINNITATIARDAUINTL T LHDU 53
A d‘ 3| U dl v o
upnaud 2 Wudulld T anedeaiuseNiued
19y UNT WATATUY (2544) Tan1uiua lEAN 1L
rd‘d 1 2 a a ' o
asnnadnlinausnaaslspuaeanland windu
1 v 1

1:160 YFANINNIAZAIANIALNNAWEDN AT

b4 v
ATIATIU19AINATILIA T LABY (pair serum

1 c QII ' o (3 A
T wysnd TwamgiAawwdaiaanaaly
NaN D 4az F HAY aNdunnsinnmsgiu uas
AINNITPANHUTNUII AN TIARY U9
Wadana1a Ingleniziiainsiadaruaununn
1 ¥
nauUn@ (Multimor- phonucleate) GRIRG PRt RD
3 74
AAmaLLLEes uAIMNINTAT 1 A1 BUN
v [

WuduneysunaiAnag luinueinainda
o : o
wnsguanides Tnaanizlungu D uay F 4

| ' s:ll | glj A ° ' ' dll
dunquiniiulsafiazlidrsindnnguaun
DAARBINLIINLINUIBNGH WAZADLY (2543) T4
WL31AY BUN aasunstauazanasaelsniud
aaelnd azdlA1 BUN agluinnsisn (11.363.7)

v v 4

uWINAY AN 24 FaliAan

method) asaniheui 1-4heudl 4 Tnganzlungs A, D
uae F TneflAn condition score (Edey, 1983) am
HANNSATIALADN A99N 20

ANNNITIAIZLABAUNELNAATIATEAL
ANINANUNEN AR LA ZHI TN U
24 617 TARULNNENATNANTIN 2 (A-G) WLFNAN
Wndenuasdauiy uasaluTnaduneaunsyn

oA \ - Py ! =
nguilAneglunaininsguaniiulungs F

Ny o & - ;
HANADUANNF DIDV1ALNTRN qmﬂWW@qeLu N1

A1INN1TANRI LA TLE WA AN LN 1EN
184N19AANTaY TasianAasatin1snuannisLios
o/ I'd ) o r;,‘l/ =
svoulomas nisnuelluedeny niswuiaaluel
X 2 \ | oA
waznsnudaluden wudune lunguindenle
AT =1:160 WA 15 6 (Fat Aalumi3199
4) Tpananuniglu

A5199 3 AnladisangnresungminansNariTInAsadu astsnaiuau 24 69 luneun 4 199

NITNAXARN
ngx
78013 A B C D E F G ANNIATFIUF
PCV(%) 3158134 33.4x11.2 36196 307+17.1 34.8:122 249x132 295:9.8 24-48
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*Schipper (1992)
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Production of Recombinant Non-Structural Protein
3ABC of Foot and Mouth Disease Virus (FMDV)
Serotype O using Baculovirus-Insect Cell
Expression System
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Abstract

Foot-and-mouth disease is one of the most highly contagious diseases of cloven-hooved ruminants.

FMD is on the A list of infectious diseases of animals of the Office International des Epizooties (OIE) and
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has been recognized as the most important constraint to international trade in animals and animal
products. Vaccination is one of the strategies to control FMD. However, it is very difficult to differentiate
vaccinated animals from naturally infected animals. Currently the detection of antibodies to non-structural
proteins (NSPs) is the ideal diagnostic approach to distinguish virus infected from vaccinated animals. In
this studied, the NSP 3ABC DNA was successfully cloned and expressed using a baculovirus (AcNPV)
vector, pFastBac™HTb in insect cells. The PCR products of 3ABC gene were approximately 1300 bp in
size. The SDS-PAGE analysis of recombinant protein found that the size of recombinant protein was
around 53 kDa. The dot and Western blot analyses showed the recombinant protein was specific to
mouse anti-histidine monoclonal antibody and porcine anti-FMDV serotype O hyperimmune serum. Thus,
the recombinant 3ABC protein may be useful for the development of the test for differentiates infected
from vaccinated animals.

Key words: 3ABC, FMD, gene expression, baculovirus system, recombinant protein
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Introduction

Foot & Mouth Disease (FMD) is a highly
contagious and economically devastating disease
of cattle, swine and other cloven-hoofed ruminants
(Bachrach, 1968). Symptoms vary in importance
between species, but in general, the animals
develop a fever and may get blisters in their mouths
and on their feet as well as on their teats. FMDV
is a non-enveloped, single-stranded, plus-sense RNA
genome of approximately 8,500 bases belonging
to the genus Aphtovirus in the family Picornaviridae
(Rueckert, 1996). Picornaviruses are icosahidral
particles, 30 nm in diameter with 60 copies of
each of four proteins VP1 (1D), VP2 (1B), VP3 (1C),
and VP4 (1A) (King et al., 2000). These proteins
are derived from the proteolytic cleavage of a single
large precursor molecule. Seven serotypes (A, O,
C, Asia 1, and South African Territories 1, 2, and 3)
have been identified serologically, and multiple
subtypes occur within each serotype (Bachrach,
1968). There are three serotypes (O, A and Asia1)
in Thailand. FMD is on the A list of infectious
diseases of animals of the Office International des
Epizooties (OIE) and has been recognized as the
most important constraint to international trade in
animals and animal products (Leforban, 1999).

Current serological tests for FMD detect
antibody to the structural proteins of the virus.
Antibodies to capsid proteins are induced by both
vaccination and infection. In the past, the test to
detect the antibodies against to virus infection

associated antigen (VIAA) was used to differentiate

the vaccinated animals from infected animals
(Newman et al., 1979; Pinto and Garland, 1979).
However, this assay still suffer from several
limitations, including low specificity, variable
sensitivity and the fact that antibodies to 3D can
arise from vaccination, particularly repeated
vaccination (O’Donnel et al., 1996; Villinger et al.,
1989). However, virus replication during infection
results in the production of a number of non-
structural (NS) proteins, of which some are
immunogenic (Tesar et al., 1989). Animals,
vaccinated with highly purified, NSP-free vaccines,
produce antibodies against the structural proteins
(SP) but not against NSP. FMD virus infection
induces antibodies against both SP as well as NSP.
Differentiation of infection from vaccination by
detecting antibodies to NSP in infected ruminants
has been described (Clavijo et al., 2004). To date,
the detection by ELISA of an antibody response to
the non-structural polyprotein 3ABC seems to be
the most reliable indicator of a previous infection.
NSP ELISAs are simple to perform and are suited
to large scale application by a routine serological
laboratory. Furthermore, an additional benefit of
tests using NS proteins is the fact that a single
test can be used to detect previous exposure to
the virus regardless of the serotype of virus
involved. In this study, the 3ABC gene of FMDV
serotype O was cloned, sequenced and expressed
using baculovirus expression system. The
recombinant 3 ABC proteins were tested with

serum from FMDV-infected pig.
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Materials and Methods

1. Virus and RNA extraction

Field strain of FMDV serotype O was
propagated in baby hamster kidney BHK-21 cell
line. In brief, BHK-21 cells were cultured in a
Minimum Essential Medium (Gibco®). Cell culture
was inoculated with field strain of FMDV serotype
O and the virus was harvested after the inoculated
cells showing 75% of the cytopathogenic effect.
In order to obtain the virus RNA, the inoculated
cells were lysed using acid-guanidium-thiocyanate-
phenol-chloroform method as described by
Sambrook and Russell (2001).

2. cDNA synthesis and PCR

The first-strand cDNAs were obtained by
reverse transcription using 1 ul of sample RNA, 10
mM dNTPs (Fermentas®), 2.5 uM Oligo-dT primers,
1X reverse transcriptase buffer (256 mM Tris-HCI
pH 8.8 at 25°C, 50 mM KCl, 20 mM DTT), 5 mM
MgCl,, 0.4 U AMV reverse transcriptase and 0.4
U RNase inhibitor (Finzyme®) at 42°C for 50 min.
The open reading frame of 3ABC was amplified by
PCR using a specific forward primer containing a
Spel restriction enzyme site 5-GGGGACTA
GTGCCACCATGATTTCAATTCCTTCCCAAAA-3x
and a specific reverse primer containing a Hind!ll
restriction enzyme site 5'-GGGGAAGCTTCTACTC
GTGGTG TGGTTCGGGGTC-3". PCR reaction was
performed with 1.0 U of Tag DNA polymerase
(Invitrogen®) per sample in a total volume of 100

ul in reaction buffer containing 10 wl of cDNA

templates, 0.25 mM dNTPs mix (Invitrogen®), 10
mM Tris-HCI pH 8.8 at 25°C, 50 mM KCl, 0.1%
Triton X-100, 5 mM MgCl, (Invitrogen®) and 1
pgmol of sense and anti-sense primers. The PCR
condition included an initial denaturation at 94°C
for 5 min, followed by 35 cycles of denaturation at
94°C for 90 sec, primer annealing temperature at
67°C for 90 sec and primer extension step at 72°
C for 90 sec, and the final extension step was
performed at 72°C for 20 min. Amplified products

were analysed by electrophoresis on agarose gels.

3. Construction of expression vector

The 3ABC gene fragments were ligated to
the baculovirus transfer vector, pFastBac ™HThb
(Invitrogen®) at spel and Hindlll restriction sites.
The ligation reaction was used to transform DHb5a.™
competent cells (Invitrogen®). The LB agar plates
containing 100 ug/ml ampicillin and 7 wg/ml
gentamicin was used to select the positive clones.
The presence of the plasmid containing 3ABC gene
and the orientation of insert have confirmed by
PCR and endonuclease assay. The correctness of
the clone was verified by DNA sequencing using
the ABI Prism BigDye Terminator Cycle Sequencing
Ready Reaction Kit (BSU, Thailand). The nucleotide
sequences of recombinant plasmid were then
translated to amino acid sequence by DNASIS
program. For phylogenetic study, the 3ABC
sequences of b reported pandemic strains (PanAsia),
O/SAR/19/2000 (accession no. AJ539140), O/JPN/
2000 (accession no. AB079061), O/TAW/2/99bov
(accession no. AJ539137), O/TIBET/ CHA/99
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(accession no. AJ 539138) and O/SKR/2000
(accession no. AJ539139), were used to align with
recombinant 3 ABC protein in this study using
CLUSTALW program. In order to obtain recombinant
baculovirus DNA, the recombinant plasmids were
used to transform DH10Bac™ competent cells
(Invitrogen®). Colonies containing recombinant
bacmids were identified by showing the disruption
of the lacZar gene and also confirmed by PCR.
High molecular weight mini-prep DNA was obtained
from the selected E. coli clones and was then

used to transfect insect cells.

4. Baculoviruses and cells

Sf21 cell line (Spodoptera frugiperda;
Invitrogen®) was grown at 27°C using SF900II
medium (Invitrogen®) supplemented with 4% FBS
and Txantibiotics (GIBCO/BRL). The recombinant
baculovirus DNA was used to transfect Sf21 cells
line using CellFECTIN® (Invitrogen®). At 72 hour
post transfection, the recombinant baculovirus
particles were collected from supernatant and viral
titer was determined using plaque assay.
Subsequently, the high-titer seed stock of
recombinant baculovirus was produced by Sf21
insect cells at a multiplicity of infection (MOI) of
0.01 to 0.1 using Sf900 II SFM® medium
(Invitrogen®) containing 4% fetal bovine serum
(GIBCO/BRL) and 1x antibiotic. High-Five™ cell line
(Trichoplusia ni) grown in Express Five serum-free
medium (Invitrogen®) supplemented with 2mM L-
glutamine and 100 unit/ml penicillin G, 100 pg/ml
streptomycin, 0.25 ug/ml of amphotericin B

(antibiotic/antimycotic solution; GIBCO/BRL) was
inoculated with recombinant baculoviruses at a
multiplicity of infection (MOI) of 2 for the production
of recombinant 3ABC protein. After 72 h post-
inoculation, the infected High-Five cells were
collected by centrifugation at 200xg for 10 min.
The infected cells were resuspended in lysis buffer
under denaturing conditions and the recombinant
protein was analysed using 10 % sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). The theoretical size was calculated
according to the amino acid sequence. The
immunological reactive FMD NSP was elucidated

by dot blot and western blot analyses.

5. Dot blotting analysis

The crude protein extracted from both wild-
type infected cells and recombinant baculovirus
infected cells was dotted on nitrocellulose
membrane (Biorad®). The membrane was first
treated with blocking buffer (5% powder milk in
PBS) and then incubated with either swine anti-
FMD hyperimmune sera (1:100) or mouse anti-
histidine IgG monoclonal antibody (1:3000;
Invitrogen®) for an hour. Following 3 times wash
in PBS-Tween (0.05%), the membrane was
incubated with either goat anti-swine IgG
conjugated with horseradish peroxidase (1:3,000;
Sigma®) or goat anti-mouse IgG conjugated with
peroxidase (1:300; Sigma®) for one hour. After 3
times washing in PBS-Tween (0.05%), the
incubated with

membrane was finally

diaminobenzidine solution (Sigma®) containing 1%
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H,0, for 5-10 min.

6. SDS-PAGE and Western blotting

The crude protein of both wild-type infected
cells and recombinant baculovirus infected cells
was analyzed using 10 % SDS-PAGE stained with
Coomassie brilliant blue. For Western blot analysis,
proteins on SDS-PAGE were transferred onto
nitrocellulose membrane using 400 mAmp at 4°C
for 5 h. The membrane was first treated with
blocking buffer (5% powder milk in PBS) and then
incubated with mouse anti-histidine IgG monoclonal
antibody (1:3000; Invitrogen®) for one hour. After
3 times washing in PBS-Tween (0.05%), the

membrane was incubated with goat anti-mouse

1317bp ———p

Figure 1

lgG conjugated with peroxidase (1:300; Sigma®)
for one hour. Following 3 times wash in PBS-Tween
(0.05%), finally it was incubated with
diaminobenzidine solution (Sigma®) containing 1%

H,0, for 5-10 min.

Results

1. Cloning of the gene encoding of 3ABC

The RT-PCR products of 3ABC gene were
approximately 1300 bp in size (Fig.1). Alignment
of the 3ABC amino acid sequences of the five
PanAsia isolates and the recombinant 3ABC (r3ABC)
sequence obtain from the present study is shown

in Figure 2. All the PanAsia viruses 3ABC amino

—— 1500 bp

wif—— 1000 bp

Agarose gel electrophoresis analysis of 3ABC gene product amplified by PCR. Lane 1. PCR

products of 3ABC gene ; lain 2: 1 Kb DNA markers; lane 3: negative control.
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O-SARA19-2000 —EIF'EQHL‘?T.‘E'FIIEKC-GHE&HEFFEHWDEINEELEFHQ&TEWHEMEHF ]
Q- JPRA2000 =ISIPSOKAVLYFLIEKGOHEAAI EFFECMVHOSIKEELRFLICOTSFVERAFERLEENF 55
Qs TAWA2-99bow =Sl PSOKAVLYFLIEKGOHEAA I EFFEGHVHDSIKEELRPLICOTSEVERAFERLEENE 58
O<TIBETCHA-9% —SIPSOEAVLYFLIEKGOHEAA I EFFECHYHDSIKEELRPLIQOTSEFVEKRAFERLEENF S8
QSRR 2000 =~=SIPFSOKAVLYFLIEKGOHDAA I EFFEGHVHDSIKEELRFLIOOTSFYKRAFERLEENF 58
rIABC HISIFSOKSYLYFLIEKGOREAAIEFFECHMVHDSIKEELRFLIORTSFVKRAFKRLEENF &0
O-SARA19-2000 EIVALCLTLLANIVIHIRETRERQOHVDDAVHEY IEKANITTDDETLDEAEEKNFLETSGA 118
asJPH<2000 EIVALCLTLLANIVINIRET REROONVODAVHEY IERANITTODHTIDEAEKNPLETSGA 119
Q- TAV-2-99bow EIVALCLTLLANIVIHIRETREROCHVDDAVREY IEKASITTODETLDEAEENPLETSGA 118
O-TIBET CHA-99 EIVALCLTLLANIVIMIRETRERCOMVDDAYHEY IEKANITTODETLDEAEKNPLETSGA 118
C-SAR-2000 EVWALCLTLLANIVIHIRETREROOHVDDAVHEY IEKANITTDDETLDEAEEKNPLETSGA 118
rIABC EVVALCLALLANIVIHVRETHEROOTVODAANEYSEKSHITTODETLDEAEKNPLETTGA 120
O EEEEE EEAEEANE EEN NARE EEAN AEE ® 0 EAEESEEEANEEREEEEE N
O-SAR-19-2000 TTVGFREKTLPGHEAGDDVHSEF TEEVEEQPOAECPYTGPLERCEPLEVRTEI POCEGEY 178
Q- JPHA2000 TIVCFREKTLPGHEAGDDYHSEP AKEVEEOPOAEGPYTGPLERCKPLEVRAKLPOOEGEY 179
O TANA 2/ 99bow TTVGFREKT LFGHKASDDYHSER AKFVEEQPOAEGPY TGPLERQEPLEVRAKI POOEGEY 178
Q+TIBET~CHA-99 ATVFREKTLPGHEASDDVHSEP AKFVEEQPCAEGEYTGPLERCEPLEVRARLPQOEGEY 178
QSARS 2000 TTVGFREKTLFGHKASDDVHSEFAKFAEREOPOAEGPY TOPLEROKPLEVRAKI POOEGEY 176
rIABC FWGFHEHEIPGH{EDH?NSEPAHPPEDQFNEGPHGFLERQEPWHHTPWEGW 180
AEEEEE AR e WE AEEE W W SRR
O-SAR-19-2000 AGPHERUKPLEVEVREAPVVEEGFYEGPVEEPVALKVEAKNL I VTESGAPFTOLOKMVMGH 238
O-JEN<2000 AGPHERUEFLEVRVEAPVYKEGFYEGPVEKPVALKVEAKNLIVTESGAPFTDLOKHVMGH 239
Qs TAVA2-99bow AGPHERCKPLEVEVEAPYVKEGPYEGEVEEPYALKVEAKHLINTESGAPFTDLOKMVMGY 238
O-TIBET-CHA~99 AGPHEROKPLEVEVEAFVYEEGFYEGEFVEEPVALKVEAKNLINTESCHPFTDLOKHVMGH 238
Q-SARA2000 AGFHEROKFLEVEVEAFVVKEGFYEGFVEEPVALKVEAKHLIVTESGAFFTDLOKNVHGH 238
rIABC ACPHENOKPLRVETHAPVYEEGP YEGPVEEPYVALKVEAKML INTESCAPFTOLOKMVMNGH 240
N 00
QSAR-19-2000 TREVELILDGETVAICCATGVFCTAYLYFRHLFAEEYDEINLDGRANTDSOYRVFEFETE 2598
O-JEN-2000 THFVELILDGKTVA ICCATGVFGTAY LVFRHLFAEKYDEIMLDGRAMTDSDYRVFEFEIK 299
O/TAV-2-99bow TEFVELILDGETVAICCATGVFGTAYLVPRELFAEEYDEIMLDGRANTISDYRYVFEFEIE 2598
O TIBET/CHA-99 THPVELTLDGETVAICCATGVEGTAYLVFRHLEAEKYDKIMLDGRAMTOSOYRVFEFEIK 298
O-SAR-2000 TEPVELILDGETVAICCATGVFGTAYLYFRALFAEKYDE INLDCRANTOSOYREVFEFEIK 258
rIAEC THEVELILDGKTVEICCATGVRGTAYLVFRELFAEKYDE IMLDGRALTDRDYRYFEFEIR 300
La B b o B i o i b o b L mm.‘.‘.‘.‘“'“.‘.‘“ R EEEEEEEE -
O-SAR<19-2000 VEGO DML SDAALHYILHRGHEYED I TEHFROVARHKKEGTPYVGY INHADWGRLIFSGEALT 358
Q0AJPHA2000 VEGODHLSDAALHVLHRGHRVRDI TKHF ROVARHEEGTPYVGV INNADVGRLIFSGEALT 359
O TAVA 27990 VHEOMISDAALHVLHRGHRVRDI TKRHFRDVARHKEGTPYVGY INHADVGRLIFSGEALT 358
O-TIBETACHA~99 VHGODMISDAATMVLHRGHRVEDI THHFRDVARHEEGTEVVGY THHADVGRLIFSGEALT 358
Q-SAR-2000 YHGIDHLSDAALNVLHRCGHRVRDI THHF RODVARHEKCTEYVGYWHHADVGRLIFSGEALT 368
rIABC VEGIDHLSDAALHVLHRGDRVEN ITKHFRDTARHEEGTPYVGVINNADVGRLIFSGEALT 360
FEEFETENEEFTSAAEEEER ST FEETEFEERF PEEETTFFEEFEAEES RS SETEEERREEEE
QSARA19-2000 DIV DD TP GCLFATEAATHAGYCGGAVLAKDCGAETF INGTHSAGGHGYGYCSCVS 418
Q+~JPN- 2000 YEDIVVWCHDCDTHPGLFAYKAATEAGYCCGAVLAKDGAETF IVGTHSAGGHNGYGYCSCYS 419
Q- TAVA 2/ 99bow THDIVVCHDCDTHPGLFAYKAATEAGYCGGAVLAKDGAETF INGTHSAGGHGYGYCSCVS 418
OsTIBET-CHA~99 YEDIVVCHDCDTHPGLFAYEAATEAGYCGGAVLAKDGAETF IVGTHSAGGHEYGYCSCYS 418
Q-SAR-2000 DI VMDD THRGLE AT AN THAGYCGAVLAKDGAETF IVGTHSAGGHGVGECSCVS 418
rIABC HEDIVWCHDEDTHPGLFAYRAATRAGY CGGAVLAKDGADTF INGTHSAGGHEYGYCSCVS 420
EEEE NS EEEE FE EEEEE NI EEE O EE NN E NN
O SAR-19-2000 FENLLEMKAHIDEEFHHE 436
Q- JEH-2000 FESHLLEHKAHIDFEFHHE 437
O-TAE-2-99boy FSMLLEMEAHIDFEFHHE 436
OsTIBET-CHA~99 RESHLLEHEAHIDFEFHHE 436
O-SAR<2000 FSHLLEHEAHIDFEFHHE 436
rIABC ESHLLEMKARVDFEPHHE 438

Figure 2 Alignment of deduced amino acid sequences for the recombinant 3ABC (r3ABC) with the
known 3ABC sequences of the 5 PanAsia isolates of FMDV serotype O. Consensus line:
asterisks (*) identical amino acid residues; colons (:) indicates conserved substitutions; and

periods (.) indicate semi-conserved substitutions.
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acid sequences are very closely related across the
whole gene with 98-99 % homology. However,
the r3ABC sequence had only 91 % homology
with all PanAsia isolates. The relationships between
the 5 PanAsia viruses and the r3ABC gene were

determined using phylogenetic algolithms (Fig. 3).

2. Expression of the recombinant protein

The SDS-PAGE analysis of recombinant
3ABC protein revealed an extra band of protein
which had the molecular mass (M,) of 53 kDa when

compared with wild-type infected cells (Fig. 4). The

immunological reactive FMD NSP was determined
by dot blot and western blot analyses. The dot
blot analysis of crude protein from recombinant
baculovirus infected cells using mouse anti-histidine
monoclonal antibody and porcine anti-FMDV
hyperimmune sera showed the positive results (Fig.
5). The western blotting using the anti-histidine
antibody showed the positive band at the molecular
mass approximately 53 kDa, but the protein from
wild-type infected High-Five cells was negative
(Fig.6).

rIABC

—e O/ SARS 208

0/TIBET/C

0/SARS 19/

of PR/ 200

] .01 0.02 0.03

0.0

Q.00 .00 0.07

Figure 3 Phylogenetic tree of the new r3ABC and the known 3ABCs of the PanAsia virus strains. The

tree was constructed using CLUSTALW and branch length values are indicated.
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Figure 4 Analysis of expressed products of 3ABC fusion gene in baculovirus transfected High-Five
cells by 10 % SDS-PAGE. High-Five cells were infected with wild-type virus (lane 1) or
recombinant baculovirus containing an insert that encodes a 3ABC (lane 3). Molecular mass
markers are shown (lane 2). The arrow indicates a protein band with a molecular weight of
53 kDa which obtained from the cell lysate extracted from High-Five cells infected with

recombinant baculovirus.

1 2 1 2

Figure 5 Dot blot analysis of the rSBABC protein in cell lysates from High-Five cells infected with the
recombinant baculovirus (1) or wild-type virus (2). The dot blots were stained with mouse

anti-histidine monoclonal antibody (a) or porcine anti-FMDV hyperimmune serum (b).
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M 1
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25kDa —p

20kDa —p»

10kDa —p =

2

#4— 53kDa

Figure 6 Western blot analysis of rSBABC protein cell lysates from High-Five cells infected with the

recombinant baculovirus (Lane 1) or wild-type baculovirus (Lane 2). The Western blot was

stained with mouse anti-histidine monoclonal antibody. Molecular mass (lane M) is indicated

on the right. The arrow indicates a specific protein band with a molecular weight of 53 kDa

that is recognized by mouse anti-histidine monoclonal antibody.

Discussion

In this study, the recombinant 3ABC was
successfully cloned and expressed. The
recombinant gene was sequenced and compared
with previously reported polypeptide 3ABC
sequences of the five PanAsia virus strains. The
results showed that the r3ABC had 91 % homology
with all the PanAsia isolates. The phylogenetic tree
showed that the FMDV serotype O Thailand isolate
was in the distinct branch from the 5 reported
PanAsia virus isolates. The SDS-PAGE analysis of

recombinant 3ABC produced by the insect cells

had the size approximately 53 kDa. The recombinant
3ABC reacted positively with porcine anti-FMDV
hyperimmune sera. The finding suggested that the
recombinant 3ABC may display a conformation
similar to the native viral protein. These results
agreed with the previously reported (Bergman et
al, 1993). The infected animals can be clearly
differentiated from the vaccinated due to the
presence of antibody to 2C 3A and 3ABC induced
by viral replication following infection. Thus,
recombinant 3ABC may be useful tools for the
development of the diagnostic test kit for

differentiates infected from vaccinated animals.
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Production of Recombinant Porcine Interleukin-2
by The Baculovirus-Insect Cell System
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Abstract

Interleukin-2 (IL-2) is a cytokine produced by cells of the immune system. Its activities are
involved in the multiplicity and maturity of immune cells whose activities play role in cell-mediated
immune response (CMI). With the aim to produce functionally folded, glycosylated porcine IL-2 that
allows further development of a synthetic cytokine to induce immune response in pigs, we produced a
recombinant IL-2 using the baculovirus-insect cell expression system. cDNA was isolated from porcine

peripheral blood leukocytes and is predicted to encode a partial IL-2 protein of 134 amino acid with 100%
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identity to a previous reported porcine IL-2 sequence. The recombinant protein expressed in baculovirus
showed an apparent mass of 21 kDa, which was consistent with the estimated molecular weight of the
recombinant porcine IL-2 with a six-His tag and a few amino acids from the vector. The immunoperoxidase
assay revealed that goat anti-porcine IL-2 antibody reacted with the recombinant IL-2 protein expressed
in the cytoplasm of the virus-infected High-Five cells. In addition, the Western blotting assay results
showed that the recombinant porcine IL-2 protein exhibited the antigenic sites and conformation necessary
for specific goat anti-porcine IL-2 antibody recognition. This suggests the potential use of recombinant IL-
2 proteins in development of a useful tool for enhancing cell-mediated immunity in pigs.

Key words: cloning, gene expression, interleukin-2 (IL-2), baculovirus system, recombinant protein
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Introduction

Interleukins are group of cytokines produced
mainly by T lymphocytes (T-cells). Some also are
produced by mononuclear phagocytes, or by tissue
cells. Those produced by lymphocytes especially
T-cells are often called lymphokines. They have a
variety of functions, but most of them involve in
directing immune cells to divide and differentiate.
Each interleukin acts on a specific, limited group
of immune cells which expresses the correct
receptor for that interleukin. Interleukin-2 previously
known as T-cell growth factor, is synthesized and
secreted primarily by T-helper lymphocytes that
have been activated by certain mitogens or by
interaction of the T-cell receptor complex with
antigen/MHC complexes on the surfaces of antigen-
presenting cells (Thrope, 1998).

IL-2 acts as a chemical communicator
between cells that provide the critical signals for
effective cell-mediated response and humoral
response. IL-2 enhances MHC-restricted cytotoxic
T-cell responses, B cell expansion and
immunoglobulin production, as well as non specific
immune response such as NK cells and lymphokine-
activated killer (LAK) cells. IL-2 was first purified
and subsequently cloned and made available in
recombinant form.

Porcine IL-2 gene is approximately 465 bp
in length and located on chromosome 8 at 8923
(Davoli et al., 2002). IL-2 is synthesized as a
precursor protein of 154 amino acids which the

first 20 aminoterminal amino acids functioning as

a hydrophobic secretary signal sequence. The size
of recombinant porcine IL-2 express in E. coli was
about 15 kDa (Choi and Yoo, 2002; Collins et al.,
1994), while recombinant IL-2 produced in insect
cells has MW of 15 and 17 kDa (lwata et al,
2000).

This paper reported the success of the
cloning of porcine IL-2 ¢cDNA and the expression
of recombinant porcine IL-2 in insect cells using
Autographa californica nuclear polyhedrosis virus

(AcNPV) as a vector.

Materials and Methods

Isolation of porcine peripheral blood
mononuclear cells (PBMC)

Except where indicated, all of the reagents
used in this study were purchased from GIBCO/
BRL. Ten millilitres of whole blood was collected
from jugular vein of adult pigs into a plastic tube
(EUROTUBO) containing heparin (20 unit/ml). The
peripheral blood mononuclear cells (PBMC) were
isolated using Lymphoprep™ (Nyclomed) separation
medium according to manufacturer’s protocol. The
purified PBMC were resuspended in RPMI 1640
supplemented with 10% fetal calf serum (Hyclone),
2mM L-glutamine, 100 uM non-essential amino
acid, TmM sodium pyruvate, 50 uM 2-
mercaptoethanol and 100 unit/ml penicillin G, 100
ug/ml streptomycin, 0.25 ug/ml of amphotericin B
(antibiotic/antimycotic solution) and 5 mg/ml Con
A (Sigma®) at 37°C in 5% CO, incubator for 48 h.
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Cloning of porcine IL-2

Total RNA was isolated from Con-A
stimulated porcine PBMC using Acid-Phenol-
Guanidinium-Thiocyanate-Chloroform extraction
method (Sambrook and Russell, 1998). cDNAs
synthesis was performed using 1 ul of sample
RNA, 10 mM dNTPs (Fermentas®), 2.5 mM Oligo-
dT primers, 1X reverse transcriptase buffer (25 mM
Tris-HCl pH 8.8 at 25°C, 50 mM KCI, 20 mM DTT),
5 mM MgCl,, 0.4 U AMV reverse transcriptase
and 0.4 U RNase inhibitor (Finzyme®) at 42°C for
50 min. The whole porcine IL-2 gene without signal
sequence was amplified by PCR using a specific
forward primer containing a Xbal restriction enzyme
site 5'-CTAGTCTAGA GCACCTACTTCAAGCTCT
ACA-3" and a specific reverse primer containing a
Xhol restriction enzyme site 5’GGGCCTCGAGTCAA
GTCAGTGTTGAGTAGATG-3". PCR reaction was
performed with 1.0 U of DyNAzyme EXT™ DNA
polymerase (Finzyme®) per sample in a total volume
of 100 wl in reaction buffer containing 10 ml of
cDNA templates, 0.25 mM dNTPs mix
(Fermentas®), 10 mM Tris-HCI pH 8.8 at 25°C, 50
mM KCI, 0.1% Triton X-100, 5 mM MgCl,
(Finzyme®) and 1 pMol of sense and anti-sense
primers. The PCR condition included an initial
denaturation at 94°C for 5 min, followed by 35
cycles of denaturation at 94°C for 45 sec, primer
annealing temperature at 62°C for 1 min and primer
extension step at 74°C for 1 min, and the final
extension step was performed at 74°C for 7 min.
The amplified products were analyzed by

electrophoresis on 1.5 % agarose gel.

Construction of expression vector

The PCR generated porcine IL-2 products
were ligated to the baculovirus transfer vector,
pFastBac ™HTb (Invitrogen®) at the Xba | restriction
site and Xho | restriction site. The derived
recombinant plasmid was used to transform E.
coli strain DH5a.™ (Invitrogen®). The transformed
competent cells were plated on LB agar plates
containing 100 ug/ml ampicillin and 7 wng/ml
gentamicin as the selection media. The positive
colonies for porcine IL-2 gene were extracted [L-2
plasmid to confirmed by PCR and restriction
endonuclease assay. The sequence of the
recombinant plasmid was verified using
dideoxynucleotide termination method (ABI PRISM
Big Dye Terminator Cycle Sequencing Ready
Reaction Kit) in an automatic sequencer (Applied
Biosystems, Inc.). The recombinant porcine IL-2
plasmid was used to transform E. coli strain
DH10Bac™ (Invitrogen®) for producing recombinant
baculovirus DNA containing porcine IL-2. The
positive colonies were identified using white-blue
colony screening and PCR assay. The recombinant
baculovirus DNA was purified and used to transfect

insect cells.

Viruses and cells

Sf21 cell line (Spodoptera frugiperda;
Invitrogen®) was grown at 27°C using SF900I
medium (Invitgrogen®) supplemented with 4% FBS
and 1x antibiotics. The recombinant baculovirus
DNA was used to transfect Sf21 cells using
CellFECTIN® (Invitrogen®). At 72 hour post
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transfection, the recombinant baculovirus particles
were collected from supernatant and viral titer was
determined using plaque assay. Subsequently, the
high-titer seed stock of recombinant baculovirus
was produced by Sf21 insect cells at a multiplicity
of infection (MOI) of 0.01 to 0.1 using Sf900 II
SFM® medium (Invitrogen®) containing 4% fetal
bovine serum and 1x antibiotic. High-Five™ cell
line (Trichoplusia ni) grown in Express Five serum-
free medium (Invitrogen®) supplemented with 2mM
L-glutamine and 100 unit/ml penicillin G, 100 mg/
ml streptomycin, 0.25 ug/ml of amphotericin B
(antibiotic/antimycotic solution) was inoculated with
recombinant baculoviruses for the production of
recombinant IL-2 protein. After 72 h post-inoculation,
the infected High-Five cells were fixed and collected
for further determine by immunoperoxidase
monolayer assays, SDS-PAGE analysis and Western

blot analysis.

Immunoperoxidase monolayer assay
(IPMA)

Both uninfected and baculovirus infected
cells were incubated with 50 ul goat anti-porcine
IL-2 1gG polyclonal antibody (1:50; R&D) at 37°C
for an hour. Following 3 times wash in PBS-Tween
(0.05%), specimen were incubated with 50 ml rabbit
anti-goat IgG conjugated with horseradish
peroxidase (1:500; Sigma®) at 37°C for 30 min.
After 3 times washing in PBS-Tween (0.05%),
specimen were incubated with Diaminobenzidine
solution (Sigma®) at room temperature for 5 min.

Under an inverted phase microscope, the presence

of porcine IL-2 was visualized with a diamino-
benzidine/hydrogen peroxidase chromogen reaction

with a resultant brown color.

SDS-PAGE and Western blotting

The crude protein of both uninfected and
baculovirus infected cells was analyzed using 15
% SDS-PAGE stained with Coomassie brilliant blue.
For Western blot analysis, proteins on SDS-PAGE
were transferred onto nitrocellulose membrane
using 400 mAmp at 4°C for 5 h. The membrane
was first treated with blocking buffer (5% powder
milk in PBS) and then incubated with goat anti-IL-
2 1gG polyclonal antibody (1:200) for an hour.
Following 3 times wash in PBS-Tween (0.05%),
the membrane was then incubated with rabbit anti-
goat IgG (1:1,000) conjugated with horseradish
peroxidase (1:300) for an hour. Finally, after 3 times
washing in PBS-Tween (0.05%) it was incubated
with diaminobenzidine solution (Sigma®) containing
1% H,0, for 5-10 min.

Results

Cloning of the cDNA encoding porcine
interleukin-2

The PCR product of porcine IL-2 gene
without signal sequence was approximately 425
bp in size which included 20 bp of restriction
enzyme site and overhang at 5" end and 3’ end.
To confirm the IL-2 gene was corrected, the
sequence of recombinant plasmid was verified using

dideoxynucleotide termination method by automatic
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DNA sequencer (ABI PRISM™). The nucleotide
sequences of recombinant plasmid were then
translated to amino acid sequence by DNASIS
program and compared with reported porcine IL-2
(Accession X58428) by CLUSTAL W program.
Comparison of amino acid sequences of the
recombinant IL-2 with the reported porcine IL-2
sequence in GenBank showed 100 % homology

(Fig. 1).

Expression of the recombinant protein

Using IPMA the recombinant baculovirus
infected High-Five cells showed brownish red
intracytoplasmic staining (Fig 2a) whereas, the
uninfected cells did not (Fig 2b). This result indicated
the presence of IL-2 in the High-Five infected cell.
The SDS-PAGE analysis of the crude protein from

the recombinant baculovirus infected cells revealed

CLUSTAL ¥V (1.82) multiple sequence alignment

x5B8428
ril-2

APTSSCTENTKROLEPLLLDIOLLLKEVENYENADLSENLTFKFYMPEQATELKHIOCLY &0
APTSSSTYNTRKQLEPLLLDLOLLLKEVERYENADLSRMLTFEKFYMPEQATELKHLQCLY 60

LR e o B 0 o oo b o s n s n R b n b b R Rl p nd i p B bl n p b a bbb i s a b p s sk h o

x5B428
rIl-2

EELKALEGYLNLGOSKNSDS AN IKESHNRINYTYLELKGSETSFEKCEYDDETVTAVEFLN 120
EELKALEGYLRLGOSENSDSANIKESHNNINVTVLELKGSETSFECEYDDETVTAVEFLR 120

B

x56428
rIl-2

EWITFCOSIYSTLT 134
EWITFCOQSIYSTLT 134

Figure 1 Comparison of deduced amino acid sequences for the recombinant porcine IL-2 (rlL-2) with

the known porcine IL-2 (GenBank accession number X58428). Consensus line; asterisks (¥)

indicate identical amino acid residues.

b

Figure 2 Immunoperoxidase staining of High-Five cells infected with the recombinant baculovirus (a) or

with wild-type baculovirus (b). The red- brown staining represents cellular localization of the

recombinant IL-2 protein (arrows). Magnification 200x.
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a distinct band of relative molecular mass of 21
kDa fusion protein which included 5 kDa of 6xhis
and a few amino acids from the vector when
compared to wild-type baculovirus infected cells
(Fig.3). Western blotting analysis of total lysate
showed the immunological reaction between the
anti-porcine IL-2 polyclonal antibody and
recombinant protein of 21 kDa and negative reaction

in wild-type infected High-Five cells lysate (Fig.4).

Discussion

In this study, the recombinant porcine 1L-2
was successfully cloned and expressed. Amino acid
sequences of the recombinant porcine IL-2 in the

present study had 100 % homology with the known

—

porcine IL-2 sequence (GenBank Accession
X58428). The SDS-PAGE analysis of recombinant
porcine IL-2 produced by the insect cells had the
size approximately 21 kDa, which included about
5 kDa of 6xhis and a few amino acids from the
vector. Porcine IL-2 is a 134 amino acid protein
with a molecular mass varying from 15 to 18 kDa,
according to the degree of post-translation
modification (Danis and Hubber, 2003). From in
vitro culture lymphocytes were able to produce
porcine IL-2 molecules of 15 to 23 kDa (English et
al., 1985; Gasbarre et al., 1984). Similarly,
polypeptides from cDNA of porcine IL-2 had
molecular weight of 15 kDa in E. coli (Choi and
Yoo, 2002; Collin et al., 1994; Iwata et al., 2000),

and about 15 and 17 kDa in insect cells (lwata

M

r— 4— 100 kDa

- 44— 60kDa
4— 30kDa
44— 20kDa

—— 4— 10kDa

Figure 3 SDS-PAGE analysis of protein in cell lysates from High-Five cells infected with the recombinant

baculovirus (1) or wild-type baculovirus (2). The SDS-PAGE was stained with coomassie

brilliant blue. Molecular mass (lane M) is indicated on the right. The arrow indicates a single

protein band with a molecular weight of 21 kDa.
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Figure 4 Western blot analysis of the porcine
IL-2 protein in cell lysates from High-
Five cells infected with wild-type
baculovirus (lane 1) or the recombinant
baculovirus (lane 2). The Western blot
were stained with anti-porcine [L-2

polyclonal antibody.

et al., 2000), when determine by SDS-PAGE. This
finding might be attributed to glycosylation of
polypeptides and/or aggregation of IL-2 molecules
(Gills et al., 1982; Danis and Hubber, 2003). The
function significance of glycosylation of IL-2 is not
known, but it is likely that it enhances solubility in
aqueous environments (Gaffen and Liu, 2004).
According to the expression analysis using
IPMA and Western blot analysis, the recombinant
porcine IL-2 reacting with goat anti-porcine IL-2
antibody indicated that the recombinant porcine

IL-2 may display a conformation similar to the native

protein, and be valuable for further investigation
on its biological active. At the present, the
determination of biological activity of this molecule
is underway. IL-2 has been shown in several studies
to induce Th1 response and increasing cellular
immunity (Giedlin, 2000). Thus, the use of
recombinant porcine IL-2 as an immunostimulant
adjuvant will be a very useful tool to augment the
potency of immunogen and stimulate immune

response.
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nslduuiiluunssiiauia msuRnENUENTIN
2189 “HILIN
Use a feather as a source of DNA for bird
genetic studies

anad Yydsznay taziun auna

Ukadej Boonyaprakob Piyanan Leekaew

Abstract

=y = x| | | v @ vy
walulagifiumiaiuia (DNA technology) AumunvatsuinsamuinautiinIamuEiu
Amunisuaziugan aflszansaes wdtn et Jolud i URAFegnidinawals

1 v 1
(polymerase chain reaction %38 PCR) 1N130LANAIUIUTLYB9AL0ULENFRIN5 AR ANARDa L
| < al =l o o o a s a o o a al Q?/ al
pgnaaaFuazldTunaneiee uiuinlddmesininnsFesanduiinadle nsluTusieuie
AINA1G9ELATeI8 R TR (automated sequencing) AWl unsadpatuunNnguilsynans B
a) = A & | o a =l o o a al &
UnlagnsifFaudiauaAnUuleunTe LANFA1N289a WK THA waznsFesansuaesilonaleng
Miudneuzatwizaasaeuiaaes “adudasfavreusaznguls @y Hebert wazAtuy (2004)
=8 = o al = a = o a | z a
AT uisudneasaeweainunlunitewdnimile a1y 260 T LAZT189NWINTUA
- A s o \ \ a N Ao o -
AN ulnmawese 819 648 apdla lndndaumibses lutFnmesduninivuanis Fraaulsd
cytochrome C oxidase | x1saldidiuATesvunefeuie (DNA marker) WWaANLUNTRATR9N 1A
warareauInNT AT ARUIBAINENT THITDAUNLUNTRA IUNEN 4 TiaTws AN
1 v
NHTDANUNBBNANNUNTRADUAILANHEUEN ”mgmﬁwmié’ fatii nsFauisuAnEl
o o A A - = =2 @ A o a v o o
2199n199n 3181y atanadle Indaasdiewediunseniuuastanldluilaqiii iy
NIANHIANNNAINUANENNAUGNITHTBY BTN

a = A o = | ! o A a =
muﬁsﬂﬂ\‘lﬁLﬂuLﬂV]quqimuﬂqiﬂﬂH’]LLU\?Lﬂu 2 ﬂ@}l‘ﬁ@ﬂ AR ALAULAAINUILARNEL  (nuclear

NPT 39N AR TROUNNEAT BT NnANENABINEAIAT AF DuunialeBl U9 NFUMNEIUAT 10900
Department of Physiology, The Faculty of Veterinary Medicine, Kasetsart University, Paholyothin Rd. Bangkhen, Bangkok,
10900
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DNA) warAtaueantuimAauLaae (mitochondrial DNA) sinatinemiauiaann “adilnanalsuiann

A A4 A , Iy - o oA p T X s Py o
LURLHATUA RN °1 I NATNLUD AL 16113Ju AR TRUN INU ﬂr]"]ﬂﬂq'.)llﬁqf]“ﬂu (feathers) Wl

o \ o e Ao ada Yo a = A ) Y
AREiNgann TRIUNNENHTIR LLZQgVLﬁ?UﬂQWNuﬂNNWﬂ NI NITLNUTUNUQATINBDNHILLAIINN

v o & A 1 | a dl [ Y a 3 . . =3 ¥ aa
A3 A9 ﬂ‘ﬂrﬂLﬂumﬂuﬂﬂiﬂﬂ@lﬁmﬂﬂ’ﬂmL"ﬂ‘]_lﬂ']ﬂ (non-invasive) WAZNITINLAUAILITOAURANNN

ansia Bilaaase naliiiaautUlaauazauestatiasndaonislisaatnglugiuuuaumn

v 1
(Marsden and May, 1984; Morin, 1994) faiiy AdsidnlaifeaiudneenIeniednALazsiaL

o o=l as] 3 o o 1 =2 | 6 1 Y o 1 o [
7299 “AIUN ARAAAUIBNIINLLAZINHIFBLN9UU fwLﬂuﬂi‘;‘fﬂmummﬂmm@mwum TUTU

o = Ao ~ | = o o o= v a
nne ﬂm@LQUL@V]NQMﬂ’]WLLﬂgﬂ?‘N'}mw(ﬂLWﬂQmﬂﬂq?ﬂﬂquuﬁﬂ?iNmﬂﬂ RIUNAIYNALANNG

v
AAITITUALBULBAINETY

n15LNA ”tugmmmmuun

(Feather Morphogenesis)

WeauIN1389n13naruenlunszuau
do 4 e e me e e
nsndudeuuazinedesiul]) “Wiusszudig
¥ 1 v

aifladu ectoderm (MIIINWE 138 epidermis)

WAL mesoderm (MWWt 1178 dermis) waTHEN 13

#aNea1TL (Prum and Brush, 2003; Widelitz et al.,

v
2003; Yu et al., 2004) $1ENUNNTURDUUAL
nszuaunInfin uguvestuunliude g
1 v

Tnetie Fuannmad lutumiuiiianissungs
1 v

uaz 9 “yoyrasuflaavin 1o a s ludunils

%
AMNEFUAANTULNITARMUN AL F8n9n placode
(@ 1 n.) uaziastyiiusiaa (feather bud) 199
o o oo | . )
AU TnaRdumidaun NiTanan dermal papilla L
v
wnuagnelu wasdumliinivinagnieuen
1 v
(AR 1 2) Fumlaninddaudedes aandlu
v v

3 41 Aie Fuwan n (feather sheath) AioxT Ane
d ey . ¥

luialdruenunnuaeeansnls dunana

¥
(intermediate layer) uardulu A (basal layer) sie
14

NATOT UL FNTIUATTYENTUAINNNG
1 v

UL ARLANATUINRE 1999 ALTIURIT U

MWEILF04F1UTUIBL °| dermal papilla 718N

91 epidermal collar iQNﬁUﬂW?L@?‘m%EGLﬁ@Léﬂ
mesenchymal pulp f1Usznausage dermal papilla
(\Iaa fibroblasts WAy extracellular matrix LHid
fibronectin LA laminin) 4 “WLASA central axial artery
wazL “waeadesanudn U ludulduiTsinwg
Lﬁ'm%’ﬁm' 52812 long-bud stage ad Ul
ANETBLIFIUIULLING s wnsnas ;%uuﬁq
wi uar FadunilineadiAaasa (feather
follicle) (M#t 1 A) Nsisdeyanasiaasgevien
arav linaynukardnilamassunie
28994 (feather stem cells) 1siRamile vl
11190 59U INNNAUNUIZUINNITNA AT
(molting) 16 Lﬁ'ﬂ“ﬂulﬂ?‘ﬂylﬁmﬁ mesenchymal pulp
LASLTARIAL 7 L pulp epithelium $9MD axial
artery tla a1/l l8iNeateanand
N9YLIUNNTUANLTBILGNF L
ety . (basal layer) TB4UTRNINIILFIN
'MullangauATYENINAIAINEIINALLEINY
meiluazsanguiadulase ¥fideandt bab
fidges (W1 2) LTAGUD4 barb ridge WHAYELT]
mil,ﬂﬁlﬂul,l,ﬂmgﬂéwﬁ@‘lﬁﬁmﬂu marginal plate
WAL barbule plates @ﬂﬂ‘&u LIAR 114 barb plates
SaBawraiuie 2 uwnadusdeianiu Band
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4
o

barbule cells ABNNTARMANLEADANAINLLD
[ ¥

§NNUDIUY  LUDLTARMARINANIST keratinize

o £ al a a 2 = a [

Ml o eliaede wazidnsontinfaiy
v ! M R A o oA A

TIARPNLLIULATAN WA lEnRATLIadaWaN 4

AN 1AMl 18 barbule chain LAZWANLNLTIY

}% v ]

barbules T AL 1A barb ridge LARZALATHY
v

193U UAINNLTIAUINATIU pulp [IARYDS barb

a . [ dl &
plate LNANNT keratinize 1114 barbs Vo IIARURY

feather sheath Vs

condensation
of cells

derm is

feather bud

mesenchymal pulp
(dermal papilla, vessels)

marginal plate ANEANNNTELIWNT programmed
cell death I TR ATR99199291974 barb UAazL U
uanaNTs iwadues barb ridge Tleganidnluing
U pulp WLNFMaEN93IAEF I AW LLRSLEAS
keratinocytes b barbule plate R NYULTAR
pana1awmuIsewlu ramus @gjﬁ"fﬁwum barb
ridge WAALEw A lENA barb HiATe ¥
senaudag barbules wnsnidnluluwny ramus

4 /v " SR .
follicle _(A -'
|— central axial artery

ANA 1 N9ESTYBDITUIZIZIINNAUNNTUANUALI L A9 HTURINII9INNGNTDITASUAZ NI

FasNauieTu dermis uay epidermis L placode (N.) NsiageyiElupNLY () WaznIs

NANDAALAATDITL (A.) — NWAAWLAIAIN Prum and Brush, 2003

barbule plate
marginal plate

barbule cell in a chain

DINT 2 N9 ANANEIUZNTNA barb (M) NIWEHAY L AINITLATYLAZIINNGNUBILTARTY I

2RINTRAINFININFIRINE9aIN AUl barb ridges (2.) NINARLINNTBIFN

UL 1 AIANHTUZD barb ridge (A) NMNAATINUBIFNIUTNEAIN 1 AILFIUN

aziarnyifufituan (calamus) (9) NWAENE ULRY barb ridge AUNTY L ASLFINIABY

marginal plate LAY barbule plates WAZN19i3eNAU24 barbule cells 1AL 18l barbule chain

PNmuIsaNILTL barbules - NMMWAALLAIAIN Alibardi (2006)
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%
FRNINGNYD ramus (rami) LAFTYENIT WAY U
% ¥ [ 1 U a
futdinasandunauunsnidnldluuimn
rachidial ridges ﬁm?zyﬁi@mﬂu rachis (Alibardi,
2006)
y ¥ Ly .
YU barb WAATL WNUAUNLAL barbules
v
UWEN@BNNIANN ramus 719 89919 Tnevinys 45
B9ANTT ramus W04 barbules Mag Indriui
rachis 3¢1n41 distal barbules %134 anterior barbules
WasfagaNINNgn (389 proximal barbules
138 posterior barbules AN 3 2.) Widelitz wa
ADMY (2003) T1ENTUNNTUIALATZANHTUSUDY
v

barbules 14 99NN TMUARNEUS IR LT UL
1A plumulaceous feathers flgﬂi'%ﬁl’a\‘i proximal

. e o o o o ay
uae distal barbules WieauiLas LN 11115
e (fluffy structure) WU TIUA pennaceous
feathers NNTNLIRATUIZIGNG cilia NN9L8L
v %4 .
ANUNUNURN proximal barbules LWAZ hooklets 114

v o . A a o oayw
WAUANUUNAIUAN distal barbules nagnnni ‘1/]’11‘1)1

barbs ALIAIAATIUNAIL LN (vane) AININ
3 n.uay 3 A.
v 1
A9 AN LANANTAIANWIULTNLIN
289 barb ridges WATNIZLAUNNIHAUNNNARE
Aneurgliauatinin s ILLsas
Tl Tausiatly 4 AnHouendn Aa
1. wute 3 1A (downy feathers)
lusfinaud barb ridges WawLw barbs Taeid
\ = a ¥ , oA o 6 wal
Tdfinalasunlaslage Freasineau nnlis
v
ANHUZIMNAY barbs YAUNNALLNADNNIATN
. . oy . A o~
collar epithelium e ludfi AN (rachis) #1782 d
¥ ¥
ANUTULUIA "W WAT barbs BUNALLNABNN
AN rachis (NWA 4 n.) wulugn “adtindudau
v a o =) dl @ o o
waz lFa18n contour W84 RIUNNLABNIE N7
WP HIA N LGUIRITI9N
2. UUABWIIIT (contour feathers) LLl1lA
2UN barb ridges WAUIUATULUAglATe 1
v 1
PANLTURAY NNINELINITUTALAL Aa A

distal barbule
vane

88

2NN 3 1A Fr9auaiin pennaceous (N.) NMFWANUYLNTBS barb BBNAINANLUY (rachis) LIWAN B

PN UAENFRLHAAA NI (A1) NIWULNY IUUDS barb 1 A9TATS 19849 rami

LAY barbules (A.) AMWALNY 91D barb L ANNTINEAAUIZIIN cilia UAZ hooklets U84

barbules NagjAArL - NTWARULAIAIN Aspinall uaz O'Reilly (2004)
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% 2 . xKX a o 1 a
Aslilndguaes barb ridges EARATULLL INn
Y A ~ , a
Wuduaunldlnaue 3en91 calamus AU
anafnuuan barb ridges dauidugaNAWAA
\{lu rachidial ridge uaziaatytTlufinuam (rachis)
A Iy
NUWUUILBA barbs UsTnNaULA28 ramus LAY
barbules (MW7 4 9.)

3. muvnﬁwaﬂu (semiplume feathers) il
BRAUUN N AN IINANIENINUUAITLA Y
o & o . P
ARUNN Usznausiog rachis 1uATMYNR LAY
AULLLA9Y (downy vanes) WAZLANFANNANNTU

- pRp . \ ~ ~
AR IANH rachis £19N9 barbs 181997/ (NN
N 4 ) vuEdnguisuIaan 17919 Lagn
16) ¥ o 1 1 £ ‘:II [~ 1

agliaunauiag  aulugjRutinassiuve
WHINNIELAE T NI A IHALGULAT TUTINY
a ) 1 1 dl
mnmgmﬂﬂmam@uﬂmmimmﬂm

4. ?JuVLWT@‘WQN (filoplume feathers) il

o

a A v > Y
FUALUNNANTUZA[LL WHN  UTznaunas

v
rachis TUIALAN FEIEI1 UAZHIULS barbs “U ]
2-3 fu N barbules BEATIAE (MWD 4 9.) U
InTangu aulugdauiaidnndnauaingu
wazwuagAatututiaau wa laaanizwy
14
wflussegseugiuauneuinfvzeauni

¥ S £ dl ! o PG
dinladndntindaalanailss mFumanndTn
dl 1 a a s;'ll o a
nagluneadiAaiinaAlANNIIAREEIUADY
o 4 1 o 1 dl I
Minfldag lusumdanmung wlusendnens

9174971

a a ° @ Y@ a '
diprasruivane 8 wsulditumaasig
i o a
WWa NaRLauLa
U v
AN MIFATBINITINL BN TR
¥
fewAtia PCR IuagAMNINLAZETNN0IY89
faatnanewedu Aty 3ung (2545) na1adn
% [l dsl/ dl dl A v
AnNINTRIFNat Nl Eaniaen i AN

° o ' a dl o ¥
IATUABATUNTN LAZLTUNDUIR9A LAY ﬂmiﬂ

dermal papilla

DN 4 NITH ASANEIUETBIUUTRAGN 7] (N.) WUABTIAF (contour feathers) () TUYe viFe U

A1 (downy feathers) (A.) TULERNGN (semiplume feathers) (4.) aulWlangw (filoplume

feathers) — NMWAALLAIRN Dyce and others (2002) LAz Aspinall Laz O’Reilly (2004)
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] A o Ny - % D
Alauan faldainauuniliuiudasndm
A o ny & a4 X A oA .
1BUeN o leainiaan vizaliaitiaats (Gilbert et
al., 2004) uAALAWIAT AR lEAINULLNENUTIL 1

v 1 v
TUNDLNENADNI TN NATUIUTUA LB WLA A
WAA PCR (Morin, 1994; Taberlet and Bouvet,
1991) NAALARati gL ansenn tedne sl
Aaliminasumse aadudsslamisanisAne
o o onl | ~
Wugnssuaas B Iagewizuniy wninn
& 2 o &
#n wsalng cyug
=3 o 1 o ¥ aa A
ANnRUsnatiney nsenld 2 35 Aa
N. D8UUU (plucked feather) @ANNIAIN
57 “BIlmeImeg Taberlet Az Bouvet (1991) Wiz1in
1 1 v 1
Tl Faunmssanaulud (WA 5 n) ezl
~ o o X oA -
svelyNAUIIaLEia ‘91 mesoderm (KHARUAY
pulp ANUIUNN) UAL“WABA axial artery LAY
oA e = o = o
vein gl lilnnely calamus a9 dadaue e
Tufunuunn  aneiilenuiasyiAnnLan
1 ¥ 1
(NN 6 9.) LEaRYe pulp AxeNe WalEiagnga

= ¥ A g
TUWAZL WARAVANININUAURY calamus NH

pulp

inferior umbilicus ——

— mesenchymal pulp

* |
R .':" b
R pulp caps "
= —-—%——- il = | e - ¥
S F superior umbilicus ——* L)
> .Y

1 a = 1 . . . ° t% A 1
Fa91TlmL7enaN inferior umbilicus M 19 WAe 91
al o [~ | dlal ] 9.:J/ [
calamus HANBIWYIANANNNNTHLNAT1
HedFanan pulp caps uazil dermal papilla WA
[~3 di % % =l [~3 v
L@ﬂﬂum'ﬂﬂimgmmm calamus LNENLANTIRE
v
(Hodges, 1974) u‘ﬂﬂ"ﬂ’mﬁ Gillbert LlazAnLe (2004)
$1891U3 N TATAARBN NN AN 8T NI
NILLIUNNT keratinization UBIUU ANURANAG
] ) £ 1l o & O o ¢
Aan b aRkARA UITas 1usuldlunig
v
ARAAUIAAAAIDLNININ AT TaLULN
o o o e A o P
MFUNITOAUTIUAIN “ASTNINE NAALALLE AD
A a |dln§ 1
‘wanauIHa contour 1IATUAINIULINAGHEE)
UIIANAL IPERNITLFnaNWATTIAq 1At
& (1 d‘ QI é’ 1 1 [~ A
waniuaunieulug fewiuaas ugeie
lduaanaaas 70 weafdumAianinanuy a1m
a a o dl v ¥
UFRaniasaulauIuNazoey waqld
nAu? rennAulAuIBLAZRIRENNIATY ]
ANNUWUINITANUBIIU (MW7 5 ) Imeseds
T 1HHNUANIN INIIENNTTNUBNULLAZLAAD

% [ Y a a dy o g.l/ 1 4
Lﬂﬁﬂqﬂ'ﬂﬁlﬂﬂ‘ﬂiﬁmmﬂ’ﬁ‘mﬂLﬂ@LL@ﬁﬂUHQVLNIM

il
—, A
blood clot |

[ =

.

g

MAN 5 UL ASANHUZIULATAULULNTBILUAIALAWE (N.) 21enUNT 91284 pulp LAHTARYDS

Ronile uaziaenagnialul Wi (@) auunaiisa contour Huvadalaua A 1. U basal

tip 2N calamus WAL 2. blood clot LiFlAtu superior umbilicus — ARWLIAYAIN Horrath et al.

(2005)
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. X eas
auludeanaanyn wanannil luuusinldnau
= A \ .
ULNLAZUUWNNTENTN flight feathers 2UNA
Ty Ma3eyifnfiudn mazavaiinsenanae
Anfudavilsudu oauldugreantin waz
T BIEUNIN DA imNng 8 suLL
R AL N H P AT L B R R ETAFER
. o o= dl 1 I a é’ o
(molting)1es “mitinTe uluejinnrunaaingg
[ '3 i}/ ds/ k73 dl o v a
U uAug Y9l enaldnswmtiaaih iAnnas
sanvasruludiianisiAusnesgle Taannsg
=] 1 all a [~3 dl v
AN YIANALAaaN Lavsailsyunn
11-14 Suiie lrundn lusaanaanun (Mingden
WAY Stock, 1976) aeinglefa Aanauwusiannl
v ]
BiAaAMELeY ANl ARLIUNNgATN
v v R A, @ ad . . a
AANNIANNFILAIAINAINIIUAT non-invasive 7
aal
AN A
2. iLIuNNgAN (shed 138 moulted
o o 6 @ Qdd‘a v o o
feather) @8NN1ANNF “AoWAaNRaN 1T iU
= = o emy A a Y
NN9ANEIALRLLETRY AT NNUIENNUTa tNA
o '3 < b7l [ v a
Jiug nazfiulddheuaslineliinanaa
Wutla Mafiuauingasaeeanin anauiuld
¥ 1 1
ANFI NUAL AL UIARAN WANITIANLTNIL
¥
Tumeuaaamata PCR aulvnjilsr uadw
o [~3 dll 9/Ql i’ a
BaeniziialdiinlFun T us e ua el
ImAawLATe (Morin et al., 1994; Srikwan and
Woodruff 1998, Petersen et al., 2003) AnuEinIg
1 v
WL UTURRRIeAINTLARE  (Segelbacher
2002) l1i1lse UAMN FAWINNALT Horvath LAY
1 v
ADLY (2005) $1EIUINNIFNNLFN LT UA LD LA
anlulnpauadalsy uAN FaNINAIN
- 2 a a a -
ANPANLETNN T UARILAANTILARE  LATALAL
A o Ny ~ \ Y o
i AnldaniausasaunngasaiuiifEunn
v ¥
AALAZABYANUNTN V193 Taberlet uaY Bouvet
(1991) $18MAUINIUNLINL “UNH rachis AUA LA

0.2 AaAWAT 8188 pulp cells A1uanLlTENNN
200-300 LHa8
a a = =® A

faede Wes 2 ga Aslszinlddndinieue

s = =
FIAAVRUIN NHALAULAANN

v 1

AINTiARY VINMNA 400600 1A Unusilaad
o o 1 al A a
A UuAINaIlAewiaan N InAauLATe
A9 10%-10% 17U LAZHANNINALAWLAANN

1 ¥ 1
fopdn uaneudumn doamail N1y
1FuNnAeUA2EIMALA PCR A1NALALIAAAY

a K a é’ Yo ol

Tulppaupzaaunatulsd1andNmenaann

v
A WanaInil Horvath WAZATUY (2005)
koAl RI BanannTANIUKAY UTLa0s
superior umbilicus 1BIANUIUNNGATIEINAN
a [y , a T \
wanAvay (e 5 1) Jaily ‘wuimdeet
NAIANNUARALARA axial artery anelduaz

$189 149N AT AAlFRNNLTIIaL superior

. Aaa A p a
umbilicus NNANIAEA HLFHIDUATAUNINANGT
al Qll o 2 o 9«’/ =3
Aaulan nalsanlauay fA9ln nasiu
ﬁqmmmuﬁuqm'wmﬂm ANTNANTOLNABNAL
aa \ Aa A o .o o o
Adaunnlugjuacianidandncativa 1ils
B X A A = o o o =
ANUIULLBLEANNALNEN TU5FUN1T AARALAULE

v
LASNINNTAALALAUNIYN 21 basal tip WAE U
blood clot #98l (Horrath et al., 2005)

o 2 = 2 & Ao &
A9 AIAITABNLNLABNHAN=ELT 1

, \ Ao oA )y ,
aulud auinlug) waslanaanA1gagly
superior umbilicus wAg1MINTH ANNTRLALIY
anenuzaananle Avsiunay duunans "1
Tunns dadeuaivalilalFuiumauenin
NaNENAANIFNNLFN UG emALlA PCR el
= ~ 1y A A ]
nsfivans angeileuazldlinAun zenpAy

1 & a dl k% [~3 v
aul ‘guisenaaanan fni zenm udaiuls
TunTaLAZII viTaspAURNIE ulALLENg
=< o Aaa A Iy , -
LT UNHANADALAIWT L ULAANaaaS 70

wafidus @unnuldluleanasasasdnesas
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1x PBS nauld AnAteuie) Tvaraiiulin
QEUNRNDI VIAUUNH 4° DIANTURINTY U6l
windasnisiuiuscazinaiuiuasiug
GOUNYH 20 119 -80° @A LEUFINGY BEiNglafimN
3§18 UUANE21T (Leeton and Christidis, 1993;
Sefc et al., 2003) 1 AYAIN FALBINTIAN
v 1
UUTUALWAN (aldanTuIesEInuNans
30-120 andnisinuet auduldlddnamnn
= M v o =
wa3meueaIantag lAiiunauunaielly
dl =3 o ‘% (4 | &
aufiuinuwn 3y nwusis Tnelddesudidu

VAN 19R19DY

Fund Jazlaamnne. 2545, alunuay
wiaavaneifwe: dfiAnisenfied
waziatanuaai. ngunwe:  INANA
NUNINLRENBATAT AT 1, 51
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Instruction for Authors

The Kasetsart Veterinarians Journal, a peer-reviewed scientific journal of the Faculty of Veterinary
Medicine, Kasetsart University, is published every four- month period and devoted to all aspects of
veterinary medicine and other related fields.

Editorial Policy

By submission to the journal, the authors guarantee that they have authority to publish the work
that the manuscript, or one with substantially the same content, was not published previously, is not being
considered or published elsewhere with an exception of abstract published for a scientific meeting. The
Kasetsart Veterinarians Journal dose not endorses activities related to redundant publication. It will male
every effort to monitor, investigate, and report such activities through appropriate channels. The authors
should provide a cover letter, which makes a full regarded as prior or duplicate publication of the same
or very similar work. The accepted manuscript will be published in a timely manner.

Conflict of Interest Policy

The Editorial Board believes it is in the best interest of authors and reviewers to learn of any potential
conflict of interest before initiating a review. Such information will not alter established editorial and review
policies, but will assist the editorial staff in avoiding any potential conflicts that could give the appearance
of a biased review.

Potential reviewers of all manuscripts submitted to the Kasetsart Veterinarians Journal are asked
to thoughtfully consider any potential conflict of interest they may have in reviewing a manuscript.

Submission of Manuscripts

Manuscripts should be sent with a cover letter that clearly states the corresponding author’s
address, telephone and telefacsimile numbers, and E-mail address to Editor of Kasetsart Veterinarians
Journal, Faculty of Veterinary Medicine, Kasetsart University, Jatujak, Bangkok 10900. Manuscripts must
be letter quality submitted in triplicate, typewritten, and double-spaced (including references) on one side
of 8.5 x 11 inch (A4) white paper with 3-centimeters margins on all sides (number each page at bottom
right). A digital copy should accompany typewritten copies of manuscripts that have been accepted for
publication. The preferred format for digital files is Microsoft Word. Files should be sent to the editor
on 3.5 diskette.

Manuscript preparation

1. Original manuscripts written in Thai or English will be accepted. Manuscripts written in Thai
should have abstract written in English and vice versa.

2. Title must be concise and pertinent with the content. English title should be written in capital

letter.
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Example:

PARATUBERCULOSIS :
|. SERO-EPIDEMIOLOGICAL STUDIES OF PARATUBERCULOSIS
IN DAIRY CATTLE
Monya Ekgatat,Yodyot Meephues, Dilok Gesornsombat, Chit Sirivan,
and Jatuporn Smitanon
Notional Animal Health and Production Institute,
Veterinary Research Division, Department of Livestock Development,
Bangkhen, Bangkok 10900

3. Each Full-Length paper must beginwith an informative, rather than descriptive, abstract of 200
words or les (3% of the content) that summarizes the essential data and is a concise, factual condensation
of the article. Five or less key words are placed alphabetically after the Abstract.

4. Text is organized under the following headings:

4.1 Introduction: The Introduction should supply sufficient pertinent background information
to allow readers to understand and interpret results. It must include the rationale for the study, the
investigators’ hypothesis, and a clear statement of the purpose of the study. It also includes related
references, which are written as following. For example: Backman (1984), Yonyama et al. (1990) or
(Cochran and Cox, 1968) etc.

4.2 Materials and Methods:

4.2.1 Should describe clearly about the instruments or species of the experimental
animal.

4.2.2 Should describe and the experimental design in sufficient detail to allow others
to reproduce the results.

4.2.3 Should describe and provide the detail of the statistical methods including
computer software used to summarize data and test the hypothesis and the level of significance used
for hypothesis testing.

4.3 Results: The Results section should provide data that are clearly and simply stated with
out discussion or conclusions. Results can be expressed in descriptive form, table and illustrations.

4.3.1 Standard metric units expressed in Thai should be abbreviated.

4.3.2  Should use international symbols for standard units instead of spelling the whole
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word; for example, °C instead of degree Celsius and % instead of percent etc.

4.4 Discussion: The Discussion section should provide an interpretation of the results in
relation to previously published work and the experimental system at hand. It must not contain extensive
repetition of the results section or reiteration of the introduction. The objectives of the discussion section
are as following.

4.4.1 To convince the reader with the experimental design and results of the study.

4.4.2 To support or contradict with the previous reports.

4.4.3 To compare the results and interpretation of this experiment with the previous
reports.

4.4.4 To conclude the essential findings, to emphasize the contradiction of the essential
finding and to suggest what should have been studied in the future to answer the questions

45 Acknowledgments: The source of any financial support received for the work being
published must be indicated in the Acknowledgment section. Recognition of personal assistance should
be given as a separate paragraph. It will be assumed that the absence of such an acknowledgment is
a statement by the authors that no support was received.

4.6 References: Authors bear primary responsibility for accuracy of all references.
References to published work must be limited to what is necessary and must be cited in the text.

4.6.1 The sequential of the references should be in the order of the letter of the authors;
names. There is no need to number the references. References, which have same author/authors, should
be ordered according to the published year. If there are several same author references published in the
same year, authors should used letter a, b... for English articles after the published year.

4.6.2 References should start with the full last name of the authors and follows by initial
of the first name with an except for Van, de der, von.

4.6.3 The styles used for writing references as follows:

1. Name of the city, state and country should be written in full.

2. For English articles, page of references should use p. in case of one page
reference or pp. in case of multiple page reference and follows by page number.

3. Scientific names of the living organisms should be written in italic or
underlined.

4. Should underline or use italic for words in vitro, in vivo

5. Page number of English references, which are not articles in the journal, should

use p. and follows by number of the page.
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6. Name of the journal should be abbreviated with an exception of no abbreviated
name.

7. Title of the English articles should be started with capital letter of each word
with an exception of article, conjunction and preposition. Name of the species is usually start with small
letter, however, it should be written in capital letter if it is the first word of the title. References, which
are not textbooks, should be written in the same way as journal. 8 Name of the conferences should be
written in full.

4.6.4 The following are the styles for references:
Cochran, W.G.and G.M. Cox. 1968. Experimental Desings. 2nd ed., John Wiley and Sons,

Inc., New York. 611p

Johnston, L.J. 1989. Influence of energy and protein intake during lactation on sow
performance, p. 97-106. In Proc. Of Minnesota Swine Herd Health Programming

Conference. St. Paul. Minnesota

Nelssen, J.L., AJ. Lewis and E.R. Peo Jr. 1985. Effect of dietary energy intake during

lactation on performance of primiparous sows. J. Anim. Sci. 61: 1164-1171.

Reiemeyer, R. nd J.E. Henton. 1987. Observations on equine strongyle control in southern

temperate USA. Equine Vet. J. 19: 505-508.

5. Figures must accompany with a concise and pertinent legend.

5.1 Computer-generated graphics should used appropriate letter size for easy reading and line
illustrations should be drawn with highest resolution as much as possible.

5.2 Photographs should be furnished as black-white glossy prints (no larger than 3.5 x 5
inches). The full cost for all color illustrations must be borne by the author. Figure legends must be
submitted on a separate page at the end of the manuscript. The figure number, author’s name, and top
of picture should not be written on the back of the prints and should be written using lettering guide.

5.3 Line illustrations should be drawn on drafting paper or illustration board. Letter should
be written using lettering guide.

6. Tables should be typed on separate pages and should be placed after the text in numerical/
order rather than incorporated into it. The heading or title of the table should be complete enough that
the reader is able to understand the table without having to referto the text. All parts of a table must be
double-spaced and in full-size type. Omit all vertical rules.

6.1 In case that authors wishing to explain more about certain specific information use note.
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7. Case reports and short communications should have the same structure, including a
concise 150 words abstract, as the full-length submissions, but in much shorter form. Sections heading
are used only for the Abstract, Acknowledgments, and References. Short communications may be about
any suitable subject that dose not warrant a full paper. Case reports begin with the signalment of the
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