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Fasciola gigantica cathepsinL, B (CatL, CatB) W& saposin-like protein 1 ﬁ“fﬂ@gﬂu
naueulnidesaanelusiuiifirnuddny  dnsuanseoninluwadidoymaduems  uay
Uaeygansiinensvdsesnin (ES product) viiaves Catl, CatB way SAP-1 (Hulusiudisinng
LANINIUAIBOUTEUZIIA 9 YoImEnSimSuNSAaeUNaz ose1ng Sau TUsAu CatL,
CatB war SAP-1  dnmduihmnedmiumsuaniadudlesiumsindeneslulisu  F
gieantica lunsdnwiaded finsudn  Recombinant pro-F.gicantica CatLl (rpFgCatlL1),
recombinant mature F. gicantica CatL1 (rmFgCatL1), rmFgCatL1H, rmFgCatL1G, rFgCatB2
, rFgSAP-1 Tuwuailseaewus Escherichia coli BL21 %!q:ﬁmaimaqa winu 30, 25, 25, 25,
28, 56, 12 flamadu mua1du lunisveaeuinduvediusiu  rFgSAP-1  Tinyanesius
Imprinting Control Region (ICR) nguaz 10 #3 Tnefinsdelusiiundiay 50 lulasans Wild
Ry wdsannisdnnssdundagarine 2 duai Tdvhlsimyndelaetousseunssavey
fndo (metacercariae) §a@y 15 metacercariae TaWanIsNAdoUIATUINITLAASIZRUNIS
Hostunmsinidelungs FeSAP-1 wihifu Soway 732 uax 74.3 ileifleufunguaiuay non
vaccinated-infected Way adjuvant-infected controls fua6AU LLauauamuna:uﬁamﬂixﬁu
mglusAuiin1syiuiseniu newly excysted juveniles (NEJ), d-week-old juveniles and the
ES products of 4 week-old juveniles wagwuilunguildanseduselusiuinisnovauasis
Thi way Th2 Fedenndesiussiuuaufived 1gG1 ua leG2a ATy szsuveseulediv
Serum Glutamic Oxaloacetic Transferase (SGOT) ag Serum Glutamic Pyruvate

Transferase (SGPT) Tungu rFgSAP-1 uansbiiiunisanasegilitedAgdlodieuiunguaiuny
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seglsanAnfudulunguirduanasegrsfitvd Ay diamisuiunguatunu nsAnwasuandli

Wi WUsiu rFeSAP-1 ddnanmlunsiluiadudesiuneslulddu £ geantica wazenaasi

nsnaaeuludnifeidaiuasuywdsdely



Abstract

In Fasciola gigantica cathepsin L and B (CatL, CathB), leucine aminopeptidase
(LAP), saposin-like proteins (SAP) are a family of predominant proteases that is
expressed in caecal epithelial cells and secreted into the excretory-secretory products
(ES). CatL, SAP, LAP and CatB isotypes are expressed in both early and late stages of the
life cycle and the parasites use them for migration and digestion. Therefore, CatL, SAP,
LAP and B are a plausible target for vaccination against this parasite. Recombinant pro-
F.giantica CatLl (rpFgCatLl), recombinant mature F. gigantica CatL1l (rmFgCatL1),
recombinant mature F.gicantica CatL1G (rmFgCatL1G), recombinant mature F.gigantica
CatL1H (rmFgCatL1H), recombinant F. gigantica SAP-1 (rFgSAP-1), recombinant F.
gieantica SAP-2 (rFgSAP-2), recombinant F. gieantica LAP (rFgLAP), and recombinant
mature F. gigantica CatB2 (rmFgCatB2) were expressed in Escherichia coli BL21 at
molecular weight 30, 25, 25, 25, 12, 12, 56, 28 kDa, respectively. By immunoblotting and
immunohistochemistry, rabbit IsG anti-rFgSAP-1 reacted with rFgSAP-1 at a molecular
weight 12 kDa, but not with rFgSAP-2. The rFgSAP-1 reacted with antisera from mouse
infected with F. gicantica metacercariae collected at 2, 4, and 6 weeks
after infection. The FgSAP-1 protein was expressed at a high level in the caecal
epithelium of metacercariae and NEJ. The vaccination was performed in Imprinting
Control Region (ICR) mice (n=10) by subcutaneous injection with 50 pg of rFgSAP-1
combined with Alum adjuvant. Two weeks after the second boost, mice were infected
with 15 metacercariae by the oral route. The level of protection of rFgSAP-1 vaccines
was estimated to be 73.2% and 74.3% when compared with non vaccinated-infected
and adjuvant-infected controls, respectively. By determining the levels of IgG1 and IgG2a
in the immune sera, which are indicative of Th2 and Thl immune response,
respectively, it was found that both Th1 and Th2 responses were significantly increased
in rmFegCatL1G-immunized groups compared with the control groups, with higher levels
of Th2 (IgG1) than Th1 (IgG2a). The levels of Serum Glutamic Oxaloacetic Transferase
(SGOT) and Serum Glutamic Pyruvate Transferase (SGPT) in rFgSAP-1-immunized group
showed significant decrease when compared to control groups. The pathological lesions
of liver in vaccinated groups were significantly decreased when compared with control
groups. This study indicates that rFgSAP-1 has a potential as a vaccine candidate against

F. gigantica in mice, and this potential will be tested in ruminants.

Keywords : Vaccine, saposin-like protein 1, Fasciola gigantica, mice
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SAP-1 saposin-like protein 1

SAP-2 saposin-like protein 2

LAP leucine aminopeptidase

CatL1 Cathepsin L1

CatB Cathepsin B

r recombinant

Fg Fasciola gigantica

NEJ Newly excysted juvenile

v Juvenile

AD Adult

ES Excretion-secretion

TA Tegumental antigen

cDNA Complementary DNA

TMB 3,3’,5,5’-Tetramethylbenzidine
AP alkaline phosphatase
NBT/BCIP nitro-blue tetrazolium chloride/5-bromo-4-

chloro-3-indodyl phosphate

SGOT Serum Glutamic Oxaloacetic Transferase
SGPT Serum Glutamic Pyruvate Transferase
WB Whole body

g Immunosglobulin



uni (Introduction)

\omvsaFasiiaeiigvinn1sideanteu

Fasciola gigantica \Jumensiinuimlulula nsede une wasunziidsdulsvmelne
uazUszmeandeudu o lan Wuavmedlsanesluliiiuludn BeilfiAnnsgadonis
mswgﬁaimaLawwwiamwmLLasqmammsumié’miLgmLﬁ@lﬁlﬁmawémﬁauazum NA561579
wuila nsedelimsindowdodosas 11.8 warluvuiuiishnsindestagiisienas 85
Fodumenslulius adunesidamansenulnenssainunsnsiiiondndsda nsvlo une uas
wng Snsusznaiilsanensedaiadnnudemeliuiineasnstaslitosndn 300 &wum
(Sukhapesna et al., 1990; Sirihakim and Pholpark, 1991) uonantiuddisenuinfiaudaie
wes wdedlitionndn 30 e wasiuuilfugiduden q Wesmndinsueesvesmaidesdnd
Tussmefintuegnasngy uwasinsuns nszanevemesnmeagiinirevndusses 10 Ui

NIULN
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gouszevilazgnianglagingesiinlvimesussuy newly excysted juvenile (NEJ) 28n3n@

asusialddnvadlaan NEJ azlarunddlddndnlvTuteswiosnslugidvedean way
= [ ¥ a < a o 1 = = a d’lj & % o v dy A Y] )

ndeulugiuudiasyilunesimseudasimdeuiminuiadevesdiu  hlededugnriae

v & a

A0 haemorrhage way fibrosis luiiesy donedsadusidutefzdunidluendelure
dilaeldeTorzdaney (oral way ventral suckers) imerifswewiewn osnilanudosnis
QR HNIPFRLIER Wm%%‘v‘hmaLﬁa@auazL%aémaﬂaaﬁﬁnmﬁwmﬁmﬁaag NMsiAdoudl
T wensly oral sucker ﬁmm‘%aﬁmﬁaL'?J@LLasLﬁmﬁamﬁa@ﬁﬁu Turausfimuuusnanisdd
wasanarhaedadevedearlunasiinesiedouiiluin  BuluiuazansiineBudsoanin
Immawwmju proteases Wag lytic proteins f\]zﬁhﬂﬁﬂa’ml,l,azejaaamwfaL%LLazL%ﬁﬁuaﬂ
Toasiunndetuy Lﬁulﬁﬂﬂa:m endoproteases Iuﬂ&ju cathepsin L (CatL) ,cathepsin B (CatB)
LAENRY exopeptidases ’Luaqa leucine aminopeptidase (LAP) Jueulesindninensnda
gonuluasAnnds (excretion-secretion (ES) material) LL@%WU’j’]ﬁEJ’QﬂuW‘EJ’I%g?ﬂLLGiiS‘EJB NEJ
unsesszeziiuy Tage1adl isotype MFuWABUlUWY CathB3 gnaiauazydenlng NEJ
Tugeitludidedovedeat dau catB2 nuludusoou waz CatBl \Hueulumdnluiudate
(Meemon et al, 2004) Lgui%ﬁﬁ'ﬁammjuﬁmsﬂizmUéhﬁ tecumental cells Wag caecal
epithelial cell Tusnes (Carmona et al,, 1993; Smith et al.,, 1993; Creaney et al,, 1996;
Wilson et al,, 1998; Law et al., 2003; Meemon et al., 2004) uamrmﬁ?uwm%%ﬁu lytic
protein fiteiTlvizadiindonunn Téun a1swin saposin-like protein (SAP) Ssagdufulusiuy
vunfawadvinliiAnsuazyiliwadvedlesaiunneeniiteiduemanedsioly
lasinsfinwnmantAussensvesdiy saposin-like protein (SAP) @eavlinlunend

Tulsiduella F. hepatica (FRSAP-1 way FhSAP-2) (Reed et al., 1998; Reed et al., 2000;
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Espino and Hillyer, 2003) Wshuitaesshiidiminluanauaslnssasrsndedullsiu
amoebopore %84 Entamoeba spp. Faduls@nnguiaiiimsdnwiuaziinsevinuasdives
SAP aﬂwaamyizﬁﬁ'qm uannonlusiu SAP uad Ganulusiu NK-lysin wag granulysin Tu
fnidssgnieun Aiauausindedudulusiu amoebopore Tnglusiulunguiivesiusind
Ui gsenduluiuuuderuwadueavadulanuasshliiAngideviuwaduagyili
waalvaewan (Zhai and Saier, 2000; Bruhn, 2005) Iﬂsﬁuﬂﬁmﬁﬁqgﬂ"L%L‘i‘Juﬂa"Lﬂiumi
Uoaiudy uazdogomisvesesiiun diluned Fasciola SAP galddmsumsaangansemns
Tneamznisaanswadiindondaduemsudn (Espino and Hillyer, 2003) wadiinidond
unneenazgnesiianldiduems Tnefinsvdaduledmn proteases fandnuds eenun
dou Snsonilaunareidulinanadaufefignaeduriumaeniisdildidngimens
msfnwiiennasninduilosiulsanersluldiu Fasciola spp. BududloUssaa
20 Yfiudan Tasiduannismeasdiuoufiuiiniouannesiasuieiehn uavansiingsi
Gutendsoonulaglifinsviliuianinewinanld  wuiiliualunisdestunishnidoldusdlaid

v

Whias  IRguilinaAneau IR InTUTASENAINNESAMgaUT LA NYDTISETIgNaNY
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98 Faanunsalvualunistestunsandeldse 69-80% (Nansen, 1975: Hall and Lang, 1978;
Haroun and Hilyer, 1986) wdtinagviliAnannzunandou wu malugeh (cysts) Aoty
19 9 1wy Yo idesniimaedeudives NEJ fignansuasudaluegfiefoasivaniuneudios
anely  sounlddnsfnwmanedaglifnduiiatnanmediuiuts  duwenliuianiidenou
FreFBine 1 nudiliaineauaslunstiosiunisfindens s uwifdouuasyiliuianslden
Hagtuiadusndeniligminnlifelusiudifienudfylunsissdnveme siaingn

11a7 TUSAUAILTN 9 ﬁgﬂﬁmﬂ%’ﬁa‘[mﬁﬂumju FABPs (Hillyer et al., 1987; Tendler et al.,
1995; Aban et al., 1999) LLaﬂ‘Uiaﬂuﬂﬁjm antioxidant enzymes lagianig glutathione-S-
transferase (GST) (Sexton et al., 1990; Sexton et al., 1994; Morrison et al., 1996) siauladl
mﬁﬁﬂﬂiaiﬂumju proteases lawn Cath L way LAP ula (Wijffels et al., 1994; Dalton et
al., 1996; Estuningsih et al., 1997; Muro et al., 1997; Mulcahy et al., 1998; Piacenza et
al., 1999) ?fwimgiﬂé’waﬁwaammi T8RNz Catl AU LAP way heme TUsAuvinlA
wenSiuduielioonliuagaeludian uaﬂmﬂﬁ?ué’qﬁmsﬁﬂwmmauﬂ’ﬁmaqmil,ﬁui'ﬂ%uéuaq
recombinant FRSAP-2 sia F. hepatica lunszsine waznuiilusauiiivszansamlunsdu
foduiie  Taefsnounendasadisferar 812 wazdunuliwesluganssuasinfivesdes

NAADIaNaIToLaY 83.8 WAy 73 auasu (Espino and Hillyer, 2003)



M13199 1 agunansnagauiadulasiulse Fasciolosis ALY lanaaas

Protein Expression Animal %protection References
system
rFgSAP-2 E. coli Mice 78.5 Kueakhai et al., 2013
rFeLAP E. coli Mice 64.3 Changklung et al,
2013

rkgCatL1H Yeast Mice 66 Sansri et al., 2015
rFeCatB2 Yeast Mice 60 Chantree et al,, 2013
rFeCatB3 Yeast Mice 66 Chantree et al,, 2013
rFeSOD E. coli Mice 45 Jaikua et al.,, 2016
rFeCatL1 E. coli Mice 39-47 Kueakhai et al., 2015

M13199 2 asun1meassiadulasiulsa Fasciolosis NANLW

Protein Type Species Animal %protection Reference
Hb N F. hepatica Cattle 43.8 Dalton et al., 1996
Cp F. gigantica Sheep 56.9 EL-Ahwany et al., 2012
B R F. hepatica Rat 63.0 Jayaraj et al., 2009
L1 N F. hepatica Cattle 42.5 Dalton et al., 1996

N F. hepatica Sheep 34.0 Piacenza et al., 1999

R F. hepatica Cattle 48.2 Golden et al., 2010
L1G R F. hepatica Cattle 43.0 Jayaraj et al,, 2010
L2 N F. hepatica Cattle 43.0 Dalton et al., 1996

N F. hepatica Sheep 33.0 Piacenza et al., 1999
L3 R F. hepatica Rat 52.0 Reszka et al., 2005
L5 R F. hepatica Rat 59.0 Jayaraj et al., 2009
LAP N F. hepatica Sheep 89.6 Piacenza et al., 1999

R F. hepatica Rabbit 78.0 Acota et al., 2008

R F. gieantica Buffalo 0.0-8.4 Raina et al., 2011

R F. hepatica Sheep 49.5-86.9 Maggioli et al., 2012
L1+L2 N F. hepatica Cattle 54.0 Mulcahy et al., 1998

N F. hepatica Sheep 60.0 Piacenza et al., 1999
L1+L2+LAP N F. hepatica Sheep 79.0 Piacenza et al.,, 1999
LAP+Prx R F. gigantica Buffalo 0.0 Raina et al., 2011




L1+Hb N F. hepatica Cattle 51.9 Dalton et al., 1996
L2+Hb N F. hepatica Cattle 72.4 Dalton et al., 1996
N F. hepatica Cattle 72.4 Mulcahy et al., 1998
B+L5 R F. hepatica Rat 76.0 Jayaraj et al., 2009
B+L1G R F. hepatica Rat 62.0 Jayaraj et al., 2009
L5+L1G R F. hepatica Rat 52.0 Jayaraj et al., 2009
B+L5+L1G R F. hepatica Rat 52.0 Jayaraj et al., 2009
SAP2 R F. hepatica Mice 60.0 Espino et al., 2010

e N=lusAuainnens, R=3pauduuuviouled
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Fasciola gigantica \Junensinuinlulula nsyle ung wazeuluvsundlne way
Ussinewedowdu 9 valan  Wuawevedlsane Sluliduludaidonliianisaaydenis
LATEENIUNEATANAIMNTIUN SR ILEBatsemAlunTgs nmsdrsianudila nszded
nsAneRdeeray fesay 11.8 uarluusuinewsemelnga1aldnsnshadogatisios
v 85 sudunenSluliiduiadunediidmansenulnensiroinunsnIsuwazenamnssy N3
wedla nszldeo uny wazung Wewinvilvnandaiie uy Laznsldussuanaseg1snn dn1s
Useganarinlsane SviatassanudemeliuninuesnstazUseana 300 AUV
(Sukhapesna et al., 1990 : Sirihakim and Pholpark, 1991) YaNNUTIT U Ul TN A
vy fpufa@enens F. geantica SuwilduagannTuiiesanninisvenemivesnisiaesdnily
Usend Winduegreriniiilusyey 10 Unuain

nsnsinitadelsaneslulddiueiln £ ggantica wag F. hepatica TulaqUuldis
nyamling1sluganssvesdninindedannuliaranugniosugidn  Snvislilanunse
ananumsandelussezisusuliiesinagananuluinedlonesnaedudufuionuaesls
99NN NARINFATE 10-16 dUan

= a = ' a & . Y a =

SPpulLuuNlUsAuaINTadIsannsAne  Fasciola spp. WasskaziilonAusyau

o & | = 0§ v a & = v P ~ a

AMuEISIg1nnas i lrann1sAndeteiesay  95-99  Fsluusziwelveaziistenenishin
WS F. gieantica luputlesidu  Lianunsaudswalainuselnglifinisszuinveswedlsa
Fasciolosis 1Juinszaudulngasszmalilasunisnsianinmsunng esainngfnssuves

& v 1 =3 I [ =% Y a & . . % I 1
Aulnelugonsvedlsaligunsanniaglilunsiasne Fndiae F eicantica dswfazly
wanso1nsvedlsaunin Tumenseiudiueulvedenuslaadnan  wazdnuissiatudaniuil
1 v v Y [ v [ gj = 1 a I . .
Wy mnnsan dnddine Wuiu dalueulvelwneglunnsidealulsa Fasciolosis 9N
noAnssuNsUsiaalaglisi wagdnUsenishatdvayulddn £ gisantica In1sntuaulauin

WUAUAETIBUNSAAWe £ gigantica TungudssinAnyiueannate waswensnuvile dww




MsAAWe F. hepatica Hssaunshensaunavdndiiuniy  Turiszezinar 5 Uiduan
AouzITelApaniufIgme1saIntsendnd wu Weodlvad Unusnll insvys wuesswdun gy
[ a dy . . 1 = o & % oY af) ¥ & 1 v . .
Tuazanedne F. gigantica o8 wiednivisliddmeSliuwsinduiiseslse fasciolosis
Tidtuey wandliduiludegiunmsunsssuinvedlsa fasciolosis luuszmelnetulilianas
' a X a a v a & o Aa . v
Wy Waztiiuduannidedn nzlsadoudaluisiweeastinues Fasciola spp. WiSay
WinAume TuaaiugnistagduiinsihiainUsemeaioudny wu w1 Jepanna wiun 3937
luwautiuiinisinide Fasciola spp. agun wavluewienilonimuniiiie F. hepatica AN
unsszualulsemdlneniy Jsdeihlraaiunisunsseuinldenamelulaee fadisrenuneslu
wrasdnens1seuEin1sAnWe F. gigantica
WUGNITUVeN F. gigantica Wag F. hepatica Hulianupaenuiesay 95-100 3l
anudululdgunniinendniadulilalesiunseunquiitaessiin wasdgmlsa fasciolosis &4
I3 Y o & 1 = v a
JudagmmesnuanssasguuasUadaiogunn  Judulenienienisiivsswmealngasaiunse
wandndulasiulsn fasciolosis Miewwazadsyarselalituussmaduegad uwazdnuide
Tannsaduinfunldnulaas@asiluduuuunnfafavaseindudmsulsanensoug  wu
Opisthorchis  viverrini Mimsunsszuininnlunanguoonidesniiovesussnelng  aelu
Aau VY & Y o Y o Y] . . Y =% a o ' Aav § v
AugITeB AUl duNzas1eindudesiulsa fasciolosis 16 JsRnniazmesenuIdeliiy
winnssunas1@uanaulneg feavasisdeidesiuuming aelasUseinavid
INUIZHIALAZVBULIANITIY
nsimwIkasUSuUgAnenmeesirduitaunsalesiunsinaeneslulidu F.
gisantica war F. hepatica eeldseeuduuwilusiu annaueulsdgavaaislusiu lawn
cathepsin B (CatB), cathepsin L (Catl), leucine aminopeptidase (LAP) wag saposin (SAP)
Tunumneaes
1. Anvmageudneninmsiduinfuvessaouduuusiieufiauien (single
recombinant protein vaccine) Nnanan E. coli
2. @Anwmeaeudneninnisiduinduressaenduuuiuouiiausiy (combine
recombinant protein vaccine) NNan9N E. coli
3. msiausren TuuwikeuRiugnuauwaz@nunageudnaninnisiduinduvedss
a g a A . . . A a
ABNULUUNLBURLIUGNNEN (hybrid recombinant protein vaccine) INaAN E.

coli
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WBAnliun1Ingasunges) waz/vie wuaneauAanianldlun1side
Tsanersauluadaurialsanesluldsuldimeiinsmdalamaaullld Woswnmes

yiniifhsasinfunsnduegluaninwindon Tnoihaasindrunilefiinnanslunes

lymneae Tiduninznans (intermediate host) %aﬁﬂizmaagjﬁ”ﬂﬂimméﬁwﬁa 9 uagll

[y

anaazmdabinunduldly umsnisiestiglianunsaniuaunisiadgelulssrinsvesdnindu

ee

Winganie (definitive hosts) loun 33 Ae ung wng aaenduuywd By accidental
hosts) Ltetlesfumsfindedndoudsdamudnufesimuipduiiaunsaandninisindenes
WeEFIgeU (newly excysted juvenile-NEJ) wag/viotaduitansnsavianenensiusiuiovie
andnsnseanldveames  fadudinamde  nguueaeuRlauiiduiudenisissinyemens
waylifluisendu (cross reaction) fulusiungudediululean lnsangnquioulesilusi
10a (proteases) lHuA CatB/L/D uay LAP Gewenslilunisgosoivng funguansiivaeyivlvinds

HadenuasingSAuduamisuan 1w SAP



Clone cDNA 184 CatB2, CatB3, CatL1, CatL1H, CatL1G,

CatL1D, SAP-1, SAP-2, LAP

A9LAT129 recombinant proteins CatB2, CatB3, CatL1, CatL1H,

CatL1G, CatL1D, SAP-1, SAP-2, LAP #7¢ bacterial system

NaRNAlAATIALAUALAR (PoAb) BB CatB2, CatB3, CatL1, CatL1H,

CatL1G, CatL1D, SAP-1, SAP-2, LAP

nnmmedauAnen wluniniudATiuees recombinant proteins g7
289 CatB2, CatB3, CatL1, CatL1H, CatL1G, CatL1D, SAP-1,
o aa

SAP-2, LAP TudnivnaaasAa 1y mouse UaviNalaansnilszansning

fiaznaaaunaiiuiATie 1849 recombinant proteins 19 5ia 1l

A 1 dl 4 a A a . .
i@anngui liilsc@nanngegn 1 was recombinant protein nHAXN

wdanagaudatudugafinalunysialil

WHUALAAIENTA TNl ne ATl



Uszlevinaainazlasu
NSRS
AINTIANTORNURUNAMLATINTILTANTUINTIANL  impact factor ADULI9A

Q1 39 Q2) lolitipeni 1 unAw

wisanuiamnsaihnanuitelulduss T
1. andundndniuazguaindn’

2. aniuvngeiuguaginseilsadnd nsudadn
3. vhsuuadnd
a

\nuRsNIEAesdniTedey

\ioidas (Main body)
FeazBennieafuIsaiunisise (Materials & Method)
nMswnzasesTianesluiesufinnig

thiendsousseglusdienanlinedluindeluves Lymnaea ollula Fsihunain
UssiaduiiielildfssunyBszeziumwesaizodmiunsveasdldetnsioes  Liesan
vey L. ollula {Huitusiifinnamusionishnionednimes Radix rubiginosa Fudummenans
goane3lulsdiu Ta nszde musssumAludssmelng nsmnzideames L. ollula nseyilagih
weadudnipussana 30 6 ldlugrmanafinden e duhaudnansUseanm 22 ga. ga
Uszanad 9 . nelusns Tdhumionasfeuiiu vlumsanndieliesnsle Wil
fumisiuazfoufivssnu 2 wa. Ieondaulneldirsesiuennirasiulunuinnasnna

wazlrnasainlaslglndoouruin 40w Wuan 8 v.4. siotu e msAetinniave

nsandewsslulilunes L. ollula

1) werlawesildanguidvedavienszlofifaitoneBundsaiheandaeii
U5 9neasu ntusauenlvildldauuia (petri dish) suadusingusnans 16 wu. i
vl igungiivies nagMITiRLIvetlinesnniuneglinaeganssad
(dissecting microscope) wendldaanussanad 14-16 Yu FeaziasapndusseglusBivon waziln
20n1131NY

(2) tesfiladiufivuinyszann 4-5 uu. weneenunlddenaaindsussginaann
AaoTu gaoisouneSszelund@iey Swau 2 @ TdaslUludeilavesliudildvaonly
YA 4OW dowving q iietiensedulum@ifiedildeuas dadheiielisana 2 wu. ey

Funerlutlulunrey “a1RINTULENLE MDY RNUNILIAIUUNG



nsfiudidauszezmigasaFe (metacercariae) Innviesiianidanens
PNNASANEINUI fssunesldattunsiasyluresssina 6 dUavt Jsazlam
gouszeziwaiai3 (cercaria) Ssavaaniinvossniisogluth ndmsdndelddunnsii 5 Sa3u
nsragrosiindelf warwenvesfiinilosenuidessiufuluiidenaouas  etestullvid
90UTLELYDIANTHBANUININVDY
dnsumafuisousresmeiaiFoduiunsdwiolui
(1) dwesildfadeliudusnlddenaainlafifinannaaeiuruduiyn fucy
il
2) Tusumaainuislavun 5x5 wu. ldaslume
(3) Tdlaulnaunn dow deanserulvigesansuaanainviey
(@) fhdeusvezweiaFeioonninesayinseglutsrernandu 4 udTuniefu
wu wenafin adavnsdis afdadsresummeianFetuan
(5) wdsntuUszana 2 v uoniomeseenlUdsaniniy thieuHuNaaRNEeNIN
dodléndesganssm iiuukunanadnfitiunwesniFeliludifu Juumwesande

wiTineglaUssuna 1 dUam

A1989LAIZH recombinant proteins

NIZUIUAIINAR  recombinant proteins vasdutmngaznszyinlagly  expression
vector U8ITTUUNTHAAIODNIULUATILSY (prokaryotic system) fi® pET-30b uag pET-21b
ndniudai vector Whdwadidntiou (host cell) dsioiwaduuniile Escherichia coli
Mnduldesiaduuafiiaiasaiuln  wazwideniliAnmsuanieenvesdunazanreyiili

s N a ° I~ ~ £
wadkupfiseaaeLazyililshuusans

nsnadauAnaNUAvaInduSAauluUUNlUAY recombinant protein vaccine
nszdupiduiulaevidluguvedlusiufen  (single vaccine) TUshuman  (cocktall
vaccine) LLaﬂUSauqmau (hybrid protein vaccine)lpgnaufiuans adjuvants 1 Freund Tu
msfnwduiiiiniteasinsannseduniduiilummasesda  recombinant  proteins
\mune (CatB, CatlL, SAP, LAP) Tnaidenld Freund’s 1u adjuvant laevihn1saansedu 2 35

WelSeuiiisuna Ao TaRamds lnewlmyesnidu 4 ngunaaet nquveaeday 10 63 laun

D

nquit 1 ldfinisdanszAuldidunguaiuaui 1

q
nquil 2 vinsaenseaumietvnesnldilushunauunguaiunui 2
q

D

b

[ a

nqu 3 vhnsaansedudnlarmtenig Jwiwesnauiu adjuvant



Nl 4 yhnsaanseudldfamilssng recombinant protein 50 lalasn3u Yuiu
adjuvant fondy

thlusaudnnu 50 lulasniu Fsazanvoglutinies (Phosphate Buffer Saline) nauify
Freund’ s Adjuvant Tud3mawi q fu wassalidudederfuaunseitanioduldunnsy
nswate  warduindunguileveanagevaduth  andudadresiomyvdelifaniilnedn
Hun 3 ads uiavaSineiu 2 §Uavi Tnewaulusiiu Complete Freund’s Adjuvant d1m3u
ns3nnsausn uazananlUsAufiy Incomplete Freund’s Adjuvant dmdunmsanaswield e
Asu 2 dUnvndmindandadl 3 amfudenanmengiionagounisadagiduiilumy way
Mnuagvhmmaseunsastunsindens s TnsmsdouummaiaFesium 15 Wn uae
n&rndouwnigesaide 4 ek asshmgiiedumumendosazvesnmstiostunsinde

nsdanTeilusiu

|

a a v v a Yy o v ¢
Anlusiuiatunsedualiduiuludninaaes

!

negeun1sasngiauiuludendninaass

Y

<4—

o 13

nsaaes NEJ Tudaineassnilesuindy

o —

ANONIINAALT NS LN IR
Usziluwauseansnnvasinduludninmass

WHUAT UanduHuIdEauN U lUsALIATY Wensedunisasuiiauiunsiaenys

9



NAFBUNITABUFUDIVBITEUUNNANNY
nN19inszaures immunoglobulin (Ig) Taetaniy 1gG1 wag 1gG2 Lﬁ'aamimauaumﬁa
SAouduuut FeCatL1G 1neid indirect ELISA
Coat plate with rmFgCatL1G

|

Primary antibody (mice sera)

|

Secondary antibody (HRP-goat anti-mouse 1gG1 & 1gG2)

|

TMB

|

Reaction measurement (plate reader at ODgs)

WHUATN 2 UaRIN15YIN ELISA

N1SUUIIUIUNEITD
wugnvilimeme ether nasnmsvilinuiiowenss 4 dUasi uddthdiunyeenin
Taluinde wazdndunylnluiudng Uaeeliinesesnunaindu nasaniutudiuiunens

MnFuTemywiassl e lumwnmesavvensdasiunisinesely

A5229052AU liver enzymes luldon
757990529V UlYLFU (SGOT way SGPT) ians33InANuRnUNRYRIRU AleLASDY

dMlUIlRA (automatic machine)

Bnsusudiung/ duaszvidaya
1. ymIAAIMAN % protection Yesnguil 4 uaz 5 tnetiteuiunaud 2 uay 3 figns
AU
% Protection = (A-BYAX 100
“A” ANLAABYB worm recovery MMNNGUATUANT 1 1130 2
“B” ANl@LYad worm recovery NNGUNAGBUT 3 Ve 4
2. 1S8uLiiey seAuvewauRued uay teuleddu vaangunaasuiunguaiuny lagld
one-way ANOVA and Kruskal-Wallis Test wag Tlusinsu SPSS version 18.0 Tunns

o w

AL Az 11 p < 0.05 DoinlimuuanANIeg 1l A NIIEDA



Nan135398 (Results)

1. 1135 clone cDNA ¥84 Catl1, CatL1H, CatL1G, CatL1D, CatB2, SAP2 waz LAP W2 8u

lovinnsteaudu Catl1, CatL1H, CatL1G, CatL1D, CatB2, SAP2 waz LAP lagldimaila
PCR &4l4 cDNA libraries 910 F.gigantica \Ju template wdnLlEvn1sWER recombinant
DNA lng ligate Buiiléidnfunnines pGEM-T Easy wdwhmsiesigvmaisu DNA lag
Macrogen Inc (South Korea) ndsaniaidinsizvindrdunsaesilulaglusunsy BLAST (The
National Center for Biotechnology Information, NCBI, http://ww.ncbi.nlm.nih.gov/BLAST/)
e SignalP 3.0 (Bendtsen et al. 2004; http://www.cbs.dtu.dk/services/SignalP/)

2. #91A512% recombinant protein

ASEWATIEY recombinant proteins (CatL1, CatL1H, CatL1G, CatL1D, CatB2, SAP2
way LAP) vinlaenns ligate cDNA wpsauLUMUNBAU expression vector Y833¥UUNITLENIDaN
Tuwun?ise (prokaryotic system) @8 pET-30b waz pET-21b ndwaniused1 vector wngiad
Btu (host cel) FsRewaduumile Escherichia coli anntuddesliwaduuniise
Widule  uaswieniliAnnsuanseenvesdulagld  isopropyl-B-D-  thiogalactoside
(IPTG) wazrliwaduuaiiGeameuazlilusiuuianslagld NENTA  udsndufnwaun
voslusAulagly SDS-PAGE wdifounis Coomassie Blue lnguuin (molecular weight) 284
matureCatL1 (mCatL1), mCatL1H, mCatL1G, mCatL1D, mCatB2 ‘1'71' 30, 25, 25, 25, 28 kDa

MU (FUN 1)



g‘ﬂ‘ﬁ 1 LAANUUNAURN recombinant proteins (lane 1: proCatL1, lane 2: matCatL1, lane 3: matCatL1G, lane

4: matCatL1H, lane 5: matCatB



3. nMsAnwAuaneuzYaslusiy SAP-1 1agQs immunoblot

TUsiu FesAP-1 gnduameitulnensiiiudiuaufduevesdu FeSAP-1 udmimaiildn
Feustefunawmes pET30b ievhnsduaszilusiuluuafide £ coli WeRuiildfivua 13 Ala
Aada UkouRvanselUsiy FgSAP-1 annnsedeuvinuseniu rFeSAP-1 wag rFgSAP-2 1ne/ s
immunoblotting Fanuieufivefselusiu FeSAP-1 1nnsesaudnstauln (positive band) 7

aaa ¥ %

dwiinluanauszana 13 Alamadu (lane 4) uaglivhuiAsenduiulusiiu FeSAP-2 (lane 5) &

=

IUN
M (kDa) 1 2 3 4 5

150
100

19
S0 .-

37
25 :
20 ) =4

1)

I

-
L

15
10

717 2 wananan1sduATIERlUIAY rFgSAP-1 Faflumtinluiana 13 Alanasu

* -
— b

24



4. n15ViuaURAUaR (rabbit anti-rFgSAP-1 ) TuSans

WwauRvafsialusAY FgSAP-1 9nnTesing wviliu3avalaegds protein A Affinity

M (kDa) Purified
IgG

250
150
100

75

S0 v =
37

25 -
20

15 =—

10

gﬂﬁ 3 LAAINANISVIWBURAUBA (rabbit anti-rFgSAP-1 1gG), double head arrow Wans heavy

chain Aidwidinluana 50 Alannasiy, single head arrow wang light chain 9 25 Alanasiu

25



5. MsAnwmuauRuadna FgSAP-1 TudiSunyniawenensluliiiu Fasciola gigantica
nsAnykeuRuefsie FeSAP-1 lugsunynanwenesluliisiu Fasciola gigantica faus

0, 2, 4, 6 FUAUNAINTAATD MI875 indirect ELISA WUTSUN 4 way 6 dUanaInIshnaian

Y o

OD Lnuegalledfisy (p<0.05) Wawleuiiu @5u7 0 A (negative control) (5U# 4)

0.7 *
0.6
0.5
0.4 *
0.3
0.2 1
0.1-
0.0-

OD450

0 2 4 6
weeks after infection

' '
=

77 4 LanansINNITAATIEIMETT indirect ELISA Wudn@iud 4 uaz 6 dlanvindanisfiadaien OD

1
a o = o

PR , o o d' A o Ao - .
WWNTUBLWNHULAIATY (*) N p<0.05 WALNEILNL TTNN 0 A1Um9 (negative control)
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6. M3ANEINTUARI8eN 12411571 SAP-1 1neAT immunohistochemistry
Y v a a 1 o o asa U
nazfunIIaTueURLaRsie FgSAP-1 Tunssing uaztilimeasunisinljizensendn
WEURLBAUATLAURLAY (native FeSAP-1) lulilaitlanend F. gigantica 38% metacercariae WA Newly
excysted juveniles (NEJ) 2238 immunohistochemistry WU U A1 SAP-1 §N19uaAI2anALTIUN9LAL

21919 (caecum) V11U 19 IUNLNEAIERUITLLFARE metacercariae WAZ Newly excysted juveniles (NEJ) L5

1 o 1 dll a ai
laifdnsuanseanluAnuniiaanuaaneng (gﬂw B 1az D)

A

o 1

U7 5. uamansuanseanaadlilsbiy FgSAP-1 TunensiaeussasFasauszes metacercariae WAL Newly
excysted juveniles (NEJ) fianfnea immunohistochemistry (A) metacercaria: Negative Control (B)
metacercaria: £ANANILALALAR (rabbit anti-rFgSAP-1) (C) NEJ: Negative Control (D) NEJ: fianFae

WAUALIARA (rabbit anti-rF gSAP-1)

27



3. nagauAnan1nnsiuiaduvas TUsAU rFgSAP-1, rFgSAP-1+rFgSAP-2, rmatFgCatB3 +
rmatFgCatL1H, rFgSAP-2 + rFgLAP Tunynaaas

o

naunsvaaeanUnu 5 nqu Taeny ICR way 918 8 &Uawi nauay 10 f fadl

a

nquit 1 lifins@anseau warliiimsvihlvivyiadenes

w2 Lifins@ansedu wasiinsviilivudnienens

D

A

D,

o a

nquil 3 vihmsBanseiumedniesnluiilusiunas waslinsvilinyfnigenes

D,

o a

w4 yihnns@anseduidnlaiamilanieg rrgSAP-1 50 lulasniu Yuiu adjuvant sieass wazdinig

q
q
q
nd

(%
a A

i livuRaenes

naud 5 MinsAnnserunlaRInilenie rFgSAP-1+rFgSAP-2 50 lulasnsu iy adjuvant #ianss
a o vV a ﬂy a

wardn1svilvivydnigenes

naun 6 vinnsannseAudlaRImMtae rmatFeCatB3 + rmatFeCatLiH 50 lulasndu dudu

adjuvant fiaA3s wagdnisvinlinuAnenens

nquyl 7 vinnsaanseduinlaiavidaiig rrgSAP-2 + rFgLAP 50 lulasnsu Yuriu adjuvant fenAss

wazdnsvilinydnidenens

Tneustaznduvhmsannsedumy 3 adslasusdazaduinatu 2 SUnwi woendsndanszdundagaiig
2 &Unwh dlsivyRndeiiay 15 metacercariae ndsantu 4 dUanindaniiliginde fivi
msshmylasfwensusulasenles iAudunaziudinuneBileduinmiosazvesnistiestunis
Poudenens  wasmamvasoutadulinmsuansszdunisdestunmsindeluuay  Waifisudungy

AUAL non vaccinated-infected wag adjuvant-infected controls FIM5197 3

28



P
ANTINN 3

Worm recoveries and percentages of worm reduction in ICR mice immunized with rFgSAP-1, rFgSAP-1+rFgSAP-2, rFgCatB3 + rFgCatL1H, rFgSAP-2 + rFgLAP and

challenged with 15 metacercariae of F. gigantica per mouse

Groups Treatments Worm recovery Mean+SD Reduction (%)
1. Uninfected Control Non-immunized and uninfected

2. Infected Control Non-immunized and infected 9,6,8,7,6,7,8,9,7,7 7.4+1.07 -

3. Adjuvant Control Immunized with Adjuvant and infected 8,5,9,7,7,9,5,8,8,5 7.1+1.60 -

4. rFgSAP-1 50 pg of rFgSAp-1 plus Adjuvant and infected 2,2,1,1,2,3.4,2,0,2 19+1.11 74.3 a*, 73.2 b*
5. tFgSAP-1+rFgSAP-2 50 pg of rFgSAP-1+rFgSAP-2 plus Adjuvant and infected 1,1,0,1,2,2,1,3,1,2 1.4+0.84 81.1 a*, 80.3 b*
6. rmatFgCatB3+rmatFgCatL1H 50 pg of rmatFgCatB3+rmatFgCatL1H plus Adjuvant and infected 2,2,3,0,2,2,3,3,1,2 2.0+0.94 73.0 a*, 71.8 b*
7. rFgSAP-2 + rFgLAP 50 pg of rFgSAP-2 + rFgL AP plus Adjuvant and infected 0,2,0,1,2,1,3,1,0,2 1.3+0.94 82.4 a*, 81.7 b*

* Significant in worm reduction compared with control groups (p < 0.05)
a Percent reduction, compared with group 2

b Percent reduction, compared with group 3
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7. Anwmadaudnaninnisiluinfuvassaautuuui rFgSAP-1 Tuny ICR wazn1snauaupivag

STUUORANAY fiasARNTWULN rFgSAP-1

q

nnmsbivuianeslaenisleudigeunesluliisu (F. gisantica) Tuszes Metacercaria

[y

WulUsAY rFgSAP-1 anunsansedulilinnsnevausmgiiauiuwuy humoral la lnelseAuves

9

Immunoglobulin (Ig) vl 1gG1ua 1gG2a 1‘Lm§3LLﬁL§’e)ﬂq&%u (SUM 2)

Y

D.

IgG1
3.0

2.5

., —0

' 6 8 10
IgG2a Weeks A

N
Rl 4

2.0 - 4

1.57

0D450

1.0

0.51

008 e

r—

Weeks A

'
=] Y o

SUN 6. wanen1snauauean1aiiauiy (humoral) lnsane 1gG1 way 1gG2a WuIWislunguninag

N3eAUAIY rFgSAP-1 anunsanseAunuAuiulans IgG1 uag 1gG2a (2A & 2B) urseAuval IgG1 wge

q

N1 lsG2a ;1=Uninfected control, 2=Infected control, 3=Adjuvant control, 4=rFgSAP-1



7. AMUFUNUSVDITZAULDURAUDA (IgG1 wag 1gG2a) AU I1UIUNYTS

ANUAUNUSTENINTEAUVRY 1gG1uae 19G2a WagdWIUNeI5NYR inlvidalde (infection)

=

W termination (§U#. 4) WUl 16G1 ﬁﬂ'ﬂﬁqmd’] lsG2a (IgG1 showed stronger correlations
than lgG2a) Fatleneail: lsG1 at infection , r = -0.186, at termination, r = -0.175; IgG2a at
infection, r = -0.359, at termination, r = -0.226.

® FD58AUYDY ODysy WA TIUNENTLUNGY rFgSAP-1 vaccinated group

. IgG1 .
Infection 9 Termination

30 3.0

2.SW 2-5’\\1\
o 20 . 20 : .
@ 1.5 1.5
Q 7 r=-0.186 r=-0.175
© 0 1.0,

Q: o

0.0/ , 0.0, . | |

0 1 2 3 4 0 1 2 3 4
IgG2a

3.0 3.0

2.5¢ 2.5

2.0 2.0
red
E 1.5 1-5. 
© 1.0. 1.0 : '

0.5 r=-0.359 00_5 r=-0.226 0

0.0 ‘ ;
0'00 1 2 3 4 0 1 2 3 4
numbers of worms recovered numbers of worms recovered

SUN 7. nsmluansanuduiusvesdn 0DA50 wiluns fuduiune Sluvyusdazdilungy rFgSAP-

1+infected (A) IgG1:Infection (B) IgG1 : Termination (C) 1gG2a : Infection (D) 1gG2a : Termination



8. szauteulasldu (SGOT wag SGPT)

sedfuoulusiiy (SGOT waw SGPT) HFngalufign termination yinnaw snciungy non-
immunized and uninfected LLGiLﬁ@LU%EJULﬁEJUiW’iiju rFgSAP-1-immunized and infected
uaz nauMUAN WUIszduLelesuBINGY FeSAP-1-immunized and infected fiAnAninagail
Toddeyl p<0.05 (gﬂﬁ 8)

* whiuliauwaneegniideddguliafisuiunguaiuny

(1) non-immunized and uninfected
(2) non-immunized and infected
(3) Freund’s adjuvant and infected

(4) rFgSAP-1-immunized and infected

A15197 4. The pathological lesions of the livers were analyzed by scoring the damage

lesions. In rFgSAP-1-vaccinated group.

Group Mean liver damage score + SD

1. Uninfected Control -

2. Infected Control 35+13
3. Adjuvant Control 31+09
4. rFgSAP-1 1.6 + 0.8 "

*Significant in reduction of liver pathological lesion when compared with control group at p-
value less than 0.05.

* Liver damage score, compared with group 2, ® Liver damage score, compared with group 3



Reference Range (15-94)
100 1

ALT (U/L)
N oy 0
S S S

[\
(]

0 6 10

Reference Range (100-300)
800 -
700
600
500

400

AST (U/L)

300
200

100

weeks

gﬂ‘ﬁ 8 nansseautaulesinu (SGOT waz SGPT)
(1) non-immunized and uninfected (2) non-immunized and infected

(3) Freund’s adjuvant and infected (4) rFgSAP-1-immunized and infected



A3UNan15AY

AIelaviMsdeaseitu (cONA) uaslusiuves pro Catll, mature Catll, CatL1G,
CatL1H, SAP-1, SAP-2, LAP uway CatB2 lagnsa 1meni1sla3s screening cDNA libraries 98amens F.
gicantica ¢ae primers TieenuuukazduATIERINTuindrefuannens £ hepatica #uldan
g1udeya NCBI @slusiu pro Catl1, mature CatL1, CatL1G, CatL1H, SAP-1, SAP-2, LAP Wa
CatB2 flsnaluana (MW) winiu 30, 25, 25, 25, 12, 12, 56, 28 Au@16U mﬂﬁ?uﬁﬂwmmé’ﬂwm
294 recombinant proteins SAP-1 (rFgSAP-1) 1ag35 immunoblot, ELISA, immunohistochemistry
weglusAu SAP-1 fimsuanseanusiiamaiuetmsvesnedlulddu F. gigantica Svezsioou

%

(metacercaria way NEJ) wagwuiiushu SAP-1 aunsansdugdiduduvedeadls vidsndu
Wikl SAP-1 wmegeudnanwlunisduiaduluny leen1s immunize vyde recombinant
proteins maufu Alum adjuvant e 6 §Uanvt udrindene sdenisilou metacercaria 15
éJwiwwﬁqéh \fieUseiliuen  percent protection wuiﬁzﬁmaﬂmﬁﬂaaﬁ’umsamL%}a’[,uﬂaq'u
(FgSAP-1 Wwihnfu Jowaz 74.3 wag 73.2 \leiflsufunguaiuns non vaccinated-infected way
adjuvant-infected controls fua1AU waglUsiy rFgSAP-1 anunsansedulviiinnisnevauam

giiAuiukuy humoral 16 TnefiszAuras Immunoglobulin (Ig) lla 1gGluas 1gG2a Tunszuaiian

Y

v A o [

290y uarszdunMaiinduvesueuivefdifinnuduiusiunsanamesiuiunedsnde Tasams
SEAUTRY 1gG1 druseauvenauletiiu (SGOT way SGPT) fvsvendemnuderevesiedosiu
wuilunga rFesAP-1 Aneulesisusis 2 ofin anasedsditeddyilafisuiunduaiuay @ p<0.05
wagleyinn1sneaey combine vaccine WUIINGN rFeSAP-1+rFgSAP-2 dlenistesiuwirivsesay
81.1, 80.3 ngu rmatFgCatB3+rmatFgCatL1H fiAnsUesiuwiniuesay 73.0, 71.8 waznay
(FgSAP-2 + rFgLAP fianstiosuminiufesay 82.4, 81.7 \leifisuifunguaiueu non vaccinated-

infected e adjuvant-infected controls #ua6AU

aAus18/9915a1 (Discussion)

TneluwdnmsidelulasansillfussanuingUszasdaanlvgdidsly Aeludusnléinisude
recombinant proteins 1959 ‘171,5\‘1?311‘14 5 WshAuAe pro CatL1l, mature CatlL1, CatL1G, CatL1H wae
CatB2 warldfinmadeuTaiund 3 Wiy nieuialdfimalinneidoyauasldfimameunslnens
AfsilunseasuunnAduiiseuiesudafelsiu pro Catll uay mature Catl1 (vju 2%. 2558)
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Vacine

The recombninart Fescioln mgnneica saposin-like protien-1 (rFgsa&l-1) was cloned by polymerase chasn
Fepctinn (PCR] e NE] cORA, exprassed in Escie richia codd BLZ1 (D3 ) and misad for production of & paly-
chonal antil=sdy in rabbits [antiaFgSaP-1]. By rmmuanoblotting and mmuonohist ochemistry, rabbis 1gc
anti4FRSAP-1 peacted with TRERAP-1 ara melecular weighs 12 KDa, Bait not wich iFgsAP-2. The tFESAP-1
reacted weth antisera from mease infected with £ gigontica metacercanae collected at 24, and & weeks
Alver infecrion. The FESAP-1 protein was expressed ar a high lewel in the caecal epichelivem of mera-
ercariae and MEJs. The wacomation was pesformed in Imprinting Controd Region [ICR] mice (ms 107 by
sisboutaneouss ingeeticn with 50 pf of TFEESAP-1 combined wicth Alum adjuvaint. Tves weeks afver the sod-
o bsoo sk, mice were infected wiath 1% metacercamas per mouse by the oral rowte. The percents profection
Al IFESAP-1 vaccine weie estinyifed to be 73 2% and 74.3% when canmspared witly ivon vadcianed—-infecred
and adjuvamt-infecred controls. respectively. The levels of IgG1 and IgGia specific to rPgSAP-1 in the
i sera, wWikich are indicatse of Th2 aisd Thl e Despoikses, Weie inmversely and significantly
correlated with the mumbers of worm recoveries. The rF; T1=-varcipated mice showssd signeficantly
redued levels of aspartare aminciransferaze (AST] and alanine aminsiransferase (ALT]. and liver dam-

age These mdscaved that rFg

P-1 has sirong potendal as a vacome candidate aganst F. gigomdiica, whose

alicacy will be studicd forcther i large ecomsamic amimals irbodeng cancle, sheep. amd goac

O 206G Elsevier BV, All nghrs reserved.

L. Imiroduwctiom

Saposin-like proteins (5APs) are a family of diverse lipad-
interacting proteins whose membranolytic activities have anly
been recently understocd. They are conserved phylaogenemcally in
disrant organisms, from prirnitgve protozoa to manumals {Bruhn,
ZMES], The encoded proteins were found in Emtamosbho spp., namied
ameebapore, which are similar in size and structure o the manm-
mualian 2AFs, ME-lysin and granulysin (Brubn, 2005, In F heparico,
recombinant 5AF has been shown toinduce lysis of human erythro-
cyles and peripheral Bloosd mononuclear oells, This suggesis that
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thie SAPS are invobved imthe Iysis of host cells for further enzymaric
pracessing and uptake by the parasites. Two SAPs sncoding cDMAs
from F keparica { FhSAP-1. FhSAP-2 1L and three 5APs encoding cOMA
from: £, gigomeica (FeSAP-1, FoSAP-I, FoSAP-1) were reported [Reecd
et al., 2000; Espine and Hillyer. 2003 ; Grams et al., 20010; Cabdn-
Hermandez and Espino, 20033 FpSAP-1 isexpressed at NE] and eacky
stage afl F, giganico, whersas Fg5AP-2 and FgEaP-3 are expressed in
Late puveniles o adult stages but not at metacercaria. ME] and carky
Juvenile stage (Crams et al | 2001

A5 BAF-1 gene s expressed in early juvenils of Fascielo spp.
[Grams el al, 20001 L we expect it te hase high potential as a wac-
cine candidate that may mterrupt the carly stages of the life cycle.
Therefore, to gain basic understanding of characoenisnes and tissoe
expression afl the native FgSAP-1 is impartant for the developments
of vaccine and immunodiagnosis for early infection,

The combined vaccine berween FrSAP-1 and FZSAP-2 and other
prateins (such as CatB2] should show highsr pesrcent protectian
against F gigentice infection because they can bleck and posse-
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bly darnage both early and lare parasites. Vanous recombinant
protein waccines have been tested and shown to have varging lev-
els af protection against F hepatice infection, including leucine
aminopepridase (LAP] in sheep (Mazoioli er al. 200 1al, cathepsin
L (Catl] in sheep and cattle (Fracenza et al, 19949 Colden et al
207100, thesredeean glutathione reductase [TGR) in rabbit (Mazgich
elal, 201 10T and sapesin-like protein 2 (3AP-2] in rabbdt ancd mice
[Rivera and Esping, 20162 Espino and Hillyer, 24: Espina et al.
20000, and for F giganticd, including LAF o mice and buffaloes
[Changklungmoa =t al, 2013; Raina et al . 201 1), SAP-Z in miice
(Kueakhal er al, 2013k}, CatB2 and CatE3 in mice (Chantres of al
2013 Canl 1H im mice (Sansri et al, 2015]), Catll in mice [Kueaklai
et al. 20150} Howewer, thess vacoames alone offer a faicky bow por-
centage of profection. The vaccine potential of FESAP-1 has not vet
bheen tested in model animals, and this 15 the aim of the present
study.

Z. Materials and methods
21, Parasite preparations

Lymnea offula snails were infected with miracidia [ooe imiracid-
ium per snablk Abowt 45 days after infection, cercariae were shed
fram the snails and setthed an the 5 = 5com cellophane papers and
mransfarmed inte metacercanae as previously described (Kocalkcha
clal, 201 3ak The metacercariae were collected from the papers and
wrashed several fames with Q85K MaCl salution, NE] was excysted
by activating metacercariac wsing a method descnibed prewiously
[Zecthadavir er al, 2009).

2.2 screening tive odwle F. migantica cOMA for the soposie- ke
prelein- T gens

ll!n:-ﬁﬂ'll.'ﬁlE'E'E cDMA of sapnsan—llb:e Fll.'ﬂl:E'lI'l 1 Eeme Wak ksa-
lated from the adult F gigmatice cFNA by palymerases chain
reactien (PCR) using degencrated forward primser (5'-CAT ATG
AL GAA CAA CCA CAC CTT CAC-3') and reverse primer [5'-
CTE GAG C©TA GCA CAG TOT GAT TAC-3') designed from the
homalegous sequences of F giganticn saposin-like protein 1 gene
(Grams of al, 20001). DMA seguencing was done by Macra-
zen Inc., South Korea, Sequence analysis was per- formed by
using the BLAS T program [http: |/ /blast.nebi.nlmomibgov)Blastaogil
amed BroBdit program {hitp: )/ fwww mbio.ncsuedu/BioEditfFioedit
homl)l The S.!.‘FK:IS'EI Zene abraimed froin the EDNA.]“}I'.!L}' S-CIE@.I'IJL'IE
showed 10 identily to Fg5AP-1 as reparted carlver (Grams =t al
200 L

23 Expression and porificotion of recombinanr Fgsar- ¢
[rFESAP-T ) and Becombinomt FESAP-2 (rfgsaP-2)

Recombinant FREaAP-1 and FgSAP-2 cDMA were subcloned inte
the pET-30b vector and mransformed into Ezcherichia cofi BLZ1
[(DET). The rFgsAP-1 and rFg2AP- expressions were induced with
0.1 mM isopropyl-B-p-thiogalacteside (IFTG) for 3h at 37°C and
2550, mespectively. The protein was puralied by using nickel-
nitrilotmacetic acid [MNi-MTA] affinity column under denaturing
conditien The elutes were dialyzed by using SnakeSkin™ Pleated
Dialysis Tubing, 10K MWOO (Therma Scientific, Rockford, 1L
UsAl, in PES (137 mbd Macl, 2.7 mh KCL 1.4mbd KHp POy 10 mik
Map HPO, L pH 7.4 and concenirated by mesmbrane Gliration using
Amicen Lltra centrifugal Alter dewvices with 35K nominal malec-
willar wesght lirvic (Millipore, Bediord, Ma, USA]L The recomibbinant
proteins were kept ar — 2000 C antil use.

fogy 200 (200 F) d 15—-12F
24, Produectiton of robidl pelyclonal ongi-rfgSarg

Rabbit polyclonal anti-rFgsAP-1 woas produced by immuanizing
4 female Mew Zealand White rabbic with 250 pg of FFgSAP-1 mised
waith Freund's adjuvant [Sigma-Abkdrich, IISA ) thres times at Zowesk
mmrervals. Expenments on animals were approved by the Amarmal
Care and Use Committee, Faoulty of Science, Mahidol Universicy,
Thailandd.

25, Purificarion of rafhie pofyclonol arli-rFgSAP-T IgG

The rabbit anti-rFgSAP-1 serum was diluted at 122 with bincd-
ing buffer (Bio-Rad, LSAL pH 900 All sarmiples were filtered through
& 045 prn flter before oading ento the cartridge. The mixture of
serum and binding buffer was added into the cartrdge contain-
g Af-Prep protein & (Bio-Rad, USA) The IpG against rFgsaP-1
bound to profein & wwas sluted out with an elution buffer (Bio-Rad,
UsAl pH 200 and the cluent was neatralized immediately with
18 Tris HCIL, pH 9.0 (1 el of eluent per 1.6ml of 1M Tiis HCL) as
previoushy described (Kueakhai et al | 201 5a) The eluent contain-
img [eG against rFgSar-1 was dialyzed. concentrared, and stored an
4°C amtil further experiments.

26 Memunoldorting

The rFgSAP-2 (1.0 pg) and rFgsSAP-1 |10 pg) were separated on
a 12.5% sodinm dadecy] sulfate polyacrylamide gel electrophoresss
[(sEAGE] and transferred ento nitrocellulose membranes. The
membranes were blocked with 4% skim milk in PBS containing 0015
Tween-20 (PEST) for 1 h, then incubated with 2 pgimi of porified
rabbdit amti-rFESAT-1 1£G For 1 h at BT The pasitive bands were visu-
alized wsing AP-canjuegated goat anti-rabhit 1zG (Seuthern Biotech,
Birrmingharn USA) diluted at 1: 2000 and the color developed with
HBT/BCIF substrares [Roche, Manobesm, GermamyL

2 7. Derection of amarsd immzine respease levels by ELISA

Toe determine whether FgSAF-1 elicited humoral smmune
response in the host by ELISA, a SS—well plate was coated with
100l af 1 peg!ml af tFESAP-1 in the coating e (15 mibd Mag O,
35 mkd MaHCD;, pH 95), incubated at 4 °C, overnight. The coared
plates were washed three times with PRBAT [0O0SETween 20), anxd
non-specific bindings were blocked with 1% skim milk at KT for
1h Then the coated plates were washed thoee imes with PBEST.
Mice infected sera collected ar b, 2, 4 and & weeks after infection
wiere diluted at 1: 100 with PBS, and added ar 100 ] per well and
incubated at BT far 1 h. The plates were washed three times with
PEST and incubated with 100wl per well of HEP-conjugated goat
anti-mowuse gl (SouthernBiotech, Bimingham, USA], diluted at
1= 50000 waith PRS, at BT for 1 b Then the plates were washed three
mivees with PEST and incubated swich 100 pl per well of 3,3°.5,5°-
Tetramethylbenzidine [TWB) [KPL Gaithersburg, L15A) at RT for
Smin Finally, enzymatic reaction was stopped by adding 1M HCI
at 100l per well. The optical density (ODg5p) was measured at
450 nm in an automatic Versabdax Microplate Reader [Molecular
Dhevices, ©A, USAL The experiments were perfornmed in triglicate.

28 trmenolecel i zothone

FParaffin sections of metacercaria and MEls, cut an Spom-
thickness, were reated with fresh oylene mwice for 1O mdn each,
and then rehydrased in semal ethanal 100 955 80F P and in tap
wrater twice for 5 mmin cach. The seotioms wene mdcrowaved at 700 W
mn citrate bulfer (18mbA citric acwl, pHE.0) Tor 5 min three Wmes
The sections were washed thoroughly with tap warter for 5 min fol-
brwted oy PBET, incubared in PES contaiming 4% BSA for 1h, and in
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Z pgimlof the Rabbit ant-rFeSAP-1 1gGin PES, 1 hat RT. Funallby, the
sections were imwubated in PES containing horseradish peroxidase
[HRFP] cenjugated goat anti-rabbit 1g5 (Seuthern Biotech, Bioming-
ham, USA] ar 112000 dilution for 1k ar BT, and washed with FBST
before incubating in 3,3 —diaminobenzidine [DAR) substrares [Wec-
tor Lab, CA USAY in the dark. The opomal color development was
stopped by spaking the sections in ddH; O The seclions were counm-
terstained with hemaroxylin,d mounted in Permount™ Mounting
Medium (Bio—Optica, Milano, Italy], and plotographed in a light
micrascepss (Olympus BXS51],

248 Expers deal and v

rear profocod

Filty & wweek-old male ICE mice were divided imo lve grooaps- (1)
non-immunized and aninfected. (2) non-immunized and infectexd,
[3) immunized with Alum adjwvant (Invivoizen, San Deego, CA,
LISA] and infected, [4) immmunized with S0 pg of (Fg5AP-1 mixed
with Alum adjuvant and infected. All mice were kept under nor-
mual condition as described previously [Kueakhai e al, 200307,
and all expeomental protecals were approved by the Anemal Care
and Use Cammittes [ BEU-ACUC] Burapha University, Thailamd. Tle
adjuvant contrel amed rFgSAP-1 -vacainaled groups were immumnizecd
three times at 2-week intervals by subcutaneous route. For the
rFeSAP-1 vaccinated groups, the inmmondization used the reconr-
binant proteins maced with Alum adjusant, FEach mowse was arally
infecred waith 15F giganrica metacercariae ar 2 weeks after the
secomd boost. Blood samples were taken at six inltervals, o, pre
vaccination, 2 weeks after the first and secend immunizations, ac
indection, 2, and 4 weeks post infection. Four wesks after infection,
mice were anacsthetized with COy inhalaton and blocd samples
were taken by cardiac puncture, their peritonsal cavities were
opened amd washed thoroughly wath 0855 MaCl solztion. The livers
woere rmemersed and manced in DBSE Macl solwtion, and the num-
bers of worms were @xamined following a previously describec
pratocel [(Eucakhai ot al . 200 587

210 Waorm recovery ard worm weigies

The pereent of prodecltion against F gigoniicr melacencanae
infection in mice was expressed as percent of reduction in the
nurmber of worm recovered from The vaccinated mice compared
with nan-immunized-infected or adjuvant-infected control mice,
and calculated as Fodlows:

SPraotcction = (A =B A = 100

“A” represents Lhe mean warm recavery fram the non-immunized-
infected or adjuvant-imfected control mice, and “E” represents the
mmean worm recovery from rFgEAP- I-waccinated mice. The weights
of recovered worms from the vaccinated mice were measured and
compared with thoese from non-immunized-infeced or adjuwant-
indfected comdrol mice.

2.1 Determination afl lgG T and lzG2a fevels By indirect ELISA

The levels of 1£G1 and IpGEa in blood samples collecred from
six intervals as previowshy mentioned were determined by indirect
ELIEA. Minety six-weell plates were coated wirh 100l of 1 ugml
of rFgSAP-1 in coating bulfer [15mb Map 05, 35 md MaHOO,,
pH 9] at 4°C. svermight (OFN). The coated plates were washexd
three times with 05% PES-Tween 20 and the non spedific bindings
were blaockesd by adding 150 pl per well aof 13 skinm milk [ferck
KGan, Darmstade, Germany] i FBS and incubated ar room tem-
perature (ET) for 1 h Then the coated plates were washed three
rimes with 05%E FRS-Tween 20, and 100wl of each serom in PES
dilured ar SO0 was added and incubared for Zh ar RT. The plares

Tabde 1|
The scoming doe liver dernags

Liver damage Macrascopic Ireer lesions

score

Sopre 1 Mo sigrs of damage chserved oo the oer surface or
hepatic lobss

Eoore 1 Blinor dasrape comfmed i bess thars 5% of hiver marface

Score 2 Light lesions of up 10 15% of the liver surface

Soore 3 Moderabe damage of up io 100 of the liver surface

S 4 Heawy damage of up b 500 of the lver suntace

Soore S Eztensive necrosis of more tham S0% of the lver surface

were washed three times with 0SS PES-Tween 20 and incubated
in HRP-conugated goat anti-mouse [8G1T and IgG2a (Southern-
Bionech, Birmingham, USA] dilured weicth PES ar 1:5000 for 1 h, ar KT,
Then the plates were washesd three timies with 0055 PRES-Tweesn 20,
and 100 pl of 3.3 5.5 -Terramethylbenzsdine [TWB ) [EPL Gaithers-
burg. USA) per well was added and incebated for 10min at BT,
Finally. the enzymatic reaction was stopped by adding 100wl of 1M
HCL per well. The optical densities (0D ) wwere measwred at 453 nm
in an suwtomaric Titertek Multiscan spectrophaotometer (Flows Lal-
oratories W, LISa

212 liver emzymes

[ewels ol the liver enzymes, aspartate amdnotransferase (AST]
and alanine transaminase (ALT) released into the sera of all groups,
collected at three intervals (0, § and 10 weeks L were measured in
triplicate using an Auwtecmatic Climical Chemistry Analyeer (Dhmen-
sion Bl Max, Slemens, Dubline, reland

213 Pothological lexion of the liver

Four wesk=s after infection, mice were euthamatized and their
livers were removed and examined by naked eyes for pathologe-
cal lesions, and the degiees of damage were scored §-5 I‘é[.'lEl'ldlllQ
on the sewernity and the intensity of lesions according te the cr-
teria published earlier [Rasdsma oo al, 2007, Jayaraj et al. 20089
Kueakhai et al | 200 5k; Changklungmoa et al, 2006) (Table 1)

2714, Sransiical enalyss

Differences bebween 2-, 4-, and G-wk infected sera with non-
infecred mice sera were tested using the independent sarmples
r-test A pevalue less than 005 was considered to be statistically
significant The levels of 1ghs, liver enzymes and pathologecal score
were compared belween Che controls and the rFgSAP-1-vaccmsated
Eroups using one-way AMOVA, Kruskal-'Wallis Test, The correla-
rions Berween the ODemp walues reflecting the 1261, I9GZa levels in
mipase sera at infection and termination and the nembers ol worms
recovered were analyzed by plotting the reo vanables against
each other amd tested statistically by one-way analysas of vare-
ance [Fpearman’s rank correlation fest) using P55 180 software,
A p-vale less than 0005 was conssdered statistically significant.

3. Results

F.1. Expression and penfication of recombdmant FesAaP-1
[rFgSAP-T | end fmsmeun ebielling

Ther rFESAP-1 and rFESAP-2 proteins coupled witlh His-tag ac
the M-terminus were successfully expressed at 27 °C and 25,
respectively. SN5-FPAGE analysss of e proteins after purnification
by Mi-NTA chromategraphy under denaturing condition revealed
bands of the rFesAP-T and rFzSAP-2 at 12 ka (Fiz. 1 lanes 2. 30
iduced bysare (Fie 1 lane 1] Immunoblarieg with eabbir 156 ani-
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Fig. 1. Cosmassie Blue stamed 12.5% SE5FAGE of capreased recombinam: Frsar-1
and IFESMAP-E piirifisd by Che PI-RTA STy coeno i ogr 3geley i er thie e uring
conditsens. Lame 1 wholebysae afterandaction by IFT4G: lane 2 recomsbanamt PeSaP-1:
lane 3 recombinant FgSaP-d after pucification. lmmunoblst analysis indicating rhar
Ehe rabdak ankiserum agaoret ePESAP-1 reacred withs a rPgSaP-1 protess ak 12 Bl
[lane 41 Mo pesirive band was obsersnd in sFaSAP=2 (lane 51 Molioular veeahr
mariers are shows on the 1eft side.

M (kDa) Purified

Flg- 2. The pamicy of rabic sntirFaSnP-1 |gG alter gaamifcarion by AT Cel” proteis
A MAPE" 1| Kzt was detenmuned by 12 3% SOEPAGE stamed with Coomansie Blae
Single aod double arness indicate the gl aed Fe sy chados of rabibe aai-rEgSar-i
Igte respectnse by, WTW mearkers are showen on the loft side.

serum against FESAP-1 reacting with rFeSAP-1 at MW 12 kDa of
rFEsAR-1 [Fig. 1 lane 4], but not with rFgaaAP-2 [Fig. 1 lane 5],

F2r The purificacion of rabshie anti-rgsAP-1 fgo

The purified rabbit ansi-rFgiaP-1 1gh was analyzed by S05-
PAGE. Showing the bands for eawy and light chain at w50 and
25 kDa, respectively {Fig. 2 lane 2], indicating that the [5G was pure.

0.7 -
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0.5

04 *
0.3
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0.l
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4 3
weeks after infection

Fig. 2. of dgaaran FESAP-T froms metacercarial infected
nzicw collicied ar 2— 4- and & ks aftes Che inf 11 s wuls ! by CLivil;
iy rFESAR-1 wang indirect ELISA. The highest lewel of the ancibody Cindicaced by
aphical densitied [307] were shown at d-week alter infection. Asevisk (%) denotes
significans dasferemce wich g 0.05,

2.3, Derection of anti-rfgsAP- 1 levels in mice inffected with Fo
Figantica meracercarime by ELISA

Thie reactivity level of antisera from F gigontico-infected mouse
collected at 2-, 4-and G weeks after the infection were estimared Ly
indirect ELISA. The results showed that the levels af reactivity, the
antisera against rFgsaP-1 (represented by O values) were signif-
seantly higher when compared with nornmal moose secuam [Frg. 370

34 bmmenolecehzomion of SAP-1 progein in F. gigantica ifssues

The lecalzation of native Fg5AF-1 in the tissues of metacercamnae
and KE] of F giganrica were probed with rabbit anti-rFgSaP-1 126
The pre—immunized semam was used as a negative conired. Positive
staiming was detected i the cytoplasm of epithelial cells linimg the
caccum af metacercariae and ME], while tegument. venitral sucker,
aral sucker and parenchyma showed no staining (Fig. 4800

25, Worm recovenes

The numbers of worms recovered from The non-immunized-
mnfected,  adjuvant-infected  and  rFgSAP-1-vaccinated groups
showed significant differences (p=<00035). The worm reduction in
the FgSAP-1-vaconated group when compared with the nan-
immunized-infected and adjovant-infected contrel groups weere
F4.3 and 73.2%, respectively [Table 21

36 The gl and IpG2a levels

The g1 and lgh2a levels woere measuared in four groups of mice
[ the mon-i zed ancd cred, non-immunized and infected,
adjuvant and mlected controls, and rFREAP-1- vaccinated] at six
mntervals by indirecr ELISA in duplicate. The ODyss values of TEzSA-
1-specific lgG1, lpGEa were 2t the background lesel in seca of the
non-immunized and uninfected, non-ammunized and infected, and
ad juvant and infected control growps. On the other hand che 00y
walwes of IgGl and IpG2a in the rFgSAP-1 vaccinated groups sere
significanmtly higher than the control greups (p=<005; Fig. 5ABL
Iin the FgSAP-1-vaccanated mice, the ODygn walues of rFgsAP-1-
specific 1pG1 were higher tham that of rFgSaP-1-specific lgpG2a at
all rime poines.

27 Correlmiions of fece] ond [pGXa leveds wich wonm recovenes

The cerrelations betwween the (Hycy values reflecting the lev-
cls of IgGland IgGia and the numbers of worms recovered woere
determined at the infection and termimation [Fig. 81 In the rFgSAP-
1-vaccinated mice, the high 0lyse walues of IgG1 and IRGEa were
negarively correlansd swith the low numbers of woren recose red,
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Fig 4. Localization of nagive FESAM=1 in the bssues of metacercanac and NEL by snmnuncbistochemical detection using rabbit asa-1EgSAP-1 IgG. [3.0) metacercarial and NEJ
sections were probed with pre-smmunized sevum. [bd) metacercarial and NEJ sections probed with rabbit ant— FeSAP-1 G showmg a positive signal in the cocvan [Call o
signal was observed m the parenchwmal cells (Pc), oral sucker [Os1 ventral suckes (Vs), and the tegument (Tg]

Talde 2

Waorm recovenies and percentages of worm redoction m ICR mice mmervarszed with s#25A1-1 protein and challenged with 15 metacercanae of £ ppantica per mouse.
Croups Mce Treavments Worm recovery Mean + SD Reduction (%)
1. Unindected Cantrol 1o Noe—tmnuuized and anedected
2 Infected Control 0 Noe—~minumized and mdected U687 678577 4107 -
3 Adjuvant Conmrol 10 Inmunized with Adpevaet and wafected B5977953RK5 71 =160 -
4 rfgsars-) 0 500z of tfgSAP-1 plus Adgovans and snfected 2231234202 19=111 FAIT, 732V

“SipmScant in worm reduction compared with comered groups (p <0.0%)
* Percens redoction. compared wirh group 2
B Percenst reduction. compased with group 3

with IgG1 showing stronger correlation than 1g6G2a as follows: 1gG1
at infection, r=—0.186; [gC1 a1 terminations = —0.175; 1gG2a at
infection, r=—0359; 1gG2a at termination, r=—0 226,

3.8. Liver enzymes

The levels of AST and ALT increased above reference range
at termunation in all groups, except the non-immumized and
uninfected group. However, both AST and ALT levels in the rFgSAP-
I-vaccinated mice were significantly decreased (p<0.05) when
compared with the infected control mice at termination. while the
levels of AST and ALT in both groups showed significant increase
(P <0.05) when compared to the nonasmmunized-uninfected con-
trol mice (Fig 7)

2.9, Pathologacal lesion in the liver

The nonimmunized-infected and adjuvant-infected con
rol mice showed significant higher scores {(p<0.05) of liver
damage than the rFgSAP-l-vacanated groups. Six out of ten
nonimmunized-infected  and  adpuvant-infected  control  mice
exhibited the high score of 4, indicating heavy damage berween

Tabde 3
The pathologscal lesions of the lovwrs were analysed by scaning the dansage esions
In rFgSAP-1—vacaonated group.

Gaoup M s liver damage scure & SO

1 Uminfected Controb -

2 Infecred Con 35413
3 Adpuvant Contrul jr1i00
4. rFgSAF-1 1608 "

al lesion when © d with coocrol

"Shpescanr in reducrson of ver parhiol
proup st p=valoe less than 005
* Liver damage score. compared with group 2
' Liver damage score, conparned with group 3

303 and 50 of the hiver surface, All mice in rFgSAP-1-vaccinated
group showed score of less than 4 (Table 30

4. Discussion

In this study. we have successfully cloned FgSAP-1 gene from
F. giganuca NE] cDNA and expressed the recombinant protein in
prokaryotic expression system using £ coli: BL2Z1DE. The sequence
of rFgSAP-1 was identical with that previously reported by Grams
et al {2001) and its molecular weight (MW) I12kDa A rabbic
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"] denotes sigdcant difference wich p <005 Sogle amows dicare the times of
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Fig. 7. The lewels of liver emeymess at three imtervals {at 0 wwesl-preimmunization,
ot & werk—rchallenge with metacercariae. ak 10 week—termination] e five groops
aof mice a folloes: (1] son-immunized and uninfeceed. (2] non-immunized aesd
mfpcted. (3 Slum sdpraaes grad andected, |4 ] oFES AR 1ameageared and infecied The
oHumns represent mean +50 levels of AST ased SLT Srom. oo plicate mes aSur e nes
of the pool sera im= 100 The levels are expressed ax UL (A4 The levels of AST im all
grsips o0, & and 10Weck (B} The lewels of ALT in &l growes ar 6, & and 10week
Astemisk (7)) dewates sipufcant differences (p =005 when compared che rFgSae-1-
e ped deed infected mooup wich the cononel sed mon-immunized and infeored
BT
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polyclonal 126 anti-rFESAP-1 was raised and purified by AfR-Gel™
prafein A R I KiT, and it showed specific readtivity with
rFg5AP-1 bui not (Fg5AP-2 This is because Fg5AP-1 showed laws
dentimy (%] with FrsaP-2 |559%) as prewnusl:.r napnrr\ed [':'..ml'ru
el al., 2001 Kusakhai =t al, 20011 By i
Fgs5AF-1 was detected only in cacoum of metacercanae, NE]s and 3—
worek old juvendle, Bur poT in regwment, veniral sucker, oral sucker,
parenchyma. It weas found that antisera from mouse infected with
F. gizanrico metacercariae collected at 2, 4 and & weeks after the
indection could react with rFzSAP-1, which indicated that FgSAP-1
wias released into the host circulation and stiimuolated the antibody
production in the host after e metacercarial infection.

The immune responses against Fescicla spp, metacercarial imfec—
tions, as well as infections by cther remartode parasites, hawve
been shown to be of mixved ThilTh2 warth ThZ predominates
[Changklungmea et al, 2013 Kueakhai er al, 20030k 2005h;
Chaniree = al., m|3 Mulcabhy et al, 1998, 1999, Clery oUal, 1955
Fdoreau and Chan L 200 Changkdlungmoa et al, Z016]), as indi-
cated by the lewvels of lgG2a and IEG1. :espe-:nu\e-]:.' (Mloreau and
Chauwin, 2010} I the present stucy, FpsAP-1-vaccinated mice
showed the rises of 1261 and 1gG2a reflecting the stimulation of
beth Th2 and Th responses, with 1g6 1 {ThZ) predominated. Sioilar
pattermn of mixed ThZ(Th1 immuene responses with Th2 predome
nating has been reported in cattle vaccinated with the recombanant
F. Fepotica cathepsin L1 (vFhCatl 1) [(Golden o al. 20000 in mice
vaccinated with rFhSAP-2 waccine [Espine of al, 200100, in mice
vaccinated with rFESAP-F vaccine (Koeakbab et al 2003k}, dn mice
vaccinated with recombinant F. gizantica glutathione S-transferasec
[FFEGET26) [Frevavichyapugdee et al., 2008 ), rFg cathepsin B3 (rFz-
CatB3) [Chantree et al, 200 %), rpFpCanl 1 amd rmFPgCarll [Kueakhai
et al _2015b), rmPgCarll G (Changklungmoa et al., 200161 fPFg super-
oesde dismutase [CFgSOD) (Jarkua =0 al, 2008) and 1Fg leucine
aminapeptidase [CFgLAF) (Changklungmaoa ot al . 2013 ) Further-
e, there is.a high degree of correlation berween the high ODg=n
walues of IgG1 and IgG2a wath the redudtion of the numbers of
wiorms being recovered, especially for antisera collected at the time
of infection in the (FgSAP-1-vaccinated group. AL termination, the
rEgSAP-1-immunized growps shoawed lower correlations between
the antibedy levels and worm recoveries, becawse the antibodies
may be neutralized by the native proteins that were secreted from
parasites during the earlier pened of the infection.

In addition, the sizes and weig of  par in the
rFegsAP-1-vaccimated mice were smaller than parasites in non-
immunized-infecred and adjuvant-infected contrel mice (data
not shown), possibly beeause the parasites from the rFgsaAP-1-
vaccinated mice were starved by action of the vacone. Howewer,
Lhe rFgEAP-1 vaccimes mught nol be able to black or kil all para-
sites as they still could use the other isoforms, ic., FESAP-2, that was
expressed inlate stages of parasites for their survival (Grams et al.,
201 ; Hueakhai er al, 2010 1; Koeakhai =t al . 201 3a). The percent
of protection may be increased and the degree of the liver dam-
age may be further decreased il rfFgSAP-1 is used in combasation
with rFgsAP-2 with already proven vaccine potential ar 76 4-T8.55%
[Mueakhai er al, 20035). Moereover, we have demmonsirated thar
Alum could be need effectrvely in place of Freand's ad juvant whickh
15 ofren not allowed i rominane and human waccinations. Com-
pared o other previows studies we Shared the cFgSAP-1 vacoine
shwwsed the highest percent proteciion even need as a single wac-
Cine.

In furture experiment a combimed vaccines using rFgSAP-1 with
rFg=alr-2 and also other recombinant proteins that can Mook or
damage the carly slage parasites such as CatB3 [(Chanlree al.,
E012) or CatL1G (Changklungmaa ot al, 2016} should be rialed
aned it successiul the syster should be tested in larger econarmic
animals,
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