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Fasciola gigantica Glutathione peroxidase (FgGPx) %’magﬂuﬂajuLaulsaﬁéhua%aﬁaimag
UafidnenwlunsimundulusiudhmnglunsitasowazSadulse fasciolosis Tunsinwaded
situfiorlaau Anviaudnuay uasfnvimauansoonvesBuuasiusiudil FeGPx gnlaaudne
Wiides (PCR) 91n ansiugnIsavesne3iuindy (CONA) §a FeGPx DNA Usznausie 582 Lua
wazdsenousiensnesily 168 fdsddwiinlmananiiu 19 Alaaadu TUsiu recombinant
FeGPx (rFeGPx) gnuanseentuwuaiiise Escherichia coli BL21 (DE3) uawtlUsiu rFgGPx U
nsvdulvinyasegiduiu (woufived) solusiu rreGPx winlndlaauen (anti-rFeGPx) ndaINtuL
wauRveRfildlunaaauieds immunobloting U rFeGPx WsRiufiadnandane s (WB) TUshud
afmanin (TA) waglushufinedndooninanmaduenns (€S) wuindnslinauindulusiiui
dwiinlmana 19 Alamaduians FeGPx WB uaz TA whiu liwunisuamseanly ES sauddld
NsAnwInsuaneanveslusiu FeGPx vasnediulddu F. gigantica awuu 5 Seey Ao egg
metacercariae, NEJ, 4 week-old juveniles kagifisiameds immunoblotting wuindu FeGPx il
mMsuantoanynszeziariimsuantoanatlusseglinardnfuly uazldfnwinisuanseanveslusiu
aPx  Tuioidevemensiufuioseds  immunohistochemistry  wuindinsuanseonvedlusiu
FeGPx sesiugaly Hiveanens (tegument) vitelline wazly UonNLTINUI wouRved (anti-
FeGPx) ifiufAzetmiuneudiau (GPx) fuweslulidadindu 9 Wun Eurytrema pancreaticum,
Cotylophoron  cotylophorum,  Fischoederius ~ cobboldi,  gastrothylax  crumenifer,
Paramphistomum cervi Way Setaria labiato papillosa Seldwannmsideselsaidlvaty Tnonis
RTINS Foicantica #me38nsuan Monoclonal Antibody (MoAb) sielusiu GPx i
mmaﬁ’wwazqq"[,uﬂwﬁﬁa5&113@W81%1U1ﬁ§1’umﬂmiamL%Ua Feigantica  1agA5  Hybridoma
Technique mﬂmiﬁwﬂ’]mamgﬁmumi immunization 8 FgGPx (Ag) 11N15 Fusion fiu
Myeloma wdihwadluidss (Cell culture) @nwilSunar MoAb @283 Enzyme-linked
immunosorbent assay (ELISA) w&rinanuidiuduves Ab finnueniadu 450 wiluwns 39nns

Favila (sotype) v84 MoADb (clone 7B8) s recombinant Fasciola gigantica GPx (rFgGPx) Wuin

Juaila immunoglobulin (Ig) G1 with K light chain @nwAnusinizveslusiy FeGPx sialusfiu
tegument antigen (TA), whole body (WB) wag excretory-secretory (ES) #1¢ indirect western
blot wuilUsiiu FeGPx  flnmusnumizsielsiiuiiin (TA) uarlusiudiatnannsasa(We) vemens
Figantica vansiitniinluanaegfivszana 19 kDa laifufAsetrudumesudadug Idud
Paramphistomum  cervi, Gigantocotyle explanatum, Cotylophoron  cotylophorum,
Gastrothylax  crumenifer, Setaria labiatopapillosa, —Eurytrema  pancreaticum  Wag
Fischoederius cobboldi waz@nwinisiansoanuaslusiu FeGPx @835 Immunohistochemistry

S¥8y metacercariae MNUNISHENIDBNYDIIUTAY GPx Weluszes 3 a9, 4 dUa wazddudey



(Adult) wudinmsuaneanves GPx il (teeument) vaswens F.eicantica Frunasedsadunis
MM MoAb @8 rFeGPx LﬁaﬁmmLﬁusqmmsaﬂumﬁﬁaﬁaL%@W&J’]%IUI;’I@TU F.gigantica wolUlu
auAn SudalindnnazfnwinuEnuaLYes Monoclonal antibody (MoAb) sialusfiu thioredoxin-
related Protein 14 kDa (FgTRP14) wesnensluldsiu F. gieantica Feiietih monoclonal antibody
ﬁlﬁmﬁmmmmaﬁﬁaﬁamia91Lé‘ga F. gieantica lunsAnwndsiilgin Hybridoma cell e
wadiiteriinsiuay hybridoma cells wazUSinamouivedluihassead aantduth culture fluid an
NAABUNUTINUE MoAb udh MoAb Mlvirgandunasganynismsaaeuiinues MoAb fe
35 indirect ELISA wuinll heavy chain uaila IgM wazdl light chain {uila Lambda Wavie 5
clone §ufl 182-2, 2D2, 4F3, 5G8 way 5G8-2 MU mMAdeUANNEINTIT8S MoAb lunsdu
TRP14 m2e3% western blot lagly polyclonal antibody (PoAb) Ju positive control uagld
myeloma cell 10U negative control Wu3i1 MoAb 4 clone @A 2D2, 5G8, 4F3 way 1B2-2
AMUSIIZEe TRPLA 71 14 kDa wazyin13@nei MoAb clone 2D2 #e Fasciola igantica whole
blood Fg (WB), excretory-secretory (ES) kag tegumental antigens (TA) WUINHANTUNIZHO Fg
(WB) wag ES 91 14 kDa usiliiflanudumgsio TA wagyhnisvadeuufisendmiu (cross reaction)
AulusAuresnedulinenee Fasciola gieantica (Fg), Schistosoma mansoni (Sm), Opisthorchis
viverrini (Ov),  Cotylophoron  cotylophorum  (Cc), Seratia labiatopapillosa  (Si),
Paramphistonum cervi (Pc), Gastrothylax crumenifer (Gc), Eurytrema pancreaticum (Ep),
Giganocytyle explanum (Ge) Wu3i1 MoAb Wi 4 clone TalfinsiAn cross reaction fumenauiin
5146] I@SN@ﬁiﬁﬁ’]ﬂ’]’iﬂﬁﬂﬂﬁWUﬂLﬂuﬁﬂmi’sf\ﬁﬁﬁlﬁlﬁlmiaﬂL%@WEJW% F. gigantica FauslszozisuLsn
vosmsindels fuiudrrudululaieonld FeGPx uay rFeTRP14 wieudulusiutimanglunns

adelsauazvizoingudmiulsa fasciolosis ludnimughanazuyudlusunan



Abstract

Fasciola gigantica Glutathione peroxidase (FgGPx) belongs to a family of antioxidant
enzymes, and it has diagnostic as well as vaccine potentials against fasciolosis. In this study,
we aim first to clone, characterize and detected the expression of this gene and protein.
FeGPx was cloned by polymerase chain reaction (PCR) from adult complementary DNA
(cDNA), and its sequence was composed of 582 bp. Its putative peptide had no signal
sequence and comprised of 168 amino acids, with a molecular weight of 19 kDa, and a
conserved sequence of NVACKUG, FPCNQFGGQ and WNF. The expression of FgGPx mRNA
was quantified using g-PCR in the all stages of F. gieantica (egg, metacercariae, NEJ, d-week
old juveniles, and adult) with high expression in egg ang adult. A recombinant FeGPx (rFeGPx)
was expressed in Escherichia coli BL21 (DE3) and used for immunizing mouse to obtain
polyclonal antibodies (anti-rFgGPx). This mouse anti-rFgGPx reacted with the native FgGPx at
a molecular weight of 19 kDa in adult WB and TA by immunobloting. The FgGPx protein was
expressed at high level in tegument, vitelline and egg of the parasite. Anti-rFgGPx exhibited
no cross reactivity with the other parasites' antigens, including Eurytrema pancreaticum,
Cotylophoron  cotylophorum,  Fischoederius ~ cobboldi,  Gastrothylax  crumenifer,
Paramphistomum cervi, and Setaria labiato papillosa.

monoclonal antibody (MoAb) against recombinant F. gigantica glutathione peroxidase
(rFgGPx) and recombinant thioredoxin-related Protein 14 kDa (rFgTRP14) were produced by
hybridoma technique using spleen cells from BALB/c mice immunized with rFgGPx. MoAb
against rFgGPx (named 7B8) and MoAb against rFgTRP14 are 1gG1 with kappa light chains and
lgM with lamda light chain, respectively. MoAb against rFgGPx reacted specifically with
rFgGPx at a molecular weight (MW) 19 kDa as shown by immunoblotting, and reacted with
the native FgGPx in the extracts of whole body (WB), metacercariae, newly excysted juvenile
(NEJ), 4 week-old juveniles and adult F. gigantica. In the same way, MoAb against rFgTRP14
reacted specifically with rFgTRP14 at a molecular weight (MW) 14 kDa as shown by
immunoblotting, and reacted with the native FgTRP14 in the extracts of adult whole body
(WB) a excretory-secretory antigen (ES) of adult F. gigantica. Both MoAb against rFgGPx and
MoAb against rFgTRP14 did not cross react with antigens in WB fractions from other parasites,
including Gigantocotyle explanatum, Paramphistomum cervi, Gastrothylax crumenifer,
Eurytrema pancreaticum, Setaria labiato-papillosa and Fischoederius cobboldi. By
immunolocalization, MoAb against rFgGPx reacted with the native protein in the tegument,

vitelline cells, and eggs of adult F. gigantica. On the other hand, MoAb against rFgTRP14



reacted with the native protein in the ceacal epithelial cells. This finding indicated that
FeGPx and FgTRP14 are an abundantly expressed parasite protein that is released into the
TA and ES, therefore, FgGPx and Fg¢TRP14 and theirs MoAb may be used for

immunodiagnosis of both early and late fasciolosis in ruminants and humans.

Keywords : immunodiagnosis, liver fluke, Fasciola gigantica, ¢lutathione peroxidase,

thioredoxin-related protein
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U1 (Introduction)

ilomausaFasiieiigvinn1sideantou

Fasciola gigantica Wungsimuilulula nszde uny wavunsidedulssmelng uay
Ussimaafoudu 9 vhlan WuawngueslsanesluliduludaidewilAnnisgydomaasvgia
IG]EJLQW’]W]IE]Lﬂ‘t}miLLazqma’]%ﬂiiumiﬁm’ngﬁNLﬁﬂﬁlﬁﬂdﬁﬁdﬁ@LﬁaLLazum NATEITIINUILA
nszlefimsfindeindeiosay 11.8% uarlusiiuiisnanisinidosnagedisiosay 85 dafunedlulyl
Fusafunensiidmansznulnenseeinunsnsfiiondmasda nszde uny wazunz Smsdsvana
Tsanesadiniadsnudemeliuniinensnsdarhitesndt 300 &mum (Sukhapesna et al,
1990; Sirihakim and Pholpark, 1991) wonntudaisenuindiaundensts visdlitesnin 30
378 LLazﬁLLmIﬁugﬁuﬁaa 1 lesniinmsvenefvesnsdednilulstmeadintuegnmnds was
finsuns nszanevemesnvzagnnavndlussey 10 VKL

dladalifeiidowisouyudAufisaussasindomassaznwesasanly  nlwindiseu

(% (%
=]

szerilavgninanglagingesvilidngeusses newly excysted juvenile (NEJ) eanan@asuiiie
Slddnvedleasi NEJ aglvruniisdlddndvludewiesneluddvedleast uasindoulugiu
wdnasaudunedisouivinedoufiiudedeovestu ilidadesugninateiia haemorrhage
waz fibrosis lwilesu WenedisauduidutefssmumduodeluieiilagldoTozdnne
(oral uae ventral suckers) ingatisvasmiotid ilesanilmnudeanisemslutiinugs weses
vhaneidleiBouanisaduadleaiuinaineBordvey annsadeuiiluin wesld oral sucker i
viedniloifouandndeniiogaiu  Tuvaeiimnuuinamidiaragauasvhaeedovedloa
Tuvauziingdirdeudiluinn  Wulwiuazansiinedndseaninlaslamzngy  proteases Wag lytic
proteins axTaEThansuazdosaaneLieiouavigadvaslaaiuinieiy Wulwsingyu endoproteases
lungu cathepsin L (Catl) ,cathepsin B (CatB) uazngy exopeptidases luana leucine
aminopeptidase (LAP) tHueulasimdndineSudseonuluaisfands (excretion-secretion (ES)
material) wagnuileglunenddudsrey NEJ unssissesdufiute lasenadl isotype #USu
Wasuluitu CathB3 gnaduazUdeslag NEJ Tutailludideidovedlean diu catB2 wulutus
gou uay CatBl iueulesimdnludufiuty (Meemon et al, 2004) Wulwivaoinguiinisnszans
(ghﬁl tegumental cells Wag caecal epithelial cell Tusnens (Carmona et al., 1993; Smith et al,,
1993; Creaney et al, 1996; Wilson et al, 1998; Law et al,, 2003; Meemon et al.,, 2004)
yanINTUNeT3Edu Lytic protein itaelieadidaidenuan tdun @1swan saposin-like protein
(SAP) BsazduiulusiuuuntiasadinliiAnsuasvinliisadvesleaiunnooniiietdusmsnedeld
lofinsfnwinuantfu1susen1svesdu saposin-like protein (SAP) apsiinlunenslulildu
FUA F. hepatica (FNSAP-1 ez FhSAP-2) (Reed et al,, 1998; Reed et al., 2000; Espino and

Hillyer, 2003) lUsaunsasssniiivininluanawarlassasieaaneiulusiu  amoebopore 84



Entamoeba spp. #uluusdnnguieniifinisfnwuasinszinuauifves SAP ageauysaliign
wenwiloanlusiu SAP wdd damulusiiu NK-lysin uag granulysin ludnddesgneneun 3
AasantRndeiuiulusiu amoebopore lnglusAulunguilvadiustadrasdnluvinujisenduludu

v (3

vuderiuwadvosgaduUanUasuvihliingiiovugaduazyiiwadidmunewnn  (Zhai  and

Y 9
[

Saier, 2000; Bruhn, 2005) lUsAunguiidsgnldilunalnlunisliesiud wasdosemnsveseziiun
dnluned Fasciola SAP  grlddmiunisaansansemslagiannzmsaansiwadisindendady
91151dN (Espino and Hillyer, 2003) wadlsindoniunnesnazgnneimnliiduemns lasding
vaadulesivan proteases fandud senuges Snseonilaunarsidulianadufeiigngads
sumnandestlddngimens FueufiausaqiindnulutusuduwoufinuiinesadduasUdes
ponin Seiliuoufnumaivaeasslulunssuaidon Saduteufnuthmnefiazannsonsany
eludenifinde

Tutligtunisesinitiedelsanedluliduyiie £ gigantica 1938n519mluneslugaanszaes

' 17
v faa IS

dmNAnalngISuee  Kato %@ﬁmmbLLazmmgﬂéfaqLLaJu&?’w?’]LLaszJu‘i%ﬁhjazmﬂ wazAoslig

[y

PrungdangriundosganssmiduiuendnuarvedineBifdnvusdime  Snfsanmsonsany
Ignedldamendanindoudilszang 10-16 dUaw  dlonesldesydusnfutoudr 54
nidenanengunetnaiannnisnsalsemedlagldis immunoassasy finsieszduneuRueivie
woufuludesvedniifnde  oglsinudsildvmuntumndsldanmsaldaunuiznselaly
ganseldidlesnnianula (Sensitivity) waganudume (Specificity) laififigane AR AN
Aneiueuftauifinudunzgs Wy TA 2855 kD, CatB3, Catl wag SAP2 dsiimsndsesngiden
Tutsinagesinnatalilasnsldliluleataueuivedd  (Chaitheerayanon et al, 2002,
Anuracpreeda et al., 2009, Anuracpreeda et al., 2012, Anuracpreeda et al., 2016 uag
Kueakhai et al,, 2015 ) Fauvgtiviueuiausaslululrataueufvefmveanifmngau Uiy
MIIFOULUVIMMUNOassays IABLANIZWUU sandwich ELISA WazlWuu immunochromatography

salula

AudAgLaziuvaslynn

Fasciola gigantica tJunasfinumlulula nsele wny wazauluusznelne wagUsvina

= Y & a DY) U st o g Y a = a v

wafoudu 1 alan Wuanvgvedsang Fluliduludnidahliinnisgaydeniaasugianiunens
geaEmMNTINNMTARIRewawsEmaAludn g anmsdmamuila  nszlelinshinideindesouas
11.8% wagluunuinavewssmalngealidnsnsiniogaieiesaz 85 aaunesluldiduiadu
Ny BNANANTENUIAUATIHONYATNTTURALRAAIMNTTU NMSaesla nTela uneg uasuns Weasnyi
Inandaileo Wy wagnsldusanuanasegiain  dnmsussanadilsaneidviiatassanudens

TiuninensnstazUszanal 300 a1uum (Sukhapesna et al., 1990 : Sirihakim and Pholpark,



1991) wenanigiisreswilulsemelng  faufndews’s F geantica fwwiltiuazanniu
desanniimsvenesivesmsiaesdnslulssme WiisTusgrssindslusyoy 10 Iiudaun
nsnsiaitadelsanenslulddueiln £ gisantica way F. hepatica Tutlaqtuldiznsiamly
nedluganszresdnififndofeinnuluasarugniousiugvh  Ssnmafugasydniduilden
wazdonannnlumsnsn snllannsansranunsindelussezduduldidesainssnsianuled
sowlonesnanoduiiutoiiaeslveanun ud@ndade 10-16 dUasi vilaleveanensiu

Yudougurininsssuyageilimnsnsseuindinsdo

Tudszwalnaziisrenenisianed £ gigantica Tuputlestu ligunsauUswalainuselne

Laifinssyumveswedlsa Fasciolosis WUumsizaudulngvestsemalilasunisnsianemsunng

' 1
= Y a IS

\HesnngAnssuveseulnetudoinmsvedlsaliguusannigldlunsnsnw Jdfale £
gicantica tesfagliuansennisvedsaunnin Tumensesiudiuaulneonuslnadngn wazinulg
gilatulgnluin wu dnnzee Andelne WWudu sadansunhsssunfannvuesdananiiin
Ugn deluaulnedwmnaglunnudeadulsn Fasciolosis 91nmg@nssun1suilaalagliusda wasdn
Usgmshadvayuladn £ gigantica InsAnlupulaunuiuddisisnunisiniide F. gigantica lu
nauUszinAngiueannala uaziensnuvile @wnsinie £ hepatica A5189UNSAANIAULAY
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Aanenslaiuusinduiiseslsn  fasciolosis Wiiiuey  wanslviiuinludagdunisunsszuinvedlsa
fasciolosis luUszwelnetiulilianaaas Wiasiiadusnndedn anzlsasoudaduiiswenaas
aa . v oA X v v o w al v |
FInves Fasciola spp. Wiswasiindume Tuaniugnistagiuinisihinndsenaioudiu wu
wil Jepana 1hun Berluwauliuiinmsiede Fasciola spp. agun wagluswianiilon1eung
\Wo F. hepatica azununsseuintulsemalnese Jedsilianiunisunsszuinlionameldlsiay
fatisrenuneglulnasiansisagiinsinlae F. geantica

WUFNTTUVDN F. gigantica way F. hepatica tuianuadieiu 95-100 % sdAIL
Dululdiganniezndngansinidadelsalvinseunquiivaeseiin  waztywilse fasciolosis fadu
Tymmesiuasisagguuazdedniogunn  Fululemaniemsdiivsanalngazanunsondnge
n3a3Tadelsn fasciolosis lalewazadrayarselaliiulssmaduegsd uwasdanwideilanunse
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Juadansidadelsanldnuliase Fasdudusuuiwifniagasiagensaiddelsadmiule
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Wy15DUY LU Opisthorchis viverrini i sunITzUInInlunAng Iueanidesuilovesussinelneg

Tuns3deimungansniuntuldueunevedniiulilulaueauazindlaueateufved 3
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AatupugIeTlmuLuliunraianeidadelse  fasciolosis  shawmalulaginay
Juwwineufvefunuielinisaiweufivedimiuasn  JsRnszresenuddelinduuinnssui

asrvuanaulne Feazanansaunladgmilsaneslulddulsznals

TUILAIALAZYULIANTIVY
NTaazansAoNTLUUYILIURUDARDLOURLAUYEY Fasciola spp. LNBNMUIANEATNUDS
YanITbiausansIInIshnleneSlulddiu £ gigantica wag F. hepatica lennszezueinisia
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Junsidudesanainuaniddentiinideliumpe nsleawdy  nsAinwinuaudhvesdy

a U [~ 1 a ala

NSWARIEaNYREY Wagn1snadaudnenInnsiuynnsIrvedLsasLauiveife CatB, Catl uay

SAP @ 28.5 kDa @9a11130059IN15AAWE F. gigantica ¢ AatiuamgITeTeiaansdeseaniaun

YSuussnasiaiaiiudneninlunisnsiaminisinidie £ sicantica Wag F. hepatica WislAu
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yulgUNausatinasuIdelUTdUs To vl
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1. andunandniuazauningm?

v [ a

anfivnguiuguagianeilsndnd nsuuedn’
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3. vhiudednd
a

\nuRsNIEAesdniTedey

\oidas (Main body)
eazdunfisatuidaiun1sise (Materials & Method)
nswnziRsndiaweslutesufoins
viendsousseglus@ionanlinedluindoluves  Lymnaea ollula  &wwnann
UssiaduiielildfseunydssaziumweiaiGodmiunsveaedldegwioilos  1esanves
L. ollula LﬁuﬁuﬁjﬁﬁmmmwiamiﬁmL%awaﬁﬂdmazJ Radix rubiginosa Fadunmgnarsvesmens
Tlsiiu Tn nsede musssuwlulsswelng nstnsdasmes L ollula nsevinlasdmessafiade
Uszanay 30 ¢ ldlugrananadinden awna durigudnanslsennm 22 w.a. asseanm 9 .
melusns ldhumieuaviouiiu vdumsanadielimesndly Wi ldvihudumiouasfouii
Uszana 2 9.4, Ieendulagldinsemiueneasiulusrsinasnnauasluaaindagldlvioou

U9 40W 1Hunan 8 v.u. siadu TienusAeiinninvay

nshaiewesluliluvas L. ollula

1) dueilinesildanguirdvedaviensstofifndonssindraideandaethiiune
ety Mntussolefildldnuuta (petr dish) vaduriAusnans 16 wu. dudlsiviaue
daiidlifgumnTivios n3agnsiaLveslingSyniunmeldindesganssed (dissecting
microscope) Wedldatusyana 14-16 Tu JeaziasapdusserlusBiien waviineonunainle

@ wesfiladufivuialszann 45w usnoenunldfenarafindaussathusiaann
Aao3u geLedseunyBszeglusBien S1uu 2 f Tdadluludeilanesliudlinasnaliauin
aow dowing 1 tiethensedulusBidiedslitonas defeiisliussunn 2 . Welilum@dealud

TUTunes dsantuneniomegeanuILdswmINUNG

ASAUAIDUTTHLUAYDIANSY (metacercariae) INVBENANLYINENT
NMIANE MU msaunedldnatlunsasgylunesdszunn 6 dUani Jsazldseou
SeeweIA1LSY (cercaria) JageanatnviesNneglull vaamMsiaeladuaiin 5 F95unsIan
d‘q dy ¥ d‘a dy dy %3 d‘d" d‘ U [l YV 1 L3
PeuNRAl) wazweneeNRnsonuasesIiUluNTIns kel Watlasnululissoussosees

ANLSYDONNIANYDY



dmsumaifuiseusseseiaiFoduiunsdwiolud

(1) dwesildfadeliudusnlatenaadnlaifinannaseiuriduiyn fuuy

(2) Tdununaainuislavunn 5x5 @u. Taadluge

(3) Tdlaulnauin oW deanserulvigesasuaanainves

(@) hdeusvezweiaGeiivonininuesarinseglunsvesnady 9 wdluniziuusdy
wanadn adevnefis afdadsvenanigesaiSetumn

(5) wdsntuszan 2 wu. wwneveseenlUidssmuiy tiousunaainoonindesld
ndosganssl WuusuwaaAnifiweeedmiFelludidu JaunwedaiFeazivine
loUszunae 1 dami

nslAAUBULAZNANIABNUTLUUITUTAY
nslnaudiuiiasrsusuiued
Mnsana total RNA a9awwad hybridoma lagansazany TRIzol (Invitrogen) 38n15ainvin

muswusilundsdediioatsazaty RNA ladesiinuninduaylill DNA Yu Weu lagaevinnis

Y

S/dly 1

AAS1¥1A875 agarose gel electrophoresis wagiiu RNA ﬁaﬁ’miwg}ummm“ -20 99AGALT A
sunavnldiiiodunsnzsi cONA

M3&uAIIz98 CONA ldlagld RNA Tiafnlaiduanasiuuuu (template) Tned oligo dT 1u
primer gusulileuleal RNA reverse transcriptase @1u150a@319@18 cDNA complementary fiu
RNA funuuld wazvhnslnauduiiadoueuiived #ie3s PCR antnhduilrauldinideuseni
names pGTM-T Easy ivhmsmasuaindudusuiiadueuiived antuhnsdndenlinau

Auliietduduuuulunisyi recombinant monoclonal antibody #aly

A1584LATIZY recombinant antigen lia¢ recombinant monoclone antibody

NSYUIUNIIHER recombinant antigen 2833uLU¥NNY ey recombinant monoclone
antibody aznszvilagld  expression vector vesTEUUNITMAAIBENlULUATISY  (prokaryotic
system) A9 PET-30b way pET-21b widsntudai vector Wingaaiddu (host cell) Fadowad

N a A . . & | v ¢ N a a a PN 0§ Y a
WURANLSY Escherichia coli 7\]7ﬂuu‘ua@fﬂ'ﬁlﬁﬁaaLLUﬂV]LiEJLﬁ]iQJJL@UIG] LLagLMUUQU'ﬂWLﬂ@ﬂqﬁLLa@IQ@@ﬂ

s
a

Yaaukarane i lviwaduuaisaansuazyibAalusAuUIan

nMsaLLaTadaUdTInedenshniionens

msuanlululaavakauivan (MoAb)

11 recombinant proteins AAL1YRWIBIVBMUNARBY (intraperitoneal  injection) e
nszdulwadiihmihiaaueuiveddelusiulumymeassairsazuisifivdnouneluiiha Tag

N152ANTEANTINIU 3 ASS InelsarAsagdnvineiy 3 §Uansi NN saadidudenusim wna



(tail vein) Aewimsusnwadinyg 3 Ju ileasuimusshnsueneadinudldannnyiifnisia
nsgfuileldmiuideniuwad myeloma

Yead myeloma wazwadiinuuinisdeuserusie polyethyleneslycol (PEG) wigad
hybridoma fildveanatly 96 well plate wdihlidedugauaugamgdii 37 essisadea uas
muAEUTInu CO, iFopar 5 wavvihnmsweslululnausaueufuemeds limiting dilution
ninussiadonlnaudae enzyme linked immunosorbent assay (ELISA) Lag enzyme linked
immunoelectrotransfer blot (EITB) vN130579m1 class wag subclass vaslululpauoauaufuan
Iﬂ&l%ﬁﬂwﬂaauﬁ’n%ﬁ]gﬂ Immunopure Monoclonal Antibody Isotyping kit (HRP/ABTS) (PIERCE)
galdwdnnis sandwich ELISA

nsuansaauduuuilululausauauiuad (rMoAb)

mslaauBuillflunsaiaueuvedluanaaesuasansdudng pGEM-T vector Wiwad
Teuslnuniindslululnausasoufvediifianusimezsulusiu ES vaemens F. gisantica 1nain RNA
AgYAanA Gencatch™ total RNA miniprep (Epoch life sciences) M RNA Tildndansne
cDNA  vasluanausuiveaIee1isie  MulgCHgamma reverse primer  (5-CTGGACAGGG
ATCCAGAGTTCCA-3) wag cDNA Suaﬂ:uLaqaLLauﬁuaﬁmaﬁguﬁm MulgCLKappa reverse primer (5'-
CTCATTCCTGTTGAAGCTCTTGAC-3 R ntiurhnsiiindSuaidusuildlunisaisueufivedase
uaranedudiemadin RACE-PCR Tneth cDNA wesluianaassmuavaieduiidansgidunifu
homopolymeric dG fusnaats 5 Tngldiouls terminal deoxynucleotidyl transferase wield
Huwluuvlumsfiuvuatuiuieuifsen PR TagldRACE dCTP forward primer  uae
MulgCHgammaNested reverse primer (5-TARCCYTTGACMAGGCATCC-3)  dmsudufildas
weufveRluanaaeen  dnfuildadueuiveiluanamedutiuasdd RACE dCTP  forward
primer (5CAAGGAATTCCCCCCCCCCCCCC-3) wag MulgClLKappa Nested reverse primer (5-
CGTTCACT GCCATCAATC-3) thiuBuluanaassnuazaieduiiléuiiu singledA fudnalans 3
sewouler] Ex tag DNA polymerase 9nthuhunideusiofiu pGEM-T vector waatiudng E. coli
anetiug DH5QL shemadla heat shock transformation wagsinsAaiden transformant ULe1M37
Fumz Taeguidenlalailifiernnnsinaey recombinant clone fewalia colony PCR TneldT7
promoter forward primer (5-TAATACGACTCACTATAGGG-3') wag MulgCHgammaNested reverse
primer  dwiuuildaiaueuiveilianaansen  dwduilldaiweufverlmanaamedutuayld
T7 promoter forward primer Wag MulgCLKappaNested reverse primer 91N 1 recombinant
clone fififuduililunisaaueuiveiluanaaseninaransduinmnsdouarain recombinant
plasmid ﬁaaﬁﬂaﬁﬂ Gencatch™ plus plasmid DNA miniprep (Epoch life sciences) 4 1
recombinant plasmid #l#iUASePCR sequencing Tagld T7 promoter forward primer

9t PCR products #ildiungnugisuiiandlelnsdaiewnios ABl 310 Genetic Analyzer (Applied
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Biosystems) wdumaduiliadlalvadl lauuSeumsuiugiuteyatuildlunisas 1aueusived

9

o w Aa

(http://www.ncbi.nlm.nih.gov/igblast/) dWiewsziasuianalelndludiu variable region Va4
TuanaaeemuarlanaaedudmiuihulilunisesnuuulndwesdllunslaauBuday variable
region #ioll n1slmauBudiu variable region g mammalian expression vector 11
recombinant plasmid iussgpuBuillflunmsatraueuiveduldiduuiuunlunsfisyiinaduiu
@1 variable region ¢ieUAsen PCR legld HB3VH forwardprimer (5-CTGCTTAAGGG
CGTCCAATGCGAAGTGAAACTGGTGGAGTCT-3") quf‘U HB3VH reverse primer (5-ACTAGGGCCCTT
TGTGCTAGAGGAGACTGTGAGAGTGGT-3) dwiulsnanaangeadeanuuuliill Afll restriction site
fivany 5 289 forward primer ag PspOMI restriction site fivany 3 284 reverse primer @2
Tawana aneduasld HB3VL forward primer (5ACCACCGCCGACATTGTGATGACCCAGTCT-3) @ty
HB3VL reverse primer (5-TTCCAGCTTTGTCCCACCGCCGAA-3) aniurhBuday variable region
ﬂJaﬂIuLaqamEJEJWLLaBL’mLma% pcDNA3.4-CHY ﬁmif\ﬁuﬁ?u constant region A gammava4
uywdindndeouleifading AUl uaz PspOMI ud3adeusetuiudifunnnesdmiuiudiu
variable region wesluanaasduurinnfugeaaiivinavas 5 Tngldoulsd Ta
polynucleotide kinase u&aFahmndeusefuinmes pcDNA3.4-CLK ﬁuaiﬁﬁuﬁuﬁau constant

s o 1

region ¥ia kappa vesuysdNumdrleaanuIIMaY 5 sen andutnnesIiaudeai Uty

gunaudnd E coli aneiiug DH5QL meuwaila heat shock transformation wagyimsAmden
transformant  UWes  2XYT-AG  agar  wawntuhlaladinenfiasyuuemsinasiadey
recombinant clone #ifiduBuildlunisasueuiveluanaludiu variable region Fewada
colony PCR JERIE XbalKozHuHleader forward primer (5-
GACTCTAGAGGATCGAACCCTGCCGCCACCATGGAGTTCGGA-3) @JﬁU pcDNA3.4 reverse primer (5-
CAACATAGTTAAGAATACCAGTC-3)  dwsuntivaeuliianaaeeny  uaz  XbalKozHuKleader
forward  primer  (5-GACTCTAGAGGATCGAACCCTGCCGCCACCATGGAGA  CTCCA-3) @ijf‘U
pcDNA3.4 reverse primer ﬁﬂ%%UIMLaqaaﬂagu N recombinant clone fildnmnzidesly
9113 2XYT-A broth uwazaia recombinant plasmid u1whujAsen PCR sequencing lagld
CMVpSeq forward primer (5-CGCAAATGGGCGGTAGGCGTG-3) wazu1 PCR products g
naoudiuiindlelndludiu  varable region  weslmanaasgniuazansdu  Liednidon
recombinant plasmid Aifiduianalelndgnieaitethlulilunsudniresiuuuviteufiveddeld

nsuansreuduuuikeunUofkazNsweuAvaAiLANUSaNsSdn  heavy  chain
recombinant plasmid uag light chain recombinant plasmid L‘ﬁlﬁqjmaéhuman embryonic
kidney 293-F (invitrogen) laglt Gencarrier-1™ transfection reagent (Epoch life sciences)
nduth transfected  wadlumzidsaduszozna 5 fulufuiidsaeaduuenineutvuu

LLauauaaiﬁU%qwéﬁwm%}ﬁﬂ affinity chromatography lagldlusiu A sepharose™ (GE



Healthcare) nFrnduiseendunwieufivedillduanadeunadnvaziisuieuiully
Tnausaueufvedl ndnanwadlauslaundewmaila SDS-PAGE waz western blot mudduns
Aurs1esien antibody titer uay sensitivity lun1snsI9mNsAnLge Fasciolosis #aeimneadia sandwich
ELISA way DotELISA fnamudnedu wazthendildunduasaianyliues  anusinizse

Fasciolosis lagldansAuinuas Lalkhen wag McCluskey (2008)

N19A599AMUANYAZYBI IMOAb #2835 immunoblotting

dlolé iMoAb WEaLs1981 MoAb TUn3219n1591U§AT817U recombinant proteins
WhmneuazlusiusssuvAviaiedfuiidegludiudng 9 vemens 1Wu aglud (whole body
oroteins) TUsAiuanduiia (tesument proteins-TA) wazlusiuanaisiudiouazfandsannnets
(excretory-secretory protein-Es)

N15arAlUsAULUAINDINGIUAIN 9 VaaWeIBIaUINIMATIUAY rMoAb

dmendsfuTeiiiivldanduresiidedildanlsendnfunaialusivainduin (TA) Tu
extracting buffer 3Usznaudie 1XPBS pH 7.4 75l 1% (vAv) nonidet P-40, 1% (w/v) sodium
deoxycholate, Wag 0.025% (w/v) phenylmethylsulphonyl fluoride (PMSF) Taauainansidutaan
30 undl 1ty TA ﬁwqﬂaaﬂmlﬂ sonicate Iag/l4 ultrasonic disintegrator ﬁ amplitude 10-14
micron U1 1 W19 911 5 58U 11 suspension 1TumABsiinamiEy 13,000 xg Aigangd 4°
waided wu 15 wiil ¥ supernate AldunTannududureddusiu aantdufiu supernate 7l TA
woudu 137 20° waldea ethuvihnisnaaeusely drudidvemensfimideszgnadasiold
uway homogenized auazidunudrtiuien supernatant 7l whole body (WB) weufauiulildely
a1 excretory-secretory (ES) waufiau 1§a1nnng incubate wendddiuieidu q Afvinaindula
Tu RPMI medium 2 F2Tu9wd LAy medium wiadrludunnnzneu d9u supematart Ao ES
weuRuiiasfulildnely

nsuenlusaulagly sodium dodecyl sulfate - polyacrylamide gel electrophoresis
(SDS-PAGE)

11 supernates MlA919AU Wag recombinant proteins vinsuenlusiulagly SDS-PAGE

aa

A1835009 Laemmli, 1970 Ty supernate fflusuralusau 25 Mg uuwenludiu SDS-
polyacrylamide mini-slab gel 75 10% acrylamide separating gel wag 3% acrylamide stacking
gel #1115 electrophoresis Tu running buffer 7ifl 25 mM Tris, 192 mM glycine Wag 0.1% SDS,
oH 8.3 Tngld fiawsinsdnd 200 V figauvindl 10-15° waldea

Western blotting

nae1nvitn1suenlysiunlgmaila SDS-PAGE uad vinn13d1elusauann gel g PVDF

membrane 14 transferring buffer 78 40 mM Tris, pH 7.4, 20 mM sodium acetate, 2 mM



ethylene diamine tetraacetic acid (EDTA), 20% (v/v) methanol, ag 0.05% SDS MRRETRE
TusAulagld constant voltage 7 10 v, gauvindl 10-15° iwaifiea LWurian 1 @u (over-night) 14 Mini
Trans-Blot® transfertank

YruHy PVDF membrane f1la11 block &28 3% (WAY) BSA, 0.1% (v/v) Tween-20 Tu
IXPBS pH 7.4 flgaunindivios wiu 1 33 819 3 adadae PBST (Usgnaudae PBS pH 7.4 i 0.1%
(v/v) Tween-20) UuHU membrane ﬁgﬂ block wdmshmsaselusiuiiduneuiaudmane
Tngl# monoclonal antibodies Aisumeselusiudenan vufigamgdivesuiu 1 wu. &1 3 adide
1XPBS-Tween 11unSiay 10 U1 ¥N199539UA381N159UENINN antigen wag antibody fiAnt
Ineld horseradish peroxidase — conjugated secondary antibody ﬁuﬁqmwﬂuﬁﬁaﬂmu 1 %1, 819
3 ﬂ%’jﬂ A28 1XPBS-Tween LAy peroxidase substrate solution 7§l 1.3 mM diaminobenzidine

al

(DAB), 0.02% (v/v) H,0, Tu PBS pH 7.4 Unilgaumaiiviesaunseiaiuuaulusiudaiau vinnsvgn
UFATe Ay membrane udluindu fvliuis wdniundesegving lunisvih SDS-PAGE 14
pre-stained protein markers I molecular weight control

11911 rIMoAb Uaz recombinant proteins liann38nsaanisindanens

NISWAIYIIETATIVUY sandwich ELISA

JuAEAT sensitivity gelddmsunsiamueuiiauainnesluliidu £ gisantica Funou Tu

A15ATIIN LD URLIUAINAILARNILAYED LAULNURILATAINUTENDU Aall

HRAF-Linked hnllbﬂdy

Delechk

( HHP)
Antibody | # * #
/ 3
*#

TMEB
Substrate

Capture Antibody

Sandwich ELISA

WHUAWA 1 MWETUTS sandwich ELISA



\adau ELISA plate s1e woufivennslululaatiatoufivenidnnizsotouaiaulimine

|

ldlululaatiaueuuan (capture antibody) aslumguues ELISA plate

}

T4 skim milk wte block non specific binding

|

' ' (%
v o A N

ldgsudnindnoadlunauvas ELISA plate

'

T4 MoAb siauauiautmnefiiioniiu biotin (detection antibody)

!

1d streptavidin-HRP aslunguued ELISA plate

|

1d TMB substrate adluvauves ELISA plate

nyauAse1aae IN HCL wd?81u OD
WHUATIA 1 2WATUTS sandwich ELISA

AISWAILIIEATIVE8Y immuno-chromatography (Immunochromatographic strip
(ICS) test)

ICS test T9%ann13999 immunochromatography Wunsesiaasuwiin rapid qualitative
e semi-quantitative Tdmsunmaneuiauving dregreiildlunisnsiaae Toun en uay

&5 1 Hudy

Sample
and Buffer

){%L}’ Detection

Conjugate Nitrocellulose Membrane
‘ 200 W i
Sample Conjugate Test Control Absorbent
Pad Pad Line Line Pad

UWNUATNT 2 EPNYANTIILUY ICS



ICS Usgnounay d@audiAey 4 @ Laun sample pad, conjugate release pad, analytical

membrane lay wicking (absorbent) pad (anmuszneou)

1. Sample pad \Judildldsregnafideanisnsn fegaznioudilay capillary action
lUgsdu conjugate release pad wag analytical membrane

2. Conjugate release pad WJudiufivusznousie lululpaaneufivedfiindeusie sold
particles is1mzdonouRiauanduiianediiminualuana 285 Alanasu (vie
wouRuihmnedy)

3. Analytical lines Wuduiiusznausie Tndlaatawoufived dewsufiaudaduusn
nageu (capture line) war woufvedsrelululratauoufveffindeudie cold particles
Faduuznumuay (control line)

4. Wicking (absorbent) pad ifuduillunisauaunisiadousivesueuiiau lusiegns
AvhufAzenfuseudved

NsuUanan1snaagauval ICS test

dlenensegafideanisaaay wu ¥en luudna sample pad fregedinan asndeu

filee capillary action lunsdififognaiiueufiauiuagasfinunudi 2 uaudunanuoufiauiidy
Frulululpaaseufivedindeusie sold particles Wy antibody-antigen complex indausaly
Fuitu ndlravausuivenrewauiaursiadluuiinamedeu (capture line) way wnanlululaata
LouRveATiAdousiy gold particlesiushfunouduedrelalulaata  wouRuefnuTAMUAY
(control line) udlunsdiiifegndluifiveuiiauluey  asfinuaudtuifissunuifsraniululaaia
wauRveRfiedousie  cold  particles éTUéhﬁ’uLLauauaasiaIquIﬂaﬁfaLLauauaaﬁU‘%nmmuau
(control line) 9ndoyatiléiaziing MoAb uay PoAb uazweudlauiiuansuarfigaly Wanduis

n579dau Nazihlulglunraunussly



NAN15398 (Results)
N19 clone cDNA 984 FgGPx
Igvinislaauiu FeGPx Ineldwalin PCR @dld cONA libraries 970 F.gigantica wiu
template w§rntuldviinsudn recombinant DNA Tag licate Bufildidrfurnmes pGEM-T
Fasy u&in1sinsizsimansu DNA Tag Macrogen Inc (South Korea) wdsanntiaiiasizsimeansi
nsnezdlulaglusunsy BLAST (The National Center for Biotechnology Information, NCBI,
http://ww.ncbi.nlm.nih.cov/BLAST/)  uag  SignalP 3.0 (Bendtsen et al. 2004,

http://www.cbs.dtu.dk/services/SignalP/) (gﬂﬁ 1) wasinsauduiusiuaaditingug Tneld
TUsungu Maga X (3U7 2)

HsGPx4 MSLGRLCRLLKPALLCGALAAPGLAGTMCASRDDWRCARSMHEFSAKDIDGHMVNLDKYR 60
BtGPx4 MSEFSRLYRLLKPALLCGALAAPGLASTMCASRDDWRCARSMHEFSAKDIDGRMVNLDKYR 60
FhGPx4 -MFGLCRRSGGASILRYALA-LPFTGMAT----SGGTDGTIYGFSATTIDGEHVKLDKY - 53
SjGPx4 —mmmmmmmm———m——— - MITGSSAMSS—----SSRSGSSIYDFTAKDIDGVDVSLSKYR 37
CsGPx4 -MRGLLVRA---ACLGYTFVGPRLSMMAA----SPTEPANIFHFSAKDIDGQEISLOKYE 52
FgGPx = ——mmmm e MAT----SGGNDGTIYGFSARNIDGEHVKLDKYR 30
Kok kKkk . KKk
HsGPx4 GFVCIVTNVASQXGKTEVNYTQLVDLHARYAECGLRILAFPCNQFGKQEPGSNEEIKEFA 120
BtGPx4 GHVCIVTNVASQUGKTDVNYTQLVDLHARYAECGLRILAFPCNQFGRQEPGSNAEIKEFA 120
FhGPx4 = ——————————m— e mmmmmmm RILAFPCNQFGGQEPWPEAEIKQYV 78
SjGPx4 GYVCLIVNVACKUGATDKNYRQLOKMHTQLVGDGLRILAFPCNQFLGQEPWPEAEIKKEV 97
CsGPx4 GYVTLIVNVACKUGLTDKNYRQLODLHTRLSGKGLRILAFPCNQFGNQEPWPEAEIKRWV 112
FgGPx GRVCLIVNVACKUGLTDKNYRQLOELHTRLSGQGLSILAFPCNQFGGQEPWPEAEIKQYV 90
KKK KKK KK kKK e kkk .
HsGPx4 —AGYNVKFDMFSKICVNGDDAHPLWKWMKIQPKGKGILGNAIKWNETKFLIDKNGCVVKR 179
BtGPx4 —AGYNVKFEDLEFSKICVNGDDAHPLWKWMKVQPKGRGMLGNAIKWNETKFLIDKNGCVVKR 179
FhGPx4 TEKYNVQFDMEFSKINVNGSDTHPLFSFLKSEL--KGTLINAIKWNFAKFLVDREGVPRKR 136
SjGPx4 SETYGVQFDMESKINVNGPNAHPLYEFLKSRL--GGALMSAIKWNESKFLIDRKGQPVKR 155
CsGPx4 SEKFGVTEFDMEFSKIDVNGNNAHPLFKYLKKEQ--HGFLIDAIKWNEGKFLVDRTGKPRKR 170
FgGPx TEKYNVQFDMESKINVNGSDTHPLFSFLKSNL--KGTLINAIKWNFAKFLVDREGVPRKR 148
Lk Kk e akkk kkk sakkke ek Kk kkkkkKk Axkkek. k * %
HsGPx4 YGPMEEPLVIEKDLPHYF-—-----—-——————————————— 197
BtGPx4 YGPMEEPLVIEKDLPCYL-—-—-=-—-—-———————————————— 197
FhGPx4 YSPQTEPLSHVIIMLWYLPPQQOLHQSSEQKDMTNGMEGGN 176
SjGPx4 YSPTTAPNEILDDIMELLKQK--=-=-—-——=—==—————————— 176
CsGPx4 YSPQTDPLDIEKDIVELLEE-—--———————————————— 190
FgGPx YSPQTEPLDIEKDIIGLLKQ--—-=-—-—————=—————————— 168

sUN 1 msilFeudisuanueziiluveddu GPx 910 F. gicantica AUaLdiaviinay
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76 AAS4T590 (Setaria italica)
77 PKU73676 (Dendrobium catenatum)
78 CABT78203 (Arabidopsis thaliana)
79 CAEA6896 (Citrus sinensis)
Q9FXS3 (Nicotiana tabacum)
90 b AALS535967 (Raphanus sativus)
EAA44749 (Anopheles gambiae)

Plant

82

AATBS827 (Glossina morsitans morsitans)

80 Insect 11

74 AAR9I6123 (Drosophila melanogaster)
70 EAL29978 (Drosophila pseudoobscura)

CABO3004 (Caenorhabditis elegans)
Nematode

96 69 CAE60228 (Caenorhabditis briggsae)

91 AAPY3SES (Apis mellifera ligustica) Insect |

AAQO2888 (Aedes aegypti)
03| —— ABA23916 (Rhipicephalus microplus) — Arachnid
75 CAA50793 (Homo sapiens)
BAA22780 (Mus nusculus)
97| 85 AAM 18080 (Gallus gallus)
84 AAQBG6T05 (Danio rerio)
7 ABEGBBI2 (Paragoninmus westermani)
86 4‘:}36881] (Paragonimus westermani)
87 ABK38680 (Clonorchis sinensis)
GPx4 " AJD79087 (Schisrmswmjaprmicum}
72 I: AAU34080 (Schistosoma mansoni)
PIS82514 (Fasciola hepatica)
88 FeGPxd
AAA29885 (Schistosoma mansoni)
ABKS58679 (Clonorchis sinensis)
ABKS58681 (Clonorchis sinensis)
ABKS58682 (Clonorchis sinensis)

51 | NP 001108607 (Canis lupus familiaris)
52| 'CAA48394 (Homio sapiens)

Vertebrate

98 Trematode

89

53|L NP 001156611 (Bos Taurus)
— AAHS54848 (Mus musculus)
67 —————— AAQOB6703 (Danio rerio)
AAHB6649 (Mus musculus)
P00435 (Bos taurus)
55 AAMO94630 (Sus serofa)
8 54 CAAG68491(Home sapiens)

AAHI3526 (Mus musculus) Vertebrate
BAE17017 (Sapajus apella)

57

AAH37027 (Mus musculus)

AAP50201 (Homo sapiens)

P37141 (Bos taurus)

NP 001500 (Homo sapiens)

NP 034473 (Mus musculus)

NP 874360 (Homo sapiens)

NP 001003213 (Canis lupus familiaris)
NP 001020506 (Bos taurus)

65

0.10

a ada a q

JUN 2 Anuduiusvesdu GPx 9N F. gigantica fuaditinuting



§4A5129 recombinant protein

NNSdUATIZA  recombinant proteins (FgGPx) %laen1s ligate cDNA  wesduiunneiu
expression vector 1845¥UUNTHARBNIULUATISY (prokaryotic system) fe pET-30b ndaanntu
39th vector idwadlinthu (host cell) Gsfoiwaduunadiise Escherichia coli Mnthideslhizad
wupfieisadvln waswidenilfAenisuansesnvesiulaeld isopropyl-B-D- thiogalactoside
(IPTG) uashlwaduuafiGoaansuazyinlilusiuuianslngld NiNTA  udsndufnwianiaves
Wsfiulagld SDS-PAGE wddfoude Coomassie Blue Taswun (molecular weight) ved FeGPx i
19 kDa (3Ufl 3)

MW (kDa) 1

250
130
95
72
55
36
28
' P

5UN 3 SDS-PAGE Aiav1z¥f purification 189 FgGPx 91nM3 express 1u E. coli el Native

[ lllll

17

10

condition la#l& Coomassie blue fiau
Lane 1 : non induce with IPTG
Lane 2 : induce with IPTG
Lane 3 : purified rFgGPx



NAFDUNITVINIUVDY rFgGPx

ms‘wﬂaaumiﬁ'\ua%aaaiwm rFeGPx #28n151A&daU DNA nicking assay

1 2 3 4

gll‘ﬁ 4 Agarose gel AAT1EI function VB4 rFeGPx (antioxidant activity) (NF=nicked form,
LF=linear form, SF=supercoiled form)

Lane 1 : positive control

Lane 2: negative control

Lane 3: rFgGPx 25 pgml

Lane 4: rFgGPx 50 pgml



MW (kDa) 1 2 3 4 5

100
75

50

37

25
20 -

15

gﬂf?‘i 5 waviin1391 western blot lnenaaaun1syinufiseniunu F. sigantica sse2s139 63l egg
(lane 1), metacercariae (lane 2), NEJs (lane 3), 4 week-old juveniles (lane 4), adult (lane

5)



MW (kDa) WB ES TA

250
150
100

75

50

37

23

20
15 -

5Ufl 6 ravhn3vih western blot Tnevaasunisuanieanuedlusiu FeGPx Tu WB, ES, TA v9enen3
Tuld@u F.gieantica

Lane 1: WB

Lane 2: ES

Lane 3: TA



JUR 7 msuanseenvedlusiiu FeGPx Tuilalevamensluliisiu Feicantica svesdnduly wuindl
NIUARNIEDNURILUTAUUSIIEIAY  (tegument; Tg), vitelline (Vi), egg (B-F) lmaluifinng

LEAAIDDNUSLIUDUVBINGNS



7. MindauazAnwnudnvazvaslululaausauauivansalUsiy rFgGPx

A15A5129USN Polyclonal Antibody FgGPx #2833 Indirect ELISA

W&391n7IvS Immunization NUNARBINEY FeGPx (Ag) \ednwUSua Polyclonal Antibody
FeGPx fiviynaneenansiolUsAu GPx #e38 Indirect ELISA Ui titer 489 Ab fimnnandadusinaiu
(10 fold serial dilution) wuinU3anames Ab fisuai1stusielusiu GPx 1 titer ~10° Gaflenisg

NAULES (ODgso) L¥1NAU 0.063

] v o & ! I ] &
A919N 1 LAAIANUAUNUSTIEUINAMULYUVUYDN FgGPX LLaBﬂ’]@JﬂﬂaULLm OD450

ANUTUTUYDS AgAnAuLAaT 450 ulung
Antibody Polyclonal antibody FeGPx Negative control

(Titer)

10! 0.051 0.06
1010 0.05 0.053
107 0.054 0.054
108 0.054 0.052
107 0.051 0.061
10° 0.063 0.054
10° 0.134 0.051
10* 0.526 0.054
107 1.256 0.057
107 1.487 0.107




—PoAb FgGpx Negative control
1.6

1.4

1.2

0D 450

0.8

0.6

0.4

0.2

Ab concentration

d' U LY 6 1 k% £% 1 =) 1 o ]
AT 8 AFINLAAIAIUANNUTIEUINAULINVUVDI FgGPx HaEAINANAULET ODgsp WUIIRLAUS

titer ~10°° WuUTUYRY Ab Tias1stusialushiu GPx sgavianunsansivaeula

A13WEARN Monoclonal antibody ¢i® FgGPx

NHaN1sNAaed ELISA laden cluture fluid 91 Hybridoma clone @® 7B8 vinisidaviin

(isotype) v8s MoAb Wui1 heavy chain \Uuwiln IgG1 uay light chain Wuwia K deiuidel clone

Junltlunsneasssald

AnwanutuduvedlusAuNgnaunInnens F.gisantica #7835 Lawry method
NOUYININg run TUSAUIUAT SDS-PAGE 1lUSAULNTAAMULINTIUALETD Lawry method lagia3es
spectrophotometry (Versamax Program) rue1IAdU 750 wilwwns wulusau TA das

duduade 3.624 pe/ pl waz WB fanududuade 2.742 pe/ ul



AATIZHAMUINNIZVRILUSAY FeGPx falushiu TAWB wag ES 2875 indirect western blot

9nHan159 indirect western blot wansiia MoAb (clone 7B8) fiflanusuwizyiiliiAn Positive
band Fhiwitinluana 18 kDa 7 adult TA way adult WB @1y adult ES laiwunisuanseantes
1UshU GPx

MW(kDa) M TA WB ES

95 —

35 —

17 —

10 —

AMH 9 uansAuszveslUsAY FeGPx i TUSAL TAWB wazES #eid indirect western
blot Tina positive iU TA az WB uazlina negative fiu ES
Lane 1 Protein Ladder Marker (M)
Lane 2 Protein Tegument (TA) ¥83 F. gigantica LLamﬁmﬁfﬂIMLaqa 18 kDa
Lane 3 Protein Whole body (WB) ¥4 F. gieantica LLamﬂfmﬁfﬂIuLaqa 18 kDa

Lane 4:  Protein Excretory and secretory (ES) 484 F. gigantica



Aasziausiwizuaslusiiu FeGPx Tnen1snagau Cross reaction fiunendvliaduadaeds
Indirect western blot

vdnivinsieseiiusiudie  SDS-PAGE  TWshuvesmededindy 8 wfin  léun
Paramphistomum cervi (Pc), Gigantocotyle explanatum (Ge), Cotylophoron cotylophorum
(Co), Setaria labiatopapillosa (S), Fischoederius cobboldi (Fc), Eurytrema pancreaticum (Ep),
Gastrothylax crumenifer (Goway Fasciola gigantiga (Fg) Lﬁav‘immwﬂmum‘lmLaqamaﬂﬂsau
NS transfer 11849 WAL membrane WaENAGBY cross-reaction #1838 Indirect western
blot 1aeld mouse anti-GPx (7B8) 18y primary antibody laen1seuNa positive Fannannanwey
LOUATIUTINQUULKL membrane MNN1SMAABUNUTYT MoAb #e GPx laifinsviiufn3endhuriu
TUsAuURINeS¥dn  Paramphistomum cervi, Gigantocotyle explanatum , Cotylophoron
cotylophorum, Setaria labiatopapillosa , Fischoederius cobboldi, Eurytrema pancreaticum
wag Gastrothylax crumenifer fusieslUsAuues F. gieantica ﬁﬂsﬂﬂgé’ﬂwmmmuﬁ (band)

\esanidanudumgdelusiu GPx Tuwitinlauanasg 18 k Da fan1nil 16

M(kDa) Pc Ge Cc Sl Fc Ep Gc Fg

70 —
55 7

35 —
25 —

10 —

ANA 10 UananuINIzvedlusiu FeGPx ¢mels Indirect western blot wagluwauaaving
Usngdnuazvauaud (band) wansienud sy FeGPx watiteawa TUsA adult

whole body U84 F. gigantica



A5ATIZHAUMLIYe9lUSAY FgGPx Tunens F.gigantica #2835 Immunohistochemistry

MNSANEINIINIEA8MBIlUSAU GPx @387 Immunohistochemistry lagld mouse
anti-GPx (788) 1Ju primary antibody wazlugiuved negative control 14 myeloma W primary
antibody nansieutiefenes F.gisantica Tusyaynesiuinty (Adult) Wu negative control
(MW A) wazsEEY metacercaria, 3 SUA way 4 dUAA Airidwens 40X a1 B-D) Han il
17 wuinlussys metacercaria ldnunsiansoonaeslsiu GPx ualusyey 3 dUavi waz 4 dUni
wuihdinnsuanteanves GPx 7ia (tegument) veawens F.gigantica LLazlm'ﬁmiLLamaaﬂﬁLUﬁaﬂﬁm
puuen(Cwl= outer cyst wall) ,Lﬂaaﬂﬁuéjﬁﬂu (Cw2= inner cyst
wall),caecum(Ca),parenchymal cell (Pc) ikaz spine(Sp)

nanstouiodenes F.gigantica luszagnendimiduds (Adult) \Uu negative control
(MW A) dazszeg adult (AN B-D) ﬁ]’mﬁﬂé'asumss?nlﬂﬁwé’wmaga Fanndl 18 wuideudnd
UINMRA(tegument) VBINBNT F.gieantica warldfinnsuansoand caecum(Ca),parenchymal cell

(Pc) wag spine(Sp)



AT 11

AN A

AN B

AWM Cuaz D

@ e S =
4 L YA e R
(T o ﬂ-:sjw%. <

wansnIAsIIEuvswaslsiu GPx luilewdoues F. gigantica Tusses
metacercaria , 3 §Ua19% wag 4 §UAMae38 Immunohistochemistry Sl
culture fluid (7B8) t8u primary antibody
Ain§weneunanwestuislunenddaudu sy (Adult) G914 myeloma culture
fluid 1Ju primary antibody (negative control)

ANANHIV8EVBINETTI¥EY metacercariae kansdie linunsuantoenvaslusiu
GPx Tu wWienviusuuen(Cwi= outer cyst wall) wagildanviuauly (Cw2= inner
cyst wall)

AMATEEEMETTEE 3 Uag 4 §UAM MRy wansBasuafifinng
uansoanUaIlUTAU GPx (positive reaction) Tuuiaiia (Te=tegument) anwauy
Dhudithegiiduiin uilimunisuansesnvadusiu GPx lu

caecum(Ca),parenchymal cell (Pc) wag spine(Sp)



AWi 12

AN A

AN B-D

WAAINITATIIMIAINUIBIlUTAY GPx Twiloibouss F. gigantica Tuszazngsan

Wty Me3s Immunohistochemistry Fal4 culture fluid (788) 1Hu primary
antibody

A weneUunanswestuialunesinduTaAdult) 3919 myeloma culture
fluid +Ju primary antibody (negative control)

AMEavEnesn(B),nan(C) warga(D) TumenSssazdufinia(Adult) uanddermumus
fifinsuaneenvadlusiiu GPx (positive reaction) luuSain (Te=tesument)
Svanfudiheniituiy  uilinunisuanseenvedusiu GPx Ty caecum(Ca),

parenchymal cell(Pc) wag spine(Sp)



nswanuazAnenudnyuzvadlululrausauauivansalusiy rFgTRP14
N15M5298UTUAYEY monoclonal antibody 1a8735 indirect ELISA

NAN3TI98U MoAb #Il#ian hybridroma clone fifliganduuasgsgn 12 clone A
1E11, 1B7, 3C1, 5A10, 3F1, 1F3, 3D5, 1B2-2, 2D2, 4F3, 5G8, 5G8-2 {U1N1INTIVEUIUAVDS
MoAb a28735 indirect ELISA fiu heavy chain 6 wila (1gG1, IgG2a, 1gG2b, 1gG3, IgM uag IgA) uag
light chain 2 ¥tin (kappa W@y Lambda) WU MoAb finanlevia 5 clone (1B2-2, 2D2, 4F3, 5G8,

5G8-2) \Uu IgM, Lambda light chain Nam11M1519 it

M13199 2 UAAIAINITAANFULANTIAINENIAEY 450 WIUUATYDY MoAb YTIAf19907875 ELISA

e oD
989 Ab

1E11 1B7 3C1 | 5A10 | 3F1 1F3 3D5 | 1B2-2 | 2D2 ar3 5G8 | 5G8-2

lgG1 0.133 | 0.130 | 0.128 | 0.126 | 0.130 | 0.130 | 0.123 | 0.119 | 0.102 | 0.108 | 0.103 | 0.121

lgG2a | 0.071 | 0.068 | 0.065 | 0.065 | 0.067 | 0.069 | 0.060 | 0.069 | 0.060 | 0.047 | 0.059 | 0.065

lgG2b | 0.066 | 0.065 | 0.065 | 0.062 | 0.061 | 0.061 | 0.059 | 0.057 | 0.063 | 0.058 | 0.058 | 0.062

IgG3 0.050 | 0.050 | 0.050 | 0.050 | 0.049 | 0.049 | 0.048 | 0.046 | 0.047 | 0.048 | 0.049 | 0.049

IgM 0.439 | 0.349 | 0.304 | 0.282 | 0.025 | 0.257 | 0.205 | 0.435 | 1.202 | 1.340 | 1.310 | 0.407

IgA 0.241 | 0.223 | 0.214 | 0.205 | 0.234 | 0.223 | 0.187 | 0.179 | 0.135 | 0.186 | 0.145 | 0.168

Kappa | 0.132 | 0.130 | 0.119 | 0.106 | 0.120 | 0.112 | 0.105 | 0.079 | 0.061 | 0.061 | 0.069 | 0.077

Lamb | 0.060 | 0.063 | 0.062 | 0.058 | 0.059 | 0.058 | 0.057 | 0.765 | 1.431 | 1.441 | 1.427 | 0.624
da

Tnernsganduuasitinlald antigen Wulusiu TRP14 Ainulunenslulyl Fasciola gigantica



A450
1.6

1.4

1.2

0.8
0.6

0.4

0.

[\S)

0 ||||‘I|| |||||I|| |||||I|| ||||III| |||-.I|| |||-II|| ||n|||| |I|-‘II Il |m|||| ballil Lol

1E11 1B7 3C1 5A10 3F1 1F3 3D5 1B2-2 2D2 4r3 5G8 5G8-2 clones

migGl migG2a migG2b migG3 migM migA mkappa M®lambda

JUN 13 n3mluanaviineanvas isotype V83 MoAb WEURUAINIIYANTULAIUEI MoAD NIANET

Aau 450 wiluuns Anulunendluld Fasciola gieantica



nsAneIRMENEMEYas monoclonal antibody 1835 western blot

NsANWIAENYMEYDY MoAb #e recombinant  protein (fFgTRP14) wasnenshuld
Fasciola gigantica \fieBusunan1snaaauands Indirect ELISA 31 MoAb 7indnldanunsaduls
98199 recombinant (rFgTRP14) protein vosneSluld Fasciola gigantica Wui1 MoAb
clone 2D2, 5G8, 4F3 uag 1B2-2 IAudwnzae rFgTRP14 Tgudninan1syagau hagyinn1sans
MoAb clone 2D2 @8 Fg(WB), ES, TA WUIIALAINNIZAD Fe(WB) tag ES i 14 kDa ualaid

AMUTUNZHD TA LA8LEAINANISNAZDUY

kDa Marker PoAb 2D2 1B2-2 1F3 Myeloma

7I

Ul 14 uansvuinvosuaulusiu MoAb weamedlulil Fasciola gigantica léuA PoAb (lanet) 1u
positive control, 2D2(lane2) , 5G8(lane3) , 4F3(laned) , 1B2-2(lane5) , 3D5(laneb) ,

1F3(lane7) wagld Myeloma cell (lane8) Wu negative control iWigusunsuazaun
vaalUsiuee specific marker (Augregn) Nlolunsinsgilusiugig s indirect

western blot analysis



kDa Marker Fg (WB) ES TA

250—
130—
95—

72—
55—

36—

28—

17 —

<14 kDa

10 —

gﬂﬁ 15 uansruInueILaulusiu MoAb 2D2 da Fg(WB), ES, TA vaswestulil Fasciola sigantica
laun Fg(WB)(lanel) , ES(lane2) , TA(lane3) Wigusiunusuwazaunuaslusausie specific

marker (fugegn) NElun1TinseAlusiugieT8 indirect westem blot analysis



A15199 3 UARIANAANSULEAINIANEIATY 450 WNLULINTVBY MoAD ¥ila IgM iU Fg (WB), ES uag

TA wsnesluldl Fasciola gieantica w33 indirect ELISA

FUAVDY antibody oD
Fg Es TA

PoAb 0.193 0.198 0.093
2D2 0.179 0.186 0.048
5G8 0.440 0.452 0.100
4F3 0.240 0.296 0.069
1B2-2 0.111 0.129 0.051
3D5 0.044 0.046 0.044
1F3 0.043 0.045 0.044
Myeloma 0.049 0.050 0.047




A 450

0.5

0.4

0.3

0.2

“HILIN o

0 I [ ] | ] | [ ] |
2D2 5G8 4F3 3D5 1F3

Polyclonal Ab 1B2-2 Myeloma clones

BFg WEs TA

gﬂﬁ 16 N3 uEnIANUEUNUSYOS MoAb ulin IgM AU Fg(WB), ES wag TA aeswesluldl

Fasciola gigantica

A5LAA cross reaction AU antigen YaINYBUAAZYUA 1R85 indirect ELISA
nsfnwAudnuzTes MoAb Tnanls wudnduwia isM Aidnsuansesnues light chain

auysal MoAb TinAnldfinanmnsduiu antisen Iwhmsnaaeumsiinuffisedwiu (cross

reaction) Tngld antigen (WB) aasnenduiinsnge loun rFgTRP14, Fg, Sm, Ov, Cc, Si, Pc, Gc, Ep,

Ge FanulilinsinUAsenduiunenSylndue) IneuanInanIuaisng Aadl



A9 4 LAAIAINANAULAITIANINEIAGY 450 WILULUATYRY MoAb wila IgM AU antigen eq

wenSuiinr19e 83 indirect ELISA

g oD
299 Ab

rFeTRP14 Fo Sm Ov Cc Si Pc Gc Ep Ge

PoAb 0.284 0.193 | 0.098 | 0.091 | 0.083 | 0.094 | 0.098 | 0.099 | 0.094 | 0.089

2D2 0.246 0.179 | 0.049 | 0.054 | 0.054 | 0.051 | 0.052 | 0.052 | 0.050 | 0.048

5G8 0.570 0.440 | 0.094 | 0.094 | 0.093 | 0.086 | 0.081 | 0.083 | 0.084 | 0.079

4ar3 0.295 0.240 | 0.069 | 0.080 | 0.075 | 0.062 | 0.067 | 0.064 | 0.063 | 0.059

1B2-2 0.155 0.111 | 0.050 | 0.059 | 0.052 | 0.049 | 0.048 | 0.054 | 0.050 | 0.048

3D5 0.045 0.044 | 0.043 | 0.043 | 0.042 | 0.043 | 0.043 | 0.043 | 0.045 | 0.043

1F3 0.045 0.043 | 0.042 | 0.044 | 0.043 | 0.054 | 0.045 | 0.045 | 0.043 | 0.043

Myelo 0.050 0.049 [ 0.048 | 0.056 | 0.047 | 0.120 | 0.074 | 0.048 | 0.050 | 0.047

Ma

Adso

06
05
04

03

0.2
0.1 ‘
o [

rFgTRP14 Fg

L Wl Wt Wl Bk ||||| 1
Sm Ov Cc Si Pc Ge Ep

Ge clones

[ Polyclonal Ab | 2D2 QW 5G8 [14F3 m1B22 [ 3D5 @ 1F3 M Myeloma

JUT 17 n9muansnnuduiusves MoAb vila IgM (U antigen YaeneFulineg NnueIAaY

450 UlULINT



Immunohistochemistry
MNMsANwINISwanseenves TRP14 Tunesluliisiu Fasciola gigantica \ieaAudmig
299 MoAb malUsAuUNINTEINIZa1MSV0INEIS  1Aee 1@enann1s Immunohistochemistry WU

MoAb clone 4F3, 2D2 way 5G8 AAINUINIZHBLUTAUNNTLINNILDIMNSABNYNSIA8LNISHANIDaN

'
v o

11783 TRP14 UTNAINTELNIZMNT Laziin1sudnieanues TRP14 Tusyauail parenchyma o

BAAINANIINAEU

4F3 Clone

gﬂﬁ 18 NTuanieenUes TRP14 Tunszlnizemsiag parenchyma 84Wen5 Fasciola gigantica

PS8 100 49N

UM 19 N1suanieenved TRP14 AINTHN1¥WMNSUDINENT Fasciola gigantica NIMN&aveny 400 i

(nME1e) MoAb Clone 4F3 uag(nmui)du Negative control



2D2 Clone

[

35U 20 Msuanteenved TRP14 Ansein1ge1mIvesnens Fasciola gigantica NiNaauene 100 i1

[

3UN 21 Msuanteenved TRP14 ANsein1ge1mIveInens Fasciola gigantica MaaueNe 400 i

(ne1e) MoAb Clone 2D2 wag(n waiidu Negative control



5G8 Clone

[

3UN 23 Msuanteenved TRP14 ANSHiN1geIMIVeInens Fasciola gigantica NIMaaueNe 400 i

(ne1e) MoAb Clone 5G8 uay (nmaa1) Wu Negative control



aAius18/921981 (Discussion)

damszii TUsAU rFgGPx

nsenwluadedl dvhnsdaasesitunarinonduuuilsiu slutathione peroxidase
(rFeGPx) aanen3luliisiu Fasciola gigantica FsduamevisieiSlnauiadefidens (PCR) 970 cDNA
vesngdluldifussesdufiules wuindu FgGPx fld1fu conseve sequences 3 @ILUMUY @D
NVACKUG, FPCNQFGGQ uaz WNF @9959U conseve sequences U84 GPx dloflouiuaadidin
3u9 wavain phylogenetic tree Wuin FeGPx fanulnddndu F. hepatica Sreuduwuuvilushiu
FeGPx Usznaumensaezilu 168 ¢ udwwniuldvihnsdaaseilsiiluwunaiiSe (Escherichia
coli) BL21 (DE3) nuianmsiesiesisng SDS-PAGE Sreuduunsilusiiu FeGPx Sumiinluana
Uszana 19 Alamada uazlsvinmswanlndlaausausudueffisimnzsiolusiu rFeGPx Tuny (anti-
rFgGPx) ndnuhweuRiveduadeunLsLElngds immunoblotting uaz
immunohistochemistry  WU1131NN1S1AEOUAIY  immunoblotting wauRuanneIARNTLUU
LUshu FeGPx UfAsenu rFg GPx Viﬁfmﬁ'ﬂIMLaqa 19 Alanasiu Juandliiiviuouiveffings
lofianuasinngiolUsiu FeGPx wavhaufivensasmauduuuilusiy FeGPx anunsavilgisendu
whole body ¥981S F.gigantica 28218 (egg, metacercariae, NEJs, d-week-ole juveniles,

aaa 1Y

adult) wazviUfAseniu tegumental antigen (TA) vasnedifinTe wazliviujasendudunens
Tulsfinau y A9t G. crumenifer (Gc), P. cervi (Pc), G. explanatum (Ge), C. cotylophorum (Cc),
S. labiato papillosa (SV), F. cobboldi (Fc), E. pancreaticum (Ep) @19ua@nsliliiuinwoufivofne

TUsAU rFgGPx danudnwizAulushiu FeGPx aasnenshuliddu F. eigantica

nsnanuarAnyIAMENYMEYY MoAb #id rFgGPx

TumsiTunseillandn MoAb uagyitnsida isotype wes MoAb (7B8) #i® recombinant

Fasciola gigantica GPx (rFgGPx) #1835 ELISA wuinduvila immunoglobulin (Ig) G1 wag K light
chain fiflanusmesie native FeGPx Tumend naa1nn1svi indirect western immunoblot ke
Tiiuds MoAb(788) isnunesielusiufiialtesument) aeanens Foisantica waglusfudiatinann

(% ]

9f(whole body) ¥8IWes F.gigantica ﬁﬂfmﬁﬂimaqa 18 kDa \fiosanninusnadifinsdudaniu
free radicals Wuduusniie Raveaneidtegument) Sududufifinsmdn GPx eonun wazdeldin
TUsiufiattegument) aeawend Feigantica 1 fedudrunimwedusiuiiatnaniasa (whole
body) eaNET3 Feisantica Fvanunsanansdnuaizfisnmzse GPx ¢ usdlinuly excretory-
secretory (ES) iiosanlaifinswanlusiy GPx senuluu3imiiu uasyinisnadeu Cross reaction
funerduiinduq ewn wenSudin P. cervi, G. explanatum, C. cotylophorum, S. labiatopapillosa,
F. cobboldi, E. pancreaticum wa¢ G. crumenifer lifin1svufAsentufuleuiau (antigen) vas

WYBNNEINT s 1zastuBudulain MoAb (7B8) Sanudmgialiiesnend F.eigantica Wity



NaRINNITYI1 immunohistochemistry 583JL5@L§8W87% F.gigantica Tusyey metacercaria ,
3 §UniA, 4 dUav hagwenSaatinde(Adult) @1unsadudunisnaasuves indirect western
immunoblot W13zt metacercaria lifinsuanseanves GPx iosnlussezid cyst wall sy
Seaeatunarslilldduiany free radicals usluszos 3 dUaii, 4 Uanvh wazne3duduTa(Adult)
JouRnEUSIIURNT (tegument) ¥0INYNT F.gicantica og19iaLau 398 udulai1iivesnens
F.gicantica fin1sudnlushiu GPx penu193e wiszdlenens F.eigantica un3niingsnanevedlaan
szden1sUasdunuiesanszuugfiduiuvesisas wazanainulufivass free radicals
(neutralizaion) Tnendsansosnunalev oy hydrogen peroxidase , peroxidized lipid 52184
Glutathione peroxidase #78 (Mei et al,,1996) :u3dunouniiina1iuouiaudaug ingts
F.eigantica Uaneeanun laun gluthathione-s-transferase, cysteine, paramyosin k& membrane
protein (A353 Anfisaudin,2553) GPx 1ueulaifinaantfdu Antioxidant Wudddgsiesisnialu
N13AUENTOYLADATY wazthelumswasulalnsueseenled(H,0,) Wnatodun (H,0) way
gandlau (0,) 59ud94n Organic Hydroperoxide Fautafinuniswdsannie UsnaRmiives
wen3 Feigantica isennuinaniudeldinduuinuiidudatu free radicals lulsadlalnanss

1Y

AITUTIEU50 MoAb (788) fidnlatuildlunis immunodiagnosis Tusyweuazdniifeudesd

¥
aa aa I 1

AnLiipannend F.gigantica Nnelmiinlsa Fasciolosis ins1z35lialaindna1uusiugi (sensitivity)
gawazinudnie (specificity) aaduiu dhanwmuiseluiluynnse Tdu wazdreiselien

9

Useineeg1egednang

N1INAALATANYIAMANYUZYEY MoAD ¢id rFgTRP14
MnmsanwreumhiitinsAnwlusiufindsesnmanne sitensramnisindesusily
SyezUIANUINUTAY 28.5 kDa tegumental antigen (Anuracpreeda et al., 2009), Cathepsin B3
(Anuracpreeda et al., 2011), Saposin like protein2 (Kueakhai et al., 2013) %ﬂwudﬂﬂiammaz
ﬁuﬁmé’ﬂlﬁmmmm’mmmiﬁﬂL%@W&ﬂ%lé’mswz uazlUsiu Cathepsin L1 protease 27 kDa
a3l MoAb nsraddadedaus 1-35 Su ndsdinsindevemens  F. gieantica wuiniiaals
fefewar 93 wazarudmziosay 100 19835 ELISA (Anuracpreeda et al, 2016) usivilesain

Tsfudafivunlugdeilinmageusie iaufasendinilusiuniduunan 3ah TRP14 1Tu

'
[

Wsfiufindsesnunarnwe3Ulieu Fasciola eisantica wietlostusaesnin ROS wedlgamdu
Wsfuifldmtedestunissniau Tnenuin TRP14 finsuanseandl sut wazinues metacercariae
Judsszerifuivveameduazansanulailuluded@in (Changklungmoa, 2017 ) Taelushiu
TRP14 aansavidsoonunly  F3ulduasfulsfuifvunndn 14 kDa shlkAnUFAToldRLazIE
nlusAuAfivunalng lngdIdemanivilusiu TRP14 sndseonuludsuvedlaasuinniy Cat L1

wazdianuliuinnindaunlglunisideluased



TusniAfedidhin hybridoma cell (Idunuemamginnitismansasinseiius Hold)
wnidedluemadonte RPMI 1640 Tneilinguszasdifiofiudiuan hybridoma cells wawU3unm
waufivaRlutiiAsaead (culture fluid) Lieth MoAb Tu culture fluid wmadeuamATR F1e7
indirect ELISA, western blot kag Immunohistochemistry Lﬁammﬂaumﬂmamﬁamaﬂ MoAb #if]
AT NGO TRP14 tazaiusadiluiauinsnsaddadusalule

MInAFUMUTINAL MoAb Tne38 indirect ELISA wuin clone #ifinmsuansoongsldun
1E11, 1B7, 3C1, 5A10, 3F1, 1F3, 3D5, 1B2-2, 2D2, 4F3, 5G8 wag 5G8-2 lUnsideusinga
wauRved Lagld MoAb ‘ﬁqu 12 clone Ju primary antibody wagld secondary antibody WHu
antibody wiasne lngldiedn heavy chain waz lght chain innaaindae HRP léud 1661,
1gG2a, 19G2b, 1853, IgM, IgA, kappa Waw lambda Lilonn1ums1e 4-1 wud1 clone Mn1suandoen
Qﬂﬁ'ﬂﬁ’;wm heavy chain Wag light chain Imaqmﬂﬁi’mﬁamﬁuumﬁ 450 WlumAs @1u130Us
vanlgifuneufivefiianunsavihauldmidesaniidauves Fab regions (antigen binding site) 4
Fuueudiauanysal Fsuanismaassnuin MoAb clone dF3, 5G8, 2D2, 1B2-2 WAz 5G8-2 AfnNs
ANNAULAIINIAT cut off Ag 0.097 Tudiuves heavy chain Pduafia leM waz lisht chain Mdu
@ Lambda Fsanansaventadn MoAb awnsavinulakavinvanysal 3naiduneumiin
wuin IgM fieahgslunsduiuueufiauil coat asuumwan ELISA Ssanansaldlunmsvaaedlausiiy
Fuvesfirvazivianies dwvtisanuinadsuiililunismsadinsedld (Adungo et al,
2016) uit IgM éiifeideRolifionuafios Kufunsivsiluiausslumsndngeesaidadeses
u Moab Aduwiin IeG Tnveraadosinnisilaendsnsifiusenfivedlneselian class switching
o1 IgM Wuvila 1gG rou legmnbuneudveddidusiin IgM azfiflesnisnszdu B-cell 910
WauRaY B-cell annsoasaweuiveniiduia IgM eanilalas wannddygiaan T-cell 5
mefazin class switching asaduy isotype viin 1gG (Li et al., 2004; Mix et al., 2006)

NM3ANET western blot ¥83 MoAb #ie recombinant protein (TRP 14) wietiuldly
Astudunaveds indirect ELISA Swandiidiuimanniaesisimiudenndoiu Tng MoAb 7l
A uesie TRP14 Toud 4F3, 2D2, 5G8 uay 182-2 w14 kDa Faaenndasfiunisanuinen
wihinunsmaalusiu TRP14 970 metacercariae wae adult stage (Changklungmoa et al., 2017)
MnmMsnAaeEsavaEsIEldannsuaneonfiuaurian 14 kDa  wawdlewh  MoAb
Clone 2D2 Tunaaouaudwizsia TRP14 Tu Fg(WB), ES wag TA wulndaudiwizas TRP14 Tu
Fo (WB) wae ES annsauenlédn MoAb #ildflanusumizsiesmens Fasciola sicantica wae
a150a5930988 TRP14 findseenynludsuly uwilifinnnudumiede TA fosn TRP14 Lifins
wansoaniitnvemesiuandunmd 4-3 ssfuldinduauddud £S wnndn Fg (WB) iesninly
druves Fg (WB) WushnenS7mlusiuvanesiauinnindiuves ES Mdudfianizuinnii Tagmn

AosnaUssuisuUsinalusiurtinansg inedudteanuanunsavinlalaglindnnis western blot



Tagld MoAb Adumngdelusiuusazviauaziuiouiisulnegarundudiuansesnummniinnandud
innuansislusaveiatuiiUinasnn mnashlUldlunsnsieiteds Fasciola gigantica aes
immunodiagnosis  fashmsfnunsiinfiiend i (Cross reaction) fioganudumzves
MoAb findnléise TRP14 fivdsann Fasciola gigantica

uonniilunisinwadedldfimandnuasAnwqudnuasres MoAb se FgTRP14 271
MsfnuAMENAETeY MoAb TiHARlAY 12 clone wuinduniin IgM Telnmamlunisdudu
LAURLIU FuiMsnegeuNISAnUASeUNAY (cross reaction) U84 MoAb FBULBURIUYBINGTS
wiazuile Tnelduoufiawdulusiu TRP14 finulunenslulsl Fasciola gigantica (rFeTRP14) waxld
TUsfuanwenduiinaneg laun Fg, Sm, Ov, Cc, Si, Pc, Gc, Ep, Ge §i myeloma cell Tu culture
fluid 1Ju negative control Waxdl polyclonal antibody Ju positive control WU MoAb filvien
MIpANAuLATEIRD 5G8, 4F3, 202 uay 182-2 TagliAngetu FeTRP14 uay Fg uwanadn MoAb i
4 clone fanusumesiollsfiu TRP14 findsesnin nszwnzewnsveswenSluldl  Fasciola
gicantica 3sliinUfiATen cross reaction funeuRRuiulUsAURINNE SUiadu Lilesannsdu
fussinueufivefiuas epitope UukBURIUBIREATIILANANIS T NI Rl uvoIoUR UL
M57 MoAb 9zanunsaduegasmnziu TRP14 dasfidn overlapping domains (Benjamin et
al. 1984) Aefidumis CysBuaz Cys® finsesiu warldanunsaduiuweufiauvesneSsladuls
{losanlaifl epitope Awidlouiiu MoAb

MAMsTNsaEUTULEevemenSuin Fasciola gigantica fifn tissue section #E3d
immunohistochemistry Iagld 8 clone len 2D2, 5G8, 4F3, 1B2-2, 3D5, 1F3, PoAb uay
myeloma U3 2D2, 5G8 way 4F3 finsuanseenvedusiu TRP14 UShanilewde epithelial cell
finszinizemsuas parenchyma cell voswen3luliifu Fasciola gigantica tne 4F3 fnnsuandean
yoslUsiu TRP14 1nflan susne 5G8 uay 202 mud Wy uansiueudveRdaud ety
uoUALIULAE Fab region (antigen binding site) waslouRvaANUIZANS A NIUNITIUAULDURALIU
UUH1  epithelial cell finssnzenmsvemens  ud 1822 wumsuansesnusnaiaLbeide
epithelial  cell finszmnzammsvemedtosnn  o1asewnaniivsinaueuivedtdes  vie
wouRveAluszanslun1sTuivweuAlautseauliannsanmainlanieiinisuanseonvaslusiu
TRP14 Yessnnaudunaiuliidn way MoAb clone 3D5 uaz 1F3 linunisindd epithelial cell 7
NSTITeMsTRINETBeda1n MoAb Mifinnusimngselusiu TRP14 TeewUdaudiieuiu PoAb
WAy myeloma iy positive control waz negative control mud1fu Fawadildaenadasiu
USnauLouRUaATInT1anUsETE ELISA Wag Western blot u8nannsuans eengeiingzinizems
YDINYNS  Fasciola gigantica gﬂﬁmiLLama@ﬂﬁw%L’Jm perenchyma “Uadwaﬁmﬁlﬁaﬂmmﬂ
MoAb findnlsdurila 1M Fsfldauves antigen bingding site wnvhlfaunsaduldfunane

epitope VBIKOUALIY WaNINUanuvIlAAaNaUINUaRNSlamsNINIINAANITSIVRY antigen


https://www.ncbi.nlm.nih.gov/books/NBK2396/
https://www.ncbi.nlm.nih.gov/books/NBK2396/

sonuluiiiaioneuennssngemmsvesetd (Lawrence, 2008) vidooraialdannsmiuey,
protease waz proteolytic aunsawmdynhliinisiudeuulas epitope vilsk antibody lyianwnse
Fuetndumz  awngiliinisuanioondt  TA leananiduduinedlilumsinuannanas
toafunfifuiuvesleadinyhaty (Sobhon et al, 1998) Fdliifimsuansoonveslusiu TRP14 7 TA

MNMsANWIAMEN YIS MoAb WUT1 clone 2D2 Tmuduwizsielusiu TRP14 fivas
DOAUNNWEIS Fasciola gisantica ﬁqml,aslﬁﬁﬂmﬁm cross reaction fuNeBYRNIY SaudEed]
nsuanseanuaslusiy TRP14 finszmzammsveany dgs fidedemainminaziinlusimunasiden
MoAb clone 202 ihlUadliifuvin 1sG ileftagihluianndeifuyansaitadosundnnis
lateral flow lagld MoAb filanudumzdelsiuingdvasoonunludiufioanuazainlunis

o [

Iadbuazaninsasnulaneunisiiang San miguLse

dyluaziauauue
aa a a a0 a
PNIDNIVAdeULazHan1aaeslunsuanlululrausateuAvefnelUsAy  rFeGPXx  Way
rFgTRP14 lawella hybridoma wazfinwiAmdnuazvadlululaausaieufvafmelUsiu rFeGPx
way rFeTRP14 #snnsseganainnisanwilAeainisair hybridoma clones Alaluasiadusaey
a ¢ a a A a a a Y a a ° 1Y) v
TuuuyueuRven WesiiuUszansnmlunisassiululaaueawsudued wazasnsauluimuiuagld

Uselevilneadadu rapid diagnosis kit duSunsialsa fasciolosis saly

(5) wanan (Output)

=

(5.1) waeuiRinilunsaHTnsslunassdund wasuuni (szyufeduds Faides 3o
13613 U 1au aafinacndi)
1. Changklungmoa, N., Chaithirayanon, K., Cheukamud, W., Chaiwichien, A., Osotprasit,
S., Samrit, T., Sobhon, P. & Kueakhai, P. Expression and characterization of glutathione
peroxidase of the liver fluke, Fasciola gigantica. Parasitol Res 2018; 117: 3487-3495.
(MAKUIN)
(5.2) NM5ANENTUNS
Taidl
(5.3) nasudenndlyd (Wsnisdnauslundn/ve/naliinseld wislinnsiiluuszendldlag
AAgsna visayanatily)
Taidl
(5.4) Hasudeansnsay (Wuusslevidedeny yuwu fashu)

Taidl
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Abstract

Glutathione peroxidase (GPx) is a key member of the family of antioxidant enzymes in trematode parasites including Fasciola
spp. Because of its abundance and central role as an anti-oxidant that helps to protect parasites from damage by free radicals
released from the host immune cells, it has both diagnostic as well as vaccine potential against fasciolosis. In this study, we have
cloned, characterized, and detected the expression of the GPx protein in Fasciola gigantica (Fg). FgGPx (582 bp) was cloned by
polymerase chain reaction (PCR) from complementary DNA (cDNA) from an adult fluke. Its putative peptide has no signal
sequence and is composed of 168 amino acids, with a molecular weight of 19.1 kDa, and conserved sequences at NVACKUG,
FPCNQFGGQ, and WNF. Phylogenetic analysis showed that GPx is present from protozoa to mammals and FgGPx was closely
related to Fasciola hepatica GPx. A recombinant FgGPx (rFFgGPx) was expressed in Escherichia coli BL21 (DE3) and used for
immunizing mice to obtain polyclonal antibodies (anti-rFgGPx) for immunoblotting and immunolocalization. In immunoblotting
analysis, the FgGPx was expressed in all stages of F. gigantica (eggs, metacercariae, newly excysted juveniles (NEJ), 4-week-old
juveniles, and adults). This mouse anti-rFgGPx reacted with the native FgGPx at a molecular weight of 19.1 kDa in adult whole
body (WB) and tegumental antigens (TA) as detected by immunoblotting. The FgGPx protein was expressed ata high level in the
tegument, vitelline glands, and eggs of the parasite. Anti-rFgGPx exhibited no cross-reactivity with the other parasite antigens,
including Eurytrema pancreaticum, Cotylophoron cotvlophorum, Fischoederius cobboldi, Gastrothylax crumenifer,
Paramphistomum cervi, and Setaria labiato papillosa. The possibility of using tFgGPx for immunodiagnosis and/or as a vaccine
for fasciolosis in animals of economic importance will be explored in the future.

Keywords Fasciola gigantica - Glutathione peroxidase - Cloning - Molecular characteristics - Tissue expression

Introduction juveniles migrate through the intestinal wall and the peritoneal

cavity to reach the liver and eventually the bile ducts. During

Fasciolosis is a disease that is caused by infection with Fasciola
spp.. including £ hepatica and F. gigantica. 1t is a serious health
problem for both domesticated animals and humans in the trop-
ical and subtropical regions. Metacercariae are the infective stage,
and after excystation in the duodenum of the definitive host, the
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penetration and migration, juvenile parasites come into contact
with and are damaged by reactive oxygen species (ROS) released
by the host immune cells, such as macrophages and inflamma-
tory cells. Therefore, the parasites must defend themselves by
posing anti-oxidation mechanism. F gigantica possesses and
expresses a series of antioxidant enzymes, such as superoxide
dismutase (SOD, Jaikua et al. 2016), thioredoxin glutathione
reductase (TGR, Kalita et al. 2018; Changklungmoa et al.
2015), thioredoxin (Trx, Gupta et al. 2015; Changklungmoa et
al. 2014), and peroxiredoxin (Prx, Chaithirayanon and Sobhon
2010; Sangpairoj et al. 2014) to neutralize oxidative stress.
GPx was the first seleno-protein anti-oxidant enzyme being
discovered (Rotruck et al. 1973) and functions as an antioxi-
dant by catalyzing the reduction of hydrogen peroxide (H,O,),
a more potent member of ROS, by using selenocysteine
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(SeCys) residues as the catalytic group (Jiang et al. 2002; Huo
etal. 2017). GPx encompasses six distinct families of multiple
isoenzymes, including GPx1 (classical cytosolic GPx), GPx2
(gastrointestinal GPx), GPx3 (plasma GPx), GPx4 (phospho-
lipid hydroperoxide GPx, PHGPx), GPx5 (epididymis-specif-
ic GPx), and GPx6 (odourant metabolizing GPx) (Arthur
2000; Zhang et al. 2015a). The GPx families share similar
structural and enzymatic properties with one another (Arthur
2000; Zhang et al. 2015a, 2015b). Members of the other GPx
families, like PHGPX, interfere with lipid peroxidation in con-
cert with a phospholipase, which implies that it is associated
with the repair of disrupted biomembranes (Imai and
Nakagawa 2003). GPxs have also been reported in humans,
especially in individuals with cancer and cardiovascular dis-
eases (Lee et al. 2017; Blankenberg et al. 2003). In a recent
report, GPX1 and GPX4 were overexpressed in a nodal met-
astatic tissue of oral squamous cell carcinoma (Lee et al.
2017). In addition, erythrocyte GPx1 is expressed at a high
level in cardiovascular diseases, and the risk of cardiovascular
events was inversely correlated with increasing GPx1 activity
(Blankenberg et al. 2003). In helminths, GPx3 have been
characterized in filarial nematodes including Brugia pahangi,
Dirofilaria immitis, and Wuchereria bancrofti (Henkle-
Diihrsen and Kampkotter 2001), while information on the
PHGPx (GPx4) members is obtained from trematodes, such
as Schistosoma mansoni (Williams et al. 1992; Mei and
LoVerde 1995; Mei et al. 1996), Clonorchis sinensis (Cai et
al. 2008), Schistosoma japonicum (Zhang et al. 2015b), and
Paragonimus westermani (Kim et al. 2009). In C. sinensis, P.
westermani, and S. mansoni, PHGPxs were shown to be large-
ly localized in vitellocytes within vitelline follicles and eggs
(Zhang et al. 2015b; Cai et al. 2008; Kim et al. 2009; Roche et
al. 1996). In the present study, we report the first characteri-
zation and investigation of tissue distribution of GPx in
Fasciola spp.

Methodology
Sample preparations

The newly excysted juveniles (NEJ) of F gigantica were ob-
tained from excysted metacercariae as previously described
(Sethadavit et al. 2009). The adult £ gigantica, F. cobboldi,
E. pancreaticum, C. cotylophorum, G. crumenifer, S. labiato
papillosa, and P. cervi were collected from the naturally in-
fected cattle slaughtered at a local abattoir in Pathumtanee
province, Thailand (Kueakhai et al. 2011). All parasites were
washed several times with 0.85% NaCl solution and used
immediately in further experiments.

F. gigantica egg, metacercariae, NEJ, 4-week-old juveniles
and adult whole body (WB) of £ gigantica, C. cotylophorum, E.
pancreaticum, P. cervi, F. cobboldi, G. crumenifer, and S. labiato

@ Springer

papillosa were prepared as previously reported (Kueakhai et al.
2013). Excretory-secretory (ES) antigens and tegumental anti-
gens (TA) from adult F gigantica were prepared as previously
described (Changklungmoa et al. 2012). Finally, supernatants
containing antigens were collected and kept at —80 °C until
use. The protein contents in the extracts were determined by
Lowry protein assay (Lowry et al. 1951), and bovine serum
albumin was used as the standard.

Screening the adult F. gigantica cDNA for the GPx
gene

The ¢cDNA of GPx gene was isolated from the adult F
gigantica by PCR using the degenerate forward primer (5'-
TTT CCATGT AAT CAATTC GGT-3") and reverse primer
(5'-ACC GAATTG ATT ACATGG AAA-3') designed from
conserved amino acid sequence of GPx genes. The obtained
PCR product was labeled with digoxygenin (DIG) using the
RNA DIG labeling kit (Roche, Mannheim, Germany) by fol-
lowing the manufacturer’s protocol. The antisense RNA probe
was used to isolate the full-length cDNA of GPx from the
adult F. gigantica cDNAs. DNA sequencing was done by
Macrogen Inc., Korea. Sequence analysis was performed by
using the BLAST program (http://blast.ncbi.nlm.nih.gov/
Blast.cgi) and BioEdit program (http://www.mbio.ncsu.edu/
BioEdit/bioedit.html).

Sequence and phylogenetic analyses

The nucleotide and deduced amino acid sequences were analyzed
by using BLAST (The National Center for Biotechnology
Information, NCBI, http://ww.ncbi.nlm.nih.gov/BLAST/),
ExPaSy (http://au.expasy.org/tools/) and SignalP 3.0 (Bendtsen
et al. 2004; http://www.cbs.dtu.dk/services/SignalP/). Alignment
of multiple homologous sequences from closely related parasites
and host species was carried out by using ClustalW (http:/ww.ebi.
ac.uk/clustralW/). A phylogenetic neighbor-joining tree was con-
structed by using the MEGA7 sofiware with bootstrap resampling
with 500 repetitions.

Expression, purification of recombinant FgGPx
(rFgGPx), and production of mouse polyclonal
anti-rFgGPx

The opal codon for Sec was converted into a sense codon for
cysteine (Cys) and complementary primer pairs (FgGPx-mt-
F/R). The mutated plasmid was transformed into competent £.
coli DHS5 cells and veritied by sequencing. Then, FgGPx was
mserted into the bacterial expression vector, pET-30b
(Novagen), which was transformed into £. coli BL21 (DE3).
The expression of the recombinant protein was induced with
IPTG (at 1.0 mM final concentration). The recombinant pro-
tein was purified by Ni-NTA affinity-chromatography under
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native conditions. The eluates were dialyzed by using
SnakeSkin™ Pleated Dialysis Tubing, 3.5 K MWCO
(Thermo Scientific, Rockford, IL, USA), in PBS, pH 7.4,
and concentrated by membrane filtration using Amicon
Ultra centrifugal filter devices 3000 with nominal molecular
weight limit (Millipore, Bedford, MA, USA), and dissolved in
PBS, pH 7.4. The soluble cell-free extracts containing the
recombinant protein were loaded onto Ni-NTA column
(QIAGEN, Germany). Each protein was eluted with
250.0 mM imidazole. The purity of the recombinant protein
was analyzed by 12.5% sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE).

Polyclonal anti-rFgGPx was produced by immunizing a
BLAB/c mouse with approximately 50.0 ug of purified
rFgGPx mixed with Freund’s adjuvant 3 times at 2-week in-
tervals. Experiments on animals were approved by the Animal
Care and Use Committee, Burapha University, Thailand.
Serum was collected 14 days after the second boost and the
aliquots were stored at — 20 °C until use.

Activity of rFgGPx

A DNA-nicking assay using metal-catalyzed oxidation
(MCO) system to generate oxidative damage to DNA was
performed as previously described (Lim et al. 1993;
Sangpairoj et al. 2014) with some modifications. The reaction
containing 0.2 mM FeCls, 2.0 mM DTT, and a varying con-
centration of rFgGPx protein in a total volume of 100.0 pl was
incubated at 37 °C for 5 min. Then, 0.5 ug of pPGEM-T Easy
supercoiled plasmid DNA (Promega) was added to all sam-
ples and further incubated at 37 °C for 30 min. The reaction
was analyzed by 0.7% agarose gel electrophoresis and ob-
served under blue light.

Immunoblotting

A total of 10.0 nug per well of eggs, metacercariae, NEJ, 4-
week-old juveniles, adult, and ES and TA of adult parasites
were separated by 12.5% SDS-PAGE and transferred onto
nitrocellulose membranes for immunoblot analysis. The
membranes were blocked with 4% skim milk in PBS at
room temperature (RT) for 1 h, then incubated with mouse
anti-rFgGPx serum diluted 1:100 with PBS at RT for 1 h.
The positive bands were visualized using alkaline phospha-
tase (AP)-conjugated goat anti-mouse IgG (Invitrogen-Life
Technologies, Carlsbad, CA, USA) diluted 1:2000 with PBS
at RT for 1 h, washed 3 times with PBST, and incubated in
AP buffer for 10 min at RT. The color was developed with
nitro-blue tetrazolium chloride/5-bromo-4-chloro-3-indodyl
phosphate (NBT/BCIP) substrates (Roche, Mannheim,
Germany). Finally, the reaction was stopped by adding a
buffer containing 10.0 mM Tris-HCl and 1.0 mM EDTA
as previously described (Changklungmoa et al. 2014).

For cross reaction study, the WB of adult £. pancreaticum,
C. cotylophorum, F. cobboldi, G. crumenifer, P. cervi, G.
explanatum, and S. labiato papillosa were separated by
12.5% SDS-PAGE and transferred onto nitrocellulose mem-
branes and immunoblotted with mouse anti-rFgGPx serum by
the same protocol as mentioned above.

Immunolocalization

The adult £ gigantica were fixed with 4% paraformaldehyde
in PBS for 4 h at 4 °C with shaking and embedded in
paraffin. The sections were cut at 5.0 um and deparaftinized
and rehydrated through serial concentrations of ethyl alcohol
(100-70%). The sections were treated with 10.0 mM citrate
buffer, pH 6.0, in a microwave oven at 700 W for 15 min, 3
times. The sections were blocked from non-specific binding
by incubating for 1 h with 10% skim milk, and then incu-
bated with 1:500 diluted mouse anti-rFgGPx serum in PBS
at 4 °C for O/N. After washing 3 times with PBST, the
sections were incubated with secondary antibody (goat
anti-mouse IgG conjugated with AP) (Roche, Mannheim,
Germany) at RT for 1 h, then washed 3 times with PBST,
and incubated in AP buffer for 10 min at RT. The signals
were developed by NBT/BCIP (Roche, Mannheim,
Germany) in the dark. Finally, the reactions were stopped
by adding buffer containing 10.0 mM Tris-HCl and 1.0 mM
EDTA, pH 8.0; then, the sections were mounted in 90%
glycerol, observed for the positive signal and photographed
under a light microscope (Olympus BX51).

Results
Sequences and multiple alignments

FgGPx was cloned by PCR from adult cDNA, and its se-
quence was composed of 582 bp. Its putative peptide had no
signal sequence and is composed of 168 amino acids
(Fig. 1), with a molecular weight of 19.1 kDa, and con-
served sequences at NVACKUG, FPCNQFGGQ, and WNF.

The amino acid sequence of FgGPx was used in ho-
mology searches with BLAST algorithms from the
GenBank database, and several PHGPx-like proteins were
retrieved. Alignment of the deduced FgGPx amino acid
sequence with those of F hepatica, and other closely re-
lated parasites, i.e., S. japonicum, C. sinensis, as well as
two host species Bos tfaurus and Homo sapiens showed
that FgGPx protein shares high identity with £ hepatica
(87.9%), and with other parasites (C. sinensis 70.8% and
S. japonicum 68.5%).

@ Springer



Parasitol Res

HsGPx4 MSLGRLCRLLKPALLCGALAAPGLAGTMCASRDDWRCARSMHEFSAKDIDGHMVNLDKYR 60
BtGPx4 MSFSRLYRLLKPALLCGALAAPGLAS TMCASRDDWRCARSMHEFSAKDTDGRMYNLDKYR 60
FhGPx4 -MFGLCRRSGGASTLRYALA-LPFTGMAT- - - - SGETDGTIYGFSATT IDGEHVKLDKY - 53
SIGPX4  mmeeemmmmmmmmeeeeen MITGSSAMSS- - - -SSRSGSSIYDFTAKDIDGVDVSLSKYR 37
CsGPx4 -MRGLLVRA- - - ACLGYTFVGPRLSMMAA - - - - SPTEPANTFHFSAKDIDGQET SLOKYE 52
FgGPX === MAT - - - - SGGNDGT I YGFSARNIDGEHVKLDKYR 30
*.k  kkk .k k%
HsGPx4 GFVCIVTNVASQXGKTEVNYTQLVDLHARYAECGLRILAFPCNQFGKQOEPGSNEETKEFA 120
BtGPx4 GHVCTVTNVASQUGKTDVNY TQLVDLHARYAECGLRTLAFPCNOFGROEPGSNAETKEFA 120
FhGPx4 ~  —mmmmmmmmmm oo RILAFPCNQFGGQEPWPEAETKQYV 78
SjGPx4 GYVCLIVNVACKUGATDKNYRQLQKMHTQLVGDGLRILAFPCNQFLGOEPWPEAE I KKFY 97
CsGPx4 GYVTLIVNVACKUGLTDKNYRQLQDLHTRLSGKGLRTLAFPCNQFGNQEPWPEAE T KRWY 112
FgGPx GRVCLIVNVACKUGLTDKNYRQLQELHTRLSGQGLS ILAFPCNQFGGOEPWPEAETKQYV 90
Fhkkkkkkkk * k% s kkk .
HsGPx4 - AGYNVKFDMFSKICVNGDDAHPLWKWMKIQPKGKGILGNATKWNFTKFLIDKNGCVVKR 179
BtGPx4 - AGYNVKFDLFSKICVNGDDAHPLWKWMKVQPKGRGMLGNATKWNFTKFL TDKNGCVVKR 179
FhGPx4 TEKYNVQFDMFSKINVNGSDTHPLFSFLKSEL - - KGTLINATKWNFAKFLVDREGVPRKR 136
SjGPx4 SETYGVQFDMFSKINVNGPNAHPLYEFLKSRL - -GGALMSAIKWNFSKFLIDRKGQPVKR 155
CsGPx4 SEKFGVTFDMFSKIDVNGNNAHPLFKYLKKEQ- -HGFLIDATKWNFGKFLVDRTGKPRKR 170
FgGPx TEKYNVQFDMFSKINVNGSDTHPLFSFLKSNL- - KGTLINATKWNFAKFLVDREGVPRKR 148
s.k kk..kkk kkk . kkk . ..k * ok kkkkkk kkk . k. * * %
HsGPx4 YGPMEEPLVIEKDLPHYF - - = = = = == == = 197
BtGPx4 YEPMEEPLVIEKDLPCYL - -~ = === === === === === == = 197
FhGPx4 YSPQTEPLSHVI IMLWYLPPQQLHQS SEQKDMTNGMFGGN 176
SjGPx4 YSPTTAPNEILDDIMELLKQK- - = = = = = = === m oo 176
CsGPx4 YSPQTDPLDIEKDIVELLEE - - — =~ === === === === = =~ 190
FgGPx YSPQTEPLDIEKDI IGLLKQ- - == == == === === = 168

Fig. 1 Alignment of GPx amino acid sequence from F gigantica with
GPx from parasitic species including F hepatica PIS82514, C. sinensis
ABKS58679, S. japonicum AJD79086, and GPx from host species
including B. taurus NP_777195, H. sapiens CAA50793. The symbol

Phylogenetic tree of GPx

The phylogenetic tree constructed by Neighbor-Joining
Method from MEGA?7 program showed that FgGPx was most
highly related to that of £ hepatica (Fig. 2).

Expression of rFgGPx

In order to express rFgGPx, expression vector pET-FgGPx
was constructed and used to transform E. coli BL21 (DE3)
cells. The extract from E. coli transformed with pET-FgGPx
and induced with IPTG contained a prominent protein band at
19.1 kDa when analyzed by SDS-PAGE (Fig. 3a), whichis in
agreement with the predicted molecular mass for the tFgGPx
protein fused with His-tag.

Activity assay of rFgGPx

The activity of rFgGPx was assessed using a DNA-nicking
assay. Hydroxyl radicals produced by reactions in the MCO
system caused nicking and linearization of supercoiled
pGEM-T Easy plasmid DNA (Fig. 3b). In the positive control,
supercoiled DNA was not damaged in the presence of pGEM-T
Easy + DTT (Fig. 3b, lane 1). Similarly, after incubation with
the solutions containing rFgGPx protein at concentrations of
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(*) indicates identical residues, (:) indicates highly conserved residues,
(.) indicates moderately conserved residues. The conserved amino acid
sequences are shown in bold letters: NVACKUG, FPCNQFGGQ, and
WNF

25.0 and 50.0 pug/ml, the supercoiled DNA was protected from
nicking in a concentration-dependent manner, with increasing
amount of supercoiled DNA being preserved as the concentra-
tions of tFgGPx were increased (Fig. 3b, lanes 3 and 4).

Immunoblotting analysis of the natural FgGPx
and cross-reactions of the PoAb with corresponding
antigens in other parasites

The immunoblotting showed that polyclonal mouse anti-rtFgGPx
(PoAb) detected a positive band at 19.1 kDa in WB fractions of
eggs, metacercariae, NEJ, 4-week-old juveniles, and adult, and TA
of the adult stage. No positive bands were detected by this POAb in
adult ES (Fig. 3c, d) and WB of other parasites including E.
pancreaticum, C. cotylophorum, F. cobboldi, G. crumenifer, P
cervi, G. explanatum, and S. labiato papillosa (Fig. 3e).

Immunolocalization and tissue distribution of FgGPx

The location and distribution of the native FgGPx in adult F
gigantica were probed with mouse anti-rFgGPx. The mouse
pre-immune serum was used as a negative control and no stain-
ing was observed in the control section, whereas positive staining
was detected in the tegument, vitelline cells, and eggs, while
caecum and parenchyma showed no staining (Fig. 4b—f).



Parasitol Res

76 AAS4T7590 (Setaria italica)

77 PKU73676 (Dendrobium catenatuni)
78 CAB78203 (drabidopsis thaliana)
CAEA6896 (Citrus sinensis)

QO9FXS3 (Nicotiana tabacum)
90 AALS5967 (Raph sativus)
EAA44749 (Anophel biae)

AATRS827 (Glossina morsitans norsitansy

Plant

82

80 Insect 11

74 AAR96123 (Drosophila melanogaster)
70 EAL29978 (Drosophila pseudoobscura)

CABO03004 (Caenorhabditis elegans)
Nematode

7] — CAE60228 (Caenorhabditis briggsae)
BAE07196 (Bombyx mori)
AAPI3585 (dpis mellifera ligustica) Insect |
AAQU2888 (dedes aegypti)
ABA25916 (Rhipicephalus microplus) Arachnid
75— CAAS0793 (Honio sapiens)
2 4LBAA227SO (Mus nusculus)
_97] 85 AAMI18080 (Gailus gallis) Vertebrate
8‘;‘:A AQRG6705 (Danio rerio)
{ ABEG68812 (Paragonimus wes termani)
86 ABEG68811 (Paragonimus wes termani)
87— ABKS58680 (Clonorchis sinensis)
GPx4 v - AJD79087 (Schixllasarm  japonicum)
|: A AU34080 (Schistosoma mans oni)
PIS82514 (Fasciola hepatica)
FeGPxé
AAA29885 (Schistos oma mansoniy
ABKS58679 (Clonorchis sinensis)

ABKS58681 (Clonorchis sinensis)
ABKS58682 (Clonorchis sinensis)

98 73 Trematode

51| NP 001108607 (Canis lupus familiaris)
52| 'CAA48394 (Homo sapiens)
5311 NP 001156611 (Bos Taurus)
50| AAH54848 (Mus musculus)
67 t———————————————— AAO086703 (Danio rerio)
AAHSB6649 (Mus naes culus)
P00435 (Bos taurus)
55 AAMO4630 (Sus scrofa)
o8 54 CAA68491(Homo sapiens)
AAH13526 (Mus nusculus) Vel‘tebrate
BAEI7017 (Sapajus apellay
AAH37027 (Mus mus culis)
AAP50261 (Homo sapiens)
P37141 (Bos taurus)
NP 001500 (Homo sapiens)

65

NP 034473 (Mus nues culus)

NP 874360 (Homo sapiens)

NP 001003213 (Canis lupus familiaris)
NP 001020506 (Bos taurus)

0.10

Fig.2 Phylogenetic analysis of GPx. Phylogenetic tree of GPx constructed by Bootstrap-Neighbor Joining method with the bootstrap value equal to 500,
showing the relationship between F. gigantica and other species
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Fig.3 a Coomassie blue stained 12.5% SDS-PAGE of expressed recom-
binant FgGPx purified by the Ni-NTA affinity chromatography under the
denaturing conditions. Lane 1 whole bacterial lysate from the non-
induced condition; lane 2 whole lysate after induction by IPTG; lane 3
purified recombinant FgGPx. MW markers are shown on the left side. b
Antioxidant activity of rFgGPx protein (lane 3; rFgGPx 25.0 pg/ml, lane
4; tFgGPx 50.0 pg/ml) shown by DNA nicking assay. Supercoiled (SF),
nicked (NF), and linear (LF) forms of pGEM-T Easy plasmid DNA are
indicated on the right. Lane 1: positive control, lane 2: negative control. ¢
The immunoblot analysis of a native FgGPx protein by probing with
mouse anti-rFgGPx: adult WB (lane 1), ES (lane 2), and TA (lane 3).
The position of native FgGPx is indicated by a head arrow. MW markers

Discussion

The FgGPx sequence was composed of selenocysteines and
showed high conservation with two cysteines at the active site,
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are shown on the left side. d Immunoblot analysis with mouse anti-
FgGPx detect positive band of the native FgGPx in the whole body
extracts (WB) of egg (lane 1), metacercariae (Met-lane 2), NEJs (lane
3), 4-week-old juveniles (lane 4), and adult (lane 5). MW markers are
shown on the left side. Head arrow indicates the positive band at
19.1 kDa. e Immunoblot analysis of reactivity of mouse anti-rFgGPx with
the natural FgGPx in WB extracts of adult . gigantica and other related
parasites: WB extracts of G. crumenifer (Ge, lane 1), P. cervi (Pc, lane 2),
G. explanatum (Ge, lane 3), C. cotylophorum (Cc, lane 4), S. labiato
papillosa (S, lane 5), F. cobboldi (Fc, lane 6), E. pancreaticum (Ep, lane
7), and F. gigantica (Fg, lane 8). Asterisk indicates the positive band at
19.1 kDa. MW markers are shown on the left side

indicating that FgGPx gene is a member of the glutathione
peroxidase family (Arthur 2000). The full sequence of
rFgGPx was composed of 582 bp ORF, 12 bp 5'UTR, and
78 bp 3'UTR, and the putative FgGPx polypeptide was
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Fig.4 Detection of FgGPx native
protein in the tissues of adult
gigantica by
immunohistochemistry, using
mouse polyclonal antibody
against rFgGPx as a probe. a
Negative control section probed
with pre-immune serum. b A low
magnification showing positive
signal in the tegument (Tg) and
vitelline (Vi), but not in caecum
(Ca) and parenchyma (Pc). ¢ A
medium magnification showing
positive signal in the tegument
(Tg), but not in caecum (Ca),
muscle (Ms), and parenchyma
(Pc). d A medium magnification
showing positive signal in the
vitelline (Vi), but not in caccum
(Ca). e A high magnification
showing positive signal in the
vitelline cells (head arrows). f A
high magnification showing
positive signal in the egg (head
arrows)

composed of 168 amino acid residues, with a MW of
19.1 kDa, pl 5.9, with no signal peptide; hence, it was not a
secreted protein. Multiple alignments of FgGPx putative ami-
no acid sequence with GPx sequences from other related par-
asites, including F hepatica, S. japonicum, and S. mansoni,
and from the host species including H. sapiens and B. taurus,
exhibited the same conserved sequences at NVACKUG,
FPCNQFGGQ, and WNF. Overall, FgGPx protein shares
high similarity with GPxs of £ hepatica (87.9%), C. sinensis
(70.8%), and S. japonicum (68.5%).

We demonstrated the antioxidant function of rFgGPx
protein by showing its ability to protect DNA from oxi-
dative damage. In the MCO system, DTT oxidation cata-
lyzed by Fe’* generates free radicals due to serial conver-
sions of O, to H,O, that causes the breaking of DNA

strands (Netto and Stadtman 1996). The rFgGPx protein
was proven to be an active antioxidant enzyme that could
protect the supercoiled DNA structure from being dam-
aged by these hydroxyl radicals. We constructed rFgGPx
without Sec, by converting Sec into a sense codon for
Cys. Even without Sec residue, the FgGPx was still effec-
tive in expressing antioxidant activity in protecting the
breaking down of DNA. Another F. gigantica anti-
oxidant enzyme, FgTrx, has also been shown to protect
DNA from breaking by these free radicals (Gupta et al.
2015). As well, similar anti-oxidation activity was reported
for rFgPrx-2 earlier by our group (Sangpairoj et al. 2014).

The levels of FgGPx in various developmental stages as
demonstrated by immunoblot analysis showed that FgGPx
was expressed in eggs, metacercariae, NEJs, 4-week-old
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juveniles, and adults which implies that FgGPx may be in-
volved in egg production and embryonic developments in
addition to its anti-oxidation role. The FgGPx expression in
all developmental stages of F gigantica is similar to that of
S. japonicum, and GPx in both species do not have a signal
sequence (Zhang et al. 2015a). FgGPx was detected by
polyclonal antibody against rFgGPx in WB and TA of adult
parasites at a molecular weight about of 19.1 kDa, but not in
ES antigen. implicating that it is not a secreted protein.
Surprisingly, this polyclonal antibody exhibited no cross-
reaction with antigens from other parasites of cattle includ-
ing E. pancreaticum, C. cotylophorum, F. cobboldi, G.
crumenifer, P. cervi, and S. labiato papillosa. Therefore, an
antibody against rFgGPx could be a good candidate for spe-
cific immunodiagnosis of fasciolosis in cattle.

Our immunohistochemical detection showed that the
FgGPx was expressed in tegument, vitelline cells, and eggs.
The high expression level in the tegument may be related to
the contact between the parasites with free radicals from the
host’s immune cells which are always on-going. The strong
expression of FgGPx in F gigantica tegument is similar to
the other antioxidant enzymes, including FgTrx
(Changklungmoa et al. 2014), FgTGR (Changklungmoa et
al. 2015), FgPrx-2 (Sangpairoj et al. 2014), and this pattern
of expression may be aimed to neutralize or reduce the free
radicals that come into contact with the tegument which is
the outermost layer facing the host’s immune cells. By con-
trast, C. sinensis showed high expression in vitelline cells
and eggs, but not in tegument (Cai et al. 2008) perhaps due
to its less invasive migration and existence in the host’s bile
ducts which contain much fewer immune cells. As well,
FgGPx was also highly expressed in vitelline cells and eggs.
It is possible that in these tissues, the presence of a set of
effective antioxidant enzymes, including GPx, Trx, TGR,
and Prx, may be required for the protection from free radi-
cals generated during oogenesis and eggshell formation, as
well as during embryonic development while the fertilized
eggs are residing and developing in the uterus (Cai et al.
2008; Changklungmoa et al. 2014, 2015).

In conclusion, FgGPx may be a good vaccine candidate
to prevent F gigantica infection because it is a key antiox-
idant enzyme that is expressed at a high level in the tegu-
ment. Furthermore, a vaccine using FgGPx combined with
other juvenile and adult proteins that are essential for the
migration processes, such as cathepsin B2, B3 (Chantree et
al. 2012, 2013), and cathepsin L1H (Sansri et al. 2013,
2015), could even be more effective in stopping the para-
site’s invasion and even killing them. As well, since FgGPx
showed high abundance in tegument, it may be released into
the blood circulation of infected animals and humans during
the tegument turn-over; as a result, it may be a good candi-
date for immunodiagnosis, which needed to be explored in
the future.
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