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Abstract

Glutathione peroxidases (GPx), major antioxidant enzymes, secreted by Fasciola spp.,
are important for the parasite evasion and protection against the host’s immune responses.
In the present study, a monoclonal antibody (MoAb) against recombinant F. gigantica
glutathione peroxidase (rFgGPx) was produced by hybridoma technique using spleen cells
from BALB/c mice immunized with rFgGPx. This MoAb (named 7B8) is 1gG1 with K light
chains, and it reacted specifically with rFgGPx at a molecular weight 19 kDa as shown by
immunoblotting, and reacted with the native FgGPx in the extracts of whole body (WB),
metacercariae, newly excysted juveniles (NEJs), 4 week-old juveniles and adult F. gigantica
as shown by indirect ELISA. It did not cross react with antigens in WB fractions from other
adult trematodes, including Fischoederius cobboldi, Paramphistomum cervi, Setaria labiato-
papillosa,  Eurytrema  pancreaticum, Gastrothylax crumenifer and  Gigantocotyle
explanatum. By immunolocalization, MoAb against rFeGPx reacted with the native protein in
the teeument, vitelline cells, and eggs of adult F. gigantica. In addition, the sera from mice
experimentally infected with F. gigantica were tested positive by this indirect sandwich
ELISA. This result indicated that FeGPx is an abundantly expressed parasite protein that is
secreted into the tegumental antigens (TA), therefore, FgGPx and its MoAb may be used for

immunodiagnosis of both early and late fasciolosis gigantica in animals and humans.

Keywords: Fasciola gigantica, Liver fluke, Glutathione peroxidase, Monoclonal antibody,

Diagnosis
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(1) dwesildfadeliudusnlatonaadnlafifinannaseiuruduiyn fuuy
2) Tourumreanuislavun 5x5 9. Taasludae
(3) Tdlaulnauin 40w deanseduligesaiuaonainves
(@) hdeusvezgeiniGeiivonininueaziwegluthsveznandy 4 udHTunefuuiu
wanadn adamnaiie asedadsresiunigesanEeTumn
(5) wdnuUszne 2 v, wwnemegeenlUdssmuiy Yieununanannesnundesld
ndosqanssel uudunanadnifiumwesaidelilugifu JaunueeiaiSeaviiiineg
laUszanu 1 dUmi
nslaauduLazNansABUNUS UL IUSAY
nslpauduiiairusuived
vN1sana total RNA 9aaiwaa hybridoma lagansazany TRIzol (Invitrogen) 35n15&inyin

A IS

M kugdluntdsdediioaisazans RNA Nladesdinaninfuazlill DNA Uu Weu lagagyiinis

S/dly 1

AAS1¥1A875 agarose gel electrophoresis wagiiu RNA ﬁaﬁmimwaummwgﬁ -20 99AGALT A
suniaznldifiedunsnzs cONA

nsduAT1z9t ONA Ylglaeld RNA Tladaldiduaneduuuu (template) Tned oligo dT «Ju
primer gusulifioull RNA reverse transcriptase @1u150@319@18 cDNA complementary fiu
RNA funuuld wasvihmslnauduiiadoweuiived #eds PCR snuhduilaauldudeusotu
LNWes pGTM-T Easy iievnismasuvainduluduiiaiweuived MniimsAndonlaay

Auliietduduuuulunisyi recombinant monoclonal antibody #ely

N15894ATIZY recombinant antigen 8¢ recombinant monoclone antibody
NSYUIUNIIHER recombinant antigen 2833uLUMNN8 ey recombinant monoclone
antibody aznsziilagly  expression vector vesTTUUNTHAANEENIULUATILSY  (prokaryotic
system) Mg pET-30b Az pET-21b wasantuIedn vector Wdwadidndnu (host cell) Fafoiwad
A a L. . & ! v % A a a a ~ 0§ ¥ a
WuRLSY Escherichia coli antiulassliwaauuaiiisuasyiuls wazwdenhliinnisuaniosn

a v o 8 v s N a ° a a £
SUENRIULLaSEij]’]EJVHELML“daaLL‘Uﬂ‘VlLi‘&Jﬁa’IEJLLaSVIﬂﬁIUWUUiqwﬁ



nMsALILaTadaUASINadenshnanens

nsuanlululpavauauiivad (MoAb)

11 recombinant proteins ﬁmﬁﬁﬁsz}'aﬂﬁawaﬂw%mﬂaaﬂ (intraperitoneal injection) e
nsguliwadiivhmihiiaaueuiveselusiulumyneassaiuazutsiufindwouneluihu oy
msBansedusiuan 3 ads Tnsudtazadansdavinetu 3 dUani niuhnsdadnidudenuiinm me
(tail vein) Aewihmsuonwading 3 Fu ieasuimusihmsuenwadiinudildanyidngde
nsgfuileldmiuideniuwad myeloma

Yeas myeloma waziwadinuuinsideusesusie polyethyleneslycol (PEG) wiwad
hybridoma fildveganadlu 96 well plate wdhluidedugaunugamgliil 37 esmisadea uae
muAuUIna CO, fifopar 5 wazvhmswieslululrausauoufiuefsneds limiting dilution
wdntussindeninaudi enzyme linked immunosorbent assay (ELISA) ag enzyme linked
immunoelectrotransfer blot (EITB) ¥n13m33a1 class way subclass vadlululaauoanousiveon
Imaiﬁé?sqmmaauﬁ%%agﬂ Immunopure Monoclonal Antibody Isotyping kit (HRP/ABTS) (PIERCE)
Beldndnnng sandwich ELISA

nsuansaaudsuuilululausasauiuad (rMoAb)

mslaauBuillflunsaiaueuiveluanaassnuazaedudng pGEM-T vector Wiwad
leuslamndindalululnausaueufveffidanusinefulusiu ES vosmend F. gigantica 3nafn RNA
é’aasqmaﬁ’m Gencatch™ total RNA miniprep (Epoch life sciences) i RNA Aildandaasizs
cDNA  vasluanausuivenaIee1inie  MulgCHgamma reverse primer  (5-CTGGACAGGG
ATCCAGAGTTCCA-3) uaz cDNA GzJ’eNIaJLaqaLLauauaamaﬁguﬁw MulgCLKappa reverse primer (5'-
CTCATTCCTGTTGAAGCTCTTGAC-3)anniuvimsiiinuSinatuduildlunisaisweufivefiasen
uaranedudiemedn RACE-PCR Tneth cDNA wesluianaassmuavaieduiidansigiduanifu
homopolymeric dG fusnalate 5 Tngldiouls terminal deoxynucleotidyl transferase ield
HuudwuulumsifiuGnatuiudeliiser PR Tadl4RACE dCTP forward  primer  uaw
MulgCHgammaNested reverse primer (5-TARCCYTTGACMAGGCATCC-3)  dmsuBufildasa
wouiveluanaansen  dnfuildadueuiveilumanamedutiuasld RACE dCTP  forward
primer (5CAAGGAATTCCCCCCCCCCCCCC-3) uwag MulgCLKappa Nested reverse primer (5-
CGTTCACT GCCATCAATC-3) thiuBuluanaanssnuazaeauiliuifu singledA fudnalans 3
saewouleyd Ex tag DNA polymerase 91nthuthunifeusiefiu pGEM-T vector watiudng E. coli
a1etiug DH5AL Mmemalla heat shock transformation wagyinn1sAnLien transformant UUDIST
$umz Taeguidenlalailfiernnnsiadey recombinant clone fewelia colony PCR TngldT7
promoter forward primer (5-TAATACGACTCACTATAGGG-3') Wag MulgCHgammaNested reverse

primer @ wsuBuildasisiauiveluanameeny  duduildasiueuivenluanaaeduiuazly



T7 promoter forward primer Wag MulgCLKappaNested reverse primer ﬁ]’lﬂﬁ?uu 1 recombinant
clone #fifuBuililunisadueufvelinanamesniuavanedusnimeieuarain recombinant
plasmid é’qumaﬁ’m Gencatch™ plus plasmid DNA miniprep (Epoch life sciences) ¥ 1
recombinant plasmid ﬁlﬁmﬁ’lﬂﬁﬁ%mPCR sequencing lagld T7 promoter forward primer
9ntiuth PCR products fildinsudduiianalolnddeirdes ABI 310 Genetic Analyzer (Applied
Biosystems) wiiwadduiadlelndil IduSeuifiuiugudeyatuiililunisad aueudued
(http://www.ncbi.nlm.nih.gov/igblast/) dWiewsziasuianalelndludiu variable region U84
TuanaasenuarlaanaaedudmivinlflunisesnuuulndwesildlumslaauBudau variable
region #ialu n1slmaugudn variable region 91g mammalian expression vector 1
recombinant plasmid fiussgiuduiililunisaiaeuivefuldiuusiuuulunsfiuufnniudy
@ variable region eUfAsen PCR Iagld HB3VH forwardprimer (5-CTGCTTAAGGG
CGTCCAATGCGAAGTGAAACTGGTGGAGTCT-3) @jﬁ)U HB3VH reverse primer (5-ACTAGGGCCCTT
TGTGCTAGAGGAGACTGTGAGAGTGGT-3) dwdulananaanssnidsooniuulid Afll restriction site
fivane 5 wes forward primer Way PspOMI restriction site fivane 3 ved reverse primer &@u
Tuiana aneduarld HB3VL forward primer (5ACCACCGCCGACATTGTGATGACCCAGTCT-3) i
HB3VL reverse primer (5-TTCCAGCTTTGTCCCACCGCCGAA-3) aniuriBudau variable region
ﬂJaﬂIuLaqamEJEJWLLazLaﬂLGla% pcDNA3.4-CHY ﬁmif\ﬁuﬁ’m constant region ¥lA gammava4
uywdindndeouleifadime AUl uaz PspOMI udSudeusetufudifunnnesdmiuiudiu

variable region vesluanameduluarhunAuneaanuTualate 5 legldeuled T4

= o

polynucleotide kinase Wi uhundeusetunnnes pcDNA3.4-CLK ﬁusiaﬁuﬁuduu constant
region %A kappa GumwwsjﬁﬁmijgaLWmﬁU%mz:mJa’la 5 pan MRS euseTUTY
guuddng E. coli aetiug DH50L mewalla heat shock transformation wagyviinisAniden
transformant  UweMs  2XYT-AG  agar  wasniuileladienfiasyuuemsinnsiadeu
recombinant clone #ifituBuilélunisatueuiveluanaludiu variable region Fewnada
colony PCR JERIE XbalKozHuHleader forward primer (5-
GACTCTAGAGGATCGAACCCTGCCGCCACCATGGAGTTCGGA-3) @ﬁ‘U pcDNA3.4 reverse primer (5-
CAACATAGTTAAGAATACCAGTC-3)  dmsussiraeuliianaaieeny  uwae  XbalkozHuKleader
forward  primer  (5-GACTCTAGAGGATCGAACCCTGCCGCCACCATGGAGA  CTCCA-3) @fgf‘U
pcDNA3.4 reverse primer éi”m%’u‘[,maqamaéu’u 9t recombinant clone AlduunzEsly
9115 2XYT-A broth wazaia recombinant plasmid u1wihujAsen PCR sequencing loagld
CMVpSeq forward primer (5-CGCAAATGGGCGGTAGGCGTG-3) Wazi PCR products g
nsaoudduinnlolndludiu  variable region  wesluianaaesuazaiedy  iedaiden

[y

recombinant plasmid Nidduiindlelndgnaesieiluldlunmdnireutuuuriueuivedsely



nsuansPenduuuikeundefuarnsinuoudvenlidanuuIgnsth  heavy  chain
recombinant plasmid Wag light chain recombinant plasmid L%ﬁgij%éhuman embryonic
kidney 293-F (invitrogen) agld Gencarrier-1™ transfection reagent (Epoch life sciences)
mntuth  transfected  wadllmzdoadusveznar 5 fuiafuvihidseaduiueninonduuuy
LLauauaaiﬁU§qw§ﬁiaLwﬂﬁﬂ affinity chromatography Iagldlusiiu A sepharose™ (GE
Healthcare) p¥rntuirendunwiteufverildfnanaaeunudnvasisuieuiulaly
Traueakaufvedfl nannwadlouslaundemaiin SDS-PAGE waz western blot suddunis
Aurs1Esien antibody titer way sensitivity lun1snsI9MINISAALTD Fasciolosis @aetnaia sandwich
ELISA way Dot-ELISA finamundnedu wazthandildundnamiaianyliues  anusiniess
Fasciolosis lngldansAuinves Lalkhen wag McCluskey (2008)

N19A599AMENYZYBI rMOAb #2835 immunoblotting

dlald MoAb Lda151911 MoAb luns19n15%1U{AT81[U recombinant proteins
LﬂmmaL.Laz‘[‘diauﬁiiwmﬁmﬁmLﬁaaﬁuﬁﬁa@ﬂumuﬁm 9 99313 LU n1eluda (whole body
proteins) TsAua1nduiia (tesument proteins-TA) wazlusiuainansiuatouazdnndsainnens
(excretory-secretory protein-Es)

N15ann lUsAUMaUAIUINGIUAI 9 YaIWeIBIRIUINIMATIUAY rMOAD

dmenssfuTeiiiivldaindureshiidedildanlswendnfunaialusiuanduiia (TA) Tu
extracting buffer FaUusznoudae 1XPBS pH 7.4 #if 1% (vA) nonidet P-40, 1% (w/v) sodium
deoxycholate, Wag 0.025% (w/v) phenylmethylsulphonyl fluoride (PMSF) Taguainensiduiia
30 undl Wt TA ‘ﬁ‘wq@aaﬂmlﬂ sonicate 1agld ultrasonic disintegrator 7 amplitude 10-14
micron 41U 1 W19 1 5 59U 11 suspension udumieafininnga 13,000 xg ﬁqmmgﬁ a°
walded w15 wiil ¥ supernate AildunTannududureddusiu aantdufi supernate 7iil TA
woudu 137 -20° waldea othuvihnsmaaeusely diudidivemensimasazgnainsely
Ay homogenized auazidenudatiuien supernatant il whole body (WB) weufiawiulildsely
a7 excretory-secretory (ES) wau@iau 16nn1g incubate wensduduody q Mfumnaindula
Tu RPMI medium 2 $2T09wd AU medium wiadrlutunnnznou dau supematart Ao ES
wouiauiinzdulildsely

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

11 supernates MlA91961U taz recombinant proteins 3vinn1sienlusaulaglyd SDS-PAGE

#2838909 Laemmli, 1970 Iag1in supernate AfiUTualusiu 25 pg uruenludiu SDS-

polyacrylamide mini-slab gel 7ifl 10% acrylamide separating gel Wag 3% acrylamide stacking



gel 11015 electrophoresis Tu running buffer ﬁﬁ 25 mM Tris, 192 mM glycine ag 0.1% SDS,
pH 8.3 1ngld fiawsinsdnd 200 V flgaunindl 10-15° waidea

Western blotting

na91nvitn1suenlysiuaigimaiia SDS-PAGE uad vinn1381elusauann gel g PVDF
membrane U transferring buffer ‘17{51 40 mM Tris, pH 7.4, 20 mM sodium acetate, 2 mM
ethylene diamine tetraacetic acid (EDTA), 20% (v/v) methanol, wa e 0.05% SDS Biinnsdne
TusAulagld constant voltage 7 10 v, gauvindl 10-15° iwaifiea LWurian 1 @u (over-night) 14 Mini
Trans-Blot® transfertank

YW W PVDF membrane #ileu1 block #28 3% (w/v) BSA, 0.1% (v/v) Tween-20 Tu
1XPBS pH 7.4 fignunaiivios w1 wu. 819 3 afadag PBST (Usznoudae PBS pH 7.4 i 0.1%
(v/v) Tween-20) Ui membrane ﬁgﬂ block udmvhnisasramlusiuiifuneuiiaudvane
Tnefld monoclonal antibodies A uwizsialusfudenann Uuflgamgdfesuiu 1 wu. 419 3 adade
1XPBS-Tween wiunsas 10 wil N159529UGN381N159U5EMIN antigen wag antibody fiAnty
Ineld horseradish peroxidase — conjugated secondary antibody Uuﬁqmwgﬁﬁaﬂu’m 1 %3, 819
3 A%a828 1XPBS-Tween LAy peroxidase substrate solution #ifl 1.3 mM diaminobenzidine

=

(DAB), 0.02% (v/v) H,0, Tu PBS pH 7.4 Uwammmawuﬂiummmmu‘lﬂmu%mau n1sngn

q
v

UFATe A uHY membrane uglutindu fisliue wdaniundesevina Tun1svin SDS-PAGE 14
pre-stained protein markers «Ju molecular weight control
119141 rMoAb a2 recombinant proteins liann38nsaanisinidanens
N199YIIENTIAUY sandwich ELISA
AR sensitivity gelddmiuasramuaudiaunnnesluliau £ gisantica Fupay lu

A15ATIIN LD URLIUAINAILARNILABED LAULKNURILAENAINUTENDU Aall

HRP-Linked Anliby

HRP
7 TME
Substrate
Detection
Antibody .- #

&

Capture Antibody

Sandwich ELISA
AA 1 7aguds sandwich ELISA



\adau ELISA plate s1e woufivennslululaatiatoufivenidnnizsotouaiaulimine

|

ldlululaatiaueufuen (capture antibody) aslumguves ELISA plate

}

T4 skim milk 4ie block non specific binding

|

udnInAeaeadlunquues ELISA plate

v o A N

Ta%s
T4 MoAb siauauiautmnefiiioniiu biotin (detection antibody)

!

1d streptavidin-HRP aslumguued ELISA plate

|

1d TMB substrate adluviauves ELISA plate

nyaUAse1aae IN HCL wd781u OD
WHUATIA 1 2WATUTS sandwich ELISA

ASWAILIIEATIVE8Y immuno-chromatography (Immunochromatographic strip
(ICS) test)

ICS test T9nann13999 immunochromatography Wunisasaaevila rapid qualitative
e semi-quantitative Tdmsunsaweuiuiving dregreiildlunisnsiaaey Téun Ben 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

AT 2 EPNYANTIILUY ICS



ICS Usgnouniy d@audrfey 4 @ Laun sample pad, conjugate release pad, analytical

membrane lay wicking (absorbent) pad (anmuszneou)

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

2. Conjugate release pad yJudiufiusznousie lululpadaweufivediiadousie sold
particles fis1mzdonouRiauanduiime siitmvininaliana 285 Alanasu (vie
wouRuihmnedy)

3. Analytical lines Wuduiiusznausie Tndlaataweufived dewsufiaudaduuiinn
nageu (capture line) war woufvedselululratauaufueffindeudie gold particles
Faduunamunu (control line)

4. Wicking (absorbent) pad ifuduillunisauaunisiadousivesueuiiau lusiegns
AvhufAzenfuseudved

NsuUanan1snaagayvas ICS test

dloneasegafideansveaay wu den luudna sample pad fregefinan azndeu

filee capillary action lunsdififogaiiueufiauiuagasfinunudiu 2 uoudunanuoufiauiidy
Frulululpaaseufvedndeusie sold particles Wy antibody-antigen complex indausaly
Fuitu ndleavausuivenrewauiausiailuuiiamedeu (capture line) way wnanlululaaia
LouRveATiAdousiy gold particlesiushfunouduedrelalulaata  wouRuefnuTAMUAY
(control line) uslunsdiiifesndlifivoufiautuey  axfnuavdtufisuauiionnliluleata
wauRveAfiadousne  cold  particles éTUéhﬁ’uLLauauaasiaIquIﬂaﬁfaLLauauaaﬁU‘%nmmuau
(control line) 9ndoyafiléiaziing MoAb uay PoAb uwazwouRlauinanwanfigaly Wauduis

n579dau Nazihlulglunraunussly



NaN15338 (Results)
nsnanuazAnenudnyazuaslilulaausauauAvansalusiy rFgGPx
A15AT129USN Polyclonal Antibody FgGPx #2833 Indirect ELISA
W& NTINIS Immunization NUNARBINIEY FeGPx (Ag) \ieRnwUSinas Polyclonal Antibody
FeGPx fiviynaneensnsiolUsAu GPx #e38 Indirect ELISA nuin titer 489 Ab fimnandadusinaiu
(10 fold serial dilution) WuT1U3snaves Ab Aiduai1edusielusiiu GPx 7l titer ~10° Gafienag

NAULES (ODgso) L¥1NAU 0.063

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

GRRHEGATRR AgANAULAST 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
10”7 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

OD 450

0.8
0.6
0.4

0.2

Ab concentration

d' U LY 6 1 v v 1 =) 1 o ]
AT 3 AFINLARIANUANNUTIEUINAULVNVUVDI FgGPx HaEAINANAULET ODgsp WUIIRLALS

titer ~10°° WuUTUVRY Ab Tias1stusialushiu GPx sgavianunsanTivaeula

A13WEARN Monoclonal antibody ¢i® FgGPx

PNNNaNINAaBd ELISA Tdlden cluture fluid 910 Hybridoma clone @@ 7B8 vinnsidawiin

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

Junltlunisneasssald

AnwianutuduvedlusAuNanaunaInnens F.gisantica #1835 Lawry method
NoUYINAg run TUSAUILAT SDS-PAGE 1MlUSAULNTAAMULINTIUALETD Lawry method lagia3es
spectrophotometry (Versamax Program) Nrue1IAdY 750 wilwwns wudnlusau TA das

duduade 3.624 pe/ pl war WB fanududuede 2.742 pe/ ut

AATITHAMUINNIZVRLUSAY FgGPx falushiu TAWB wag ES #8735 indirect western blot

9NHaN159 indirect western blot wansiia MoAb (clone 7B8) fiflanusuwizyiiliiAn Positive
band Ftmiinlaiana 18 kDa 7 adult TA uaz adult WB @ adult ES liwunisuansesnyes
1USAU GPx



MW(kDa) M TA WB ES

AW 4 uansnuszveslUsAy FeGPx s TUSAiu TAWB wazES #edd indirect western
blot Tvina positive iU TA wag WB wazlving negative fiu ES
Lane 1 Protein Ladder Marker (M)
Lane 2 Protein Tegument (TA) ¥4 F. gigantica LLamﬁmﬁﬂImaqa 18 kDa
Lane 3 Protein Whole body (WB) ¥84 F. gigantica LLamﬁfmﬁfﬂImaqa 18 kDa

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

ArszrAnuIzYadlUsiy FeGPx Tnan1smagau Cross reaction fungndviindugdieids
Indirect western blot

wdnivhnsheseilsfiudne  SDS-PAGE  WsfiuvemeSefindu 8 win  léun
Paramphistomum cervi (Pc), Gigantocotyle explanatum (Ge), Cotylophoron cotylophorum
(Co), Setaria labiatopapillosa (S\), Fischoederius cobboldi (Fc), Eurytrema pancreaticum (Ep),
Gastrothylax crumenifer (Gowag Fasciola gigantiga (Fg) LﬁaﬁwmiLLsmﬂummT,uLaqasumiﬂiau
TN transfer 18T Wiy membrane wagnAgey cross-reaction #1838 Indirect western

blot Tneld mouse anti-GPx (7B8) tUu primary antibody lnen1se1una positive dnaananuuy



LOUATIUSINQUULKNY membrane MMTMAFBUNUT MoAb #ie GPx lifimsviufnTendudu
TUsAuURINeS¥dn  Paramphistomum cervi, Gigantocotyle explanatum , Cotylophoron
cotylophorum, Setaria labiatopapillosa , Fischoederius cobboldi, Eurytrema pancreaticum
wag Gastrothylax crumenifer —fuaieslUsAUYDY F. gieantica ﬁﬂﬁwﬂgé’ﬂwmmmuﬁ (band)

\esanidanudumgdelusiu GPx Tuwitinluanasg 18 k Da fan 1w 16

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

70 —
55 7

35 —
25 —

10 —

AN 5 uansaudnmzuadlusiu FgGPx Meds Indirect westemn blot uagluwauaaving Using
ANwaEUDIAUE (band) LAAINIAMNTUNIZUDY FEGPX Weiliaala 1USAUW adult whole

body w83 F. gieantica



MW (kDa) 1 2 3

250
130 | 4
95
72
55
36
28

[ 1 (]

-
17 -
10
i 6 M3AlUSAY rFgGPx 'u%qvlé A28 Ni-NTA affinity-purified column wagiasgi

98 SDS-PAGE a1ntiutiludausie Coomassie Blue w0 1 AslusAuannwuaiiise (whole
bacteriallysate); 40371 2 AlusiuaINLuATISe (whole bacteriallysate) nasnlasunisnsezeu

Mg IPTG; ka3 TUsHU recombinant FgGPx Migniiliusgus Nuuna MW fsgneisd



MW(&Da) M WB TA ES

70—
55 mm—

35—

25—

17

10 ——

AT 7 uanansTufueg1IsnIzues 788 MoAb e rFeGPx 1Ushu §es Immunoblots fu WB,
TA, uay ES ¢n933 indirect western blot Tka positive fiu TA way WB uagliina negative fiu ES
Lane 1 Protein Ladder Marker (M)
Lane 2 Protein Whole body (WB) ¥84 F. gigantica LLamﬁfmﬁﬂIuLaqa 18 kDa
Lane 3 Protein Tegument (TA) ¥89 F. gicantica LLamﬁwﬁfﬂIwaqa 18 kDa

Lane 4: Protein Excretory and secretory (ES) 499 F. gigantica



MEDa) 1 2 3 4

250

130

05 ==

72 . -

55 —

36 |
-

17
10 —

AN 8 KARINTIATIEROURUDAVAIINNSINIROUAUBAUSANS Mg protein A binding lag

-

o ¥ -
bt b

single head arrow WaA4 light chain @u double head arrow Waas heavy chain
Lane 1 rabbit polyclonal antibody (serum)
Lane 2 purified PoAb (1gG) uanstiwiinlanana 50 kDa
Lane 3 monoclonal antibody (MoAb) - culture fluid

Lane & purified MoAb (1g6) wamsiwiinluana 25 kDa



1.4+

1.2 4
1.0 - 7B8

* @ Myeloma
0.8 1

OD 450 nm

ES

NE] 4wk AD
Fg Antigens

AT 9 wanInsTufuegisdunzues 7B8 MoAb e native FeGPx Wsfiu Tuwens F. sisantica
S28E19% (metacercariae, NEJ, 4-week old juveniles, adult, ES way TA) #2875 indirect ELISA

Tika positive U TA wag WB v81 F. gigantica nssee Uaglving negative iU ES



1.0 -
0.9 -
0.8 -
0.7 4
0.6

0.5+
0.4 -
0.3 4
0.2 4

0.1~
0.0 -

8 7BS

Myeloma

OD 450 nm

Ge Ep S| Fc

Parasite Antigens

AW 10 wARINISTUALEE19TIIITUBY TB8 MoAD #e native FeGPx Wsfiu lu WB weswens F
gicantica Fufule (Fg) uay Wm%%ﬁfﬂéu‘] (Ge, Pc, Gc, Ep, Sl, Fc) ¢edd indirect ELISA Tvina

positive W1y F. gigantica wilifiu{AzeiulUsAuvemenSytindu

A5AATITRUMLIYa9lUSAY FgGPx Tuwens F.gigantica #2835 Immunohistochemistry
MMSANEINITNIEA8AIeIlUSAU GPx A7 Immunohistochemistry lagld mouse
anti-GPx (7B8) 1Ju primary antibody wazludiuves negative control 19 myeloma 10w primary
antibody nansdeuilodonesns F.gigantica Tusgagnensiuduy (Adult) namsdeuiledonens
F.gicantica TussagnenSiuauie (Adult) Wy negative control (2w A) uayszey adult (1AM
B-D) anidweneiluidwenegs fanmil 18 wuhdendnduiiniiaitegument) vesHes

F.gigantica wazliifinsuanseent caecum(Ca),parenchymal cell (Pc) iag spine(Sp)



29 11 wansnsesIamdunisveslusiu GPx Tulleweves F. gicantica fuduionaeis

AN A

AN B way C

Immunohistochemistry 3514 culture fluid (788) vJu primary antibody

Wi eneUunanwestuRalune R iuTe (Adult) F914 myeloma culture
fluid +Ju primary antibody (negative control)

ANAAIUEIENaNs (10x) voanesmLfule wunisuanseenveslusiu GPx usha
i1 (Tg=tegument) uag vitelline é’ﬂwmzlﬁuﬁajaaqﬁ%’uﬁa A lWUNTUERSODNYDY

1Usfu GPx lu caecum(Ca),parenchymal cell (Pc) wag spine(Sp)
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MWN 12 UERINInIAin FeGPx Tudeanuiidnie F. gisantica viadsiae 1 dUav uay 4
dUa9 e85 sandwich ELISA Wui1@snsansiain FgGPx (circulating FgGPx) lasaus 1 dUn
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damszii TUsAU rFgGPx

nsenwiluadedl vhnsduaseitunarinenduuuilsiu slutathione peroxidase
(rFeGPx) aanen3luliisiu Fasciola gigantica FsdauasevisieiSlnauiadnefidens (PCR) 970 cDNA
vesngdluldifuszesdufiules wuindu FgGPx fld1fu conseve sequences 3 @ILUMUY B
NVACKUG, FPCNQFGGQ uag WNF @9959fU conseve sequences U84 GPx dloflouiuaadidin
3u9 wavain phylogenetic tree Wuin FeGPx Hanulnddadu F. hepatica Sreuduuuvilushiu
FeGPx Usznaumensaexilu 168 f udwwniuldvihnsdaaseilsiuluwuaiide (Escherichia
coli) BL21 (DE3) nuitanmsiesiesisng SDS-PAGE Sreuduunsilusiiu FeGPx Sumiinluana
Uszanas 19 Alannasa wagldvinisnanindlaaueaueufvedfisineselusiu rFeGPx Tuny (anti-
rFgGPx) ndnuhweuRvedu e AL IIElagds immunoblotting uaz
immunohistochemistry  WU1131nANSNA&OUAIY  immunoblotting wauRuanneIARNTLUU
LUshu FeGPx HUfATen U rFg GPx Viﬁfmﬁ'ﬂIMLaqa 19 Alaasiu Jauandiiuiuoufvediings
lofianuasimngiolUsiu FeGPx uavhaufivensesmauduuuilusiy FeGPx anunsavilgisendu
whole body ¥98S F.gigantica 28219 (egg, metacercariae, NEJs, d-week-ole juveniles,

aaa 1Y

adult) wazviiufAseniu tegumental antigen (TA) vasnedifinTe wazliiujasendudunend

1
v a

Tulstinau 9 98U G. crumenifer (Go), P. cervi (Pc), G. explanatum (Ge), C. cotylophorum (Cc),
S. labiato papillosa (SV), F. cobboldi (Fc), E. pancreaticum (Ep) @19ua@nsliliiuinwoufivofne

TUsAU rFgGPx danudwizAulushiu FeGPx aaswenshuliddu F. gigantica

nsnanuarAnyIAMENYMEYas MoAb #d rFgGPx

TlumsiTuaseillandn MoAb uagyitnsida isotype w8d MoAb (7B8) #i® recombinant

Fasciola gigantica GPx (rFgGPx) #1835 ELISA wuindurda immunoglobulin (Ig) G1 uag K light
chain 7iflanusmese native FeGPx Tumend naa1nn1svi indirect western immunoblot kan
Tfiuds MoAb(788) isnumnesielusiufiialtesument) weanens Foisantica waglusiufiatinann
Waglwhole body) ¥aINeS F.gigantica ﬁﬂfmﬁﬂimaqa 18 kDa \fiosanninusnadiinsdudaiu
free radicals Wudruusniie Raveanedtegument) Sududuiifinnsndn GPx eonun wazdeldin
TUsiufifattegument) weawend Feigantica tu feludiunimwedlusiuiiatnanias (whole
body) eINET3 Feisantica Fvanunsanansdnuaizfisimzae GPx 16 udlinuly excretory-
secretory (ES) iosanlaifinswanlusiu GPx senuluu3imiiu uasyinnisnadeu Cross reaction
funerduiinduq lewn wenSvdin P. cervi, G. explanatum, C. cotylophorum, S. labiatopapillosa,
F. cobboldi, E. pancreaticum wa¢ G. crumenifer Wifin1svufAsentufuieuiau (antigen) vas

NYBNNEINT s 1zastudBudulain MoAb (7B8) Sanudmgualiiesnsns F.eigantica Wity



NAY1NN1SYIN immunohistochemistry fauLilaldanans F.eicantica Tusyey metacercaria ,
3 dUn9, 4 dUan9i waznensdiude(Adult) @aruisadudunisnaaauva indirect western

immunoblot Wu13s8s metacercaria Lifin1suanteanves GPx eosnntuszasidl cyst wall iy

v &

feanstunazdsliladuiaiu free radicals walussas 3 §UaN9, 4 dUa9 wasnenSaauTa(Adult)

JouRndUSIIURT (tegument) Y0INYNT F.gicantica eg1siaLau 398 udulaiiiveinens

a d'

F.gigantica IN1WARLUSAY GPx 89N11934 WN5IEIleNenT F.gigantica UnIniingsanieveslaas
szdean1sUasdunuiesanssuugfiduiuvesisas wazanainulufivass free radicals
(neutralizaion) Tnendsansosnunalesdnigy hydrogen peroxidase , peroxidized lipid 52184
Glutathione peroxidase #78 (Mei et al,,1996) :uIdunouniiina1iuouiaudaug ingns

F.gigantica Uaneeanun laun gluthathione-s-transferase, cysteine, paramyosin k& membrane

[ [ a

protein (A353 Anfisaudin,2553) GPx 1ueulwifinaantfdu Antioxidant Wudddgsiesisniglu

A
nsfuanseyyadasy wartiglunisideulslasiaudeseanlan(H,0,) Winaneduii (H0) was

[

2ONTLAU (O,) 5IUDINTA Organic Hydroperoxide FIUIIUNNUAITUAILINAD USIIURINTINUDS

o3 F.eigantica \esannusnatuielainduusnuidudany free radicals Tulsadlalaanss

1Y

AITUTIAU501 MoAb (788) findnlatuildlunis immunodiagnosis Tusyweduardniifewdesd

[
aa aa I 1

RLteannnen? Feigantica AneliAnlsa Fasciolosis i3S iaeldinfianuniuga (sensitivity)
gawazinud e (specificity) aaguiu iunwmuiseluiluynnsie Tadu wazgreiselien
UsEimneeg1egednag

mnnsanuinuinlululnaueausufived (MoAb against rFeGPx-7B8) anusaviugasen
iU native FeGPx NUNYIT F. gigantica nﬂizazﬁgum metacercariae, NEJ, 4-week old juvenile
waz adult Inen153LAT12119135 western blot Wag indirect ELISA sau83lain15nun1suansoon

vo3lUsAU FeGPx Tuiilatllonwens F. gicantica SeAUAS tegument, vitelline Loy egg UVBINBITAHY

Y
[

& o ¥  ad . . . ~ & & Aa &
Wy ¢e35 immunohistochemistry uenMINUGIA150RTIANY FeGPx Tuldenvemuyninnide F.
gigantica MM 1 dUAvnaIRae annan1sAnuIluasell @115011 MoAb way FeGPx 1nWmun

Dugansasiely
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NISMIVedeUazNan nasslunisuanlululrausalouRuefnelUsiy rFeGPx TIuY
nsAnwAudnwurvodlululrauoakauRued (MoAb against rFgGPx-7B8) a1u1savinujAsendu
native FgGPx AUNENS F. gigantica ﬁqﬂizﬁlzfg'uwi metacercariae, NEJ, 4-week old juvenile hag
adult Tnen1531AT121121135 western blot wag indirect ELISA 2udeladn1snun1sianiaanaay
sy FeGPx luidlawiionens F. gicantica sséﬁ’uqqﬁ tegument, vitelline LAY egg VBINEBITALAL
¥ #2633 immunohistochemistry uona1nfidsannsansaany FeGPx luidanvaamnyfidnde £
gicantica faud 1 dUnvindsRnde anwansanulundeld a1unsarn MoAb uaz FeGPx tnmimun
Jugansaasield uanIINam1In MoAb Taewaie hybridoma wag@Anwinuanwasyaluly
TrausaueufvefnelUsiu FeGPx Fenisaasanainmsanuiiaeaiunsati hybridoma clones 7
IFluasaduirouduuuriveudved Welinuszansamlunisaidululraueauaufived uas

annsadlUiauiaglduselevilneasradu rapid diagnosis kit dwsunsialsa fasciolosis Aalu

(5) wawan (Output)
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Jaikua W, Sobhon P & Changklungmoa N. Monoclonal antibody against Fasciola
gieantica glutathione peroxidase and their immunodiagnosis potential for fasciolosis.
Vet Parasitol 2019; 276:108979;1-7. (A1ANWIN)
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ARTICLE INFO ABSTRACT

Keywords Glutathione peroxidases (GPx), major antiooddant enzymes, sscreted by Fasciole spp., are important for the
Fascinls plgantica parasite evasion and protection against the host's immune responsss. In the present stody, a monoclonal anti-
Liver fluke body (MoAb) against recombinant F. gipentica glutathione peroxidase (fFgliPx) was produced by hybridoma
Glhuathiene peroxidzs: technigue using spleen cells from BALB/c mice immunized with cfgGPx. This MoAb (named 7B8) i IgG1 withx
;“m“‘ antibady light chains, and it reacted specifically with tFg(:Px at a malecular weight 19 kDo as shown by immunohlotting,

and reacted with the native FgliPx in the extracts of whale body (WEB), metacercariae, newly excysted juveniles
(NEJIs), 4 week-old juveniles and adult F. gigontica as shown by indirect FLISA. It did not cross react with
antigens in WB fractions from other adult trematodes, including Fischosderins cobboldi, Paraorphistomosm cer,
Setariz lobiate-papilosa, Euryirema pencrechcum, Gastrotpdox cumengfer and Gipentocotyle exploratem. By im-
munabscalization, MoAb against tfgGPx reacted with the native protein in the tegument, vitelline cells, and sgps
of adult F. gpentice. In addition, the sera from mice experimentally infected with F gipantice were tested positive
by this indirect sandwich ELISA. This result indicated that FpGPx is an abundantly expressed parasite protein
that is sscreted into the tepumental antigens (TA), therefore, FeGPx and its MoAb may be used for im-

munadiagnosis of both early and late fasciobosis giganbica in animals and humans.

1. Introduction

Fasclolosls 15 & zoonostc disease that is caused by Infection with
Fasdipln hepadca or F. giganidca. [t s a serdous health problem for both
domesticated animals and humans In the tropical and subtropical re-
glons of Africa, Middle East, and Asla. During penetration and migra-
tion, the juvenlle parasites come Into contact with and are damaged by
reactive oxygen specles (R05) released by the host's Immune cells, such
as macrophages and other Inflammatory cells. Therefore, the parasites
must defend themsslves by posing antl-oxidation mechanism which, In
F. giganica, conststs of 8 family of antioxidant enzymes, Including su-
peroxide dismutase (SOD, Jalkua et al, 201&), peroxiredoxin (Prx,
Chalthirayanon and Sobhon, 2010; Sangpalrg et al., 201 4), thioredoxin
(Trx, Gupta et al., 2015% Changklungmoa et al.,, 2014), thioredoxin
glutathione reductase (TGR, Kalita et al., 2018; Changklungmoa et al.,
2015), glutathione 5-transferase (GST, Preyavichyapugdee et al., 2008)

and GPx (Changklungmoa et al.,, 2018). These enzymes co-ordinate in
neutralizing oxidative stress. GPx comprises both Intracellular and ex-
tracellular soforms (Ottaviane et al, 2009), and the latter 15 released
from the young as well as adult parasites to protect thelr extertors from
the host's damaging Immune reactions (Changklungmoa et al., 2018).
Therefore, GPx Is one of key tergets for Immunodlagnosts and vaccl-
natiom.

MNowadays, the diagnosis of fasciolosls Is based on 1dentification of
eggs In fecal samples by stool examination. The technlque 15 cumber-
some and needs expert for definite examination. On the other hand, the
eggs appear In feces only when mature parasites start laylng eggs, and
pass them Into ble ducts and feces, therefore early Infectton (less than
10 weeks) cannot be diagnosed. Clroulating antlgen detection Is more
specific In reflecting the current Infection than circulating antibody
detection (Cordova et al., 1999). FgGPx 15 abundantly expressed in bath
early and late stages and could be detected In tegument antigens (TA)
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and host's circulstion by using polyclonal antibodles (PoAb)
(Changklungmoa et al., 2013); therefore, FaGPx should be among the
mast easily and specifically detected antigens In the host's blood by its
corresponding monoclonal antbody (MoAb). In this report, we had
successfully produced and characterized a MoAb specifically for clreu-
lating FglzPx that may have dlagnostic potential for fasciolosts by F
glzandca.

2. Methodology

2], Preparotions of parasites and parasite anitgens

The F. meanico metacercariae were collected from Lymnea spp.
snalls Infected with miracidia. About 4 weeks after Infectlon period,
cercariae were shed from the snalls and transformed into metacercarize
after settled on the plastic papers. The metacercariae were collected
from the plastic papers and washed several times with distilled HyO.
The NEJIs were produced by activating the excystment of metacercariae
by Incubated In a solution contalning 0.2 % taurocholic acld, 0.02 % M
sodium dithionite, 1 % NaHCO,, 0.85 % NaCl and 0.5 % HCl at 37 °C for
30min as previously published (Kueskhal et al., 2011, 2013). The 4
week-old Juvenile parasites were obtalned from the livers of hamsters
infected with metacercariae via stomach tube at the 4 weeks post
Infection. Adult F gleontica, Fischoedertis cobboldi, Poramphistomem
cervt, Setarta [abom-papillose, Ewrymreme pancreaficum, Goasmotfhyloe
crumendfer and Giganoconde explenoum were collected from infected
cattle killed at a lecal sbattolr Phetchaburl Provinee, Thalland. All
parasites were subsequently washed with phosphate buffer saline (FES)
and wsed Immediately for subsequent experiments.

Whaole body (WE) extracts of varlous stages of F. meanton (meta-
cercarlae, NEJ, 4 week-old Junenlles, and adult), and other adult tre-
matodes (F. cobboldt, . cervi, 5. [oMaro-papiliosa, E. pancrectcum, G.
crumendfer and . explonmum) were prepared as previously published
(Changklungmoa et al , 2018; Kueakhal et al, 2001). Adult F. gigonsica
tegumental antigens (TA) and excretory-secretory (ES) were prepared
as described earller (Changklungmoa et al., 2018).

2. F Expresston end purtficetion of recomBinent proteing

Then FgGPx cDNA, cloned by Polymerase chain reaction (PCH)
technique as described earller (Changklungmoa et al., 2018), was In-
serted Into bacterial expresston vector (pET-30b) (Movagen). The pET-
30b recombinant plasmid was transformed Into Escherchia colt BL21
{DE3). The expression of the rfFgGPx proteln coupled with His-tag at N-
terminus was Induced with lsopropyl B-o-1-thiogalactopyranoside
(IPTG) at 1.0mM final concentration. The rfgGPx was purlfied by MI-
NTA affinlty-chromatography under nathve conditfons as described
earller (Changklungmoa et al, 2018). Each recombinant proteln was
eluted with 250.0mM Imidazole. The purity of the rPgGPx was ana-
lyzed by 12.5 % sodium dodecyl sulfate polyacrylamide gel electro-
phoresls (SDE-PAGE) and kept at — 20°C for subsequent experiments.

2.3, Production and characeenzaton of Modbs ogeinst rfaGPy

The rFgGPx proteln was used for Immunization of elght week-old
female BALB/c mice by subrutaneous Injection. The mouse was primed
by Injection of 25pg rBpGEPx proteln mixed with Freund’s complete
adjuvant (FCA; Sigma-Aldrich Inc.). The first, second and third boosts
were glven with 25ug of the rFegGPx mixed with Freund’s Incomplete
ad|uvant (FIA; Slgma-Aldrich Inc.) at 2-week Intervals by subrutaneous
route. Blood samples from the Immunized mice were collected, and the
antbody tters (antl-rFeGPx) were estimated by Indirect ELISA. B cells
from Immunized BALB/c mice were fused with myeloma cells (P3-X63-
AgB.653), using polyethylene glyool (PEG) (Sigma-Aldrich Inc)
(Kueakhal et al, 2013). The MoAbs against rFgGPx produced by the
hybridoma clones were screened by Indirect ELISA. The culture flutd of
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positive hybridoma clones that produced high antibody titer of MoAbs
agalnst rFgGPx were collected, and the Immunoglobulin isotypes were
determined by indirect ELISA using the SBA Clonotyping™ System/HRP
(Southern Blotech).

2.4, Production of rabbit polyclonal andbody (PoAb) agatnst rFgtPx

A New Zealand White rabbit was injected with 250pg of purlfied
rFgGPx diluted In stertle PBS mix with FCA for first Immunization. The
second and third Immunizations were Injected with 125pg of purlfied
rFgGPx diluted In sterlle PBS mix with FIA. Blood sample was collected
at day 10 after the third Immunizations, centrifuged, and the serum was
collected and kept frozen at -20°C for subsequent experiments.

A5 Purficanion of Modb ogmnst rEpGPx (clone B8} and robbir Podb
mgainst rFgGPx

The MoAb agalnst rFgGPx and rabbit PoAb agalnst rfBpEPx were
purified by using Aff-Prep proteln A (Blo-Rad, USA) as previously
published (Kueakhal et al., 2015). Elutlon of the IgG against rFgGPx
bound to proteln A was camled out using an elutlon buffer (Blo-Rad,
USA), pH 3.0, and followed by nevtralization of the eluent with 1 M Tris
HC1, pH 9.0. The eluted fractions contalning 126 against rFeGPx (MoAb
and Podb) were concentrated, and stored at 4 °C for subsequent ex-

periments.
2.6 Characterizeton of MoAb ageinst rPeGPx by tmmuenobloding enalysis

The FgGPx and WE, TA, ES of adult F. gisandce were separated In a
12.5 % SD5-PAGE and transferred onto nitrocellulose membranes (Bbo-
Rad) for Immuncblotting analysis by MoAb agalnst FgGPx (7BE)
MNonspecific binding was blocked with 4 % (w./v) skim milk In PES at
rom temperature (RT) for 1h, and subsequently by Incubation In the
culiure fluld of MoAb 7BE at 4°C overnight. The membranes were
washed three times with PES contalning 0.1 % Tween-20 (PBST) and
then Incubated with goat ant-mouse IgG conjugated with alkaline
phosphatase (AF) (Southem Blotech) diluted at 1:2000 in PBS for 1h
The membranes were washed thres times and then the color was de-
veloped In the dark using the subsirates nitro-blue tetrazolium
chloride/5-bromo-4-chloro-3-indody]l phosphate (NET/BCIF). Finally,
the reactions were stopped by adding a stop buffer (10mM Tris — HCL
and 1 mM EDTA)L

2.7, Characterizenion of MoAb agminst rFpGPx by indirect ELISA

The Immunoglobulin lsotypes of MoAb against FgGPx were de-
termined by using Indirect ELISA. The plates were coated with 100pl of
rFgGPx (1 pg/ml) In coating buffer as previously published (Kueakhal
et al., 2015) at 4°C overnight. The coated plates were washed three
tmes with 0,05 % PBST, and nonspecific binding was blocked by
adding 200l of 1 % BSA in PBS per well, Incubated at AT for 1 h with
sheking. Then the coated plates were washed three times with 0.05 %
PBST, and 100yl of culture flulds from hybridoma clone 7BE and
myeloma cells (negative control) were added and Incubated at 4°C
ovemnlght. The plates were washed three times and Incubated for 1 h, at
AT tn 130yl of goat antl-mouse 1gG1, IgGla, [pG2b, 1gG3, 1gA, [gM
conjugated with HEF (Southern Blotech) diluted In PBS at 1:5004 for
heavy chain, and x, ® light chaln ldentfications. The plates were wa-
ched three tmes, and 100 pl of the substrate 2.2%-Azinobis [3-ethyl-
benzothlazoline-b-sulfonic acld]-dlammondum salt (ABTS; Southem
Biotech) were added per well and Incubated for 15min in dark at RT.
The optlcal densities (OD) were measured at 405 nm In an automatic
VersaMax Microplate Reader (Molecular Devices, CA, USA).

The reactivity of the MoAb against rFgGPx (7B8) and native pro-
telns from WEB of metacecariae, NEJs, 4-week-old Juveniles, adult, and
TA, ES of sdult F. gigandce and WE of other adult trematodes
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{Including, E pencresticum, 5. labeo-papillose, . crumentfer, G ex-
plananem, F. cobboldi and C. cogiophorum) were determined by Indirect
ELISA. The plates were coated with 100yl of 10pg/ml WB of meta-
cercariae, NEJs, $-week-old Juveniles, adult ES and TA, and WE of other
adult trematodes In coating buffer at 4 °C overnight. The coated plates
were washed three times with 0.05 % PBST and the nonspecific binding
was blocked by adding 200pl 1 % BSA In PBS per well at RT for 1h
with shaking. After that the coated plates were washed three Himes with
0.05 % PBST, and 100yl of culture flutd of hybridoma clone 7EE were
added and Incubated at 4°C overnight. The plates were washed three
times with 0.05 % PBST and Incubated In goat antl-mowse Igh con-
Jugated with HRP (Southern Blotech) diluted in PR3 at 1:5000 for 1 h,
at BT. Then the plates were washed three times with 0.05 % PBST, and
100pl per well of 33°55-Tetramethylbenzidine (TME) (EFPL,
Galthersburg, USA) was added and incubated 15min In dark at RT.
Finally, reactions were stopped by adding 100 pl of 1 N HCl per well.
The O were measured at 450nm In an sutomatic VersaMax
Microplate Reader (Molecular Devices, CA, USA).

2.8, Cheracrertzafon of MoAb acemtnse rFpGPyx by tmmunolocalizenon tn
aduit F. glgoniica

Adult F. gieganifca were flved In 4 % paraformaldehyde (w.v) In PBES,
pH 7.4 at 4°C for 3 h with shaking. Paraffin sections of adult F. gigan-
fca, cut at 5 pm-thick, were deparaffinized and rehydrated through a
serlal concentrations of ethyl alcohol. The adult F geantica sectlons
were treated with citrate buffer (10mM ciiric acid, pH 6.00, In a mi-
crowave oven at TO0W, three times for 5 min. Nonspecific binding was
blocked by incubation tn 4 % (wv) BSA In PBS for 1h. The adult F.
glzantico sectlons were then Incubated In the culiure fluld of hybridoma
clone TEB, at 4°C overnight. Sectlons were then washed three times
with (.1 % PBST and Incubated In goat antl-mouse Izl conjugated with
AP (Southern Blotech), diluted to 122000 in PBS at AT, for 1 h. After
that, the sections were washed three times with 0.1 % PEST and in-
cubated in AP buffer, pH 9.5 at RT, for 10 min. The signals development
was carrled out using NET/BCIP substrates (Roche]) In the dark. Finally,
the reactions were stopped by adding stop buffer (10 mM Tris —HC and
1 mM EDTA, pH B.00. The secttons were examined and photographed
under a Hght microscope (Olympus, CX33).

20 Demonsraton of drodaotng FeGPy in mowse sera

Infected mouse sera were collected at 1 and 4 weeks after belng
Infected with F. gigenitica. Uninfected healthy mice sera were used as a
negative control. The circulating FgGPx In mouse sera were detected by
using Indirect sandwich ELISA. The purlfied MoAb agalnst rFgGPx
(7BE) was used as capturing antlbody. The healthy mice, 1-week post
Infected-, and 4-week post Infected mouse sera were added S0pl and
Incubated for overnight at 4°C, and then 50 pl of purified rabbit Podb
agalnst rFgGPx conjugated with blotin were added as detecting antl-
body. The S0 pl of streptavidin-conjugated HRP {Southern Blotech) was
added, and then the plates were Incubated with 50l of TMB (EPL,
Galthersburg, USA) for 15min at BT. Finally, the enzymatic reactlons
were stopped by adding 50 pl of 1 N HCL The ODs were measured at
450nm In an automatlc VersaMax Microplate Reader (Molecular
Devices, CA, USA).

210 Srapstical analysis

Differences between the reactvitles of the MoAb against rFgGPx
({7EE) to the culture fluld of myeloma cells, and native FgliPx protelns
from WB of metacercariae, NEJ, 4- week-o0ld Juveniles, adult, and ES,
TA of adult F. giganrica and other adult trematodes were tested using the
Independent Samples t-test. A p-value lower than 0,05 was consldered
statistically significant.
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Fig. 1. The Ni-NTA affimity-purified rFgliPx were analysed by SDE-PAGE, and
stained with Coomassie Blue. Lane 1, the whole bacterial lysate from the noa-
induced condition; lane 2, the whole lysate after induction by IFTG; lane 3, the
purified recombinant FpGPx MW markers are shown on the left Sde Single
arrow head indicates the MW of rFgGPx
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211, Edhics stotement

Mice and rabbit were kept In steel cages In an alr-conditioned room
with a light—dark cycle of 12:12h, at 22-25.C, and 5060 % humidity,
and animal protocols were approved by The Animal Care and Use
Committee (MUSC-ACUC), Faculty of Sclence, Mahidol University,
Thalland.

3. Results

3.1, Expresston of rFeGPx

The FgGPx protein coupled with His-tag at N-terminus was ex-
pressed and purtfled by NI-NTA chromatography. The purified rFgGPx
was analyzed by SDS-PAGE and stalned with Coomassle Blue. The
rFgGPx proteln was resolved as single band at approximately 19 kDia on
SDS-PAGE (Fig. 1.

3.2 MoAb opainst rFpGPx

The rFgGPx was used to detect specific MoAb against rFpGPx by
Indirect ELISA and Immunoblotiing analysis. It was found that the
culture fluld from hybridoma cone 7B8 specifically binds to rFgGPx
and natlve FgGPx from adult WE and TA (Fig. Z). The iImmunoglebulin
Isotype of MoAb against rEgzPx In the culture fluld of hybridoma clone
TBE 15 IgG1 with w-light chain.

3.3, Punificanon of Modb ond Podb agoinst reGPx
SD5-PAGE analysis (Fig_3) of the purified rFaGPr-immunized rabbit
serum g and purified MoAb against rFgGPx showed Immunoglobulin

heavy and light chain bands at MW 50 and 25 kDa, respectively for the
MoAb and PoAb ant-rFgGPx. This analysls indicated that [gl was pure.

3.4, Esamation of nzove FeGPx in F. gigandica ond other adult mremarodes

Relative levels of the Immunoreactivities of the MoAb against
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Fig. Z Immunchlots of WE, TA and ES of adult F. gipantica with 7TE3 MoAb
apninst rFgGPx shows positive bands at 19kDa. Lane 1 {WE): WE of adult F.
gipartica. Lame 2 (TA)k TA of adult F. gipmtica. Lane 3 (ES): ES of adult F. g
gantice. MW markers are shown on the left side.
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Fig. 3. The purity of MoAb Iglil and PoAb IgG after parification by AffiGel®
protzin A MAPE® [1 Kit was determined by 1.5 % SDE-PAGE. Lane 1: Rabhit
antiseram (containing all serem proteins including PoAb ageinst tFgGPxl Lane
2: Purified IgG of PoAb against rfFgGPr Lane 3 culture fluid of MoAb (FRE).
Lane 4: Parified MoAb agxinst fFgGPx. Single and double arrow heads indicaute
mabeoalar weight of light chain and heavy chain, respectively. The MW markers
are on the l=ft side.
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rFaGPx (7R8) with WE of metacercariae, NEJ, 4-week old Juvenlles and
adult, TA, and ES of adult F. gigandca and WE of other adult trematodes,
were estimated by Indirect ELISA. The results showed that the levels of
Immunoreactivities of native FgGPx in WE of all stages and TA of adult
with the MoAb against rFegGPx (represented by OD values) were sig-
nificantly higher when compared with culture fluld of control myeloma
cells (Flg. 4, while there was no significant difference between the OD
levels of ES of adult F. gizandca and YWB of other adult trematodes, when
compared with the control (Fig. 4, Fig. 5).

3.5 Immunolocelizanon of FeGPx

Immunolocalization of FgGPx In adult F. gigandco sectlons was
performed with MoAb against rFgGPy TBE. The culture fluld of mye-
loma cells was used as @ negatlve control. Strong positive signal was
detected In the tegument, egg, and vitelline cells of adult F. gigantca but
not In caecal eplthellal cells (Flg. &)

2.6, Detectton of ciradaring FeGPx in sera of infected mice

The mouse sera at 1 and 4 weeks post Infectlon with F. glgandco
were analyzed by Indirect sandwich ELISA. The circulating FegGPx was
detected In sera of Infected mice with high levels at both 1 and 4 wesks
post Infection when compared with uninfected mouse sera (Flg. 7).

4. Discussion

The gold standard dlagnosts of fascloloss 15 wsually performed by
detecting parasite eggs |n a fecal sample. This technbquee can detect only
late Infection s the eggs can only be found In the fecal sample after the
mabure parasites move Into ble ducts and start laying eges (Mas-Coma
et al, 2005). Immunodetection, based on Indirect ELISA to detect an-
tbodies In the sera of Infected animals and humans by using elther
crude extracts of parasites, purlfied proteins from thelr ES products and
also recombinant proteins (Chaouad] et al., 201%; Aguayo et al., 2018;
Mirzadeh et al, 2018; Figueroa-Santiago et al, 2011; O'Nelll et al.,
1998). However, this method could detect only circulating antibody
that may not describe the cument Infectlon and parasite load. A better
methed |5 an Immunoassay that Is capable of detecting clreulating an-
tgens by elther PoAb or MoAb, with the latter proven to be more
specific (Cordova et al, 1999). Several MoAbs against specific F. g-
ganica entlgens have been used In Immunodiagnosis for fasclolosls,
Including recombinant cathepsin L1H (Wongwalrot et al., 20015), re-
combinant cathepsin B3 (Anuracpreeda et al, 2011), 66 kDa tegu-
mental antgens (TA) (Krallas ot al, 1909), 2E5kDa TA antigen
(Chalthirayanon et al, 2002), recombinant F. gigontdcos saposin-like
protein-2 (Kueakhal et al, 20013), F hepatica ES antigens (Abdolahl

Pig. 4. Semi-quansitation af the levels of expression of native
FgiPx in WH of metacercarine, NEI, 4 week-old juveniles,
adult, and ES, TA of adult F. gigortics by estimating the re-
activities with MoAb 7BE (black bar) using indivect ELISA.

B 788 Sigmificant increases of ODs were shown in WB from all de-
velopmental stages, and TA of adult F. gipentica when com-
O Myelomd  pared with coltore Auid of control myeloma cells (white barl,

denoted by * (p < (L05). No significanily increass was shown
in E5.
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1.0+ Fig. 5. Semi-quantitation of the levels of expression of native

094 * FgGPx in WB extracts of F. gipantica (Fg), C. cotylophorum (Cc),

o 5. labdato-papillosa (S1), G. explanatum (Ge), G. crumenifer (Gc),

0.8 4 B 788 E. pancreaticum (Ep), and F. cobboldi (Fc) by estimating the

0.7 - reactivities with MoAb 7BB (black bar) using indirect FLISA.

) Significant increases of ODs were shown in WB of adult F.
E 06 Myeloma  counrica when compared with calture fluid of coatrol mye-
2 054 loma cells (white bar), denoted by * (p < 0.05). No sig-
g 0'4 nificantly increase was shown in WB of other trematodes.
(=l
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0.2 4
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Fig. 6. Localization of native Fg(Px in the tissues of adult F. gigantica by immunchistochemical detection using MoAb 7BE. (A) A section was probed with culture
fiuid of myeloma cell shows no staining. (B, C) Sections probed with culture fluid of 7B8 show stroag pasitive signal in tegument (Tg) and cells of vitelline grands
(V). (D) A section probed with culture fluid of 788 shows strong positive signal in the tegument (Tg). No signal was observed in the parenchymal cells (Pc). () A
section shows strong positive signal only in the vitelline grands (Vi). (F) An adult F. gigantica section showing strong positive signal oaly in the egg (Eg).

Khablist et al., 2017) and 27 — 26 kDa ES antigens (Maleewong et al., are expressed and released Into the blood circulation.
10909). Likewtse, these MoAb could detect both early and late Infection In this study, we have produced and characterized the MoAb spe-
depending on the time In the life cycle that the corresponding protelns cifically agalnst rFgGPx by using hybridoma technique. By
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Fig. 7. A scattergram showing relative levels (represented by 0D values) of
circulating FglGPx in sera of mice infected with F. gipantica at 1 and 4 wesks post
infection.

Immunoblotting analysis, this Mo&b was Igiz1 with x Light chaln which
could react with rfFglGPx and the native FglGPx with approximate MW of
19kDa. When the levels of native FglGPx was estimated by Indirect
ELISA u=ing the MoAb agalnst rFgGPx (7BB), It was showed that the
expression levels of FgGPx were high in WEB of all developmental stages
of F. gigandce, Including metacercariae, NEJs, 4 week-old Juveniles,
adult and adult TA. Therefore, the reactive antlgens were produced and
predominantly released at high amount in all developmental stages and
adult parasite TA [Changklungmoa et &l 2018, 2015 2014; Jalkua
et al, 2016). A& simllar finding was reported by our group using a
polyclonal antt-rFgGPx (Changklungmoa et al., 20018). Furthermore, we
have used Immunoblotting analysis to show that FpGPx was expressed
In all developmental stages and also expressed In TA of adult F. geondcn
{Changklungmoa et al., 2018). The FgGPx expression in all develop-
mental stages of F. glgondce 1= similar to that of 5 japonfoum
{Changklungmoa et al, 2012 Zhang et al., 2015). For the Indirect
sandwich ELISA, rabbit antl-rfFgGPx 1gG and MoAb against rFgGPx had
been produced and purified by protein-A-affinity as determining by
SD5-PAGE analysls which showed heavy and light chalns of Ig(: class at
MW 50 and 25 kDa, respectively (Fig. 3). In this present study, protein
A from Sraphylococous murews was used as the precoat that could en-
hance the bnding of IgG to the plate as previously described (Kweakhal
et al.,, 2015}, and hence also the binding of FglPx antigen. Further-
mare, the applications of MoAb and rabhit PoAb against rEgGPy both as
antigen-capturing and antigen-detecting antbodles for detecting cir-
culating FgGPx antigen In Infected sera were 100 % positive at both 1
week and 4 week-post Infection. Furthermore, while this MoAb (7B8) 1s
specific for FpGPx there was no cross-reactivity with antigens from
other wematodes, Including 5 lobiare-popiliosa, & explananom, G cogy-
lpphorum, F. cobboldl, G. crumentfer, and E. pancreafcum. Thus, we ex-
pect that this MoAb can be wsed for as an Immunodlagnosls of both
early and late Infections in human and ruminant fasciolosis. This assay
will be developed In fubure study.

In concluslon, the MoAb agalnst FgGPy could react with FeGPx
which were expressed at high levels In tegument of all developmental
stages of F. gisondca, and In the TA, vitelline and egg of adult parasite as
well 85 ciroulating FgGPx. This MoAb specifically reacted with only
FgGPx, but not with antigens from other trematodes (E. pancreamcum, 5.
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lobdzro-papillosa, C. cogdophorum, &. cumendfer, F. cobboldi, & ex-
plenamm). This result strongly suggests that the MoAb against rFpGPz
can be used for Immunodiagnosts of both early and late fasclolosls In
ruminants and humans, which = presently being valldated.
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