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ABSTRACT 

Fascioliasis Is one of the most serious parasiiic iI!festatiJJns oj Hvestock. It is caused 
by Fasciola hepatica rremperate regfons) and Fasciola gigantica (Tropf.cal reglons),It 
also has a ?.oonotic importance, Ttte proteolytic enzyme: cathepsin-L cysteine protei­
nase (28-28,5 IWa) helps the parasIte tn tissue invasion. host lmmurte evasion and nu­

trients intake, Thfs study aimed to check weather Fasciola giganuca flukes depend 
upon cathepsin-L throughout their life cycle in. snail and mammalian hosts or not, For 

that cuthepstn-L gene was investigated (n adult and other developmental stages of 
f"ascfola g/gantfca using semt·quantuaUt/e RT·PCR assay. Cathepsm-L protein was de­

tected by u.s[ng SocUwn dodecyi sulphate- polyacrylamide get electrophoresis [800-

PAGE) analysts and detection oj cathepsfn-L cysteine proteinase antigen in examined 
stages by Enz~me tinked tmmunotransJer blot (1mB) analysts. Stages oj Fasciola gig­

antiCa were coliededjrom an experimental life cycle that was completed tn our labora­
tory. Ttte adutt IlJt)rl1tS and eggs were col1ectedJrom bUe ducts and gall bladders. re­
specti(;Cly, oj slaughtered naturally i.n.Jected caWe at EI.-5hohadu abattoir. Minuflya 

Province. Egypt. The results obtalned reveled that cathepsln-L gene is expressed in 
adult and other developmental stD.ges of Fasciola gigantir.a with a molecular weight oj 

28-28.5 kDa. These results are promisingj"ordevelopmg un effecti.ue and reHable meth­

od for early diagnosis oj Fasciola yigantfca where cysteine proteinase enzyme is 

present in adult and other deootopmefttal stages with moteculur weight at 28·28.5 kDa 

and its gene is fully expressed in. adult and other developmental stages. 

Key words: FasCiOla gigantitxt.. Cathepsin L. mRNA, RT-PCR, EITB, 

INTRODUCTION 
Fasciolosis is a hepatic parasitic tnfectlon 

caused by F. hepatica or F. gtgantica that af. 

feet.') numerous mammalian speCies, mainly 

Mansoura. Vet. Med. J. (21 - 35) 

ruminants and occasionally human, in sever­
al countries of Europe. Asia, America and Af­

nca, particularly in Egypt. The economIc sig· 
nlficance of fasciotosls 1s mainly due to etther 
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direct losses following decreased growth rate. 

low milking eapaelty and the confiscation of 

altered livers in slaughterhouse {GaJewska et 
aI •• 2005} or indirect losses due to the Inter­
ferenee wJth the reproductive emciency as 

wen as retardaUon In the growth of young anl w 

mals (Heath et 81 •• 1997). 

In human, the prescnee of adult fluke 
In the bile ducts causes a vartety of 

symptoms such as malaise, long standIng 
fever. and weight loss. pain under the right 
costal margin, eosinophilia and anaemia 

caused by feeding on the host blood (Soulsby. 
1982). 

Fasciola glgantlca in Egypt was reported by 
Ha&eeb et a1. (2002) who stated that it Is a 

serious disease afrcctIng different categorIes of 
animals as sheep. goats. catLle buffaloes. 
horses, rabbits, donkeys and camels, as wen 
as man. The world health organization re­
vic:wed the importance of human fascioliasis 
as a public health disease: this Is due to the 
number of human cases recorded (about 2.4 
millIon people) 1NtU1 l1ver flukes worldwide 
(Mas-Coma et 81,. 1999). 

Bentaaeor et al. (2002) stated that ca­
thepsin L proteinases {CLl and CL2). are the 

major components of FascIola hepatlca excre­

tion I secretion products (E/S) and consld· 
ered potential antigens of a vaccine against 

fascloHasis. They analysed the humoral re­

sponse eUclted by eLl and CL2 tn rats tmmu· 
ntted with the enzymes or Infected wJth F, hc­

patlca. by exam1n1ng specific 19E and 19G 
subclass dynamics, Moreover, Kuk et at. 
(2005) said that cathepsin Ll (CatLl) 1s onc 

of the major molecules In the e.xcretory~ 

secretory products of Fa-selola hcpaUca and 
was secreted by aU stages of the developing 

parasltc, 
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Early diagnosis is not possible because 

eggs don't appear In feces until flukes 
reaeh maturity. usually between 8 and 12 
weeks after Infeetion, The question was de~ 
veloped about pOSSibtUty of usage of pro­
tein antigen of F. gtgantica isolate in the Im~ 
munodlagnosls of the disease in human and 

animal which wtn be simple, rapid and 
cheap. early as possible (2-4 weeks post In~ 
feeUon), more sensitive and more speeHk. 

Also, recent results from several laboratoncs 
have demonstrated that animaJs can be slg­

nU1canUy protected agatnst infection by vac~ 
cinaUon wtth defined natlve Fasciola anti~ 
gens, which were isolated from excretory~ 

secretory products of the parasIte, cathepsIn 
L and haemoglobin (Dalton et al •• 1996) or 

by fatty aeld binding protetn and glutathIone 
(SpltbSU and Dalton~ 1998). A part from re· 
ducing fluke burdens, such vaccInes can eHeit 

a Concurrent reduction In parasl te egg pro­
duction. So Lhere is need to develop cost­
eITective. enVironmentally safe and sustatna· 
ble strategies, such as vaccinaUon, for control 

of tht& dIsease. 

MATERIALS AND METHODS 
Lymnaea caHiaudi snails were collected 

from Abo~Rwash, GIza Province and reared as 
previously descI1bed by EI-Olndy and Et· 

Gindy, 1964, Adult Fasciola giganUca were 
eollected from the common bUe duct of natu­
rally Infected cattle slaughtered In EI~ 

Shohada abattOir in Menofia Province. The 

adult flukes were Jdentlfied. washed three 
times with 0.9% NaCl solution and frozen in 
0.9% NaCl solution at {_40°C) until used for 
RT-PCR. Eggs of FaSCiola glganUca were COJv 

lected from the gall bladders of naturally tn­
fected cattle slaughtered in the abattoir and 
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prepared for Rf-f'CR according to the method 

descnbed by Amer (1996). 

For Embryonatlon of eggs, it must be as 
fresh as possible, so the eggs of Fasciola gig­
antlca were collected from the gall bladderS of 
naturally infeeted cattle slaughtered in EI~ 

Waraq abatlolr in Giza province near to the 
laboralory. These eggs were let to embryonat 
for Production of Mtraddta tn the lab accord­
Ing to the method listed by (Boray, 1964). 
This miracidia wHi be used for Infection of 

snaIls. 

IqfeetiQIl of Snails: 

Infcction processes were carried out as pre­
viously desclibed by Abdel Ghani. 1964. 
Briefly, Lymnaea caillaudl snails were ex­
posed Individually to the required dose of 
freshly hatched miraeldia by using 25 x 30 
cm tr.1nsparent plastic plates containing lOS 

finger-like cylindrical depression. By ustng a 
pasture plpette, the required miracidial dose 

(approximately 1 3 mlractdla I snail) was 
transferred In a small drop of water to every 
chamber, Thc snails were added directly (one 
snail I chamber). TIle chambers were filled 

with dechlorinated water. Then, the plates 

were covered by a transparent perforated 

23 

plastic cover, and exposed to the miraeidia for 
12 hours, After the exposure period. the 

snails were transferred to the plastic aquaria 
and labeled Wilh the InfeetIon date. 

Collection of Sporocyst. Rediae and Cer­
cariae! 

At lOth~ lath days post snails Infection. 

Sporoeysts were collected by removing the 
shells of the dead snans, suspended in dts­
tHled water and stored at - 40°C until used, 
At 25th day post tnfectlon. redtae were wllect­
ed by remov1ng the shells of the dead snails. 
suspended in distilled water and stored at -

40°C unW used, Before the suspected day of 
shedding (l,e" day 29), the shell of the dead 
snails were removed and the cercariae were 
collected in distilled water. Also, after shed­
dIng. cercariae have been collected on alumIn­
ium foit that fixed on the wali of the aquaria 
at the level of the wat.er. The eollected cercar­
Ia was suspended in dist1Hed wat.er and stored 
at· 400C until used, 

Preparation of total RNA! 

The total RNA was extracted using QlAO~ 

EN, R~A extraction kit (QLAOE:N .. Germany). 
aecordlng to the manufactuf<'.r's instructions. 

T.ble (1): Sequence. position primers ofCL-1 gene and product size, 

FOrward---:-ATGACGA'I'1iGTGGCATGAA5-0::(i9--r ---

fe~er~ LlGOOATACCGCGTGAGAGTAA 11 280-2991 250 bp I 

~ - 3) : I ' ~---,-___ . _. .._ . .....-J 
The selected CL-I. gene primer manufactured by (Metabion, Inc,. Germany), 
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Prlmer Design, 

Primers were desIgned as shown tn Table t. 
based on published nucJeoUdes sequences 
(gene bank accession number u62288). 

RevenJe Tunseri.ptase I Polymerase 
ChaIn Reaction CRT -PCR); 

3 ---8 RNA were reverse transCriped In ther~ 
mal cycler at 42°C for 30 minutes by using 
Ready-Go RT-PeR klt, (Amcrsham. USA): A 

pellet that contains aU ingredients necessary 

for tIT-PeR assay including reverse transcrip­
tase. RT buffer, Taq polymerase, lOx buffer 
and deoxynudeotidt triphosphate mix 
(dNTPst The pellet was resuspended for direct 
applylng RT-PCR assay. 'The peR conUnued 
by heating thc samples at 950(; for 5 minutes 
for initial denaturaUon. The PCR wHi per~ 

formed for 40 cycles each one composed from 
3 different step: the 1st 1s denaturation at 
92QC for 1 minute, aneaUng step at 500(; for 1 

minute and Extension step at 720C for 1 mln~ 

ute. The RT~ peR product was detected using 
agarosc gel electrophoreSIS according to Sam­

brook et al, (1989). 

The exerctory- secretory {E/S} Products 
Antigcn of Adult Fasciola gigantica were pre­
pared according to SanUago de Wen and HU­

lyer (leB6), Whlle the different Developmen­
tal Stages Antigens were done as preViously 
described by Amer (1996). The totaJ Protein 
concentrations were determIned by Lowry 

meUlOd (Lowry et a1. 19~ 1). Each sample 
containlng 10 pg of protein was dissolved In 
sample buffer in raUo of 1; 2 and bolled tn 
balling water bath for 2 mlntutes, Samples 
along with prestalned brood range molecular 
weJght protein marker (Blo- Lab Company) 

were then subjeeted to lO% SDS·PAGE. The 
gel was stained with Commassie blue stain. 

MansoUl'a. Vet . .Med. J. 
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ProteIn bands were scanned, and analyzed by 

densitometer to determine the molecular 
weights. 

Western blot analysis : 
For western blotting. the protein samples 

were subjected to 10% SDS-PAGE then elcc· 
tro·blotted onto a nitrocellulose membrane 
according to the modlficd technique by 'f09l~ 

bin et Ill. (1979). The nItrocellulose mem· 
branc was soaked 'n a blocking buffer for 2 
hours and washed in washing buffer 2 times 
for 5 minutes / each. Serum solutions were 
diluted in 5% BSA in 0.3 % PBST then, the 
nitrocellulose membrane was exposed to the 
dIluted sera for one hour and washed 2-3 
Umes for 5 minutes I each in washlng buffer. 
then exposed to peroxidase labeled antibody 
diluted in 5% BSA in 0.3% PBST for one 
hours. The membrane was washed 2·3 1n 
washing buffer and exposed to the substrate 
for 30 minutes. The membrane was then 
nnsed thoroughly with dIstilled water to stop 
the reaction. The reaction was read by Gel 
pro~analY-.ler 3.1 (Multimedia Co., USA). 

Preparation of Hyper Immune Sera 

from Rabbits' 
Six: male L5~2 IDIogram New Zealand rab­

bits were dMded lnto 2 groups Ithree rabbtts 
for each). Group (A): Jmmunlzed with purified 
cathepsin antigen {supplied by Biotechnology 
Center for Researeh and Services (BCRS). Cai­

ro UnIVerSIty, Egypt).Group IS): Injected with 
adjuvant alone as a control group. 

lmmunuatiort Protocol: (AceonHng t.o the 
method deserIbed by Langley and HtIlyer. 

1989):-

In Group (,Al: The anlmai$ were tmmu~ 
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nized by purified cathepsln-L antigen With 

Freund's adjuvant in ratio of 1: 1 {injected SIC 

tn two sites above the shoulder at three dos­

es), the 1st injection at zero day was 200 ...g 
protein of the prepared antigen per animal 
which were obtained from 200 ~l of the solu~ 
ble extract with Freund's complete adjuvant 
rrhe complete Freund's adjuvant eontalnlng 
attenuated strains of Mycobacterium whlch 
lead to non specific immune response). The 

rabbits then injected With 100 ,...g protein per 

animal {which were obtained from 100 _1 of 

the soluble extract) wUh }<"'reund's Incomplete 

adjuvant at ! 4 and 21 day from beginning of 

the experiment. 
In o..QUP (B): The animals were JnJected 

'kith a dose of Freund's complete adjuvant 

alone at :zero day SIC In Two sIte above the 
shoulder, then the second and third doses 

'''fere with Freund's incomplete adjuvant at 14 

and 21 day from the beginnIng of the experl~ 
ment, respectively. Blood samples were col~ 

lected at 28th day post immunization. Serum 
was prepared according to Rogan (l996). 

RESULTS 
Gene expression analysIs: 

CathepSin L mRNA expression In Fasciola 

gigantlea eggs, meracldea,sporocysts, rediae 

,cercariae and adult nuke. As showen in fig. 
I, a band of 250 bp was detected tn the egg 

and other developmental stages. Thls size Is 

identical to that of the positive control; Fas­

ciola glgantlca DNA 
After detection of cathepsin L mRNA ex­

preSSion by RT-PCR, We checked Fasciola gig· 
antlca adult E/5 a!ld developmental stages 

proteins by SDS-PAGE. The results showed 

expression of 28.5 K Da proteIn In aU tested 
samples (Fig: 2A&B. table 2). This indicates 

Mansoura. Vet. Meet, J. 
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the presence of that protein throughout the 

life eycle of FascIola gtganUca , 

Enzyme lhlked imwWlotransfer blot 
analysis (EITB): 

To check weather the mRNA exprcsslon of 

cathepthJn L Is supported by protein expres­
sion, EITB analysis was appUed on protein 
sample from adult Fasciola glgantica lEI 
S)products aqd other developmental stages. 
F'lg.3A &8. tableS Showed that cathepsIn L 

protein was detected as a single protein band 

of 28 K Da in all tested samples. 

DISCUSSION 
Several authors have been involved In 

studytng the proteases during development of 
parasites sueh as the serine proteases from 
larvae of HeUothts virescens (JohnstOll et al .• 

1995), the neutral proteases of the three de­
velopmental stages of Shlstosoma mansonl 

(Aurlault et aI., 1982). EnzymaUc !nvesUga­
Uons have shown that Faso::lola hepatica ca­

thepsin L IS expressed in different develop­
mental stages {Carmona et aI,. 1993;: 
Hawthorne et at., 2000; Muharslni et aI,. 
2000 and Harmsen et al .. 2004J. 

CQncernlng Cathepsln-L mRNA Exprea.. 

&100 In Adult and Differeot Developmental 

Sta, •• of Faado!a lIlpnU",,: 

Our knowledge indicated that there is no 
similar study conducted on Fasclola gtgantl~ 

ea. this motivated us to perform this work on 

Fasciola gtganUca. The present study showed 
the expression of cathepsln-Ll cystelne pro~ 

teinase gene in adult and other developmental 
stages of Fasciola gigantlca (eggs, miraddlae, 

sporoeysts. rediae and cercariae) at the ex­
pected band size of 250 bp using RT-PCR. 
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These results are in accordance with that or 
Tort et al. 1999 and Grams et al. 2001; 
Lawet al. 2003 and Mohamed et al. t 2005 
on Fasciola hepauca. 

RegardIng Cathepsin L Protein Expression 
In adult and different developmental Stages 
8DS-PAGE analysIs; 

5DS-PAGE results showed the presence of 
the 28 KDa prote1n band withIn the proteins 
samples of the adult E/S products and the 
other developmental stages. These results are 
going with those of Smith et a1. 1993b and 

Dowd et ai" 1994 who proved that the major 
protcins secreted by adult liver flukes were 
the 27-kDa cathepSin Ll and 29,5-kDa ea­
thepsJn L2 prote!nases. Moreover. our find~ 
lngs are 1n accordance with that or (Fagb~ml 
and Hillyer 1992; Smith .t >1 .. 1993b: Kuk 
et al" 2005; and Srlveny et al •• 2006). 

E1TB analysis: 
E1TB analysis in this study showed the 

presence of a band or cathepsin L1 cysteine 
proteinase at 28 KDa. In adult and other de­
velopmental stages or FaSCiola glganttca (eggs. 
miracirliac. sporocysts, rediae and eercart­
ae}.This lndicattng the presence or cathepsin 
L 1 protelns in these stages, 

Amounts of cathepstn L proteins from EtTB 
analysis differed from stage to stage. In eggs 

the amount was the lowest (16.102 ± g) then 
we noticed increase In the eathepsin L protein 
in Ute miracld1a ( 21.878 ± g) this may explain 
the rolc of the enzyme In penetration of the 
snail tissues by miracIdia. The amount de­
creased 1n sporocysts (20.826 ± g) then In~ 
creased again in redIae and cercariae (24,765 
4,. 24.069 ± g. respectiVely), ThIs increase 
may be due to the demand of cercariae for ca­
thepsin L for facilitating the excystation of en-

Mansonra. Vet. Ked. J. 

2S 

cysted metaccrcarlae and penetration of the 
fil1al host :intestinal walL 

Another definite increase in the amount of 
cathepsin L proteins In E/S products of adult 
Fasciola gtgantlca was l10ticed (34,018 ± g). 

This was the highest amount In aU stages. 
This may explaIn the great role of that enzyme 
In FaSCiola gtgantica adult stage either 1n par­
asite nutrltlon. tissue penetration and final 
host 1mmune eva..,~lon. 

The results obtaIned In this study came in 
agreement with Gorman et aI •• 2000: Ortiz. 
2000; BOsNert et aI •• 2000. Also DWt et 
at. 2002 discovered that the major antigenic 
fraction of FascloJa hepatica E.,-.:s antigen 20-30 

KDa was recognized spedflcally by sera from 
F. hepatica tnfected calves as early as 6·8 
weeks PI. 

We can conclude that FaSCiola gtgantlca 
parasite Is completely depend upon cathep­
sin-L cysteine protelnascs along its whole 
!lfe cycle either in snail and In mammalIan 
host This means that cathepstn-L eystelne 
proteinase is an Immunodomlnant antigen In 
FascIola glgantica life cycle. This study pre­
dicts that cathepsln-L cysteine protetnases 
of Fasciola g1gantiea may be the most promiS­
Ing antigen for immunodiagtlosls of human 

and animal fascioliasis and for protection 
against the dIsease through vaCCination strat­
egies. 
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(A) 2S.5KOa. • .. 28 KDa. 

(8) 

Figure (3): lmmunoblottlng of adult Fasciola gigan/lea E1S and different developmental 
stages antigens ( eggs1 miracidiae, sporocysts, rediae, cercariae) with cathepsin L injected 
rabbit serum. 

(A) Detection of antigens on nltroceUulose sheet+ 
(B) Photo of Gel pro-aualyzer. 
E: Egg M: Miracidia S: Sporocysts R: Rediae C: Cercariae 
EIS." ExcrelOry~Secretory products Ma: Marker 

Mansoura, Vet. Med. J. Vol..x. No.2. 2:008 
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