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I. INTRODUCTION. 

Animal and himan levels of infection by Fasciola hepatica are very 
high in all cattle-raising areas of Peri and mary other South 
American countries. The problen, is serious for public health and 
economic reasons. Overwhelming infectJon of cattle, sheep, and 
other animals is not rare, and it leads to cachexia,, anemia and 
edema. Valuable animal protein (includinq livers of infected 
ariimalL) is lost for human consumption. In endemic areas of Perix 
parasitism by Fasciola hepatica in sheep and cattle is close to 
100%. Infection rates as high as 50% have been reported in rural 
children, while such -ates in cities of the same areas are between 
5 and 11%. Human infection is related to use of watercress 
(Nasturtium officinale) in salads, both in rural areas and in 
cities, or to inqestion of larvae (metir.ercariae) in contaminated 
water. 

The economic. impact of fascioliasis for Perd is very qreat: 
losses arise from elimination of infected livers- at abattoirs, 
decreased meat, milk and wool production by infected cattle and 
sheep, expenses for veter.nary fasciolacidal druqs. anO the need 
for medical att..-tion of infected people. Fasc:iola h:patica 
infection in humans may cause an acute syndrone which includes
 

acute pain, fever-, eosinophilia and hepatomegaly, and may lead to 
hemorrhaqe, i,.er rurture, shork, and even death. The chronic 
5tanr, 1-4 htv - -n0 r, flic asis has scant symptomatol .uv, htu-i: 
romp] '2a't ron~ ''.,d: as bile duct obstruction, .i vir .i hrosi S, and 

c . I -l i zations may occur. The deqret:. (jf ! i "er damacie 
ir . prriportionn i .,) the worm burden and the aller 'i: r-,Activitv of 
the patient:-. 

Contro.l of tif s zonnosis is a complex probl _m; irI ., sensitive 
diagnostic tests ,are an essential first step toward c.fFective 
control. In particular, early diagnosis, now impossi ble in the 
first weeks o; the disease, may aid significantlv in efforts to
 
keep cattle Fasciola-free in the critical periods of ,:alfhood,
 
pregnancy and lactation. Dosing with toxic druCIs is specially 
undesirable during those periads- The advantage of early
 
diagnosis in humans is obvious: if the disease is treated when
 
the worms are at the larva] stage, liver damage is miimized, as 
the extensive burrfwing characteristic of the chronic .-tage is not 
reached.
 



The 	overall objectives of the project were:
 

". 	 The isolation and characterization of proteolytic enzymes of 

Fasciola hepatica. and 

b. 	 To study the specific antibodies to these enzymes in natural
 

or experimental fascioliasis
 

The 	antigens obtained could be used for early diagnosis,
 

estimation 	of worm load, ascertaining success of chemotherapy and
 

ep'demioloqical field studies.
 

We have isolated and characterized the proteolytic enzymes of the
 

parasite. These enzymes show good antigenicity as they induce
 

antibodies in experimental and natural infections in animals and
 

humans. Initial tests performed with conventional techniques and
 

the proteinase antigen isolated promise adequate performance once
 

they are modified for mass screening and for individual followup
 
of patients and cattle.
 

The specific experimental work achieved is described in the
 

following pages.
 

TI. MATERTAI-S 

1. 	Adult wor-nEs (Fasciola hepatica) were obtained fr-nin the 
naturally infected cattle in abattoirs in Linia, rlru. The 
worms were washed in 0.9 X NaCi and homonenized in the same 

solution. Following centrifugation at 2,000 q, the separated
 

pellet and supernatant fractions here lyophilized; these
 

samples were studied in Lima and also transported to Baylor
 

College of Medicine.
 
2. 	 Adult worms obtained the same way were ijashed in saline
 

solution and immediately lyophilized. This material was used
 

both in Lima and at Baylor.
 

3. 	 Adult w)orms (120 worms/50 ml) were resuspended in distilled
 

cold water (4-C) in order to make them regurgitate
 
excretion/secretion (E/S) products. The material was
 
filtered throuqh Whatman N- 1 f iter paper, lyophilized and
 

stored until needed.
 
4. 	 Juvenile frirms were obtained from the life cycle of the
 

,nais nntained experimentally in the laboratory.
 

11T. HFTI -11'"1 

A. 	 L.i fe C;y .Ie 

The 	life cvcle of the parasite was obtained through Lymnaea
 
viatrix. It was necessary to have a room with aquaria. Snails
 

were brouqht from the Mantaro valley, one of the most important
 

cattle-raisina areas of PerOi as well as one with the highest
 
prevalence 	of cattle and human infection with Fasciola hepatica.
 
Eggs of the snails were used to begin rearing them .n the
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a 	 .as'
Fracoi .c Juvenie i ,aer infectedwi thmiraci dlae o 
hepatica obtai m thLeggs of theparasite Eggs 

inc t 7were ' ! 

Eahn; i '' aSincubated- :with 	 'rc 'one~hour. ,,,"A4- d-ring
n'tesnai 1 	 hsitisknownl, the"acce 	 mont2 before,.'the ~' 

p~sceof cercar i ,ae;at mente snails'.were placed %, in ,

sm,31 1:q csontainers to VinduceX:h'rn~rainoae ~'' to2!WV 
metacercara.f These were, collIected to, be~used in enzymatic 

h a sep-ng7aa-- s' pi~iieven 	 ~~ wtasda~t" on ~i dTer t "I e- s a m el r " be7sr 6f 

pri>enited byd e (4-10'7l~h 
D.BKFracti onati on.~p 

fThe sample~was resuspended in o.2k M citrate buffer.,,pH 4.9 
0. 1 	100, W/v) an d homogenizeW,in cold in a. Q:ass-qlass
 

S~ zeres~~ or*'~;ywiths y a French press. The : 7 {;77
-ih(lmoqe i homoqernate was
 
5cen tr ifug atO for 10 minutes 'at 4- C; ~
PCI.00,rpm the supernatant 


wted and the pellet (P),was resUspendedI i thesm
 
biiffer'(Triton .X-100 included step, but was
was initially i n thi., 

latpr~ eliminated) and centrifuged ,at 15,000 rpmf+or, 60 minutes at
 

, 4C. annd Pa. I.
to yield S 	 See Fdigure 


C.C Proteinase assaysedw 	 pe
 

I Low molecular weight substrates: Two fluorescent substrates 
were used (CBZ-Ph'e-Arg-AFC and ,CBZ-Arg-Arg-AFC). Assays 
were performed -i n. 0. 2 M citrate buffer, pHFP4.9, unless 
otherwise ,stated'. Thiols, (5-unM) needed to be present in 
the system. 

~''< 2 Azocoll 'assay". 5 mg/ml substrate in same buffer as above. 
Activity was measure& at 520 nm. ": 

YY~~3.. Hemoqlobin:"Human'hemoglobin at a final, concentration of 20 -

UQ/Ml was ind~ubated with'enzyme extract,in 0.2 M citrate
 
buffer-, containi'ng5,mM'cysteine,' The-'reaction was stoppedw
 
at different intervals by adding an equal volume of 0.5,M
 
Tris-H1Cl, pH,6.'9 containing 2-mercaptoethanol, glycerol and,
 
sodium dodecyl'isulphate (SDS). 'Samples taken at 0, 6, 12 I


* ad 24 hours a-'rinitiation of ,tIe~e~in~e*." W 
' ysubjected to-electrophoresis, in',15 % polyacrylamide gel 

under dienaturing conditions.
S 	 4. BoieS u l~i~ h assay was per f rmed the same way,
 

as -for hemoglobin.' "-


D -'Modulators
 

Theefo~diferntype:.'O+proteinase~modulatorsc 	 thet 	 on 
was~ 	 and'ct~ivty -of:,th'e enzyme assayed, g'he-'klbin, an -

CBZ. he-Orq-AFc as, ,substrates.' M1odu~l'ators'used were-.phenyl ­
Met~Y 'ISUlf~vfl'uoride (PMSF), p'eptatin ',odoacetate, 'EDTA,
 

~,~Ep49, -F64,-and 'calcium. chloride. 4'' 4."
 



E. Ammonium Sulphate Purification
 

Ammonium sulphate precipitations were performed as 
a first
 
purification step. 
 Salt concentrations used were 30, 50, 60, 70
and 90 X (w/v). Ammonium sulphate was slowly added at room
 
temperature, and samples were left overnight 
at 4-C to let the

precipitation 
co beyond completion. 
They were centrifuged at

10,000 rpm at 
4 "C for 10 minutes and the supernatant was
 
discarded. 
The pellet was dissolved in 0.2 M citrate buffer

pH 4.9 and diLvzed against citrate buffer for 24 hours to

eliminate the salt. 
 Protein concentration and enzymatic activity
 
were determined in each fraction.
 

F. Gel Filtration 

Two different matrices were used: 
An AcA 54, an

acrylamide-aqarose-gel, 
was used at Baylor, and Sephadex G-100 was
used in 
Lima. Both were properly calibrated using molecular

weight standards 
(Blue Dextran, 2'000,000; 
Bovine Serum Albumin,

62,500; pepsin, 33,000; chymotrypsin, 22,600 and lisozyme, 13,900

daltons) and 0.2 M citrate, pH 4.9 
 as eluting buffer.
 
The Sephadex column was attached to an 
Isco UA-5 detection unit.
 

G. Cationic: Exchange - High Performance Liquid Chromatography 
(CE-I IPLC) 

A polycationic exchanger (Polycat A, Custom LC Inc., Houston) was
used in an LKB HF'LC 
 system. Samples and solutions were
Drefill:erel hrntlh 0.2 um filters (Uniflo, Schleicher and
 
Schuell). Saiw 
 s were eluted with 1.0 M NaC]. 

H. Hydrophobic Interaction Chromatography - High Per formarnce 
Liquid Chromatography (HIC-HPLC) 

A PolyPROPYL (C3) Custom LC, Houston 5um dialmeter column was usedin an LKB HPLC system. Two buffers were used: Buffer A (0.9 Mcitrate, pH 5) 
for column equilibration and Buffer B (0.01 M 
citrate pH 5) for elution.
 

I. Chromatofocusing
 

A CX 10 ultraFiltration unit, with Polybuffer PBE 94 
(Pharmacia

Fine Chemicals) was used. 
 A pH gradient from pH 4.0 to 7.0 was
 
obtained with Pnl,/buffer 74. 

J. G1 yrcup "Lu i rn Assay 

1. SamplIs ,-.,r-u1 s;ubjected to electrophoresis and "Western 
blotted". Jh-
 primary ligand was Concanavalin A (Con A) 
and
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secondary. liqand. aPerox~idse-conjugated anti~~Con-A 

L~n~I1ect n-6ep harose_4 wa-reupended~i rzoperbfe 
Q.2 i ebufra 1tfg M D rnannose as~ 

desor~~~bing~
ag~t 'r sd 

K Seo .asy '4 4 

I~ Enzyme-inki~ed~ImmunbSorbent Assay~(ELISA). 

Polinyl icrotitulation (976-well1) plates were-coated -with'
 
'parti a puY,0 proteinase (l.Lg/ml) at~50 ul per, wel l*, and
rified 

wtsred ~~e rnqt.Ec we was blocked wit caeine I1%in 
Ph66pa~ uf -ef ­d61nl Tweari 0.05% (P-Tween)Ioht
ov rnight. 

insdh't'e PI' ween &5 % before thewterh'te hB 
~ corninq rom immunizedhmas 

frb-chebcone 'yyri'doma 'els.' heplates were. 
~t37-C,-,rinsed;or - as. above, and the, secd antiody,(0 ul~ofrabbit: ant ii mouse'. whole IgG,'conjugated wi,ith' horseradish 

,peoxidase 'Was added.-,,t Thu"_ pla t'e was incubated 1, h-our at 37-C' ~
 rnsed , and the substrateA(ABS'pi'1 22) adde +or~developmnent
 
d~th eeW e~~ rTe~tion' was stoppdwith" SDS (sodium


do8deC'yl ~Sulfate),.2 ~ ­
'' 

LIO'w
Th 71uedt flowterise in-titer in immunized mi e 
.Aoscreen the 
supern tant 'of hbioaclones 'for-antib'ody vr us 

rsoa'h(gtiaiotyping monoclonal an~tibodies,~and'_t6determnine .the Ievels'of antib~ody in,patient's. 

2 f -Dot Blot'L 

- tprparations of,*the enzyme were, applied '61~u), onto
 
',ni't'rocellulose p'aper , and'dried withhi 61 '' o h,
 

uInectd'amuier ore n1cmal'c wer inc'ubated, with-s-erum of "~mmntibo d-rduing e dails, or supernatn o he, posi'tive ~ '~~ 

times.,'with,,,PBS-0.05 % 'Tween '~Nitrocellulose" stripnc,

pjit)r imarv-A'ntib6ody 1-2 'horirsfat: 37-C~ rinsed as described
 

,abovke, Iand :incUbated with chorseradish peroxi-dase-secondary Ab,''

ornjLqate- 'for :1-3-hc ur%; then irinsed,,andi substrate
 
(DB/hiornahto) 'wa ade' o 'inutes, or: until color was '
developed.' TTh R- rea-. -t o ts'op'ed with water.
 

Wes-tern Blot~. 1 f'~' 

c4 heenzyme were loaded onto SDSL-157. RAGE' and rUn
I m3 rli wr rns re totennitrocellbltose, patper­

~ 4Jours. 4~Af~rj~h~ ~trn~fr."protei ns wee stairin 

ceILi Dses-rips wer i k teibody ante anid ',Awere a witth, primary, n
 
rc sd'i.,th'e same w~ay as 'in the dot blot, te~c 1Cl~
 

4 i nurof I uor -s4c..e4qceA'~ "~ 

!r ~ V . ' " ~ . , ... ~ . 

' '.J. 

http:times.,'with,,,PBS-0.05


Whole worms 
were fixed with Rossman's fixative and slices in 
cross
and longitudinal sections 
were incubated with the first antibody
1/100 (immunized mouse serum or 
infected mouse serum) for 
at least
two hours. 
 Sections were rinsed with PBS and incubated with
fluoresceine isothiocyanate-conjugated 
second antibody. Sections
were well rins-d before observation under the fluiorecenrP
 
mi crosrconD1.
 

L. Polyacry]amide Gel Electrophoresis 

Electrophoresis runs in 15 % polyacrylamide ge~s were performedin the presence of 
SDS and 2 -mercaptoethanol. 
 Average current
used at Baylor was 20 mA for 2-3 hours. 

Lima was 60 volts for 

Average voltage used in

12 hours. Several molecular weight markers
were used: 
Bovine Serum Albumin (62,500 d), 
 Alcohol Dehydrogenase
(42,000 d), 
Trypsin (21,500 d) Soybean Trypsin 
Inhibitor (21,000
d', Lysozyme (14,000 d), 
Cytochrome C, Aprotinin (6'00 d), 
 and


Insulin B chain 
(3,400 d).

Gels were developed either with Coomassie blue or 
silver stain.
 

M. Cellulose Acetate Electrophoresis
 

This technique separates molecules based 
on their electrical
charge, and not 
on their molecular weight. 
 Tris-Barbital
strength = (. 15 i) (Ionicwas used as running buffer and 150 volt for 20minutes were applied to the samples. The plates were stained with 
Ponceau red.
 

N. Hemolytic Activity 

The assay was performed with washed human erythrocytes (RBC); 10
ml 
human bood samples were collected in 1 3.8% sodium citrateml

and centrifuqed at 
1,000 rpm for 20 minutes. 
 The supernatant
fraction was discarded and the pellet washed three times in
volumes 0.95% NaCl, pH 7.3, and one in 

10
 
10 volumes isotonic buffer
pH 7.3 (0.1 M glycine in 0.6 % NaCl). 
 For the hemolytic assay,samples contained 0.8 ml isotonic buffer, 0.1 ml washed RBCs and0.1 ml of 
the Fasciola fraction to be examined. Samples were
incubated at 37"C and the reaction was stopped by coolinq thetubes at 4-'C and centrifuging them at 
1,000 rpm for 
5 minutes.Hemolysis wa's determined by absorbance at 540 nm. 

0. Immuni z:ti n 

Female BALB/c mice were immunized with the partially purifiedprot-inase nhtained through AcA 54 gel filtration,. The animalsw,: i r fI 1.t1r,, -tLaneousIv (n,- itiple sites) wi 4 !.,tal1 ,r )r,,I,,,,, ,r ;ifr of anticen in 0.3 ml. ,Fi ,:m, "n.. " i t.w r .urr .rs.,:[-.,I, 1-.n -culated with I-'i bi's ad juva iLt, ,vir t we t-, i 1,hFrek. I ' , rd j L . Complete Freund's adjLVan,t w.1; 50( oJ I Y in
the First lee i: on. 
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The mice were bled 48 hours after immunization and one week after
 
each booster.
 

P. Fusion
 

Three days before fusion an intravenous booster was given (20 ug

of 
partially purified proteinase in 100 pl) to the immunized
 
animals. 
 The antigen was partially purified through HIC and gel

filtration.
 

Day 0: 	the immunized animals were bled just before the fusion,
 
sacrificed by cervical fracture and the spleen 
was removed
 
under sterile conditions. 
The spleen was homogenized in
 
Dulbecco's modified Eagle Medium 
(DMEM) and the suspension

of splenocytes was centrifuged (15,000 rpra 
for 5 minutes).

The same procedure was followed with myeloma cells 
(non-Ig

secreting murine P3 x 63 A G 8.653). Viability of cells 
was determined using Trypan Blue. Splenocytes and myeloma

cells were mixed 1:1 (5 x - 6
10 cells). Cells were mixed
 
and centrifuged, and polyethyleneglycol (PEG) was added
 
with constant stirring until 
5 % final concentration was
 
reached. DMEM without fetal calf 
serum was added in 1
 
minute; 	7 ml more of medium were added in 
2-3 minutes.
 
The final suspension was centrifuged at 1,500 rpm x 
10
 
minutes, and cells were resuspended in such a volume of
 
DMEM (with added antibiotics, Streptomycin, Penicillin and
 
5-Flurocytosine, Fetal 
Bovine Serum and glutamine) as to
 
obtain 10 cells/ml. This suspension was poured into
 
96-well culture plates, at 
100 ul per well, and incubated
 
at 37-C and 7 % COz.
 

Day 3: (After fusion): Cells were fed with DMEM plus
 
Hvpoxanthine, Aminopterin and Thymidine (HIAT-containing
 
medium).
 

Day 14: 	Cells were fed 
as needed with HAT-containing medium until
 
day 25. Cells 
were then fed with complete DMEM.
 

Day 16: 	Supernatants of each well 
were screened for specific
 
antiFasciola antibody using ELISA.
 

Q. Selection of Clones
 

The cells contained in wells with ELISA positive reaction 
were
 
split into 96-well microtiter plates, allowed to grow and screened
 
again by ELISA. Positive wells were diluted using the technique

of two limitinq dilutions and screened again by ELISA. 
 Production
 
of monoclonal antibodies (mAb) in mouse ascitic fluid was also
 
used to 	obtain mAb. The desired clone was injected

intraperitoneally into BALB/c mice previously primed with Pristane
 
brand of mineral 
oil, Aldrich Chemical Co.). Peritoneal fluid was
 
obtained from mice 10 days later.
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R. Endoqenous inhibitor of 
Fasciola hepatica proteinaues
 

To determine whether there was any endogenous inhbibitor of 
proteinase activity, the partially purified enzyme 
(HIC pool) was
 
assayed by itself mixed with equal volumes of buffer and also with
 
fractions of the first peak of the HIC column. 
 See Table 5.
 

III RESULTS
 

A. Proteolytic Activity
 

The proteinases from Fasciola hepatica were able to degrade most
 
of the substrates available. Bovine Serum Albumin (BSA) was the
 
only substrate upon which no action was observed. Most of 
the
 
activity was found in the supernatant fraction (SI), using either
 
whole homoqenized worms or Excretion/Secretion (E/S) products.
 
When the French press was used to disrupt the worms, almost 90 %
 
of the activity was recovered in the S1 fraction, compared with
 
60 - 70 % recovery obtained when glass-glass homoQenizer was
 
used. (Table 1)
 

Activity was shown to be dependent on thiol sources (Table 2), and
 
the activation depended on the step of purification at which the
 
activity was determined. There was 5 fold stimulation in crude
 
extracts, and a 20 fold activation in more purified fractions.
 
Activity aqainst Hemoglobin is shown in Figure 2. The proteinase
 
activity was p'A dependent, showing maximum activity at pH 4.9
 
using Phe-Arg or Azocoll as substrates (Figure 3).
 

Proteinase activity was shown in extracts from juvenile Fasciola
 
hepatica, using Azocoll; the small 
amount of material obtained
 
made it impossible to compare the properties of 
the adult and
 
juvenile enzymes.
 

B. Modulators
 

Enzymatic activity was not inhibited by inhibitors specific for
 
serine-proteinases (PMSF), metallo-proteinases (EDTA), or
 
aspartil-proteiriases 
(pepstatin), using CBZ-Phe-Arq-AFC as
 
substrate, at the concentrations indicated in Table 3. 
 Ep-459,
 
E-64, and indoacetate, specific cysteinyl proteinase inhibitors,
 
comp] etel v 
inhi hi ted enzyme activity using the same substrate. 
Tlris = afp :r,t.tld be seen using henioqlobi n as a substrateame f4-.f-l 


(Ficitie 4) .
 

C. Ammonitum Silphate Precipitation 

Results are shown in Table 4. As observed, the highest
 
proteolytic activity using Azocoll as substrate was found at a
 
50 % ammonium sulphate concentration. Enzyme activity was also
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assayed in the presence of 5 mM DTT, 5 mM cysteine or 5 mM calcium
 
chloride (Table 4 and Figure 5)
 

D. Gel Filtration 

Different samples were loaded on 
the AcA 54 column: Supernatant
 
(Figure 6), Pellet, and S1 (Figure 7) from Fasciola extracts at
 
different concentrations. All 
samples showed several protein
 
peaks, and just one proteolytic peak at 23,000 to 32,000 daltons.
 
The E/S products loaded on Sephadex G-100 showed several protein
 
peaks, the largest of them located near the internal volume
 
(Fiqure 6). Activity was also eluted as a sinqle peak of the same
 
molecular weicht as above. 
Activity was also pH dependent.
 

E. Cationic Exchanqe-HPLC
 

Active fractions from AcA 54 were pooled and loaded onto the
 
cationic exchange column. 
Results were not satisfactory and the
 
procedure was discarded.
 

F. Hydrophobic Interaction Chromatography
 

This column separated proteins into two peaks. The larger of the
 
two peaks, eluted with Buffer A, contained little proteinase
 
activity, while the smaller peak, eluted with Buffer B, 
contained
 
most of the proteinase; Figure 10 and Table 5. 
 SDS-PAGE separates 
the proteinase activity into two components of different molecular 
weight; Figure 11. 

G. HIC - Gel Filtration - HPLC
 

Whole worm homogenate (50 mg/ml) was prepared as usual, loaded
and 

onto the HIC (C3) column. The peak of activity was pooled and
 
filtered throUgh PPK 125. Once resolved in a polyacrylamide ael. 
two major bands of proteins were observed (Fiqure 12). 

H. Chromatofoctsi nci 

Fractions eluted from the AcA 54 column showinq proteolytic
 
activity were pooled and concentrated using a CX 10
 
ultrafiltration unit. The concentrated sample was dialyzed to
 
reduce salt concentration and loaded into the column. 
 Results are
 
shown in Figure 13. There is only one important peak of
 
proteolytic activity, with an isoelectric point 
at about pH 6.5.
 
The same result was obtained using a Chromatofocusinq-HPLC column.
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I. Glycoprotein assay
 

The active fraction eluted from chromatofocusing was subjected to
 
the technique described in II G. 
 Previous reports on Schistosoma
 
marsorni 
proteinase suggested the existence of carbohydrates in the
 
structure of the enzyme. Moreover, 
it is known that Fasciola
 
hepatica contains large amounts of glycoproteins in its surface.
 
Con-A was used to determine the presence of D-mannopyranosyl,

D--qlucopyranosyl or sterically related residues in the Fasciola
 
proteinase. No positive results were found in 
the immune transfer
 
assay. Next a Lentil lectin-Sepharose 4B was used, and no
 
specific binding was observed (Figure 14). 
 The same results were
 
obtained changing pH to 7.0 and 6.0.
 

J. Folyacrylamide Gel Electrophoresis 

Supernatant from Fasciola hepatica as described in Methods (20 mg
dry weiaht/ml) were electrophoresed and four major protein bands 
lc:icatod r,.-r t1,hf- rtinninq front, at 14 kd, 30 ci and [:d were
 
ob t ai ned f I n r . - 15 and 16) . Previous result:s in Ac:A 54 and
 
Sephaniex G-100 filtration a peak of acLivi ty at aF- showed

mo]lecul ar wel olt of 30 kd. Therefore, it was assumed that the
 
third band in the PAGE (30 kd,. has the proteolytic activity. In 
order to 
isolate the protein from the untreated gel, it was washed
 
several times with distilled 
water to remove the SDS present. The
 
portion of the gel that suposedly had the enzymatic activity was
 
cut and triturated passing it through syringe needles. 
 The
 
resulting material was centrifuged al 3,000 rpm for 10 minutes,
 
and azocollytic activity was determined in the supernatant and
 
pellet fractions. No activity was found in the 30 kd band, 
nor in
 
the remaining gel. 
 This negative result could be explained in
 
terms of the denaturalizing conditions in 
which the
 
electrophoresis was performed, if they were so dramatic that the
 
enzyme was not 
able to recover its activity.
 

Lyophilized parasite E/S products were electrophoresed and silver
 
stained. Three major bands at molecular weights of 14 kd, 30 kd
 
and near the sample application were found. Active fractions 
derivode from the E/S gel filtration were pooled toqether and 
concP . rat,-.z. Jtust two protein bands were obtained (no 14 kd 
band) (Ficitir f 17). 

K. Electrophoresis on Cellulose Acetate 

Several bands were obtained with this technique. As it was run 
under non denatitralizing conditions, the protein bands were
 
separated and assayed from enzymatic activity (Figure 18). No
 
activity could be found in any of the fractions using Azocoll 
as
 
substrate; 
this could be due to the low amount of sample loaded.
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L. 	 Hemolytic Activity
 

Worm homoqenates and E/S products showed no hemolytic activity in
 
the 	conditions described under Methods.
 

M. 	 Western Blots
 

Human sera from patients with fascioliasis recognized two "bands",
 
one at 28 kd and the second at 10 kd; Figure 19. Sera from
 
immunized IALB/c mice recognized the same bands. One of 
the
 
clones recognized the lower molecular weight band; Figure 20.
 

N. 	 Immunofluorescence
 

Immunofluorescent assays with immunized animals showed a 
specific

reaction against the protein synthesized in the Fasciola gut. The
 
hiuman sera from patients with fascioliasis recognized the same
 
region even though the background was high. Figure 21 shows the
 
reactions of 
mouse and patient sera against sections of Fasciola. 
It is also interesting that in the longitudinal sections there is 
a sPerific_ fluorescence along the integument. Monoclonal antibody 
aq in-;': anti nr-n from Schistosoa asori recognizes the brush
 
hu(2IdIr rnf the_ n,iL in Fasciola.
 

0. 	 Selection (.f Clones 

A fusion experiment yielded 300 hybridomas. Out of these, 24
 
produced antibodies measurable by ELISA, and 8 were 
selected for
 
further cloning by limiting dilution. The 2 fastest growing,
 
antibody-producing clones were finally selected.
 

P. 	 Immunological Assays
 

1. ELISA: This technique was very sensitive, with antigen at 
50
 
ng/50 pl/well. Sera from two patients gave positive results
 
even when diluted 1:4096. 
The 	ELISA test showed both had
 
predomina-ntly IcM antiibody; Figure 22. The same procedure
.i-r; adeci,-ate to detect antibodies in immunized animals. 
Rihi'". adjtvant seemed to be better than Freund's adjuvant,
wit-h ;mu, r*&a under the titer curve 1.9 tim--s ptreater, and the 
,--,dr'd 5(I,,/, aor_ of not producin0 a granul oma or 
h,,',r- ,r',it~~-~ vi t.,. In the case of hybridormas prepared for 
m,:unoclonal -,mtilbodyproduction, isotype analvsis showed the 
clone studied secreted IqM antibody, kappa light chain 
specific; Figure 23. 

2. 	 Dot Blot: Sera from immunized, infected animals or
 
supernatanLs of positive clones showed positive reactions with
 
differenL: enzyme preparations, although there was a high
 
background. The Fasciola peak eluted from AcA 54 was
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unreactive with Schistosona marnsoni infected mice sera and 
with nnrmnal mice sera as first antibodies. 

Q. Endoqenous 
Inhibitor of Fasciola hepatica Proteinases.
 

The assay for detection of inhibitor 
activity against partially

purified proteinases in the first peak of 
the HIC column was
 
positive; Table 6 shows the results obtained. This explains the
 
greater proteinase activity found in purified proteinase as
 
compared to total homogenates.
 

IV. COMMENTS
 

The results shown in this final report point out 
the
 
accomplishment of the overall 
project objectives. The proteolytic
 
enzymes of 
Fasciola hepatica seem to be good antigens, specially

the light molecular weight enzyme (12 kd). It was recognized with
 
sera of infected animals and humans; 
 in addition the production

of monoclonal 
antibodies was not difficult. There was no cross
 
reaction when these antigens were tested with 
sera from mice
 
immunized with Schistosoma mansoni, showing specificity exists.
 

We think it feasible, using an ELISA technique as shown, or a
 
simpler method, to follow the course of the disease in humans,
 
specially as related to therapeutic outcome, and to determine the
 
prevalence of the infection in cattle raising areas.
 

The light proteolytic enzyme probably has an uncomplicated
 
aminoacid structure, so that its synthesis may be possible through

genetic engineering. 
This would allow large scale production of
 
antigen for practical uses, with fermentation technology.
 

The development of 
this project has made it possible to bring
together three research centers in three Universities, Baylor
Colleqe of Medicine, Universidad Peruana Cayetano Heredia, and 
Universidad Nacional Mayor de San Marcos. This joint effort is 
resuiltinq in further cooperative work, specially since there are 
now two well-trained Peruvian professionals, who have had 
an
 
important experience in biochemistry laboratories at Baylor. They
will he assuiming progressively more important roles in the 
rI, v 1 r~nn~r' r.-,F Peruvian science and technoloq%/. 
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TABLE 1
 

Total Activity Protein Specific Act. 
SAMPLE 

AFC nM/hr mq AFC nM/hr x mq prot 

Homoqenate 458.32 14.19 31.97 

S, 318.06 6.89 46.16 

P 1 121.04 4.92 24.62 

AcA 54 242.93 1.12 216.70 

Chromat. 171.00 N.D. ---

AFC: Aminofluorocoumarine 

TABLE 2 

Effect of Thiols and Ep-459 on Proteolvtic activity (Si) 

Control DTT (5mM) % Ep 459 (IpM) % 

2 hr. 2 hr. 24 hr. 

26.70 100 59.86 224 C 0 
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TABLE 3
 

Effect of Proteinase Modulators on 
AcA 54 Pool
 

Modulator 
 Concentration 
 % Control Activ.,* 

PMSF 1.0 mM 
 110
 

EDTA 
 5.0 mM 
 120
 

Pepstatin 100 uo/ml 86
 

1.0 mM 
 i1
 

CCI 
 2.5 mM 
 113
 

5.0 mM 
 119
 

Iodoacetate 
 1.0 uM 
 0
 

Ep 459 1.0 uM 
 0
 

Activity assayed with CBZ-Phe-Arq-AFC. 

TABLE 4
 

Effeclt: of Modulators on Ammonium Sulphate Fractions 

% (NHn).SO4 
 Proteolytic (Azocollvtic) Activity-


Buff er +DTT +Cvs 
 +CaCl
 

30 15.3 58.4 52.7 25.2 

50 60.0 
 98.3 99.1 
 47.8
 

60 
 49.2 84.5 
 80.3 38.7
 

70 32.0 55.6 55.8 32.5 

90 28.6 41.0 46.1 29.3 

Sihecific Activity: A--o x mq rain- x 10 - ­:,- prot-* x ' 



TABLE 5
 

Proteolytic Activity from HIC pool
 

SAMPLE Protein Total Activity Specific Activity
 
mq/ml
 

PC- 0.210 79.6 15.79
 

HIC 0.037 339.3 45'2. 4t 

Precolumn: activity of crude homoqenate.
 

TABLE 6 

Endocenous Inhibitor aqainst Fasciola hepatica Proteinase 

Fraction of Percentaoe of Per centau 
"Inhibitor" Oriqinal Activity lnWiibitiL. 
(Tube N-) (%) (%) 

12 38.1 61.9
 

13 38.3 61.7
 

14 45.8 
 54.2
 

15 52.4 
 47.6
 

16 59.1 
 40.9
 

17 62.0 
 38.0
 

Is5
 



Fasciola hepatica worms 

(Lyophilized) 

Homogenate 

(10 mg/ml 
0.2 M citrate, pH 4.9) 

40 C 15,000 rpm 
10 min 

Pellet Supernatant 

FIGURE 1
 

Fasciola hepatica Fractionation Scheme. Supernatant
 
S1 and Pellet P1
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A B C D E F G 

FIGURE 2 

Hemoglobin digestion by ACA 54 pool: Hemoglobin control at 0 hr (A), 
enzyme control (C); substrate digestion at 0 hr (D), 6 hr (E), 12 hr 

hr (G). 

ana 

(F), 

24 hr (B); 

and 24 
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FIGURE 3
 
Effect of pH on enzymatic activity 
of Fasciola hepatica protease. 
(o- o): 
fluorescent substrate CBZ-Phe-Arg-AFC; 
(o----- o): Azocoll
 
substrate. Both were measured under the same condi Ijons: 0.2 M 
sodium citrate, 5 mM DTT.
 



A B C D 

FIGURE 4 

Effect of protease inhibitors on Fasciola hepatica 

protease. A: hemoglobin control (12 hrs); B: hemo­

globin + protease (12 hrs); C: hemoglobin + protease 

+ pepstatin (12 hrs); D: hemoglobin + protease + 

Ep-459 (24 hrs). 
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FIGURE 5A 
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FIGURE 5 B 
Effect of modulators on proteolytic act-ivit-y of (NH 4)2 o 4 
Fascloa hepatica fractions. Activi t:y m '-,.l 1-1n)was 
Azocol] as substrate. (o ­ o) : coniro II (-..... e) +- mN 

CaCl2; (o-o): 
 + 5 mM DTT.
 



J K
 
I I 

I 
1.6 

14. 

' \ 16\ 

I .i 

LI 

" 
I 
I 

1*E 

5'I 

SO 44 
I 

so7oso9 

k l ' 

I 

.K 

.8 

. 

4 a c o l h e at c s u e n t n aIodIo d o n A A 5 o u n"2 l t n u f r . i S d u 

1' t mi e as ab o b nc t 28 

,3 
£0 70 0 9 

F:rac tionFIGLUE 
0-hasci~ola €thepaica supernatant was loaded on an AcA 54 column; eluting buffer, 0.2 M Sodiumcirae pH 4.9. Proteolytic activity was measured using CBZ-Phe-Ar-AFC as substrate- roteinwas r 'errnin edas abso rbance at 280 nrn. 

# 



IF'­
1. 

r) 

~St 

1
 

C
, 

O
 

.
.
.
-
.
.
.
.
.
.
.
.
.
.
 

--
U

I q C:~ 

w
 

0
-

'1 

oe 

-
4
4L

-

(U
---

P
4
4
 

r 

-
~IL

S~?~~ 

IC
Q

-~
~

 

-
~ 

-­

0
 

I 
Iq

 
-~071 0 

It, 

U
L)J 



+ 

I 

51 
II > 

++ 

~I 
-L 4-

'20 U-' 
C)
0 -

I' I 
- 0.2 L 

IiI 
I I 

I 
{.12 

0 

0.32-I .08 

0 .. 
12 

20 30 40 50 60 70 80 90 100 

FIGURE 8 
F asciola hepatica E/S products w-ere loaded on a 
Sephadex G-10,0 coliumn,
Sodium citrate, pH 5.0 using 0.2 M
as 

Azocoll 

eluting buffer. Protelvtic activitv was measured usingas substrate. Protein waPs doet-3rrnned 
as absorbance at 280 nm. 
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iifLC--livdoph)bI 
 in eraction chromatography (HIC): Polypropyl (C 3
 

BUFFER: A) DCl M C ITATI f.IA 
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FIGURE 10
 

15% SDS PAGE of 
Fasciola hepatica fractions. A and B;
 
molecular weight standards 
(MWS) ; C: liophilyzed HIC
 
active peak; 
D: HIC tube 17, E: 
pre-HIC, chromatofocu 
sing active peak (CMF); F: 
 pre-CMF column; G: pellet;
 
H: homogenate; 
I and J: MWS.
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11PLC-Ge.i. fi It.ra t:1ion: Protein pack 125
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A B C D E F G H 

FIGURE 12
 

12.5% SDS-PAGE. Fasciola hepatica S1 fraction was
 

loaded on HIC, and the a PPK column. A: whole homo
 

genate; B: precolumn; C: HIC active pool; D: pre-

PPK column; E: PPK-Pool 1; F: PPK-Pool 2; G: PPK­

tube 24; G: molecular weight standards. 
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FIGURE 13
 
Chromatofocusinq of 
Fasciola hepatica rotease(s). 
 Active peak eiuted from an AcA 54 column 
.s concertrated and loaded on CF cnlumn. 
 Pro teins %,eremeasured as abscbance at ,4) nm;oeol".t IC activj h< was determined usinq CBZ--Phe-Arq-AFC as substrat; a od -ad :a sn
 
omed (o-e-o)
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FIGURE 14
 

Fasciola hepatica supernatant 
(S )was loaded on an Lentil-lectinand eiute with appropiate buffer: column (Vt= 0.5 ml)
fractions 1-5; then D-mannose dded.@5~ec u j*a. Proteins
u. in~ Lowry techniaque , a K P O o vtic alcti ]io .~o/ 1 
- t r'n us.4nq 
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FIGURE 15
 

15% SDS PAGE of Fasciola hepatica homogenate and
 

S 1 fraction.
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FIGUPE 16
 

15% SDS PAGE of Fasciola hepatica AcA 54 active fractions
 



FIGURE 18
 

Acetate cellulose electrophoresis under non-denaturalizing
 
conditions. 
 Fasciola hepatica homogenate was loaded at
 
different concentrations on 
an acetate cellulose sheet.
 

See Methods for details.
 



F. 	 hepatica Infected Humans
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FIGUREI' 19
 

Immonogen ic 	 ity of fasciol las is pati en ts us ing vies ern
 
blot technique. Enzyme preparatLion on an SDS- 15
 

e Uho NC
PAGE wias tran of c Lo sh uut and toearlti vit y 
was determined using anti -human IcJ-pproxidas; -"njin 
ga te. 
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FIGURE 20
 

Immunogenicity of Fasciola hepatica proteinase in in 

fectied human serum and monoclonal antibody (MAb) in 

nitrocellulose (western b.lot) : Enzyme pr-eparirt ion on 

a SDS-15 % PAGE was transferred to NC and reict jVi t­

was determined using the proper peroxidase conjugatte. 



Immunized mouse serum:
 
Normal mouse serum: negative un
 

Normal human serum l uman serum 

FIGURE 21 .- Indirect fluorescence: Fasciola hepatica sectilons. 
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FIGURE 22 

Isotype analysis. or monoclonal antibody 
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FIGURE 23 



SUMMARY 

Proteinase(s) from Fasciola hepatica 

N 	 Apparent molecular weight 

Native: 19.3 kDa, 9.8 kDa 

SDS-PAGE: 28 kDa, 12 kDa 

* 	 Immunogenic in infected animals/humans 

* Developed monoclonal antibody (murine) 

U Future experiments directed toward serodiagnosis 


