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Comparison of Purified 12 kDa and Recombinant 15 kDa
Fasciola hepatica Antigens Related to a Schistosoma
mansomn Fatty Acid Binding Protein
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Vaccines in schistosomiasis using homologous antigens have been studied extensively in experi-
mentally infected mammalian hosts. Vaccines using heterologous antigens have received compara-
tively less attention. This review summarizes recent work on a heterologous 12 kDa Fasciola hepatica
antigenic polypeptide which cross reacts with Schistosoma mansoni. 4 ¢DNA has been cloned and
sequenced, and the predicted amino acid sequence of the recombinant protein has been shown to have
significant (44 %) identity with a 14 kDa S. mansoni fatty acid binding protein. Thus in the parasitic
trematodes fatty acid binding proteins may be potential vaccine candidates. The F. hepatica recombi-
nant protein has been overexpressed and purified and denoted rFhl5. Preliminary studies show that
rEh 15 migrates more slowly (i.e. may be slightly larger) than nFh12 on SDS-PAGE and has a predicted
pl of 6.01 vs. observed pl of 5.45. Mice infected with F. hepatica develop antibodies to nFhi2 by 2
weeks of infection vs. 6 weeks of infection to rFhi5; on the other hand, mice with schistosomiasis
mansoni develop antibodies (o both nI'h12 and yrFhi15 by 6 weeks of infection. Both the F. hepatica and

S. mansoni cross-reactive antigens may be cross-protective antigens with the protection inducing capa-
bility against both species.
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VACCINES IN SCHISTOSOMIASIS

Scveral vaccine candidates have been 1den-
tified in Schistosoma mansoni directed against
the schistosomulum as well as against other life
cvcle stages. Some of the more promising anti-
gens have now reached a more advanced stage
of development including in the casc of gluta-
thione S-transferase, the stage of industrial ma-
nufacture and safety testing (Capron 1992, Ber-
gquist et al. 1994). Another approach has been
to study closely related cross-recacting antigens
from another trcmatode, Fasciola hepatica
Onc 12 kDa antigen has been shown to induce
1n outbred albino mice significant l¢vels of re-
sistance to challenge infection with S. mansoni
(Hillyer et al. 1988a, 1990). This Fasciola an-
tigen 1s most probably related to a recently de-
scribed immunoprotective fatty acid binding
protein from S. mansoni. This review covers
recent studies with this heterologous antigen
from F. hepatica.
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HETEROLOGOUS RESISTANCE IN
SCHISTOSOMIASIS AND FASCIOLIASIS

Many studics have demonstrated that infection
with one species of parasite can induce significant
reduction in infection with another parasite (het-
erologous immunity or resistance). This reduc-
tion 1s manifcsted by reduced parasite burdens rela-
tive to the challenge infection, reduced egg laying
(anti-fecundity), reduccd pathology, or a comba-
nation of these. Studies on heterologous resistance
In relation to schistosomes and Fasciola were sum-
marizcd at the 2nd International Symposium on
Schistosomiasis (Hillyer 1987). Using the muring
model investigators have shown that infection with
F. hepatica induces high levels of resistance to
challenge infection with S, mansoni and vice versa
(Hillyer 1987, Christenscn ct al. 1987, Hillyer et
al. 1988b). This heterologous resistance has an
immunologic basis since the Fasciola antigen(s)
conferring resistance cross-rcacts with S. mansoni
(Hillyer et al. 1988a,b).

RESISTANCE TO SCHISTOSOMES USING
DEFINED, HETEROLOGOQOUS FASCIOLA
ANTIGENS

A I hepatica 12 kDa (nFh12) polypeptide pu-
rified from adult worm extracts induces in mice
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significant levels of resistance to challenge infec-
tion with this parasite. In four separate experi-
ments, outbred albino NIH {(GP) mice immunized
with nFh12 and challenged percutancously with
S. mansoni cercanae developed 47, 52, 60, and
77 % fewer schistosome worms than controls (Hil-
lyer et al. 1988a, 1990). The term nFhl12 is used to
define the purified native polypeptide. On SDS-
PAGE this polypeptide migrates faster than the 14
kDa MW marker and its migration is calculated to
be ca. 12 kDa. It is a potent immunogen which
must be expressed early after the transformation
of the metacercana cyst stage to the juvenile stage
because different animal species (mice, calves, rab-
bits) infected with F hepatica develop antibodies
to Fhl12 by 2 weeks of infection (Hillyer et al.
19880b). 1t is a cross-reactive antigen because mice
infected with 8. mansoni develop antibodies to
Fh12 by 5 weeks of infection.

MOLECULAR CLONING OF A cDNA
EXPRESSING RECOMBINANT nFhi2 (rFhil5)

A lambda gtll F hepatica cDNA library was
constructed from poly(A)+ RNA extracted from
adult worms. The unamplified library had a titer
of 2.2 X 10° plaque-forming units/m! and 99 %
recombinants. Primary screening of 300,000 ph-
age plaques from the amplified library with an anii-
Fh12 antiserum resulted in 33 positive clones.
After plaque punfication, 17 recombinant phages
were selected for further analysis. One cDNA was
sequenced and the predicted amino acid sequence
revealed an open reading frame encoding a 132
aming acid protein with a predicted molecular
werght of 14,700 Da (Rodriguez-Pérez et al. 1992).
This recombinant antigen was denoted rFh15. 1t
has a predicted molecular weight of 14.7 kDa, 132
amino acids, and an isoelectric point of 6.01. These
parameters and others incCluding the predicted ami-
no acid composition are summarized in Fig. 1.

Importantly, the predicted amino acid sequence
of rFh15 has significant identity (44 %) to a 14.8
kDa 5. mansoni fatty acid binding protcin (Moser
et al. 1991). Because of the similarity of the Fas-
ciola/Schistosoma protection inducing, Cross re-
active antigen (tFh15) with Sm14, our prediction
has been that the schistosome homologue must also
be a protection inducing molecule against S.
mansoni and, possibly, F hepatica (Rodriguez-
Pérez et al. 1992).

CLONING, OVEREXPRESSION AND
PURIFICATION OF rFh15s

The Fh15 coding sequences were amplified by
polymerase chain reaction, and the purified, am-
plified Fh15 DNA and the vector pGEX2TK were
digested with BAM HI. The gel purified, digested
PCR product was ligated into the BAM HI digested

Predicted Structural Class of the Whole Protsin: Alpha
Deleage & Roux Modification of Nishikawa & Qoi 1987

Analysis Whale Protein
Molecular Waight 14712.40 m.w.
Length 132
1 microgram = 67.970 pMoles
Molar Extinction coefficient 14060+5%
1 A(280) = 1.05 mg/mi
Isoelectric Point 6.01
Charge atpH 7 -0.94
Whole Protein Composttion Analysis
Number | % by % by

Amino Acid(s) l_cc:unt weight | frequency
Charged (RKHYCDE) 43 37.48 32.58
Acidic {DE) 20 16.88 15.15
Basic (KR) 19 16.75 14.39
Polar (NCQSTY) 31 21.85 23.48
Hydrophobic {AILFWV) 41 | 30.87 31.06
A Ala 6 2.90 4.55
C Cys 1 0.70 0.76
D Asp 7 5.48 5.30
E Glu 13 1 1141 9.85
F Phe 6 6.00 4.55
G Gly 9 3.49 6.82
H His 1 0.93 0.76
| lle 7 5.39 5.30
KLys 18 15.68 13.64
L Leu 6 4.62 4.55
M Met 8 7.13 6.06
N Asn 3 2.33 2.27
P Pro 3 1.98 2.27
Q Gln 1 0.87 0.76
R Arg 1 1.06 0.76
S Ser 8 4,74 6.06
T Thr 16 10.99 1212
V Val 14 9.43 10.61
WTrp 2 2.53 1,52
Y Tyr ! 2 2.22 1.62
B Asx 0 0.00 | 0.00
£ Gix 0 0.00 0.0¢
X XxX 0 0.00 0.00
cler 0 0.00 | 0.00

Fig. 1: predicted molecular weight, number of amino acids, iso-
electric point, and amino acid composition of rFhl 5.

and dephosphorilated pGEX2TK. The overex-
pressed S. japonicum ghutathione S-transferase
(§}GST)-rFh15 fusion protein was affinity puri-
fied using glutathione agarose by competitive elu-
tion with excess reduced glutathione (Smith &
Johnson 1988). Pure rFh15 1s obtained after throm-
bin cleavage of the fusion protein and subsequent
purification using a second glutathione agarose
column (Hillyer, Laxer, Soler de Galanes, Garcia-
Blanco 1n prep.). Major details of this purifica-
tion procedure are found 1n Fig. 2.

PRELIMINARY COMPARISONS OF nFhi12
AND rFhls

When pure nFh12 and rFhl35 are compared on
a 15 % SDS-PAGE gel, both migrate faster than
the 14 kDa molecular weight standard, but nFhi2
always migrates slightly faster than rFhl5 (Fig. 3).
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QYEREXPRESSION AND ISQLATION QF rEh 13

Overexpresssion

[LB broth + ampicillin, grow at 37°C to
Asogpe | 4, induce with O.2mM PTG (2h)]

Cell lysis
TSk, 250 UM EMSE & 1.3 mg/ml lysozyme)
BT, S mins.

Protein lysate preparation

EmMrgCle, 13 mM MnCl2 + 0130 mg/sm! DNase 1)
320, 15 mins,
C1X PBS, 178 "Tween-20 178 Triton X=100+ |7 mMDTT)
centrifuge for 20 ming. at 470

1 Supernatant

|lsetation of GST-rFh 15 fusion protein
column Chegmatography

(glutathione sephargse)

l | & mM Reduced qlutathione

GST=-rFhI5

Dialysis: avernight at 4°C tiomrm
Tris, pH5.2; 1S0mM NaC1; 2.5 M CaC12)

Thrombin ¢cleavage

Y1 unit/mg prateing
3 min. at RY

Extensive diajys!s
(1% MBS at 4 *()

Isolation of purarFH15
column chramatography
(glutalhione sepharose)

|

rFh 15

Fig. 2: flow chart detailing steps on the overexpression and puri-
fication of rFhi 5 (see text for details).

This suggests that rFh15 may have a slightly higher
MW than nFh12. The predicted pl of rtFh151s 6.0,
the observed pl using a BioRad Rotofor with 4-6
pH ampholytes is 545 (Hillyer, Laxer, Soler de
Galanes, Garcia-Blanco in prep.). Direct compari-
sons of the sequences of both proteins will resolve
these diffcrences and are 1n progress.

MW MW

145 —= -— 145

e,

il

rFhts nFh12

Fig. 3. comparison of the mugration of nFh12 and rFh15 ma 13
2% SDS-PAGE gel. The 14.5 kDa molecular weight markers (Bio-
Rad)in ascending order are 14.5 (arrows), 21.5 and 31 kDa. Note
that nFh12 migrates slightly faster than rFhl5, with both migrat-
ing faster than the 14.5 k[Da marker.

Other results on the time of appcarance of an-
tibodies during infections support differences be-
tween nFhl2 and rFhl15. For ¢xample, mice,
calves, and rabbits develop antibodics to I Aepatica
excretion-secretion (FhES) antigens and to nFh12
by two weeks of infections (Hillyer et al. 1988b,
Hillyer & Soler de Galanes 1991). In contrast, in
rabbits with fascioliasis antibodies to rFhl5 ap-
pcar much later, 1.€. by the 6th week of infection
(Fig. 4). Mice infected with S. mansoni develop
antibodies which arc cross reactive with FhES and
nFh12 (Hillyer ct al. 1988b, Hillyer & Soler de
Galanes 1991), as well as to rFh15 (Fig. 3) by the
6th week of infection. Thus the differences 1n tim-
ing of appearance of antibodies between nFh12 and
rFh15 are in the fasciohiasis, but not schistoso-
miasis. infections.

[t was also of interest to determinge the reactiv-
ity of different rabbit antiscra with purified rFhl5.
Thesc arc seen 1n Fig. 6. Anusera to /= hepatica
¢xcretion-secrction, whole worm antigens, and
gigantica whole worm antigens, clearly rcact with
rFh15, asdo antisera to nFhl12 and rFh15. Antiscra
to F hepatica glutathione S-transferase did not
rcact with rFh15. Antisera to S. bovis and to Pa-
ragonimus westermani had lesser reactivity, but
cross reactivity was clearly evident. These last two
are of special interest with regard to heterologous
resistance because Hillyer and Serrano (1983) dem-
onstrated that mice immunized with P. westermani
adult worm extracts developed resistance to chal-
lenge infection with S. mansoni. More recently,
Rodriguez-Osorio et al. (1993) showed that sheep
infected with F hepatica for 10 weeks developed

- FAST ELISA
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& rFhi15
O FhES
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Fig. 4. FAST-ELISA comparing the time of appearance of anti-
bodies to rFh15 and to Fasciola hepatica excretion-secretion an-
tigens in the serum from a rabbit infected with £ hepatica. Anti-
bodies to FhES appear by 2 weeks of infection whereas antibodies
to rFh13 appear at 6 weeks of infection.
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FAST ELISA
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Fig. 5. FAST-ELISA comparing the time of appearance of anti-
hodies to rFh1 5 and to Fasciola hepatica excretion-secretion an-
tigens in pooled serum from mice infected with Schistosoma
mansoni. Cross reacting antibodies to both FhES and rFhl 5 ap-
pear at 6 weeks ol S. mansoni infection.

FAST ELISA

Abs H6525 nm

Serym

Fig. 6. FAST-ELISA comparing the reactivities of rabbit antisera
to different trematode antigens. N - the normal rabbit scrum to
the left of its iImmune serum. a = antiserum against: Fasciola
hepatica excretion secretion (FhES) whole worm extracts
(FhWWE), glutathione S-transferase (FhGST), the purified 12
kD)a antigen (nFh12), the 15 kDa recombinant protein (rFh1 5K
gigantica whole worm extracts (FgWWE), Schistosoma bovis
adult worm extract (SbWWE), and Paragonimus westermani
whole worm extract (PwWWE).

87 % less S. bovis worms than controls. This is
similar to the finding that sheep infected with S
mansoni for 10 wecks acquired resistance to chal-
lenge infection with / hepatica (Haroun & Hillyer
1988). Heterologous resistance has also been dem-
onstratcd by Yagi et al. (1986) who found that £
gigantica micctions protected cattle against chal-
lenge infection with S bovis. Because the homo-
togues of rFh1S (or nFh12) may be involved in
protective heterologous immunity, further studies
arc requircd to demonstrate that they are also
present 1n the heterologous antigen preparations
used to prepare the antiscra described above.

It should be noted that rabbit antisera against
Fhi2 differ in their reactivities depending on the
method of isolation of antigen. For example, an
ant1-Fh12 antiserum developed by immunization
with Fh12 excised from SDS-PAGE gels when re-
acted with crude /< hepatica adult worm extracts
(FhWWE) will yield a single band on SDS-PAGE
at the 12 kDa position by Western Blot. This same
antiscrum will fail to react with FRWWE in FAST-
ELISA. In contrast, anti-Fh12 developed by im-
munization with Fh12 purificd by a combination
of gel filtration and isoelectric focusing will react
with SDS-PAGE fractionated FnWWE in Western
Blot and also by FAST-ELISA (data not shown).
Thesc results suggest that conformational epitopes
must be taken into account when preparing antis-
€ra to antigens 1solated in different manners.

FATTY ACID BINDING PROTEINS AS
VACCINES IN FASCIOLIASIS AND
SCHISTOSOMIASIS

Two fatty acid binding proteins have been de-
scribed from adult worm parasitic platyhelminthes:
a protein with 133 amino acids from S. mansoni
denoted Sm14 (Moseretal. 1991), and a 15.5 kDa
protcin from Echinococcus granulosus denoted
Egl5 (Esteves et al. 1993). Amino acid sequence
alignment and comparison of rFh15 with Sml4
shows 44 % identity among them and thus sug-
gests that the I hepatica antigen may also be a
fatty acid binding protein. Moreover, extensive
studies by M Tendler and collaborators in Brazil
have shown that mice and rabbits immunized with
recombinant Sm14 dcvelop significantly less S. .
mansoni worms after challenge than controls.
Similarly, mice immunized with recombinant
Sm1i4d develop high levels of resistance to chal-
lenge with /< hepatica (M Tendler, Intl. Symp. on
Schistosomiasis, Rio de Janeiro, Dec. 1993). More-
ovcr, our own studies have shown that nFh12 pro-
tects mice against challenge with S mansoni
(Hillyeret al. 1988a, 1990). Are thesc three FABPs
common protective antigens? A comparison of the
deduced amino acid sequences of all three are
shown 1n Fig. 7. It is clcar that rFhl5 is more
closcly related to Sm14 than to Egl5 with 43.9 %
identity between the trematode sequences; but there
1s only 23.5 % identity between rFh15 and rEgl5.
Morcover, dircct comparison of Sm14 with rEg15
only shows a 33.8 % identity. These differences
may be sufficient to preclude rEgl5 as a vaccine
candidate for cestodes as arc the trematode pro-
teins if immunity is based on primary sequence
alone. But if protection is a function of blocking
the biological activity of the fatty acid binding pro-
tein, then the sequence divergence may be less
important than the function of the protein. For
example, Sacchettini and Gordon (1993) have




Mem Inst Oswaldo Cruz, Ric de Janeiro, Vol. 90(2), mar./apr. 1995 253

N S A .'i- sk oE
|

=N F L':'-;-: i XK Lo Y 5T

1 |,- a..Jl- ]x;cx,_ ]"J”_-.r-'. 5 Y Thlh
e U_H" J ?l E'?]_H».H"'HL-
*. |_-n Mo EuFDE’lHFFL| IL[-'-.-'.Eﬂ- 5
;:; MPXATET " L¥SHRERMTHAXNESTFE KT Malorin
F |
40 2
[ | ]
2 [BE - L th‘-ﬂEFFT':T— T
3. LGN TV T|HT viTF T i
=3 ]xt«'rrnx.xlf FIH L IVLTICG

XX o TFEFGE

. At
£ L& T'T'T FTFG E S FEEETEDGERYMTEYTE LR rFulh
i L 5o T Fl2]F o J —[E F T | §| Wyl x s vivle'glale kvl ransg
"'E.IZ“.'—[-E*.rlJE A x = KFisEFFMITIVEHNG &

o S S e T e A T

rFhil4
Tl r=anld
VOE riglt

Mo ariky

rFL15:
rorld
i o

Fig. 7. amuno acid sequence companison of three related recombi-
nant platyhelminth fatty acid binding proteins: Fasciola hepatica
(rthl15), Schistosoma mansoni (rSml4), Echinococcis
granulosus (rfEgl5). Thethree amino acid sequences were aligned
by the Clustal method using DNASTAR. Inc. (Madison, Wiscon-
sin) comprehensive sequence analysis software for the Apple
Macintosh. Identical amino acid sequences haveé a frame surround-

ing them. The results show that rFh15 is closer to rSm14 than to
rEgl5 (see text).

shown that comparisons of numerous mammalian
and avian fatty acid binding proteins reveal simi-
lar conformations even though multiple sequence
alignments reveal that they have as little as 20 %
amino acid sequence identity. Thus the protection
inducing activity of Egl5 needs to be tested di-
rectly.

Homologous recombinant antigens which are
potential vaccines against schistosomes have been
tested extensively (Capron 1992, Bergquist et al.
1994). The trematode fatty acid binding proteins
may soon join this list of vaccine candidates.
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