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SUMMARY

A ¢DNA encoding Fg14-3-3 protein 1 was cloned by immunoscreening of an adult-stage Fasciola gigantica cDNA library
using a rabbit antiserum against tegumental antigens of the parasite. The protein has a deduced amino acid sequence of 252
residues and a calculated molecular weight of 28-7 kDa. It shows sequence identity values between 57:6 and 58-1% to the
human 14-3-3 beta, zeta, theta, and eta proteins and is in a phylogenetic cluster with the 14-3-3 protein 1 of Schistosoma spp.
Nucleic acid analyses indicate that the Fg14-3-3 protein 1 is encoded by a single copy gene and that this gene is expressed as
a transcript of 1250 nucleotides. In adult and 4-week-old parasites the gene’s transcriptional and translational products
were localized in the gut epithelium, parenchyma, tegument cells, and in the reproductive organs. An antiserum against
recombinant Fg14-3-3 protein 1 detected a slightly smaller 14-3-3 protein in the parasite’s excretion/secretion material and
showed cross-reactivity with 14-3-3 proteins in extracts of other trematodes and mouse. Antibodies against Fg14-3-3
protein were detected in the sera of rabbits as early as 2 weeks after infection with metacercariae of F. gigantica and the
antibody titre increased continuously over a 10-week observation period.
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INTRODUCTION 14-3-3 protein. The 14-3-3 protein, which has been
analysed in many different species, contains highly
conserved domains and exists in several isoforms.
Functionally, it is involved in many biological pro-
cesses either as a mediator that brings together dif-
ferent binding partners or chaperone-like causing
conformational changes in the bound proteins and

Fasciola gigantica is a common liver fluke in the
tropics that routinely infects ruminants and acci-
dentally infects human hosts. Its close relative in
temperate regions is Fasciola hepatica. Worldwide,
both species result in substantial economic loss
due to increased morbidity of the infected animals
(WHO, 1995; Mas-Coma et al. 1999; Pfukenyi
and Mukaratirwa, 2004). Attempts have been
made to devise diagnostic methods and vaccines
based on specific fluke proteins that could detect
and kill the parasites (IMulcahy and Dalton, 2001 ;
Wedrychowicz et al. 2003). Tegument proteins are

thereby, for example, modifying their activity or
localization (reviewed by Aitken (1996) and
Dougherty and Morrison (2004)).

The 14-3-3 proteins of Schistosoma mansoni and
Echinococcus multilocularis have been tested as vac-
cine candidates in mice and the results indicate that
they have the potential to be used as protective
tools (Schechtman et al. 2001 a; Siles-Lucas et al.
2003). Furthermore, in wvitro 14-3-3 protein of
E. multilocularis has been shown to reduce nitric
oxide production by host cells (Andrade et al. 2004).
So far, 14-3-3 protein has not been studied in
Fasciola and it is therefore not known in which
biological processes it is involved in the tegument
of this parasite. In the present study, we have
cloned a 14-3-3 protein encoding cDNA by screen-

considered to be more species-specific than other
metabolic proteins such as digestive enzymes
(Chaithirayanon et al. 2002). Furthermore, during
development of the parasite, different tegumental
proteins are expressed and may help the parasites
to evade the host immune response (Hanna, 1980).
The activity, distribution, and expression of these
proteins may be controlled by signal transduction
processes that use key regulator molecules such as the

. ing F. gigantica cDNA libraries using an antiserum
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MATERIALS AND METHODS
Parasite collection

Newly excysted juveniles (NE]) of F. gigantica were
obtained by activating metacercariae in 2% pepsin
and 0-5% HCl at 37 °C for 45 min, in 20 mM sodium
dithionite, 0-2 % taurocholic acid, 1% NaHCOj, 0-8 %
NaCl, and finally in 0-5% HCI at 37 °C for 45 min.
Then the metacercariae were excysted in RPMI-
1640 medium (Sigma Chemical Co., St Louis, MO,
USA) containing 10% normal fetal calf serum and
10 ug/ml gentamycin at 37 °C for 3 h. The NE]
were collected and kept for further experiments.
Four-week-old juveniles were obtained from mice
experimentally infected with metacercariae via the
oral route. Adult worms were collected from the bile
ducts and gall bladders of naturally infected animals
killed at local abattoirs.

Schistosoma japonicum and S. mansoni were ob-
tained from mice 8 weeks after infection with cer-
cariae. Furythrema spp. and Paramphistomum spp.
were collected from naturally infected cattle. The
parasites were washed 3 times with Hank’s balanced
salt solution (HBS) to remove all traces of contami-
nating blood and bile before being processed further
for subsequent experiments.

Preparation of crude antigen extracts and a rabbit
antiserum against tegumental antigens

Protein extracts from mouse tissue (brain, liver,
kidney, heart, spleen, muscles, and testis), whole
trematodes, and F. gigantica excretory-secretory
antigens (ES) and tegumental antigens were pre-
pared as described previously (Chaithirayanon et al.
2002). New Zealand white rabbits were immu-
nized with 200 ug of the F. gigantica tegumental
antigen extract mixed with Freund’s complete
adjuvant. T'wo booster injections were administered
at 3-week intervals with antigen extract mixed with
incomplete Freund’s adjuvant, and antisera were
obtained from the rabbits 1 week after the third
immunization.

Immunoscreening of adult ¥. gigantica cDNA library

An adult stage cDNA library of F. gigantica con-
structed in 4 TriplEx2 (Meemon et al. 2004) was
screened with a rabbit antiserum against F. gigantica
tegumental antigens using the picoBlue Immuno-
screening Kit (Stratagene). Briefly, the proteins
expressed by the bacteria were transfered to a
nitrocellulose membrane (Schleicher and Schuell)
and probed with the pre-absorbed (E. coli) anti-
serum (1:200). Alkaline phosphatase-conjugated
goat anti-rabbit IgG was used as secondary anti-
body. The enzymatic detection employed 5-bromo-
4-chloro-3-indolylphosphate/nitroblue tetrazolium
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which
after low-density re-screening were converted to
pTriplEx2, and analysed by restriction endonuclease
digestion and agarose gel electrophoresis. The
selected ¢cDNA insert was subcloned in the Kpn
I-Xba 1 cloning sites of the plasmid pBluescript
SK™ (Stratagene). The plasmid was propagated in

substrates. Clones remained positive

Escherichia coli X1.1-blue according to standard
protocols (Sambrook and Russell, 2001). DNA
sequence analysis was performed by MWG AG
Biotech, Germany.

Analysis of 14-3-3 sequences
NCBI BLAST was

ologous 14-3-3 sequences. The sequences were then
retrieved either from the GenBank database
(CD137944, CD171110, XP_884002) or the UniProt
Knowledgebase (UniProtKB) database through
the EMBL sequence retrieval system. The Schisto-
soma mansoni sequence SM_CD137944 is then
combined with the translation product of the 2
overlapping (221 bp/100% identity) GenBank EST's
CD137944 and CD171110 (reverse complementary).
All retrieved sequences were aligned using
MUSCLE 3.41 (Edgar, 2004). The alignment file
is available by anonymous FTP from FTP.EBI.
AC.UK in directory/pub/databases/embl/align or
via the EMBLALIGN database via SRS at http://
srs.ebi.ac.uk; under accession ALIGN_000976.
An unrooted phylogenetic tree was constructed
with the Phylip 3.65 software (http://evolution.
gs.washington.edu/phylip.html) using neighbour-

used to screen for hom-

joining with bootstrapping analysis. The Accession
numbers of all used 14-3-3 sequences are shown in

Fig. 2.

Genomic DNA isolation and Southern blot analysis

A digoxigenin (DIG)-labelled RNA antisense probe
of the full length Fgl14-3-3 ¢cDNA was produced
with the DIG RNA Labeling Kit (Roche) and used
in Southern, Northern, and in situ hybridizations. A
DIG-labelled Fg14-3-3 RNA sense probe was used
as a negative control. Genomic DNA extraction and
Southern blot analysis were performed as described
previously (Grams et al. 2001). The F. gigantica
genomic DNA was digested with BamH 1, EcoR 1,
and Xho I (MBI Fermentas) and size-separated by
gel electrophoresis in a 0-7 % agarose gel. The Fg14-
3-3 ¢cDNA does not contain recognition sites for the
selected restriction endonucleases. The DNA was
transferred to a nylon membrane (Schleicher and
Schuell) and fixed to the membrane at 80 °C. The
DNA was hybridized with the antisense RNA probe
at 50 °C. Detection of the hybridization products was
done according to the manual of the DIG detection

kit (Roche).
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FG_14-3-3 ——MSPCWLTQCDFSSEQLVFLAKCAERAERYEDMAAAMKMHTEKIGKKGLSNEERNLLSVAYKNVVGARR
SM CD137944 ----------=--= .nTD..Hi..L..g....d....... RY..-ASG-T.C..oieeaeaannn.
HS beta W ---------- MTMDKSe..QK..L..q.. d....... AV..-Q.H-E....... ... ... . ...
HS zeta  ------------ MDKNe..QK..L..qg....d....C..SV..-Q.A-E. . ...
HS eta @  ------------ GDR...1QR.xL..q....d S...AV..-1Ne-P [ P
HS theta W ------------ MEKTe.iQK..L..qg....d...TC..AV..-Q.A-E....... .. ... G..
SM_prot 2 @ --------m-mmm oo —oo oo SNN-E.t.......... ... ...
SJ_prot 1 -MRDSFV.Q.K.L.PSD..Qi..L..qg....d....... AyA.-1PA-E.GS..... Foooooo oo,
SJ_Q5DA69 -MH.TFVSQ.K.L.PTD..Qi..L..qg....d....... .-1PA-E.Gs..... Foo.oo.o . ...
SM_prot 1 -MTtSWV.QSK.L.nTD. .Hi..L..qg....d....... Ry..—ASG—N.G ...................
HS_gamma ~ ----------- MVDP....QK.rL..q..G.d....... INe-Poo o
HS sigma = ------------ MERAS.iQK..L..Q......... F. GAV “K.e-E..Cutteeee Gq

SM_epsilon2 ---------- M.ELR.rNiv...LC.q....de.VK..IEIAT-NTeTE.tV............. i...

HS epsilon ----------- MDDR.D..yQ..L..q....de.VEs. .KVAG-mDV-E.tV............. i...

SJ epsilon ---------- MVSDR.CS.EC..LC.q....d..VK.VIEIVk-.SeGE.tI............ A.....
SJ_Q86DY0 MCDESWINKSKIQDR.S..A...Isdgs...N...C...KVV.-mPS-K.n...... F.A....... C..
SM_epsilonl ----------- MTER.A..yR..L..qL...de.VD...EVV.-mAe-E.tV............. i.s..
SJ_Q5DBQ9  --------- MEMTDR.I.1.RI.LV.q. GL d..Vs.v.TLV.-R.e-E.tV............. i.P..

L A A A A O O O | %

FG 14-3-3 SAWRITCGSIKP- - -DLKEVQLKATKDYIKRMVVELNDICKEVLDILONYLIPNAVSD- - ESRVFYMKMQ

SM:CD137944 ...vIS..T.A---ANDHmkSgIAee.RIkKiEK...A..Dg..V1.kd..1lVQESn.--..k..f1l...
HS_beta .s..vISSIEqKT——eRN KkQgMG.e.RekiEA..Q...Nd..el.DK...... TQP——..k...l..k
HS_zeta .S..VVSSIEQKT--eGA.KkQgMAre .RekiET. .R...Nd..Sl.eKf..... SQA--..k...1..k
HS eta .S..VISSIEQKTMA.GN.Kk.eKV.A.RekiEK. .ETv.Nd. .S1.DKf..K.CNDFQY. .k...1l..k
HS_theta ....VISSIEQKT--.TSdKk.gLI...RekvES..RS..TT..el.DK...A..TnP--..k...1. .k
SM_prot 2 .S..VISSIEQKT--eGS.RkQgMA. . .RekiEK. .K .H...Tl.DKf...K.TtAff..k...l..k
SJ_prot 1 ....VISAVEHKH--.ENSKkKRQL..e.RVk.EE...e..r...T1.SK..T.KsNGF--..q...R..e
SJ_Q5DA69 ....VISTIEQRP--.ENSKkKNQLA.e.RCkK1EE...e..r...T1.8SK..T.KsNGS--..E...K..e
SM_prot 1 ....vIH..EMKA--VNDRTkKgqIAee.RIk.EK...T..Nqg..Al.ed..1l...SP.--d.k..fl...
HS gamma .S..VISSIEQKTSA.GN. -kieMVrA.RekvEK. .EAv.qd. .S1vD. . YK CSETQY.RKDL.1. .k
HS sigma a...VLSSIEgKSNEeGS.EKGPEVre.RekvET. .QGv.DT..Gl.Dsh. .KE.GDA--...... 1..k
SM_epsilon2 .s...INSKESQDEAKGSd-eiHI..RfR.EVEK..de..TSi.nl.D.C.1.K....--..k..LN..r
HS epsilon as...ISSIEQKEENKGG.Dk..MIre.RQMVET..KL..Cdi..v.DKh...A.NtG--..k...Y..k
SJ_epsilon .s...LNSLETKRD-RYrTl.CINIHAVS.qCEKk.de..TNi..l.Hd..v.K.A..--..k..ILH..r
SJ_Q86DY0  ..... VSSIEQKL----e.EkK.RATe.RTFiEN..QSV.qQ...... DKf..KsDDaP--.DI...R..k
SM_epsilonl .s..VFSAVEQTEGNRGNAEkKQACA.KfReV1ES..dRvS.di.eliDK...Ks.TKS--d.k...1l..k
SJ_Q5DBQ9 .S. .VFSAIEQAEGQORGNTEKQATA .KfReV1EG. .dS.Sr.iieliDK. ..Ds.SKP--d.k...1l..k
T TTRTEINN%Y B e e o o o S
FG 14-3-3 GDYYRYCAEVADTENRQATIVDSSFDAYKKAMEIASG-LHPTHPIRLGLALNFSVLYYEIKDQPKEACDLA
SM_CD137944 ...N..L. .SDKT.AEV.QR.L...T..T.A.nK-.PT.............. F....gnNAPqg. .e..
HS_beta ..f..Ls...SCd.k.TT. Sn.QQ..qe.F..sKKEmQ ............... F....InS.ek..S..
HS_zeta ~ ...... L....AGAdkkG...Q.QQ0..ge.F..SKKEMQ. . ............. F....LnS.ek..S..
HS eta ...... L....SG.KkNsv.ea.EA...e.F..sKEQMQ............... F....gnA.eq..L..
HS_theta ...f . L....CGdd.kQTi.n.QG. .ge.FA.sKKEMQ. . . ... ......... F....LnN.eL..T..
SM prot 2 ...... L....TGdE. .KvieE.QR..ND.Fd. .KNQMQ. . .. ...uoeunn... F....LnA.DR. .H..
SJ prot 1 ..... fL....TGdA.KEv.eK.QA..e..T...EEM.PS............. mF..... CD.Tq. .n..
SJ_Q5DA69  ...... Ls...TGdA.kEv.eK.QA..e..T...EEL.PS.............. F..... CD.Tqg. .n..
SM prot 1  ...... L....TDAA.TEv.QK.L...T. . TTA.EN-.PT. . ............ Ff...gnDAAk. .e..
HS gamma  ...... L....TG.K.GDv.e..EK..SeR-..sKEHMQ............ y..F....gnA.eq. .H..
HS sigma  ...... L....TGAdkkR.i..aRS..qge..d.sKKEmP..n............ Fh...AnS.e..IS..
SM_epsilon2 ...h..R..YSVGNQ.kDAAen.IC..... A.D.EK-.PV.............. F....LnNSeq. .KC.
HS epsilon ...h..L..F.TGNd.kEAAen.LV...A.Sd..MTE.P............... F....LnS.DR..R..
SJ epsilon ...h..R..F.VHdK.kEARe..LL...e..kY.EN-.TV........ G..ooovvin LnN.Ak...v.
SJ_Q86DY0  ...... L..FQTGAK.AEAiKH.Ke..eA. TAK.tSD.P. .. ..o vve e ... F....enN.ek..Ti.
SM _epsilonl ...f..M..FsVDPQ.kKAAeE.NK..ge.S...aTQ.F............ y..Yf...MnD.D...R..
SJ_Q5DBQ9  ...... M. .FsVDPQ.kKAAeE.NK..qge.S.v.aTQ.F.A. . ........ y..Yf...MnD.Ak.....
B 3 B
FG_14-3-3 QKSFDEALAELDTLGEDSYKDSTLIMQLLRDNLTLWITDQPENEVD--~-~--~-~---~ AGDK-
SM_CD137944 kSa..S.i....0.Qd.............oiu... AS..-==-==------m—————— -
HS_beta kTa....i...... I seNQGd.G. -AG------- E.eN-
HS_ zeta kTa....i...... S s.TQGd.Ae-AGE------ G.eN-
HS eta kga..d.i...... Nt e e e e e s..QdE.------------ . .eGN
HS_theta kTa....i...... N.oo S.SAGE.C.AA-------- E.AeN
SM_prot 2 kga..d.i...... N s .TGGAdDA-NAP------ DEHg-
SJ_prot 1 kra..TsiG...s.Qd. ... As....A.DV---------- D.nDG
SJ_Q5DA69 kra..TsiK..... KGe........oooiii. As....A.DV---------- D.nDG
SM_prot 1 kSa..S.i....Q.0d....... . it As..TAEGDV---------- EN.S-
HS_gamma kTE.ed.i...... Nttt it e ee e s..QddHDGG--------- E.nNN
HS_sigma kKTt....m.d.H..S. ..ot A .NAGE.GG-EAP------ QEPQgS
SM epsilon2 rVa..S.i...... S.e...... oo, SnSEGEKDT-ASP------ K...K
HS epsilon kAa..d.i...... [ s .MQGdGEe -QNKEALQDVEDeNQ
SJ epsilon kTa..L.i...... S € N. .NPFNDGEKDTAASP------ K.eeK
SJ_Q86DYO0 .Na.n.siEL..QPDSG.L..... Ve iiii i serEAAQ-----------------
SM_epsilonl .Aa..d.i.k..Q.S.e.......... ... ..., s.PERAANV-KKD------ TDe.A
SJ_Q5DBQ9 Ta..d.i.k..Q.8q.T. ..o MseYERAANA-KKG------ TDe .A

Fig. 1. Multiple alignment of the deduced amino acid sequence of Fg14-3-3 protein 1 with the amino acid sequences
of 14-3-3 proteins from Homo sapiens, Schistosoma japonicum, and S. mansoni. The sequence of Fg14-3-3 protein 1 is
shown in full, the remaining sequences are sorted by their identity values (from highest to lowest, see Table 1) as
compared with Fg14-3-3 protein 1. A dot (.) indicates identical residues, lower case letters indicate similar residues and
upper case letters indicate different residues. Star (*) and hatch characters (#) indicate the two PROSITE signature
motifs PS00796 and PS00797 of the 14-3-3 protein family. The plus signs (4) indicate the T'PH binding site. The
exclamation marks (!) indicate the residues involved in the dimerization of 14-3-3 proteins. The percentage signs (%)
indicate the exocytosis-stimulating motif found in annexin and 14-3-3 proteins. The sequences database Accession
numbers are given in Fig. 2.
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'§ 2 RNA isolation and Northern blot analysis
2] D . .
S 2222 o = g = l; o > 0 ;_\1 a0 = Total RNA of adult F. gigantica was extracted
S0 | SRENRAREREERTAERN | using TRIzol reagent (Invitrogen). Electrophoresis
2 3 of total RNA from adult worms (20 ug per lane) was
g g o e G Gt it o o 0 o o carried out alongside a RNA size-marker (0-24 to
3¢} — i N — . )
S PR laotdomadoommwed =+t |+ 9-5 kb RNA ladder, Invitrogen) in a 1:2% agarose/
5 N | OO NN O S ORS00 | n
3 2:2 M formaldehyde gel (Grams et al. 2001). After
8 .g capillary transfer of the RNA to a nylon membrane
S LB TT QU QOO DI G OS> (Schleicher and Schuell), it was hybridized with
\. — = O F ANV N A0 O 0O — A <+ N o .
W ||Ae| Y000 On 0o [ 0w the DIG-labelled Fgl14-3-3 antisense RNA probe
g 3 at 75 °C. The membrane was washed at maximum
X Q stringency with 0-1 x SSC/0-1% SDS at 75 °C. The
S BAlrmonominmmoa—~—inm 0o Sy .
S I A A VAR IS JOSKEN hybridization products were detected by the same
- NO | OO RNRNDOH OO0 0o | +F %+ .
T protocol as used for Southern analysis.
X g
Qo
.§ G| O QN0 00N 00 N0 D FFan
S 0| OO OO OO0 OXOINO wn <+ <+ <+ . . o .
.80 <+ RNA in situ hybridization
8o =+
<3 N Four-week-old juveniles and adult worms were
g S |o® ALRTININ22Y YIS fixed in 4% (w/v) paraformaldehyde in DEPC-
w on on — = .
|| 0 | oo rnod0 | +t+o0on treated phosphate buffer saline, pH 74 for 3 h at
§ Q room temperature, cut into blocks and embedded
13} B . . .
© .8 in Paraplast. Sections were cut at a thickness of
8 % IR R S Ko Nl Bl S 8 pm, dewaxed, rehydrated, and. permeablllzed
7 - with 5-20 ug/ml RNase-free proteinase K in TE
cn . .
4 £ buffer at 37 °C for 30 min, post-fixed with 4%
<=8 : < ; ,Ci S x i : = DN 3 : = ,l: % : (w/v) paraformaldehyde in PBS at 4 °C for 5 min
n s . ..
= I and pre-hybridized in 4x SSC/50% (v/v) deionized
kS %‘ formamide in PBS at 37 °C for at least 10 min.
L
3 Gl oo fo®RXOAOR Subsequently, the sections were incubated in hy-
—% %a SRS | 9% ey ..q, ¥ . o L . YO
b Ol von D [ ninn Ownnn < bridization solution (40 % deionized formamide, 10 %
g g dextran sulfate, 1x Denhardt’s solution, 4x SSC
o] ) > ) )
- - o—_ . . .
° = Z PN 3: oo g g 3 0 © g g © g 10 mm dithiothreitol, 1 mg/ml yeast t-RNA, 1 mg/ml
~ — - Al -
%’D ©E|CHEBERRR [ RRCIngRn denatured and sheared salmon sperm DNA) con-
= . g ot o NCNO oG o taining 5 ng of DIG-labelled Fgl14-3-3 antisense
.- m 20 . . . ] _.‘ . . . B _.‘ - - . . F.1 - ‘;‘ o N . . .
E T2 BRR N R | YRR RN RNA probe at 42 °C OVerr.nght.. This experiment
< < was later repeated at a hybridization temperature of
Bl gElaerore 29va9r0ao O 5 o : ~
ElEE|dgnnrsn | gdegtndennacd 55 °C. The hybridized sections were washed twice
E < with 2x SSC and 1x SSC for 15 min each, and then
e ‘£ Elmgzln |pnocdcstecs incubated with 20 ug/ml RNase A in NTE buffer
& (500 mm NaCl, 10 mm Tris, 1 mm EDTA, pH 8-0)
. [se R Vele olien] <+t +0INn A0 OO — <+ . .
L E | Frad | ot in T & for 30 min at 37 °C. After 2 washes in 0-1x SSC for
= aniiN l\oooooll\l\ommml\ommmom . . . A
g - 30 min each, the detection was done using alkaline
9 S phosphatase-conjugated anti-digoxigenin antibodies
~ na S o RO F N0 FI> NN . .
e I R o oy et oo St Vel (Roche) and NBT/BCIP (nitroblue tetrazolium
5 chloride, 5-bromo-4-chloro-3-indo osphate
5 - hloride, 5-b 4-chl 3-indolyl phosphat
E ] é o b e 0 5 O I e for colour development. Whole NE]Js were fixed
7 <£ Sl ez |regg o neREoniar with 4% (w/v) paraformaldehyde in DEPC-treated
~ a8y | I~ 0 NI~ 00 O INn1ninin O O <+ 10 1N 1N 1N . .
2 phosphate buffer saline, pH 7-4, overnight and the
Zllye|e oroerrcavnonooocnan o o
I Bl B I = R=R I i S ol N o whole mount in situ hybridization was done as de-
) Q ©~ OO0 IN00 O NN NSO INn NN O LN X
o - scribed by Grens et al. (1996).
Sl s9| Teovoverasommoormoy
8 Eﬂ- |2 eRnnak—0o20Wwd
o) — NN NN <k N wn O wn <k 0w <+
o . . . .
o T Expression of recombinant F. gigantica 14-3-3
L A — A o) L . .
[a¥ « g £ _SE g g 5 .03 22 prot.em n E coli gndproductwn of a 14-3-3
— CESET 3 ﬁgﬁﬁggagg‘agﬂ antiserum in rabbit
9 igmagﬁg.iﬂ%%aa().gm‘émg
i) e Mo NeY et oS o s 90200 The coding sequence of Fgl4-3-3 was amplified
~ OQRNNNNNNZZZ 22 . . :
= AZTITTZITTNNNNRNRNRN N NN using specific forward and reverse primers that
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43
54

100
48

100
36
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100 Homo sapiens beta P31946
63 Bos taurus beta P68250
97 Oncorhynchus mykiss Q6UFZ9
82 Oncorhynchus mykiss Q6UFZ8
100 Bos taurus zeta P63103
Homo sapiens zeta P63104
82 100 Bos taurus theta Q3SZI4
49 Homo sapiens theta P27348
100 Homo sapiens sigma P31947
Bos taurus sigma XP_884002
Oncorhynchus mykiss Q6UFZ7
100 Oncorhynchus mykiss Q6UFZ6
74 Caenorhabditis elegans protein 1P41932
67 Caenorhabditis elegans protein 2Q20655
68 Meloidogyne incognita Q8WRV0
Schistosoma mansoni protein 2Q26537
Drosophila melanogaster zeta P29310
78 Homo sapiens gamma P61981
46 Bos taurus gamma P68252
Oncorhynchus mykiss Q6UFZ2
Oncorhynchus mykiss Q6UFZ3
Homo sapiens eta Q04917
Bos taurus eta P68509
Oncorhynchus mykiss Q6UFZ0
Oncorhynchus mykiss Q6UFZ1
100 Schistosoma mansoni CD137944
88 Schistosoma mansoni protein 1Q26540
100 Schistosoma japonicum Q5DA69
Schistosoma japonicum protein 1Q9U8K4
Fasciola gigantica 14-3-3 Q5FX78
Echinococcus multilocularis protein 1Q24902
Echinococcus granulosus Q9U408
Echinococcus multilocularis protein 2Q8MM75
Echinococcus granulosus Q8MUA4
Neospora caninum Q25538
Toxoplasma gondii 060955
Plasmodium knowlesi 061131
Plasmodium falciparum 061132
Schistosoma japonicum Q5DBQ9
Schistosoma mansoni epsilon 1Q9U491
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Fig. 2. Phylogenetic analysis of 14-3-3 proteins. A multiple sequence alignment of the listed 14-3-3 sequences was
done in MUSCLE 3.41. Phylip 3.65 was used to create an unrooted phylogenetic tree using the neighbour-joining
method and bootstrapping; the bootstrap values are shown. Fg14-3-3 is clustered with Schistosoma japonicum and

S. mansoni 14-3-3 protein 1 isoforms.

contained recognition sites for Nhe I and Hind 111
endonucleases (5'-cat atg TCG CCG TGC TGG
TTG AC-3" and 5'-aag ctt GTC ACC AGC ATC
AAC CTC-3). The PCR product was digested
with Nhe 1 and Hind 111 (MBI Fermentas), gel
purified and subcloned into the bacterial expression
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vector pET21a (Novagen). After transformation of
E. coli BLL21 (DE3), expression was induced with
isopropyl-f3-D-thiogalactopyranoside (IPTG) and
the recombinant Fg14-3-3 protein was purified under
denaturing conditionsin 6 Mmureaby Ni-NT'A column
chromatography (Novagen). The purified rFg14-3-3
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Fig. 3. Nucleic acid hybridization analyses with a DIG-
labelled Fg14-3-3 antisense RNA probe. (A) Southern
hybridization of Fasciola gigantica genomic DNA (15 ug/
well) digested with BamH 1, EcoR I, and Xho I (lanes 1,
2 and 3, respectively). The positions of standards for
fragment sizes (lambda DINA digested with EcoR 1/Hind
I11) are indicated on the left. (B) Northern hybridization
of 25 ug total RNA from adult F. gigantica. The detected
Fg14-3-3 transcripts have a size of 1250 nucleotides.
Positions of the RNA size standard fragments are
indicated on the left.

protein was analysed by SDS-PAGE. A polyclonal
antiserum against the purified rFgl4-3-3 was pro-
duced in a rabbit. The rabbit was subcutaneously
immunized with 125 ug of rFg14-3-3-6 as described
above.

Western blot analyses

The extracted proteins from parasite and mouse
and rFg14-3-3 protein were size-separated by 12-5%
SDS-PAGE and transferred to nitrocellulose mem-
branes. Non-specific binding sites were blocked with
5% non-fat dry milk in TBST (TBS, 0-05% Tween
20) before the nitrocellulose membranes were in-
cubated with the rabbit anti-rFgl14-3-3 antiserum
(1:2000). Alkaline phosphatase (AP)-conjugated
goat anti-rabbit IgG (1:2000 in TBST) was used as
secondary antibody and NBT/BCIP substrates were
used for enzymatic detection. Pre-infected rabbit
sera (NRS) were used as negative controls.

Immunolocalization of Fgl4-3-3 protein

Paraffin sections of adult F. gigantica were de-
paraffinized in xylene for 10 min and rehydrated in
decreasing concentrations of ethanol (100%, 90 %,
80%, 70%) for 5 min each. The sections were rinsed
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with water and were then incubated in citrate buffer,
pH 6:0 for 5 min twice and rinsed in tap water
for 5 min. Then the treated sections were overlaid
with 3% hydrogen peroxide in methanol for 30 min.
Non-specific binding was blocked with normal
horse serum for 10 min before incubation with rabbit
anti-rFg14-3-3 antiserum (1:500) in buffer con-
taining 1-5% blocking serum for 1 h. After washing
with PBS for 5 min, the sections were incubated
with biotinylated horse anti-rabbit IgG (Vector
Laboratories, Inc., Burlingame, CA) for 10 min,
washed with PBS, and incubated with streptavidin/
peroxidase complex solution for 10 min. Colori-
metric detection was performed using aminoethyl
carbazole as substrate (AEC, Zymed Laboratories
Inc.) and the reaction was terminated with several
washes with distilled H,O.

RESULTS

Isolation and identification of the cDNA encoding
Fgl4-3-3 protein 1

A single positive clone was selected after high-
and low-density immunoscreening of 2 x 10° phages
of an adult F. gigantica cDNA library with rabbit
antiserum against F. gigantica tegumental antigens.
The obtained Fg14-3-3 cDNA has a size of 869 bp
and contains a single 759 bp open reading frame.
This open reading frame encodes a protein contain-
ing 252 amino acids with a calculated molecular mass
of 28:7 kDa and an isoelectric point of 4-96. A search
in the PROSITE database (Bairoch and Bucher,
1994), showed that this sequence contains 2 signa-
ture motifs of the 14-3-3 protein family, PS00796,
[RA]-N-L-[LIV]-S-[VG]-[GA]-Y-[KN]-N-[IVA]
and PS00797, Y-K-[DE]-[SG]-T-L-I-[IML]-Q-
L-[LF]-[RHC]-D-N-[LF]-T-[LS]-W-[TANS]-
[SAD] which are located between amino acids
53-63 and 221-240, respectively (Fig. 1). A multiple
alignment of Fgl4-3-3 with known and deduced
amino acid sequences of 14-3-3 proteins from
H. sapiens, S. japonicum, and S. mansoni created
in the MUSCLE program (Edgar, 2004) revealed
a third conserved sequence motif between resi-
dues 171-213 (Fig. 1). It is the TPH binding site
that associates with phosphorylated tryptophan
hydroxylase and is also used for binding of the Raf
kinase (Ichimura et al. 1995). In amino acid se-
quence comparisons, Fg14-3-3 protein 1 showed the
highest identity values with the 14-3-3 beta, zeta,
theta, and eta isoforms of vertebrate species and
with the 14-3-3 protein 2 (56:5%) and CD137944
(60-3%) of S. mansoni (Table 1). The 14-3-3 epsilon
class isoforms found in many species including
Schistosoma seem to be more distantly related pro-
teins with identity values between 45-4 and 50-6%
(Table 1). To classify Fg14-3-3 protein 1 within the
14-3-3 isoforms found in other species, an unrooted
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Fig. 4. RNA in situ hybridization with 14-3-3 probes in tissue sections of adult Fasciola gigantica. (A) Negative control
hybridized with a Fg14-3-3 sense RNA probe. Ca caeca, Te tegument, Vi vitellaria. (B) Strong hybridization signals
with the Fg14-3-3 antisense RNA probe are observed in the tegumental cells ('T'c), caecal epithelial cells (Ca),
parenchymal cells (Pc), and vitellaria (Vi), but not in muscle (Mu), nuclei (Nu), spines (Sp), syncytial tegument (Te).
(C, D) In male reproductive organs, the Fg14-3-3 transcripts are abundant in prostrate gland (Pg, arrow), cells
underlining the cirrus (Ci, arrow) and the germ cells in the testis ('T1). (E-G) Female reproductive organs exhibit
intense staining of cells in Mehlis gland (Mg), vitelline cells within eggs (Eg) in the uterine lumen (F) and the germ

cells in the ovary (Ov).

phylogenetic tree was constructed using neighbour
joining (Saitou and Nei, 1987) (Fig. 2). Fgl14-3-3
protein 1 was found to be closely related with
S. mansoni and S. japonicum 14-3-3 protein 1. These
3 proteins and 2 further, not described, 14-3-3
sequences of S. japonicum (Q5DA69) and S. mansoni
(deduced from ESTs CD137944/CD171110), form
a cluster and are more related to the non-epsilon
14-3-3 classes of the compared species. The nucleo-
tide sequence data of Fgl14-3-3 are available in the
GenBank™, EMBL and DDB] databases under the
Accession number AY878648.

https://doi.org/10.1017/50031182006001119 Published online by Cambridge University Press

Southern and Northern hybridization analyses

To validate that the isolated cDNA represents a
DNA sequence from F. gigantica and to assess the
14-3-3 gene copy number, a Southern blot analysis
was performed. Under stringent hybridization
conditions, a DIG-labelled Fg14-3-3 antisense RNA
probe hybridized with varying intensities with up
to 4 fragments of genomic DNA, BamH 1 (3 frag-
ments), EcoR 1 (4 fragments) and Xho I (1 fragment)
(Fig. 3A). The results suggest that the isolated
Fg14-3-3 gene is a single copy gene.
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Fig. 5. RNA in situ hybridization with 14-3-3 probes in tissue sections of 4-week-old juvenile and NE] Fasciola
gigantica. (A, C) Control cross-sections of 4-week-old juvenile and NE] hybridized with a Fg14-3-3 sense RNA probe.
(B) In 4-week-old juveniles, the Fg14-3-3 antisense RNA probe shows strong staining in tegumental cells ('T'c, arrows),
caecal epithelial cells (Ca), and parenchymal cells (Pc). (D) In the whole mount hybridization of NE] strong staining
was found in the pharynx (Ph) and caeca (Ca), and moderate staining in parenchyma.

In a Northern blot analysis of total RNA
from adult F. gigantica hybridized with a Fg14-3-3
antisense RNA probe under highly stringent hy-
bridization conditions a 1:25 kb RNA product of the
Fg14-3-3 gene was detected (Fig. 3B).

Expression of Fgl4-3-3 in developmental stages of
F. gigantica

To examine the distribution of Fgl14-3-3 RNA in
various tissues of different developmental stages,
tissue sections of 4-week-old and adult F. gigantica
were analysed by in situ hybridization witha Fg14-3-3
antisense RNA probe. In the adult stage, positive
staining was detected in the cytoplasm of various cell
types including caecal epithelial cells, parenchymal
cells, and tegumental cells (Fig. 4B). Hybridization
signals in the muscle tissue were generally weak
or absent (Fig. 4B). The concentration of Fg14-3-3
transcripts was high in the reproductive organs, in-
cluding the prostrate gland and cells underlying the
cirrus epithelium, while the epithelium itself was
unstained (Fig. 4C). The Mehlis gland cells were in-
tensely stained (Fig. 4E), while the testicular cells,
ovarian cells, vitelline cells and ovum within the eggs
were moderately stained (Fig. 4D, F, G). The control,
hybridized with Fgl4-3-3 sense RNA, showed no
staining (Fig. 4A). In 4-week-old juveniles, a similar
hybridization pattern with the Fgl14-3-3 antisense
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RNA probe was observed (Fig. 5B). In awhole mount
hybridization of NE], the Fg14-3-3 antisense probe
showed particularly intense staining along the diges-
tive tract, including pharynx and the caecal branches
(Fig. 5D), whereas no staining was observed in the
negative control section (Fig 5C).

Expression and immunoreactivity of recombinant
Fgl4-3-3 protein

After induction by IPTG, rFg14-3-3 protein 1 was
expressed in E. coli at the calculated size of 30 kDa
(Fig. 6). This recombinant protein was used for the
production of a polyclonal antiserum in rabbit. The
antiserum detected the 14-3-3 antigen as a 29 kDa
product in immunoblots of F. gigantica protein ex-
tracts from newly excysted juveniles, 4-week-old
juveniles, adult worms, and the tegument (Fig. 7A).
In the ES antigens the antiserum reacted with a
28 kDa product (Fig. 7A, lane ES). The antiserum
showed slight variations in its reactivity against
immunoblotted antigen extracts from S. japonicum,
S. mansoni, Eurytrema spp., and Paramphistomum
spp. T'wo products of slightly different size were
detected in S. japonicum, 1 light immunoreactive
band was found in S. mansoni, in Eurytrema spp., and
in Paramphistomum spp. (Fig. 7B).

The cross-reactivity of the antiserum against
mammalian 14-3-3 protein was analysed in mice.
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Fig. 6. SDS-PAGE (12:5%) showing expression and
purification of recombinant Fg14-3-3 protein. Lane 1:
non-induced bacterial lysate; lane 2: IPT'G induced
bacterial lysate; lane 3: recombinant Fg14-3-3 protein

after purification by Ni-N'T'A (arrow). Positions of the
molecular weight standards are indicated on the left.

Protein extracts from mouse brain, heart, liver, kid-
ney, spleen, muscle, and testis exhibited differences
in 14-3-3 abundance and isoforms. T'wo immuno-
reactive bands, with the major band at 30 kDa and a
minor band at 31 kDa, were found in brain and testis
(Fig. 7C). The tissue extracts from kidney, spleen,
and liver showed only 1 moderately immunoreactive
band at 30 kDa (Fig. 7C). The remaining tissues,
i.e., heart and muscle, showed only a weak immuno-
reactive band at 30 kDa (Fig. 7C).

The humoral immune response against the 14-3-3
protein was analysed in a rabbit after oral infection
with F'. gigantica metacercariae. Antiserum collected
from the rabbit 2 weeks after infection detected
immunoblotted rFgl14-3-3 and the intensity of the
staining increased markedly along the course of
infection up to 10 weeks, while the normal rabbit
serum did not show any reactivity against the
recombinant 14-3-3 protein (Fig. 7D).

Immunolocalization of 14-3-3 protein in adult
F. gigantica by a rabbit anti-rFgl4-3-3 antiserum

Paraffin sections of adult F'. gigantica were probed
with pre-immune rabbit serum (negative control)
and rabbit anti-rFgl14-3-3 antiserum. Rabbit pre-
immune serum did not result in positive staining
(Fig. 8A) whereas the anti-rFgl14-3-3 antiserum
detected the native protein throughout the body of
the worms with the exception of muscle layers un-
derlying the tegument and surrounding the caecum
(Fig. 8B-E). The characteristic red staining of the
AEC substrate was intense in the tegumental cells,
their processes and the tegument syncytium, es-
pecially in its outer zone, while the spines were not
stained (Fig. 8B-C). Light to moderate staining was
found in the parenchymal cells and caecal epithelial
cells, respectively. Also stained were the male
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Fig. 7. Western blot analyses of recombinant Fg14-3-3
(2-5 ug per lane) and protein extracts (12-5 ug per

lane) from trematodes and mouse using a rabbit anti-
rFgl14-3-3 antiserum (A, B, C) and sera of Fasciola
gigantica-infected rabbits (D). (A) Protein extracts from
F'. gigantica: newly excysted juveniles (NE]), 4-week old
juveniles (4 wk), whole body of adult worm (WB),
excretory-secretory fraction (ES, adult), tegument
fraction ('T'A, adult) and rFg14-3-3 protein. (B) Whole
body extracts from trematodes: Schistosoma japonicum
(S3), S. mansoni (Sm), Eurytrema spp. (Eu),
Paramphistomum spp. (Pa), and F. gigantica (Fg). (C)
Protein extracts from mouse tissues: brain (Br), heart
(He), kidney (Ki), liver (L.i), spleen (Sp), muscle (Mu),
and testis ('T'1). (D) Detection of recombinant Fg14-3-3
protein by sera of rabbits orally infected with
metacercariae 2, 5, 7, and 10 weeks post-infection.
Position and size (kDa) of protein molecular weight
markers are indicated on the left. NS, rabbit pre-immune
serum.

reproductive organs, including the spermatogenetic
cells of the testis (Fig. 8D), prostrate gland and its
duct, seminal vesicle and cirrus (data not shown). In
the female reproductive organs, staining was more
intense in mature oocytes than in young oocytes lo-
cated at the periphery of the ovary (Fig. 8E). Mehlis
gland, vitelline cells, and ova inside the uterus were
also stained (data not shown).

DISCUSSION

Various isoforms of protein 14-3-3 with highly
conserved sequence motifs have been isolated and
characterized in eukaryotic organisms ranging from
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Fig. 8. Immunolocalization of Fg14-3-3 in tissue sections of adult Fasciola gigantica using a rabbit anti-rFg14-3-3
antiserum. (A) Control section probed with rabbit pre-immune serum. (B, C) Intense staining is visible in the tegument
(Te), tegumental cells ('T'c) and their processes (arrow), while no staining is visible in spines (Sp) and muscle tissue
(Mu, arrowheads) underlying the tegument. Moderate and light staining was found in parenchymal cells (Pc) and caecal
epithelial cells (Ca), respectively. (D, E) High magnification of male and female reproductive organs that show intense
staining in the spermatogenetic cells of the testis ('T'1) and strong to moderate staining in the ovum and surrounding

vitelline cells.

protozoa, fungi, and plants to mammals. They are
reported to be involved in fundamental cellular
processes, including signal transduction, cell-cycle
control, apoptosis, and protein trafficking (reviewed
by Aitken et al. 1992, 1995; Aitken, 1995, 1996,
2002). In Platyhelminthes, genes encoding various
isoforms of protein 14-3-3 have been isolated and
characterized in the blood fluke Schistosoma and
the tapeworm Echinococcus (reviewed by Siles-
Lucas and Gottstein, 2003). The 14-3-3 protein 1 of
S. japonicum has been localized in the tegument,
parenchyma, and muscles of adult parasites and
15-day-old schistosomula (Zhang et al. 1999).
Consistent with these results, the homologous 14-3-3
protein 1 of S. mansoni has been localized in
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the tegument, parenchyma, muscle, and repro-
ductive organs in both sexes of the adult
parasite (Schechtman et al. 2001b). In E. multi-
locularis, 14-3-3 protein was abundant in the ger-
minal layer of the metacestode stage (Siles-Lucas
et al. 1998). Interestingly, in adult stage E. granulosus,
14-3-3 protein was not only detected as a cellular
protein in the periphery of the testes but also exter-
nally at the apical rostellum and adjacent tegument
(Siles-Lucas et al. 2000). In the present study, the
14-3-3 protein was detected for the first time in
Fasciola. The abundant expression of Fgl4-3-3
protein in the tegument of F'. gigantica facilitated the
cloning of the encoding cDNA by immunoscreening
of an adult stage cDNA library with an antiserum
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against the parasite’s tegumental antigens. The
sequence analysis showed that the cloned Fasciola
14-3-3 ¢cDNA encodes a homologue of the Schisto-
soma 14-3-3 protein 1 and is related to the 14-3-3
beta, zeta, theta, and eta isoforms described in other
organisms ranging from Arthropoda to Mammalia.
The epsilon isoforms of 14-3-3 protein in Schisto-
soma and other species possess more distantly
related sequences. All 14-3-3 isoforms share highly
conserved regions, which make it very likely that
polyclonal antisera raised against any full-length
14-3-3 isoform will cross-react with other 14-3-3
isoforms. In structure models of 14-3-3 proteins,
these sequences form part of a negatively charged
tunnel, which facilitates the binding of target
proteins with common features (Liu et al. 1995 ; Xiao
et al. 1995).

The Southern hybridization of genomic DNA
with a Fgl14-3-3 probe exhibited a small number of
hybridizing DNA fragments which indicates that
only 1 or 2 Fg14-3-3 protein 1 encoding genes exist
in F. gigantica. Other 14-3-3 encoding sequences,
which are likely to be present, should possess
divergent sequences that do not permit cross-
hybridization. A comparison of the nucleic acid
sequences of the schistosome 14-3-3 genes shows
that only the clustered 14-3-3 protein 1 sequences
have an ability to cross-hybridize. In the remaining
schistosome 14-3-3 genes, the motifs that are highly
conserved at the protein level are frequently changed
in the third codon position, thereby preventing hy-
bridization under stringent conditions. The obtained
869 bp Fgl14-3-3 ¢cDNA contains the full-length
coding sequence but does not contain the full 5 UTR
sequence as indicated by the 1:25 kb hybridization
signal obtained by Northern analysis. RNA in situ
hybridization using an Fgl4-3-3 RNA antisense
probe and the immunohistochemical analysis using
anti-rFg14-3-3 antiserum show corresponding re-
sults and demonstrate that Fg14-3-3 gene products
can be found in many tissues of the parasite. In both
techniques muscle tissue shows a low concentration
of Fg14-3-3. The antiserum, raised against the full-
length recombinant Fg14-3-3 protein 1, could detect
other 14-3-3 isoforms due to the conserved motifs.
This is attested by its cross-reaction to 14-3-3 pro-
teins in various mouse tissues and antigen extracts of
other parasites. Presently, it is not known whether
14-3-3 isoforms with different tissue-specific distri-
bution exist in F. gigantica as Fgl4-3-3 protein
1 reported here is the first isolated isoform from
Fasciola. Interestingly, a 14-3-3 protein of slightly
smaller size was detected in the excretion/secretion
material of the parasite, while this smaller form is not
present in whole body or tegument antigen extracts
from the adult parasite. Fg14-3-3 protein 1, like all
other described 14-3-3 proteins, does not contain a
signal peptide. This suggests that proteolytic pro-
cessing into the smaller form takes place after 14-3-3
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protein is released into the ES material. Whether the
protein has a function outside the parasite or whether
its presence here is only the result of a putative
involvement in exocytotic processes remains to be
analysed. When compared to the published structure
models of mammalian 14-3-3 proteins, the removal
of up to 10 amino acids on either end of the Fg14-3-3
protein should not impair its dimerization and/or
target protein binding properties as the involved
motifs are not truncated.

The appearance of antibodies against Fgl14-3-3
in a rabbit as early as 2 weeks after infection and the
continuously increasing immunoreactivity until the
end of the experiment suggest that the presence of
this protein in the collected ES material is not an
artifact. Furthermore, in the syncytial tegument and
the gut epithelial cells, Fgl14-3-3 protein is con-
centrated in the apical areas towards either tegument
surface or gut lumen, the same area where secretory
vesicles are concentrated and where exocytosis
occurs. RNA and protein are also found in other
secretory active tissues, namely Mehlis gland, pros-
trate gland, and vitelline cells. Secretion of 14-3-3
has been reported in adult E. granulosus (Siles-L.ucas
et al. 2000). Two forms of 14-3-3 protein were
detected, a cytoplasmic form and a slightly smaller
‘secreted’ form. The external 14-3-3 protein was
associated with the apical rostellum and adjacent
worm tegument. In vitro, recombinant E. multi-
locularis 14-3-3 protein was shown to cause a re-
duction of nitric oxide as well as the mRNA of
inducible nitric oxide synthetase (iNOS) in alveolar
macrophages obtained from mouse (Andrade et al.
2004). This suggests that in vivo 14-3-3 protein may
help the parasite to escape nitric oxide-mediated
killing by cells of the host immune system. In
F. hepatica it has been shown that rat peritoneal cells
mediate in vitro killing of NEJ, that the severity of
damage is correlated with the production of NO, and
that the parasite’s ES products have a role in the
suppression of NO production in these cells during
the first 14 days post-infection (Spithill et al. 1997;
Cervi et al. 1998). Previous studies of 14-3-3 protein
in Schistosoma have not included the ES material
and may, therefore, have missed the presence of a
secreted form. Likewise sera of schistosome-infected
animals and human have not been analysed for
their antibody titres against circulating 14-3-3
protein, although recombinant 14-3-3 protein 1 of
S. japonicum was strongly recognized by sera from
mice, rats and bovines vaccinated with irradiated
S. japonicum cercariae (Zhang et al. 1999).

In several studies 14-3-3 proteins have been im-
plicated in exocytosis, vesicle transport and mem-
brane phospholipid binding. A conserved amino
acid motif present in annexins and 14-3-3 proteins
has been reported to facilitate calcium-dependent
exocytosis in adrenal chromaffin cells (see feature
annotation in Fig. 1) (Roth et al. 1993). Later, the
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direct binding of the epsilon and gamma 14-3-3
isoforms to phospholipids (Roth et al. 1994), a role of
14-3-3 in the priming of exocytosis (Chamberlain
et al. 1995), and 14-3-3 regulated reorganization
of the cortical actin network (Roth and Burgoyne,
1995) were reported. In Drosophila melanogaster, the
14-3-3 protein Leonardo was shown to play a role in
the regulation of synaptic vesicle dynamics (Broadie
et al. 1997). In rats, Rim, a component of the pre-
synaptic active zone and modulator of exocytosis,
was shown to bind 14-3-3 through its N terminus
(Sun et al. 2003). In human embryonic kidney cells,
14-3-3 epsilon was reported to influence the secretion
of endopeptidase 24.15 (Carreno et al. 2005). The
observed Fgl14-3-3 RNA/protein in Mehlis gland,
prostrate gland, and vitelline cells also suggest
a function in exocytosis within these tissues. The
intensity of anti-Fgl14-3-3 immunoreactivity is es-
pecially high in the tegument. Tegument and over-
lying glycocalyx shield the parasite from the host
immune responses and the continuous turnover of
tegument membrane and glycocalyx, mediated by the
exocytotic fusion of tegumental granules (G1, G2
types) with the surface membrane, provides the
protective mechanism necessary for the survival of
the parasite (Sobhon et al. 2000). It is tempting
to speculate that fusion of tegumental granules
with the surface membrane through their exocytosis
at the tegument surface, and the secretory processes
in other tissues of Fasciola, are in some way regulated
by 14-3-3 proteins. In further studies we would like
to analyse the subcellular localization of Fgl14-3-3
and determine the mechanism that leads to the
secretion of Fgl4-3-3. We are also interested in
isolating additional 14-3-3 encoding sequences from
F. gigantica and in analysing their tissue-specific
expression. Finally, the use of Fg14-3-3 protein as
a vaccine against fasciolosis will be analysed in ani-
mal models. The cross-reactivity of the anti-r14-3-3
antiserum to mouse 14-3-3 isoforms indicates that it
is not possible to use the full-sized Fg14-3-3 protein
1 as a vaccine. Antisera must be raised against para-
site-specific 14-3-3 peptide sequences.
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