1 Description "Fusion Proteins, preparation process thereof and their
use in reconbinant protein expressionlsystenms” Field of the invention
The present invention refers to fusion proteins, a process for the
preparation thereof and their us§ei%rne§9nbinant protei n expression
systens. Background of the inventi6n TRe pfeparation of specific
protein-rich extracts rarely occurs easily fromthe organi sns that
produce them Thus, the production of reconbinant proteins is often
the only viable way to produce those proteins in required quantities

and with \¢Fhu%iraﬁp@%%@h@£t'we§éﬂa%\£%}ns e SXRILILEN 0 LHeqIbiant
proteins is one of the nvs? relevant a é.nvst app Icabl e

met hodol ogi es, boih a¢coheinasegrrhtaid aevedtophentsyevahs” as wel | as
the industrial level. The possibility to express foreign proteins in
wel | defined nodels, using bacteria, fungi, or eukaryotic cells,
constitutes a tool of great potential and relevance in the field of
biotechnoLogy processes, enabling the production of high anmounts of

the prot &L Ofnitdeedpvention

The present invention refers to fusion proteins, a process
for the preparation thereof and their use in recombinant

protein expression systems.
Background of the invention

The preparation of specific protein-rich extracts rarely
occurs easily from the organisms that produce them. Thus,
the production of recombinant proteins is often the only
viable way to produce those proteins in required quantities

and with the necessary activity levels.

The expression of recombinant proteins is one of the most
relevant and most applicable methodologies, both at the
research and development levels as well as the industrial
1gvel. The possibility to express foreign proteins in well
defined models, using bacteria, fungi, or eukaryotic cells,
constitutes a tool of great potential and relevance in the
field of biotechnology processes, enabling the production

of high amounts of the protein of interest.



2 E. coil has been the nost wi dely used system worl dwi de for proteins
not requiring post-translation nodifi@ations, such as glycosylation,
in order to exhibit activity. The expression of reconbi nant proteins
in E. colj is pone of .the st attractive methqds of heterol.oggus
broduct 1 G, RIE T5 SN it TS P oREY DRErar FXSEPRe b LPREg ofoR
rapi d angreestinef heet ineerudrawgh pdsite texnstiarg ophysidalregeabniknowiedge
and genetic characterization, and also the availability of advanced
geneti c 6ol ILVARFYGAHER t helll arfedsar i 8Py 8KhpPakni 8stiviyon The
reconbin rt:ner s ca i i appr epriat tatio

G ven th%&gﬁ%%ﬁ%ggégfo??ﬁ%%%abe%fwkggﬁgggﬁ,Bph%pefgggsg%o%hgfg% the

r econbi nawis tpradttedians iivie Betdolds haS betenel oneusf prbdunbsdnw dekyto
used et hods for _pratein praqduction, both at the |aboratory an
haustri a8 st st et oot iR oo AP Rk Bf BRoRerABLi R
SeqUenCe%c@ﬁd%&f@@&ib%ob&%MQ%qa&%ep%&g%%ﬁhgnﬁ%&%ﬁbﬂb@ﬁhb@nkﬁ@%ﬁ@%@%
have been described and comercially used. The nost wi dely reported

i ncl ude Efel EERicd cHhagfagiratiedaisi ait t lpheateo chhfedvailability of
"Histidi "3 C ri by dgditio u . Wth
nultipIeQﬁ?%??ﬁ$%é£?ﬁ$§%gpF§§§€fiG%H%%?fg@%@h“ﬂ%%t@ﬁ%?%ﬁ?%?ag%§ of
gl ut at hi eplesBideansfariase, rad dub ived ri to Sea i ikt 1 gapdl ok erasné MBRPEh whikh
RNA bi ndi n roteins (Docynment US2004033564), or fusiqgn proteins with
ubi qui t i APPBOEGHEHE 761627 . C&VE ot NEnEIVERSAIEST PLEGFEFe SYWiEAS

usi ng- t hegRIaxprassi @Rps¥sLeRR it tRC-HROtNEtE ORrBt PRt 8iNSEI N dhe
form of inclusion bodies, a coomon situation that |leads to very |ow
yi el ds amé@st fredomematricorpoftipe endph t widsli ifedunethodhafidice prisegn

occurrence | articularly. c en. unstabl.e.f ragnent re used.
3 The obrEaish bk Bl T e s 82 R R d ey e s mine of
a net hodol ogy that allows increasing significantly the production of
reconbi nant proteins and nmaking their isolation easier, based on the

fusion of protein sequences or cal cium binding proteins. The present

inventio%éﬁ%fﬁiEﬂééﬂéfgi¥§?£Qsébﬁ%3%%%§dy A8 Bils SYSERME bl s

context of the production of reconbi nant antigens, being described as
si npl e, Rkidgledyikdn, iandagenrr andnmtwdiiatiagn cahabhavezat gonf pcaprses

I mpact bolh At Ihe J&e8anelh | YS! cBNGeCOITP ¢ 8LedPPLheah 08 widely
reported include the production of proteins with the so-
called "Histidine-tag", characterized by the addition of a
sequence with multiple histidines, the production of fusion
proteins with glutathione S-transferase, with maltose
binding proteins (MBP), with RNA binding proteins (Document
US2004033564), or fusion proteins with ubiguitin (Document
WO9701627) .

One of the major difficulties when using these expression
systems is the production of proteins in the form of
inclusion bodies, a common situation that leads to very low
yields and the formation of precipitates difficult to
handle. This occurrence is particularly common when

unstable fragments are used.



Description of the invention The present invention refers to fusion
proteins conprising in their structuré: (1) part or the full anino
aci d sequence of cal cium binding proteins excreted/ secreted by the
adult worm of Fasciola hepatica; and an unrelated protein or protein
fragnent of interest. It is also an object of the present invention
to provide a process for preparing these fusion proteins that allows
a very siTgei f pbamtti nefeaskei rordeemxpriessimriand isol Ugsideidsabinontbe

fusion proteiins, and cgonsequent| f_the fr nts. or proteins_added.
The addi CESETSPTSR | T agitent's SBPAEPETum DIt g BY4t e AECOFAERES
hel m nt hskaseifekanhepatiga prbuomcaew obr desighatadnt (diedtdMd) and
fragnents - (SEQ ID NO 2, SEQ ID NO 4), or the 4 sane proteins

excr et edM3&énat eBNBYT t HeS bR 1Mo ASISER | baredl, OBEGhD NOsIPR opf
simlar g%lﬂ%'iﬁeéeg_rﬁ%k%@bb% %Flgi%% mnagg{?gpreeg%ggw to unrel ated

protein fragnents proteins allows a si cant increase in the
production |l evels of these pol ypeptides and their sol ubilization.

The present invention is an alternative to the state of the
art systems in the context of the production of recombinant
antigens, being described as simple, high yield, and
general method that can have significant impact both at the

research level and commercial applications.

Description of the invention

The present invention refers to fusion proteins comprising
in their structure: (1) part or the full amino acid
sequence of calcium binding proteins excreted/secreted by
the adult worm of Fasciola hepatica; and an unrelated

protein or protein fragment of interest.

It is also an object of the present invention to provide a
process for preparing these fusion proteins that allows a
very significant increase in the expression and
solubilisation of fusion proteins, and consequently of the

fragments or proteins added.

The addition of small fragments of calcium binding proteins
of the helminth Fasciola hepatica - from now on designated

H (Helminth) fragments - (SEQ ID NO 2, SEQ ID NO 4), or the



Thus, a first aspect of the present invention refers to a fusion
protein conprising an am no acid sequénce having the structure of the
H fragnent or of the caIC|un1b|nd|ng proteins excreted-secreted by

t he adult _worm of Fasciol a |ca

e o bR Dt S AR S8 o L0 | O Y AT M0 S 1

protein. ybhe, a@@QtEQHNQf30heoEU§hﬁmlb@9séHuEh@@gE@EeQérQBhglwmth 90
bi ndi ng proteln) to the unrelated protein can be nade at the N or

C-termi naP pdsktich. hamstlesy aspect usteineed nimi o r fr@gsiend sanor
expr essi gn. \égﬁh‘%r acl%vﬁftg“sﬁ 1% LS Q{Epri%]?gaé‘e PQlynugl e@%bﬁﬁcthon

sequence-codi ng for saird fusi protern anot her aspe
|nvent|oneweﬂerSftnhaehogbly@bbtﬁd&prasdnghéhe pehtibahédaexpnessi on
vector. The present invention also refers to a process for the
preparation of fusion proteins, characterized by the fact that a
previ ously nmentioned host cell is cultured under conditions
appropriate to the expression of said fusion protein, and the fusion
protein E@USSM%Hﬁ&rStEﬁﬂ?@ptnvénthénP@ﬂSQHQWﬁnyQﬁﬁkpnrﬁﬁﬁﬁﬁﬁotoséld

fusi on PEALeLn Loncthe aradustion of agded BLOLeLus, of D ALelly wnc

fragnents in r expression sys spect
of the |@tenbtumere6ﬁrsﬁk9 Hhefbnsgmefht arbH bifagteat «ldfuncabéhdimg
bi ndi ng proteins excreted-secreted bﬁﬁthe adul t_worm of Fasci ol a

hepat i caP*P5f1fRe $FURIGT GiEOIehetohBi Hft protei WormrHet pFedGdeilen

of these HusirqRapr Gl NSRRI B t Snd MBS sacglrafggeaéne@%%a@tu@aqw
expression and sol ubilization of added fragments or proteins, theréby

enhanci ngimider use &or wesdateld gribiueivel Sprements akelpreasein. The
IndUStrI%hdg%r 25E¥ the fusion tag (H fragment or calcium binding
protein) to the unrelated protein can be made at the N or

C-terminal position.

Another aspect of the invention refers to an expression
vector characterized by comprising a polynucleotide

sequence coding for said fusion protein.

Yet another aspect of the invention refers to a host cell

comprising the mentioned expression vector.

The present invention also refers to a process for the
preparation of fusion proteins, characterized by the fact
that a previously mentioned host cell is cultured under
conditions appropriate to the expression of said fusion

protein, and the fusion protein is isolated.



Brief description of figures Figure 1 - Characterization of

reconbi nant proteins and protein fragfents, referred to as H
fragments, of calciumbinding proteins Fh8 and Fh22. A - Amno acid
sequence, deduced for the pe de Fh8 (SEQ ID NO 1); aci.d
sequenceTAEdULRHEFoF Oh hes Tol § DHISIE 1 6Per FB. 1 Bs 9 1 FAGfont LBt OBhg
(SEQ 1D 2pinB forA\m:H@ astshisaguancerdedined bebtbhespalypgpbtéen
Fh22 (SEQ ID NO 3); Am no acid sequences deduced for the pol ypeptide
referred Fé9@§nHSﬁragnﬁﬁﬂoﬁblﬁénypéﬁpﬁéénFﬁzErﬁgEQPFESKEK?mSFlgure 2
- Schematic view of subcloning procedures used to evaluate the effect
of the H fragnent or Fh8 on protein production. 6 Figure 3 -
Production results for constructs containing the CP12 fragnent. A -
G aphi cal Bresentation rotein Eroductlon onassi e

Bl ue- staf“ﬁ‘S& gBSaIsRGE:tTﬂiﬁ Ti he'ge %OnlvF%F%FaFﬁe&i%DSlﬁﬁAc%f an H
St andar dg riamker (B 0sadka1tahm %&nd%ﬁgEﬁﬁbégﬁnsFééﬁkéeaa decZetand
3 of CP12 collected fromthe N -NTA colum. é b): F1, F2, F3, and F4 -
FractlonbY1th2 aﬂulﬁuWQrmﬁOﬂ{ﬁﬁﬁkaﬂ¢e@%@@t ¢am £p Rhe NPAOABFLARAD
(c): 8E E 55 gd F7 - Fractions 1, 2, 3, 4, 5 6, and
7 of Fh8 12°€ ?e ron1 e Ni - NTA col umm. Arrows indicate the
bands of the respectlve proteins. Figure 4 - Production results for
constructs containing the IL5 fragnent. A - G aphical representation
of protein production; B - Coomassie Blue-stained SDS-PAGE

TrisTricirpe gotSaudM Besia nefe SOS-RAGH St g%%"eQ%sN%JSﬁﬁl&@ Qf ady
(a): F1, F2, and F3 - Fractions 1, 2, and I L5 col |l ected fron1¥he

Ni - NTA céngmfleapt Ilpcn@serlnahheF&xmlasa?cﬂtqmn@nq spluBilapmdtionf
HILS col bectad frem Lient.- NTACaLUTR, Ahas,indieate;Lhe hands, of

t he respectlve prote gur i onresu CONsSt ruct s
cont ai ni fert heckg@MRH r agi®nt dePeilofnepbi cals reprlEsendat i ondaktrial
protein production; B - Coonassie Bl ue-stained SDS-PAGE TrisTricine
gel s. M PHé®PE&FRed SDS- PACE St andards Marker (Biorad). (a): Fl, F2,
F3, and F4 - Fractions 1, 2, 3, and 4 of TgOAP collected fromthe
Ni - NTA colum. (b): Fl1, F2, F3, F4, and F5 - Fractions 1, 2, 3, 4,
and S of HTgOWP collected fromthe N -NTA colum. Arrows indicate the

bands of 5Lhe " §3BEELLYE R ECkI§ures

Figure 1 - Characterization of recombinant proteins and
protein fragments, referred to as H fragments, of calcium
binding proteins Fh8 and Fh22. A - Amino acid sequence
deduced for the polypeptide Fh8 (SEQ ID NO 1); Amino acid
sequence deduced for the polypeptide referred to as H
fragment of Fh8 (SEQ ID NO 2); B - Amino acid sequence
deduced for the polypeptide Fh22 (SEQ ID NO 3); Amino acid
sequences deduced for the polypeptide referred to as H

fragment of polypeptide Fh22 (SEQ ID NO4).

Figure 2 - Schematic view of subcloning procedures used to
evaluate the effect of the H fragment or Fh8 on protein

production.



7 Detailed description of the invention The present invention relates
to reconmbi nant proteins fused to fragfents (designated by H fragments
(fromHelmnth) - SEQID NO 2 and/or SEQ ID NO 4) or full amno acid
sequences Wi thin cal cium bi ndi ng proteins excreted-secreted by the
adult worm of Fasciola hepatica, nanely the protein denoted by Fh8 or
fasciolin (Genbank nunber AF213970), and the famly of cal cium
bi ndi ng piguzend geRepdueklipnkmewnlas Ebh22cowkicchcinckbodeathéng the
anti gens giécr%bed %% EMBL nun%er 003822; AJ003821. This strategy
al | ons i fieréasthyITRRE pr dtluct i GRAPRYERS SFeRIMTYLRE 19t Odr ePFAEBE™t o
the H fragsentsieh;H &ragneabomgBhakni BYuRLQt8iASa aBfsaba@rt helh -
sol ubi |l i zation, thereby increasing the efficiency of existing
r econbi nAKECPRGL eide It odudt PBRSE§sneds. SPH-PASFst efirandavds pr ¥eekeing
t he produyegti f ot antig of _jnterest d.n jnclusipn hodie
t her eby lr{r%tkLaoggd?hei@qi'so Ht ie]?fﬁ v?ljé(gl g? Thglx%clci):c Tem c]g1 90988 3 of
char act ecPati coldkctebcifumombithei NG -aMA gesisunal | ol t heri,sat.,at irgn ahd
the fusign proteins by basic chronatographic t echni ques, nanely ion

f

exchangeFeol ufMSCtdaEt d -t e abi | FEY &f ClaltGRim B Mbhefy;ed heFehythe
creatingna-ghar ged1 ghRMENICProNg topserve asgbasip, fok recgyeripg the
fusi on antigen. The presented exanples relate to applications using
the H fréyrentond Eh82(SEQ ED RO 2) andtfeofr 8hérALEFh8ol BEQLED Kood) .

Experi me I S s showed that _the H.,fra nt proteiins Fh22 ( SEQ
TN 4 B NESHTBT e PREURR . Rere P heiS R ave Chell RRREF " agE ons
Li kew seretpecret/Bogebegyngdevel oped in the context of the present
invention is not limted to the production of the fusion proteins
shown in 8 the exanples, being extensible to any pol ypepti de w t hout
distorting the spirit of the invention. The several constructs were
subcl oned into the expression vector pQE (Q agen) in Escherichia

col i, reEBaburmg4i n Phedprbodast reauoftsr éconbpnahruptet epnsaerpnesshag
a sequen of .6_histidines in their. Ntermnal s ence, such a |,
producti%%SbeFﬁ%g%%? or red Tr1%§a3§ﬂ%alwu§e€ﬁﬁéﬁfﬁgg CEgeﬁi, PheFehy
al | owi ngpirbauetisal at Bon-bycabhbBitiy chrasategiaphy wbthpAch NFA] ¢ -
agarose colum (Q agen), based on protocols provided by the
nanufactEFéFlPéasEF%F-200&7PE$$Q%?%?daISPSZ@@@ﬁ.;ﬁqa et | Yarker
compari SRS pehe PR} OF BEA Mol B .S _SypLEmohe, | s9) alhansobet bey
reconbi nant anti gen bei ng effect ed Gnder enaturing condifions to
achi eve thélaposedeffrent ithe NeolNGA amlumm.or der: t®, ,cafypare, t hed F, -
productign levels of the _different construct For .t he production and
i solatio r%’FEiLHBSp ot &i'n of I e‘ﬁ'é%{ 03 SCpossihre EBOTEsEh%nW'NTA
reconbi nagtuphot ehRrexBr essidaRkadRd iRl atpusystem cibe Laygatt Phe
relates to constructs containing the H fragnents, or H

f ragment PEBREaARAF ng antigens, in order to solubilize the fusion

pol ypeptides and i ncrease their production. The sanme net hodol ogy may
be used in other protein production systens, nanely fungi or
eukaryotic systens.

Figure 5 - Production results for constructs containing the
TgOWP fragment. A - Graphical representation of protein
production; B - Coomassie Blue-stained SDS-PAGE Tris-

Tricine gels. M-Prestained SDS-PAGE Standards Marker
(Biorad). (a): F;, F,, Fi;, and F, - Fractions 1, 2, 3, and 4
of TgOWP collected from the Ni-NTA column. (b): F,, F,, Fs,
F4, and Fs - Fractions 1, 2, 3, 4, and 5 of HTgOWP
collected from the Ni-NTA column. Arrows indicate the bands

of the respective proteins.



One of the principles of the invention is characterized by the
addition of H fragnents, particularly7to the sequence of the
N-term nal fragnent of Fh8 or Fh22, SEQ ID NO 2 or SEQ ID NO 4, by
nol ecul ar bi ol ogy techni ques, before the sequence corresponding to

t he pol ypeptide to be produced. 9 This construct can be obtained by
i nclusion of this sequence by nol ecul ar biol ogy techni ques, nanely
usi ng appetpiiletie deestriptticonoénthresnardtaddi ng t hose restriction
sites before and after the fragment sequence, or by other processes,
such as [ n r t n .t
(Ilnkers;rﬂt%oggg EEQ i SQPAO%r§% g%éaW%lggggﬁbiggH% ﬁg%}hghghgg&
reduced ampmﬂagMEnﬂsttﬁe&igma@mﬁnbyaHlmmagﬁamu&uaKﬁomiH@I@ﬁnvﬁriety

of strat es_for_the fusion to the polypeptide of interest. Another
possibil§%9 fOr e ébné?ﬁ28f i§E@héP éghrébloﬂrof'%9¥U§WHﬁKbr6Féﬂn

usi ng th%eﬁ@%ﬁ@%@tWQQhQQrEﬁiﬁQGQ'BQnHQn§h§r§%gHﬁBC@x@EeEQazs@ErEng
and the gplypeptlde to be produced. The process of inserting the Fh8

or Fh22 efqlt}él@c@dadrt b Ak cofpfd sheel ashepa rbt@cuhane by okbgyprotein
techni qu [iction ZV.E such a gy
bei ng usg% |2%?ﬁ dennng? f%%ﬁ%%%cme @%%?a enP%%%ﬁt§§%9§ Zngeﬁnd

appl i ed thesc¢uwedaly bfagaeptsm bamEliyg proP22nsCBiRekrscalsyr kaeen as
protein o Crypt os orjdlun1parvun1 a . coccidi um protozoan_bel onging to

t he genu&Berypt YA RE PR EEREI SesCTihes fot BIRL nadnpey
am no aCh@%O@@@QBanKJ@bi§ﬁ§25%§%k; @Ega@e69lngi@&svaﬂ€£$éylnﬁz kRa,

possessi ng an am no-term nal signal sequencCe (aa 1-28)
t r ansmenbradectaginonl¢aal 12-@2) anihgehsi stlkatharect Enbstli ctof téher f Hce
protelns and cgntalnhng neithgr cogserved nor . function

e
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| ength apdlcdrnespends,t o diher-duic! eohideaseayenedeof dhei praieyn P12

10 existing recombinant protein production systems. This
system allows preventing the production of the antigen of
interest in inclusion Dbodies, thereby making their
isolation wviable. The biochemical characteristics of
calcium binding antigens allow the isolation of the fusion
proteins by basic chromatographic techniques, namely ion
exchange columns, due to the ability of calcium binding,

thereby creating a charged element prone to serve as basis

for recovering the fusion antigen.

The presented examples relate to applications using the H
fragment of Fh8 (SEQ ID NO 2) or the protein Fh8 (SEQ ID NO
1) . Experimental results showed that the H fragment of
proteins Fh22 (SEQ ID NO 4) or the proteins Fh22 (SEQ ID NO
3) have a similar action. Likewise, the methodology
developed in the context of the present invention is not

limited to the production of the fusion proteins shown in



wi t hout the transnmenbrane domai n thereof. The fragment was
PCR-anplified and subcloned into the $ector pQE (CP12); constructs
containing the H fragnent followed by CP12 (HCP12), and contai ning
t he Fh8 uence fused to. the 12 sequence (Fh8CP12 re als

br epar od At E T\ o T A eehr SATLE B CBr B oMbl RFR L4t | JoRgout
i sol at edqupder-tdegatHei Bgieendbki ens, iHgENEiBhINTA agarose resin

(Q AGEN), showed an increase of 216% between the production of CP12
and HCP12, and of 954% between the production of CP12 and Fh8CP12. -
I L5: Human interleukin 5 is a hematopoietic growh factor, having a
nucl eoti de sequence of 816 bp coding for 134 am no acids (GenBank N
BC069137The. sEwedals dormgmenttusedréosubedbnati ammortlesperndsessian

smal | part of IL5, consisting.of 144 bp cqrrespondi ng to an exon_at
the 5 oRBCGP™I ES ol mpTOr 48 ERCAGTAEIAS. CFHa T et thsi? the
PCRanpl i bir-eduandonubel eredmbahanthgryeet ak esagrébbéh' §0B8LLHEES of
containing the H fragnent followed by IL5 (HL5), and containing the

Fh8 sequéncér¥sfsiedings t hen| LE¥hsdquendet¢PhBgral) wepeearse prepdt eda
Th | ysi . . i i . i i, sol at d
denat ur i Bocsiui PRoRBi A B Rl Sh0R0. 080 RIS BpRRRky O B E Sl

i ncr easethkrebVabevweany theipr adotbktabnobyl bBSfandtill EbroaadogtapbH0%
bet ween the production of IL5 and Fh8IL5, - TgOAP. TgOWP protein &s a
oocyst wWAFPprot RINTRF 2P8X6F asirl Y¥hd RLIREER 1848 i | BhgERCOLS
coding fQro498eaM0 B dsahGERBaKkeN FU83L867. Doo1lhes MgWP£r ggrent
corresponds to the 2nd exon, conprised between the 2875 and 3238 bp.
The fragR@eft)wadlPCRrafdplificadcandasibohenwdrenrerfhemedctoingQehis
(TgOWP) ; the constyuct. containing the H 11 fragment foll.owed .
TGO | KON veshal S BT ba e anal BT T he st | 558

r econbi nafifeantdgansid:Solahetduunfigr deiAidiidnyg €ondichiens, tisd Ngost
Ni NTA agarose resin (Q AGEN), showed_an increase of 575% between  the
product i 64 E6FtFyOMP HIFONP 1Y nO¥RRY 3 tek afipledr@eddts bRgCIHE &R

the prodyetien Levehs B?‘f?eh:@ﬁ%ggéﬁgtﬁchg%'.eve' S consistent with

their expression in inclusion ies to production |evels
corresponding to soluble proteins, and so it can be stated that the
pl acement of H fragments or cal ci um bindi ng proteins

excreted/ secreted the adult worm of Fasciola hepatica allows

i ncreasi mgrveny prgauticant bypdt ieopredueat bentat peeesbhnant ipeetekn,
probably increasing the solubility of the produced antjgen. ,
Char act efitzatS oRCBFLBAE| FEnsUThe2BHd THEMLATRIThePFOFE IR a§irRBES S 1PRe

Fh8 and 2 anti I evirpusliy J-s@kated- ct.epzed
coIIeaguggébé%%ﬁégﬁgﬁ%g§¥ﬁggﬁiS?H%f%ﬁgﬁﬁﬁﬁﬁas(%%Ek%%?ﬁgogﬁ,gé?lsgget
al ., 2004pcnEguinnaget tdle. , HHOMagments a boref Hdeserppentncohtaheing

antlgensagE&%%%%ll%JPegggegr%ﬁgnéggubglEQg Eﬂg(¥%é¥5n polypeptides
and increase their production. The same methodology may be
used in other protein production systems, namely fungi or

eukaryotic systems.

One of the principles of the invention is characterized by
the addition of H fragments, particularly to the sequence
of the N-terminal fragment of Fh8 or Fh22, SEQ ID NO 2 or
SEQ ID NO 4, by molecular biology techniques, before the

sequence corresponding to the polypeptide to be produced.



The isolation of cDNA clones (Figure 1) coding for a 69 amno acid
pol ypeptide with a cal cul ated nol ecul 8r weight of 8 kDa, designated
by Fh8 or fasciolin (Gbnbank nunber AF213970), was carried out. 12

obt ai ned esults ga o, 2001 havE denponstrated that .Fh8 i '§
o e R LR e B RS b ¢ LBk L Bb i Btlot 62 ( RS of
adul t WOFs@'t:_{QfanEe thatm@Eec@mIr MBY1 SIBAr deftHiliepde®, M ebmpaly MeESng

For characterization purposes and analysis of the_activity of Fh8, as
wel | as PRBIPBEGALFal AICEFAGSTION nt erEsfesa r ctfefrbi nARE1aGt | gBRose

rFhs, contaiping;the SRQUENGE: EOL T EFR0NG, Q tq,d h?:ﬂ%%%%%%gpggc For

research purposes, the fragnent correspon |ng to one
into theoeprgssoohevecpmocpéﬁesqgaganh i asEscheri efidatcohi . ofheDNA

productign of the reconbinant protein rFh8 expressjng a sequenc

i st di e8RS IEEEr hifals SRR dah b2 E v
(PREP4) (Qoagen), ard \@ﬂﬁlérsmé%ﬁﬂléabl?éf' b Yo £t OBt oghaphyewhtBaa
Ni NTA agarose colum (Q agen) ased on Rrotocols provi ded by the

manuf act amed itedst ref 26e1, HSlﬂKPéJn@nta/ a 12@@4)th€§‘>e\1ﬂé‘>leal ofs@l alayge
DNA cl I
¢ clongs %Wge%f It G ana zed% gér(.‘stc‘{“ fhh h% ;588%*9 ggyo

These cl 0nes were su clon nd sone's rca
i nserts @(ENMBresunber AJ003822) contalnlng an ORF corresponding to a
191 amino acid peptide with a cal cul ated nol ecul ar wei ght of 22 kDa
whi ch was denoted by Fh22-1. Another clone contained an insert with
an ORF for a protein with high honology with the forner, which wll
be charaahethéedpbabebilamg fas daei gpatedubh22s2thEVBkeparheion of
AJ003821
) u81on protein using the polypeptide corresponding to the
sequence of Fh22 or Fh8 and the polypeptide to be produced.
The process of inserting the Fh8 or Fh22 sequence can be
accomplished wusing molecular biology techniques, namely
using restriction enzymes, such a methodology being used in

the demonstration processes.

The invention has been applied to several fragments,

namely:

- CPl1l2: CP1l2 is a surface protein of Cryptosporidium
parvum, a coccidium protozoan belonging to the genus
Cryptosporidium, phylum Apicomplexa. This protein has 104
amino acids (GenBank N° XM 625821), and a molecular weight
of 12 kDa, possessing an amino-terminal signal sequence (aa
1-28) and a transmembrane region (aa 12-32), which is a
characteristic of surface proteins, and containing neither
conserved nor functional domains (Yao et al., 2006). The
CP12 fragment used in this work has 213 bp in length and

corresponds to the nucleotide sequence of the protein CP12



that has been described as a conponent of the ESP of adult worns of

F. hepatica (Eguino et al., 1999). Thise antigens were subcl oned into
and produced in the expression vector pQE. The characterization of
Fh8 and F anti shomed t he £X stence.in E a set of

i ot of nsVAERRULT i SPATER R AD S e fr TAAT R - TS SEpofpne vas
anti genspta-bhgletora chad aglecizedabyithe Qﬂﬁﬁeﬁé@t@f Forhandsi2) ;

cal ci um bi nding structures that regulate the folding of the sane,
probablyC@&§§FH§tﬁheC@FéﬁiF%F? otheotth tir@amenitye fordowied ahy t GBL2
reconbi n ig cam t

are pr odagggﬁgé I%\E}glgl gﬂgh hé:n%eGCPq{é %ﬁ eteure 54 d(S Pﬁ% &ph2

protelnsshquensboWﬁhBGPne pm@d@cadsa1pmﬂpdﬁeﬁf(ﬂha|analmsrgt0ﬁlahe1
of E. coll e obtalneg&based on directed nutﬁtlo s at he

The ,resul t
Fh8 IevePrgﬁBﬁEaOPhat ?he HEGAUREPBRTI evePE1868Er vedSPR2ES cou}ln
depend anﬁbEHQEHQabo%bﬁ%ﬁ%h% 0%@@h§fﬁﬂhﬁimégéﬁgé@aﬁg§ln3'@@ﬁGEﬁ?

| evel s of reconbinant protein nutated at the 1sol ated EF-hands
(pr event Fhgvedl @rurarisinaiisry)oto2hbt beamgensitds foxetdtiomheseClaka

suggest th encg f ot p Ln._s C u
Stabl|lt% STﬁgbﬁéfee ﬁ%ﬁs?%%algg%gﬁg u%é%o#ﬂkﬁgnéﬁgﬁkdﬂfhaf%feégg t
for smal Fhseguences in the Ntermnal (11 aa) and C-term nal (aa 6)
ends, all the renmining sequence is involved in or affected by
(formation of active centre) the structure resulting from cal ci um

bi ndi ng to EF-hands. Thus, these studies led to the identification of
the N-term nal sequence of Fh8 (later on called the H sequence) as

pl ayi ng a kéy5r ol Bupant hengeabdyk iy dhdimﬂoduchﬁmﬁt@p0¢ﬁ8ic 14rfFngh
and as I@aFQ F e%F%@%J(N gﬁ&%@” ecégeﬁghgglo%eQHﬁp %gln for
remai ni ng-protei ni’s invol Ved the &3 crum brrnding s ruc ures, “of

is affected byitkerncikde i@@@mgﬂKSNan@cm@m&Bwuqns ViR su$ctea§ﬂehﬁto
t he expression vector_ pQE (Q agen) in Escherichia coil. The
product i Bfie8f fe ?Eé%ﬁﬁFhaﬁt‘%ﬁRﬁQ§E?“FEh8t%xﬁfé@%?%b Qa§§qd€hc§L5f 6

histidin éanshEﬁ “b%eﬁﬁhnﬁg %899@8 8n&§ﬁg ?Bfghnégoh”ag th8! E+Mpg
(pREP4) (Q agen), an It was isolated by affinity chromatography wth

a N NTA afarldse codiumgn (EQrageh) ambasecd@mpr o’i‘beolfsagm@vutdewsbyPCRe

manuf act ur e Castro, 2001 | va et . a Far the

e ool PaA SRR fangde i e S eiBha niRe prs it oot oho2ng
I sol ati oposy¥st-aBLERY cbatHsadngSt kaknsHl nfi-hbmewer kKeokseheri chia mgsl
XL1 Blue“éStratagene and Escﬁerlchla coil M5 LpREP4] (Q AGEN)

strains ﬁé‘5ﬁlse@r¥dorc%m1é%}%@n$ héhﬁ@N%ST ERGYELrR Oﬁti@éﬁi ﬁloastifﬁlfdslhﬁd
the F’QE?’QeaaeWéE' %8&%32 vgeQ"éA‘Gf'Mo pb@é%géd.r%%ecatﬂa\ﬁ%}gls of the

production of recombinant antigens isolated under
denaturing conditions, using NiNTA agarose resin (QIAGEN),
showed an increase of 610% between the production of IL5
and HIL5, and of 1600% between the production of IL5 and
Fh8ILS5.

- TgOWP: TgOWP protein 1is a oocyst wall protein of
Toxoplasma gondii with 1846 bp in length coding for 499
amino acids (GenBank N° EU851867.1). The TgOWP fragment
corresponds to the ond exon, comprised between the 2875 and
3238 bp. The fragment was PCR-amplified and subcloned into
the wvector pQE (TgOWP); the construct containing the H



Escherichia coil M5 CpREP4] strain was used for protein expression.
Pl asmid DNA was isol ated and purifiedllusing the Wzard Plus SV
M ni preps DNA Purification Systemkit from Pronega, from bacteria

cul tures grown ov i.ght 37 o] i i nstructions provi.ded, by
Che manufLcOlRer. TaMOURGLty TE M HoSeTe) SPRtcELFal DEFBRERE . ( P
f ragment hnan a@r@@seaergggahbaaah BEOEQme%ﬁﬁéﬁ%SbﬁﬁigénﬁrQ&b@&dean
Figure 2. Al the constructs presented inn Figure 2 were obtained by

pol yner as@dekai AepahEriBl (PORLLtHpES weres ErtdndUNTH o JgeEMSandrERER

'n PO, agrhRlhg"s spBRBaTlG RLLIBLECUSEIshB,! BecROBY 2R HESALLREHN N

of TgOWP and HTgOWP.

In the 3 examples described above, the production levels
have increased from levels consistent with their expression
in inclusion bodies to production levels corresponding to
soluble proteins, and so it can be stated that the
placement of H fragments or calcium binding proteins
excreted/secreted the adult worm of Fasciola hepatica
allows increasing very significantly the production of
recombinant protein, probably increasing the solubility of

the produced antigen.

Characterization of antigens Fh8 and Fh22 and their H

fragments:

The Fh8 and Fh22 antigens were previously isolated and
characterized by colleagues belonging to the 1list of
inventors (Castro, 2001, Silva et al., 2004, Eguino et al.,
1999), with a brief description of the antigens (Figure 1)

being presented in the following.

The isolation of c¢DNA clones (Figure 1) coding for a 69
amino acid polypeptide with a calculated molecular weight
of 8 kDa, designated by Fh8 or fasciolin (Genbank number

AF213970), was carried out.

The main characteristic of the polypeptide is the existence

of two putative calcium binding motifs (EF-hand). The



In order to obtain the H fragnment and Fh8RSac fragnment, containing
BanH and Sacl restriction sites, thel2QE30 vector containing the
gene coding for the Fh8 pol ypeptide was used as tenplate for the PCR

ti tra, 2001;. Sil t al 004). The P i t d
W ih o ASRSRAFEE AESGTLs ACBETE T GO kS, CTBIT OV By SoRe Thb°
anplificati ah el Bfen WhicHenat graldeont atn 9¢h& £QerdbisageBdsetion

annealing at. 50 C for 30 seconds and extension at 72 C for 45
seconds. PERAHEEEt i(BRR) ekt eAsilénverBpohas - pEEPafitad. afndomeyf gprear

m nut es. ;Th r n L5, and TgOWP) chosen to eval uate the
ability 35 ?R% ?ggﬁ ?n§§E§§E%Fgen (and part thereof) to produce a

positive effect on protein expression were obtained and anplified by
PCR. This PCR reaction also included the addition of the restriction
sites of Sad I and Kpnl restriction enzynmes to the respective

fragment sor Hparakterization purposes and analysis of the activity
of Fh8, as well as the potential diagnostic interest, a
recombinant antigen, rFh§, containing the sequence

corresponding to Fh8, was obtained.

For research purposes, the fragment corresponding to Fh8
was subcloned into the expression vector pQE (Qiagen) in
Escherichia coli. The production of the recombinant protein
rFh8 expressing a sequence of 6 histidines in its N-
terminal sequence was performed in E. coli M15 (pREP4)
(Qiagen), and was isolated by affinity chromatography with
a NiNTA agarose column (Qiagen), based on protocols
provided by the manufacturer (Castro, 2001, Silva et al.,

2004) .

Several isolated c¢DNA clones coded for calcium binding
proteins with high homology. These clones were subcloned
and analyzed, and some showed identical inserts (EMBL
number AJ003822) containing an ORF corresponding to a 191
amino acid peptide with a calculated molecular weight of 22
kDa, which was denoted by Fh22-1. Another clone contained
an insert with an ORF for a protein with high homology with
the former, which will be characterized later, and was

designated Fh22-2 (EMBL number AJ003821).

Fh22 is calcium binding protein with 4 EF-hand structures



18 19 The PCR reaction for obtaining OP12 was perforned using
genomi ¢ DNA of Cryptosporidi um parvurdais tenpl ate, obtained from o
oocysts of this parasite, using the DNA extraction kit Q Anp DNA m ni

ki A f I I th f
The POR 1OAE B St IFW TIPS dunat U7 SUPAGCRE 4Bt af "BSBEr] GF Adult

m nut es, mkﬁhkﬂmﬂﬂ.my ﬁgbéwﬂﬁaf(Eéﬁiﬁ@ syches, copsbsti Me8k @ntigens
denaturating step for 30 seconds at 95 C,_ an annealing step for 30

seconds éﬁer?o WPGRNeth EXE@n3NEn PFOSHCEEr I nilrit expreF2ion Fer&blry,
an additi extension step was perforned at 72 C for 7 m nutes. The
PCR reac?i ori for obtaining the IL5 fragnent was performed using
genom ¢ DNA of Honb sapiens as tenpl ate, obtained from peri pheral

bl ood, using the DNA extraction kit QAmp DNA mini kit (Q AGEN),

foll owi ng the protocol provided by the manufacturer. The PCR reaction

started wiheh enfenatar idtihst 8 athe95Ka f @h2d4 NHdHilRSs fé&%@a@dt%
30 anplification cycles, consisting of a denaturating step f

seconds &Kig&encean imnndSF n§fst @p w6t 30fsepsndsias 56100, §ndlléﬁr
extensio n 4% C. Il an g ditional
%t%h%&ﬁ%%l é%?%%g ég %%gg Yer é?iigreaCtISH

extension step was per C f or m nut es i
for obt altltmem@fbgr@/\quMefxmzmﬁ llgrngtlg@nopres&hweof ofOXEp’I—ﬁSﬁﬁs
i tes of this

gondi i obt ai ned froma culture of trophozo

parasite’ alt}§rﬁ‘5‘ Ebﬁéldéﬂﬂ EXTPEEUESR kPEtQFAAN-IBNR PR f?ﬁfilfl@l REENSS

fol I owi ngakbe PERSI9LS1y PLavisded byhd heraBRUKRCI WET borth the native
protein and the recombinant antigens produced in E. coli.
Both recombinant proteins are produced at levels higher

than 6 mg/L of culture, and both proteins have shown to be

produced in soluble form in the cytoplasm of E. coli.

The results obtained based on directed mutations at the Fh8
level showed that the production levels observed in E. coli
depend on structural elements other than those EF-hands,
since the levels of recombinant protein mutated at the
isolated EF-hands (preventing calcium binding) do not
change significantly. These data suggest the existence of
other protein structures that ensure such stability. The
three-dimensional structure of Fh8 showed that, except for
small sequences in the N-terminal (11 aa) and C-terminal
(aa 6) ends, all the remaining sequence is involved in or
affected by (formation of active centre) the structure
resulting from calcium binding to EF-hands. Thus, these
studies led to the identification of the N-terminal
sequence of Fh8 (later on called the H sequence) as playing

a key role in the stability and production of FhS8.

For protein Fh22, the arrangement of HLH (the EF-hand

structure, helix-loop-helix - HLH) motifs is similar to



The PCR reaction started with a denaturating step at 95 C for 4

m nutes, followed by 30 anplificationl4ycles, consisting of a
denaturating step for 30 seconds at 95 00, 20 an annealing step for
30 secon at 50.C,_and _an tension step for_.1 mnpute at 72 C. .

Final |y, R R Gl Skt S on SEL BBt wakober 1 el aproCCErghinal
m nut es. seEquehbesconakr yehaiwihlh phetkihr agneatocanddCPh2thélbadeium
TgOWP fragnents, the binding of the H fragnent digested with Sad |
restrict PeRJERIYFETHE KBSt aPel Sf PAGRERECIPYeERER - Wi th the same

restriction enzyne is used as tenplate. For the constructs with the
Fh8RSac fragnment with CP12 and IL5 fragnments, the binding of the
Fh8RSac fragnent digested wth Sad | restriction enzyne to the target

f t di ted with th tricti i d,
t el at eTHhe LPORTEPGGr afffoel CPOELBGER! nFREC: nEUEGHSPFdct 410Pt hEPRe
H fragmeakpteaseby HeRor Hobs, andadHe@OWRh skaechedivwhil &oli. The

denat ur ati ng step at 95 Cfor 4 mnutes, foll owed b%( 30 anplification
cycl es cBHSPEEFAGRofOT dEfat LeaPTAgn R ep PAOtEE NC FBRE 3BT af

anneal in t f ; nds, n ko C
for 45 oociheRcl, ob F hefocthanonts, A RLrEhIiaLob e fhe
at 72 0Opkoformeiinuimes.E.TheoRCR ptrHgr@REREd f(Qiagbhai niaxgdt he was

constructs with the reconbipant _anti gen Fh8RSac, nanely, Fh8CP12 and
Fho) L5, SERLPEAcWIh AFQORAFdr SETTICoRs R0 b T Or W nupgar oe
fol | owedcbyus@ af’(@'ilagke%@t,l Olba@ed eortonsistdd #f Broenadddr abingeatep
at 95 C for 30 seconds, an annealing step at 55 00 for 30 seconds,
and an eRpaHspehusEEp EastrC fof01, nmSAdva. &% nally, 2894addi¥9wnkhe

eXtenSiOBrgﬁﬁBt%@ﬁ %ﬁﬂii?gogg£i8£ Zﬁfckﬂgra%tqgg%ReSany recombinant

protein expression and isolation system may be used.

Strains

In this work, Escherichia coli XL1 Blue ({(Stratagene) and
Escherichia coli M15 [pREP4] (QIAGEN) strains were used for
cloning the pGEM-T Easy (Promega) plasmids and the pQE30 as
well as pQE32 (QIAGEN) plasmids, respectively.

Escherichia coli M15 [pREP4] strain was used for protein

expression.

Plasmid DNA was isolated and purified using the Wizard®
Plus SV Minipreps DNA Purification System kit from Promega,
from bacterial cultures grown overnight at 37 °C, following

instructions provided by the manufacturer.

Constructs

A schematic representation of the constructs prepared to

assess the effect of the recombinant antigen Fh8 and its 11



21 All the PCR reactions were perforned with the thernocycler My
Cycl er TM Thermal Cycl er (Bi oRad). Thel2CR reaction mx consisted of 1
AL of sanple (DNA tenplate), 2 gL of magnesiumchloride, 1 gL of

dNTPs (R , f pri nd erse ioer
gL of Tag mary v ate Mt Peb ORbnE e sErafbefly ST BhkPRGpedy
Tag pol yrecasdieanynprothenhnexpbeestibhi ¢}, papdidedt ihl edgwater.to a

final volunme of 50 AL. DNA extraction and purification from agarose

gel s PCRapnoauet s N thandse dasidd i fith f¥ opuel geskiéeasoptblined by
restriction enzynes were isolated in a%arose gel using the illustraTM
GFX PCR PRAYReGaFEeBahd Iurisicdaddron(BGR) ( Gdederhcateredf sRFewrrgM

t he proc%g%r%hggwigeégkibgg.fgggghggctor bi ndi ng The bi ndi ng reaction

to pGEM asy vector 'was carried out using a m xture consisting of 3
gL of the DNA sanple (PCR product or restriction enzynme-di gested
product), 1 gL of pCEM T Easy vector (Pronega), 5 AL of DNA |igase
enzynme buffer 2X (Pronega), and 1 AL of DNA T4 |igase enzyne
(PronegaPCRto a final volune of 10 gL. This reaction was conducted at
roomtenperature overnight or at 37 C for 1 hour and 30 mnutes. 22

The primers used in the PCRs are described in Table 1.

In order to obtain the H fragment and Fh8RSac fragment,
containing BamHI and SacI restriction sites, the pQE30
vector containing the gene coding for the Fh8 polypeptide
was used as template for the PCR reaction (Castro, 2001;
Silva et al., 2004). The PCR reaction started with a
denaturating step at 95 °C for 1 minute, followed by 30
amplification cycles, with denaturation at 94 °C for 45
seconds, annealing at 50 °C for 30 seconds and extension at
72 °C for 45 seconds. An additional extension step was

performed at 72 °C for 11 minutes.

The fragments (CP12, IL5, and TgOWP) chosen to evaluate the
ability of the recombinant antigen (and part thereof) to
produce a positive effect on protein expression were
obtained and amplified by PCR. This PCR reaction also
included the addition of the restriction sites of SacI and

KpnI restriction enzymes to the respective fragments.



After the binding reaction to pGEM vector,
transfornmed with the binding product.
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CGels were stained with Coomassie blue and unstained with a

decol ouring solution. 26 The reconbi nat® antigen studied in this
work is characterized by a good expression yield, and can be easily

i sol ated by ion exchange chronmat ography. The strategies presented in
the follow ng were based on these prem ses, and three fragments (IL5,
CP12, and TgOAWP) were chosen to evaluate the increase in expression
yi el ds res@hei r@CRr@ﬁat:héoaddﬁQI'r onbbainhegH CIE*Jazgrmats cgeﬂ-formed using

f HCP12 I L5 |
T BRI OuR Bee LRy e IR iy BSpvarnas FREBAEFFaqhEReinad

PCR was cau,fﬁ_»bmdo@ugzsusl Bg phiBeparHsand, Fi8Ray tseepXabketihctPohnRit
H all ows inserti n% a Sad | restriction site after the codon of the

11t h am noQ&&M8 oPNBhsMitHat AR plOREEN Mmas feblet By anthe heprotocol
di gest ed whg_,?.\,;f,ag[i E?SEEECE Bﬂf“i@@rﬁ?@r The Sacl-digested N-term nal
(

f ragnment ragnent) was then isolated. Secondly, IL5 (priners
| L5Sac and | L5Kpn) and CP12 (prinmers CPl2Sac and CP12Kpn) fragnents
were anpl i FRed P& AGaicsarat & Hihesh gedor CIona UoDNAYY aneeDNA 8% °C

Crypt ospor i gkumélpa té Spegg%yglﬂgd_ g%ylw{‘%iSa 1L 1he cycles

i sol ation of the P ucts i gesti and respecti
i sol ation obnSastdngestEedt fdeagentas iwey estpgy fiovumezd ddeorSae - @t gest ed,

H fragnent was bound to nd CP12 fragments di ted with Sad.
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and Primer gsdegndspii mer hhakpe agtpripersc TheiHER1Z fragmeglgMesonal

extension step was performed at 72 °C for 7 minutes.

The PCR reaction for obtaining the IL5 fragment was
performed using genomic DNA of Homo sapiens as template,
obtained from peripheral blood, using the DNA extraction
kit QIAmp DNA mini kit (QIAGEN), following the protocol

provided by the manufacturer.

The PCR reaction started with a denaturating step at 95 °C
for 4 minutes, followed by 30 amplification cycles,
consisting of a denaturating step for 30 seconds at 95 °C,
an annealing step for 30 seconds at 50 °C, and an extension
step for 45 seconds at 72 °C. Finally, an additional

extension step was performed at 72 °C for 7 minutes.

The PCR reaction for obtaining TgOWP was performed using
genomic DNA of Toxoplasma gondii as template, obtained from
a culture of trophozoytes of this parasite, using the DNA
extraction kit QIAmp DNA mini kit (QIAGEN), following the

protocol provided by the manufacturer.

The PCR reaction started with a denaturating step at 95 °C
for 4 minutes, followed by 30 amplification cycles,

consisting of a denaturating step for 30 seconds at 95 °C,



27 obtained in a simlar way, using Priner H and prinmer CP12 Kpn.
Bot h of these fragnents were subcl oned 2nto the pQE30 vector using
BamH and Kpnl restriction enzynes. Exanple 2 - HTgOAP construct In
order to obtain the HTgOAW fragment, pQEHCP12 vector was digested

wi th Kpnl and Sad, thereby renoving the OP12 fragnment fromthe
vector, and thus obtaining pQE30 H The TgOWP fragnent was produced
by PCR usi rg gbNéadfinfosopbasmm gondeicoadst enrpbat éC, anddprhnersension

TgONPSac and Tg Kpn. The PCR reactign al|owed t addi tion .qof Sad
and Kpnl _eﬁgﬁﬁe%g&rﬁctl“éﬁug?t e_’?%_t obghe BNA\A?éH'BEziYe s@&ueﬁgg%ﬁona&
TgOAP. Thi sxpeadueh waspt e pueiicbrRddoatoragarosergel mandcbsund to
the pGEM vector. Subsequently, the digestion with Kpnl and Sad |

restriction enzynes was,_perforne fallo by isal ation of _the TgOAP
fragmont | oPGEerE wreRS et on M oo T Earaneii ol Bodnd Tert v
PQE3CH vectrgbwdi gesiftkd h 8ad Ipanidpnbs thed eby ohighdigdtiBested

construct pCEHTgOWP. Exanple 3 - pQECP12, pQElILS5, and pQETgOWP
const r uct sW¥ESt oFecdontiahg s H nzgient t¢ pEMEP1R2rBEEHI ES29BABL

pQETgONP) d pr ri h ect jve .contralss.
As such, H@%%F’H%ﬁww{éﬁd ﬁﬁ%o@g‘f“% agfrréen S ?Aé/e%éér?us%e as stla%rt}ilﬁgd as
poi nt for aktwpilaiteg the negative controls.

For the constructs with the Fh8RSac fragment with CP12 and
IL5 fragments, the binding of the Fh8RSac fragment digested
with SacI restriction enzyme to the target fragment
digested with the same restriction enzyme 1is wused as

template.

The PCR program used for obtaining the constructs with the
H fragment (namely HCP12, HIL5, and HTgOWP) started with a
denaturating step at 95 °C for 4 minutes, followed by 30
amplification cycles consisting of a denaturating step at
95 °C for 30 seconds, an annealing step at 55 °C for 30
seconds, and an extension step at 72 °C for 45 seconds.
Finally, an additional extension step was carried out at 72

°C for 7 minutes.

The PCR program used for obtaining the constructs with the
recombinant antigen Fh8RSac, namely Fh8CP12 and Fh8ILS5,
started with a denaturating step at 95 °C for 4 minutes,
followed by 30 amplification c¢ycles consisting of a
denaturating step at 95 °C for 30 seconds, an annealing
step at 55 °C for 30 seconds, and an extension step at 72
°C for 1 minute. Finally, an additional extension step was

carried out at 72 °C for 7 minutes.



28 presented in the follow ng. The pQEHCP12 vector was digested with
Sad | enzynme and subsequently purified 2dn agarose gel. After the
purification step, the pQEHCP12 vector was al so digested with EcoRl
restriction enzyne, present in the pQE30 vector sequence. This

di gestion allowed the renoval of the H fragnent as well as a snal

part of the pQE30 vector. pQEHCP12, pQEHI L5, and pQEHTgOWP vectors,

di gested whilh She Pcanddﬁnﬂﬂom&%ﬂaﬁanp&rfQﬂmgdmmqthWhepUhéfmedyoher

agarose ge|, and_th ceiv e fragnent of the pQE30
enpty vect@y.%¥8}eFﬁgt&§ﬁFﬁﬁ eCVFgﬁg ?% g@@&ry to digest this vector
with the sane restriction enzynmes, Sad | and EcoRlI. The | owest

mol ecul ar mbbghuﬂbamdacbﬁahnedixcmxn&ﬂpﬂnﬁingftd.the sofal Isapgrlte of DNA

pQE30 vect e EcoRI_ and Sad. rest iction sjites (ahou

oy e pRPTPLBHSon charoe el MEATCHOUA COLEREIR wit b Aine CEpITPe

fragnment prﬁ&bﬁé$|Y109L3bﬂeﬂorwg§§|Ekﬂﬂeknaﬁﬁf N&ﬂ ¥ecteterdBeprimer,
pQECP12 vector was then transfornmed in E. coil 5 LpREP4]. Exanple 4

- chFhSCPizuéngfpEEEhBPLBm@@ﬁgﬁraéﬁgmthBQSQE KThgﬁEﬁtS¢h@th8RShc

f ragnment i n Fh8 at ence an
using the S EPE PRaRS o PREFedt . SRarei T (e ¢ nd
restr|ct|odlsttelmHSWaddedtbeﬁofenamevsmﬂmstoﬁ sodpn. The PCR
reacti on product was then purified on agarose gel and bound to pGEM
vector. The PCR product obtained was then digested with Sadl
restriction enzyne, resulting in a Sad | enzyme-di gested Fh8RSac
fragment. This fragnent was then purified using an

DNA extraction and purification from agarose gels

PCR products or DNA bands resulting from digestions with
restriction enzymes were isolated in agarose gel using the
illustraTM GFX PCR DNA & Gel Band Purification kit (GE

Healthcare), following the procedure now described.

PGEM Vector binding

The binding reaction to pGEM-T Easy vector was carried out
using a mixture consisting of 3 uL of the DNA sample (PCR
product or restriction enzyme-digested product), 1 uL of
PGEM-T Easy vector (Promega), 5 puL of DNA ligase enzyme
buffer 2X (Promega), and 1 uL of DNA T4 ligase enzyme
(Promega), to a final volume of 10 uL. This reaction was
conducted at room temperature overnight or at 37 ° C for 1

hour and 30 minutes.

Confirmation of transformants by restriction enzyme

digestion



29 agarose gel and was bound to CP12 and IL5 fragnents, digested with
Sad | enzynme. Fh8CP12 and Fh8I L5 fragmas As nmentioned before, CP12
as well as IL5 fragnents were obtained using a simlar strategy, from
a PCR reaction to which Sad | and Kpnl restriction sites were added.
After IL5 or OP12 anplification, these fragnents were digested with
Sad | restriction enzynme and bound to Fh8RSac fragnent, also

previ ousl yafltgested wihlibgdre&b8CPA2tbr pgmENtewasrt hEn obi ai KBd Blue

usi ng Fh8CP12 bi ndi as tenplate and prjnmers Fh8For and CP12Kpn.
Fh8l L5 fra@ﬁﬁntt%%g)&%%e‘gﬂ#ﬁ 5hs; g:ill %y?r‘ag‘il%- FWgFLE;C%SﬁdiW@re
as tenpl atenand priarRIs FHSESr apdahb3Kpn1ikhe-BER/fbagnMen1mvey € ang

i solated, and subcloned firstly into pGEM vector and |ater into pQE
vector. Retoabbatad aneirgeghéxptessi oif arfdly siklthy NramTRorohupm, were

under denaturatin nditi-ons.. | L5, - H L Fh8I L5, 12, -HCP12
FhacP12.  THERE- T ARECRTSON Prbib at HRres o hr dEdBT T R 1 g, ok sthen
LpREP4] , behagpesantiat BNAI 8x2rhcetibhupestvtdbh WwBsnediupeandut from E.
respective antibiotics. I1L5 CP12, and TgOAP proteins were used as
negative c6Rtfol of protein expression analysis of the respective
fusion proteins. Al cultures were induced with 1 nMIPTG at 37 C for

5 hours, cebhfexhadtbf WH erpirpidefandd the sdbudl Byf racidoanison with
anal ysed under denaturating conditions (8 M U ea) by N -NTA colums
( Amer sham BF6Béi EREEE)ICL1D TREYERpr EESM&Yadf t4eiidlsi otl pPbt 8FHeCTtad

wel | as respepbLveonggabive ¢RHAQ! S gdas frant il ied BYodf adford Assay
and eval uated on SDS-PAGE Tris-Tricine gels.
volume of 10 uL. The reaction was conducted for 2 to 3
hours at 37 °C, and the result of the digestion was
observed on an agarose gel with an appropriated percentage

(w/v) .

PQE Vector binding

The inserts resulting from the digestions, performed in
this work, with restriction enzymes were inserted into the
POE vector using a mixture consisting of 6 uL of insert, 2
UL of PQE vector, 1 uL of ligase buffer 10X (Promega), and
1 uL of DNA T4 Ligase enzyme (Promega). This reaction was
conducted at room temperature overnight or at 37 °C for 1

hour and 30 minutes.

After binding of the insert to the pQE vector, E. coli M15
[PREP4] was transformed with the binding product. The cells
were then plated onto LB/Ampicillin/Kanamycin plates and
incubated overnight at 37 °C. The obtained transformants

were transferred to liquid cultures of



Protein expression quantification Protein expression quantification
was made by Bradford assay, and Figures23®, 4, and 5 show the protein
expression | evels between the fusion proteins, H L5 and HCP12 -
Fh8CP12 and FH8I L5, and respective negative controls, IL5 and CP12.

H L5 expression (1.22 ng/L) was approxinmately 6 fold higher than the
respective negative control, IL5 (0.2 ng/L). This increase becane
even nore 3BgAmpicanliwiganbbcwas fused totkbB8, threexppessmod (3DRA
ng/ L) bein% ag roximately 16_fol d higher than the respective negative
control, |E8" %ﬁEQOPUQFS ofglr WesnbrhantdaftFgEROM £r agfeht (1.21
ng/L) resulted in a 3 fold increase in protein expression when
conpared to the respective negative control, CP12 (0.44 ng/L). This

i ncrease was even nore significant for CP12 fused to Fh8, the
expressi on A bei n X| ly 9 fold higher. than the .
respectivecgggg?nglﬁénfﬁél?rgﬁgg.rE%§%§1§mfh§$%%ep#gté%Le%qﬁﬁﬁh glth
protei n exppessisoid BT hegheicthan HERP{Rekusiraamegelei motd¥egat i ¥Re
control proteins, IL5 and CP12, are proteins that under normal

condi ti onsBREt hEdt AFHAGINF of PO G tPe UPf rBEBRBLIRanEXBREFHEAY
are not DFQQHQQQt&Bn§Obb@b®159r@qgiﬂé,(aﬂd1pd§¥§ﬂﬁﬁy'éﬁanﬂndtﬁécéége
to inclusion bodies during the refol ding process (Proudfoot et al.,
1990; Yao ef alnstzooép. widh Furet H&rSroresonthicnaerumncesensed vathhtbe
wor k corresp Qg tg ﬁ smal|l part of IL5 and CP12 proteins, adding to
the difficul ty g “thei r stabilization during refolding. The
expression yields obtained for these proteins are bel ow the
solubility limt (usually between 0.5 and 1 ng/L), highlighting their
difficult soluble expression. The addition of H fragnment or the ful

recombi nantpant Egen: st abilizes, | Lps andh, AR (I RITERLS, kGaAHSI ”Qsi‘ﬂﬁ a

increase in their expression. Mre Inpressive than this expressio

i ncrease améxtheechamgessoooyr ofng2at plheocel P¥har 3 eudl ,otausi hgffer

shift froman |nsoluble structure to a goluble different one, ) ime of
30 puL. 10 pL of this digestion were analyzed on agarose
gel, and the second digestion of the resulting 20 uL was
performed with BamHI, using a mixture consisting of 2 uL of
K buffer 10X (Promega) and 1 uL of BamHI (Promega). The
result of the digestion was observed on agarose gel with an

appropriated percentage (w/v).

Construct sequencing

All the constructs prepared in this work, with the inserts
in the pGEM and pQE vectors, were confirmed by sequencing

at Eurofins MWG Operon (Germany) .

Expression analysis of constructs with the recombinant

antigen/H fragment, under denaturating conditions



The expression of HTgOAP fusion protein (3.68 ng/L) was approxi mately
6 fold higher than the negative control24 TQONP (0.64 ng/L). The
expression of this proteinis in the solubility threshold. Wat
shoul d be noticed, however, is the significant increase in expression
resulting fromthe addition of the H fragnent. This fragnment, as with
L5 and CP12, will stabilize the protein, leading to its sol uble
productiona SbncmLTgEMPcpﬂndmetWQa prebhabefls abaeny gdded oearhéghhigh

expressi on the.need to a Wi t he reconbi nant _anti.gen
seguence (&hg% W%tﬁo?tﬁﬁ§ﬂpgve8n P?ogéFﬁeﬁxBEe§§§5HrﬁnWﬁthéHduced by

reconbi nankighahbgem oagr, abso ial yat @dabyaeleqii@rhoRsi 506 Fhaurss B
4, and 5) under denaturating conditions (SDS-PAGE Tris-Tricine). 32

Bi bl i ogr apR§ACHEt CONtALINNMNI( 2001 )Lg /e Pamrit ¢ o Bmd Tharaltkr Kagehpain
of reconbi gapt ra&el <%epa%939”%ﬁaﬂﬁkﬁgn<9¥C&ﬁE39aél ﬁcrc&%g.bywere

adul t wor ns of aSCIO Ica esis nrversity’ of
Egui no, A. cBllebhedhlhy dbntfﬂﬁugatfbn Gast rOPOA. ypBpgay F.C for 20
Martin-Al onso, J. and Parra, F. (1999). C qoning and expreSS|on in

Escherlch|§lBBF?Sof Q?k;géﬁﬁléndﬁﬂinﬁaFﬁéeéal nP¥i NdiTHP T igtei fells

Mol ecul ar gadnBipehem caf Bar@sitl00¥uri0l; 13r24. OLaQJUQI'nl K with
(1970). C eavage of structural proteins during the assenbly of the

head of baéterr@pﬁag§h$4exmaagtewa22¢en68®f685d Pto@ﬂﬂ@@trpm,,at room

Fattah, D., _Kawashi na, Bernard, A._and W eId P, 990
Prepar at i of aﬁ&ragaractgPanﬁion 8flt?ﬁﬂ1|%ﬁ€rleu i nSBP% B?%%%%d I'A°
reconbi nantoksebeedching ted! i redb@eheis cehe JeubBahatd @, IH& 3&dme was

filtered in a glass wool column before being applied to the
Ni-NTA column (Amersham Biosciences), pre-equilibrated with

8 M urea pH 8.0.

The supernatant flowed through the column by means of
gravity, and the column was then washed with 5 CV (column
volumes) of 8 M urea buffer pH 8.0, followed by 5 CV of 8 M
urea buffer with 10% glycerol, pH 6.5. Elution occurred
with 8 M urea buffer, pH 4.5, and 4 wmL fractions were

collected.

Eluted fractions were quantified by Bradford assay and
analyzed on SDS-PAGE Tris-Tricine gel, as described in the

following.

Protein quantification

Protein quantification was performed by Bradford assay with
the Protein Assay (Biorad) reagent diluted 1:5, and the
optical density was read at a wavelength of 595 nm. The

calibration curve was obtained from optical density
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protein on spdrozdlite and~ oocyst creening o age-di splay CDNA
library. Experinental Parasi tole;)(gy. Doi : '
10. 1016/ j . éxpparaionne. B 1F18isepste Pnapgyzepithsn callected ohnectBons

recovery of Cuby BaLEn TSN BOL Sme rom Echer o A cerfer . and
W9701627. Jag6%-015.16.(1987) and on the SDS-PAGE system of Laemmli
(1970) . The adopted system consisted of two gels: a 15%
resolving gel and a 4% stacking gel. The resolving gel
contained 3.3 mL of 30% acrylamide, 2.205 mL of gel buffer,
705 uL of glycerol, 367.5 uL of water, 150 uL of 10% APS4,
and 9 puL of TEMED. The stacking gel contained 700 uL of 30%
acrylamide, 1.25 mL of gel buffer, 3 mL of water, 200 uL of

10% APS, and 5 uL of TEMED.

The electrophoresis system used comprised two, upper (next
to gels) and bottom, reservoirs with cathode buffer and
anode buffer, respectively. A 100 V difference of potential
(dop) was applied to the stacking gel and a 150 V dop was
applied to the resolving gel.

Before being applied onto the gel, the samples (under
native or denaturating conditions) were treated with sample
Tris-Tricine buffer 1X. The samples under native conditions
were also placed in the bath at 100 °C for 2 minutes, then

staying at 4 °C until being loaded onto the gel.

Gels were stained with Coomassie blue and unstained with a

decolouring solution.

Examples



34 SEQUENCE LI STI NG <110> Escol a Superior Agraria de Coinbra <120>
FUSI ON PROTEI NS, PREPARATI ON PROCESS THHEREOF AND THEI R USE | N
RECOVBI NANT PROTEI N EXPRESSI ON SYSTEMS <130> PAT 39544-08 <160> 4
<170> Patentln version 3.3 <210> SEQ ID NO 1 <211> 69

The  recombinant antigen studied in this work is
characterized by a good expression yield, and can be easily

isolated by ion exchange chromatography.

The strategies presented in the following were based on
these premises, and three fragments (IL5, CP12, and TgOWP)
were chosen to evaluate the increase in expression yields
resulting from the addition of the H fragment or H

fragment-containing protein.

Example 1 - HCPl2 and HIL5 comnstructs

In order to obtain these constructs we first obtained the H
fragment. A PCR was carried out using primers H and Fh8Rev
(see Table 1). Primer H allows inserting a SacI restriction
site after the codon of the 11" amino acid of Fh8. That
PCR product was isolated and then digested with SacT
restriction enzyme. The SacI-digested N-terminal fragment

(H fragment) was then isolated.

Secondly, IL5 (primers IL5Sac and IL5Kpn) and CP1l2 (primers
CPl12Sac and CP1l2Kpn) fragments were amplified wusing
isolated human genomic DNA (gDNA) and gDNA of
Cryptosporidium parvum, respectively, as templates. After
the isolation of the PCR products, digestion with SacI and
respective isolation of Sac-digested fragments were

performed.

The Sac-digested H fragment was bound to the IL5 and CP12
fragments digested with SacI. The HILS5 fragment was
obtained by PCR using that binding as template and Primer H

and primer IL5Kpn as primers. The HCPl1l2 fragment was



<212> PRT <213> Fasciola hepatica <400> 1 Met Pro Ser Val Gn Gu Va
AQu Lys Leu Leu His Val Leu Asp Arg 1512715 Asn Gy Asp Ay Lys Val
Ser Ala Qu GQu Leu Lys Ala Phe Ala Asp 202530 Asp Ser Lys Cys Pro
Leu Asp Ser Asn Lys Ile Lys Ala Phe Ile Lys 354045

obtained in a similar way, using Primer H and primer CP12
Kpn. Both of these fragments were subcloned into the pQE30

vector using BamHI and KpnI restriction enzymes.

Example 2 - HTgOWP construct

In order to obtain the HTgOWP fragment, pQEHCPl2 vector was
digested with KpnI and SacI, thereby removing the CP12
fragment from the vector, and thus obtaining pQE30 H.

The TgOWP fragment was produced by PCR using gDNA of
Toxoplasma gondii as template, and primers TgOWPSac and

TgOWPKpn.

The PCR reaction allowed the addition of SacI and KpnI
enzyme restriction sites to the DNA template sequence of
TgOWP. This product was then purified onto agarose gel and
bound to the pGEM vector. Subsequently, the digestion with
KpnI and SacI restriction enzymes was performed, followed
by isolation of the TgOWP fragment digested with SacI and
KpnI. This fragment was bound to the pQE30H vector digested
with SacI and KpnI, thereby obtaining the construct
PQEHTGOWP .

Example 3 - pQECP1l2, pQEIL5, and pQETgOWP constructs

Vectors containing the H fragment (pQEHCP1l2, pQEHIL5, and
POQETgOWP) were used for preparing the respective negative
controls. As such, HCP12, HIL5, and HTgOWP fragments were

used as starting point for obtaining the negative controls.

Since the procedure was similar for the three wvectors, the

example for preparing the pQECP1l2 recombinant vector is



GQu H's Asp Lys Asn Lys Asp Gy Lys Leu Asp Leu Lys G u Leu Val

SO6560 Ser

Ile Leu Ser Ser 65 35 <211>2811 <212> PRT <213> Fasci ol a

hepati ca <400> 2

presented in the following. The pQEHCPl2 vector was
digested with SacI enzyme and subsequently purified on
agarose gel. After the purification step, the pQEHCP12
vector was also digested with EcoRI restriction enzyme,
present in the pQEE30 vector sequence. This digestion
allowed the removal of the H fragment as well as a small
part of the pQE30 vector. pQEHCP1l2, pQEHILS5, and pQEHTgOWP
vectors, digested with SacI and EcoRI restriction enzymes,
were purified on agarose gel, and then received a digestion
fragment of the pQE30 empty vector. For that purpose it was
necessary to digest this vector with the same restriction
enzymes, Sacl and EcoRI. The lowest molecular weight band
obtained, corresponding to the small part of pQE30 vector
between the EcoRI and SacI restriction sites (about 70 bp),
was purified on agarose gel and bound to pQE30 with the
CpPl2 fragment previously obtained, resulting in pQECP12
vector. The pQECPl2 vector was then transformed in E. coli

M15 [pREP4].

Example 4 - pQEFh8CP12 and pQEFh8IL5 constructs:
Fh8RSac fragment

The Fh8RSac fragment was obtained by PCR modifying an Fh8
template sequence and using the primers Fh8For and Fh8RSac,
wherein the SacI enzyme restriction site was added before
the Fh8 stop codon. The PCR reaction product was then

purified on agarose gel and bound to pGEM vector.

The PCR product obtained was then digested with SacI
restriction enzyme, resulting in a SacI enzyme-digested

Fh8RSac fragment. This fragment was then purified using an



Met Pro Ser Val Gn GQu Val Gu Lys Leu Leu 110 <210> SEQ ID NO 3
<211> 190 <212> PRT <213> Fasci ol a hepa9 ca <400> 3 Met Thr Thr A a

Tyr

Lys Leu H's Asp Val GQu Ser Leu Ile Asp Trp 151015

agarose gel and was bound to CP1l2 and IL5 fragments,

digested with SacI enzyme.

Fh8CP12 and Fh8IL5 fragments

As mentioned before, CP1l2 as well as IL5 fragments were
obtained using a similar strategy, from a PCR reaction to
which SacI and KpnI restriction sites were added. After ILS
or CPl2 amplification, these fragments were digested with
SacI restriction enzyme and bound to Fh8RSac fragment, also
previously digested with SacI. Fh8CPl2 fragment was then
obtained wusing Fh8CP1l2 binding as template and primers
Fh8For and CP12Kpn. Fh8IL5 fragment was obtained in a
similar way, using Fh8IL5 binding as template and primers
Fh8For and IL5Kpn. The PCR fragments were isolated, and
subcloned firstly into pGEM vector and later into pQE

vector.

Recombinant antigen expression analysis by Ni-NTA column,

under denaturating conditions.

IL5, HIL5, Fh8IL5, CPl12, HCP1l2, Fh8CP1l2, TgOWP, and HTgOWP
proteins were expressed in E. coli M15 [pREP4], being
evaluated in 2 L cultures with LB medium and respective
antibiotics. IL5, CP12, and TgOWP proteins were used as
negative control of protein expression analysis of the
respective fusion proteins. All cultures were induced with
1 mM IPTG at 37 °C for 5 hours, cell extracts were prepared
and the soluble fractions analysed under denaturating
conditions (8 M TUrea) by Ni-NTA columns (Amersham

Biosciences) .



Phe Met G u Leu Asp Lys Asn Asn Asp Qu Ala Val Asp Lys Lys Qu
202530 Leu Thr Ala Tyr Tyr Lys Ser Lys 3y Val Ser Asp Ser Lys lle

Asn
Thr
Val
Al a

354045 GQu Trp Met GQu H's Phe Asp Ala Asp Ser Asp Ay Lys Ile
Leu 505560 Met Gu Phe Cys Arg Ay Leu Gy Leu Arg Ile Asp Gu
Arg Val 65707580 GQu Gn Lys Gn Pro Pro Leu Gn Arg Ala Ay Thr
Pro Ala Leu

The expression of the fusion proteins, as well as
respective negative controls was quantified by Bradford

assay and evaluated on SDS-PAGE Tris-Tricine gels.

Protein expression quantification

Protein expression quantification was made by Bradford
assay, and Figures 3, 4, and 5 show the protein expression
levels Dbetween the fusion proteins, HIL5 and HCPl2 -
Fh8CP12 and FH8IL5, and respective negative controls, IL5
and CP12.

HIL5 expression (1.22 mg/L) was approximately 6 fold higher
than the respective negative control, IL5 (0.2 mg/L). This
increase became even more significant when IL5 was fused to
Fh8, the expression (3.2 mg/L) being approximately 16 fold

higher than the respective negative control, IL5.

CP12 fusion to recombinant antigen H fragment (1.21 mg/L)
resulted in a 3 fold increase in protein expression when
compared to the respective negative control, CP12 (0.44
mg/L) . This increase was even more significant for CP12
fused to Fhs, the expression (3.94 mg /L) being
approximately 9 fold higher than the respective negative
control, CP12. Fh8CP1l2 fusion protein showed a protein

expression 3 fold higher than HCP12 fusion protein.

Negative control proteins, IL5 and CP1l2, are proteins that
under normal conditions (without addition of part or the
full recombinant antigen) are not produced in soluble form
in E. coli, possibly being directed to inclusion bodies
during the refolding process (Proudfoot et al., 1990; Yao
et al., 2006).



859095 36 Gy Thr Asp Ile Qu Met Ile Ala Thr Thr Met Ser Gn Pro
Arg G n 100105110 Val G n Val Thr G n Bas Phe Lys Ser Leu Val Thr Al a
Hs Asn Ay 115120125 Lys Asp Qu G n Met Lys Asp Val Ala Hs Gn Leu
Lys Thr Phe Leu 130135140

Furthermore, the sequences used in this work correspond to
a small part of IL5 and CPl2 proteins, adding to the
difficulty of their stabilization during refolding. The
expression yields obtained for these proteins are below the
solubility 1limit (usually between 0.5 and 1 mg/L),
highlighting their difficult soluble expression.

The addition of H fragment or the full recombinant antigen
stabilizes IL5 and CPl2 fragments, causing an increase in
their expression. More impressive than this expression
increase are the changes occurring at the cellular level,
causing a shift from an insoluble structure to a soluble

different one.

The expression of HTgOWP fusion protein (3.68 mg/L) was
approximately 6 fold higher than the negative control,
TgOWP (0.64 mg/L). The expression of this protein is in the
solubility threshold. What should be noticed, however, is
the significant increase in expression resulting from the
addition of the H fragment. This fragment, as with IL5 and
CP12, will stabilize the protein, leading to its soluble
production. Since TgOWP production with H fragment added
reached high expression levels, the need to add TgOWP with

the recombinant antigen sequence (Fh8) is not justified.

Protein expression with the recombinant antigen was also
evaluated by electrophoresis (Figures 3, 4, and 5) under

denaturating conditions (SDS-PAGE Tris-Tricine).



Asp Asp Thr Tyr Gy Arg Val Trp Gn Cys Val Ile Leu Thr Ay Ser
145150155160 Tyr Trp Met G n Phe Ser H® G n Pro Phe Len Ser Ile Gn
Phe Arg 165 Tyr Ay Arg Tyr Ile Cys 170175 Len Ala Trp Arg Thr Pro
Arg Ay 180
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SEQUENCE LISTING

<110> Escola Superior Agréaria de Coimbra

<120> FUSION PROTEINS, PREPARATION PROCESS THEREOF AND THEIR
USE IN RECOMBINANT PROTEIN EXPRESSION SYSTEMS

<130> ©PAT 39544-08
<160> 4

<170> PatentIn version 3.3

<210> SEQ ID NO 1
<211l> 69
<212> PRT

<213> Fasciola hepatica

<400> 1
Met Pro Ser Val Gln Glu Val Glu Lys Leu Leu His Val Leu Asp Arg
1 5 10 15
Asn Gly Asp Gly Lys Val Ser Ala Glu Glu Leu Lys Ala Phe Ala Asp
20 25 30
Asp Ser Lys Cys Pro Leu Asp Ser Asn Lys Ile Lys Ala Phe Ile Lys
35 40 45
Glu His Asp Lys Asn Lys Asp Gly Lys Leu Asp Leu Lys Glu Leu Val
50 55 60
Ser Ile Leu Ser Ser

65

<210> SEQ ID NO 2



<400> 4

Met Thr Thr Ala Tyr Lys

Asp Trp 151015 Phe Met G u Len 20

<211>

<212>

<213>

<400>

11
PRT

Fasciola hepatica

Leu H's Asp Val

35

Met Pro Ser Val Gln Glu Val Glu Lys Leu Leu

1

<210>

<211>

<212>

<213>

<400>

Met

1

Phe

Leu

Glu

Met

65

Glu

Thr

Met

Thr

Trp

50

Glu

Gln

5

SEQ ID NO 3
190
PRT

Fasciola hepatica

Thr Ala Tyr Lys Leu

Glu Leu Asp Lys Asn
20
Ala Tyr Tyr Lys Ser
35
Met Glu His Phe Asp
55
Phe Cys Arg Gly Leu

70

Lys Gln Pro Pro Leu

85

His

Asn

Lys

40

Ala

Gly

Gln

Asp

Asp

25

Gly

Asp

Leu

Arg

10

vVal

10

Glu

Val

Ser

Arg

Ala

90

Glu

Ala

Sexr

Asp

Ile

75

Gly

A u Ser

Ser

Val

Asp

Gly

60

Asp

Thr

Leu

Asp

Ser

45

Lys

Glu

Ala

Ile

Lys

30

Lys

Ile

Val

Pro

Leu

Asp

15

Lys

Ile

Thr

Arg

Ala

95

I'le

Trp

Glu

Asn

Leu

vVal

80

Leu



37 CLAIMS 1. A fusion protein characterized by the fact that it
conprises an anino acid sequence identi¥al or 90 to 95%sinmilar to
the H fragnment or to cal cium binding proteins excreted-secreted by
the adult worm of Fasciola hepatica, followed by an am no acid
sequence corresponding to a protein fragment or protein unrel ated.

2. Fusion protein according to claim1, characterized by the fact
that the HOLY afieAtPcdie €sPbiies Loe A¥a JhmeRer ek ISar €60 tBe RrJafimo
acid NNterm nal of Fh8 protein, SEQ ID NO 2. 3. Fusion protein
according to claim1, 18ﬁar acterized by tHe fact that the H¥r agnent

correspond f1.ag t~si ml.a 0 i i.d t.erym,nal
Fh22 prot e?ﬁ? OGSﬂElelra% ﬁ%]fﬂ 4r£Iyl SFEISI%SL %%&g e?%ma%go?%?néﬁ% o}?ics'll’ﬂzz;lg % (iﬁ
characterized by tihe fact that the amono acid sequenceigorrespondi ng
to a calciumbinding protein is simlar to the one excreted-secreted
by the adukyswssamGt Fasdiel dvisepapica, AERSHISEQU DeNO-gs THE. PRasien
protein according to claim1, characterized by the fact that the

ani no aci d sequtthce correspondi ng3to a cal ci um bi ndi*fg protein is

sim | ar toéﬁg%&ggé%xﬁﬁgﬁ%' 3667 eLedrhy hflecadull wermol fasehgl &,
hepati ca, , I :
145 150 155 160
Tyr Trp Met Gln Phe Ser His Glu Pro Phe Leu Ser Ile Gln Phe Arg
165 170 175
Tyr Gly Arg Tyr Ile Cys Leu Ala Trp Arg Thr Pro Arg Gly

180 185 190

<210> SEQ ID NO 4
<211> 20
<212> PRT

<213> Fasciola hepatica

<400> 4

Met Thr Thr Ala Tyr Lys Leu His Asp Val Glu Ser Leu Ile Asp Trp
1 5 10 15
Phe Met Glu Leu

20



38 6. Fusion protein according to any of previous clains,
characterized by the addition of the fu¥ion tags to the unrel ated
protein being made in the N or Ctermnal. 7. Fusion protein
according to claiml1, characterized by the fact that the am no acid
sequence corresponding to an unrelated protein fragnent or proteinis
CP12. 8. Fusion protein according to claiml1, characterized by the
fact that FhAIMAi no aci d sequence corresponding to an unrel ated
protein fragment or protein is IL5 9. Fusion protein according to
claim1l1, characterized by the fact that the am no acid sequence
corresponding to an unrelated protein fragnent or protein is TgOAP.
10. An expression vector characterized by the fact that it conprises
a pol ynucl éot ite L36G &N cBT 68 Rg Cf}&ﬁr%%feelﬂ%ﬁ%n byr obBEN HREor t bt

any one of ghgkBed o Bamidd: £iPSLe ﬁc&h?n'a%?ltt‘i'ébiedopy9bh9ccfla§5/

that it conprises the expression vector according to claim10
process fopinhéapr epar@te oH d&dgmanﬂ1¢wotelmghmuumwbxmﬁimgapyobaens

of clains 1. to g charac er,i { ct that _gost f

Sccor di ng F5CERREA ReePELEl i odtedtr L Eohart oo SRR hpFt abepebica,
fusion proteilnofxpr espi oh andnheatugi ofe@PiOh®d N dsrdsAicEithg 3. a
Use of the fusion protein according to any one of clains 1 to 9 for

t he producPFeredR AddgHCBEoPEI RECEE1Br BRERA2EREgMENt S i N reconbi nant
protei n expression systens.

2. Fusion protein according to claim 1, characterized by
the fact that the H fragment corresponds to a fragment
similar to the 11 amino acid N-terminal of Fh8 protein, SEQ

ID NO 2.

3. Fusion protein according to claim 1, characterized by
the fact that the H fragment corresponds to a fragment
similar to the 20 amino acid N-terminal of Fh22 protein,

SEQ ID NO 4.

4. Fusion protein according to claim 1, characterized by
the fact that the amino acid sequence corresponding to a
calcium binding protein is similar to the one excreted-
secreted by the adult worm of Fasciola hepatica, Fh8, SEQ
ID NO 1.

5. Fusion protein according to claim 1, characterized by
the fact that the amino acid sequence corresponding to a
calcium binding protein is similar to the one excreted-
secreted by the adult worm of Fasciola hepatica, Fh22, SEQ
ID NO 3.



39 14. Use of an H fragnment or cal ci um bi ndi ng proteins
excreted-secreted by the adult worm of ¥asciola hepatica for the
producti on of reconbi nant proteins.

6. Fusion protein according to any of previous claims,
characterized by the addition of the fusion tags to the

unrelated protein being made in the N or C-terminal.

7. Fusion protein according to claim 1, characterized by
the fact that the amino acid sequence corresponding to an

unrelated protein fragment or protein is CP12.

8. Fusion protein according to claim 1, characterized by
the fact that the amino acid sequence corresponding to an

unrelated protein fragment or protein is IL5.

9. Fusion protein according to claim 1, characterized by
the fact that the amino acid sequence corresponding to an

unrelated protein fragment or protein is TgOWP.

10. An expression vector characterized by the fact that it
comprises a polynucleotide sequence coding for the fusion

protein according to any one of claims 1 to 8.

11. A host cell characterized by the fact that it comprises

the expression vector according to claim 10.

12. A process for the preparation of fusion proteins
according to any one of claims 1 to 9, characterized by the
fact that a host cell according to claim 11 is cultured
under conditions appropriate to fusion protein expression,

and the fusion protein is isolated.

13. Use of the fusion protein according to any one of
claims 1 to 9 for the production of added proteins or
protein fragments in recombinant protein expression

systems.
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14. Use of an H fragment or calcium binding proteins
excreted-secreted by the adult worm of Fasciola hepatica

for the production of recombinant proteins.



