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and. Khudyakov Y. 2001 Synthetic peptides i nmunoreactive with 25 hepatitis A
virus antibodi es Pat W015824). For this reason _the availability of related

pept i deb astiologicehagsnhis| the Haovifuelassifesslasitementyispecipel e sgresdlepatoiane sithirothe t he
O%a' rﬁi&%ﬂ&éiﬁﬁé@%ﬂ.l fik%'étﬁeroﬁicoﬂnmggetﬂg'HAV contains a single stranded positive-

strand RNA infectious genome, which codifies for a single polyprotein which is subsequently

processed into structural and non structural proteins. (Cuthbert JA. Hepatitis A: old and new. 2001
Clin Microbiol Rev Jan;14(1):38-58)

20  The four major structural capsid polypeptides have been described as: VP1, 30,000 to 33,000
daltons (aminoacids 492-791); VP2, 24,000 to 25,000 daltpns, (aminoacids 24-245); VP3, 21,000 to
27,000 daltons (aminoacids 246-491) and VP4, 7,000 to ‘14,000 daltons (aminocacids 1-23). Only
' one serotype appears to exist, and significant antigenic variation has not been recognized among
( Qa different HAV strains (Fields, H and Khudyakov Y. 2001 Synthetic peptides immunoreactive with
25  hepatitis A virus antibodies Pat WOO015824). For this reason the availability of related peptides or

with similar immune reactions will be of great interest for the obtaining of diagnostic kits or

immunogens.

HAYV infection is typically diagnosed by the detection of IgM or IgG antibodies to the capsid
30  proteins. Unfortunately, HAV is very difficult to isolate, it grows in very small quantities in cell
culture, and very difficult to purify big quantities of virus for use in for diagnostic and

immunotherapy for what they are needed to achieve these objectives, other work strategies,

Currently available recombinant proteins or synthetic peptides have not successfully been used as

35  alternate sources of antigen in an enzyme immunoassay (EIA) format for the detection of anti-
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the synthetic polipeptides with glutamin in the carboxyl end that increase the reactivity to the IgM

antibodies (Fields, H and Khudyakov Y. 2001 Synthetic peptides immunoreactive with hepatitis TO

virus atibodies Pat WO015824).

20  From other point of view some works have faced chemically synthesized hexapeptides libraries to
monoclonal antibodies against the HAV, selecting the peptides which react with this antibody
(Albertini TO, Primi D, Mattioli, S, Bonelli F, 1996 Peptides having antigenic activity against
hepatitis to virus Pat. EP0705841).

25  The recombinant proteins available of the HAV or the synthetic peptides simulating its proteins has
not been used with success as alternative sources of antigen in enzymatic immunoassays for the
diagnosis of the infection for HAV or for the production of vaccines. This lack of success has been
aftributed to the poor antigenic reactivity of the recombinant proteins due to the strict
conformational nature of the antigenic epitopes of the HAV. In the case of the selection of these

30  peptides with monoclonal antibodies, the variability of the antibody repertoire is limited and
therefore the obtained sequences could more restricted than when polyclonal antibodies are used

for the mimotopes selection.
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Surprisingly the mimotopes obtained in the present invention are able to displace the native virus in
inmunoenzimatic reactions demonstrating the possibility of being used in diagnostic systems and in
the immunogen production.

20
Surprinsingly the obtained phages mimotopes are able to produce neutralising antibodies, when

they were inoculated en Balb/C mice.

{' ( The peptides sequences of the obtained viral mimotopes are referred as:
25  Seq.ID BA1-56, Seq ID BA1-54, Seq ID BA1-53 and Seq. ID BA1-46

These peptides can be synthesized chemically in appropriate quantities to be used in the design of

diagnostic systems and in immunogenic combinations.



i nmunoenzi mati c reactions denonstrating the possibility of being used in

di agnostic systenms and in the immunogen production. 20 Surprinsingly the
obt ai ned phages m notopes are able to produce neutralising antibodi es, when
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1. One hundred pL. of magnetic microbeads coated with mouse anti-buman IgG

,(

(MACS, Miltenyi Biotec) were blocked overnight at 4°C with PBS/0.1% BSA with
gentle mixing.

15 2. After blocking, the magnetic microbeads were incubated overnight at 4°C with 30 pl

of A08 serum (610 000 mIU/mL).

3. These microbeads were bound to a magnetic column (Magnetic cell separator
MiniMACS, Miltenyi Biotec) and washed 4 times with PBS/0.1% BSA/0.1% Tween
20 (PBSB-T).

20 4. Microbeads were eluted from the magnetic column and blocked with excess of UV-
killed M13K07 bacteriophage for 4h at 4°C. They were then incubated with 1012
PFU of J404 PDPL overnight at 4°C with gentle mixing.

5. The microbeads were loaded on the magnetic column and washed 6 times with
PBSB-T.

25 6. After washing the beads, bound phages were eluted with 0.1 M glycine pH 2.2 and

the eluate was neutralised with 1 M Tris-HC] (pH 9.1).
7. A few microliters of the eluted phages were removed for tittering, and the remaining

phage were amplified in TG1 Escherichia coli cells on solid LB agar to a titre of



3. These m crobeads were bound to a magnetic columm (Magnetic cell separator
M ni MACS, MItenyi Biotec) and washed 4 tines with PBS/ 0. 1% BSA/ 0. 1% Tween
20 (PBSB-T). 20 4. M crobeads were eluted fromthe nagnetic colum and

bl ocked with excess of UV- killed M 3KO7 bacteriophage for 4h at 4C. They
wer e then i ncubatsedoVi REU/A128).PFI986] MéRéuleDRLonivgr ti dhboatord Qviahtd). et | e
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times with PBSBykno 2arkyr 1AbI BesdVRR RO 0¢) beads, bound phages were el uted
with 0.1 Mglycihe %H 2.2 and the eluate was neutralised with 1 M Tris-HClL

(pH9.1). 7. Afewmcroliters of the eluted phages were renoved for
tittering, and the remaining phage were anplified in TA Escherichia coli

cel I sypRuaQickéntd mgay to a titre of 4 1.5x1012 PFU/ M (28). (1989)
Mol ecul ar C oni n?: A Laboratory Manual. Cold Spring Harbor Lab. Press,

Plai nvi ew, NY).. Plagireassey mess perfgrmend toiabiais abiout POE gleguespraylaa Plapeilifisofd t o
obt ai n about 100 pl aques per plate. Plaque |ifts of phage clones were

prepared by ove ?h@gei digld@ivﬁdrepﬁﬂabitﬂ%&)v_dﬂ@ﬁﬁg afiretilese digds oh platdd for 4aom
tenperature (RT). Lifts were blocked with PBS/ 0.1 % NP40/5% non-fat dry

Second- ser um of ORI e ST s Her (o R mu pEO G ANRA R ey
Comper at ur o ( rertils e 26 e R chaegity 1Tkt A itshact P, N cosi a A Gortese R
(1996). Phage- displayed peptides as tools for characterisation of human
sera.. Net hods2i n 1Efkdibsiongy 2zemndresu oB)igh tMise (42 S0R 0SB mBAvsaramiscaied
a;g(ed to the with TG Escherichia coli extract and UV-killed M13K07 phage for 2h at room
o temperature (Felici F, Galfre G, Luzzago A, Monaci P, Nicosia A, Cortese R. (1996).
Phage- displayed peptides as tools for characterisation of human sera. Methods in
Enzimology 267: 116-129)). The pre-adsorbed serum was added to the
nitrocellulose discs and incubated ovemnight at 4°C with gentle mixing.
15 3. The nitrocellulose discs were washed 10 times with PBS/0.1% NP40. Goat anti-
human IgG conjugated with alkaline phosphatase (Sigma, 1:5000) was added to the

discs and incubated for 4 h at 4°C. Nitrocellulose filters were washed as described

before and developed in NBT/BCIP for 2-5 min.

20  They were chosen 75 clones which develop colour reaction.

Example 2: Immunoscreening by Slot-Blot for the round of selection

1. Positives clones from immunoscreening in situ were picked using a Pasteur pipette
25 and placed in Eppendorf tubes containing 1 ml of LB broth and incubated at 37°C
with shaking for 4 h. Tubes were centrifuged at 8000 r.p.m., 10 min at 4°C. The
supernatant was then transferred to a new tube and incubated for 20 min at 70°C.

Tubes were centrifuged at 8000 r.p.m., 30 min at 4°C.



nitrocel l ul ose discs and incubated overnight at 4C with gentle m xing. 15 3.
The nitrocellul ose discs were washed 10 tinmes with PBS/0.1% NP40. Coat anti -
human 1 gG conjugated with al kali ne phosphatase (Sigma, 1:5000) was added to
the discs and incubated for 4 h at 4C. Nitrocellulose filters were washed
as descri bed 2. b&Supematnt; fileughagedones aNB M BBLIT fnegatReTomirol) w2 eyl andr e
chosen 75 cl ones which devel op col our reaction. Exanple 2: |munoscreening

by Slot-Blot fopelient@indofhdreledtd 7801 PHIDSI Eafe\(/ﬁﬁls% QlB‘?—Elofttg 150 iiwell
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supernatant was then transferred to a new tube and incubated for 20 mn at
70C. Tubes wer Niteegsilplose fidarsavers bboked pithPBSAD 11aNP48(5% @on-Hatzlry sulkdendt ant s
from phage cl ones and M 3KO7 (negative control) were titered and their
cancentrati on agjRifichehgding theSoiey Ritdied] previous to slot-blotting. 50 |/ well
of each sanple was applied to nitrocellul ose nenbranes using a Sl ot-Bl ot

appar at us. | t ' . | 9 9 n-f at
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o anas vier o JRaBERDHER PP e iR SR TSV i (et Heshte suBentim
anti - HAV. The obtained results were shown in Table 1. Table 1. Sl ot-Bl ot

anal ysi s of boubd\Yhage clones after first round of selection - 3+ 06 - 3+
3+

The obtained results were shown in Table 1.

{ ( Table 1. Slot-Blot analysis of bound phage clones after first round of selection

3+

03 +/- - - + N
06 - - - + 3+ 3+
46 - +- - 3+ 3+ +-
51 } - - 3+ + -

>3 - - - + T -

54 - - +- + 3+ +-
56 - - - + + n

. Legend: (+) positive, (3+) strong positive, (+/-) weak reaction, (-) negative

The seven clones that they only had reaction with the positive serums and they did not have reaction
with the negative serums (or it was weak with one of them) were selected).

15

Example 3: ELISA for selection of positive phages against different sera

Prior to ELISA each phage clone was amplified and purified by PEG 8000/NaCl
precipitation ((Sambrook J, Fritsch EF, Maniatis T. (1989) Molecular Cloning: A Laboratory
Manual. Cold Spring Harbor Lab. Press, Plainview, NY)). Phage clones and M13K 07 (control)

20  were tittered and their concentration adjusted to 2.5x10" PFU/ml.



3+ 173+ /- 46 +/- 3+ +51 - - 3+ + 53 - ++ 54 - +/- + 3+ + 56 - + + +
Legend: (+) positive, (3+) strong positive, (+/-) weak reaction, (-)
negative The. seven clones that they only had reaction with the positive
seruns and they did not have reaction wth the negative seruns (or it was
weak Pod thipagapf 21 hemiveveer mdl e23 adgativd Ssdex A IBAY: whiel §Rdf OTheyekh@e ity of
positive phages against different sera Prior to ELISA each phage cl one was
anpl ipﬁeﬁwualﬁdbqoﬂmﬂilp}“eﬁ YIP A&t doupHASCTotal; Béelipriewr $4n ((Sanbrook J, Fritsch
EF, Maniatis T. (1989) Ml ecular Coning: A Laboratory Manual. Cold Spring
Har bor Lab. Press, Plainview, NY)). Phage clones and ML3KO7 (control) 20
were tittered and their concentration adjusted to 2.5x1012 PFU m . 6 For
this assay 27-pdiltiiwell plates (Mawisorp Hie Yamne)uers epated mith 19\nlwSestiddbd . They
were tested previously by the ELFA, VIDAS kit Anti-HAV Total, Bi oMerieux

SA 1. Ml ti-wehlonptlahslsan(ibbdy S0nershdn-Phimticidpdilaled 9250 eV NAHEOOpH 94 at
anti-ML3 5 nonocl onal antibody (Anmersham Pharmacia) diluted in 50 mM NaHCGO3

D 5.0 21 ! g SROSERRERLASE Bk Bl LBk ISP gl S O

were bl ocked wi th PBS-T/5% non-of at dry mlk for 1 h at 37C. Duplicate phage
sanpl es were adddimgstuith PBad)-§5% Twesn g @BHOB) was pre- adsorbed with TGL

2. The plates were blocked with PBS-T/5% non-fat dry milk for 1 h at 37°C. Duplicate
phage samples were added (100 ul/well). Serum 1/100 was pre-adsorbed with TG1

Escherichia coli extract and UV-killed M13K07 phage for 4h at RT.

—_
.‘m

3. Plates were washed 4 times with PBS-T and then incubated for 4 h at 37°C with
100 pl/well of goat anti-human IgG/alkaline phosphatase conjugated (Sigma) diluted
1:5000.
4. Plates were washed again and developed with p-nitrophenyl phosphate chromogen
15 substrate. The absorbance at 405 nm was recorded by an automated ELISA reader

{Dynex Technologies).

(\ Four phages clones were selected without any reaction with the negative sera. They demonstrated

20  different affinity with the positive sera, they are:
® BAI1-56 92%, @ BA1-53 32%, ® BA1-54 56% and BA1-46 56%

Example 4: Sequencing

25  An appropriate dilution of phages was plated in LB plates containing kanamycin at 75 pg/ml.
Single colonies were excised and grown in LB broth containing kanamycin at the same
concentration. DNA from phages was purified by Midiprep kit (QIAGEN), then sequenced using a
gene IlI-specific primer, which anneals ~50 nt from the 27-mer insert (Burritt JB, Quinn MT, Jutila
MA, Bond CW, Jesaitis AJ. Topological mapping of neutrophil cytochrome b epitopes with phage-



Escherichia coli extract and UV-killed ML3KO7 phage for 4h at RT. 3. Plates
were washed 4 tinmes with PBS-T and then incubated for 4 hat 37C with 100

| /well of goat anti-hunman | gQd al kal i ne phosphat ase conj ugated (Si gna)
diluted 1:5000. 4. Plates were washed again and devel oped with

p- ni t dephgnybraptso siPRat e Bedlr Chegeniul 19;2500:8) 11 69 24-8Ghe Thiosplralgantisplated 48:ptiden
was recorded by an automated.ELI.SA reader (Dyn Technol ogi es). Four .phages
cl one$*PWeRESsel ect B wi t hout 1%}‘79 reactPdH with %ﬁr@_ﬁggati v "ger a. ?%QVB““
demngﬁt{éﬁﬁﬁdfw.&%iﬁhﬁhﬁ{ &lchtibh/BY AN TiRfolibforegbld Megera, they are: 0

BAI -5 2% ' D BAl -53 32% BA1-54 56% and BAI -46 56% anpl e 4: Sequenci ng
25 An appropriate dilution of phages was plated in LB plates containing

kapanycin.at 75 g/m ., S ol gni re j sed. and grown in LB broth
co tai%iﬂ&%ﬁg@ﬁmﬁl’eﬁ@g'é%@“g@bﬁﬁé% ng% c3BRid BTPH- phages was
purified by Mdiprep kit (Q AGEN), then sequenced using a gene Ill-specific
primer, which anneals -50 nt fromthe 27-nmer insert (Burritt JB, Quinn M,
Jutila MA Bond CW Jesaitis AJ. Topol ogi cal mappi ng of neutrophil

cytocly Bag-43 epi t opes SHSAFNLEYe-...7. . HewGRy |ibraries. 1995 J Biol Chem Jul
14;270(28):16974-80). The phagﬁ di spl a‘¥Fed Bepti de sequences were aligned
usi ng BBA$I@. 0 al gorithm SVIKLRVFEGGPP

(bptp:// ncbi . nl m Rj i imfo/information3. htm). 5 A
Allfbgnrrenrw; m not opeé@ﬁ@ﬁ?ﬁe@m& ith VP3 capsid protein. O

BAl - 54 SHSAFNVFD. . . .. 6...FGVYGPP 0 BAl -56 SHSVTKLRVFGGPP 10 VP3
AQFPFNASDSVGEQQ KVI PVDP 62 83

‘C o BA1-54 SHSAFNMFDFGVGPP
o VP3 FWRGDLVFDFQVEPT
15 110 124

B: Alignment of mimotopes eBA1-54 and eBA1-56 with VP1 capsid protein

20
@ BA1-53 SHSSESH.......cooiiiiiiiiiiiin . RVKSAGPP
VP1 ESHIECRKPYKELRLEVGKQRLKYAQE
300 326
T
@ BA1-56 SHSSVT....... KSLRVFGGPP
VP1 QETSVT...... KTDSTFGLVS
16 1 21 230
30
Mimotopes names are given on the left of their relative amino acid sequence. Partial sequences of
each HAV capsid protein is shown at the bottom of the mimotopes for comparison. Numbers refer
to amino acid positions in the original capsid proteins after cleavage by protease 3C. Letters in bold
represent conserved residues between the mimotope and the particular HAV protein.
35



0 BAl - 54 SHSAFNMFDFGVGPP VP3 FWRGDLVFDFQVFPT 15 110 124 B: Alignnent of

m not opes oBAl -54 and oBAl -56 with VP1 capsid protein 20 0 BAl -53 SHSSESH
................................. RVKSAGPP VP1 ESH ECRKPYKELRLEVGKQRLKYAQE
300 326 O0BAI-56 SHSSVT....... KSLRVFGGPP VPl QETSVT. .. ... KTDSTFGVS 16 11

221 2BRduckd Mifi®keidaRqieres of iR Win&Bp@nntEigh@bht With tREPT rdpedinbfl MA Vodiiano
aci d sequence. Partial sequences of each HAV capsid protein is shown at the

bot t ogg\ph 75 Q@oﬁiﬂ“ﬁ, %&%nfwl%l ‘Bonig@éﬂuﬁ‘%% b RI GrFteﬁlrstonE Osbl\ﬂ!ﬁ'?ﬂﬁeﬁcﬁlﬂ 1987.

positions in the original capdid proteins after ¢tleavage by’ protease

par 1 ComEe Ry HERIeAsC R o ARG Gte LAHOTSd HHsS SOBRERen oY HCHY OB es

and alignnent with the P1 re:g@on of HAV strain HW 175 (Cohen JI, Rosenbl um
B, Ti CedvuPNotl. 4rd. Baekd RB4:HKTnH}1o givedhy repuli thet thephagasosBAL-To a3 Aet-84 and
nucl eoti de sequence of an attenuated hepatitis A virus: conparison with

Wi § d- BYRR1BI Usave discete rdlgibhs irAcatimohowith Wiferént r8iod« 87 tHeOVUP3 gh\Be Wipe vigpul t
that the phages e BAI-56, 0 BAl-54 and 5 o BAl-53 have discrete regions in
commgrd%ihp different regions of the VP3 an the VPl viral proteins VP3

VP3
 BAI1-54(62-83 y 110-124)
10 o BA1-56 (62-83)

X¢
VPI
g BA1-56 (16-11 y 221-230)
o BA1-53 (300-326)
15
The numbers are referred to the aminoacidic position en the original capsid proteins after the
clivage with proteinase C.
Example 5: Inhibition ELISA assay.
20

 The aim of this experiment was to know if the phage clones BA-1 56, BA-1 54, BA-1 53 and BA-1
!- ( 46 had the capacity to inhibit specifically the HAV-antibodies of the positive sera.

The ETI-AB-HAVK-3 Kit diaSorin (for total antibodies) were used. It is a semiquantitative
25  competitive system, with a calibration curve of antibody quantification included. In the same plate
positive and negative control sera were included and the same sera were adsorbed with the phage

clones under study.
The four phage clones were incubated together with the sera (10° ufc / 50 pL + 50 pL of serum
30  without dilution 2 hours at 37°C, before the antibodies determination. The ELISA was performed

under supplier indications (diaSorin, Ltd.).

With the OD results of the calibration curve, an statistical regression of 98% was obtained. The



o BA1-54 (62-83 y 110-124) 10 e BA1l-56 (62-83) VP1 o BAl-56 (16-11 vy
221-230) H BAI-53 (300-326) 15 The nunbers are referred to the am noacidic
position en the original capsid proteins after the clivage with proteinase
C. Exanple 5: Inhibition ELI SA assay. 20 The aimof this experinent was to
know éduatibe of tiag eurvk paasitBA-td eGtnatBAy int'ﬁl@olﬂén bffige @dedﬂ&es]of séfinhat] ¢elmem-

capaC|t to. i nhi bi eC|f|caIJ bodles of th S|t|ve sera.
The. ETbdzsamR 23tipe e %slatr%w%lfb&? o7t BRd e wsu‘?aé@)l%} pUREE SIPRES; s
sem quant itative 25 conpetitive system wth a calibration curve of

anti body quantification included. In the same plate positive and negative
cont r Blguset & showing the remhbicbfaeattivh evitdhigositives sernar(d) and nedatides\brids (Bne phage
cl ones under study. The four phage clones were incubated together with the
sera (108 ufc / 50 L + 50 L of serum 30 without dilution 2 hours at 37C,

bef or S At i I I er
mcl cBetf Sk SR ESEBATL 8 RIS P haek g Litpd B Relce BRE QY BERLURR
an st phagtjeptitlesramiies ticommindddfoins eplndpaiofedA VA captiee) uaﬁbdalﬁespbloelting their ve
permtted to estinmate by interpolation of the OD val ues of serum and serum
phageredction with thadA¥yiis (E’(gn&ghtration before and after the incubation with

the phage clones. Figure 1 is showng the result of reaction with positives
serum (A) and negatives ones (B). 5

10 Negative sera: The OD values of negative sera were under the inferior limit of the calibrator

(5mUI/mL), indicating the absence of unspecific reactions between phages and sera (Fig. 1 B).

[‘ ( The calculus of the inhibition percent which cause each phage clone with each serum was done. In
Figure 2 is showing that all clones inhibits the reaction of the positive sera in the ELISA test.
15  Inhibition of the reaction of the human convalescent sera with HAV after adsorption with the phage
clones supports the hypothesis that the peptides mimic HAV epitopes, blocking the reaction of
serum antibodies with the virus. The difference in the adsorption of the antibodies with the different
phage clones can be due to the disparity in the aminoacid sequences of each clone and their
relationship with immunogenic proteins of the HAV. Although BA1-46 is not related with any

20  viral sequence but is capable to displace the virus in three of the four sera evaluated.
Example 6: Assay for specific antibody response in mice.

. The aim of this experiment was to determine that the phage clones had the capacity to induce
25  specific antibodies in Balb/c mice and its differentiation of the antibody response between the

specific clone and the M13K07 phage (wild type).

In order to obtain this result 10" ufp/mouse in three dosis (0, 14 y 28 days) 10 mice/clone and 10
mice with the wild type phage M13K07. Animals were bled before each immunisation and at 42

30  days; sera were collected and stored at -20°C until evaluation.

The ELISA for serum evaluation is described:

1. Multi-well plates (Maxisorp F8, Nunc) were coated with 100 uL. of each phage clone

diluted in 50 mM NaHCO; pH 9.6 at final protein concentration of 10 pg/ml. Plates

10



Positive sera: BAl-56, BAl-54 y BAl-53 phage cl ones caused a decrease of the
OD because of the phage peptides m mcs the i munodom nant epitope of HAV
and capture antibodies, blocking the reaction with the HAV virus (Fig. |IA).
10 Negative sera: The OD val ues of negative sera were under the inferior
limt of the cahehrmtabateddvefiight atif(, themoadeti3rnignedreith FBSHE85%Twaaspeci fic
reacti ons between phages and sera (Fig. 1 B). | The cal culus of the

i nhi bition percepgsyhi ch cause each phage clone with each serumwas done. In
Figure 2 is showing that all clones inhibits the reaction of the positive
sera in the I : [ oTIE 1! r i f qt n

conval escent %s_'eige&\ﬁ%%? W%/SDQF%PQ@ sgg%ﬁifl%%rh\%nffﬁ?%ﬁ@ﬁgﬁel 12%03?: " supports

t he hypothesis that the peptides m mc HAV epitopes, blocking the reaction
of serum ant3-b&Wipkisatq seRre prmples were afided 600D eSeram dikitigas dy 3R Werpref t he
antibodies with the different phage clones can be due to the disparity in
thee am noaci d sedsghaebewithTGlakdthelighie colnextideeid UVekitibd ONIK Y piak® for 2h at

i mrunogeni ¢ proteins of the HAV. Although BAI-46 is not related with any 20
viral sequence byimksnsaRakl e to displace the virus in three of the four
sera eval uated. Exanple 6: Assay for specific antibody response in nmce. The

aimof this experinent was 10 term. t _the phage, clon had, t h
capacity to i‘fidu gateszxgergl%aéflefq Aggglﬁﬁ ?thglg)iééil?iaﬂdgéﬁnﬂp@%’ﬁe@eﬁﬁﬁg %“32 ¢ Wit
differentiation of the antibody response between the specific clone and the
ML3KO7 phage (wil0f piApsd)of goat amtidmoused gotitpaiaxidase sonjugaied (Signa) dilytedrbd@.i n
three dosis (0, 14 y 28 days) 10 mce/clone and 10 mce with the wild type

phage ML3KO7. 5 AMAYE] FeréBiRhEd ggimbsﬁd)a&eﬁ@e@wm@mﬁh&anM@@bé&te.30 days;
sera were collected and stored at -20C until evaluation. The ELI SA for serum

evdl uation is descrihed k. i - s Lsor N re
cbated with 100 81(%? R?‘a&ahp%’al\%é&é rA\cli\%lghmBJi’ﬁJ e%(ii?/?é?g%% @1@?&% %l?‘)\éﬁé" 'éAf
final tei trati Im . Plat 1 [ t i ght
IERGERCT T e R E N e

peptide libraries and human sera. 1994 EMBO J May 1; 13(9):2236-43). The

absorbance at 405 nm was recorded by an automated ELISA reader (Dynex
Technologies).

15

All the immunised animals developed a response against wild type phage and the mimotopes under
study after the first immunisation (data not shown) and each of the 4 mimotopes induced antibodies

{ ( specific for HAV (FIG. 3).

20

11



(PBS-T) 2. The plates were bl ocked with PBS-T/5% non-fat dry mlk for
37C. 3. Duplicate serum sanples were added (100 1/well).
1/80 was pre- 5 adsorbed with TA@ Escherichia coli extract and UV-killed
ML3KO7 phage for 2h at roomtenperature. 4. Plates were washed 4 tines with
PBS- TEamdple!ve WitahMebadlesdtidoassdy h at 37C with 100 | /wel | of goat anti-nouse
| gG / peroxidase .conjugated (Signma)  di 5. Plates were washed

a) uted. 1: 4000. | A
agai nCaeRP elelpar apes Wite Hmmaptzsd ey thedans ﬁlgferrélt &lpvss tha aim wag g dptermine the
R M A Feliiacl -.Cor, Monagkaf, N cosia A A general
strat %@I@Wiﬁgg% ?%‘“%@6{0%1%8&%‘%53@%%8? 4 mg{rl%iegens usi ng only random
peptide libraries and human sera. 1994 EVMBO J May 1; 13(9):2236-43). The
absorbance at 405 ma was recorded by an aytomated EL|I SA reader nex

TS drogeSSer M P it ARl i K| S0y enootia Aospand S fype
(at aPHBE BTSHE, PLA8 BE0vap LIRS /O AREIASRL dEMaB AT b PR A R "

for Hidn{ fik@nnRnisedQnitd aAASIH AV 7antived Aoodsedi ivithl I0sied/imd THASS @tigeh Odllidnoftour
mce were immpni zed with the four different clones the aimwas to determ ne
the opewight & Q). apyn Weutienn (1420,sHEP.o0l8EhgaAAT \C.odntt moyse percaidasraroningatay.

and KSR A S0 Thoae g Y A5Rhel s IV silin REFT dsauRitefeg "

ag@i nséacﬁﬁalst(eypédheitﬁﬁg%4,t@m Rhdinbet 580/830 LIt frel HIWBL §ECigiHede agai nst

1 h at
Serum di | uti ons

HAV antigen (coated with 10 97 mL V anti gen Medi agnost,
~ Neutralisation test:
( ( Cell culture: FRhK-4 cell line (ATCC CRL 1688) were propagated in Dulbecco MEM plus 10%
fetal calf serum at 37° C with 5% CO,. 96 wells plates were sceded with 3x10° cells/mL for the
15 titration of the virus and the neutralisation test.
Virus: HM175/18f cytopathic clone of HAV (ATCC VR-1402) was grown in FRhK-4 cells and the
titre determined in confluent monolayers of FRhK-4 cells in ten fold dilutions given a titre of
2x10>” TCIDso/mL.
20
Neutralisation of HAV: Dilutions of mice sera (1/2, 1/4,1/8, 1/16) from mice immunised with the
four clones, the wild type phage M13, control sera without immunisation and a neutralizing
( monoclonal antibody against HAV (Clone 7E7, Mediagnost M40) were incubated with a fixed
dilution of the virus (2x10>™), and after were inoculated in quintuplicate in a 96 wells plate seeded
25  with FRhK-4 cells. Four wells are maintained as control cells/plate. The neutralisation titre was

scored as the reciprocal of the last dilution of sera, which inhibited the virus growth in more than
50% of the wells inoculated. The results of the neutralisation assay are shown in Table 3.

Table 3. Neutralisation index of hiperimmune serum/phage clone

Phage Serum | Serum | Serum | Serum | average
clone 1 2 3 4
BAl-46 16 16 16 16 16
BAl- 56 8 8 4 16 9
BA1-53 0 0 8 8 4
BAI-54 4 8 4 8 6

12




overnight 4 C), serumdilutions (1/20, 1/40, 1/80) 2h 370 C, anti nouse
peroxi dase conjugate (Sigma A-5906), |h 370 C, the reaction was devel oped
with TMB substrate (KPL) 15 mnutes and 10 reaction stopped with H2SO4,
0.1M reading at 450/630 X. Results are showed in Figure 4. Neutralisation
test: - Cell culture: FRhK-4 cell line (ATCC CRL 1688) were propagated in
Dul becco MEM plus 10% fetal calf serumat 37 Cwith 5% CO2. 96 wells plates

wer e Blaedgldeyshdivex dR5theelebipbdtal of alic hiphestIfenim tdiktibe Rapiblé RE reducisy AVt he
neutralisation test. Virus: HML75/18f cytopathic clone of HAV (ATCC VR-1402)

o7 SR RS i 90 AR, 8 SO s ol e
20 el St e 7B S RSy A bt ), o

Wi t hout i mrunisation and a neutralizing nonoclonal antibody agai nst HAV

(& one 7E7, Nbdia%nost MA0) were incubated with a fixed dilution of the

vi r usTheimpliatisn of dmge a¢qudis isvthae these oumatapds on thgupeptide Seqenessi derizedaf thesd s
pl ate seeded 25 wi,.th FRhK-4. cells. Four e mai.ntai ned as contro

Cel | SPiRaRes. RIS EdEPAR anirbhigen AeipadTA L b HBARE PET cBRER of ¢ ne

| ast dilution of sera, which inhibited the virus growth in nore than 50% of
the wells inoculated. The results of the neutralisation assay are shown in
Table 3. Table 3. Neutralisation index of hiperinmune serunf phage cl one
Phage Serum Serum Serum Serum average clone 1 2 3 4 BAI- 46 16 16 16 16 16
BAl1- 56 8 8 4 16 9 BAI-53 008 84 BA-54481486

C
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12 The val ues showed are the reciprocal of the highest serumdilution

capabl e of reducing HAV (HML75/f8 strain) growh by 50% The preinmune sera
and the antiserumof the wild type phage exhibited no effect. The Mab 7E7
used a  posi tive control showed an average of 40. 5 The inplication of
fheseg'i‘@ﬁggesf‘ "itf§hfﬂ’é?p°tsﬁ‘g§%luﬂf’%t opes or the peptide sequences derived of
these m notopes, could be used as an i mmunogen agai nst HAV, wth
neutralizing viral capacity. 13 Advantages of the proposed solution. The

pr opoBEdprophedi sohgicas are sireriop to the praecdgniesadations heghuseivatis teefirst sepsinf tie t he

first ,st.eps of t.he _.obtaini.n ocedure. .the.sel ected.peptides recogni,sed a
wi de FRABIE PErcegits, HE s el Ferldss iFoakgtsps.a Widtaubitier P Bt AT arigHe e
sgstq&ﬁiwﬂhmmﬁgﬁ@gﬁc%yggﬁpj e and safe for obtaining antigen for diagnostic
systens or vaccines production, wthout the necessity of culture the virus
and the poor yield of the viral culture, w thout the inconveniences of the
use . |i.an. ti.ssue culture for pr.oductioon of.whoJe virus . submtted to
10 ¢ PR Ghers P SimbiR and st o i g B FikofhistSItefinas VEocinprtpbisTon
react yfRou the Resdstty V&S caftte IRIFrLY 384 S8E gaoof:g’%l& @fZhe i chlthie? Rviffout g
reaction of positive sera against HAV in presénce of the phage Clones. 15

Fi guriacveniEntSLofahe tube of prroivkilanrtsact cutury fargretiétioh of evimld vivas sdbastted to

i nized wwth the four phagotopes (1/80 dilution). The histogram shows the
i 0o uctons TS £ i ¢ anti bodi es agai nst HAV after inmunisation with the
phage m notopes after subtraction of binding to wld-type phage. 14
Sequences list: Seq. |ID BAl-56 SHSVTKSLRVFGGPP

~ Brief description of figures
( ( Figure 1.- Phages reaction with positives and negatives sera.

Figure 2.- Inhibition of the reaction of positive sera against HAV in presence of the phage clones.
15  Figure 3.- ELISA of the specific reactivity to HAV of sera from mice immunized with the four
phagotopes (1/80 dilution). The histogram shows the induction of specific antibodies against HAV

after immunisation with the phage mimotopes after subtraction of binding to wild-type phage.

14



(Ser-His-Ser-V al -Thr-Lys-Ser-Leu-Arg-V al-Phe-Ay-Ay-Pro-Pro) 5 Seq. ID
BAl- 54 SHSAFNVFDFGVGPP ( Ser - Hi s- Ser - Al a- Phe- Asn- Met - Phe- Asp- Phe- d y- Val -
G y-Pro-Pro) Seq. |ID BAl-53 SHSSESHRVKSAGPP ( Ser - Hi s- Ser -

Ser - u-Ser-I—f. -Arg-Val -Lys-Ser-Ala- Ay-Pro-Pro 10 Seq. |D BAI-46
SHSQ.&W‘G@& ‘S?Ser -Hi s- Ser-d u- Leu-d y- Phe- Phe-Val -@ y-Pro-Pro) 15 20 ((
25 1geg1gm1_5g.sﬁgpqmgmm@p i's recogni sed by anti bodi es agai nst HAV
and its sequence is different fromthe sequence of the viral proteins, is

i dent (Jerdiis-er-Seh TheLpaBesbeu-Are- Vel PbptGlaeGlpHirotProls recogni sed by anti bodi es
agai nst HAV and its sequence is different fromthe sequence of the viral
proteins, is identified as Seq ID BAl-54. 3. A peptide which is recogni sed
bys angg@qgiEﬁlggaiSmAMFt}VGppsequence is different fromthe sequence
of the viral proteins, is identified as Seq I D BAI-53. 4. A peptide which

i s redSgnHiseStriAladiic: duuMes-PhgaispstheHAly-Hald Gly-£re®p)ence is different from
the sequence of the viral proteins, is identified as Seq | D BAl-46. 5. The
conposition conprising the peptides described in any clains from1l to 3 to

be usgg%_gbogﬁl_glg sAsseaPiRNAts Roppas specific reactants for preparing

di agnostic kits to permt the identification of HAV anti bodies in sanples
of di {$e+lEiniSenrIegi(¥n-Ser-His-Arg-Val-Lys-Ser-Ala- Gly-Pro-Pro

10

Seq. ID BA1-46 SHSQLGPPVGPP
~ (Ser-His-Ser-Glu-Leu-Gly-Phe-Phe-Val-Gly-Pro-Pro)

((

15

20
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6. The conposition conprising the peptides described in any clainms from1l to
4 to be used alone or in conbinations in vaccines or as starting materi al
to obtaining of specific inmmnoglobulines. 7. Conbinations of the peptides
described in any clains 1 to 4 with other antigens and adjuvants. 8.
Conbi nations of the peptides described in any clains 1 to 4 with other
vaccine fornulations. 16 Secuencias VHA con 46 Sequence Listing <110>
| NSTI TUTO FI NLAY <120> Peptides m m cking antigenic regions of hepatitis A
virus. <130> hepatitis A <140> <141> <160> 3 <170> Patentln ver. 2.1
<210> 1 <Zldimsl5 <212> PRT <213> unknown <220> <223> Description of the
unknown or.gani sm Bookstore at random <220> <221> PEPT| DE
1. A peptide which is recognised by antibodies against HAV and its sequence is

different from the sequence of the viral proteins, is identified as Seq ID BA1-56.
2 A peptide which is recognised by antibodies against HAV and its sequence is

different from the sequence of the viral proteins, is identified as Seq ID BA1-54.
3. A peptide which is recognised by antibodies against HAV and its sequence is

different from the sequence of the viral proteins, is identified as Seq 1D BA1-53.
4. A peptide which is recognised by antibodies against HAV and its sequence is

different from the sequence of the viral proteins, is identified as Seq ID BA1-46.
5. The composition comprising the peptides described in any claims from 1 to 3 to

be used alone or in combinations as specific reactants for preparing diagnostic

kits to permit the identification of HAV antibodies in samples of different origins.
6. The composition comprising the peptides described in any claims from 1 to 4 to

be used alone or in combinations in vaccines or as starting material to obtaining

of specific immunoglobulines.
7. Combinations of the peptides described in any claims 1 to 4 with other antigens

and adjuvants.
8. Combinations of the peptides described in any claims 1 to 4 with other vaccine

formulations.

16



<222> (1)..(15) <223> Peptide m notope of VHA <400> BAl1l-56 Ser His Ser Val
Thr Lys Ser Leu Arg Val Phe Ay Ay Pro Pro 1 5 10 15 <210> 2 <211> 15
<212> PRT <213> unknown <220> <223> Description of the unknown organi sm
Bookstore at random <220> <221> PEPTIDE <222> (1)..(15) <223> Peptide

m not ope of VHA <400> BAl-54 eruHiCs SQ;AAI a Pge Asn Met Phe Asp Phe Gy
Val Ay Pro Pro 15 10 15 ¢ Eﬁge i%.?a.éy 1" 4312> PRT <213> Unknown
organi sm <220> <223> Description of t unknown organi sm Bookstore at
randomiO=2pETITUTO FINLAY

<120> peptides mimicking antigenic regions of hepatitis A virus.
<130> hepatitis A

<140>
<141>

<160> 3
<170> PatentIn ver. 2.1

<210> 1

<211> 15§
<212> PRT
<213> unknown

<220>
<223> Description of the unknown arganism. Bookstore at random

i ( <220>
" . <221> PEPTIDE
<222> (1)..(15)
<223> Péptide mimotope of VHA

<400> BAl-56
Ser His Ser val Thr Lys Ser Leu Arg val pPhe Gly Gly Pro Pro
1 5 10 15

<210> 2

<211> 15

<212> PRT

<213> Unknown

<220>

<223> Description of the unknown organism. Bookstore at random

<220>

<221> PEPTIDE

<222> (1)..(15)

<223> Péptide mimotope of VHA

- <400> BAl-54
{(_.Se; His Ser Ala Phg Asn Met Phe Asp Phe Gly val Gly Pro Pro
. 10 15

<210> 3

<211> 15

<212> PRT

<213> Unknown organism

<220>
<223> Description of the unknown organism. Bookstore at random

<220>

<221> PEPTIDE

<222> (1)..(1%)

<223> Péptide mimotope of VHA

<400> BALl-53 _
Ser His Ser ser G1g Ser His Arg val L{s ser Ala Gly Pro Pro
1 0 15

<210> 4
Page 1



<221> PEPTIDE <222> (1)..(15) <223> Peptide m notope of VHA <400> BAl-53
Ser Hs Ser Ser u Ser Hs Arg Val Lys Ser Ala Ay Pro Pro 1 5 10 15
<210> 4 Page 1 secuencias VHA con 46 <211> 12 <212> PRT <213> unknown
<220> <223> Description of - the unknown organi sm Bookstore at random <220>
<221> PEPTIDE <222> (1) .. (12% <223> Peptide m notope of VHA <400> BAl-46
ser-H3s€ ;G u-Leu- G y- Phe- Phe®SHancHd sy VBrR <95r 8% 1 5 10 12 Page 2

<212> PRT

<213> Unknown

<220>
<223> Description of the unknown organism. Bookstore at random

<220>

<221> PEPTIDE

<222> (D..(12)

<223> Péptide mimotope of VHA

<400> BAl-46

Ser-His-Ser-Glu-Leu-Gly-Phe-Phe-val-Gly-Pro-pPro
1 5 10 12
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