Peptides m m cking antigenic regions of hepatitis Avirus. Field of the
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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 daltons, (aminoacids 24-245); VP3, 21,000 to
27,000 daltons (aminoacids 246-491) and VP4, 7,000 to 14,000 daltons (aminoacids 1-23). Only
one serotype appears to exist, and significant antigenic variation has not been recognized among
different HAV strains (Fields, H and Khudyakov Y. 2001 Synthetic peptides immunoreactive with

25  hepatitis A virus antibodies Pat WO015824). 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.

HAV 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

O

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
attributed 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
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m crobéads were | ncubated overnight at 4Cwth 3 of AO8 serum (610 000

m U ndA).

1. One hundred pL. of magnetic microbeads coated with mouse anti-human 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 A0O8 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 10"
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-HCI (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
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(pH9.1). 7. Afewmcroliters of the eluted phages were renoved for

ti tteﬂnql%o arggﬁt h;an Sr.lemai ning phage were anplified in TGL Escherichia coli
cel | sToN S8 Fd"'IB adé‘r to atitre of 4 1.5x1012 PFU nm (28). (1989)
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prepared by ov ying nitr Iscs on plates room

tenperature (RT). Lifts [ I ed with, PBSL0. 19 9 n- f ry mlk
for ahat Rr orRwBHEPERBTL R Pl P PorfalotkgP R pRQOTA P AR Fa Y
serumof high titr 42 000 MU i) S pre-adsorbed 10 with TGL

Escheri chi a co|mh%fer&§@ﬁRJr@Wn&it¢q@\é\?%3m- phage for 2h at room
tenperature (Felici F, Galfre G Luzzago A, Mnaci P, Nicosia A Cortese R
(1996). Ph aée- Adl/spdidytian feyserersksenun pbbigh titrsr 4R H08 clbYmbavasave-edsanbadan
sera. Methods in Enzinology 267: 116-129)). The pre-adsorbed serum was
ddded to the  with TG1 Escherichia coli extract and UV-killed M13K07 phage for 2h at room

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 overnight 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 apnd jncubated.for .4 h at 4C. Ni | lul ose filters.were shed
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chosen 75 clones which devel op col our reaction. Exanple 2: |munoscreening
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| mmunoscreening in situ were picked using a Pasteur pipette 25 and pl aced
i n Eppendorf t wieschcsantpde wanappliedito nitrobd3lubose tnferalirdndsnisinged $ldt-Blot dggaratvs.t h
shaking for 4 h. Tubes were centrifuged at 8000 r.p.m, 10 mn at 4C The

super nat ant  WaNitrBelulds Tty ward bl@kad VW PBSPE | aNP40nsvd Bgh st drpikGomm at
70C. Tubes were centrifuged at 8000 r.p.m, 30 mn at 4C. 5 2. Supernatants

f zom phage cl o Y/ lye control) were titered and their
C(%)ncent ration gg?ﬁ%%@?&%ﬁ% m previous to slot-blotting. 50

pl /well of egach,sanple was applied tq ni.trpcel |l ul ase nenbranes, usj a

B ot Bl ot _apgarbuuendyai edf Peichl a8 festrbf Citie SR ARe peR
UNP40/ 5% non-fat dry mlk for 2h 5 at RT changing the buffer, 4 tinmes. 3.
Subsequent st ephe membrangsweraprabediwish ptheethregnrpsttivegnd thrge Regadive sTHBENfin situ
but the nenbranes were probed with other three positive and three negative
serum anti- HAWAVhe obtained results were shown in Table 1. 10 Table 1.

Sl ot - Bl ot anal ysis of bound phage clones after first round of selection 03
+/ - The obtainddGesults were swmdih Table 1.

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

03 +/- - - + - 3+
06 - - - + 3+ 3+
46 ; - ; 3+ 3+ -
51 - - - 3+ + -

53 - - - + + ;

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

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 M13K07 (control)

20  were tittered and their concentration adjusted to 2.5x10'2 PFU/ml.



46 - +/- - 3+ 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

seru d they.did not have reagtion. with th ative seruns (or it S
ek TR A GRREY o2 GV AE s Q2 saative] SR ARIHA Vo wers Fed 1 HiesobfEdetesh of
posi tirgoliA %9 sheBBF ASVIDAS ik £A-HIEV Tofdl, i BibMefiesk XA each phage cl one was
anplified and purified by PEG 8000/ NaCl precipitation ((Sanmbrook 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 titteretl avidtitwel platsiiMarisvai F§)Nund) weieedated wAtHHMDODRAINIZ 6 For
this assay 27 positive sera and 23 negative sera anti HAV were used . They

wer e tested pfrﬁdﬂo‘a}b%hvad%ow?Allﬁl:ﬁﬁnm-\ﬂh%d)fi)tdilﬁfgdi in %%Mﬁlrl]cgggﬁrégé %tfeux

SA. 1. Multi-well plates (Maxisorp F8, Nunc) 'were coated wt

oH 9.6 at 11 ndine GEGATieR o0 ST F ntere Mpaed qutraiERRu G, B SORISH g

at 4C, then washed 3 tines with PBS/ 0.05%ween 20 (PBS-T) 2. The plates
were bl ocked wittimeBsitlt PBHHOH-Tween2(BRI-K) for 1 1t at 37C. Duplicate
phage sanples were added (100 pd/well). Serum 1/100 was pre-adsorbed with

TGL 10 Esch2r iTheiplateoweredskaakad withrRBSJV/ 3% hbedat i@ KOk fohhbet B8FIC. DuphtatRT. 3.
Pl ates were washed 4 tines with PBS-T and then incubated for 4 h at 37C with
phage samples were added (100 pl/well). Serum 1/100 was pre-adsorbed with TG1
10 Escherichia coli extract and UV-killed M13K07 phage for 4h at RT.
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:
® BA1-56 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 Ill-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-



100 I d/well of goat anti-human I gG al kaline phosphatase conjugated (Sigm)
diluted 1:5000. 4. Plates were washed again and devel oped with
p-nitrophenyl phosphat e chronbgen 15 substrate. The absorbance at 405 nm

was rg a u t I T o i gs). Four hages
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BAI - 56 92% CD BAl-53 32% BAl - 54 56% and BAl-46 56% Exanple 4:
SequahEr Ay nst nip ghlb ey B aioWBLAST 10 ploagakondimil at ed i n LB pi at es
contai ni ng kananycin at 75 tig/m. Single colonies were excised and grown
in LB broth containing kanamycin at the sanme concentration. DNA from phages
Was pAer Aligresknd pf MidbtopepoBAL-54@nAGBM) 1-56 tvith \ilRSeapridegaotegl. Ng a gene
I11-specific primer, which anneals -50 nt fromthe 27-ner insert (Burritt

JB, Quinn M, Jutila MA Bond CW Jesaitis AJ. Topol ogi cal mapping of

neut r ophi | cyt ochrone b epitopes with phage- 7 display libraries. 1995 J

Bi ol . 14; 270 @@g[ 80) . ri¢gppage di spl ayed peptide sequences
were a |g]ned usi ng Bﬁi@iﬁ a'(:jb'r"i"t hm PP

(htt[ﬂB/AMﬁ ncbi . nl m ni h. govSHSVAKILRWV®BGRBTI nf o/ i nformati on3. htm ). 5 A

f m mot ith VP3 i d tein. O
|9EZE gh@ Fle\/Fg?. Opg%F%%@%eg%ﬁEA‘ége \éMVTKLRVFG%ggSI 10p{/(|;3e| "

AQ:PFNASDSVG@ KVI PMRP 62 83 o0 BAl-54 SHSAFNMFDFGVGPP VP3 FWRCGDLVFDFQVFPT

o BA1-54 SHSAFNMFDFGVGPP
VP3 FWRGDLVFDFQVFPT
15 110 124

B: Alignment of mimotopes #BA1-54 and eBA1-56 with VP1 capsid protein

20
0 BA1-53 SHSSESH........ocoiiiiiiiiiiiinenns RVKSAGPP
VP1 ESHIECRKPYKELRLEVGKQRLKYAQE
300 326
25
o BA1-56 SHSSVT....... KSLRVFGGPP
VP1 QETSVT...... KTDSTFGLVS
16 1 221 230
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



15 110 124 B: Alignnent of m notopes oBAl-54 and oBAl-56 with VPl capsid
protein 20 0 BA 1-53 SHSSESH ... ... ... ... . . .. .. RVKSAGPP  VP1
ESH ECRKPYKELRLEVGKQRLKYAQE 300 326 25 0 BA1l-56 SHSSVT....... KSLRVFGGPP
VP1 QETSVT. . ....KIDSTFAVS .16 11 221 23Q ..30 M notope anes I ven on
Uhe IEFBSRS s aPi oy of e Bitagdoeps b aummentogis i P Ui adadshamen
HAV capsid protein is shown_at the bottom of the m notopes for conparison.
Nunbd#d-}7ef &oben JL.Roseabluat B, Jaeshursh IR, Deemge Ry Fginstane SMsParcelt &fbi 19887af t er
cl eavage by protease 3C. Letters in bold represent conserved residues

bet wéemmpléfe nurleotidepsequentetdi@anpiienuated bapatidd/ApvintsecompBos viduwidddypemine. aci d
sequences of the m notopes and alignnment with the P1 region of HAV strain
HW 1 Fvod. Goitle Acad. ,ScRas 840 84487-5011§ give itlsd rediilt thaiephaded,o BAIN 155, 0 BA ISB4 and
Purcell RH. 1987. Conplete nucl eotide sequence of an attenuated hepatitis A
VI Us; BAQDS3Ar hRMdi¥drbt rébibfs 1y BénMbh Ysith ditfeRt rc%%ﬂs- o AW PGh thdvP1 Airal
84:2497-501) give the resSult that the phages o BAl-56, o BAl1-54 and 5 e
BAl-\SQg tQi?x\.{e di screte regions in cormmon with different regions of the VP3 an
the WP Viral proteins VP3 o BAl-54 (62-83 y 110-124)

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

VP1
o 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 HA V-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



10 o BA1-56 (62-83) VP1 o0 BA1-56 (16-11 y 221-230) o BAl1-53 (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 ELISA

.20 The. ai m of thj i ment. to k ifot | BA- 1
S5, - AR 1 s s Perniled A8 YRS Y iniBF sk TS, OD Ve ol b ] vy |
the Yoo, BRAAMiIBodiks EdReR@aidnl befors @hdafidriRe MELbABN MKt phhde dbmegor i n (for

total antibodies) were used. It is a semquantitative 25 conpetitive
system with a calibration curve of antibody quantification included. In the

sane . L+1 | ?ﬁﬁi‘ i . I ng t he sane
seram\i\%lrﬁ%qé%sor%%%%&%r tﬁggpklgégl&gégg{ﬁggs ge%g@r(w?taﬁ%{)}. ﬁgse%g?ﬂ?jhage cl ones
wdre incubated together with the sera (108 ufc / 50 L + 50 L of serum 30
wi t hqut, dilution hgurs_at 37C__before the antihodi es determ npation. The

2
ELI SAofive st BAkDY: Badait y Bidph3 Bhage slaneneqused a desreass of the OLybgcausgafihe he
oD r ' i ] : h§t 4 ' 9 S
Cor AL Ayl B b ORtAR bt HAS LRph 01 AREURS B SA HE
i nt errpasitiah moth tile HAY vimsBigués).of serum and serum phage nix, the antibodies
concentration before and after the incubation with the phage clones. Figure
1 is showng the result of reaction with positives serum (A and negatives

q0es Nhtive s&18S The USD S@il&es @f%e%:a@ve Bérh- RéreYulRiRl -tRS iRfRASE 1ifdiP BE $heC aalitRsloR
decrease of the OD because of the
(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 pL of each phage clone

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

10



phage peptides mmcs the i mmunodom nant epitope of HAV and capture
anti bodi es, blocking the reaction with the HAV virus (Fig. 1A). 10 Negative
sera: The OD val ues of negative sera were under the inferior limt of the

hages and sé?%r:? gubk B85S °E, PR SR LS PR BT BEA TR o

cause each phagﬁ ghﬁne W th each serumwas done. In Figure 2 is show ng
that all clonedFB bits the reaction of the positive sera in the ELISA
test. 15 Inhibition of the reactjon of the human conval escent sera w th HAV
after adsor p2i drhewulates vere bleskpd witlh RBS-Kbpgontfat dyyanik fstlieati3y €hat t he
peptides m m c HAV epitopes, blocking the reaction of serumantibodies with
t he virus. The Dliflicate esetdm isimples waeksaidpd (100 (diwdlheSanini dilutibas 1¥8( wastpre-
different phage clones can be due to the disparity in the am noacid
sgquences of egQlhrbéPRRL AR EM%fzchz&%ﬁEktH&?Qﬁd)UV ﬁlﬁle&m e Rroh&t NS of
the HAV. Al though BAl-46 is not related h any 20 viral sequénce but is
capabl e to di spl ac the virus in three of the four sera eval uated. Exanple
6: Assay for sp% erIclpe’é?‘f’[umr)ody response in mce. The aimof this experinent

Speci {1 ¢ ant o P A SIS TR STRSR s bEPHRE o, body

response between the specific clone and the ML3KO7 phage (wild type). In
order to obtai d00hil/svelledigoat dnfithoufedEOu pswxidase borgagatiesk(Ssgri), diltedyl :4@0day s)
10 mice/clone and 10 mce with the wild type phage ML3KO7. Animals were

bl ed before 9aq11atem1rélv$@he@a aﬁillildndiﬂevéﬁ)lpe@%tﬂ&&ﬁam&ﬁil%eﬁ@iﬂ&e@ﬁbs&ﬁf& ed and
stored at -20C until evaluation. The ELISA for serum evaluation is

scri bed: 1. I | Ve 00 L
q? each phage CIYF B%bn‘%{#aﬁ%?&@é a&wﬁﬁ%ﬁé@e GNEgﬁ%S @?ﬁ%ﬁpgggp%?ng #
concentration of 10, g/ m . 10 wer ate over ni ht t hen
washed 3 tines &xP¢HAl %’é@%.%&‘%ﬁﬁ@eﬂ“ﬁ%mpw%@a%o Sgical antigens ustng °“yran om

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



2. The plates were bl ocked with PBS-T/5% non-fat dry mlk for 1 h at 37C. 3.
Dupl i cate serum sanpl es were added (100 |/well). Serumdilutions 1/80 was

pre- 5 adsorbed with TGL Escherichia coli extract and UV-killed ML3KO7 phage
for .U 4. Plates were washed 4 tinmes with PBS-T and
then%lg( ’{C{grafléfnﬁ'% «&JH’ N3 with 100 | /wel | of goat anti-nouse |gG / _
per oxGrd @f EAUR g tvaste (DiBled dlithi iRl 4i2Reent coneS kiRt fitn Was € Meehside AR N

and devel oped with tetramethyl benzidine substrate. 10 (Folgori A Tali R
Meol &pggifi 1@81 angjtheneutpalisgtioncapaityrof dheswserppazinst HFAVN cosia A- A general
strategy to identify m notopes of pathol ogical antigens using only random
peptide libraries and human sera. 1994 EMBO J May 1; 13(9):2236-43). The
absorAmaisera: Stradfémnfounvasice enmudised lithan)'ayfwwhteech Phigs/clomnand tHeDyildxype

ui 1 0 FREMIR LT, 28 o) Norh e dOLHEIEC X BB LR O3 16 HLSAeR PROR €8 i on
( dat %dh??he%ﬁﬁﬂﬁ]ﬁseﬁf}ﬂlcg%gﬂn&fHAMg@ﬁ @%ﬂ&?\%nh QY65 Laf@AVbQﬁ'l' €2 Medif ﬁ?éctaf our

for HAV (FIG 3). 20 ~Viral Neutralisation assa Goup o
i ce omemnéghit TG, zsednwdmlhtloﬂse(lf/ﬁvrl/d@ f 1/80)edh 39f €hemtit mouse peromidaseocaiggateri ne

5 AntGEEA-SRDBY, 1RrEn s S rehitol WivRRIFSEE W b MBREONFTC KPELLR THRUER:
20d tBRtivh Istégfséao@nh Phsog d\m £e<adm 4.n 436 SN, ResURY fte Bn&b@dimfm%u@ Reci f i ci ty

agai nst HAV by the ELISA test of the sera fromthe i munised mce against

HAV antigen (coated with 10 g/ nL HAV anti gen Medi agnost, overnight 4 O,

serurﬂ lt Ptl ns {1/ 20, 1/40, 1/80) 2h 37 C, anti nouse peroxi dase conjugate
eutralisation tes

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 seeded 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%*7), 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
BAI1-46 16 16 16 16 16
BAI- 56 8 8 4 16 9
BA1-53 0 0 8 8 4
BAI-54 4 8 4 8 6

12




(Sigma A-5906), |h 37 C, the reaction was devel oped with TMB substrate (KPL)
15 mnutes and 10 reaction stopped with H2SO4, 0.1 M reading at 450/630 k
Results are showed in Figure 4. Neutralisation test: Cell culture: FRhK-4

cell Iine (ATCC CRL 1688) were propagated in Dul becco MEM plus 10% feta
calf serumat 370 Cwith 5% C32. 96 wells plates were seeded wi th 3x105
cells nL for the 15 tj tratlon of the virus and _t he neut atlon t

Vi r us he-alves; shopved,arg $he geciprord @f @‘Fehlatw serem tlomema @ﬂwﬂgl }eilf’ﬁhh K- 4

cells and the titre determ ned in confluent nonolayers of FRhK-4 cells in
ten f@EIMIH/Butiagmsergwtheby 0% The perimmupe sgrmmitchogufiserum 2 theewild aynesphegon of
HAV: Dilutions of mce sera (1/2, 1/4,1/8, 1/16) frommce inmunised with

t he dxhbihitedinoréfsct. TheMabl ZE 7t uspe apin pogti Wilntrobstiomed anawerage bHdit | nmuni sati on
and a neutralizing nonoclonal antibody agai nst HAV (C one 7E7, Medi agnost
M40) were incubated with a fixed dilution of the virus (2x10275), and after
wer e momﬂmw&l biNthesd REUIR isGRdtahése MinfRop¥dldr ShdpéitRle S8§ERdeLEeriVel Df K- 4
cells. Four wells are maintained as control cells/plate. The neutralisation
ti t r enielopescenuddibaysedirs an dmimmnogen agsinst HAV, agth nputrakiziog vistl capadity. whi ch
inhibited the virus growth in nore than 50% of the wells inocul ated. The
results of the neutralisation assay are shown in Table 3. Table 3.
Neutralisation index of hiperimune serum phage cl one 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 BAl1-53 008 84 BAl1-54 4 8 48 6 12
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The val ues showed are the reciprocal of the highest serumdilution capable
of reducing HAV (HML75/f8 strain) growth by 50% The prei nmune sera and the
antiserumof the wild type phage exhibited no effect. The Mab 7E7 used as a
posi t} ontr sh d an,average of 40. 5 The inplication of these results
IS tﬁgl‘%nﬁa@ée%oﬂhe rg\élg%edgsr(’h?thoé"pepti de sequences derived of these

m not opes, could be used as an i munogen agai nst HAV, with neutrali zi ng

viral__capaci tg. 13 Advant ages of the proposed solution. The proposed
sol utfhsiEopgsed splyipngare; YPEMY torthe PErsAdens spiutippy, Beqguseaatdl the dirst staps of jthes ¢
st epsped; -Bg I AL B8 RE el &g j ; kSR i de
mumbor e e Brocf el B Ble LA RIS rechiiect®s SR e ot BFH R E e o
syst emmity it A Vnkagnostic¢ systeimspl 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, without the inconveniences of the
use OfhidTRETRBH i PAmipl Sridesafd ok WbRIHIAYE altigaf Y61 difghoRfic WARInSs o Vadsin hdiid, t 0
10 strong regulations. Brief description of figures Figure 1.- ages
r eactwithouhithen ngesssityl oEsulivnd the géitusvansl ther poor Fiigldref the- viral ngulturd, owitheiut tthee
react.i on of. posi ti.ve sera against .HAV in presence of t hage cl.ones,. 15
Fi gurheh EhighRERF e BRRARE 0K eh (B 5 Gy o1 B PG Sy 1o
ilomuntrdfglrepulafiohdre four phagotopes (1/80 dilution). The histogram shows the
i nduction of specific antibodi es against HAV after inmunisation with the
phage m notopes after subtraction of binding to wld-type phage. 14
Sequ list: S BA1- 56 SHSVTKSLRVFGGPP ( Ser - Hi s- Ser-V
al - Tﬁi}}ﬁﬁf/d§§§2étj?_nemdgr?s V al - Phe-d y-d y- Pro- Pro)

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

14



5 Seq. | D BAl-54 SHSAFNVFDFGVGPP

(Ser-Hi s-Ser- Al a- Phe- Asn- Met - Phe- Asp- Phe-d y-Val - dy-Pro-Pro) Seq.

| DBALl- 53 SHSSESHRVKSAGPP (Ser-Hi s-Ser- Ser-Q u- Ser-His-Arg-Val -Lys- Ser-Al a-
Gy- #9{?1- Pro l.lQ Seq. | D BAl-46 SHSQ.GPPVGPP

( Ser YGANEwES I3\ oy- @ y- Phe-Phe-V al -@ y-Pro-Pro) 15 20 25 15 Claims 1.
A pedcgd® BAIIYE SEHSVEIRIIR¥EGGPPr anti bodi es agai nst HAV and its sequence is
different fromthe sequence of the viral q;i)rotei ns, is identified as Seq ID

BAL- 38er-His-Serpabilhad vameehep-Argetaldme@ly-GlyrPrairphodi es against HAV and its
sequence is different 5 fromthe sequence of the viral proteins, is
identified as Seq I D BA1-54. 3. A peptide which is recognised for anti bodies
adai riet). HABAdrd | SHSAENMETMEGVEPRI f ferent from the sequence of the viral

proteins, .i§g i ified as Seq | D BAL-53. 4. i de which is recognised
for a(fgr%%{g%fgggg}é\b%éﬁn'ﬁ&\?@ﬁa“ipf%hé%ﬁ’né%gHY'?rﬁﬁ%er ent fromthe sequence
of the viral proteins, is identified as Seq |ID BAl-46. 10 5. The conposition

conprising the peptides described in any clains from1l to 3 to be used
al onebeqrID) BAQ efBb SHASESHRVASSAGRRi fi ¢ reactants for preparing diagnostic kits

t F i denti ficatj f HAV antihbodies, i | f diff t
or 1 e RSSOV RS 1B hes descr 1 bed i any ol ai ms

floom1l to 4 to be used alone or in conmbinations in vaccines or as start

material to obtaining of specific
Seq. ID BA1-46 SHSQLGPPVGPP

(Ser-His-Ser-Glu-Leu-Gly-Phe-Phe-Val-Gly-Pro-Pro)

15

20

25

15



15 i mmunogl obul i nes. 7. Conbi nati ons of the peptides described in any clains
1to 4 with other antigens and adyuvants. 8. Conbinations of the peptides
described inany clains 1 to 4 with other vaccine formulations. 16

Secu i as VHA con 46 sequence Listing <110> | NSTI TUTO FI NLAY <120>

Pept i ed m m cking antigenic regions of hepatitis A virus. <130> hepatitis

A <140>1. A fdptideiltiélrisFecobhded Ratantibddies/@gaindt HAV 48d @7 sdquerdeliz differerf212> PRT
<213> unknown <220> <223> Description of the unknown organi sm Bookstore at

random <Joays thessquenpepir |ty virabproteins; is identified a9 Sea. IpBA -8 i not ope of VHA
<400> Bﬁl"éﬁepﬁde which is recognised for antibodies against HAV and its sequence is different

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

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

from the sequence of the viral proteins, is identified as Seq ID BA1-46.

10 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 start material to obtaining of specific

15 immunoglobulines.

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

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

16



Ser H's Ser Val Thr Lys Ser Leu Arg Val Phe Gy Gy 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 notope of VHA <400> BAl-54 Ser H s Ser Ala Phe Asn Met Phe

ASP Phe Ay Val @y Pro Pro .15 <210> <211> 15 <212> PRT <213>
unknown organi sm <220> < a%ﬁéﬁ%@;ﬁh”%ﬁ‘%g %ﬁe unknown organi sm Bookstore

at random <220> <221> PEPTIDE <222> (1)..(15) <223> Peptide m notope of
VHA <110> INSTITUTO FINLAY

<120> pPeptides 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 organism. Bookstore at random

<220>

<221> PEPTIDE

<222> (1..(A5

<223> Péptide mimotope of VHA

<400> BAl1l-56
Ser His Ser val Thr Lys Ser Leu Arg val Phe Gly Gly Pro Pro
1 5 10 15

<210> 2

<211> 15

<212> PRT

<213> uUnknown

<220>

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

<220>

<221> PEPTIDE

<222> (L..(1A5%

<223> Péptide mimotope of VHA

<400> BAl-54
Ser His Ser Ala Phe Asn Met Phe Asp Phe Gly val Gly Pro P;g
1 5 10

<210> 3

<211> 15

<212> PRT

<213> Unknown organism

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

<220>

<221> PEPTIDE

<222> (1)..(15)

<223> Péptide mimotope of VHA

<400> BAl-53
Ser His Ser Ser Glu Ser His Arg val Lys Ser Ala Gly Pro Pro
1 5 10 15

<210> 4
Page 1



<400> BA1-53 ser His Ser ser Qu Ser Hs Arg val Lys ser Ala Gy Pro Pro

5 10 15
Unknown

<210> 4 Page 1 Secuencias VHA con 46 <211> 12 <212> PRT <213>
<220> <223> Description of the unknown organi sm Bookstore at

random <220> <221> PEPTIDE <222> (1)..(12) <223> Peptide m notope of VHA
<400> BA1-46 Ser-Hi s- Ser - Glu- ‘sSE'ae%‘dasP%z\Pé‘o%' )@I -dy-Pro-Pro 15 10 12

Page 211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

12
PRT
Unknown

Description of the unknown organism. Bookstore at random

PEPTIDE
(D)..(12)
Péptide mimotope of VHA

BAl-46

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

10 12
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