WO 2011/098778PCT/GB2011/000206 PEPTIDES FOR VACCINE AGAINST BIRCH ALLERGY Field
of the Invention The present invention relates to compositions for preventing or treating allergy 5
to birch. Ba%gblﬂg)&g;ge Invention T-cell antigen recognition requirgs;AMigRgREBsENtING cells
(APCs) to present antigen fragments (peptides) on their cell surface in association with molecules of
the to major histocompatibility complex (MHC). T gells use their antigen specific ‘'T-cell receptors
(TCRs) to recognise the antigen fragments presented by the APC. Such recognition acts as a trigger
to the immune system to generate a range of responses to eradicate the antigen which has been

recognised. Reg&g@%&@r%@em@g%%% SY5! @@n organism, 15 such as

man, can in some cas EASES, KIMOWIT as atopic cond ) les of the latter are the
allergic diseases including asthma, atopic dermatitis and allergic rhinitis. In this ?pup of diseases, B
- lymphocytes gegerﬁgei#t‘iytéggkes of the IgE class (in humans) which bind externally derived antigens,
which are re T xt as allergens since these molecules elicit an allergic 20 response.
Production of allergBime speseifidripéatoniehepeiorramprsifiapafonprsingnefreadng|abcEBiivated by (are
specific fosr) tOeB]aIIclﬁrgen. Allergen-specific IgE antibodies bind to the surface of cells such as basophils
and mast-cells by virtue of the expression by these cells of surface receptors for IgE. Crosslinking of
surface bound IgE molecules by allergen results in 25 degranulation of these effector cells causing

release of infﬁlgﬁc %‘B?lr;}’d@f?ﬂi@@ﬁeﬁﬁﬁg as histamine, 5-hydroxtryptamine and lipid mediators such as
-na

the sulphidol imon 10 1gE-dependent events, certain aIIer%ic diseases such as

asthma are charact&risdlchnerRIEcerIBIiaTREAREY L Len Presoniing rells £ et REEci8ases are
currently treatedo witg A0LMNS g@&ﬁ&%ﬂ%ﬁ@&ymfmﬁiiﬁsm@ﬁaﬁ Ry efdliesdsanbieles of such

agents are anti-histamines, pZ agonists, and glucocorticosteroids. In additio Sé)mﬁhlgE-mediated
. 1 B it
hﬁ cfid

diseasesire mugidisp eeREHEHEE 95|57 b trellsinee FeARYSER SERE of allergen WO
2011/098778RCHGBrER3408:20 SO R aNSar radiagis. fRaserdigdiion e:amants may induce an

IgG response that competes with IgE for allergen, or they ma inqluce Speci icesgl?pggg%or T cells that
block the syntPROgRIGPIFE R THEESHINNLE IMEPGE ST 18 8R0S AR aR Ol W8P Alay s effective and

poses the riskgfiprevekingiseH Mscbiteselesctecpaitietlarly 5 general anaphylactic shock. This can be
fatal unless recognised immediately ang treated wit adrenalinse. {A‘ nghoc%réidaeutic.treatment that would
IC

decrease or eliminaltRERHRRAS @E‘ﬁ%}ﬁ%@?%m&%e 64 par S%ra%]ﬁg‘i’gen, without altering
the immupie reagibitynia othdn iamigrantigensiodisggerikRgoam aletgiicresponse itself would be of

great benefit to allergic individuals 10Ppllen allergens are recognis jor cause of allergic
diseases in hﬁ?ﬁ&}?&%d“-éﬁ%’i‘?%f’fﬁ‘g ulol RES r%éaﬁ aﬁ?gllcserﬁ%ﬁtéggarﬁ%ﬁ %?ré}r]ﬂ&: d%?’rglatitis. At least
10% of the pajauiaiin ehdhdidsSArkiniters s gotem oflBsthess 2B Vamipbrrivegs siaito varying extents.
Proteins present.in free pollenin,particular fro ordear Iﬁ@ggég%[ﬁ@% SXampl4 birch, alder,
hazel, hornbeﬁjrﬂbgﬂLr So%agngrg%gil%gS%ﬁ%r%sé?%ﬂr%&%ﬁﬁ%%e;i%queci_es_, birc ep(’gllen allergens are
the most frequentikitietassofiateogienaspboszmnisirecirstandsavsmtiiean ﬂ“@%"y 1989;
44(0):385,95), ot xample. Apprpalel-padk ol ey sullespea aTs-igsensiipiinipirch pollen.
0

Hayfeveris the BOMMon term for a form of seasona allergy characterised by sneezing, runny nose
and itching eyes alstiexgivatedrby (pusilensaifimips) %b‘ﬂ@?ﬂﬁ@ie@@#@ﬁﬂ%ﬁ?ﬁ@g Svith the birch 20
pollen season iypigally, oGELIRERARWNChAPELLEp IS ARr e BRMYBPRIRIC)S tiewamessame related
types of tree such as alder and hazel can release airborne pollen as early as January (northern
hemisphere). Thibsee sedlsofoudernieeriondtsieBnd ash in March, with oak in late April and early May.
It has been calcuIat%g@%ggymm@mww@fg@tWS leading chronic

disease and a major cause of work absenteeism, resulting in_ nearly 4 million missed qr lost workdays
each yeaﬂ,SreMﬁgqh@ftﬂﬁF}&%te&eﬁ‘fﬁr%&lﬁéﬁwfﬂﬁﬁ?@ﬁ’fﬁ”rg%?%%’gé%fﬂﬁfﬁu%l%?gies are also
the most frequenily separted cREpiarkmRANEN I chidkests initing detviphitruiraredbaind0% of them.
Each year, allergies account for more than 17 million oytpatient offige visits in the United 30 States;
seasonal allergfié%‘i%éﬁIﬁ@ﬁé@?@%‘?@@%ﬁn?%?ﬂ?ﬁ%?ﬁ%ﬁﬁﬁ g.éag%%?a v

gy Visits. A therapeutic or

preventative tiggtmeniomiddhsratorbenigeat benefit to 3 humans that suffer or are at risk of
suffering from tree allergy. Summary of the Invention TQgengesen inventor ha}\ﬁ%ldisw\éered that

certain polypeptide fARFFBAIERIIHRIRE ASHTTR SBrAE PR N R Pollens of Birch species are
useful in dgsepsitisingdndivisdisiedhasm alrgepiss BOiyple pticesfragaeHisderivedffom Bet v2, Bet

vi, Bet v3, Bet v4, Bet v6 and Bet v7 of birch (family nhame: Betulaceae) arg particularl ful. The
polypeptides oﬁi&%ﬁ?ﬁ@ﬁ%’é“%‘éﬁ@&%ﬁ’a&l\g&% %|3%‘E?§%lﬁﬁi%‘§a%§§hs%ﬁﬁ%6‘£‘xt %%Zh use of in

silica analysis §g predigtperRtidadviiGdnthiottioheabe fieaid Diekiss (thilldigrnassays. Additional
epitopes were identified by homology. A difficulty associated with approaches to desensitisation
based on peptide immunisation lies in how to select an appropriate size and region of the allergen as
the basis for the polypeptide to be used for immunisation. The size of the polypeptide of choice is
crucial. If the polypeptide is too small, the vaccine would not be effective in 15 inducing an

immunological response. If the polypeptides are too large, or if the whole antigen is introduced into an
indinvidiial thare ic the riclk of indiicina adyvvaerce reacrtinne <r1ich ae ananhvlavie which mav he fatal




4 and charge are only capable of binding a limited group of polypeptides. The polypeptides bound by
one MHC molecule may not necessarily be bound by other MHC molecules. When a protein
molecule such as an antigen or allergen is taken up by antigen presenting cells such as B
Iymphocytes%ﬁ‘&ﬁi%sg Is, monocytes and macrophages, the 5 molecu%qgfm}ﬁ@ﬂwﬁy degraded
within the cell. The process of degradation gives ri§e to polypeptide fragments of the molecule which, if
they are of the appropriate size, charge and shape, may then bind within the peptide binding groove of
certain MHC molecules and be subsequently displayed upon the surface of antigen presenting cells. If
the polypeptide/MHC complexes are present upon the antigen presenting cell surface in 10 sufficient

numbers the g iReER AERFREST DefeniftaiBdarime i Rophdrs pal SSaRIME B pecific T cell
receptors. . dRRdQ e POy HOsNbisRatH iR Hag Mitte dpstifid ualpitsait Tuhiredgopulation such as

man will express different combinations of MHC maqlecules on their cell surfaces. Since different MHC

molecules catl B aRBrRmTHEE faECH R Lesra OIS LUNR 25 THEERESH # size, charge and
shape of the pohwpegtidaveiffer ppidadividusds wilkoisplayrodifade sftepe saitewdippolypeptides bound
to their MHC molecules. Identification_of universal MHC-binding polypeptide epitopes in an outbred
populatiort sUERER! ATIZRRERET SR c&%lﬁfﬁﬂ%r‘? %B%\{léﬁgﬁf‘ﬁﬁ% ﬁ%@%éﬁgﬁ %‘?@ains of laboratory
mice). On the:basibwiiifesential MitCreqpirssiambatwes wndidduatsandetbeiintetent differences in
20 polypeptide bindi nd. presentation which this brings, it is unlikely that a.single polypeptide can be
identified Whi%%ﬁfegga@ TN PP RS ERRES 1B a@%%%%i%ﬁr% i M%ﬁ%lg%%@ﬂp%gt?des of the invention,
however, prottigsuadraatigverader doeificaoyi g othe dusnmerepepigtionspyrsr getifig multiple
different MHC m% cules. % aec%' Joa erulglte(ai\‘/,\{ié@1 a51‘1Spolypeptide of the invention would therefore
have broad uﬁ’lﬁ‘fl. RESF mélly, the pre ent imvention provides a composition suitable for use in
preventing or treatirkphidhe ediprieivirch potienisey tolerisaticmecsmpeidingic ds¢psheipbiypantide of SEQ ID
NO: 74 (BIR12B; AKYMVIQGEP IR A:yarantt : jith qptiggeof SEQ ID
NO: 53 (Birofj';%ﬁﬁﬂﬁll\{lﬂ E@%ﬁ%%@%ﬁ\%% ) (('r)r a vagrai%a}rtﬁit %ﬁéﬁggéf%v%%g%%n ??/gréi(gnt@of g polypeptide
is: 1) up to BQIwrphlmla&iusoﬁﬂeﬁé%ﬁanﬁ%%ﬁ@i%ﬁ%@k@@%ﬁe@%ﬁ%ﬁﬂ%@%&%%@ 1) 9 to 30
amino acids I lepathya0d SOmBiaes 3 SEpURACS hatbasAtenaeasse diosaleeudadie sequence of

said polypeptide and that i1s capable of tolerising to said polypeptide, or 1l1) 9 to 30 amino acids in

length and cofersrisele isguender.draeldesnras and rsks B IRGI GLAlY Snptady f&hBesst said
polypeptide, Qrasequpncs athegaldeashiabhennioq s sid atdrast dreqiauois amino acids,

which sequence of at least 9 contiguous amino acids or homologous sequence is capable of tolerising
to said polypépaeliandasbnséal LAasmIRStHOMEBR hof BeEBIE ARRIAY B8R ating allergy to
birch pollen compgsingetdeastaor Relyasslaside saargpnenviligheacodrs wachofteidhe
polypeptide of SE? ID NO: 74 (BIR12B; AKYMVIQGEPGRVIRGK), or a variant.thereof as defined
above, and ilCHEIBBR ST HREEE It RRS B SR TB T B BITRIERE B%E%’Wf; or a variant

thereof as definpebahoue: poiRMpasHivpBb dafiiedurg refosrisennmaimethbdhefiireventing or treating

allergy to birch pollen; and an i vitro method of determining whether T cells recognize a composition
as define@ab%%’&é?ﬁ%ﬂﬁcégﬁt%ﬁmﬂ%&ﬁ‘fngéﬁ %\J/ivrﬁﬁ 'égé%& %%grﬁrﬁloilsﬁ%s lla%?qrg) doé%gxgﬁﬁarwmther said
T cells are stiratlatethiey Spisk compasition; atiResdriptidraf thie:segirborepnientisredsherein SEQ

ID NOS: Ito 80 provide the polypeptide sequences of the invention a outin.Tables | to 8. SEQ ID
NOS: 1 to 34 S HS A S RETURR b S e o B G GBS 71t 76
correspond taveptideshdeidniadafrofpiBlemdza8F 4P NOS: 35, 36 and 77 correspond to peptides
derived from Bet v3,SEQ ID NOS: 37.t 7 d. ¢ B%‘?ﬁ@ R éigeqq dfﬁggﬁg from Bet v4.
SEQ ID NOS: 40 to %%%%&%b@é?‘%%&%%%%&%‘%é%e?.%‘gﬁ fromeHeta%/%: SEQ IDNO: 44
corresponds teslipgpticmiatiscasiodaBeiurcDeafl et deiriptioisof wrlimentioeprly 4The invention
concerns polypaplides Wiieh anaswssdnialersalion 54eh pelyesnides may.compgise, consist of,
or consist esslgﬁﬁg ymcz)?sﬁde%éé%g{u]g%ces gﬁgwnogn any of ISHEQ ID NOS: | to 88. Variants of these
specific polypextivesmietldtst isedustulitst halleagignasanky tsrmmssEegemilsrarose¢onsist essentially
of sequences Whigh BIRIRAF OLs ALE HERADAOLFROAR NSl a i grhiomolognes of any of SEQ
ID NOS: 1to § . The invention also concerns compositions comprising 7 poly erE{tlc_les or
polynucleotidesanfaberdirscasiomt Serchaeibpp difisHdiaro snmksne ‘fgli“t?s\éﬁlﬁsp?égé Ritsr treating birch
allergy by,folegigation,qych éﬂé?%{%@%%&’&‘éﬂ'h Gailycheuke AR SBHOBE ipnemmale.adMiiC class
lI-binding T cell epitope) presentin any of SEQ ID NOS: 1 to 80. Tree species Species of tree from
the family Bettil&ieae, commonly known as birch, are responsible for a high proportion of tree allergy
worldwide, particularly aligrgias assRciatesi v ihiespolsaldsuehasRYie wesQtheRiitaportant tree
species include alder, hazel, hornbeam and oak. Birch trees, for example Silver Birch (Betula
pendula), tolerate a wide range of habitats, with soil pH from approximately 3.5 to approximately 7.
They are native to most of Europe and parts of Asia, but are common throughout the world, being
found in the temperate, boreal, and arctic zones of the Northern Hemisphere, especially in Canada

and other parts of North America. Birch trees typically flower between April and May (Northern
Hemienhereal Paentide fracomente of hirch nollen allarnenc The nrecent invventore have identified the




Disclosed herein is a composition for use in the prevention or treatment of birch 5 allergy by
tolerisation which may comprise at least two, at least three, preferably at least four different
polypeptides selected from any of SEQ ID NOS: Ito 80, or a variant of any thereof It is preferred that
none of the selected polypeptides are variants of thé same original sequence defined by any one of
SEQ ID NOS: I to 80. In other words, it is preferred that each of the three or four polypeptides are
different original baseline 10 sequences defined by any one of SEQ ID NOS: 1 to 80, or are variants of
different orighmaldnaskdineSeqrencasrikfviedibyianfonareé QD NOS: 1 to 80. Preferably, the
composition will comprise polypeptides which derive from more than one allergen. For example, the
composition may comprise one or more polypeptides or variants thereof derived from Bet v 2 and one
or more polyfmpiitey of tlaribientiwreof 15 derived from Bet v 1. Additional polypeptides may
optionally be inclu which derive from Bet.v 3, Bet v 4, Betv 6 nd/or@gt.v 7.Accordingly, one
disclosed composi(:f)ﬁirﬁa géﬁeﬁiﬁé%vsel Ut eaéfgt&é%cé) % é\flﬁgﬁ?ﬁt@&iaﬁé’%?pg TASTREEYS $41Y! 71, 73,75
and 76 (WhidtraréhderpedatfoeBenvie)poiavafEinttofanie thereséfasidefineditigigin; and 20 i) at
least one ofm(ﬁ‘g&)&x%e[gt{gg gﬁ | 08S: 1.t0.34 and 45 to 70 (which are derived from Bet v 1), or
a variant of any thereof; ang% opt%%‘%fy[)ﬁi%? TB%% g% "o C‘%eé %16 ﬁgéﬁ%gfto?&( %ﬁb%‘: Kios: 35, 36
and 77 (whidketré dstivediodsBEtof Bycb(amdyiaamef Aoy ineredhaspdeiinédiperein).and/or 25
(b)SEQ ID NOs: 3740 39;.48 70%@@%&%@‘99 rom Bet v %h% variant of any thereof as
defined herein; and/or %(c)yé Q IB NO:s 40 to 43 ar{é Sgbe?vs ich are dpear}i%sefg%g%ﬁnél}i{i/e ), or a variant
of any there&p#epeefinedharsial andlor antl)s 8 EQIBINQeAddeHIdR inwertedsfiod\NBECY 7), or a
variant theregfasidafiaed AQRereitoSiand QRiRRalY. A LMOE AQypsptides from group (i) (a) to
(d) as defined above. Gr%u sat%g), (i) anld (iii)%g) %o (d)ecorrgs%%ler%go %’ég%?é)%g derived from different Bet
allergens, as describ8Hidvesesintshiviisonivepiisde desivsitifroon Hiffedent Betiddlergens may allow
for broad coyarags:a A RRIER, U staxabsarvegindhe gengral. b popHlation by, prqviding tolerising

epitopes from more than one birch pollen allergen. Non-limitihng examples 6t compositions

selected as Hefin& d5a0dRiedR DR ased &b mareiusypePlidsicsefsbeaw rpemtBEQ ID NO: 74, 72,
71, 73, 75 aprbiké arovaciantsrelapuiihsresd ialdeaskanmooluerRtids, relpciad.from argup (i) or variant

of any thereof, and optionally at least one polyﬁgsctaptide or variant thereof selected from groups (iii) 10

(a) and/br (H]9FEHE {BTBRGINSIAp BRI R leRodaertiden BERobmOeTH tRowhale73, 75 and 76

or variants ofvaiyrieraniaadime lreriRua0tie palReRtidesselastad fomgraypy(ii or variants of
any thereof, and optionally at least one polypeptide or variant thereof selected from groups (Hi) (a)

anchor (b): SPTSERATEPRVE S BFENgBR) s selected from SEQ ID NO: 74, 72, 71, 73, 75 and 76

or variants of any tiTaeaafiangiae, shieeirauion fiuecnRlypentides selasied famaarpfi) or variants
of any thereof}ﬁ?irg(%géleas ne pqlypeptide from group_ (Hi). b). One such composition comprises: (i) at

least one of the éﬁﬂﬁiﬁ%‘? & RO 9P ASIESE SENBYIRKITIYT YL I REKY, SEQ ID NO:
72 (BIRAL; ERQEKRESTGHAK): SEQIRNG AlatBIRIGHGAMARSS SERAFKInSEQID NO: 73
(BIR12A; PTGMF AG@%YM\Q%GR,SE%FI:D 0:.75 (BIR13: IKYMVIQGEAGAVIRGK and SEQ ID
NO: 76 (BIR1A EAERY TR S Pop Brere0ari R eGE Hdyh SkeBRCaRErIssimking e of the

polypeptides QS BRIz BIn(BixaRk AbPINARIM b GAK LEE MRS EQ oA (BIrOll;
FNYETETT VIP&ARK)%SEE% é%Né): 54 (Bﬁ'ﬁro4- PGTIKKISFPEGFPFKYV), SEQ ID NO: 67 (Bir09;
ETLLRAVES I AR AT S BG5S 6 #fR07; SNEIKIVATPDGGSILK), and SEQ ID NO: 63
(BirO7C; SNEIKT\ATREGG S o )homacraitans dlcabilithernt purgibaidempasiionfusdier comprise at

least ong additi : eptide.of () or (i) Qr.30.variant thereof not selected abave. Another

com pogﬁiorﬁgi?#gl%(?%gwgés% %lt e(% 81r%£ g\ég%%nmﬂ%co fﬁeaﬁg ST SRS @@%% 6 IR 15,
SLNTLRLRRIFEHIED keor SEGi¢DyNGuizbi (B RIgAcAER ERIFHK RIIHANGIEK) | Qf @rvagiant of any
thereoprrgéggr%goqggg- qu%iﬁi%%% Sn&%’l X a%tllx We tide B r12B AIﬁYI\fJVIQ?%‘?GggVIRGK), ora
variant theréof; 5 (b)the polypeptlge Blrggﬁ%ﬁ g Xﬁ%‘ﬁ%ﬁﬁ%b&?&i{s% Uit thereof; and
(c)the polypegititisBieond MY ETET TSWRANRKY prmasveliihaMapnddfstocorppabiitelarly preferred

compositioncqgl'ggi I i i VIOGEPGRV K% or.a variant thereof, the
polypeptide Bir %{1 (PAA%%I\%I%%E%QII%E%%%%L%éé%%ar%g\%?ﬂgﬁ?&e!%g ,1 Re' f:)eo%(})/ptembstlilge Bir011
(FNYEPETTO¢PassRi) twmaplariainniaedant alse 1sbiyiod ptide Birtan (RSRKIESFREGFPFKYV) or a
variant ther ide: Bir. ) Qr,a vari %ere f, the polypeptide
BTOTC (SN T D) o e vara (e ot Aoy B ML S
(AERERIFKREDRREpES I ishing \@pns thbidodemie Bistiohally no further polypeptides. A further
particularly preferred composition comprises the polypeptide Birl2B (AKYMVIQGEPGRVIRGK) or a
variant thereof, the polypeptide Bir02J (PAARMFICAFILEGDKLVPK) or a variant thereof, the
polypeptide BirOIll 20 (FNYETETTSVIPAARK) or a variant thereof, the polypeptide Bir04
(PGTIKKISFPEGFPFKYYV) or a variant thereof, the polypeptide BirO7C (SNEIKIVATPEGGSILK) or a
variant thereof, the polypeptide Birl6A (AERERIFKRFDANGEGK) or a variant thereof, and the
polypeptide BirO9B (KEMGETLLRAVESYLLAHS) or a variant thereof, and optionally no further 25

nol/inentidac A fiirthear nartictilarlvy nrefarred comnoncitinn comnricece the nnlvvnentide Rirl2 R



Variants of the polypeptides of SEQ ID NOS: Ito 80 are mentioned herein. A variant of any of SEQ ID
NOS: 1 to 80 will typically be functional. By functional it is 5 meant that the variant is one which: (a)
comprises or consists of a sequence which binds to the same MHC class Il molecule as the
corresponding polypeptide of SEQ ID NOS: 1 to 80?and/or (b) comprises or consists of a sequence
which is recognised by a T cell which recognises the corresponding polypeptide of SEQ ID NOS: Ito
80; and/or 10 (c) is capable of inducing a late phase response in an individual with birch allergy; and/or

(d) is capablendfctakexisirmgaly inghhtiual borthes coirespbading dolyiyepiities REcognitepti¢a T cell may

be tested bybt;)qg1 i %Q% hility of.a peptide or variant.to.induce T cell iferation in a sample of T
cells. The induct?orlly o(gf}% ateélgl%yﬁ%uslg lgeai)%or%lgcr%sg?faé%egg%%ét%&%%%g@vaf/n \(/?v]%(é% Fie sample of T
cells is taken from Svhimdivittainwithl dsinbhsatie gyanMetigod stofl tegtingsthaédan dp dyamitch cell

proliferation are well ' spich, o t(t) is_ exemplified in E)é)a le 8, Variants of
SEQ ID Nogq;r % %%%%%@f%?gmﬁ%ég %3} t}L‘J% nc%%bﬁfgg Ogcy% %Ig Tﬁc}g)}j :&;a%gi%eof one or
more anﬁno@@i@@lﬁdﬁﬁﬂﬁm@ﬁﬁmﬂmmwahm ol Jblypeptiseofhagndents piegs also be
generated by, 4o ALMA HINIRKIR! delRfianR.RIOWHRE A e %g%@%%ﬁgs% inat,makes up the T

cell epitope is not substantially disrupted. S5For qxam_p’le, a variant of S - 1'may %omprise a
fragment of SEchADeN@ryIthpe bindhoiter Secpeptide bingmydrehidegeteltihmoflondsswo, three or
four amino agidsd RYENRNAAUAG! SEQURNE L ALIBIIG G Enghend of SEQ ID NO
1. Such deletions may be made from both ends of SEQ ID NO:'1. A variant of SEQ ID NO: 1 may
include addiRBWasRiARMHE Ge TRl cakarfpREcIO frEantHe setgamprssshting peltentiarotisin from which the
peptide gerivesicexendingoavand e .endéal ot FEQURNG: deh w@g&g!&teolypeptide may typically
be a longer polypeptide of up to 20, 21, 22, 23, 24, 25, 26, 27, 28,29 or 30 amino acids in length which
comprises tREEBERIKIFAIBE heceidls dsphesriF96typeptide of SEQ ID NOS: Ito 80. 15A variant may
include a combination: o ihe sigletiansiandraddifionaincusasd RRAVE. KOS AMRIG.3INAC acids may

be deleted from one end of SEQ ID NO: 1, but additional amino acids from the full length parent

protein sequfRETREY B Letmserafifieratherehaaseseb B Querlscutproadhs arlcnsiiersof variants

above also appliegiteSk QMO RR140 B0 R VEsBH FoRY Hirrmativalnbe-apalvreniide of 9 to 30,
11 to 20 or 1%3 to,17 amino acids in Iertlﬁg] which comprises a sequence that has at least 65%

sequenc? idRHEE W T Za iRt taRor el BRI iy et Brstdealpwibdspianag0. More

preferably adfiadalervmiaitmbycoarmapiiss shlaash 1% M as)da1es. aldeasi 88 @t least 85%, at
least 90%, at least %Cq%:{at Jeast 98% aminq acid jdentity to the 25 corresponding polypeptide of

SEQ ID NOEM T80 - AR RRY WRS) Il SPHSR RIS UPIERSIPYILOEF4A DY 13 to 17 amino
acids which woragiffieslatbegicinbecdiomalsequracedisdhhasimideRsbad serYesed@entity to at
least 9 (for exam {%fﬂz Ieatst 0.11,12 or.13}30r more ¢on '%Lgs)us aminq acids of the sequence of the
corresponding polypeptide o PRSP PEEE6" H5ed 5‘8%%% SSRGS ERIESHAy typically
compris® a pH@aiadsHindpitope] forsexanplevhibicthibimdseto innyuafiteey MG melrcules mentioned

herein. A variant may include one or mare.aminp acid sybstjtutions from the 13.amino acid sequence
of any of SE@YBGRI@&C%%%%? %ﬁ?ggvr%lgn \?ﬁigrgeeo% S%%?fﬁr? Er:r%a[)t/lSc?‘%lr(ﬁlbr| leagééfb@‘aﬁ}e having at least
65% sequence ideittitypd aeteaks @ Ohmorencantigueuscamineidcids taday abSEQP HHNGS: 1 to 80.
More prefer [ l%e ' comprise at.least £0% A%{ﬁ%{ast 5% at‘Lteast 80%, at least
85%, at Ieasi%t%;f 9%%% lé S?B%?}E)Hc‘)@gta %%][E%%gﬁg)rﬁi%oggﬁ%ll en itg/’(f()e %ﬁ(i?gas §a8%%lﬁguous amino
acids of anyfef8Egdpy NOtpeeidens fevielvohgminowddithiehtihmapioedsaditat any section of the
peptide, alth it S pr, | ' he level of aming,acid identity is over at least 9
contigugﬁs égrr%dglc?(i%%e{g ﬁ&r{%%g?%\gga{ﬁﬁ)gﬁ%%i %%pasglﬁlhs%ngi@re f rlélges%rﬁ)%r%vreﬁngmino acids,
depending o¥ trretiizaldirdpbistiips!sh 10 tdmisatizoeonipidsngingly, any of the above-specified levels
of identity may be across the entire length of sequence. In connection with amino acid sequences,
"sequence identity" refers to sequences which have the stated value when assessed using ClustalW
(Thompson et al., 1994, supra) with the following parameters: 15 Pairwise alignment parameters
-Method: accurate, Matrix: PAM, Gap open penalty: 10.00, Gap extension penalty: 0.10; Multiple
alignment parameters -Matrix: PAM, Gap open penalty: 10.00, % identity for delay: 30, Penalize end
gaps: oA Gap separation distance: 0, Negative matrix: no, Gap extension penalty: 0.20,
Residue-specific gap penalties: on, Hydrophilic gap penalties: on, Hydrophilic residues: GPSNDQEKR.
20 Sequence identity at a particular residue is intended to include identical residues which have simply
been derivatized. A variant may comprise 1, 2, 3, 4, 5 or more, or up to 10 amino acid substitutions
from any of SEQ ID NOS: 1 to 80. Substitution variants preferably involve the replacement of one or
more amino acids with the same number of amino 25 acids and making conservative amino acid
substitutions. For example, an amino acid may be substituted with an alternative amino acid having
similar properties, for example, another basic amino acid, another acidic amino acid, another neutral
amino acid, another charged amino acid, another hydrophilic amino acid, another hydrophobic amino

acid, another polar amino acid, another aromatic amino acid or another aliphatic 30 amino acid. Some
nronartice of the 20 main aminno acide which can he 1iced tn celeaect crnitahle crihetitiiente area ac followe:-



Asn polar, hydrophilic, neutral Asp polar, hydrophilic, charged (-) Pro hydrophobic, neutral Gin polar,
hydrophilic, charged (-) Gin polar, hydrophilic, neutral Phe aromatic, hydrophobic, neutral Arg polar,
hydrophilic, charged (+) Gly aliphatic, neutral Ser polar, hydrophilic, neutral His aromatic, polar,
hydrophilic, charged (+) Thr polar, hydrophilic, neutral lle aliphatic, hydrophobic, neutral Val aliphatic,
hydrophobic, neutral Lys polar, hydrophilic, chargec?(+) Trp aromatic, hydrophobic, neutral Leu
aliphatic, hydrophobic, neutral Tyr aromatic, polar, hydrophobic Further variants include those in
which instead of the naturally occurring amino acid the amino acid which appears in the sequence is a
structural analog thereof Amino acids used in the sequences may also be modified, e.g. labelled,
providing the 5 function of the peptide is not significantly adversely affected. Where the variant has a
sequencs thapvbnestidon! 1580 dhceddBARY 15 SEY MWQSERGR BRUTR) fragmenithereof, the
substitutjpns, tay eccur across the full length of the sequence, within the sequence of any of SEQ 1D
NOS: Ito 80 or’outside the sequence of any of SEQ ID NOS: 1 to 80. For example, the variations
describet) 1eenelsheptdele GREANURIDIGY, He(Biidas, BABRMFEAS HASODEHiING2KIpns amayaaccur within
the sequlg@f;g%f?f any of SEQ ID NOS: 1 to 80. A variant may comprise or consist essentially of the
amino acid sequence of any of SEQ ID NOS: Ito 80 in which one, two, three, four or more amino acid
substitutfBrEHAge s thadelmepidarit:may comprise a fragment of the parent protein that is larger
than any of SE ID N, 30ark §0:AR tisebariimenb s Y@J@e‘&%ﬁo@%?%@ﬁfoﬁ%%eip Sygh as
substitutions and modifications, may occur within and/or outside the'sequence of a c?f]g(é(g ID NOS:
1 to 80. For ex&hple, b’ BrmBiasislsivdmpehanseerraninees semiphee dudddsat fhesN3Hd/or C

terminus of thepaaiblesaauRnGS; 06 ibe FRRts,ARp R SERIANQSZHIQ BMSATNL Y iants of the

invention are 9 to 30 amino acids in length 15 inclusive. Preferably, they may be from 9 to 20 or more
preferably 13 t8Y¥PSRHAG Ycids in length. The variants may be the same length as the polypeptide

sequences in aily onevad SELMELNOS: ik tenh Rialvpeptides Mayubs.chemicaly Fatived fem a
polypeptide allergen, for. ex rﬁ}f)le 5 %grgt%(é&ytic clea\/@ge or can be derived in an intellectual sense
from the polypdBtad AieF o FSFREHRTHIE BIARANRRP ULE BF IeRisnAD R dset deasta s the

polypeptide allbrgariaydsyithadising peptidesibasdaoorihe whytengeReptideramay be synthesised
using methodscwr(lell l&gg\slvzp irﬁct)ha%i%rt' 1T e tefrg "L[?egjtide" includes, goréfgnl% molecules in which amino
acid residues are 19 SOinad by paptide TCEBNERES NARETSS BUFRIES MoIdEHBS WAL the peptide
bond is reversegl®aptidetro-inverso peptidomimetics may be made using methods known in the art,
for example such as those described in Meziere et at (1997) J. Immuno1.159, 3230- 3237. This
approach involves making pseudopeptides containing changes involving the backbone, and not the
orientation of sitdeacprairigedieziere et at (1997) show that, at least

- acomposition suitable for use in preventing or treating allergy to birch pollen
comprising at least one polynucleotide sequence which encodes each of:

i} the polypeptide of SEQ ID NO: 74 (BIR12B; AKYMVIQGEPGRVIRGK), or a variant

thereof as defined above, and

ii) the polypeptide of SEQ ID NO: 53 (Bir02J; PAARMFKAFILEGDKLVPK), or a

variant thereof as defined above;

- acomposition as defined above for use in a method of preventing or treating allergy
to birch pollen; and

- anin vitro method of determining whether T cells recognize a composition as defined

above comprising contacting said T cells with said composition and detecting whether

said T cells are stimulated by said composition.



15 for MHC class Il and T helper cell responses, these pseudopeptides are useful. Retroinverse
peptides, which contain NH-CO bonds instead of CO-NH peptide bonds, are much more resistant to
proteolysis. Similarly, the peptide bond may be dispensed with altogether provided that an appropriate
linker moiety which retains the spacing between tie carbon atoms of the 20 amino acid residues is
used; it is particularly preferred if the linker moiety has substantially the same charge distribution and
substantially the same planarity as a peptide bond. It will also be appreciated that the peptide may

essiipbien e peguences, mentioned ReEeln < 1o help reduce susceptibility to exoproteolytic
digestion. Fogegamplanthe %—Wﬂiﬁﬁhé@ﬂ@ﬁ@&?é&%%M@Q%M@ﬁuﬁ&t%@cm{ fgacting with
a carboxylic 25 acid and the C-terminal carboxgl0 2roup of the peptide mag be protected by reacting

[

with ah3H§he fOthet M PIES of Modifsibh LiniERE GRS RGBT d PR RBRYIRELAT-Another
potentdaaslificaion i thatbydipaanmrihasiderchainamnes,of R Koy besrepiassd with
methylene groups (-NH, -NH(Me) or -N(Mg%zg. Analogues of polépe tides may also include
polypeptifdrsarhitdtRapiiiedee sl S aderbudethe E)B@%%f:ma"étgﬁ it VR 6 ESERRTKles of

analogspsaRaldeRtinsieasegdhesraffifevel polynpe ptides inclkise.she RPRIQh ahal aauesof the

peptides, D-amino acid derivatives of the peptides, and peptide-peptoid hybrids. A farther embodiment

of the VaPaRES WGBSR AT EmRsHRES 9 R Udsrhvee BrthdsbK/peptide. The preparation of

polypeptides using D-amino acids rather than L-amino acids greatly decreases any unwanted 5

breakdO\évr] of such an agent by normal metabolic processes, decreasing the amounts of agent which
34, ]

needs2&tBled descriptin ol theduvention requency of its administration. Polypeptides may be

derived from BRlicenveniaats ebiberparentypaiaing eneededday MBNAsgenaraigi-Ry.aliarnativg splicing
of the primary transcripts encoding the parent protein chains, Polypeptides may also be derived from

amincPRBACHETE RS COMREE R8NV £t ats SR BtAvse B itent BisrREtRAas Bf thePhi Al Yroteins
which gsegimanNesstlam ¥ Crhingingagropsstyetihe pisiapndcExerplasysdaiativesdRaligas

molecules wherein the polypeptides are covalently modified by substitution, chemical, enzymatic, or
other APPrEPRAE SRS it SO G HAN & i anso ety arlifeeraRia of GiHher #¥uded
are nasareky) OO arsanss iafitegopace B hapsoteits fouwnd n difeyent mites. Such a variant may
be encoded by an allelic variant or represent an alternative splicing variant. Variants as described
above may be prepared during synthesis of the peptide or by post- production modification, or when
the peptide is I FEEERHGMARPOWICEER GIME RHERAT ROORRHGHIS of site- directed mutagenesis, random
mutagenesis, or enzymatic 20 cleavage and/or ligation of nucleic acids. Typical examples of variants
as described herein may be as follows: a variant of BirOll is BirOIF (FNYETEATSVIPAARK), BirOIG
(FNYEIEATSVIPAARK) or BirO1H (FNYEIETTSVIPAARK); and/or a variant of Bir02J is Bir02E
(PAARLFKA,FILEGDTLIPK), Bir02G 25 (PAARLFKAFILEGDNLIPK), Bir02l1 (PAARMFKAFILD) or
BirO2D (PAARMFKAFILDGDKLVPK); and/or a variant of Bir09 is selected from Bir09A
(GETLLRAVESYLLAHS), BirO9B (KEMGETLLRAVESYLLAHS) or BirO9C
(KEKGETLLRAVESYLLAI-15); and/or - a variant of Birl6B is Birl6A (AERERIFKR_FDANGEGK). 17 It
will be understood that SEQ ID NOS: 1 to 80 are polypeptide sequences which comprise a T cell
epitope that consists of a core of typically 9 amino acids, which are the minimal essential sequence
required for MHC class Il binding. However, the polypeptides of SEQ ID NOS: Ito 80 may also
comprise additional 5 residues flanking the core. The peptides may therefore comprise a region
containing a T cell epitope, in which some residues may be modified without affecting the function of
the epitope. Thus, for example, the sequences of any of SEQ ID NOS: Ito 80 may be altered to
improve their solubility, and accordingly a variant of any of SEQ ID NOS: 1 to 80 will preferably be
more soluble than the corresponding polypeptide of SEQ ID 10 NOS: Ito 80 under equivalent
conditions. Methods for evaluating the solubility of peptides are well known in the art and one such
method is exemplified in Example 9. Improved solubility is advantageous for the tolerisation of
subjects to allergens from which the peptides derive, since administration of poorly soluble agents to
subjects causes undesirable, non-tolerising inflammatory responses. The solubility of 15 the peptides
may be improved by altering the residues which flank the region containing a T cell epitope. A
polypeptide may be engineered to be more soluble such that it comprises: i) N terminal to the residues
of the polypeptide which flank a T cell epitope: one to six contiguous amino acids corresponding to the
one to six contiguous amino acids 20immediately N terminal to said residues in the sequence of the
protein from which the polypeptide derives; and/or ii) C terminal to the residues of the polypeptide
which flank a T cell epitope: one to six contiguous amino acids corresponding to the one to six
contiguous amino acids immediately C terminal to the said residues in the sequence of the protein
from 25which the polypeptide derives; or iii)both N and C terminal to the residues of the polypeptide
which flank a T cell epitope, at least one amino acid selected from arginine, lysine, histidine, glutamate
and aspartate. Optionally, the polypeptides may additionally be engineered to be more soluble

30 such that: i) any cysteine residues in the native sequence of the polypeptide are replaced with
carine 12 nr 2-aminohiimtvriec acid: and /or 11\ anyv hvdronhohbhie recidiiece in the 11inta three aminn aride at




45 %, 50%, 55 %, 60%, 65 %, 70%, 75 %, 80%, 85 %, or 90% or more of samples obtained from
sensitized individuals in a panel. The number of individuals in a panel of birch allergic individuals may
be any number greater than one, for example at least 2, 3, 5, 10, 15, 20, 30, 50, 80, or at least 100
individuals. 201t is preferred if the polypeptides, variants and compositions of the invention cause T cell
proliferation, but do not lead to the release of histamine from enriched basophils or mast cell
preparations from a sensitised individual. There may be some histamine release, but preferably the
peptidRdYDSPiiiRE SRIRBHIBESHINS df nbecAN Eghiftiiit SHBRMREBRhISEEIHERRI DY Sed.
Signifiganireisiamineoreleastmmayiior conrsidersd tokeidheoaS refrase ol 20dion mate ofghaliotal
availaple leukpoys fistaming when a,seimile glleuasyies fram ap individual s stimylated with a
composition in vitro.”A peptide, variant or composition o invention‘preterably causes the Telease of
less thaHSY8, W28 thdd ¥bo, less than 3%, less than 2% or less than 1% of the total available leukocyte
histamine when a sample of leukocytes from an individual is stimulated with a composition in vitro. 30
A normal individual typically has an approximate leukocyte histamine content of 150ng/107 cells.
Suitab%léeﬁéﬁﬁﬁgg or variants capable of binding to TCRs may be derived 19 empirically or selected
according to kpowags crferiscawViiiom atbingfenpdly pBptide-taere aneerthin kesisueswhicktlgonrtibute to
binding withifae MHC,antigen biading.arooue iad otherresiduarwhich intRachwth hyrepriable
regions of the T cell receptor (Allenet al (1987) Nature 327; 713-5). 5Within the residues contributing
to T c@isRsEfor it rdttonP A fferaitaly Ras badrvgemoldfiste PRI hetieinSREUsheRtldARy of T
cell activatjdnaghdombeaiiutidnoak.a given peptide residue. Using polypeptides which have had one or
more T cell r tor.contact residy tituted wi different amin id, several groups have
demonstrate%qgg%f&a%g’e?%ct%fta%giét%%%écﬁ%%f@g}e 4 %}atl%ﬁ’ E%la%\g%?%l & A‘Wegﬁ %8“({696)8 Nature
252: 1B08:e) deopktraEd friardiskpeiatbr Ay Tceliprofpraistmhd dytokiheypraduBlbye |#Pthis in

vitro mgelel, F Teaelelongl spaeific fonkesiduas £4- (Bnahhremesiehin(intbesanedohd-Elnwas

challenged with a peptide analogue, in which a conservative substitutign of aspartic acid for glutamic
acid n o A RS Ao G Aot IEHBRE Wi HIE ERac 7 GF D afhlogue to
bind té’afinda &ullowing ipavitrethstiahgdofcaidacellfishe twith thipicabfogosenotpteliferatigmivas
detecmgﬁgp@gr{héﬁlsﬁgﬁ%g?ﬂey@s maintained, as was the capacity of the clone to help B cell
responses. In a subsequent study the same group demonstrated the separation of T cell-mediated
cytolysis from cytokine production. In 20 this instance, the former remained unaltered while the latter
was impaired. The efficacy of altered peptide ligands in vivo was initially demonstrated in a murine
mode WEMWFM%BPQW@ éHeegsislomyelitis) by McDevitt and colleagues (Smilek et al
(1991) Proc el Agadenel UHAnSSs 9633:96@éhtiAdhistmodetEAR isinduges by BropuNjsAtien with
the encephalitogenic peptide Acl-11 of M yelin basic. 25 protein)..Substitution osition four
b e oA sl B S gl e
(ActuArydpéarwHielavalseorhimmuhageniionstreosgspepdivie R1L/JKBIL Klastralkkindingidh,cell
furthegmare Rrevepiedithe aaset piEAEIMBEN Adiinisteredigithsr kefre.Qpafferimmunisatian with
the encephalitogenic peptide. Thus, residues can be identified in polypeptides which affect 30 the
abnityis?fw&m etiied B5ftuce VABULRINEIONS P TLNs. RIVERREESUSRT 5ty SERtidES may be
designeldtextavegiviscell pralifepatioin ama inditstien fof dpsersitisation. tMainkerand Wikithyhaye

demo%gﬁgggdm{%rgﬂqgofg%glgf%q%il%&%p_acity of polypeptides in which substitutions increasing
peptide-MHC atffinity have been made (Metzler & Wraith(1993) Int Immunol : 1159-65). That an altered

polypeptide I{§fd RANRAGSE orsterASEYRS prafsisHy atdrgPin deREioEelfEofas BEmaRFEed by
Sloandippcastapat at (K993) INaNrs 363: 15669, BEhe Campositipnsalisclosed henrginigrescapable of
inducing.a lat r nse in,an individua] that,i Siti t llergens, Th “late phase
respor%gé"ﬁgcfggé‘ziﬁ)em%h?r% r;3§ e érjclﬁﬁ i?ﬁﬂé’%’g@%@% ﬁﬁg%clscg D@%&e@(&ﬁﬁ.%ﬂ%& (Ed.),

Blackweéll(SEfenda 13p93:148-11306. ik $QlegsidaBetraspObke idyNie:af) latéiphdgmeeSpemisls (LPR).

Pr_eferﬁt&y, ‘@81%}68@9“d%?earﬁsﬁépé}m@r&{a{ﬁgé&ﬂﬂg aiatgnasthmglic JQtespgsaltAR) onalate
rhinitic rglesponse, %r a late ph%ﬁFe skjn response Qr gélate phase ocular rez;éonse. Whether or not a

particGfAFpehtitfe 8517 GivaSrisHfo AHERSan be déRfinedusinghnéodBSvaRaBaS itthlart, a
particplastydps efetire dnvettiad (SHEQa HbZePibe tbiA (G romhiwating, tRairham SR, Shaw RI, Mackay J and
Kay AB. Provocation tests and measurements of mediators from mast cells and basophils in asthma
and allergic 15 rhinitis. In: Handbook of Experimental Immunology (4) Chapter 127, Editor: Weir DM,
Blackwell Scientific Publications, 1986. Thus, preferably, the individual polypeptides and variants
disclosed herein are able to induce a LPR in an individual who has been sensitised to the allergens.
Whether or not an individual has been sensitised to the allergens may be determined by well known 20
procedures such as skin prick testing with solutions of allergen extracts, induction of cutaneous LPRs,
clinical history, allergen challenge and radioallergosorbent test (RAST) for measurement of allergen
specific IgE. Whether or not a particular individual is expected to benefit from treatment may be

determined by the physician based, for example, on such tests. 25Desensitising or tolerising an
indAinvidiial to the allearcoence meanc inhihition or damnenina of allaraie ticeecrie reactione indiriced by the



The individual polypeptides that make up the compositions and products of the invention may be
administered directly, or may be administered indirectly by expression from an encoding sequence.
For example, a polynucleotide may be provided that encodes a polypeptide of the invention, such as
any of the polypeptides described above. A 25 polypeptide of the invention may thus be produced from
or delivered in the form of a polynucleotide which encodes, and is capable of expressing, it. Any
reference herein to the use, delivery or administration of a polypeptide of the invention is intended to
include the ipaisechuseindalivieryuioh asthipiptiationntsuThacpalypepidsnia axpEgssion from a

polynucleotide thatsgnactqdes it. 30Accord&g§%%#|§?ﬁégse herein_is a comcgosmon for use in preventing

or treating affergy to |rcﬁat3tyotl%ﬁé)ﬁis%q’f88 AP RES Tha @iyl stide sdyiah @xvhich when
expressed ctuses'the production of a composition according to the 22 invention for use in preventing
or treating allergy tciPl?irC ngalﬁeoilgrrilsiation. The _terrgs "nucleic acid malecule" and "polynucleotide” are
used interchangeably herein and reter 16 & poly MRS § ﬁﬁ%‘f&%‘ﬂf&}b%f&fe&m%ﬁ{\’ﬁf@hher
deoxyribénuelisogides tofarilsatictddtidesyoranalegst terenfoNofelimiting, peraaies Rhst

polynucleoti [ e.agene ene fragment, me \ (MRNA), cDNA, recombinant
polynucleoti @%%@%ﬁ%@gy@%%% iss%Fé:{g(g%)ﬁ“Aénaﬁg 3%%%@%e§1@§; ﬁsgia%d)’w,&r@fléﬂ%@@quence,
nuc_lft_ai((:j ?cid ﬁdmbefsite@smrpfmé @lrshd&zpni«yrr)]ﬁd:]e@mmﬁ todyirepeid tis)mrmallyihespémﬂdedﬂa ilst_)Iate_oIdorO
puritied torm, A QU e which " Lanselect olypeptide. is a nucleic acid 1
molecule Whi(ri% 15 trf%%%eﬁ%%%%gcﬁweo%? B?Igi)gﬁ%lwt%%sﬁ%%g(%ntﬁéec%“s]%r%ﬁ’ rlﬁﬁNA) into a
polypeptide mofireshirehcpiicddhearibime thefoomedysitdps opriditcreguLiaiiny deqeiences. The
boundarigs Qf the,coding §’ﬁ‘§ rﬂﬂwﬁ' y-a Start codon at the 5' (aming) termipus and a
translation sto% codon at the '%}é%{ar%ﬁc%% ter muse) b%%tﬂé%éfrrpggggr é)afntsé’?r{%%?e{%?{)%?%%l@ﬁpnucleic
acid sequenbé’?]msﬁ%m@éjé ﬁgfmééb’eahbpﬂwm,fmﬂﬁﬁrbm %ral, prokaryotic or eukaryotic
INRNA, genomic seiuRAgss. VoAb Sha AAVAHERNA RLENA A Ve SYiielic DA
sequences. A transc%%tlon termination sequence may b ated 3' to the coding sequence.
Polynucleotités eBh I8 e5htHEs seemptechdingibarititnodeyvethkrrisnmirpthecertpalsmetidibed by way
of example ig-SamRiORl 2 (A9 MPISCNRY CIPOING: AAQ IRRYBIBALITRONR, old, g Harbor

Press). Polynucleotide molecules may be provided in the form of an'expression cassette which

included torflFEs8 §ioen 855 bbeAdliiRnrep topansides vt RbeRmdes, imliedafiovhiely feriexpression of
the polypeptidgnBMvoiBa R ead Hhiger BHSSE RXURERINN CARSRLAS:IR ik RAIgyPically provided
within vectors (e.g., plasmids or 25 recombinant viral vectors) which are suitable for use as reagents
for nucleic acifiiitinization. Such an expression cassette may be administered directly to a host

subject. Altenativalyoe\Eeierempeizing.a sty nualestide may; besadsnipisterasiainost subject.

Preferably the polynucleotide is prepared and/or administered using a genetic vector. A suitable vector

may be any Va6 (P55 BabAb R GFaat ARy seestirdsfirahistrtididenetic information, and

allowingexpitpssiessir polypepligepEiRrosSIBQ YBQESS: arerotinels ¢onstrweied dnthe art of
molecular biglog%dﬁg ZRS mapifor exampleé'nvolve the use of plasmid DNA and appropriate initiators,
promoters, SRHARCAISRRA SthiPERTIRAE °5 Atk BEoh S APl adenylation signals which may be

necessary, difdawhishawkeopdsitiigdiidaecgorrect orientation, in order to allow for expression of a

polypeptide., Qther suj ectors,wou arent to persons _skilled in 5 the art. By way of further
example in s reg%? jv%%ﬁ?é‘r%’ é\gr@r\%&?gﬁwz{}% are dgpiyrd fom Belanfil @A bMed by

delivering subtraiectefitedheetimnddtiowing transcription from the vector to occur. Thus, also

disclosed hetein is I in preventing or. treating allergy fo birch pollen by tolerisation
comprisezlglg ?c{)ﬁr or mo eﬁé)o %ngz%)t%éé) f’éa%‘éﬁgé%’%ﬁtc%‘fﬁé@% RS AEnPORBEIBAESE disclosed
herein. to Prbfeeabiy, dzipolyhaciaotidd/as disclosed herein or used in a vector is operably linked to a
control sequence whigh.i nahle of provigi Igr the expressjon oéthe oding sequence by the host
cell, i.e. theLt\(/ggctorvlgsE a Iig)}%?gssgi@r‘? \%'éjc %Hr.gbn&" %lear%ebﬁf;/eel‘ﬁ d:ﬁ%% eertsvtg)a?f A YA REof elements
wherein the thorefonelsfined lesiexibediare configured so as to perform their usual function. Thus, a
given regulatpry 1 : a promoter, operably linked to a nucleic acid.sequence is
capable of e ectin%%%%ﬁsﬁ%?ﬁlgt greiaet%ﬁrgem @\/fﬁteﬁ eoﬁ?gﬁgra%ﬁzﬁﬁ%éaﬁg%?sgent. The
promotéf neleddativt be contiguous with the sequence, so long as it functions to direct the expression
thereof Thus, for exgmpleJalriening Htanslated. et iansaribed sequenaes. can be present
between the promoter sequence and the nucleic acid’ sequence an He(gdnpror%o rséquence can
still be consfg&Ead Bper ariynifkeute wr thereodlrpeptidersivbested frdpngrmizeiof expression systems
have been described in the art, each of which typically consists of a vector containing a gene or
nucleotide sequence of interest operably linked to expression control sequences. These control
sequences include transcriptional promoter sequences and transcriptional start and termination
sequences. The vectors of 25 the invention may be for example, plasmid, virus or phage vectors
provided with an origin of replication, optionally a promoter for the expression of the said

polynucleotide and optionally a regulator of the promoter. A "plasmid" is a vector in the form of an
avirachromocomal aenetic ealement The vvaecrtare mav contain one nr more <aleacrtabhle marlkkar nenac



hydrophobic. In a typical situation, a signal peptide targets a growing polypeptide chain bearing the
signal peptide to the endoplasmic reticulum of the expressing cell. The signal peptide is cleaved off in
the endoplasmic reticulum, allowing for secretion of the polypeptide via the Golgi apparatus. Thus, a
polypeptide may be provided to an 25 individual by &xpression from cells within the individual, and
secretion from those cells. Alternatively, polynucleotides may be expressed in a suitable manner to
allow presentation of a polypeptide by an MHC class Il molecule at the surface of an antigen
presenting cedid _Epﬁc&»ﬁﬂm@ﬂﬁ,ca ﬁ@W@@ﬁﬁ’f@Gs&}(ﬁ@%ﬁJQ@ (@gﬁéét{@(gﬁ X@&%ﬁh&ﬁ%ﬁ%?o talrgeéed to
antigen presgntin ~0r the expression of encoded peptide may be preferentially stimulated or
induced in Sl‘% X elicé?.’ %anw@ﬁg%éﬂ/{sﬁ@@a‘fﬁ?& SORSEERT deduediEip JH&ERES encode an
adjuvant, or aieajisyantiesaybethenviseCbaipronidedy Apisadihereindhedermnagiyvant” refers to any

material or c osition capable qf specifically or.non-specifically altering, enhancing, directing,

redirecting, p%gé%ﬁlrgtllﬁa oa?%miaﬁfﬁbdoagg 5%?5%%-%58%‘?@%??&8@%@%@%@6@&?@@6&des of interest

may be Usegdipulitiondy pivyiding wieddmgheipipdUetiomeiapaptisenidhsdnentianeSuch

polynucleotides m?é beladminis}t{ereqe%r lésed in melpreéfenti%n og ?Eea ment of allergy by tolerisation.
e [

Methods for gene delivery aréknown in The A SEgIsSgeqr s BLY&13Y8Is46, 5 580,859 and

5,589,466. Threnticlaicracid pobipentidasanl beenfrotuSBQ 1D Nibecty ip1a thes[asipigteubject, such as

by standard j { orin rmal injegtion: transde article delivery; inhalation; topically, or
by oral, intraﬁg%%ﬁfnﬁlﬁ&eééﬁg gesa%c;{foé} #l??’ﬁgfe%%flo%ns.&%%é?n% SR R AR A BY introduced
ex vivo into geirsahanhapedsel ativrsventipoivrarmsidsject.dhanekarapeslacpalyrucgotige (iypression
cassettgpr ygrignf the ifpvention may be introduced into APCs of an 15 individual ex vivo. Cells
containing the nucleic acid molecule of interest are re-introduced into the subject such that an immune
response caATSetioontee apalirmspifispebtideddroo dEDIPINONUEIEL Akidntiead|es Bhe nucleic acid
molecules u ' gm{&lé izati r nerall rred to hereinas, "nucleic acid vaccines." The
polypeptides§,§1|r‘jlgllg?lsl‘jfcclieﬁotides:a \%ﬁ%%%%?&%%ﬁ%ﬁ% %d%?r?p%ﬁgsys lgcéfﬁplﬁr%lge%{f) it g ! l%stantially
isolated foniY2FREY PhayyiBdisie andionttmaibr stdeast nentlybiphideitimatintetierenfiithotihelr intended

use and stillfag,regardediassubsiantslly,isolated. They may also be in a substantially purified form, in
which case they will generally comprise at least 90%, e.g. at least 95%, 98% or 99%, of the proteins,

polynuciéotitl8s; Feneiagrens tkeensigss peaisditms BG Ihiigh dréddhng delm@a®os)  Also
disclosed hergindis Brepistineyitia ehamethod,of 9{@%9@@&&%&'@9&%@5?%@6& repent

polypeptides on their surface, that may be subsequently used in therapy. Suc metho may be
carried out e2VAE Sh AL HFRE sraidaahprane et ol fiohbh patient. The APCs
produced in this wayetheseterafomoa m}ﬁﬂm@geutical agent that can be used in the treatment or 26
prevention of birih allergy bé tolerisation. The cells should be accepted by the immune system of the

individual b1 thaFRribe RedmphdshoR HERADDERVEHBIRAR; that have been produced in this
way to the indidaeifjompaRoTRORY, wets o mnally ghicinedptispoEmsihaiapy e fermulations and

compositio alypeptides nucleotides, vectors arid cells may be provided to an individual either
singly or |nr§@%¥§w%§§1%&%ggp§@nﬁgﬁﬁg ﬁ@\?i&@g%hdividual in an isolated,
substantiallyEoMEdA puifiEsvToarstantalyrondfied dtanmnEeraxetplecaReERRLge may be
provided to gﬁénﬁi%a; ngﬁoiigtlggy féefgg fé}é{he otk(?g polypeptides. Alternatively, four or more
polypeptides in“thé composition m g é) %ﬁ@ﬂ&l&ﬁ%&@ﬂﬁ%@ﬁ%ﬁd@&ﬁ@éﬂ peptide coupling
lr:)eagents, toi?mﬂéﬂ&a@m@!ﬁqop@m tiidesccﬁ‘rﬂa{milﬂ[gmlﬂf p{(qtg;aglcgdﬁgpitopes. SIUCh polypepticri]es would

e screened,fo irm.lack o istamine release as per the
individu%gl1 p%&é%%@ﬁ]%%%ﬁhﬁé%ﬁ ér%?ﬁé‘ﬂ&%&%ﬁé@"ﬁﬁw c%lh%@si BR may be
provided as!pPaR(f e sBighd; FENHERISERIGITP FE VY yesmipinaot sre@imirom an encoding

polynucleoti W iﬁj fé%gé ? iguously, or may alternatively be
separated b%%%ﬁ%ﬂ%ﬁgﬁ 2% f%% i??ngﬁ g z%% e M%@@ﬁ%gﬁomucleotides or
compositionsd Be NtsgentBa0AGa8NBIKI Vit iERte e Hbie, torpresent: themyaseacphalinaceutical
fonnulation. 4. t invention also prqvides a rmaceutical cqmposition, for use in
preventing cﬁ%%%%in%‘gsﬁggﬁ%o rl%:eﬁ ci/n}%ﬁlesﬁggifaoaﬁ 88%%%@?@6 4 %%[ﬁ?ﬁggﬁf:o 6’6?(5‘#@%0 the
inventich togjeriaet tisthadmetoeiensed dhaimdceuticathngbatce fiahle carmersostdiuentsand optionally
one or mor%@&{}gng}%@%tgﬁg}g@g' 'i‘J.t)'SNH?e carrier (s) must be 'acceptable’ in the sense of being
compatible with the othér ingredients and not deleterious to the recipient thereof. Typically, carriers for
injection, and the final folululation, are sterile and pyrogen free. Preferably, the carrier or diluent is
thioglycerol or thioanisole. 30Formulation of a composition can be carried out using standard
pharmaceutical formulation 27 chemistries and methodologies all of which are readily available to the
reasonably skilled artisan. For example, compositions containing one or more molecules or cells
can be combined with one or more pharmaceutically acceptable excipients or vehicles. 5 Auxiliary
substances, such as wetting or emulsifying agents, pH buffering substances and the like, may be

present in the excipient or vehicle. These excipients, vehicles and auxiliary substances are generally
nharmacaritical aneante that do not indiice an iIMMiine recnnnee iNn the indinvidiial receinvvina the



compositions may be prepared, packaged, or sold in the form of a sterile injectable aqueous or oily
suspension or solution. This suspension or solution may be formulated 30 according to the known art,
and may comprise, in addition to the active ingredient, additional ingredients such as the dispersing
agents, wetting agents, or suspending agents descHbed herein. Such sterile injectable formulations
may be prepared using a 28 non-toxic parenterally-acceptable diluent or solvent, such as water or
1,3-butane diol, for example. Other acceptable diluents and solvents include, but are not limited to,
Ringer's solutib(BiRofoSLsTdRIRETODTESRINSOSED fived pismuciEas synthetic mono-or
di-glycerides entally-administrable compositions which are useful include those which
comprise th ' %‘g&%@ %l bR ATzt BN EReE SO PrTRREg smBnsiEPas a component
of a biodegradaklgspelymer systems. Compositions for sustained release or implantation may
comprise pharmaceutically acceptabI%I%ol meric or hydrophobic materials such as an emulsion, an ion

exchange reh, a panAlykeebdmRIt 1Y HAERR RO REIb ersattariant Aliwrpodtively, the
polypeptidlesior poliusleniideacsnas Gearslaiodisoreris! assedialariin, parioulate
carriers. Suitable particulate carriers include those derived from polyniethyl methacrylaté polymers, as
well as PLG EI”f*ﬁ’croparticles derived from poly(lactides) and poly(lactide-co-glycolides). See, e.g., 15
Jeffery et al. 993)}}3?@@&) 3 ;3%92@@%@ iGu stems. and,polymers can also be
used, for exé%ple, pg ym_ergﬁs&ugh as polylysine, po ﬁ%ﬁ%ﬁ%ﬁi&ﬁﬁﬂ%@gﬁ%@me, spelmidine, as
well as conjugates Sfittigsalmblaafered compesitrmulatipn ek amy afl sperpialy Begtides, polynucleotides
or cells menfigped hef, @mgyj fRBRIARON factors,such as, the nature of the substance and the
method of 2 deIivery.@kny su%h su@s{ti%% ﬁgﬁéggldeﬁnh%?e?%?ﬁpﬁ%ﬁéw%; dosage totins. It may
be admitfistd PG MK BlIaGEHAS PO chesy dnzenthess @t teous wepily Bspansions, dispersible

powders or gﬁf;ﬁfﬁ Q-?FFJI , nterally, suhcutaneously, by inhalation, intravenously,
intramuscularly, in rasrlttei;na y%f?éﬁé%grrr%gﬂ%,ap t&edgﬂaéﬁﬁ,pgm%@ﬁ@ﬁ?ﬁranasalIy, buccally or by
infusion tecHRIGUESKTHEPSUBEPHICE Way alaaidht becadmimisiasBeasigepaasitories. A physician will be
able to determi required r dministration for each particular individual. A composition
may comprise a?{%WM&%%%WW&B%&%?BBW%MV% be effective without
causing adveSSEIKaCHOrP IGis Al heacomsantriest, ehaash fo idenipthg composition will be in

the range 30 o mol/ml. More preferably in the range of 0.3 to 200 amol/ml, 3 to 180
armnol/ml>10 %%%m%%mwm% Bereef 20d sptrRairotaghesmposition or

formulationspshgigistinaye a purity of greater than 95% or 98% or a purity of at least 99%. An
adjuvant may be used in combination with the polypeptide/polynucleotides/cells. The adjuvant is
preferably administeredhsRrEiReaHY PirferdssarrskinncanpienthhodeamtisteRér1 2B

polypeptide/mm%@lgp@ﬁﬂmtm%ﬁ@%&%%&Yﬂ@&l%’%ﬁﬁa@%@gwc agent may be an
ee a e

agent that potentiates ffects of the molecule or cell. For ex , the other agent may be an

inununomod&ARMESIALESTRIRIAGR I et svrricians theraebshheobmeptide BirtHd peptide or cell.
10The 9@|VR?N@E$EQ@SW§1§R§@€)%P§w%ﬁéiﬁ?ﬂép&%iﬂﬂ%rﬁgﬁ%%%d fgtpIn may be used for therapy
- Thé'a

in combination with one or more other therapeutic agents ents may be administered

separately, SiUitEAdSHEN QY RERYStielly vatiayt thasedi the mimjsteredeiBitid Game or different
compositiongs & i i isclo herein, the, subject may a|so be treated with a further
therapeutic%enﬁ?ﬁ%@n%&%%ﬁtg@q%ﬁe%ﬁgg %ﬁ@%ﬂ?&’(@%ﬂﬁﬁ%ﬁnﬁ prises a molecule and/or
cell and als¢AdRBIRINSREGINS GiisEKp euticvaroleciiiesof aambepitigpphiheBnmoention may

alternatively, agtl] , uentially or separately, with one or more other therapeutic
composition%ﬁgyggﬁmmeig SRR f{%anmiimﬁﬁ%?’e%%irﬁﬁré%“&ﬁﬁaﬁjmrinclude vitamin D,
rapamyin awdy@epgldesocorticoid steroids such as dexamethasone, fluticasone, budesonide,
mometasone, beclgn%%t{ﬁ%?on h¥diocort{'so%f, cortispne acetate, prednisone, prednisolone,
methylprednisolong, betam AR AR GBI IR SrERERET Shsaispiesrs Biak8methasone.

25 Therape (A& NetWdQs BRGRIAIRAE do beatieatatkreof, The IRSRAL VB RtioN relates to polypeptides,
polynucleotides ié Qrs, cells that are capable of desensitising or tolerising human individuals to

the allergen &y Y& S &¥etord aebiFireih s RaJeRERIts BiéHment of birch allergy.

The inventigh WHIVIdESTSOMPASIRINSHIOL Uaealit INGYENURE QIYiRIRG RIRIY to birch by 30 tolerisation.
The invention also %rovides a method of tolerising or desensitizing a birch allergic individual

comprisihg 6 ARG Fithe Vit R arian chsmsifathsrpelunsetidseBidd€ polynucleotides/cells as
described afENEIRheATdBCU8HERDS epiadouRiavidenvilb Jog camposliag of the invention is

preferably human. It will be appreciated that the individual to be 5 treated may be known to be
sensitised t&tF& BREFGEHEPANGE KD etng weiinsitiSisacof. smshertied adlybwirfgrdensitised. The individual
can be tested for sensitisation using techniques well known in the art and as described herein.
Alternatively, the individual may have a family history of allergy to birch. It may not be necessary to
test an individual for sensitisation to birch because the individual may display symptoms of 10 allergy

when exposed to birch. By exposure is meant proximity to, for example, a birch plant, or a substance
or nrodiriet derivied from a birch nlant or a cirithetance ar nrodiict containina or comnricina eithar of the



478111213141516 % 6.414.715.78.83.48.33.914.7 2.9 17.6 2.5 Reference population % 9.4
11.112.813.23.7 13.42.310.2 3.2 10.7 3.6 31 Reference frequencies were obtained by analysis of
multiple studies reporting frequencies and the figures shown are mean values. Preferably therefore,
the individual to be treated is from a population that has equivalent MHC allele frequencies as the
reference population for the alleles referred to Table 1 (such as for at 5 least 1, 2, 3, 4, 5 or all of the
alleles), for example within the ranges of those figures plus or minus 1, 2, 3, 5, 10, 15 or 20%.
Preferably theingkyigtial is from a population where the allele frequencies of the following DRB1 alleles
is: 4- at least 9% 10 7 - at least 10% 11 - at least 8%. The individual may have had allergy to birch
for at least 2 weeks, 1 month, 6 months, | year or 5 years. The individual may suffer from a rash, nasal
congestion, nasal digeiratge hd/pelopegiing dRISAdDNOE: dllargy. Abenindivickdatanay. ok may not 15

have been a@mi istered wij )QsitiQns/c ou which treat bjrch, allergy. The individual
may live in a geé%ﬁé%%%aﬁggi rﬁév ic hqag:) %% elﬁhq;}%%g e?’sbboergié}%lrog?it%&' "t%?g‘ﬁd%?: - a typical
soil pH irf theanythafthboatidub iteabohich5. The individual typically suffers from allergy to birch

pollenin a p@agicgé?rr%%ssgras%g. '{Q(e)f%eason t icﬁ%x%)rrespogds to the flowering season of birch,
which is typically Spring, preferably earl@egﬁ%é)&’ MBI HBRF 2PN 43755 the Northern
hemispheremthewddesgicinsisdshial dntypitapypailrgicrcpisvoslientdrem anydree in the subgenus
Betula, for e?ba}mgle Betula pendula (%r Betula pub%sce,ns. 25 Combination immunotherapy
comprises or consists ot a sequence which 1s recognised by a T cell which
recognises the corresponding polypeptide of SEQ ID NOS: 1 to 80; and/or
10 (c) is capable of inducing a late phase response in an individual with birch allergy;
and/or
(d)} is capable of tolerising an individual to the corresponding polypeptide.
Recognition by a T cell may be tested by measuring the ability of a peptide or
variant to induce T cell proliferation in a sample of T cells. The induction of a late
15 phase response may also be tested in this way when the sample of T cells is taken from
an individual with birch allergy. Methods of testing the induction of T cell proliferation

are well known in the art and one such method is exemplified in Example 8.

Variants of SEQ ID NOS: 1 to 80 may be fragments derived by truncation, e.g.

25

30



Since many individuals are allergic, or may require desensitizing to several polypeptide antigens, also
disclosed is a means of desensitizing individuals that are allergic to multiple antigens. "Tolerance"
induced in an individual to a first polypeptide antigen or allergen can create in the individual a
"tolergeneic 30 environment" wherein inappropriate1 mmune responses to other antigens can be
downregulated in order to provide tolerance to other antigens. This finding means that individuals
allergic to multiple allergens can be treated 32 in a greatly reduced time period, and that individuals
seriously alléngiertasdrémkargensd emgin@eads Shhuhaerendridely -adlergiaitendther allergens (e.g., cat

dander) can benefit from a therapy wherein tolerance t{qQ the milder allergen is established and then
this tolergeng?iyé’ﬁ%’g?i éﬁ%ff%eﬂgyéaﬁt%%@a@‘iafé? C t8“ﬁ18r6ﬂ?§?,lﬁ%%a15dé’;&%’llh°e allergen. In

addition, indpfichialat sufteiagdromaarauiciiunendiserae o RIEAddBiRaly sensitised (or
otherwise immune) to an unrelated antigen or allergen can benefit from a treatment regime wherein

tolerance to THESIRHALIEHSIHREN or allergen is first established and then this tolergeneic environment
is used tg provide tplgranggpie, thomsaaltiaen asseoaiedwith e auiol ¢ sispraan 10A method
is therefore provided for desensitising a birch allergic individual to birch allergen as described above

and one or M&e furfhérsbfbicindyensse pifde mav derad T pdsiesion afemairsyonthraesrsiey,
administering{gthe.jadivigdhah & QERORII AR BIRRY ePRBOSIP AL A5 e tciibgd eigln gnd wherein

the administration is carried out in a manner sufficient to generate a hyporesponsive state against
birch 15 allePdép DA d-h§pehalsimsinsivasidbs madoaem dstitiutroef MAMPBNGH Allergen, or at least
a shift toward deseg%&ﬂpgﬁqﬁ?ﬁg%@ql the,met g&{g 1I(§ g]dm!ﬁ '!%tr Ei f a secopdary
composition comprising a second, different polﬁﬁlge ant%errwi tow |cha%1{g§i]%%ﬁie§3gﬁ%to be
sensitisédl. Admirlstrguanst wilsepardhpycom fositiohihcherisp ol desueh) exieagiag to take
advantage og‘)é £ 0 | efr%r' established by-20 use of the primary ¢ osition, where it is
now possible tg ggg%iéﬁ?ggrancg?? the 'se?&:o%g ,aaﬁ%r%fn% %%@i)eé%]ﬁige}%i r:llagkr/fa%ng%%condary
compositionlisngeapriinigtedec vithteitie 2 thaXirds primziy 2o hasition ar X0langen fkaigei@nt of the birch
allergen. By,"coadministered" it is meant either simultanequs or concurren ipistration, e.g.,
when the tw%eré%g‘rrélsczlnﬁrﬁl? gessgrﬁrr?es% ‘%ﬁ%%%ﬂ%ﬁeo‘%"éfa"ﬁﬁﬁ?sgr&%8".@%‘8}3&1;%95 gg@ positions at
nearly the sah@Stiing BOt at different sites, as well as the delivery of polypeptide antigens in separate
composlitsions at different times. Forﬁamégfle, the seco I%ar%??ompositiﬁfn Hl_ay be delivered prior to or
subsequ@nt to deliverBFThEAYPEInBSRBR AR H0R S5 e LHehgRraat PLHEOPR SRS between

deliveries caibsaBgEdr@xnapis)acvoratigecondbanaétdd fhauteral JrOMUtEs Rpart, sgveral hours
apart, or 30 eyen seaieral days apart. Furthermore, different delivery methods can be employed. The

second polyB&BHidaAATRR HSIFTdiarashy SH e iR AumE RIRTHE B5AUSTER My Rrtdrsd Buitable
allergens formsetitthadoetied mamef.course bariainadisndiorpradyasswsing kpova methods.
Classes of suitable allergens include, but are not limited to, dust mite allergens, pollens, animal dander
(especially c%?@a‘%@r‘?,%%@sgé}iergens, molds, dusts, antibiotics, stinging insect venoms, and a
variety gh5 environmentahlinglyding:cheRlcalsAnlmsIalR) o feug 30difoasisrgens. Gommon tree
allergens include pollens from cottonwood, poplar, ash, birch, maple, oak, elm, hickory, and pecan
trees; comnRipPait g ErderEh TentecriBBE feo msaigars thrbh§oser deshofidhsstsedn, sorrel-dock and
pigweed; pl t Igeé;ggﬁg ingl ' k ' n : common grass
allergens in((j:}%éﬁél%gp%%grass, %%%F%%%%ﬁ@%ﬁ}% , fesgﬁé%;%ygﬁggréﬁga lergens; common
allergens caNars@sécombinatitrbin vaokiy oafuegheteh deakictAtrial Rastfithh, ddbastodendrum,
Aspergilus, Miaranolispesa;, MG 3R NS TIIRPONE 26NGENCaIeR, SRIJEImA Aleigenscan be
obtained from house or organic dusts (typically fungal in origin), or from animal sources such as
feathers;sandadugrdadder pebpenbdefod8AG Hie¥gend itnchiide milk and cheese (dairy), egg, wheat, nut
(e.g., peanut), seafQad (e.g., shellfish),,pea, bean.and gluten allergens;.common environmental
allergens include m%t\gfs?rr% hﬁa %\% o%%s?%%kée%moz}c‘%ggﬁ%?n%l el‘?;l/gg?éﬁm Fgl] htgr;llogl ?ﬁﬁl?urpentine),
Latex, rubbexcifiberhichttomprivesalychueiap, dfair dyegoostretia; iatendenttatdpadueesallergens;

common drug allergens include.local anesthetic a licylate allergens; 20 antibiotic allergens include
penicillin, tetlrgfé%ﬁa[g %gﬁ%ﬁ#gﬁ%ﬁ{f&%’%?f’e%%ﬁgf Ea]fij ib?érﬂ%?m%%&oﬁﬁéﬁg@ﬂ?élﬁﬁénﬁee, wasp and
ant venom, and<cofkioaciueadyo atlesgenssRadieg!ad Heharanterimevaliergensingiige, but are
not limited to, the major cat allergen Fel dI,Sﬁga vegn%_n%,%vr?os holipage A2 (PLA) (Akdis et al. (1996) J.
Qin. Invat. @%T@%ﬁ%@%‘j‘%ﬁ‘&%@ﬂ RES éf;ﬁ‘&“?@%ﬁﬂ)ﬁﬁfg glassdLaritges 55 e (Cao et al.

(1997) Immunatagyi 2k 4683 flihesgra0delienisy ablgAllgraenrsmare commercially available and/or
can be readily prepared as extracts following known techniques. Preferably, the second

polypeptide allergeft ERHARHHRY R lsImE MAPGER BRIARE F4Ps MRS BB e from the list of
allergen sequences and database accession 30 numbers (NCBI Entrez accession numbers) below.
NCBI is the National Center for Biotechnology information and is a division of the US National
Institutes of Health. The NCBI web site, from which access to the database may be sought, is 34

www.ncbi.nim.niltgov/. Allergen sequences and database accession numbers (NCBI Entrez accession
niimhearce): Olivve treea B Olivve cealiencece A1AR10 Ole 2 1



1829894 Bet v 2 MSWQTYVDETILMCDBDGQASNSLASATVGHDGSVWAQSSSFPQFKPQEITGIM
10 KDFEERGHLAPTGLHLGGIKYMVIQGEAGAVIRGICICGSGGITIKKTGQALVFGI
YEEPVTPGQCNIVIVVERLGDYLIDQGL 1168696 Bet v 3 Is MPCS IEAMEKAGHGHASI
PRKRSLSNSSFRLRSESLNTLRLRRIFDLFDICNSDG
IITVDELSRALNLLGLETDLSELESTVKSFTREGNIGLQFEDFISLHQSLNDSYFA
YGGEDEDDNEEDMRKSILSQEEADSFGGFKVFDEDGDGYISARELQMVLGKL

GFSEGSEL B K¢l VSMBSNHREGRYBEDEBI CDM RS- MRIH Z03090360Benw4riant
MADDHPQDICAERERLFICRFDANGDGK| MAA'_ElJ.gBEALKTLGSITPDEVICHMMA
EIDTDGDGFISESEFTHEERARIR A1HE BVARHE > e SE SR eyds ity toyticieast s dnefak trees
(fragment) 2Bo@i¥abaE SQIET SUIA RAKLHICHIEG ITHAGENT Gagh MG piBksBetYusEhgmbeam trees
(fragment) GVENYEAETPSV|PAARLFKSYVLDGDKLIPKVAPQADCK 30 543491 Am g | - Alnus
glutinosa=al B3PS SRaHCOIRRESE A5 \7RN VEEAER Bash PAARL st BE e S BorAPEBAVSSVENI 36
12040565Ru9a'm9avggam%\,/\6?%%t@gﬁmﬁxwﬂf@%é%%ymkb&%ﬁb&?&hﬁﬁﬁHGFV
YREHNRSPGYYDGRYWTMWICLPMFGCNDSSQVLICELFECICKAYPSAFIRIIGF DDK 5 Additional
tree allergerPSE§RERELEINERIEYES atée $8orf Msrsnety lanegcidBlottcaBS ¢4 se04 2360;
2554072, 23484824 MR AL A AT ACH AGH IR AR IR 201 22 20 PR 11 1 921 716
1321714; 1321712; 3015520; 10 2935416:464576; 1705843; 1168701; 1168710; 1168/09; 1168708;
1168707; 1168760 e 505 21 BRy0Y caniboroE; anine PoRisIs 2188y D86 228] 266128, 2564224;
2564222; 2 0; : - 15 .5 : 534900 534898: 1340Q00; 1339998;
2149808, 66307 2L9kT 10Ty 16T Ko g ATt T 1 PR3 067 1361066
13619650 1361964isPB61o63rdisshoeny 06 theebosd-s1asfiedt:vEB6108enB30646H6260488 ; 629482;
629481; 541&9%-11@?@%%118&48%% §4C’I6814:; 629484; 474911;452742; 1834387; 298737; 298736;
1584322: 1584321, 584350° 1bA2873: 1542871; 1542869; 1542867; 1542865; 1542863; 1542861
1542859; 15428571 48828101 468230 IAS32 280 55866 1's 6640 ABBBO5: ABR 146; 452744, 452740;
452738; 452736 4527 4&@3273@&4%%7305 452728, 20 450885, 17%9§8; 9@17925; 17921;
207538: 510051 S8035Y - 248408 1N REE 3 LA S agisarRbas s el (o BRsGi Sbr 25
MDSPCLVALL VPSR WESCGHEDNPIRB CWRGDSMMAQNRMKLADCAVGFGSST

MGGKGGDL YTVINSDDDPYNPPG ELRYGATRDRPLWIIESGNMNIICLICMPMY
|AGYK$§D$M&%%NW%&%§Q&E%@E% TEUME N pegrpenalty:
GVEPVHPQDORALPLREAI D \BHRIHN SEDNGS ROl ¥ DM EF T IeINNTENx: PAM, Gap

HHKVMSLGHDDA@DDIQS@KOVTVAFNggGPNQG RMPRARYGLVHVANNN 30
YDPWTIVARBESERBY ISEEN S FFRBN £8 ¢ VhRRe R FRseps Qv (g eppration
QDVFYNGAtahos G KN &R B Ak O FORENENAT I QNAB ML I GRE SKe R fr 84,493632 Cry j
IA precursor MDSPCLVALLVLSFVIGSCFSDNPEDSCWRGDSNWAQNR/VLKLADCAVGFGSS
TMGGKGG BRI RS BBk sermRYGHR TR R o H S s NAM ECE RVIQEKR.
MYLAGYKTERGRGARMIGNEGREWEFRMBNYIHGHEL CG RIS YANYH N dues which
ESFGVEPVHPQDGDALTLRTATNTCVLDHNSFSNSSDGLVDVTLSSTGVTISNNLF
FNHHKVMLEEHDBRY Besp Resivaiardy AFNQFGPNCGQRMPRARYGLVHVAN

NNYDPWTIYAIGG PNES,Y T, : VW
QSTQDVFYNGAYS\?%GEE\{}%E%M Y%K%%KW%%%%%@&%%&@%&)%% 10 LSKRC 1076242
Cry j Il prec§EsHtusgpadese sedal SEQ ID NOS: 1 to 80. Substitution variants preferably

MAMJCLIAP. | | VVEKYLRSNRSLRKVEHSR :
ELDAINIF NV%@@%%%%&%%%@%%@%T%%%A& &ﬁ#gﬁﬁ &W@%R‘L‘{%ﬁﬁ fBuno
NLFFNGP QRIS RREMDGRASYOMPASWIONNR MisQEAEL TBFTLMEGKGY Bnino acid
GQGKQW CKWVNGREICNDRDRPTALKFEDFSTGLEQGLICI MNSPEFHL
VFGNCEG%?(% sﬁ%gA\S/Bﬁﬁggﬁ B%%?&%Wﬁ‘ﬁﬁ‘é&?&%&%@%@%@?@ for
NIVIEDLIC GRGHE| SIBSLORENSRAEMEY WhNGAK RN GHR BKIWOGGES] amino
GMASHUYENVEMINSENP1LINQFYCTSASACONQRSAVQIQDVTYICNIRGTSA 20 |
TAAAlQLKé@gSaﬁh#\Iﬁ‘t‘gi‘i@él PR %@?ﬂ%&%ﬁb@%%ﬁﬂ@%kﬁ@mpbmo
SPSAKRKESINSH-HG dHRAKRAMVENMRA YOI GINGR AR kb G ERPRING ENYGHEGER aliphatic
CICAICLVIVHIRIMPQEYYPQRWICSCHGKIYHT 1076241 Cry j Il protein - Japanese cedar 25
MAM Kﬁ?APWWﬁ%LﬁM&M%R%W 0 EB1R 8TVPR &N SitrglpeiHsised to select
DAINTENVE#¥GIA VbR akdns eré B ATDE S AYWQAACKKPSAMLLVPGNICKFVVN
NLFFNGPCQPFIFTFICNDGILAAY QNPASWKNNRIWLQFAICLIGFTLMOKGVID
GOGKQWWAGQCKWVNGREICNDRDRPTAIKFDFSTGLIIQGLKLMNSPEFHL
VFGNCEGVICLIGISITAPRDSPNTDGIDIFASICNFHLQKNTIGTGDDCVAIGTGSS 30
NIVIEDLICGPGHGISIGSLGRENSRAEVSYVHVNGAICFIDTONGLRECTWQGGS

GMASHEYENVEMINSENPILINQFYCTSASACQNQRSAVQIQDVTYICNIRGTSA

TAAAIQLKCSDSMPCKDEKLSDISLKLTSGKIASCLNDNANGYFSGHVIPACKNL 38
CPRAICT7TKESKSHICHPKT\/M\V/ICNIMCAVDKCNRTRIN I C<SRPPNCTNKCHCCSP



15 IVIDSPCLVALL'VFSFVIGSCFSDNPIDSCWRGDSNWAQNRMKLADCAVGFGSST
MGGKGGDLYTVINSDDDPVNPAPGTLRYGATRDRPLWIIFSGNMNIKLICKPM
YLAGYKTFDGRGAQVYIGNGGPCVFEKRVSNVITHGLYLYGCSTSVLGNVLINES
FGVEPVHPQDGDAL | LRTATNIWIDI-INSFSNSSDELVDV | LTSTGVTISNNLFF
NHHKVMSLGHDDAYSDDKSMKVTVAFNQFGPNCGQRMFRARYGLVHVANN 20
NYDPWTIYAIGGSSNPTILSEGNSFTAPNESYKKQVTIRIGCKTSSSCSNWVWQS

TQDVFYNGANMFVS SEKRMEE GMNRTIGIKEAEMAENGNATRFIFQNAGRY kiGat S KRC Delivery methods

250nce formulated-the-compeositions-of-the-invent n-be delivered.to.a subject in vivg using a

variety of knbwh routB8lahdYdtankieRissnetrabxampie? a cornfsshisiophiisensrsiabied as an injectable

solution, susRERSTon GE e HYSRAANE BHPIIFIel ek PDIRTGh HHPGHIaRoTS: epidernal
raperito rav

intradermal, linframuscular, intraarterial, in eal, intrdvenous injection using a conyentional

needle and $ykinge, yomi,ﬁgfmwxliﬁmich;agmje{e}iohikysterppmu@ﬂgop}ﬁamheﬁﬂinpositic ns can also
be administered-topicatty-to-skifn-pr-mucosattissue,-such-as-hrasaly-intratracheally-intestinal, rectally
or vaginally,%ﬁeprovi(fé&é@lﬁ’?ﬁ%ﬁﬁﬂ}@k&%ﬂ]gﬂ?@; iféble A FESBIFLRRY - shirresadR) 39
administratigmisOtheramades. afadministration incligde oral Eﬁlﬁf?@ﬁ%ﬂﬂﬁié%ﬁﬂﬁltor'es’ sublingual
administration,-and-active or passive transdermal delivery techniques. Where a polypeptide of the
invention is fdibe adiAiABaiedoltals rdfephitico 5 Aiministerltnehpdiypbibtidedatalsite in the body
where it willlhave thecﬁgll%%t@rﬁontact suitable antigen presenting cells, and where it, or they, will have
the opportunity to contact T cells of the individual. Where an APC is to be administered, it is preferred
to administeflthe AP@liphatgiféydithbisidynwinese Maill hawtiphesabilisitakobiactcand activate,
suitable T cetis-of-the-trdividual-10-Deljvely-regimes Administration-of-the
polypeptides}/ﬁfﬁ)lynuc?é’& dbg?légﬂ g, hasgetd o offbositigReBREsirgrapbritisigestpkptides) may be
by any suit @metm%tgg%@maggy&@éﬁa amog%&gépﬁopé}iwgégﬁomgy be determined
' inistration

empirically, 15 -but tyhically are’in the range given bélow. A single admini of each polypeptide

PA)

may be sufficient to have a beneficial effect for the patient, but it will be appreciated that it may be
peneficial If the PolyRERUAS R ANHIR o Qi AR Allee.d O MRICH.GASA MpICR Adminiairation
regimes may be, for example, once or twice a week for 224 Weeks every ont]ﬁs, Gronee a day for a
week every f§ift tocsimimonthé whéolvidbpeaPOinpiprsciptetcaaahs pabyoeptiokd gy thetynficleotide, or
combinationzﬁ{l%yﬁs@st' nd/or polynucleotides may be.administered.ta a patient singly or in
combination. Dosagelgs& f%?na r%?nﬁs%?élﬁ(%%“&v%ﬁ éelesgrgﬁgn l?gcl)%ﬂeg’] Ut aﬁé‘?%a@%ﬂ%&ﬁl%?ng the nature
of the compdsittionthEtheuteptifladmististeaiibenatid dhecsatiedemadd timing of the administration

regime Suit doses of.a molecule of the jnyention may be in the 25 order of up to 15gg, up to 20gg,
up to 25gg, up 10 %‘Sg‘?ﬁ‘& %}?6693? apts igﬁgg?ﬁﬁstg R @Pﬁ(ﬂ’#ﬁﬁ&@ion. Suitable
doses may P&dEss theit bbgdrduiat hasidAghekatdeasicangn & aideast-bagihertal] [RaghbONg, or least
100ng, or a%lgat st 500n§, or atéleaﬁt Iu%, or at I%?‘st 10gg. For some molecules of the invention, the
dose used niay be MGHET, for exampiEAdps £ 8?8&%@ g 15 1d i U5 e up to 5 mg or

30 higher. Sufuelasest mayolis POMXRGE 2 figeid spudation, #avesnesntrationssitable to allow an
appropriate yolume f%%adm'njs_tration %he selected route. 40 Kits Also disclosed is a

combin&tion"S§FEBniBohan i dEeeRdsReRsiT Rk isassmdmgetirrine sormctewRimiHT ontainer.

Such kits mayGRARESE &F saYIeF IEQOMPansNtstosallonfar atreatmepiRidhs ipyaation. For example,
a kit may comprise 5 one or more different polypeptides, polynucleotides and/or cells of the invention,

or one or m&rEpERpeptitss PRy dtdestudcertant of HQAVENESH hivi%hie stvsbrenadditional
therapeutic agenia-sulitaiofon SIBUMARCRNS ABTRIBEAIAR O6doh SEAerdidLor SeRalpte

administration. The kit may optionally contain other suitable reagent(s) or instructions and the like. 10
The inventidiPTBaMIStRteamsd forowien) Prasiptbat iElanpithan MiCISREsID Bifding tsearch 15The

aim of this s | i ' isti f ' t affinities for the eight most
commortf:3 hur%?z(aljr)]/I ﬁl&% %ﬁgggiﬁe&?gﬁgg%%ﬁ%%t(geggggﬁ?g%éelr%é %ggﬁﬁé‘%?ﬁgfgﬁ’%se%‘%%es in the major
birch allergereBBeafioBstnygy Brty3vithén endBepusidmtie stipumapproachof 4 Galifiddatut lusing the
commerciall [ iMatri ith niVax Inc.) This is a bioinformatjc is of peptides
from a 20 se?gggce (‘)%r tBé%%téﬁﬁg?%%%5%‘%?%&%%%%?& e 6%%?”&193%?%%% 5f MHC class I
HLA-DR moledites§: termipidttine isativmatdxdnased thigpejthite thdrank S D@MINOGRId residue
sequences, éaj/erlapping by 8 amino acids, from any polypeptide sequence by estimated probability of
binding to each of the selected MEC molecules. (De Groot et al., AIDS Research and 25 Human
Retrovirdses 13:530hé I{{igfiz)ofTthe ipreoeiduraréar WeM@loping sudtix taglifs was published by Schafer
et al, Vaccine 16:1880-4 (1998) In this Example, binding potential for HLA DR |, DR3, DR4, DR7, DRS,
DRI 1, DR13 and DR15 is assessed. Putative MHC ligands are selected by sewing each 9-mer frame
in a protein sequence. This score is derived by comparing the sequence of the 9-mer to the matrix of
amino acid sequences 30 known to bind to each MHC allele. Retrospective studies have

demonstrated that EpiMatrix accurately predicts published MHC ligands (Jesdale et al., in Vaccines '97
(Cold <nrinAa Harbor Praece Cold <nrina Harbaor NlY WO 2011/00277QPCT/>2Q2011/00020A A1




15EpiMatrix analyses were performed on the entire sequences of known isoforms of Bet vi, listed
below with their corresponding NCBI accession numbers: Bet vl L P43185; Bet v | E P43178; Bet vl
M/N P43186; Bet v 1 D/H P43177; Betvl K P43184; Bet v I C P43176; Bet vl J P43183; Betv 1B
P45431; Be v 1 G P43180; Bet v | A P15494; Bet v/l P43179; Epimatrix analyses were also
performed on additional known Bet vi sequences indexed by accession number in Table 2. These
analyses identified core peptides (and their flanking sequences) derived 20 from the above sequences
which are prédibtéﬁ:toﬁ%m@lgoﬂhdgﬂhﬁydja%ﬂl Bi:tdﬁmg)rThasq)E@alaenpﬁtarﬂ%mmabmpw in Tables

1and 2. As m of th eptides identifi e hi nserved between different Bet vi
isoforms. In fll'b%v{\{gth 1 2%‘/2%]' Esic egs ﬁwrr?aln slegnaféﬁlcszet %%?i‘ép %égﬁ%??%qstﬁ’eaﬁgﬁfiﬁ@fimthm the
sequences ZHRADVEPE dral$8ed. The core peptide (underscored middle amino acids in bold) defln?s
the actual binding hat w entifi urm e analysi abilizing flanks N-t_ermlna
and C-terminal, no?eoq%%v%e%e%] %§ g‘ or &zﬁ {Ilqv e 8%%3 se/ %télae gj’iar%%’ %gﬁmp,l quired to
aid manuﬁfachﬂé@%iﬁéip@ﬁ?d’ege tNum&@r@fimrﬁmM@QB&%%@Q’d@&ﬁ@Hﬂﬂﬂ@@é’;ﬁﬁiéZ hits" refers
to the numbey; ot Bigh Predified i g&gﬁ#‘%ﬁ%%&}ﬂ '\%E'tl Res tested within the Seq“ence The
itS Ro

"EpiMatrix Cluster Score" Is derlved e number o maiized orpt(hgﬂeé’n f of the cluster.
Cluster Scordéllizgbisndhevashesisingmshidtfalidsed revictedamgorediter s Gaibelingthesipatties relative to

a random pepfide standard-MGeareiakey g0 is considered to indicate broad MIT-IC binding
properties. Table 1 - Bet vi el 77.71 .. : , SEQUENCE 1" phoblaIBIS RESIDUES BIT,Hyl"ctiffSTER-

Eel)* Sid "(ExcISCOREm™."mOptEe, includes not only molecules in which amino acid residues are
10 joined by peptide (-CO-NH-) linkages but also molecules in which the peptide bond is
reversed. Such retro-inverso peptidomimetics may be made using methods known in the
art, for example such as those described in Meziere et af (1997) J. Immunol.159, 3230-
3237. This approach involves making pseudopeptides containing changes involving the
backbone, and not the orientation of side chains. Meziere ef al (1997) show that, at least
15 for MHC class IT and T helper cell responses, these pseudopeptides are useful. Retro-
inverse peptides, which contain NH-CO bonds instead of CO-NH peptide bonds, are much
more resistant to proteolysis.
Similarly, the peptide bond may be dispensed with altogether provided that an
appropriate linker moiety which retains the spacing between the carbon atoms of the
20 amino acid residues is used; it is particularly preferred if the linker moiety has
substantially the same charge distribution and substantially the same planarity as a peptide
bond. It will also be appreciated that the peptide may conveniently be blocked at its N-or
C-terminus so as to help reduce susceptibility to exoproteolytic digestion. For example,
the N-terminal amino group of the peptides may be protected by reacting with a carboxylic
25 acid and the C-terminal carboxyl group of the peptide may be protected by reacting with
an amine. Other examples of modifications include glycosylation and phosphorylation.
Another potential modification is that hydrogens on the side chain amines of R or K may
be replaced with methylene groups (-NH, ~» -NH(Me) or -N(Me),).
Analogues of polypeptides may also include polypeptide variants that increase or
30 decrease the polypeptide’s half-life in vivo. Examples of analogues capable of increasing

the half-life of polypeptides include
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peptoid analogues of the peptides, D-amino acid derivatives of the peptides, and
peptide-peptoid hybrids. A further embodiment of the variants disclosed herein
comprises D-amino acid forms of the polypeptide. The preparation of polypeptides
using D-amino acids rather than L-amino acids greatly decreases any unwanted

5 breakdown of such an agent by normal metabolic processes, decreasing the amounts of
agent which needs to be administered, along with the frequency of its administration,

Polypeptides may be derived from splice variants of the parent proteins
encoded by mRNA generated by alternative splicing of the primary transcripts
encoding the parent protein chains. Polypeptides may also be derived from amino acid

10 mutants, glycosylation variants and other covalent derivatives of the parent proteins
which retain at least an MHC-binding property of the allergens. Exemplary derivatives
include molecules wherein the polypeptides are covalently modified by substitution,
chemical, enzymatic, or other appropriate means with a moiety other than a naturally
occurring amino acid. Further included are naturally occurring variants of the parent

15 proteins found in different mites. Such a variant may be encoded by an allelic variant
or represent an alternative splicing variant.

Variants as described above may be prepared during synthesis of the peptide or
by post- production modification, or when the peptide is in recombinant form using the
known techniques of site- directed mutagenesis, random mutagenesis, or enzymatic

20 cleavage and/or ligation of nucleic acids.

Typical examples of variants as described herein may be as follows:

- a variant of Bir011 is BirO1F (FNYETEATSVIPAARK), Bir01G
(FNYEIEATSVIPAARK) or Bir01H (FNYEIETTSVIPAARK); and/or
- a variant of Bir02] is BirO2E (PAARLFKAFILEGDTLIPK), Bir02G

25 (PAARLFKAFILEGDNLIPK), Bir02I (PAARMFKAFILD) or Bir02D
(PAARMFKAFILDGDKIVPK); and/or
- a variant of Bir09 is selected from Bir09A (GETLLRAVESYLLAHS), Bir09B
(KEMGETLLRAVESYLLAHS) or Bir09C (KEKGETLLRAVESYLLAHS); and/or

4 variant of Bir16B is Birl6A (AERERIFKRFDANGEGK).
30



P43179300- 116SNEIKIVATPNGGS [LK0.021020.13P6 P43180100 - 114ENE
laVATPDGGCV0.23715.57P7 P43183100 - 116SNEIKTVATPNGGS 1LK0.021020.13P8
P43184100 - 114CNEIICIVATPDGG S10.25715.57P9 P43185100 -
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It will be understood that SEQ ID NOS: 1 to 80 are polypeptide sequences
which comprise a T cell epitope that consists of a core of typically 9 amino acids,
which are the minimal essential sequence required for MHC class I binding.
However, the polypeptides of SEQ ID NOS: 1 to 80 may also comprise additional

5 residues flanking the core. The peptides may therefore comprise a region containing a
T cell epitope, in which some residues may be modified without affecting the function
of the epitope. Thus, for example, the sequences of any of SEQ ID NOS: 1 to 80 may
be altered to improve their solubility, and accordingly a variant of any of SEQ ID NOS:
I to 80 will preferably be more soluble than the corresponding polypeptide of SEQ ID

10 NOS: 1 to 80 under equivalent conditions. Methods for evaluating the solubility of
peptides are well known in the art and one such method is exemplified in Example 9.

Improved solubility is advantageous for the tolerisation of subjects to allergens
from which the peptides derive, since administration of poorly soluble agents to
subjects causes undesirable, non-tolerising inflammatory responses. The solubility of

15 the peptides may be improved by altering the residues which flank the region
containing a T cell epitope. A polypeptide may be engineered to be more soluble such
that it comprises:

i) N terminal to the residues of the polypeptide which flank a T cell epitope: one to six
contiguous amino acids corresponding to the one to six contiguous amino acids

20 immediately N terminal to said residues in the sequence of the protein from which

the polypeptide derives; and/or

ii) C terminal to the residues of the polypeptide which flank a T cell epitope: one to six
contiguous amino acids corresponding to the one to six contiguous amino acids
immediately C terminal to the said residues in the sequence of the protein from

25 which the polypeptide derives; or
iii)both N and C terminal to the residues of the polypeptide which flank a T cell

¢pitope, at least one amino acid selected from arginine, lysine, histidine, glutamate
and aspartate.

Optionally, the polypeptides may additionally be engineered to be more soluble

30 such that:

1) any cysteine residues in the native sequence of the polypeptide are replaced with serine
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or 2-aminobutyric acid; and /or

i1} any hydrophobic residues in the upto three amino acids at the N or C terminus of the

native sequence of the polypeptide, which are not comprised in a T cell epitope, are

deleted; and/or '

5 1) any two consecutive amino acids comprising the sequence Asp-Gly in the upto four
amino acids at the N or C terminus of the native sequence of the polypeptide, which are
not comprised in a T cell epitope, are deleted; and/or
iv) one or more positively charged residues are added at the N and/or C terminus of the
nattve sequence of the polypeptide.

10 Preferably the polypeptides and variants of the invention are capable of causing T
cell proliferation in at least 20 % of samples of T cells, wherein each sample is obtained
from different birch allergic individuals in the population. The compositions of the
invention are preferably capable of inducing T cell proliferation in 30 % or more samples
of T cells obtained from of a panel of birch allergic individuals. More preferably, the

15 compositions are capable of inducing T cell proliferation in 35% or more, 40 % or more,
45 %, 50 %, 55 %, 60 %, 65 %, 70 %, 75 %, 80 %, 85 %, or 90 % or more of samples
obtained from sensitized individuals in a panel. The number of individuals in a panel of
birch allergic individuals may be any number greater than one, for example at least 2, 3, 3,
10, 15, 20, 30, 50, 80, or at least 100 individuals.

20 It 1s preferred if the polypeptides, variants and compositions of the invention cause
T cell proliferation, but do not lead to the release of histamine from enriched basophils or
mast cell preparations from a sensitised individual. There may be some histamine release,
but preferably the peptides, variants and compositions do not cause significant amounts of
histamine to be released. Significant histamine release may be considered to be the

25 release of 20% or more of the total available leukocyte histamine when a sample of
leukocytes from an individual is stimulated with a composition in vitro. A peptide, variant
or composition of the invention preferably causes the release of less than 5%, less than
4%, less than 3%, less than 2% or less than 1% of the total available leukocyte histamine
when a sample of leukocytes from an individual is stimulated with a composition in vitro.

3¢ A normal individual typically has an approximate leukocyte histamine content of
150ng/10” cells.

Suitable peptides or variants capable of binding to TCRs may be derived
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empirically or selected according to known criteria. Within a single polypeptide there

are certain residues which contribute to binding within the MHC antigen binding
groove and other residues which interact with hypervariable regions of the T cell
receptor (Allen et al (1987) Nature 327: 713-5).

5 Within the residues contributing to T cell receptor interaction, a hierarchy has
been demonstrated which pertains to dependency of T cell activation upon substitution
of a given peptide residue. Using polypeptides which have had one or more T cell
receptor contact residues substituted with a different amino acid, several groups have
demonstrated profound effects upon the process of T cell activation. Evavold & Allen

10 (1991) Nature 252: 1308-10) demonstrated the dissociation of T cell proliferation and
cytokine production. In this in vitro model, a T cell clone specific for residues 64-76 of
haemoglobin (in the context of I-EX), was challenged with a peptide analogue in which
a conservative substitution of aspartic acid for glutamic acid had been made. This
substitution did not significantly interfere with the capacity of the analogue to bind to

15 I-E"

Following in vitro challenge of a T cell clone with this analogue, no
proliferation was detected although IL-4 secretion was maintained, as was the capacity
of the clone to help B cell responses. In a subsequent study the same group
demonstrated the separation of T cell-mediated cytolysis from cytokine production. In

20 this instance, the former remained unaltered while the latter was impaired. The efficacy
of altered peptide ligands in vivo was initially demonstrated in a murine model of EAE
(experimental allergic encephalomyelitis) by McDevitt and colleagues (Smilek ef af
(1991) Proc Natl Acad Sci USA 88 : 9633-9637). In this model EAE is induced by
immunisation with the encephalitogenic peptide Acl-11 of MBP (myelin basic

25 protein). Substitution at position four (lysine) with an alanine residue generated a
peptide which bound well to its restricting element (A_u”AB”), but which was non-
immunogenic in the susceptible PL/JxSJLF1 strain and which, furthermore prevented
the onset of EAE when administered either before or after immunisation with the
encephalitogenic peptide. Thus, residues can be identified in polypeptides which affect

30 the ability of the polypeptides to induce various functions of T-cells.

Advantageously, polypeptides may be designed to favour T-cell proliferation

and induction of desensitisation. Metzler and Wraith have demonstrated improved
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tolerogenic capacity of polypeptides in which substitutions increasing peptide-MHC

affinity have been made (Metzler & Wraith(1993) Int Immunol ~ : 1159-65). That an

altered polypeptide ligand can cause long-term and profound anergy in cloned T cells was

demonstrated by Sloan-Lancaster ef a/ (1993) Nature 363: 156-9.

5 The compositions disclosed herein are capable of inducing a late phase response in
an individual that is sensitised to the allergens. The term "late phase response" includes
| the meaning as set forth in Allergy and Allergic Diseases (1997) A. B. Kay (Ed.),

Blackwell Science, pp 1113-1130. The late phase response may be any late phase

response (LPR). Preferably, the polypeptides are capable of inducing a late asthmatic

10 response (LAR) or a late thinitic response, or a late phase skin response or a late phase
ocular response. Whether or not a particular peptide can give rise to a LPR can be
determined using methods well known in the art; a particularly preferred method is that
described in Cromwell O, Durham SR, Shaw RJ, Mackay I and Kay AB. Provocation
tests and measurements of mediators from mast cells and basophils in asthma and allergic

15 rhinitis. In: Handbook of Experimental Immunology (4) Chapter 127, Editor; Weir DM,
Blackwell Scientific Publications, 1986.

Thus, preferably, the individual polypeptides and variants disclosed herein are able
to induce a LPR in an individual who has been sensitised to the allergens. Whether or not
an individual has been sensitised to the allergens may be determined by well known

20 procedures such as skin prick testing with solutions of allergen extracts, induction of
cutaneous LPRs, clinical history, allergen challenge and radioallergosorbent test (RAST)
for measurement of allergen specific IgE. Whether or not a particular individual is
expected to benefit from treatment may be determined by the physician based, for
example, on such tests.

25 Desensitising or tolerising an individual to the allergens means inhibition or
dampening of allergic tissue reactions induced by the allergens in appropriately sensitised
individuals. It has been shown that T cells can be selectively activated, and then rendered
unresponsive. Moreover the anergising or elimination of these T-cells leads to
desensitisation of the patient for a particular allergen, The desensitisation manifests itself

30 as areduction in response to an allergen or allergen-derived polypeptide, or preferably an
climination of such a response, on second and further administrations of the allergen or

allergen-derived polypeptide. The second administration may be made after
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a suitable period of time has elapsed to allow desensitisation to occur; this is preferably
any period between one day and several weeks. An interval of around two weeks is
preferred.

Although the compositions disclosed herein are able to induce a LPR in a birch

5 allergic individual, it should be appreciated that when a composition is used to treat a
patient it is preferable that a sufficiently low concentration of the composition is used such
that no observable LPR will occur but the response will be sufficient to partially
desensitise the T cells such that the next (preferably higher) dose may be given, and so on.
In this way the dose is built up to give full desensitisation but often without ever inducing

10 aLPR in the patient. Although, the composition or polypeptide is able to do so at a higher
concentration than is administered.

The compositions disclosed herein preferably are capable of inducing a late phase
response in 50 % or more of a panel of birch allergic individuals from the population.
More preferably, the compositions are capable of inducing a LPR in 55% or more, 60 % or

15 more, 65 % or more, 70% or more, 75% or more, 80% or more, 85% or more, or 90 % or
more of sensitized individuals in a panel. Whether or not the compositions are able to
induce a LPR in a certain percentage of a panel of subjects can be determined by methods

which are well known in the art.

20 Nucleic acids and vectors
The individual polypeptides that make up the compositions and products of the

invention may be administered directly, or may be administered indirectly by expression
from an encoding sequence. For example, a polynucleotide may be provided that encodes
a polypeptide of the invention, such as any of the polypeptides described above. A

25 polypeptide of the invention may thus be produced from or delivered in the form of a
polynucleotide which encodes, and is capable of expressing, it. Any reference herein to
the use, delivery or administration of a polypeptide of the invention is intended to include
the indirect use, delivery or administration of such a polypeptide via expression from a
polynucleotide that encodes it.

30 Accordingly, disclosed herein is a composition for use in preventing or treating
allergy to birch by folerisation comprising at least one polynucleotide sequence which

when expressed causes the production of a composition according to the
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invention for use in preventing or treating allergy to birch by tolerisation.

The terms “nucleic acid molecule” and “polynucleotide” are used
interchangeably herein and refer to a polymeric form of nucleotides of any length,
either deoxyribonucleotides or ribonucleotides, or analogs thereof. Non-limiting

5 examples of polynucleotides include a gene, a gene fragment, messenger RNA
(mRNA), cDNA, recombinant polynucleotides, plasmids, vectors, isolated DNA of any
sequence, 1solated RNA of any sequence, nucleic acid probes, and primers. A
polynucleotide of the invention may be provided in isolated or purified form.

A nucleic acid sequence which “encodes™ a selected polypeptide is a nucleic acid

10 molecule which is transcribed (in the case of DNA) and translated (in the case of
mRNA) into a polypeptide in vivo when placed under the control of appropriate
regulatory sequences. The boundaries of the coding sequence are determined by a start
codon at the 5' (amino) terminus and a translation stop codon at the 3' (carboxy)
terminus. For the purposes of the invention, such nucleic acid sequences can include,

15  but are not limited to, cDNA from viral, prokaryotic or eukaryotic mRNA, genomic
sequences from viral or prokaryotic DNA or RNA, and even synthetic DNA sequences.
A transcription termination sequence may be located 3' to the coding sequence.

Polynucleotides can be synthesised according to methods well known in the art,
as described by way of example in Sambrook et al (1989, Molecular Cloning - a

206 laboratory manual; Cold Spring Harbor Press).

Polynucleotide molecules may be provided in the form of an expression
cassette which includes control sequences operably linked to the inserted sequence,
thus allowing for expression of the polypeptide in vivo in a targeted subject. These
expression cassettes, in turn, are typically provided within vectors (e.g., plasmids or

25 recombinant viral vectors) which are suitable for use as reagents for nucleic acid
mmmunization. Such an expression cassette may be administered directly to a host
subject. Alternatively, a vector comprising a polynucleotide may be administered to a
host subject. Preferably the polynucleotide is prepared and/or administered using a
genetic vector. A suitable vector may be any vector which is capable of carrying a

30 sufficient amount of genetic information, and allowing expression of a polypeptide.

Expression vectors are routinely constructed in the art of molecular biology and
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may for example involve the use of plasmid DNA and appropriate initiators, promoters,

enhancers and other elements, such as for example polyadenylation signals which may be

necessary, and which are positioned in the correct orientation, in order to allow for

expression of a polypeptide. Other suitable vectors would be apparent to persons skilled in
5 the art. By way of further example in this regard we refer to Sambrook ef al.

Thus, a polypeptide may be provided by delivering such a vector to a cell and
allowing transcription from the vector to occur. Thus, also disclosed herein is a vector for
use in preventing or treating allergy to birch pollen by tolerisation comprising four or
more polynucleotide sequences which encode a different polypeptide as disclosed herein.

10 Preferably, a polynucleotide as disclosed herein or used in a vector is operably linked to a
control sequence which is capable of providing for the expression of the coding sequence
by the host cell, i.e. the vector is an expression vector.

“Operably linked” refers to an arrangement of elements wherein the components
so described are configured so as to perform their usual function. Thus, a given regulatory

15 sequence, such as a promoter, operably linked to a nucleic acid sequence is capable of
effecting the expression of that sequence when the proper enzymes are present. The
promoter need not be contiguous with the sequence, so long as it functions to direct the
expression thereof. Thus, for example, intervening untranslated yet transcribed sequences
can be present between the promoter sequence and the nucleic acid sequence and the

20 promoter sequence can still be considered “operabiy linked” to the coding sequence.

A number of expression systems have been described in the art, each of which
typically consists of a vector containing a gene or nucleotide sequence of interest operably
linked to expression control sequences. These control sequences include transcriptional
promoter sequences and transcriptional start and termination sequences. The vectors of

25  the invention may be for example, plasmid, virus or phage vectors provided with an origin
of replication, optionally a promoter for the expression of the said polynucleotide and
optionally a regulator of the promoter. A “plasmid” is a vector in the form of an
extrachromosomal genetic element. The vectors may contain one or more selectable
marker genes, for example an ampicillin resistence gene in the case of

30
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a bacterial plasmid or a vesistance gene for a fungal vector. Vectors may be used in
vitro, for example for the production of DNA or RNA or used to transfect or transform
a host cell, for example, a mammalian host cell. The vectors may also be adapted to be
used in vivo, for example to allow in vivo expression of the polypeptide.

A “promoter” is a nucleotide sequence which initiates and regulates
transcription of a polypeptide-encoding polynucleotide. Promoters can include
inducible promoters (where expression of a polynucleotide sequence operably linked to
the promoter is induced by an analyte, cofactor, regulatory protein, etc.), repressible
promoters (where expression of a polynucleotide sequence operably linked to the
promoter is repressed by an analyte, cofactor, regulatory protein, etc.), and constitutive
promoters. It is intended that the term “promoter” or “control element” includes full-
length promoter regions and functional (e.g., controls transcription or translation)
segments of these regions.

A polynucleotide, expression cassette or vector as disclosed herein may
additionally comprise a signal peptide sequence. The signal peptide sequence is
generally inserted in operable linkage with the promoter such that the signal peptide is
expressed and facilitates secretion of a polypeptide encoded by coding sequence also in
operable linkage with the promoter.

Typically a signal peptide sequence encodes a peptide of 10 to 30 amino acids
for example 15 to 20 amino acids. Often the amino acids are predominantly
hydrophobic. In a typical situation, a signal peptide targets a growing polypeptide
chain bearing the signal peptide to the endoplasmic reticulum of the expressing cell.
The signal peptide is cleaved off in the endoplasmic reticulum, allowing for secretion
of the polypeptide via the Golgi apparatus. Thus, a polypeptide may be provided to an
individual by expression from cells within the individual, and secretion from those
cells.

Alternatively, polynucleotides may be expressed in a suitable manner to allow
presentation of a polypeptide by an MHC class IT molecule at the surface of an antigen
presenting cell. For example, a polynucleotide, expression cassette or vector may be
targeted to antigen presenting cells, or the expression of encoded peptide may be

preferentially stimulated or induced in such cells.
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The polynucleotide, expression cassette or vector may encode an adjuvant, or an
adjuvant may otherwise be provided. As used herein, the term "adjuvant" refers to any
material or composition capable of specifically or non-specifically altering, enhancing,
directing, redirecting, potentiating or initiating an antigen-specific immune response.

3 Polynucleotides of interest may be used in vitro, ex vivo or in vivo in the
production of a peptide of the invention. Such polynucleotides may be administered or
used in the prevention or treatment of allergy by tolerisation.

Methods for gene delivery are known in the art. See, e.g., U.S. Patent Nos.
5,399,346, 5,580,859 and 5,589,466. The nucleic acid molecule can be infroduced

10 directly into the recipient subject, such as by standard intramuscular or intradermal
injection; transdermal particle delivery; inhalation; topically, or by oral, intranasal or
mucosal modes of administration. The molecule alternatively can be introduced ex vivo
into cells that have been removed from a subject. For example, a polynucleotide,
expression cassette or vector of the invention may be introduced into APCs of an

15 individual ex vivo. Cells containing the nucleic acid molecule of interest are re-introduced
into the subject such that an immune response can be mounted against the peptide
encoded by the nucleic acid molecule. The nucleic acid molecules used in such
immunization are generally referred to herein as “nucleic acid vaccines.”

The polypeptides, polynucleotides, vectors or cells disclosed herein may be

20 present in a substantially isolated form. They may be mixed with carriers or diluents
which will not interfere with their intended use and still be regarded as substantially
isolated. They may also be in a substantially purified form, in which case they will
generally comprise at least 90%, e.g. at least 95%, 98% or 99%, of the proteins,
polynucleotides, cells or dry mass of the preparation.

23
Antigen presenting cells (APCs)

Also disclosed herein is the use in vitro of a method of producing a population of

APCs that present polypeptides on their surface, that may be subsequently used in therapy.
Such a method may be carried out ex vivo on a sample of cells that have been obtained
30 from apatient. The APCs produced in this way therefore form a pharmaceutical agent

that can be used in the treatment or
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prevention of birch allergy by tolerisation. The cells should be accepted by the
immune system of the individual because they derive from that individual. Delivery of
cells that have been produced in this way to the individual from whom they were

originally obtained, thus forms therapy.

Formulations and compositions

Polypeptides, polynucleotides, vectors and cells may be provided to an
individual either singly or in combination. Each molecule or cell may be provided to
an individual in an isolated, substantially isolated, purified or substantially purified

10 form. For example, a polypeptide may be provided to an individual substantially free
from the other polypeptides. Alternatively, four or more polypeptides in the
composition may be coupled chemically together, using standard peptide coupling
reagents, to provide a single polypeptide containing the preferred epitopes. Such
polypeptides would be screened for basophil histamine release to confirm lack of

15 histamine release as per the individual peptides. In a further embodiment, four or more
polypeptides in the composition may be provided as part of a single polypeptide chain
i.e by recombinant means from an encoding polynucleotide. The four or more
polypeptides may be fused contiguously, or may aiternatively be separated by
appropriate linkers.

20 Whilst it may be possible for the polypeptides, polynucleotides or compositions
to be presented in raw form, it is preferable to present them as a pharmaceutical
formulation. Thus, the present invention also provides a pharmaceutical composition
for use in preventing or treating allergy to birch by tolerisation comprising a
composition according to the invention together with one or more pharmaceutically

25  acceptable carriers or diluents and optionally one or more other therapeutic ingredients.
The carrier (s) must be 'acceptable’ in the sense of being compatible with the other
ingredients and not deleterious to the recipient thereof. Typically, carriers for injection,
and the final formulation, are sterile and pyrogen free. Preferably, the carrier or diluent
1s thioglycerol or thioanisole.

30 Formulation of a composition can be carried out using standard pharmaceutical

formulation
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chemistries and methodologies all of which are readily available to the reasonably
skilled artisan.

For example, compositions containing one or more molecules or celis can be
combined with one or more pharmaceutically acceptable excipients or vehicles.

5 Auxiliary substances, such as wetting or emulsifying agents, pH buffering substances
and the like, may be present in the excipient or vehicle. These excipients, vehicles and
auxiliary substances are generally pharmaceutical agents that do not induce an immune
response in the individual receiving the composition, and which may be administered
without undue toxicity. Pharmaceutically acceptable excipients include, but are not

10 limited to, liquids such as water, saline, polyethyleneglycol, hyaluronic acid, glycerol,
thioglycerol and ethanol. Pharmaceutically acceptable salts can also be included
therein, for example, mineral acid salts such as hydrochlorides, hydrobromides,
phosphates, sulfates, and the like; and the salts of organic acids such as acetates,
propionates, malonates, benzoates, and the like. A thorough discussion of

15 pharmaceutically acceptable excipients, vehicles and auxiliary substances is available
in Remington’s Pharmaceutical Sciences (Mack Pub. Co., N.J. 1991).

Such compositions may be prepared, packaged, or sold in a form suitable for
bolus administration or for continuous administration. Injectable compositions may be
prepared, packaged, or sold in unit dosage form, such as in ampoules or in multi-dose

20 containers containing a preservative. Compositions include, but are not limited to,
suspensions, solutions, emulsions in oily or aqueous vehicles, pastes, and implantable
sustained-release or biodegradable formulations. Such compositions may further
comprise one or more additional ingredients including, but not limited to, suspending,
stabilizing, or dispersing agents. In one embodiment of a composition for parenteral

25 administration, the active ingredient is provided in dry (for e.g., a powder or granules)
form for reconstitution with a suitable vehicle (e. g., sterile pyrogen-free water} prior to
parenteral administration of the reconstituted composition. The pharmaceutical
compositions may be prepared, packaged, or sold in the form of a sterile injectable
aqueous or oily suspension or solution. This suspension or solution may be formulated

30 according to the known art, and may comprise, in addition to the active ingredient,
additional ingredients such as the dispersing agents, wetting agents, or suspending

agents described herein. Such sterile injectable formulations may be prepared using a
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non-toxic parenterally-acceptable diluent or solvent, such as water or 1,3-butane diol,
for example. Other acceptable diluents and solvents include, but are not limited to,
Ringer's solution, isotonic sodium chloride solution, and fixed oils such as synthetic
mono-or di-glycerides.

5 Other parentally-administrable compositions which are useful include those which
comprise the active ingredient in microcrystalline form, in a liposomal preparation, or
as a component of a biodegradable polymer systems. Compositions for sustained
release or implantation may comprise pharmaceutically acceptable polymeric or
hydrophobic materials such as an emulsion, an ion exchange resin, a sparingly sotuble

10 polymer, or a sparingly soluble salt.

Alternatively, the polypeptides or polynucleotides may be encapsulated,
adsorbed to, or associated with, particulate carriers. Suitable particulate carriers
include those derived from polymethyl methacrylate polymers, as well as PLG
microparticles derived from poly(lactides) and poly(lactide-co-glycolides). See, e.g.,

15 Jeffery et al. (1993) Pharm. Res. 10:362-368. Other particulate systems and polymers
can also be used, for example, polymers such as polylysine, polyarginine,
polyornithine, spermine, spermidine, as well as conjugates of these molecules.

The formulation of any of the polypeptides, polynucleotides or cells mentioned
herein will depend upon factors such as the nature of the substance and the method of

20 delivery. Any such substance may be administered in a variety of dosage forms. It may
be administered orally (e.g. as tablets, troches, lozenges, aqueous or oily suspensions,
dispersible powders or granules), topically, parenterally, subcutaneously, by inhalation,
intravenously, intramuscularly, intrasternally, transdermally, intradermally,
sublingually, intranasally, buccally or by infusion techniques. The substance may also

25  be administered as suppositories. A physician will be able to determine the required
route of administration for each particular individual.

A composition may comprise a suitable concentration of each
polypeptide/polynucleotide/cell to be effective without causing adverse reaction.
Typically, the concentration of each polypeptide in the composition will be in the range

30 of 0.03 to 200 nmol/ml. More preferably in the range of 0.3 to 200 nmo¥/ml, 3 to 180
nmol/ml, 10 to 150 mmol/ml, 50 to 200nmol/ml or 30 to 120
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nmol/ml. The composition or formulations should have a purity of greater than 95% or
98% or a purity of at least 99%.
An adjuvant may be used in combination with the
polypeptide/polynucleotides/cells. The adjuvant is preferably administered in an amount
5  which is sufficient to augment the effect of the polypeptide/polynucleotides/cells or vice
versa. The adjuvant or other therapeutic agent may be an agent that potentiates the
effects of the molecule or cell. For example, the other agent may be an
immunomodulatory molecule or an adjuvant which enhances the response to the peptide
or cell.

10 The polypeptides, polynucleotides, cells or compositions disclosed herein may be
used for therapy in combination with one or more other therapeutic agents. The agents
may be administered separately, simultaneously or sequentially. They may be
administered in the same or different compositions. Accordingly, in a method disclosed
herein, the subject may also be treated with a further therapeutic agent.

15 A composition may therefore be formulated which comprises a molecule and/or
cell and also one or more other therapeutic molecules. A composition of the invention
may alternatively be used simultaneously, sequentially or separately with one or more
other therapeutic compositions as part of a combined treatment.

Non-limiting examples of adjuvants include vitamin D, rapamycin and

20 glucocorticoid steroids such as dexamethasone, fluticasone, budesonide, mometasone,
beciomethasone, hydrocortisone, cortisone acetate, prednisone, prednisolone,
methylprednisolone, betamethasone and triamecinolone. A preferred glucocorticoid is

dexamethasone.

25 Therapeutic methods and individual to be treated
The present invention relates to polypeptides, polynucleotides, vectors and cells
that are capable of desensitising or tolerising human individuals to the allergens described
above and are therefore useful in the prevention or trcatment of birch allergy. The
mvention provides compositions for use in preventing or treating allergy to birch by
30 tolerisation. The invention also provides a method of tolerising or desensitizing a birch

allergic individual comprising
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administering, either singly or in combination the polypeptides/polynucleotides/cells as
described above.
The individual to be treated or provided with the composition
of the invention is preferably human. It will be appreciated that the individual to be
5 treated may be known to be sensitised to the allergens, at risk of being sensitised or
suspected of being sensitised. The individual can be tested for sensitisation using
techniques well known in the art and as described herein. Alternatively, the individual
may have a family history of allergy to birch. It may not be necessary to test an
mndividual for sensitisation to birch because the individual may display symptoms of
10 allergy when exposed to birch. By exposure is meant proximity to, for example, a
birch plant, or a substance or product derived from a birch plant, or a substance or
product containing or comprising either of the above. The substance or product
derived from a birch plant is typically birch pollen. By proximity is meant 10 metres
or less, 5 metres or less, 2 metres or less, I metre or less, or 0 metres from the items
15 described above. Symptoms of allergy can include itchy eyes, runny nose, breathing
difficulties, red itchy skin or rash.
The individual to be treated may be of any age. However, preferably, the
individual may be in the age group of 1 to 90, 5 to 60, 10 to 40, or more preferably 18
to 35.
20 Preferably, the individual to be treated is from a population that has MHC allele
frequencies within the range of frequencies that are representative of the Caucasian
population. Reference population allele frequencies for 11 common DRB1 allele

families are shown in Table 1 (Data from HLA Facts Book, Parham and Barber).

25 Table 1
DRB!1 1 3 4 7 8 11 12 13 14 15 16
%% 64 | 147 1157 |88 134 |83 39 | 147 129 176 |25

Reference | 9.4 | 11.1 | 12.8 [13.2 3.7 {13.4 |23 1102 32 |10.7 {36
population

%
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Preferably the individual is from a population where the allele frequencies of
the following DRBI alleles is:
4 - at least 9%

10 7 - atleast 10%
11 - at least §%.

The individual may have had allergy to birch for at least 2 weeks, 1 month, 6
months, 1 year or 5 years. The individual may suffer from a rash, nasal congestion,
nasal discharge and/or coughing caused by the allergy. The individual may or may not

15 have been administered with other compositions/compounds which treat birch allergy.
The individual may live in a geographical region which has:
- a temperate, boreal or arctic climate, and/or:
- a typical soil pH in the range of about 3.5, to about 7.5.

The individual typically suffers from allergy to birch pollen in a particular

20 season. The season typically corresponds to the flowering season of birch, which is
typically spring, preferably early spring (for example from April to May in the
Northern hemisphere). The allergic individual is typically allergic to birch pollen from

any tree in the subgenus Betula, for example Betula pendula or Betula pubescens.

25 Combination immunotherapy
Since many individuals are allergic, or may require desensitizing to several
polypeptide antigens, also disclosed is a means of desensitizing individuals that are
allergic to multiple antigens. “Tolerance” induced in an individual to a first
polypeptide antigen or allergen can create in the individual a “tolergeneic
30 environment” wherein inappropriate immune responses to other antigens can be
downregulated in order to provide tolerance to other antigens.

This finding means that individuals allergic to multiple allergens can be treated
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in a greatly reduced time period, and that individuals seriously allergic to some
allergens (e.g., peanuts) but more mildly allergic to other allergens (e.g., cat dander)
can benefit from a therapy wherein tolerance to the milder allergen is established and
then this tolergeneic environment is used to provide tolerance to the other, more
extreme allergen. In addition, individuals suffering from an autoimmune disorder who
are additionally sensitised (or otherwise immune) to an unrelated antigen or allergen
can benefit from a treatment regime wherein tolerance to the unrelated antigen or
allergen is first established and then this tolergeneic environment is used to provide
tolerance to the autoantigen associated with the autoimmune disorder.

A method is therefore provided for desensitising a birch allergic individual to
birch allergen as described above and one or more farther different polypeptide
antigens. The method entails, in a first step, administering to the individual a
composition (primary composition) as described herein and wherein the administration
is carried out in a manner sufficient to gencrate a hyporesponsive state against birch
allergen. Once a hyporesponsive state has been established toward birch allergen, or at
least a shift toward desensitisation has occurred, the method entails administration of a
secondary composition comprising a second, different polypeptide antigen to which the
individual is to be sensitised. Administration of the secondary composition is carried
out in such a way as to take advantage of the tolerogenic environment established by
use of the primary composition, where it is now possible to establish tolerance to the
second, different polypeptide antigen. The secondary composition is coadministered
with either the first primary composition or a larger fragment of the birch allergen. By
“coadministered” it is meant either the simultaneous or concurrent administration, e.g.,
when the two are present in the same composition or administered in separate
compositions at nearly the same time but at different sites, as well as the delivery of
polypeptide antigens in separate compositions at different times. For example, the
secondary composition may be delivered prior to or subsequent to delivery of the first
composition at the same or a different site. The timing between deliveries can range
from about several seconds apart to about several minutes apart, several hours apart, or
even several days apart. Furthermore, different delivery methods can be employed.

The second polypeptide antigen is preferably an allergen different to the birch
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allergen. Suitable allergens for use in the method can of course be obtained and/or
produced using known methods. Classes of suitable allergens include, but are not
limited to, dust mite allergens, pollens, animal dander (especially cat dander), grass
allergens, molds, dusts, antibiotics, stinging insect venoms, and a variety of

5 environmental (including chemicals and metals), drug and food allergens. Common
tree allergens include pollens from cottonwood, poplar, ash, birch, maple, oak, elm,
hickory, and pecan trees; common plant allergens include those from mugwort,
ragweed, English plantain, sorrel-dock and pigweed; plant contact allergens include
those from poison oak, poison ivy and nettles; common grass allergens include rye

10 grass, Timothy, Johnson, Bérmuda, fescue and bluegrass allergens; common allergens
can also be obtained from molds or fungi such as Alternaria, Fusarium,
Hormodendrum, Aspergillus, Micropolyspora, Mucor and thermophilic actinomycetes;
epidermal allergens can be obtained from house or organic dusts (typically fungal in
origin), or from animal sources such as feathers, and dog dander; common food

15 allergens include milk and cheese (dairy), egg, wheat, nut (e.g., peanut), seafood (e.g.,
shellfish), pea, bean and gluten allergens; common environmental allergens include
metals (nickel and gold), chemicals (formaldehyde, trinitrophenol and turpentine),
Latex, rubber, fiber (cotton or wool), burlap, hair dye, cosmetic, detergent and perfume
allergens; common drug allergens include local anesthetic and salicylate allergens;

20 antibiotic allergens include penicillin, tetracycline and sulfonamide allergens; and
common insect allergens include bee, wasp and ant venom, and cockroach calyx
allergens. Particularly well characterized allergens include, but are not limited to, the
major cat allergen Fel d1, bee venom phospholipase A2 (PLA) (Akdis et al. (1996) J.
Clin. Invest. 98:1676-1683) and the multi-epitopic recombinant grass allergen

25 rKBGB.3 (Cao et al. (1997) Immunology 90:46-51). These and other suitable allergens
are commercially available and/or can be readily prepared as extracts following known
techniques.

Preferably, the second polypeptide allergen is a whole tree pollen allergen or
allergen fragment selected from the list of allergen sequences and database accession

30 numbers (NCBI Entrez accession numbers) below. NCBI is the National Center for
Biotechnology information and is a division of the US Nationa) Institutes of Health.

The NCBI web site, from which access to the database may be sought, is



38-.31-.5885331,051.61 0 Example 3 EpiMatrix analyses as above were performed on the entire
sequence of known 20 isoforms of Bet v 4 (NCBI accession nos: Q39419, CAA73147). These
analyses identified core peptides (and their flanking sequences) derived from the above sequences
which are pré%‘?c%%”fg%zﬁle good MI-IC class-II binding These sequencefW@%ﬂ%%‘??SPCPC
B2011/000206 45 are shown below in Table 4. Headings and notes for Table 4 are as with Table 1
above. Table 4 - Bet v 4 SEQUENCESEQUENC@‘bSIDUES | -E SEQQNCE ritl.'4" . - ..
SEQUENCE..Eibobielt livdro- ., ,, EP Epimatnx- CLUStER scw, .8 6 :¢c2 wa22"i: a

www.ncbinim.nih.gov/. Allergen sequences and database accession numbers (NCBI

Entrez accession numbers):

Olive tree

5 Olive sequences

416610 Ole e 1

EDIPQPPVSQFHIQGQVYCDTCRAGFITELSEFIPGASLRLQCKDKENGDVTFTE

VGYTRAEGLYSMLVERDHKNEFCEITLISSGRKDCNEIPTEGWAKPSLKFKLNT
10 VNGTTRTVNPLGFFKKEALPKCAQVYNKLGMYPPNM

Tree allergen seguences (mamnly birch) sequences:

15 130975 Betv?2
MSWQTYVDEHLMCDIDGQASNSLASAIVGHDGSVWAQSSSFPQFKPQEITGIM
KDFEEPG}H,APTGLHLGGIKYMVIQGEAGAVIRGKKGSGGITH(KTGQALVPGI
YEEPVTPGQCNMVVERLGDYLIDQGL

20 1942360 Betv 2
MSWQTYVDEHLMCDIDGQGEELAASAIVGHDGSVWAQSSSFPQFKPQEITGIM
KDFEEPGHLAPTGLHLGGIK YMVIQGEAGAVIRGKKGSGGITIKK TGQALVFGI
YEEPVTPGQCNMVVERLGDYLIDQGL

25 166953 Betv2 |
MSWQTYVDEHLMCDIDGQASNSLASAIVGHDGSVWAQSSSFPQFKPQEITGIM
KDFEEPGHLAPTGLHLGGIKYMVIQGEAGAVIRGKKGSGGITIKK TGQALVFGI
YEEPVTPGQCNMVVERLGDYLIDQGL

30 541814 Betv?2
MSWQTYVDEHLMCDIDGQASNSLASAIVGHDGSVWAQSSSFPQFKPQEITGIM
KDFEEPGHLAPTGLHLGGIKYMVIQGEAGAVIRGKKGSGGITIKKTGQALVFEGI



Q39419 10 - 27 AERERIFKRFDANGDGKI -1.19 8 13.83 P56 37 Q39419 67 - 81
FTDPGRANRGLIZDV -0.38 7 13.49 P57 38 CAA73147 67 - 81 FTDFARANRGLLKDV -0.23 7 13.53
P5839 S Examﬁle 4 EpiMatrix analyses as above were performed on the entire seguence of a

knov‘tn isofor® gg{i}vgifNCBl accession no: 065002). These analyses iG&ALE lééqupeptides (and
their

lanking sequences) derived from the above sgguences which are predicted to have good MHC
class-1l binding. These sequences are shown below in 10 Table 5. Headings and notes for Table 5 are
as with Table | above. Table 5-Betv 6 t SEQJEtCE Hydro- phobic ,1.9'- ""... El)Thiatrix _LUSTER 0

, .d. Peptide
YEEPVTPGQCNMVVERLGDYLIDQGL

2488678 Bet v 2

MSWQTYVDEHLMCDIDGQASNSLASAIVGHDGSVWAQSSSFPQFKPQEITGIM
5 KDFEE?GPEAPTGL}EGGH{YMVIQGEAGAVIRGKKGSGGITIKKTGQALVFGI

YEEPVTPGQCNMVVERLGDYLIDQGL

1825894 Betv 2

MSWQTWDE}EMCDHDGQASNSLASAN GHDGSVWAQSSSFPQFKPQEITGIM
16 KDFEEPGHLAPTGLHLGGIKYMVIQGEAGAVIRGKKGSGGITIKK TGQALVFGI

YEEPVTPGQCNMVVERLGDYLIDQGL

1168696 Betv 3

15 MPCSTEAMEKAGHGHASTPRKRSLSNSSFRLRSESLNTLRLRRIFDLFDKNSDG
_ OTVDELSRALNLLGLETDLSELESTVKSFTREGNIGLQFEDFISLHQSLNDSYFA
YGGEDEDDNEEDMRKSILSQEEADSFGGFKVFDEDGDGYISARELQMVLGKL
GFSEGSEIDRVEKMIVSVDSNRDGRVDFFEFKDMMRSVLVRSS

20 809536 Betv4
MADDHPQDKAERERIFKRFDANGDGEKISAAELGEALKTLGSITPDEVKHMMA
EIDTDGDGFISEQEFTDFGRANRGLLKDVAKIF

543675 Que al - Quercus alba=oak trees (fragment)
25 GVFTXESQETSVIAPAXIFKALFL

543509 Car b1 - Carpinus betulus=hornbeam trees (fragment)
GVENYEAETPSVIPAARLFKSYVLDGDKLIPKVAPQAIXK

30 343491 Aln gl - Alnus glutinosa=alder trees (fragment)
GVENYEAETPSVIPAARLFKAFILDGDKLLPKVAPEAVSSVENI



.. 0,:14y QE t-1'd 065002 43 - 63 PVKGKLVEAFKGLGVTLLHGD 0.04 9 14.09 P59 40
065002 67 - 90 HESLVKAFKOVDWISTVGHLOLA 0.52 11 15.54 P60 41 065002 149 - 170

YVSSNFFAGYFLPTLAQPGLTS 0.46 10 12.92 P61 42 065002 256- 274 PINV/LAZNHSVI-VIGD 0.83
7 10.54 WO 2011/098778 PCT/GB2G11/000206

J
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1204056 Rubisco
VQCMQVWPPLGLEKFETLSYLPPLSSEQLAKEVDYLLRKNLIPCLEFELEHGFV
YREHNRSPGYYDGRYWTMWKLPMFGCNDSSQVLKELEECKKAYPSAFIRIIGF
DDK

Additional tree allergen sequences (NCBI entrez accession number):

131919; 128193; 585564; 1942360; 2554672; 2392209; 2414158; 1321728; 1321726;
1321724;1321722;1321720;1321718;]321716;]321714;1321712;3015520;

10 2935416; 464576, 1705843; 1168701; 1168710;1168709;1168708;1168707;
1168706; 1168705; 1168704; 1168703; 1168702; 1842188; 2564228; 2564226,
2564224; 2564222, 2564220; 2051993; 1813891; 1536889; 534910; 534900; 534898;
1340000; 1339998; 2149808, 66207; 2129477, 1076249; 1076247, 629480; 481805;
81443; 1361968; 1361967; 1361966; 1361965; 1361964; 1361963; 1361962;

15 1361961; 1361960; 1361959; 320546; 625483 ; 629482; 629481; 541804; 320545;
81444;541814:629484;474911;452742;1834387;298737;298736;1584322;
1584321; 584320; 1542873; 1542871, 1542869; 1542867; 1542865; 1542863;
1542861; 1542859; 1542857; 1483232; 1483230; 1483228; 558561; 551640; 488605,
452746; 452744; 452740; 452738, 452736; 452734, 452732; 452730, 452728,

20 450885; 17938, 17927; 17925; 17921, 297538; 510951; 289331; 289329; 166953 .

Cedar seguences

493634 Cry j IB precursor

25  MDSPCLVALLVFSFVIGSCFSDNPIDSCWRGDSNWAQNRMEKLADCAVGFGSST
MGGKGGDLYTVINSDDDPVNPPGTLRYGATRDRPL WHFSGNMNIKLKMPMY
IAGYKTFDGRGAQVYIGNGGPCVFIKRVSNVIIHGLYLYGCSTSVLGNVLINESF
GVEPVHPQDGDALTLRTATNIWIDHNSFSNSSDGLVDVTILTSTGVTISNNLFFN
HHKVMSLGHDDAYSDDKSMKVTVAFNQFGPNCGQRMPRARYGLVHVANNN

30 YDPWTIYAIGGSSNPTILSEGNSFTAPNESYKKQVTIRIGCKTSSSCSNWVWQST
QDVFYNGAYFVSSGKYEGGNIY TKKEAFNVENGNATPHLTONAGVLTCSLSK
RC



P62 43 Example 5 EpiMatrix analyses as above were performed on the entire sequence of a known
15'isoform of Bet v 7 (NCBI accession no: CAC84l 16). These analyses identified a core peptide (and
its flanking sequence) derived from the above sequence which is predicted to have good MEC class-II
bindigg. This¥8HHEE & shown below in Table 6. Headings and notes fof SR HPRO2% with Table 1
above. WO 2011/098778PCT/GB2011/000206 46 _,..., ANPUT RESIDUES IN Bkdi-i3T...,EPI-M.
iplid6i6111 - xst: , r'611AINTIcsy ., atilt ,: EpiMatrix %ide m SEDUENCE. 'FLANKS) ::

i.Ac,3<t,,,,{egkot FIBS' IER....;,p-- , FLANKS)'. 8BOO E14.C.E."BQCE CACB84116 34 - 48
AENFRALCTGEKGNG -0.77 5 10,46

493632 Cry j 1A precursor
MDSPCLVALLVLSFVIGSCFSDNPIDSCWRGDSNWAQNRMKLADCAVGFGSS
TMGGKGGDLYTVTINSDDDPVNPAPGTLRYGATRDRPLWIIFSGNMNIKLKMP

5 MYTAGYKTFDGRGAQVYIGNGGPCVFIKRVSNVIIHGLHLYGCSTSVLGNVLIN
ESFGVEPVHPQDGDALTLRTATNIWIDHNSFSNSSDGLVDVTLSSTGVTISNNLF
FNHHKVMLLGHDDAYSDDKSMKVTVAFNQFGPNCGQRMPRARYGLVHVAN
'NNYDPWTIYAIGGS SNPTILSEGNSFTAPNESYKKQVTIRIGCKTSSSCSNWVW

_ QSTQDVFYNGAYFVSSGKYEGGNXYTKKEAFNVENGNATPQLTKNAGVLTCS

10 LSKRC

1076242 Cry j Il precursor - Japanese cedar
MAMKLIAPMAFLAMQLIMAAAEDQSAQIMLDSVVEKYLRSNRSLRKVEHSR
HDAINIFNVEKYGAVGDGKHDCTEAFSTAWQAACKNPSAMLLVPGSKKFVVN

i5  NLFFNGPCQPHFTFKVDGHAAYQNPASWKNNRIWLQFAKI. TGFTLMGKGVID
GQGKQWWAGQCKWVNGREICNDRDRPTAIKFDFSTGLIQGLKLMNSPEFHL
VFGNCEGVKIGISITAPRDSPNTDGIDIFASKNFHLQKNTIGTGDDCVAIGTGSS
NIVIEDLICGPGHGISIGSLGRENSRAEVSYVHVNGAKFIDTONGLRIK TWQGGS
GMASHHYENVEMINSENPILINQFYCTSASACQNQRSAVQIQDVTYKNIRGTSA

20 TAAAIQLKCSDSMPCKDIKLSDISLKLTSGKIASCLNDNANGYFSGHVIPACKNL
SPSAKRKESKSHKHPKTVMVENMRAYDKGNRTRILLGSRPPNCTNK.CHGCSP
CKAKLVIVHRIMPQEY YPQRWICSCHGKIYHP

1076241 Cry j I protein - Japanese cedar

25 MAMKFIAPMAFVAMQLIMAAAEDQSAQIMLDSDIEQYLRSNRSLRKVEHSRH
DAINIFNVEKYGAVGDGKHDCTEAFSTAWQAACKKPSAMLLVPGNKKFVVN
NLFFNGPCQPHFTFKVDGHAAYQNPASWKNNRIWLQFAKLTGFTLMGKGVID
GQGKQWWAGQCKWVNGREICNDRDRPTAIKFDFSTGLOQGLKLMNSPEFHL
VFGNCEGVKIGISITAPRDSPNTDGIDIFASKINFHLQKNTIGTGDDCVAKGTGSS

30 NIVIEDLICGPGHGISIGSLGRENSRAEVSYVHVNGAKFIDTONGLRIKTWQGGS
GMASI{HYENVEMINSENPEINQFYCTSASACQNQRSAVQIQDVTYKN{RGTSA
TAAAIQLKCSDSMPCKDIKLSDISLKLTSGKIASCLNDNANGYFSGHVIPACKNL



PG3 4 4 Example 5A  Additional in silico analysis of other birch allergen sequences from Betv 2 is
shown here: 5 Table 6A EpiMatrix analysis of Bet v2 Sequence: G11942360_PDB1CQA: predicted
multiple R allele binding region: SVWA SSSFP FRP EITGINIK (33-54). sequence' ,---- , d..4:'01
c.9176 1.64-%:%9?%(%‘?’??301, $ X-9.9.1T:17-,-.5C91.C." 4t3E (031147 I' P BHH Y6 08 | DRAIY
, may,:i- 2...Sco DRBIlel3, el,;--. , 1Awls 61, SCDI: FTTin 33 SVWAQSSSF 41 75 .40 1.04 1.19 -.29 -12
-17 .71 0 34 VWAQSSSFP 42 .90 .82 38

SPSAKRKESKSHKHPKTVMVENMGA YDKGNRTRILLGSRPPNCTNK.CHGCSP
CKAKLVIVHRIMPQEY YPQRWMCSRHGKIYHP

541803 Cry j I precursor - Japanese cedar

5 MDSPCLVALLVLSFVIGSCFSDNPIDSCWRGDSNWAQNRMKILADCAVGFGSS
TMGGKGGDLYTVTNSDDDPVNPPGTLRYGATRDRPL WIIFSGNMNIKLKMPM
YIAGYKTFDGRGAQVYIGNGGPCVFIKRVSNVIIHGLHLYGCSTSVLGNVLINES
FGVEPVHPQDGDALTLRTATNIWH)I—B*J SFSNSSDGLVDVTLSSTGVTISNNLFF
NHHKVMLLGHDDAYSDDKSMKVTVAFNQFGPNCGQRMPRARYGLVHVANN

10 NYDPWTIYAIGGSSNPTILSEGNSFTAPNESYKKQVTIRIGCKTSSSCSNWVWQS
TQDVFYNGAYFVSSGKYEGGNIYTKKEAFNVENGNATPQLTKNAGVLTCSLS
KRC

541802 Cry j I precursor- Japanese cedar

15 MDSPCLVALLVFSFVIGSCFSDNPIDSCWRGDSNWAQNRMKLADCAVGFGSST
MGGKGGDLYTVTNSDDDPVNPAPGTLRYGATRDRPL WIFSGNMNIKLKMPM
YIAGYKTFDGRGAQVYIGNGGPCVFIKRVSNVIIHGLYLYGCSTSVLGNVLINES
FGVEPVHPODGDALTLRTATNIWIDHNSFSNSSDGLVDVTLTSTGVTISNNLFF
NHHKVMSLGHDDAYSDDKSMEKVTVAFNQFGPNCGQRMPRARYGLVHVANN

20 NYDPWITYAIGGSSNPTILSEGNSFTAPNESYKKQVTIRIGCKTSSSCSNWVWQS
TQDVFYNGAYFVSSGKYEGGNIYTKKEAFNVENGNATPHLTQNAGVLTCSLS
KRC

Delivery methods

25 Once formulated the compositions of the invention can be delivered to a subject
in vivo using a variety of known routes and techniques. For example, a composition
can be provided as an injectable solution, suspension or emulsion and administered via
parenteral, subcutaneous, epidermal, intradermal, intramuscular, intraarterial,
intraperitoneal, intravenous injection using a conventional needle and syringe, or using

30 aliguid jet injection system, or using a patch. Compositions can also be administered
topically to skin or mucosal tissue, such as nasally, intratracheally, intestinal, rectally

or vaginally, or provided as a finely divided spray suitable for respiratory or pulmonary



1.31 .46 -.02 21 .64 1.01 0 35 WAQSSSFPQ 43 1.70 .36 2.24 123 1.44 .12 1.53 36 AQSSSFPQF 44
-.65.38-.28 -.01 -1.26 -.18 -.18 -.56 0 37 QSSSFPQFK 45 -,31 .01 .24 -1.01.00-1.52 -.510 38
SSSFPQFKP 46 -.45 -.73 -150
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administration. Other modes of administration include oral administration,
supposttories, sublingual administration, and active or passive transdermal delivery
techniques.

Where a polypeptide of the invention is to be administered, it is preferred to
administer the polypeptide to a site in the body where it will have the ability to contact
suitable antigen presenting cells, and where it, or they, will have the opportunity to
contact T cells of the individual. Where an APC is to be administered, it is preferred to
administer the APC {o a site in the body where it will have the ability to contact, and

activate, suitable T cells of the individual.

Delivery regimes

Administration of the polypeptides/polynucleotides/cells (such as the
composition containing a plurality of peptides) may be by any suitable method as
described above. Suitable amounts of the polypeptide may be determined empirically,
but typically are in the range given below. A single administration of each polypeptide
may be sufficient to have a beneficial effect for the patient, but it will be appreciated
that it may be beneficial if the polypeptide is administered more than once, in which
case typical administration regimes may be, for example, once or twice a week for 2-4
weeks every 6 months, or once a day for a week every four to six months. As will be
appreciated, each polypeptide or polynucleotide, or combination of polypeptides and/or
polynucleotides may be administered to a patient singly or in combination.

Dosages for administration will depend upon a number of factors including the
nature of the composition, the route of administration and the schedule and timing of
the administration regime. Suitable doses of a molecule of the invention may be in the
order of up to 15ug, up to 20ug, up to 25ug, up to 30ug, up to 50ug, up to 100pg, up to
500 pg or more per administration. Suitable doses may be less than 15ug, but at least
Ing, or at least 2ng, or at least 5Sng, or at least 50ng, or least 100ng, or at least 500ng, or
at least 1ug, or at least 10pg. For some molecules of the invention, the dose used may
be higher, for example, up to 1 mg, up to 2 mg, up to 3 mg, up to 4 mg, up to 5 mg or
higher. Such doses may be provided in a liquid formulation, at a concentration suitable

to allow an appropriate volume for administration by the selected route.



-1.02 -.76 -.02 21 0 39 SSFPQFKPQ 47 -1,10 -2.37 -.57 _24 -.52 -122 -.98 0 40 SFPOFICPQE 48
-.231.11-75-1.69 134 .47 1.32 -32 0 41 FPQFICPQE1 49 1.55 .73 .67 .99 .88 49 .09 2.02 42
PQFKPQELT 50 -26 .27 -.85 .12
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Kits

Also disclosed is a combination of components described herein which are
packaged in the form of a kit in a container. Such kits may comprise a seties of
components to allow for a treatment of the invention. For example, a kit may comprise
one or more different polypeptides, polynucleotides and/or cells of the invention, or one or
more polypeptides, polynucleotides or cells of the invention and one or more additional
therapeutic agents suitable for simultaneous administration, or for sequential or separate
administration. The kit may optionally contain other suitable reagent(s) or instructions

and the like.

The invention is illustrated by the following Examples:

Example 1
MHC Class II binding search

The aim of this study is to identify a distinct panel of peptides with strong
affinities for the eight most common human MHC Class [l HLA-DRB]* allotypes. In
order to identify binding peptides in the major birch allergens Bet v1, Bet v2, Bet v3, Bet
v4, Bet v6, an in silico approach was carried out using the commercially available
EpiMatrix algorithm (EpiVax Inc.) This is a bioinformatic analysis of peptides from a
sequence for the potential to be accommodated within the binding groove of MHC class II
HLA-DR molecules.

EpiMatrix is a matrix-based algorithm that ranks 9 amino acid residue sequences,
overlapping by 8 amino acids, from any polypeptide sequence by estimated probability of
binding to each of the selected MHC molecules. (De Groot et al., AIDS Research and
Human Retroviruses 13:539-41 (1997). The procedure for developing matrix motifs was
published by Schafer et al, Vaccine 16:1880-4 (1998). In this Example, binding potential
for HLLA DR1, DR3, DR4, DR7, DR8, DRII, DR13 and DR15 is assessed. Putative MHC
ligands are selected by scoring each 9-mer frame in a protein sequence. This score is
derived by comparing the sequence of the 9-mer to the matrix of amino acid sequences
known to bind to each MHC allele. Retrospective studies have demonstrated that
EpiMatrix accurately predicts published MHC ligands (Jesdale et al., in Vaccines '97
(Cold Spring Harbor Press, Cold Spring Harbor, N.Y.,



1,00 28 .59 -.60 0 43 QFICPQELTG 51 -128 -.42 -.84 -.60 -27 -1.13 23 .00 FICITQEITGI 52 1.94
1,68 1.69 1.76 .07 45 137 1.43 4 45 KPQEITGIM 53 .15 .15 .32 .12 -39 10 -1.15 -.26 0 46
PQEITGIMX, 54 -.06 -1.11 -.06 -14 -1.55
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1997)). Successful Prediction of peptides which bind to multipie MHC molecules has
also been confirmed.
The EpiMatrix data for each allergen is shown either:
As overlapping 9 mer peptide data with the binding (Z} score for cach allele
5 and the number of ‘hifs’ for the eight alleles (Z scores of eqﬁal to or greater than the
top 5% of predicted binders): or
As a cluster report where the data from analysing multiple sequences from the
database is ‘clustered’ to give an overview of binding for all variants of the protein.
The “EpiMatrix hits’ refers to the number of high predicted Z binding scores for the
10 eight alleles within that sequence whilst the “EpiMatrix Cluster Score” is derived from
the number of hits normalized for the length of the cluster. Cluster Score is thus the
excess or shortfall in predicted aggregate MHC binding properties relative to a random
peptide standard. A cluster score above 10 is considered to indicate broad MHC
binding properties.
15 EpiMatrix analyses were performed on the entire sequences of known isoforms

of Bet v1, listed below with their corresponding NCBI accession numbers:

Bet vl L P43185; Betvli E P43178;
Bet vl M/N P43186; Betvli D/H P43177;
Betvl K P43184; Betvl C P43176;
Betvl ] P43183; Betvl B P45431;
Betvl G P43180; Betvl A P15494;

Betvl F/1  P43179;
Fpimatrix analyses were also performed on additional known Bet vl sequences

indexed by accession number in Table 2.
These analyses identified core peptides (and their flanking sequences) derived
20  from the above sequences which are predicted to have good MHC class-II binding.
These sequences are shown below in Tables 1 and 2. As shown, many of the peptides
identified are highly conserved between different Bet v1 isoforms.
In Tables 1 and 2:
“Residues in main sequence” gives the location of the peptide within the sequences
25 that were analysed. The core peptide (underscored middle amino acids in bold) defines
the actual binding sequence that was identified during the analysis. The stabilizing
flanks (N-terminal and C-termiinal, not bold) were included for use with the core

sequence and are typically required to aid manufacture of the peptides. “Number of



-.85-1.48 -.15 0 Table 6B to EpiMatrix analysis of Bet v2 Sequence: 011942360_PDB CQA: predicted
multiple A DR allele binding region. Il/CYMVI GEAGAVIRGICKGSGG 72-93 u L'il*rtokb ..-Z;Seore, ,--
' 7418, nrnifir ;,40S4 24008e ore L5,eor limn Z- Score fc 5re. 8)142115 7,core 72 QGE 80 1.21 1.60

125 '49 1.87HBYLEEYS 1 73 KYMVIQGEA 81 .45 63 -.35 .37 .56 1.73 BgI/5E2011/800206
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hits” refers to the number of high predicted binding affinities for all MHC types tested
within the sequence. The “EpiMatrix Cluster Score™ is derived from the number of hits
normalized for the length of the cluster. Cluster Score is thus the excess or shortfall in
predicted aggregate MHC binding properties relative to a random peptide sta.ndar&. A
5 score above 10 is considered to indicate broad MHC binding properties.
Table 1 - Betvl

P43185 VIPAARMFRAETLOGD 6

P15494 100 -114 SNEIRIVATEDGESI 0.03 7 15.57

P43176 100 - 114 CNEIKIVATEDGGESI 0.25 1 15.57

P43177 100114 SNEIRIVATEDGGCV 0.23 7 15.57

P43178 100 - 116 SNEIRIVATPNGESILK 0.02 10 20.13

P43179 106-116 SNEIRIVATPNGESILK 0.02 10 20.13 P5
P43180 100-114 SNEIRIVATEDEGCY 0.23 7 15.57 P7
P43183 100-116 SNEIRIVATPNGGSILK 0.02 10 20.13 - P8
P43184 100 - 114 CNEIRKIVATEDGEGSI 0.25 7 15.57 P9
P43185 100 - 114 SNEIKRIVATPDGGCV 0.23 7 15.57 P10
P43186 i00-114 CHEIKIVATPDGGST 0.25 7 15,57 P11
P45431 100- 114 CNEIRIVATPDGGSI 0.25 7 15.57 P12
P43178 112 -126 GSILEINNKYETKGD -1.08 6 12.34 P13
P43179 112 -126 GSILKINNRKYHTEGD -1.08 6 12.34 P14
PA3183 112 -126 GEILEINNEYHTRGD -1.08 & 12.34 P15
P15454 142 - 160 ETLLRAVESYLLAHSDAYN | -D.09 8 12.06 Pl6
P43176 142 - 160 FALLRAVESYLLAHSDAYN | (.04 8 12.06 P17
P43177 142 - 160 ETLLRAVESYLLARSDAYN | -0.09 8 12.06 P18
P43178 142 - 160 ETLLRAVESYLLAHSDAYN -0.09 8 12.06 P19
P43179 142 - 160 ETLLRAVESYLLAHSDAYN | -0.09 8 12.06 P20
P43180 142 - 160 ETLLRAVESYLLAHSDAYN | .0.09 8 12.06 P21
P43 183 142 - 160 ETLLRAVESYLLEHSDAYN | -0.09 3 12.06 P22
P43184 142 - 160 EALLRAVESYLLAHSDAYN | 0.04 8 12.06 P23
P43185 142 - 160 ETLLRAVESYLLAHSDAYN -0.09 8 12.06 P24
43186 142 - 160 EALLRAVESYLLAHSDAYN 0.04 8 12.06 P25
P45431 142- 160 EALLRAVESYLLAHSDAYN | 0.04 8 12.06 P26

Table 1A

EpiMatrix analysis of Bet vl Sequence: P15494; predicted multiple HLA DR allele

10

113{DRB1AIS]




74 YMVORGEAG 82 1.68 .22 1.47 .98 .61 1.06 -.37 26 1 75 MVIQGEAGA 81 1.49 2,23 1.51 -.42 1.07
1.87 227 .85 3 76 VIQGEAGAV 84 1.12 1,46 -.18 1.12 .16 -.07 2.02 1 77 IQGEAGAVT 85 1.64 1.28
.54 .46 .67 .50 .86 1
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5 1 NYETETTSV | 13 32 -86 38 81 ~1.32 ~80 =75 22 0
6 | YETETISVI | 14 2.13 1.37 225 1.72 1.0% 1.i5 -03 .70 3
7 ETETTSVIP | 15 - H -1.34 A8 58 -89 -.60 -84 =03 a
3 TETTSVIPA | 16 16 -1.10 .97 51 ~86 ~.6% -48 04 0
9 ; ETTSVIPAA | 17 -.04 .16 64 -18 -.89 43 -39 -17 0
10 | TISVIPAAR | 18 64 66 =12 -.56 14 A7 .50 43 0
11 | TSVIFPAARL | 19 1.52 - 44 23 A7 63 28 -.96 ~33 0
12 | SVIPAARLF | 20 £9 -.06 -7 1.07 -44 25 1.05 - 20 0
13 | VIPAARLFK | 21 67 2.00 65 50 1.21 1.32 1.68 1.21 2
4 | IPAARLFKA | 22 55 1.17 00 -28 32 16 1.27 1.50 0
15 | PAARLFKAF | 23 129 -1.65 -1.57 28 -.209 ~.88 -32 58 0
16 | AARLFKAFI | 24 1.13 1.39 -25 -.68 1.25 1.50 1.32 -06 0
17 | ARLFKAFI | 25 212 .89 25 1.84 1.i1 18 1.54 3
13 | RLFEAFILD | 26 ~}.54 -90 -1.35 -.86 1.38 ~1.28 ~38 -67 o
15 | LEKAFLDG | 27 86 113 1.48 68 .54 39 1.14 1.37 Y
20 | FKAFILDGD | 28 ~17 58 09 -43 1.90 24 30 96 1
21 | KAFILDGDN | 29 - 49 -1.35 .67 -89 -59 -2 -2.05 29 4
22 | AFLDGDNL | 30 1.32 -28 -.21 67 -85 -.69 -.80 .30 0
23 | FILLGDNLF | 31 - 02 227 1.73 1.07 47 ~09 -22 74 2

CAAQ4829 1-18 GVERYEIGATSVIPAR (.84 7 1123
2122374C 14-34 TAPARLFRSFVLDADNLIPKV | (.62 9 1367
ABCA41588 97-111 CNEIRKLVATPDGGST 015 7 1545
ABC41605 g7-111 SKEIRIAMAPDGEGST 0.01 6 13.05
ABC416151 87111 SHETKIVATEDGGCI 0.25 7 15.57
ABRC41617 7. 311 CNEIKLVATPDGGSI 0.20 7 1543
ABC41596 | 97-113 CHEIKRIVAAPGGESILK 0.54 9 1742
ABC41602 97.113 CNEIKIVPAPGGESILK 0.34 9 16,98
ABCA160% | 97-113 SYEIKIVAAPGGSSI LK 0.48 9 1742
10ME_A 99-1]1 SNEIRIVATGDEGSI 0.11 5 10.32
CAAD6546 | 300-114 CNEIRKIVAAPDGEGSI 0.41 7 14.59
CAADG347 1 100-114 SNEIKIVATEDGRST 0.25 7 15.57
CAAO0TI24 | 100-114 SNEIRLVATPDGSSI -0.02 7 1543
CAA07327 | 100-114 CNEIKIVATPDGGCV 0.45 7 15.57
CAAOQ7318 ; 100-114 SNEIKIVTTEDGEECV 0.06 7 £5.57
AAD2656T ] 100-114 SNEIKIVATEDGGPL 0.03 7 15.57
ABC41589 1 109-123 GSILKIRNKYETKGDHE -1.41 9 15.34
ABC41609 | 139-130 AGLFRAVENYLV 0.82 5 1095
ABCAIS83 | 139-150 BTLLRAVESYLL 0.58 6 1344
ABC41589 | 139-150 EALLRAVESYLL 0.78 6 13.44
ABC41602 § 139-130 EALFRAVESYLL 9.70 7 1684
CAAD6544 | 139156 EXAVGLLEAVESYLLAHS 0.43 7 12.67
CAADTIIO | 141 -160 | GETLLRAVEGYLLAHSDAIN | -0.09 8 1113
AAD26561 | 142 -136 ETLLRAVESYPLAHS -0.05 6 13.44 P50 | 31 |
2122374C | [42-160 | AGLFRAVENYLVAHPNAYN | 0.02 10 133 PS] | 32




78 QGEAGAVI1R 86 .56 61 -.43 -.01 -.68 -1.08 .29 12 0 79 GEAGAVIRG 87 .02 ,36 .41 -.45 -.52 -1.38

-.79 .28 0 80 EAGAVIRGK 88 -.12 -.55 .17 -.08 -.44 .08 -.23 -1.21 81 AGAVIRGICK 89 -.65 .95 -1,14
.00.751.71 .58 .53 82

WO 2011/098778 PCT/GB2611/000206
44
CAAD6539 | 142-160 | ETLLRAVERYLIAESDAYN | -0.29 10 18,69 P52 | 33
2122374A | 142-160 | EALFRAVESYLLAHSDAYN | -0.02 9 15.46 P53 | 34
Example 2

EpiMatrix analyses as above were performed on the entire sequence of a known
isoform of Bet v 3 (NCBI accession no: P43187). These analyses identified a core
5 peptide (and its flanking sequence) derived from the above sequence which is predicted
to have good MHC class-1I binding. The sequence is shown below in Table 3.
Headings and notes for Table 3 are as with Table 1 above.
Table 3 - Betv 3

P43187 188 - 205

VDFFEFEDMMRSVLVRSS | 0.16 10 | 14.02 | P54 | 35

10 A sequence at residues 80 to 94 of P43187, TVKSFTREGNIGLQF (Peptide ID NO.
P53, SEQ ID NO: 36), was also predicted to have good MHC-Class 1I binding.
Additional in silico analysis of other birch allergen sequences from Bet v 3 is shown
here:

Table 3A

15  EpiMatrix analysis of Bet v3 Sequence: GI1168696_SPP43187: predicted multiple
HLA DR allele binding region SLNTLRLRRIF FDK (35-50

35 | SLNTLRLRR| 43| .28 97 -38 38 64 53 1.73 68 |1
36 | LNTLRLRRI| 4 | 130 87 -15 46 82 1.35 1.41 47 |0
37 | NTLRLRRIF | 45 | -24 12 | -1s2 | 43 121 113 1.42 47 | 0
38 | TLRLRRIFD | 46| 47 AD -46 42 66 49 .34 | 1
36 | LRIRREFDL | 47] 1.09 83 08 1.68 31 1.94 4
40 | RLRRIFDLE | 48 | -183 | -8 | -140 | -38 -94 | -134 | -63 .87 Lo
41 | LRRFDLFD | 40| 84 60 1.39 46 1.41 88 39 155 10
42 | RRIFDLFDK | 50| -2) ag -31 -.58 35 33 1.05 16l | 0
Example 3

EpiMairix analyses as above were performed on the entire sequence of known
20  isoforms of Bet v 4 (NCBI accession nos: Q39419, CAAT73147). These analyses
identified core peptides (and their flanking sequences) derived from the above

sequences which are predicted to have good MHC class-1I binding. These sequences



GAV1RGFCKG 90 .82 -139 -.20 -.20 -.70 -26 -1.31 .08 0 83 AVIRGICKGS 91 -.08 .16 -.55 -.21 1.97
1.49 1.431.07 84 VIRGKKGSG 92 .10 -.901.351.18 .92 1.79 2 85 ERGICICGSGG 93 1,18 1.05
.64.022.09.951.11 1.83 2 WO 2011/098778PCT/GB2011/000206

WO 2011/698778 PCT/GB2011/000206
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are shown below in Table 4. Headings and notes for Table 4 are as with Table 1
above.

Table 4 - Betv4

RESIDUES IN

LAERERIFERFDANGDGKI

Q19419

Q39419 67 - 81 FTDFCRANRGLLEDV
CAAT3147| 86781 FTDFARANRGLLKDV
5 Example 4

EpiMatrix anaiysés as above were performed on the entire sequence of a known
isoform of Bet v 6 (NCBI accession no: 065002). These analyses identified core
peptides (and their flanking sequences) derived from the above sequences which are
predicted to have good MHC class-II binding. These sequences are shown below in

10 Table 5. Headings and notes for Table 5 are as with Table 1 above.
Table35~Betv6

o e

065002 PVKGELVERFEGL
065002 67 = 90 |HESLVRAFRQVDVVISTVGHLQLA|$.52 11
065002 148 -~ 170 YV SEANFFAGY FLETLARPRLTS D.46 16

065002 | 258 - 274 PINVILAINHSVFVKGD 0.83 7

Example 5

EpiMatrix analyses as above were performed on the entire sequence of a known
15 isoform of Bet v 7 (NCBI accession no: CAC84116). These analyses identified a core
peptide (and its flanking sequence) derived from the above sequence which is predicted
to have good MHC class-II binding. This sequence is shown below in Table 6.

Headings and notes for Table 6 are as with Table 1 above.

20 Table 6 —Betv?




47 Example 6 Based on the analyses performed in Examples 1 to SA, the following peptides
shown in Table 7 were designed for screening in subsequent assays. The design process involved
modification of native sequences to enhance solubility and other 5 physicochemical characteristics.
For exampleMB2@BiHI8 8 residues in parent 62-77R indicates that the pepfidé&SetlUidiedof Birl2A
corresponds to residues 62 to 77 of the parent se':ciuence with an additional R residue added to the C
terminus to improve solubility. Similarly, for BUM %, H and 1, residues in parent 4-18K indicates that
these peptide sequences correspond to residues 4 to 18 of the parent sequence, with an 10 additional
K residue added to the C terminus to improve solubllltv Table 7 Peptide Seguence Residues SEQ.
ID. NO BIROIF ENYET; ,’ ). Bet Vi FROYEPNYE S
4-38K(P4337D)IB81Vi | ) ENYEETRSY | PARER AL 1 8IS PR Re) Bt P4 (KROH
FNYETETTS"s;EQW"’ KL (P15494) BeEvi48 13TRI02D BAARNET € SRV

15-33(P43185) \ Befvl 4 D ELE; : E L] PK$15.33 i% wgye ot VilE6:
PAARLFKAF|IG5€8H] IP%:I@ 33 (DW"&G&’W‘M 1 1 PAARMEN 36.{P41385) Bet
vi 52 BIRON PAARMFKAFILEGDKLVPK Dle E variant of BlROZD 53 BIRO4 PGTlKKIS
FPEGFPFE\%{(amPIC A

Additional i silico analysis of other birch allergen sequences from Bet v 2 is

shown here:
5 Table 6A

EpiMatrix analysis of Bet v2 Sequence: GI1942360_PDBI1CQA: predicted multiple
HLA DR allele bmdmg reglon SVWAQSSSFPQFKPQEITG]MK (33 54)
PP

33 |SVWAQSSSE| 41| .75 A0 104 | 119 -29 0
34 [VWAQSSSEP| 42| 90 82 1.31 46 -02 0
35 [waQSssFPQ| 43| 170 36 | 224 123 3
36 | AQSSSEPQF | 44 | -65 38 28 | -0 126 9
37 | QSSSFPQFK | 45 | -31 01 24 04 -1.01 00 | 152 ] -51 |0
38 | SSSFPQFKP | 46 | -45 _73 | ase | -re2 04 -76 .02 21 | o
39 | SSFPQFKPGQ | 47 | -1.10 | 237 | -57 24 .52 64 | 122 ] -88 |0
40 | SFPQFKPQE | 48 | -23 111 | -75 | 169 | 134 A7 132 32 | o
41 | FPOFKPQEI | 49 | 155 73 67 59 38 49 09 202 |1
42 | PQFKPQEIT | 56| -26 27 T 1 100 28 59 60 |0
43 | QFKPQEMTG | 51| -128 | -42 | -84 | -60 .27 | -113 23 0 |0
44 | FEPQEITGI | 52| 194 168 | 150 | L78 87 45 137 143 | 4
45 | KPQEITGRM § 53 | .15 15 31 12 .39 10 | <115 | -26 | 0O
46 | PQEITGIMK | 54 | -06 | -1.il | -06 | -24 155 | -B5 | -148 | -15 } @
Table 68

10 EpiMatrix analysis of Bet v2 Sequence: G11942360_PDBICQA: predicted multiple
HLA DR allele bmdmg reglon IKYMVIQGEAGAVIRGKKGSGG (72- 93)‘

71 | KYMVIQGE | 80 121 1.60 . A9 1.87 1.30 -52 97 1
73 JKYMVIQGEA| 81 A5 63 - 37 56 1.73 28 53 ]
74 [YMVIQGEAG) 82 1.68 22 g 98 £ 1.06 - 37 26 i
75 (MVIQGEAGA| 83 1.49 2.23 . - 42 1.07 1.87 2.27 85 3
76 | VIQGEAGAV| 84 1.12 146 . 1.12 -11 16 -07 2.02 1
77 IQGEAGAVT | 85 1.64 . 54 A6 87 0 86 i
78 | QGEAGAVIR| 86 .56 61 . =01 -58 -1.08 28 A2 0
79 | GEAGAVIRG| 87 .02 36 . - 45 -52 -1.38 - 79 28 0
80 |EAGAVIRGK| 88 =12 =55 . -.08 -44 08 -23 -1.21 0
81 |AGAVIRGKK]| 89 -85 95 -1, 00 3 1951 8 X] 1
82 |GAVIRGKKG| 50 82 -1.39 . ~.20 -7 -26 -131 .08 0
83 [AVIRGKKGS| 91 -08 16 . 21 1.97 1.49 143 1.07 1
84 | VIRGKKGSG| 52 10 . =50 135 1.18 92 1.79 2
85 |[IRGKKGSGG| 93 1.18 1.05 . .02 209 95 1.11 1.83 2




51-68 (P43185) Bet vi 54 BIROS SPFKYVKERVDEVDHA 63-78 (P43186) Bet vi 55 BIRO5A FP
FKYVKDRVDEVDHT 63-78 (P43185) Bet vi 56 131R06 ANFKYSYSMIEGGALGD 78-94(P43186) Bet
vi 57 BIRO6B TNEKY, SY SVIEGGPVGD 78-94 (P43183) Bet vi 58 BIRO6D TNFICCNYSVIEGG PI G
78-93 (P) Be¥t BIEHR0Y SNEIKIVATPDGGS ILK 100-116 Bet vl 60 BIRG7ACSRIEHPART PNGGS
ILK 100-116 Bet vl 61 BIRO7B SNEIKIVAT PQGG S ILK 100-116 Bet vi 62 BIRD7C
SNEIKIVATPEGGS ILK 100-116 Bet vl 63 BER0?0 SNEIKIVATPGGGS ILK 100-116 Bet vl 64 BIRO8
GSILKINNKYHTKGD 112-126 Be; vi 65 BIRO8A S ILK ISNKYHTKGD 113-125 (P43186) Bet vi

Example 6
Based on the analyses performed in Examples 1 to 5A, the following peptides

shown in Table 7 were designed for screening in subsequent assays. The design

process involved modification of native sequences to enhance solubility and other

5 physicochemical characteristics. For example, for Birl2A, residues in parent 62-77R

indicates that the peptide sequence of Birl2A corresponds to residues 62 to 77 of the

parent sequence, with an additional R residue added to the C terminus to improve
solubility. Similarly, for Bir01F, G, H and [, residues in parent 4-18K indicates that

these peptide sequences correspond to residues 4 to 18 of the parent sequence, with an

10 additional X residue added to the C terminus to improve solubility.

Table 7
Peptide Sequence Residues SEQ.ID. NO
BIROLF FNYETEATSVIPAARK 4-18K. (P43185) Bet vl 45
BIROIG FNYEIEATSVIPRARK 4-18K (P43179) Bet vl 46
BIROIH FNYEIETTSVIPAARK 4-18K (P43177) Bet vl 47
BIROIT FNYETETTSVIPARRE 4-18K (P15494) Bet vl 48
BIROZD PAARMFRXAFILDGDKLVER 15-33(P43185) Bet vl 49
BIROIE PRARLFKAFILEGDTLIPK 15-33 (P43184) Bet vl 50
BIRO2G PRARLFKAFILEGDNLIPK 15-33 (P41380) Bet vl 51
BIRO2I PRARMFKAFILD 15.26 {(P41385) Bet v1 52
BIRO2Y PRARMFKAFILEGDKLVEK D to E variant of BIR02D 53
BIR0O4 PGTIKKISFPREGEFERIV 51-68 (P43185) Bet vi 54
BIROS SPFKYVKERVDEVDHA 63-78 (P43186) Bet vi 55
BIR0O5A FPFKYVKDRVDEVDHT 63-78 (P43185) Bet v1 36
BIROG BRFKYSYSMIEGGALGD 78-94(P43186) Bat vi 57
BIROGB TNFRYSY SV IEGGEVGD 78-94 (P43183) Ber v1 58
BIRO6D TNEKYNYSVIEGGPIG 78-93 (F) Bet vl 59
BIRO7 SNEIKIVATPDGGSILK 100-116 Bet vl 60
BIROTA SNEIKIVATPNGGSILK 100-116 Bet vl 61
BIRO7E SNETKIVATPQGGSILK 100-116 Bet vl 62
BIRGIC SNEIKIVATPEGGSILK 100-116 Bet vl 63
BIROTD SNEIKIVATPGGGSILK 100-116 Bet vi 64
BIROR GSILKINNKYHTEGD 112-126 Bet vl 65
BIROSA SILKISNKYHTEGD 113-125 (P43186) Bet vi 66
BIR0S ETLLRAVESYLLAHSDAY 142-159 Bet vl 67
BIRO9A GETLLRAVESYLLAHS 141-156 Bet vi 68
BIROYB KEMGETLLRAVESYLLAHS 138-156 Bet vl 6%
BIR0SC KEKGETLLRAVESYLLAHS M &0 K variant of above 70
BIR10 GSVWAQSSSEPQFK 3345 (P25B16) Betv 2 n
RIRIL FEQFKPQEITGIME 41-54 (AAB44348) Bet v2 72
BIRIZA PTCMFVAGRKYMYIQGR 62-77R {(P35079) Phl pi2 73
BIR12B AKYMVIQGEPGRVIRGK 70-86 (P35079) Phi p12 74




66 BIRO9 ETLLRAVESYLLAH S DAY 142-159 Bet vl 67 BIRO9A GETLLRAVESYLLAHS 141-156 Bet
vi 68 BIRO9B KEMGETLLRAVESYLLAHS 138-156 Bet vi 69 BIRO9C KEKGETLLRAVESYLLAHS M
to K variant of above 70 BIRIO GSVWAQS 5 S FPQFK 33-45 (P25816) Bet v 2 71 B1IR11 FPQFKPQE
| TG IMK 41-88 (ARB#I3H8) Bet v2 72 BIR12A PTGMFVAGAKYM.VIQGREZBFRPBEH79) Phl p12
73 BIR12B AKYMVIQGEPGRVIRGK 70-86 (P35Q49) Phi p12 74 WO
2011/098778PCT/GB2011/000206 48 8IRI3 GIKYMVIQGEAGAVIRGK 71-88 (AAB44348) Bet v2 75
8IRI4 EAGAVI RGKKGSGG IT 80-95 (P25816) Bet v2 76 BIRI5 SLNTLRLRR | FDL FDK 35-50 Bet v3

77 BIRIGA BIRI3 GIKYMVIQGEAGAVIRGK 71-88 (AAB44348) Bet v2 75
BIR14 EAGAVIRGKKGSGGLT 80-95 (P25816) Bet v2 76
BIRIS SLNTLRLRRIFDLFDK 35.50 Bet v3 77
BIRIGA AERERIFKRFDANGEGK 10-26 D to E variant Bet v4 78
BIR16B AERERIFRKRFDAGGRGK N to G variant of above 79
BIR17 VEKGKLVEKFKGLGVTLLHG 44-62 Bet v6 80
Example 7

In vitro binding analysis

The peptides identified as being potential MHC Class II-binding are pre-

5 screened for solubility in an aqueous, acidic milieu and the peptides are tested in an in

vitro MHC Class II binding assay.
Methods '

The assay employed is a competitive MHC class I binding assay, wherein each
peptide is analysed for its ability to displace a known control binder from each of the

10 human MHC class I allotypes investigated. The allotypes and control peptides used in

this study are typically those shown below:

Control peptides used in the in vitro binding assays

Allotype Control Peptide Sequence

DRB1*0301 Myco. tuberculosis/leprae hsp 65 2-16 AKTIAYDEEARRGLE
DRBE*1101 Influenza haemagglutinin 307-319 PKYVKQNTLKLAT
DRB1*1501 Human myelin basic protein §5-99 ENPVVHFFKNIVTPR

Each of the peptides from Tables 1 to 7 are analysed in the competition assay and

15 screened for relative binding compared to the control peptides. Due to the nature of the
competitive assay the data for each peptide is determined as a ratio of its own IC50 to
that of the control peptide. Thus, a peptide that has ar IC50 value that is parity to the
control peptide has an identical binding affinity, while peptides with a ratio less than
one have a higher affinity and those with a ratio greater than one have a lower affinity.

20 Solubility in aqueous solution is an essential criterion for a peptide to be an
effective therapeutic agent. Therefore, as a consequence of the solubility screen very
hydrophobic peptides with a high frequency of large hydrophobic amino acid residues
in multiple binding registers will be eliminated. This is a characteristic of promiscuous

HLA-DRB1* binders. Peptides which bind to one or more of the MHC Class I1



AERER | FICRFDANGEGK 10-26 D to E variant Bet v4 78 BIRI 68 AERERI FICR FDAGGEGK N to G
variant of above 79 BIRI7 VKGKLVEKFKGLGVILLFIG 44-62 Bet v6 80 Example 7 In vitro binding
analysis The peptides identified as being potential MHC Class ll-binding are pre- 5 screened for
solubility in an aqueous, acidic milieu and the peptitfes are tested in an in vitro MHC Class IT binding
assay. Methods The assay employed is a competitive MI-IC class Il binding assay, wherein each
peptide is analysed for its ability to displace a known control binder from each of the 10 human MI-IC

class Il allotyfiesyjiestigadads Indaliotines anseratimiPrRIdRp S0 IIh sludN a6 fypically those
shown below: Control peptides used in the in vitro bindin as%a%s Allotype Control Peptide Sequence

DRB1*0301 Yttt TBLPEdbars izt hays 88trors ririalmorstAhaemolpgyf MAB1 Influenza
haemagglutigin 39é319 PKYVKQNTLKLAT DRBI*1501 Human myelin basic protein 85-99
ENPVVHFFKNIVTPR Each of the peptides from Tables 1 to 7 are analysed in the competition assay
and 15 screened for relative binding compared to the control peptides. Due to the nature of the
competitive Bxamypllee8data for each peptide is determined as a ratio of its own IC50 to that of the

control pept'éjl(le. S, .a peptide that has . an |C50 value that is parity to the control peptide has an

identical bin in%;rgw wﬁ%é)/%?féopd@paﬁa@g%?% ?%ﬁ&?&%ﬂ%ﬁ%ﬁ@ H‘g&éé%bﬁn@r affinity and those with

a ratio great [ > have a lower affinity. 20Solubility in aqueous solution is an essential criterion
BL) bge,%a%@e? ufb

for a peptide to flé%’f’ive therapeutic agent. Therefore, as a consequence of the solubility screen
very hydrophobic pEistidel$ prithferitigh frequénpyrifitasdeshyBdihshitianiiadetidregaideds in multiple

binding registerswill be eliminated. Thjs is, a.characteristic of promiscuous HLA-DRB1* binders.
Pt o I S0P R 5 A CIRL e WS TR0 P TG 5 Wouic e
expected thatdiotibgépticeswantibhvey thelakility iedvindesimibrtallayprsatirbiave not been tested

through the homology of C structures. 5 Example 8 The following methods are applied to the same
peptides as ﬁ?@?ﬁ‘rﬁg eeﬁtlygge%’ﬁ%ﬂf?l%?ﬁ)hs gﬁ‘é@ﬁ‘ﬁ%l&(ﬂ Brotrerantatasells & 98etthed on PBMC's

(140x106 cefstauiiedidRdarathpaimeternda hedssisd) Priterationinsreasurer Oxdhg
incorporation of the radiolabelled compound 3H-thymidine. In more detail, 100111 of the appropriate

antigen or pBREREEBchutien I8N rbisdlatasestes approphare wemsoroslied plates. The plates
are then plaggripioadprioified &%ﬁﬁ@%ﬂe&&??%%@&%&ﬂﬁ&%@ iy of doppyfs- PBMC's
a

isolated as described above are prepared to concentration of 2x106cellsiml in complete medium
at room temfdtatirsiondethen fisnbskdisid sk aidheeite afiths Bastebilatenesigashithe 96 well

Li!q"[el:.l es are

plates contaiping.anligaRMeRtids . {he RIAES A& AR iﬂ%?%@%%?&g%ﬂe%gﬂé{?ﬁ{agﬁ%

pulsed with tritiated thymidine solution by adding IOul of tritiated t Ine stoc ion (1.85MBg/m1

in serum-fre®iPRmigrrediurmidene sohiien bY hd dirard S reftisiatast tipieddine stock sofution
(1.85MBg/ml in serum-free RPMI medium) to each well. The plates are then returned
20  to the incubator for between 8 and 16 hours. Cultures are then harvested using a
Canberra Packard FilterMate™ 196 cell harvester. Dried filter mats are counted using
an appropriate beta scintillation counter.
Counts from wells containing peptide are compared statistically to wells
containing media alone (12 wells per group). The non-parametric Mann-Whitney test is
25 used. The same statistical test is used for all subjects. A statistically significant
difference between media only wells and peptide-stimulated wells is considered a
positive stimulation of PBMC’s by the peptide.
Cytokine release assay
The 36 peptides were manufactured at small scale (approximately 10mg batch
30 size, non-GMP). The purity of each peptide was at least 95% by HPLC. 96 well culture
plates containing peptides and controls (the negative control was culture medium and
the positive controls were staphylococcal enterotoxin B (SEB) 25ng/ml and whole

birch pollen allergen extract 100 ug/ml) were prepared in advance and stored at -20°C



20 to the incubator for between 8 and 16 hours. Cultures are then harvested using a Canberra
Packard FilterMate" 196 cell harvester. Dried filter mats are counted using an appropriate beta
scintillation counter. Counts from wells containing peptide are compared statistically to wells containing
media alone M@ REEHEP group). The non-parametric Mann-Whitney testi§ P5HEHPRY same
statistical test is used for all subjects. A statistically significant difference between media only wells
and peptide-stimulated wells is considered a positive stimulation of PBMC' s by the peptide. Cytokine
release assay The 36 peptides were manufactured at small scale (approximately 10mg batch 30 size,
non-GMP). The purity of each peptide was at least 95% by HPLC. 96 well culture plates containing
peptides androintio gy AessavePepiites! e ddedre meliin? Aalrare2bd8Rivk controls were

staphylococcgl snferataxin: B.( SER),250UME AR whplerhiret pellenMiesaen gxiract 360 jig/ml) were
prepared in advance and stored at -20C WO 2011/098778PCT/GB2011/000206 50 prior to the day of

assay. Peptiddd weoé slaswl wentein Enabasras sneotgiien AtdiiheEmebtides at a concentration of

200 gg/ml, such thapguhsequantAadiianatiQ I aimeisyved srase Polinatmsaaegoncentration of
100 iig/m1. Peripheral blood mononuclear cells (PBMCs) were isolated from heparinjsed 5 blood by

Ficoll densitygPadienF sothArnsstisrdnt sommitionot 4 Skaos aanil bEME nsion was then

added to eachpyatt angihadlatespiacaddn @ bathidifieghd theGlaintadeator ahdyidifiedS days.
Following stimulation, culture supernatants (10 were harvested for testing by multiplex bead assay
RS R RS

Multiplex cytolcfie dreRqubatrdt 1 r ¢ emﬁ%lﬁ%l?f? S ERE B B8 ormed on thawed
culture superpaials RerHsingtd foe teaang iacthuitigdn staCtiaag. Single measurements were
performed for each culture supernatant gample. Aft letion.of the multi@l‘% say, individual
cytolcine levels wer%@%ﬁﬁ%ﬂkﬁfﬂﬁéﬁéfgﬁ%ﬁﬁrfﬁﬁﬁg%t%tﬁﬁ%?g)rcl@rve genera %v?# the assay. A
positive resulpyrasiriden dabeingigrentepdhamiBlqghdibfontire rhniSemetBirgrassays or >4 times
the is backgrqund for the 11-10 assays. The ber,of rﬁsponder f 47 bi llergic subjects
tested was ¢ tEF T EACh p‘évﬁffdée%or eegtﬁgr%eeea%%%o C|neegt.iPlgesat%%{sE ?or ﬁ_k-:i orrell_FN-g are
summarized ipphitd. falend!Bekassspdndieidunldivmidsctirygsopartitneohawdjbets in which each
peptide induce%lL- .or IEN- ag v adthﬁggg%g\ level of d0ni.Bentide Y respapders _ Peptide %
responders 27 fpﬁiﬁi%%{r éﬂe %§T4f Blr 86% BirOIF 38 BirOIH 55 Birl2B 38 BirO6D 25 BirOIG
33 BirO7B 25t8ie@4s being greater than 100 pg/m! for the [L-13 and IFN-g assays or >4 times the
15 background for the IL-10 assays. The number of responders out of 47 birch allergic
subjects tested was calculated for each peptide for the three cytokines. Results for IL-

13 or IFN-g are summarized in Table 9.

Table &
20 % responders indicates the proportion of subjects in which each peptide induced IL.-13
or JFN-g above a threshold level of 100pg/mi -

Peptide % responders Peptide % responders
Bir02] 48 Birl5 27
Bir(11 42 BirléB 27
Biz01F 38 BirGlH 25
Bir12B 38 BirG6l 25
Bir01lG 33 Bir07B 25
Bir(4 33 BirQ7D 25
Bir0% 33 Birid 25
Bir(2E K} Biri4 25
Birf)2G 31 Biri7 25
BirG2] 31 Bir5A 23
Bir(7 31 Bir(6 23
Bir(7C 31 BirG7A 23
Bir(SA 31 Birl3 23
Bir()®B 31 Bir(68 19
Birll 31 BirQ8A 19
Birl6A 31 Bir05 17
Bir02D 29 Bir08 i7
Bir(9C 27 Birl2A 17

Peptides which induce positive response in a high proportion of subjects are

desirable for inclusion in a vaccine. As shown, the top performing peptides were



33 BirO7D 25 31r09 33 Bir1l0 25 BirO2E 31 Bir1l4 25 Bir020 31 Birl7 25 Bir021 31 BirO5A 23 Bir07 31
Bir06 23 BirO7C 31 BirO7A 23 Bir09A 31 Birl3 23 BirO9B 31 BerGB 19 Birl | 31 BirO8A 19 Birl6A 31

Bir05 17 BirO2D 29 Bir08 17 BirO9C 27
WO 2011/098778 PCT/GB2011/000206
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Bir02] (top of the 02 sertes), Bir 011 (top of the (1 series) and Bir12B. The core of any
vaccine should ideally contain these peptides. The second best performing peptides
were Bir04 and Bir09 (top of the 09 series) which may be added to the core mixture of
Bir02J, BirG11 and Bir12B. The third best performing peptides were Bir07, Bir07C,

5 Birll and Birl16A. Additional peptides from this group may be added to the vaccine
mixture to further increase coverage. Birl5 was the fourth best performing peptide and
may also be added to the vaccine mixture, In terms of other peptides in the various
series, Bir01F, 01G or O1H, in that order of preference, are useful variants of Bir011;
Bir02E, 02G, 021 or lastly 02D are useful variants of Bir02J; BirO9A, 09B or lastly

10 09C are useful variants of Bir09; and Bir16B is a useful variant of Birl 6A. A possible
preferred mixture would therefore include Bir02J, BirQ11, Bir12B, Bir04, Bir09,
Bir07C and Birl6A. Birll and/or Birl5 may also be included, or alternatively
substituted for Bir07C and/or Birl 6A.

In terms of JL-10 release, Bir01], listed above as one of the top 3 peptides for

15 IL-13 or IFN-g production, induced IL-10 responses in 49% of individuals. Bir02I also
induced IL-10 production in a high proportion of individuals (43%). Inclusion of a
strong IL-10 inducing peptide may assist in the induction of tolerance following

vaccination.

26 Example 9 - Solubility screening

A) Introduction
Table 9-1: Birch peptides to be included in solubﬂxty testing

Peptide Sequence Mw | Length Theoretical
N (Da) (a.a.) | Isoclectric point (pi)

BIRDTI FNYETETTSVIPAARK 1825.92 16 6.14
BIRG2{ PAARMFKAFILD 1378.74 12 9.18
BIRG2!} PAARMFKATILEGDKLVPK | 2130.26 19 .72
BIRO4 POGTIKKISFPEGFPFKYV 2054.12 18 9.56
3IRO7C SNEIKIVATPEGGSILK 1754.98 17 5.86
BIRG9 ETLLRAVESYLLAHSDAY 2050.04 i8 4.65
BIRO9B | KEMGETLLRAVESYLLAHS | 2146.11 19 5.50
BIRI2B | AKYMVIQGEPGRVIRGK 1901.07 17 10.28
BIR16A AERERIFKRFDANGEGK 2022.04 17 8.63

B)

Solubility Testing

45 A series of matrices containing 260mM trehalose and spanning a pH range of



Birl2A 17 Peptides which induce positive response in a high proportion of subjects are desirable for
inclusion in a vaccine. As shown, the top performing peptides were 51 Bir02J (top of the 02 series),
Bir 011 (top of the 01 series) and Birl2B. The core of any vaccine should ideally contain these
peptides. Th& 8EHI’BEEt performing peptides were Bir04 and Bir09 (topf&Hith@H9 148id%) which may
be added to the core mixture of B1r02J, BirO11 art Birl2B. The third best performing peptides were
Bir07, BirO7C, 5 Birll and Birl6A. Additional peptides from this group may be added to the vaccine
mixture to further increase coverage. Birl5 was the fourth best performing peptide and may also be

added to the ya¢cing pkaEBIRteHBE AEO Rk @mmi@éﬁ%@m&mﬁ&t&mlﬁ 010 or O1H, in
that order of preference, are useful variants of Bir011; BirO2E, 020, 021 or Iastg1 02D are useful

variants of Bif@pgadixdoRhouiiBiliiahrashodchs rainsoeplides e s WHBIRIGn SR STIBA is a useful

variant of BirlGAyiéPRssibbedarriara AppLsE: WO Hb ebaiersH \wHideHRived thiding 1duBirl2B, Bir04,
Bir09, BirO7C and Birl 6A. Birll and/or Birl 5 may also be included, or alternatively substituted for

BirO7C ancUBt ERP&IE NFFSEHAL o PRt Afgobiion suspasrnilz iberammrdsisiongia #5018 peptides for

15 IL-13 gr IkNecair adicHiorhsingicad ik ARdrasnensamipi HR%rafdndptide atsaBi@iRivlIso induced IL-10
production in a high_proportion of individuals (43%). Inclusion of a stron%lk-l JﬁndLiging peptide may
assist in the inductibi Bt SreETRER ITHH S RRHISHBIF A8 ERAAHE 8- 610Ny Areening A)

Introduction ‘heyle-9-leB eih pRplitestp e issl e dBabealilitursiitgd eptide Sequence M16. (Da)

Length (a.a.).T ]eﬁor%iﬁl Isoel I%Eri goirtlt i) 131R011 FNYETETTSV1PAARK 1825.92 16 6.14
BIR021 PAARIIER AEI 159851 BEIERIR 21 PAARMEKAE1LEGDKLVPK 2130.26 19 9.72
1.6 A idle fun
131R04 POTIKKASEPEGFRIEKMY 2054v2:18 D518 (L§§'1F?’o7g§§1@<| VATPEGGSI1LK 1754.98 17
BIRII 025882 1827.03 99.2 £7.1
BIROZI 1028883 1379.69 991 86.2
BIR02) 1628884 213161 974 84.1
BIR04 1028885 2055.45 98.1 88.3
BIRGIC 1029314 1756.03 91.0 B8
15 BiRDY 1028886 2051.28 97.5 £6.9
BIROSB 102931 2147.48 973 894
BIRI2B 1028887 1902.10 9713 859
BIRi6A 10728588 2023.24 84 884
20 C) Results

The results of the solubility screening are displayed in tables 9-3 to 9-8 below:
Table 3: 2mM HCl and 260mM trchalose dihydrate, pH 2.65

2mM ydrochigric Acld e p:;;?:f‘,;:risg :‘;::::;“E; i‘:“;b:i’ Swabitey S‘;ﬁ‘;ﬁi"'
Feptide | Comments Spfubitity after 24 Hours (mg) {ul} il ‘as is'] [mg per mi] per il
BIKH | Completel dissolved Completely dissalved 0975 50 19.50 16349 9212
Bik02l | Complercly dissnlved Completely dissalved LIT3 50 23.50 204075 158
BiRG2 |} Compleiel dissolved Compleicly dissalved | 1180 0 1160 19332 9.069
MAM | Complergly dissol v Completely dissalved Li28 36 4,90 17758 $.639
MROIC | Complitely dissobvd Corpletely dissalved L8 10 148 H0.07) A7
leredy dissalved v dissolved -

pRgy | ool disalved= ] Conpesty "‘fs"‘ «d 1147 e | oo o | aam
BIRDSE | Completely dissolved Conpluely dissaivelt 1320 1 1229 17 142
BIRI2E | Completely dissplved Completely dissalved L2 t0d 10.22 8542 149
BIR16A | Compleiely dissalved Completely dissalves 1243 30 4o 21.551 11682




5.86 131R09 ETLLRAVESYLLAHSDAY 2050.04 18 4.65 131R0913 KEMGETLLRAVESYLLA FIS
2146.11 19 5.50 13IR12B AKYMVIQC1EPORVIRCIK 1901.07.17 10.28 BIR 16A
AERERIFKRFDANCIEGK 2022.04 17 8.63 B) Solubility Testing 45A series of matrices containing
260mM trehaitf3@'aHePEHEnning a pH range of 52 3.0 to 7.0 plus a solutioRTHEEHEA WIHE MM HCI
were prepared as indicated in Appendix 2. The solubility of each of the nine peptides was evaluated in

each of the matrlces in accordance W|th Apendlx_si

Where solublllty was achieved |n|t|aIIy, but the

eptide precipitake S A A B tity-of the 5rele
peptae p ot e ) al.%%t% relevant matrix
was added to dmstehoi- t‘@g,@,ﬁ' 3d. m e per qegum? Birch reference
peptides usees i T HA Cheral AG, Bubendorf
Switzerland. [T MMQ%&[; iddurity (%) Peptide
content We) 123 FRELHD g1 1-4834 202488 gbobla 432860508504 2 31 802.1
BIROY sm edbsohied m&”’wﬁ et o, 1150 o | o8 03 | 6w
Joib afher 24lrs
BIROY | Completely dissalesd Completely dissoived 5,429 50 2138 19559 2416
BHOTC | Complelely dissobved Completely dissoived 1108 850 1.30 1146 {653
Undissotved i1 1 3mLs , _ ,
RIRDY | dihited 10 dral sil] Undisselved il 3005 037 0354 0.183%
ndisselved
BIROYE | Campletely dissobved Cornplotely dissolved 162 it I1562 10,108 107
BIRI2D | Completely dissobed | Comipletaly ditsolved 1054 300 547 4572 2403
BIRIGA [ Completehy dissolved Comphtely dissalved 1676 158 | np 1 619 ) 30M
Tehle 42 10mM sodium citrate and 260mM trehalose dibydrate, pH 1,99 o
Weightof | Volume | Solohility Sqtubifity
Clteate befler pht 44 poptide'anis’ | required | [ogper !ﬁ:ﬁigﬂ ipmel
Pratide | Comments Solubifity offer 34 Haars (g {nl) mi e s per mij
BIRIL | Completely dissol Complescly dissolved 1.0%6 450 238 1.9% 1078
Cloudy seluiion mth )
BikOH | swspended manatsl Lzl 1051 k1)) 6.5 1% 0217
Frothing on vertex )
Congleily disvoed 7 tited o, ‘
ofved § Procipitas : 3 .
BIRO2Y ﬁ:lzgfsmﬂm! i danl, md'm%m:! 1185 iy {38 &, .i-S GMB
BiRE - | Complaety dissalved Conplesety dissnbved 1Bi4 50 30.36 11836 550
Clesip sodution afth .
; ‘ A Clear whainn with
BIRDTC | suspended mmedisl 4ear i £125 30600 CE) 0,330 g8
Fm;_x_u_:_zgg On YOReK ) Wmm eterisl .
‘ Cloudy sehation with Clnady soluiion with ! _
BUUD | idissoived roterinl | undissotved materiad 1M bl B e s | o
BIROSB | Complately disschved Complerely disolied 1,140 T 1140 9,515 15614
RIS ! Completely dissoived Comploizly dissolved 1482 150 Hr32 807 453
BIRIGA | Compleicly dissnlved Compieiely dissplved 1123 150 749 GA% 13
Table 5: 10mM sodium citrate and 260mM trehalose dibydrate, pH 5.02
Welght of Veduee | Svlubifity .| Selubifity
e bufler pH{ 10 : peptide'ss ks’ | vequired | fme per *f,':';tirn::ﬂ .
freptide | Conyments Sobahitity giter 3¢ Hours tineh il il '8 4% Dt vt}
BiRME | Comploiely dissabved Cotmpluty disstived 1036 50 230 1.98% 1 (%9
Clougy sehution with , : j ) 24
BIRO2A 1 i Compleely dssolved LOBS 0% 636 8309 0224
T Congleiety dissoteed tn o
BRG | 10, edissobedin | | el o 159 e | oM 0281 o132
L 30l afler 24bes i .
BIRGE | Complotcly dissalved Compicicly dissolvod 0% 5o 2153 R 0,059
HRETC | Comphiicly dissohved Completely dissolved 12114 135 0.56 0760 0431,
L Clear solutian with Llear soition with i
BIROD | ended moterinl - | suspesdded miutecial Ly 300 oy | eas 0134
BIROUS | Compleisty dissghved Comgplotzly dizsplved £278 16 N 11091 5,168
BIR1ZA | Completely dissnived Comiplitely disselved 167 b 53 1577 1564
BIR16A | Complewly dissaived Completsly dissaived LI158 50 LG 20077 9923




1028884 21 3 1.61 974 84.1 131804 1028885 2055.45 98.1 88.3 1311207C 10293 10 | 756.03 97.9
89.8 B1R09 1028886 2051.28 973 86.9 13180911 1029311 2147.48 190273r- 97 97,3 89.4 85,9
131R1213 1028887 31816A 1028888 2023.24 984 88,1 20 C) Results The results of the solubility
screening ar@'§idpIAYH TR tables 9-3 to 9-8 below: Table 3: 2mtvl HCI and@EO®H redeisse dihydrate.
p112.65 1mO01 hydrothlarle 4r14 Weighl of peptidesgs as (ml Volume required (FL) Solubility

Table 6: 10mM sodium citrate and 260mM techalose dikydrate, pH 6.01

o “Weightof | Velume | Sobifity | . [ Solghility
{itrate buffer pH 60 peplide'as &' | roquired | g per :i'S:)gl&ébnﬁgﬁ fuesd
Peptide | Commenis | Sotability after 214 Hours | {mg) l) | mi'mis | per per ml
BIRH | Complecly dissolved Completcly dissajued LUF 130 14 643 150
) Dy spletion with Clousy sotatien wiih . .
SR st il | supoodedomery | MM | W0 | 88| 09 026
Complaely dissobad (n iy
BB | 1, redbsuivedin | Lo iR R0 | ew | 03w | oo
| ImL afer 34hrs tedistlie
Completely dissalved, Conrpletsdy dissolved.
BIRG | e o flerdobric | Filts ebrs 194 100 104 3758 4261
Complataly dissalved m s
BIROIC | IS, efseteedds | Prer i 1648 000 | 038 6306 | oan
BIROS | Comploscly dissaived | complutely dissolved 1084 1050 10 0,875 426
RIRODE | Complmely disselved | Completely fissolved L3 50 492 4,280 Lo
' Complaicly dissolved, Cormpletely ficsatved, ,
BRI2G | prigeeof lerdebis | Fibergebrs | 9% | 40 | % | 16 1@
RIRIGA | Completely dissolved | Compleydisobved | 1203 1 30§ 2886 | 1di8 | 110D
Table 7: |0mM potassium dihydrogen phosphate and 260m¥ trehalose dibydrate, pH 6.03
: Weightof | Volume § Selubliiy o | Solbitity
| Phasphale bulfer pif 6.0 peptide 'wsly' | regaired | g pec ! ;‘;’"t&l%] [itmet
Pepride | Commeats Soluhility sher MMours |~ (mgy | fpdy | omlvsisy | ERON ) g
BIRH | Complenly disafved | Completely dissolved 1407 % | oM 19,630 15478
BIREH | Compleielydimalved | Contpletely Husolved 1,145 180 1145 4,381 7,052
BIRGY | Completely disswived | Completoly dissolved LHZ 160 112 4,49 421
BIRO4 | Compleicly dissolved | Complesely dissobved 5586 W | 98 | £34 4,155
- Completcly disstlved in .
RIBOTC | B0, efisoliedln | Pt o 1245 we | 6a t.368 (.208
¥l 2fig b
Cleor sobtion with Clogrsoiution with ; 3 i 1
BHRGY uspented mril i il LT 3006 &35 0293 0§43
Conpletely dissoled In
BIROYR | 10L, efssabodin | onrsd ok 1486 woe | oew | oews | owe
R b )
BIR12D | Complarly dissohveg Compleicly disslved 11m S b RRRE | 10@A AN
BIRI6A | Complaely dissolved | Congletely dissotved LT &0 234 (RT3 9.9
Tuble 8: 10mM potassium dihvdrogen phosphate snd 260mM trehalose dihydrate, pH 7.03
" Weighlof § Volume | Sclubilily o | Sobehifiy
Phosjhate Buffer pit7.0 peplide s is* | reqaired | jmg per !ﬁSgglﬁig!{ {pemat
Peptide | Comments Solability sfler Hboprs | ngd {uL} ol s b |7 e B per i
BIRH | Complotclicdissotved | Complotelydissoled 1 1,039 6| | 17 9827
BIROZ | Complowly dissolved | Completely dissnived 1,198 i1 e f iojes 38
iR ) Comphaly dishved | Completely dissolvad 1.2 W] iRt U bAE | dam
HIROE ¢ Compleicly dissolved | Compleiely dissolvad 1678 50 pi {R6H n.068
| BHIROIC | Compisely dimoived | Complecly dinntved 1.015 159 630 5550 1354
BIRO% | Complerely ditsoived Complotely dissolved LR 50 oy S D 0.621
BIREYB. | Complesely diswoived + Complvichy dissolved 1085 50 2070 {R.476 £33
BIRIZE 1 Completely dissolved Compleiely dissalved 1434 50 20.62 1724 Y.060
BiIR16A | Campleiely digsolved Cuipleiely dissnived 1099 501 2).9% 19,055 2418




Img per nil 'as WI soiethiir". (mg " "er ni p '9" lubilily ipmol per ml] Peptide COMMIIM Solubility idler 24
1101111 1111(11 Completely dissobtd ComplutelY dissolved 0.975 50 i9.50 16.849 9.222 011(021
Complete'v disso ted Compilcielv dissid veld 1.175 50 23.50 20.075 14.550 11111013 Cempletclo
&seal C nlenY {#856W&T#.180 50 21.69 19.332 9.069 BIRO( Completely MidsotBait €¥aibletely dissolv
1.025 50 20,50 17.758 8.639 1311204C Complettlysdissolved Completcht dissolved

Example 9 - Annex 1
PEPTIDE SOLUBILITY STUDIES

Solubility Methodology
5 The formulation vehicles were prepared and measurement of pH taken.
» Weighing of peptides.
- Approximately 1mg was required for each evaluation.
- Materials were dispensed into containers suitable for subsequent selubility
evaluation , i.e. clear glass HPLC vials (with screw cap) .
10« Evaluation of solubility (for each matrix).
-~ Aliquots of matrix (50 to 100~1.) were added as required .
- The peptide solubility was interpreted by visual inspection.
- The description of the sample characteristics following addition of each aliquot
of the solvent was recorded.
15 - Repeat visual assessment of solubility after 24 hours.
« Where a peptide precipitated out of solution after 24 hours, additional buffer was
added to produce a final concentration of ca. 0.2mM (200nmol per mL should equate
to roughly 0.35mg/mL).
» Calculation of peptide solubilities (initial evaluation).
20 - Based on absolute amount of powder weighed.
- Determination of molar concentration at which solubility was achieved using

peptide molecular masses and peptide content and purity values.

Calculalions
Solubility mg/ml 'as is' = weight(mg) x 1000
25 dilution{ul)
Solubility mg/m] = weight{mg) x 1000 x %Content x YePurity

ditution(p!}

30 Solubility pmol/ml = weight(mg) x 1000 x %Content x %Purity x __1 _x 1000
dilution(pl) MolWt



1.148 100 11.48 10.097 5.747 011109 Complacly &soloed lilicrdcbris Completely (liisolved filler
debris 1.147 1250 0.92 0.777 0.379 0180911 Con Vet ely dissolved Completely dlisolv41 .220 109 100
2,29 10.11 10.617 8.542 ,942 4490 0 Iit 1 2 B Completely dissolned Completely dim, lord 1.022 B
FR 16A Compiiek)1di¢¥GRal | Completely dissolved 1.143 50 24.86 21.55 RCEEE21 BBEBEOMM sodium
citrale and 260mM trehalose dih cdct413401 Citt bS%rer p113.0 ral Weight of Fptille 'n is' Owl Volume

Example 9 - Annex 2
BUFFERS FOR INITIAL SCLUBILITY AND STABILITY SCREENING

Fach matrix was prepared at a concentration of 10mM of the buffering agent. Each
5 buffer contained 260mM Trehalose dihydrate (FW 378.3).

Preparation of matrix
The procedure indicated is for the preparation of 100mL of each buffer, but
alternative volumes can be prepared by adjusting the quantities.
10 = 0.1M stock solutions of sodium citrate and potassium dihydrogen phosphate were
prepared. ‘
» Weight of trehalose dihydrate equivalent to 260mM was transferred to an appropriate
mixing vessel containing 70-80mL of distilled deionised water and allowed to dissolve.
o 10mLof the appropriate stock 0.1M buffer solution was added to the mixing vessel
15 and stirred .
« The pH of the matrix was adjusted to the desired value by adding 2mM hydrochloric
acid or 0.1M sodium hydroxide as required.
» The solutions were finally diluted to iOOg weight and the pH re-assessed.
Buffers for initial solubility and stability screening, shown as Buffer salt or pH
20 modifier / pH: _ |
2mM HCI and 260mM trehalose dihydrate/ pH 2.65
10mM sodium citrate and 260mM trehalose dihydrate/ pH 3.01
10mM sodium citrate and 260mM trehalose dihydrate/ pH 3.99
10mM sodium citrate and 260mM trehalose dihydrate/ pH 5.02
25  10mM sodium citrate and 260mM trehalose dihydrate/ pH 6.01
10mM potassium dihydrogen phosphate and 260mM trehalose dihydrate/ pH 6.03
10mM potassinm dihydrogen phosphate and 260mM trehalose dihydrate/ pH 7.03

Example 10 - Histamine release assay
30 The purpose of this assay was to identify compositions that are capable of
activating blood basophils (as a surrogate for tissue mast cells) resulting in histamine

release that may result in allergic reactions during therapy. A composition comprising



required (4) Salability iatc per ml 'sx ;sit Solubility L..sq, "™a P" ™ I Solubility banal per nil! Peptide
Comments Solubility a24 Boon  BIM | Comptelely dissolved Completely disSolved 1.071 654 LOS
1.424 Oily 11114021 Complckly dissolved Completely dissolved 1.112 i up 1.01 0.254 0626 B11(023
Compleocly #ifaaiEH¥$i780011, mdloselsed b 3101. after 241m .. PiterPEIBERtRISIA sou 1.150
1000 0.38 0.314 0.147 BIRO4 Compltlely dissolvesc% Ccoplydisooleed 1.129

a mixture of peptides that induce histamine release frequently may be considered
unsuitable for use as a vaccine,
Histamine release requires the crosslinking of adjacent specific IgE molecules
on the surface of the basophil. The peptides being evaluated were small (11 to 18
5 amino acids in length) and should not, therefore, .possess significant tertiary structure
that would enable them to retain the conformation of an IgE-binding epitope of the
whole molecule. Furthermore, peptide monomers in solution, even if they are bound by
IgE, should not be able to crosslink adjacent IgE molecules.
Histamine release from fresh peripheral whole blood from birch allergic

10 subjects was evaluated. Peripheral blood basophils were used as a surrogate for tissue
mast cells which were not practical to assay. Blood was incubated in vitro with
mixtures of peptides identified as suitable based on the results of Examples 1 to 9
above. Specifically, the following mixtures were assayed:

Mix 1 — BIR01I, BIR02J, BIR04, BIR12B, BIR16A, BIR0O7C

's Mix 2 - BIROIL BIR02J, BIRO4, BIR12E, BIR16A, BIRO7C, BIR09
Mix 3 — BIRO1L, BIR02J, BIR04, BIR12B, BIR16A, BIRO7C, BIR09B
Mix 4 - BIRO1L, BIR02I, BIR04, BIR12B, BIR16A, BIROTC
Mix 5 - BIRO1L, BIR02I, BIR04, BIR12B, BIR16A, BIRQ7C, BIR09
Mix 6 - BIR01I, BIR02L, BIR04, BIR12B, BIR16A, BIR0O7C, BIR0IB

20 Histamine release in response to whole birch allergen extract was measured in
each subject to confirm basophil sensitisation. A positive control, representing total
histamine release, generated by freeze/thawing the cells twice, was included in each
assay. A negative control for spontaneous histamine release was generated by
incubating cells in buffer only.

25 The assay was performed using the Immunotech Histamine Release
Immunoassay kit according to the manufacturer’s instructions. Following the in vitro
challenge of blood basoi;hils with peptide mixtures, whole allergen or buffer in
microtitre plate wells, supernatants were removed and the histamine in the samples
converted to acyl histamine. Acylated samples were tested by a competitive acyl

30 histamine ELISA.

Peptide mixtures were assayed for their ability to induce histamine release over

a 5 logl0 range (1 to 10,000 ng/ml). The concentration range assayed was selected



50 12411 19.559 9516 BIKO7C Contkidydissalvod Completely citssobecl 1,108 850 1.30 1.146 0.653
81109 Undilyvd in 1.5mle dilutal to 3L yes undissolved undissolved 1.111 3000 0.37 0.314 0.153
13111090 ' Completely dissolwed Completelydissalecd 1,162 100 1161 10108 8111128 Crespletely
dissolved CsWgletili/##§welved 1.094 000 5.47 4372 2.403 BIRI6r' COlinPRIENMGER bl e 206
Complalalydissulvad 1.076 150 7.17 6/19 1074 Table 4 b I0mM sodium citrate and 260mM trehalose
diliydrate, pH 3.99 Clunk buffer pll CO of 38

based on theoretical in vivo doses of peptide that may be achieved during therapy. For
example, a 31ug dose (approximately 3 mmol/peptide equivalent) of each peptide
entering a blood volume of 5 litres, would result in a blood concentration of 6ng/mi, at
the lower end of the histamine release assay dose range. The whole birch allergen
5 extract was used over the same concentration range.
Single measurements were performed for each dilution. After completion of the
ELISA, individua! histamine Jevels were determined by interpolation from the standard
curve generated in the ELISA assay. Results from samples were adjusted to allow for
dilution. Where two or more consecutive dilutions of a peptide/allergen preparation
10 elicited >15% of the total histamine release seen in the freeze thawed positive control
(>15% of posttive control), or where a single value of >15% of positive control was
achieved at the highest concentration tested (10 pg/mL for peptides), this was
considered a “positive histamine release”.
A total of 40 histamine release assays were completed during the study. Of
15 these 5 assays were rejected because of failure to meet appropriate QC controls, e.g.
due to unacceptably high levels (>15% of positive control) of spontaneous release in
the medium plus buffer negative control wells.
" The mixtures tested all showed good histamine release properties. The study

findings are summarised as follows: (WA = whole allergen)

Mix Peptide conerpg/ml | Average % histamine | Mix Peptide conc:pg/ml | Average % histamine
release release
1 10 1% 5 10 2%
I i 2% 5 1 2%
i 0.1 3% 5 0.1 2%
1 5.01 3% 5 6.01 2%
1 0.001 2% 3 0.001 2%
2 10 2% 6 10 3%
2 1 2% 6 i 2%
2 0.1 3% & 0.1 1%
2 0.01 3% 6 0.01 1%
2 0.001 2% 6 0.001 - 2%
3 10 4% WA 16 65%
3 1 2% WA 1 38%
3 0.1 3% WA 0.1 38%
3 0.01 2% WA 0.0t 42%
3 0.001 2% WA 0.001 43%
4 10 2%
4 1 2%
4 0.} 2%
4 0.01 1%
4 0.001 1%

20



Volume rarptind (pi) Sabbiray | mg per ml 'or lel soitibmi. inv. pm Wil, 141 Salabifity Ipmal PIf mg
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CLAIMS

1. A composition suitable for use in preventing or treating allergy to birch pollen
by tolerisation comprising:
- 1) the polypeptide of SEQ ID NO: 74 (BIR12B; AKYMVIQGEPGRVIRGK), or a

variant thereof, and

ii) the polypeptide of SEQ ID NO: 53 (Bir02]; PAARMFKAFILEGDKLVPK), or a

variant thereof,

wherein a variant of a polypeptide is:
0 up to 30 amino acids in length and comprises the sequence of said
polypeptide, or
1) 9 to 30 amino acids in length and comprises a sequence that has at least
65% homology to the sequence of said polypeptide and that is capable of
tolerising to said polypeptide, or
II) 9 to 30 amino acids in length and comprises a sequence of at least 9
contiguous amino acids of the sequence of said polypeptide, or a sequence that
has at least 65% homology to said at least 9 contiguous amino acids, which
sequence of at least 9 contiguous amino acids or homologous sequence is

capable of tolerising to said polypeptide.

2. A composition according to claim 1, further comprising at least one additional
polypeptide of SEQ ID NO: 72 (BIR11; FPQFKPQEITGIMK), SEQ ID NO: 71
(BIR10; GSVWAQSSSFPQFK), SEQ ID NO: 73 (BIR12A;
PTGMFVAGAKYMVIQGR), SEQ ID NO: 75 (BIR13; IKYMVIQGEAGAVIRGK,
SEQ ID NO: 76 (BIR14; EAGAVIRGKKGSGGIT), SEQ ID NO: 48 (Bir01];
FNYETETTSVIPAARK), SEQ ID NO: 54 (Bir04; PGTIKKISFPEGFPFKYV), SEQ
ID NO: 67 (Bir09; ETLLRAVESYLLAHSDAY), SEQ ID NO: 60 (BIR07;
SNEIKIVATPDGGSILK), SEQ ID NO: 63 (Bir07C; SNEIKIVATPEGGSILK), SEQ
ID NO: 77 (BIR15; SLNTLRLRRIFDLFDK ) or SEQ ID NO: 78 (BIR16A,;
AERERIFKRFDANGEGK), or a variant of any thereof} wherein a variant of a



0.39 031%$ 0.148 BIRO4 Cermpletely di:bolted Completely dissolved 1.018 50 20.36 17.636 8380
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polypeptide 1s as defined in claim 1(I), (IT) or (IID).

3. A composition according to claim 1 or 2 comprising:

(a) the polypeptide Birl12B (AKYMVIQGEPGRVIRGK), or a variant thereof:
(b)  the polypeptide Bir02J (PAARMFKAFILEGDKLVPK) or a variant thereof:
and

(c) the polypeptide Bir01I (FNYETETTSVIPAARK) or a variant thereof:
wherein a variant of a polypeptide is as defined in claim 1(I), (II) or (III).

4. A composition according to any one of the preceding claims, comprising the
polypeptide Birl 2B (AKYMVIQGEPGRVIRGK) or a variant thereof, the polypeptide
Bir02] (PAARMFKAFILEGDKLVPK) or a variant thereof, the polypeptide Bir011
(FNYETETTSVIPAARK) or a variant théreof, the polypeptide Bir04
(PGTIKKISFPEGFPFKYV) or a variant thereof, the polypeptide Bir09
(ETLLRAVESYLLAHSDAY) or a variant thereof, the polypeptide Bir07C
(SNEIKIVATPEGGSILK) or a variant thereof, and the polypeptide Birl16A
(AERERIFKRFDANGEGK) or a variant thereof; wherein a variant of a polypeptide is
as defined in claim 1(J), (I) or (III).

5. A composifion according to any one of the preceding claims, comprising the
polypeptide Bir12B (AKYMVIQGEPGRVIRGK) or a variant thereof, the polypeptide
Bir02) (PAARMFKAFILEGDKLVPK) or a variant thereof, the polypeptide Bir01]
(FNYETETTSVIPAARK) or a variant thereof, the polypeptide Bir04
(PGTIKKISFPEGFPFKYV) or a variant thereof, the polypeptide Bir07C
(SNEIKIVATPEGGSILK) or a variant thereof, the polypeptide Birl 6A
(AERERIFKRFDANGEGK) or a variant thereof, and Bir09B
(KEMGETLLRAVESYLILAHS); wherein a variant of a polypeptide is as defined in
claim 1(1), (1) or (III).

6. A composition according to any one of the preceding claims, comprising the



Cs'iMplelely dissolved Completer) &sulked 1.123 150 7,49 6,490 12011 Table 5: IOtnivf sodium citrate
and 260mM trehalose dih Tlrate 11 5.02 Clink buffer pH 5.0 Weight of peptide las EF' (too Volume
required 0114 Salability 1nm per rol lei hi saki km," . " Ing Ptr mg Salability WADI per mill Peptide
Salability after 24 flouh  B11111 Coin$cidydissofled Completely dissolved 1.036 450 2.30 1.989 |
089 yol 02 Cloudy solution with Complemly orasolved I. 085 3000 036 0.309 0224 1110.01.1

polypeptide Bir12B (AKYMVIQGEPGRVIRGK) or a variant thereof, the polypeptide
Bir02] (PAARMFKAFILEGDKLVPK) or a variant thereof, the polypeptide Bir011
(FNYETETTSVIPAARK) or a variant thereof, the polypeptide Bir04
(PGTIKKISFPEGFPFKYV) or a variant thereof, the polypeptide Bir(7C
(SNEIKIVATPEGGSILK) or a variant thereof, and the polypeptide Birl 6A
(AERERIFKRFDANGEGK) or a variant thereof; wherein a variant of a polypeptide is
as defined in claim 1(I}, (II) or (I1I).

7. A composition according to any one of the preceding claims, wherein;

- said variant of Bir011 is BirO1F (FNYETEATSVIPAARK), Bir01G
(FNYEIEATSVIPAARK) or Bir01H (FNYEIETTSVIPAARK); and/or

- said variant of Bir02] is Bir02E (PAARLFKAFILEGDTLIPK), Bir02G
(PAARLFKAFILEGDNLIPK), Bir02I (PAARMFKAFILD) or Bir02D
(PAARMFKAFILDGDKILVPK); and/or

- said variant of Bir09 is Bir09A (GETLLRAVESYLLAHS), Bir09B
(KEMGETLLRAVESYLLAHS) or Bir09C (KEKGETLLRAVESYLLAHS); and/or
- said variant of Birl16A is Birl 6B (AERERIFKRFDAGGEGK).

8. The composition according to any one of the preceding claims, wherein one or
more of the polypeptides have one or more modifications selected from the following:
(i) N terminal acetylation;

(i) C terminal amidation;

(ii)) one or more hydrogens on the side chain amines of Arginine and/or Lysine
replaced with a methylene group;

(iv) glycosylation; and

(v) phosphorylation.

9. The composition according to any one of the preceding claims wherein at least
one of the polypeptides has been engineered to be soluble such that it comprises:

i) N terminal to the residues of the polypeptide which flank a T cell epitope: one to
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six contiguous amino acids corresponding to the two to six contignous amino acids
immediately N terminal to said residues in the sequence of the protein from which the
polypeptide derives; and/or

ii)  C terminal to the residues of the polypeptide which flank a T cell epitope: one to
six contiguous amino acids corresponding to the one to six contiguous amino acids
immediately C terminal to the said residues in the sequence of the protein from which
the polypeptide derives; or

ii))  both N and C terminal to the residues of the polypeptide which flank a T cell
epitope, at least one amino acid selected from arginine, lysine, histidine, glutamate and
aspartate,

wherein the polypeptide has a solubility of at least 3.5mg/ml and the T cell epitope has
a solubility of less than 3.5mg/ml.

10.  The composition according to any one of the preceding claims wherein at least
one of the polypeptides has been engineered to be soluble such that additionally:

i) any cysteine residues in the native sequence of the polypeptide are replaced with
serine or 2-aminobutyric acid; and /or _
ii)  any hydrophobic residues in the upto three amino acids at the N or C terminus of
the native sequence of the polypeptide, which are not comprised in a T cell epitope, are
deleted; and/or

iii) any two consecutive amino acids comprising the sequence Asp-Gly in the upto
four amino acids at the N or C terminus of the native sequence of the polypeptide,
which are not comprised in a T cell epitope, are deleted: and/or

iv)  one or more positively charged residues are added at the N and/or C terminus of

the native sequence of the polypeptide.

11. The composition according to any one of the preceding claims which is a
solution comprising each polypeptide at a concentration in the range of 0.03 to 200

nmol/ml.
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12. The composition according to claim 11, wherein said concentration is in the

range of 0.3 to 200 nmol/ml.

13, The composition according to claim 11, wherein said concentration is in the
range of 50 to 200nmol/ml.
14, The composition according to claim 11, wherein said concentration is in the

range of 30 to 120 nmol/ml.

15. A composition suitable for use in preventing or treating allergy to birch pollen

comprising at least one polynucleotide sequence which encodes each of:

i) the polypeptide of SEQ ID NO: 74 (BIR12B; AKYMVIQGEPGRVIRGK), or a
variant thereof as defined in claim 1 (1), (I} or (II), and

i1} the polypeptide of SEQ ID NO: 53 (Bir02J; PAARMFKAFILEGDKLVPK), or a
variant thereof as defined in claim I (1), (IT) or (II1).

16.  The composition according to any one of the preceding claims which is a

pharmaceutically acceptable composition further comprising a pharmaceutically

acceptable carrier or diluent.

17.  The composition according to claim 16, which is formulated for oral

administration, nasal administration, topical administration, subcutaneous

administration, sublingual administration, intradermal administration, buccal

administration, epidermal administration, or for administration by inhalation, by

injection, or by a patch.

18.  The composition according to any one of the preceding claims for use in a

method of preventing or treating allergy to birch pollen.

19.  The composition according to any one of claims I to 17 additionally
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COMpIising er polypeptide allergen for use in tolerising an individual to the

further polypeptide allergen.

20.  Aninvitro method of determining whether T cells recognize a composition as
defined in claim 1 comprising contacting said T cells with said composition and

detecting whether said T cells are stimulated by said composition,

21. A method according to claim 20 which is carried out to determine whether an

individual has, or is at risk of having, an allergy to birch pollen,
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9011121 ComplexiV1dRfite

<1310>
<120>
<130>

<140>
<141>

<150>
<151>

<160>
<170>
<Z210>
<211>
<212>
<213>

<400>

1

<210>
<211>
<212>
<213>

<400>

Circassia Ltd.
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PEPTIDES FOR VACCINE AGAINST BIRCH ALLERGY
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102

PatentIn version
1

16

PRT

Betulaceae

1

val Ile Pro Ala Ala Arg
5

Z2

15

PRT
Betulaceae

2

Ser Asn Glu Ile Lys Ile
1 5

<210>
<211>
<212>
<213>

<400>

3

15

PRT
Betulaceae

3

Cys Asn Glu Ile Lys Ile

1 :

<210>
<211>
<212>
<213>

<400

1

<210>
<211>
<212>
<Z213>

<400>

5

4

15

PRT
Betulaceae

4

Ser Ash Glu Ile %ys Ile

5

17

PRT
Betulaceae

5

3.5

1y Asp

Met Phe Lys Ala Phe Ile Leu Asp G
1 15

val Ala Thr Pro Asp Gly Gly Ser Ile
10 15

val Ala Thr Pro Asp Gly Gly Ser Ile
10 15

val Ala Thr Pro Asp Gly Gly Cys val
10 15

Page 1

dissolved

t



Complacir ditoltvd 1.145 tOO 11.45 9.781 7.089 Completely dizzied orildelyinolvd 1.112 100 1112
9.109 1273 Granola:1y dissolved mrel)disolved 0,9116 100 984 , 8 541 C155 81807C Complete&
dissolved in 2500l, ealksoloed in 3mL oiler 24hrs .. riztili="aw' rodissohred 1.245 3000 0.42 0365 0.201
BIRO9 Cler solution with ouspoodol materiel Omisohrlioo with simpaldoi mutual 1.037 3000 0293
0143 131110913 CbkhplSRily Wikt&e it 1980.] tedisSOrdditagimg. arfu741retnt | . rreciploted ma,

mdisgekedd.886 39@3,ys 11e val Ala Thr pro asn Gly cly ser Ile Leu
1 5 10 15
Lys

<210> 6

<211> 19

<212> PRT

<213> Betulaceae

<400> 6

Glu Thr Leu Leu Arg Ala val Glu Ser Tyr Leu Leu Ala His Ser Asp
1 5 10 15

Ala Tyr Asn

<210> 7

<211> 19

<212> PRT

<213> Betulaceas

<400> 7

Glu Ala Leu Leu Arg Ala val Glu Ser Tyr Leu Leu Ala His Ser Asp
i 5 10 15

Ala Tyr Asn

<210> 8

<211> 16

<212> PRT

<213> Betulaceae

<400> 8

Gly val phe Asn Tyr Glu Ile Gly Ala Thr ser val ITe Pro Ala Ala
1 5 10 15

<210> ¢

<211> 21

<212> PRT

<213> Betulaceae

<400> 9
Ile Ala Pro Ala Arg Leu Phe Lys Ser Phe val Leu Asp Ala Asp Asn
1 5 10 15

Leu Ile Pro Lys val
20

<210> 10
<2311> 15
<212> PRT
Page 2



0.36 031%$ 0.147 0181213 Completely dlesoi'od Completely dissolved 1194 . 0 22.104 19926 10474
01816A Convict' Complaely dissolved 1.077 50 2134 18.673 9129 Table 8: 10mM tassium dihydrogen
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<21%> Betuiaceae

<400> 10

Cys Asn Glu Ile Lys Leu val Ala Thr Pro Asp Gly Gly Ser Thr
1 5 10 15

<210> 11

<211> 15

<212> PRT

<213> Retulaceae

<400> 11

ser Lys Glu Ile Lys Ile Ala Ala Ala Pro Asp Gly Gly Ser 1le
1 5 10 15

<210> 12

<Z211> 15

<212> PRT

<213> Betulaceae

<400> 12

Ser Asn Glu Ile Lys Ile val Ala Thr Pro Asp Gly Gly Cys Ile
i 5 10 15

<210> 13

<211> 15

<212> PRT

<213> Betulaceae

<400> 13

Cys Asn Glu Ile Lys Leu val Ala Thr Pro Asp Gly Gly Ser Ile
1 5 10 15

<210> 14

<211> 17

<212> PRT

<213> Betulaceae

<400> 14
Cys Asn Glu Ile Lys Ile val Ala Ala Pro Gly Gliy Gly Ser Ile Leu
1 5 i0 15

LYs

<210> 15

<211> 17

<212> PRT

<213> Betulaceae

<400> 15

Cys Asn Glu Ile Lys Ile val Pro Ala Pro Gly Gly Gly Ser I'le Leu
1 5 10 15

Lys
Page 3
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<210> 16

<211> 17

<212> PRT

<213> Betulaceae

<400> 16

Ser Tyr Glu Ile Lys Ile val Ala Ala Pro Gly Gly Gly Ser Ile Leu
1 5 10 15

Lys

<210> 17

<211> 15

<212> PRT

<213> BRetulaceae

<400> 17

Ser Asn Glu Ite Lys Ile val Ala Thr Gily Asp Gly Gly Ser Ile
1 5 10 15

<210> 18

<211i> 15

<212> PRT

<213> Betulaceae

<400> 18

Cys Asn Glu Ile Lys Ile val Ala Ala Pro Asp Gly Gly Ser Ile
1 5 ' 10 15

<210> 19

<213i> 15

<212> PRT

<213> Betulaceae

<400> 19

Ser Asn Glu ITe Lys ITe val Ala Thr Pro Asp Gly Arg Ser Ile
1 5 10 15

<210> 20

<211> 15

<212> PRT

<213> BRetulaceas

<400> 20

Ser Asn Glu Ite Lys Leu val Ala Thr Pro Asp Gly Gly Ser Ile
1 5 10 15

<210> 21

<211> 15

<212> PRT

<213> Betulaceae

<400> 21
Page 4



Completely dissolved 1085 50 21.70 18.876 8,790 01R120 Completely dissolved Corndadv dissolved
1.031 50 20.62 17.234 9.060 BR/ 6A Completely dOsol nal Completely dissolved 1.099 50 21.98
19.055 9.41S WO 2011/098778PCT/GB2011/000206 55 Example 9 - Annex 1 PEPTIDE
SOLUBILITY STUDIES Solubility Methodology 5 The formulation vehicles were prepared and
measurement of pMLEREID \GeigRiftg B astidéss nimsroximatedy Inty was fe§liret:for each
evalygtionsMateriatpvere @we\,@ﬁq\igtorgpn@g@@asgi@b@Pogfyt\ggguent solubility evaluation, i.e.
cleariglass HPLC vials fwith screw cap) . 10 E@aluation of solubility {for each matrix). Aliquots of
matrix (50 to 100-L) were added as required. The peptide solubility was interpreted by visual
inspegti@R. Bhe description of the sample characteristics following addition of each aliquot of the
solvertias Adcorded. 15Repeat visual assessment of solubility after 24 hours. Where a peptide
preci@%éd @@{9{ solytion after 24 hours, additional buffer was added to produce a final concentration
of ca. 0.2mM %ZOOmnoI per rnL should equate to roughly 0.35mg/mJ4. Calculation of peptide
solubifti83 (idifial evaluation). 20- Based on absolute amount of powder weighed. Determination of
molag gongenitaion at whicknsolubilityhwas, Ackgvaehusng peptiea matecular masses and peptide
contdnt and purity valués. Cakulalions Solubilit§ mg/m1 as is' = weigh§(mg) x 1000 25dilution(p.1)
Solubility mg/ml =weighftmg) x 1000 x %Content x %Purity dilution(1.11) 30 Solubility

pmol4rdgsweght(mn) x 1000 x %Content x %Purity x 1 x 1000 dilution(ul)Molwt
<23i1> 15
<212> PRT
<213> Betulaceae

<400> 23

Ser Asn Glu Ile Lys Ile val Ala Thr Pro Asp Gly Gly Pro Ile
1 5 10 15

<210> 24

<211> 17

<212> PRYT

<213> Betulaceae

<400> 24

Gly Ser Ile Leu Lys Ile Arg Asn Lys Tyr His Thr Lys Gly Asp His
1 5 10 15
Glu

<210> 25

<211> 12

<212> PRT

<213> Betulaceae

<400> 25

é1a Gly Leu Phe %ys Ala val Glu Asn Egr Leu Val

<210> 26

<211> 12

<212> PRT

<213> Betulaceae

<400> 26

Glu Thr Leu Leu Arg Ala val Glu Ser Tyr Leu Leu
1 5 10

<210> 27
<211> 12
<212> PRT
<213> Betulaceae
Page 5



WO 2011/098778PCT/GB2011/000206 56 Example 9 - Annex 2 BUFFERS FOR INITIAL
SOLUBILITY AND STABILITY SCREENING Each matrix was prepared at a concentration of 10mM
of the buffering agent. Each 5 buffer conmined 260mM Trehalose dihydrate (FW 378.3). Preparation of
matrix The procedure indicated is for the preparation of 100mL of each buffer, but alternative
volumes can be préipapaddsy GajusHingetife sprantitied ngOfOrlvhatdok solatibons2etsbdium citrate and
potassjym dikydrogen phosphate were prepared. Weight of trehalose dihydrate equivalent to 260mM
was transferred to an appropriate mixing vessel containing 70-80mL of distilled deionised water and
allo @t&ﬁsé@%éeb@ﬁEwlﬁe%pFﬂb‘rié%‘ sfyek @4 Muffer solution was added to the mixing vessel
15 and stirred. The pH of the matrix was adjusted to the desired value by adding 2rnM hydrochloric
acid or 0.1M sodium hydroxide as required. The solutions were finally diluted to 100g weight and the
pH rej—%%%iess_%gi Buffers for initial solubility and stability screening, shown as Buffer salt or pH 20
modi&erZpHrRmM HC1 and 260mM trehalose dihydrate/ pH 2.65 10mM sodium citrate and 260rnM
trehatddé dih§aFste/SSRE3.01 10mM sodium citrate and 260mM trehalose dihydrate/ pH 3.99 10mM
sodiumggjtrategand 260mM trehalose dihydrate/ pH 5.02 25 IOrnM sodium citrate and 260mM nehalose
dihydrate/ [?H 6.01 10mM potassium dihydrogen phosphate and 260mM trehalose dihydrate/ pH 6.03
10mN'Hofadsibit dif§apseh’ phidhre aAa 3gOniit'nkftalose dihydrate/ pH 7.03 Example 10 -
Histamine release assay 30The purpose of this assay was to identify compositions that are capable of
activ%grig bIo?éj basophils (as a surrogate for tissue mast cells) resulting in histamine release that may
resuILﬂ@ilergg: reactions during therapy. A composition comprising WO
2011/298778CT/GB2011/000206 57 a mixture of peptides that induce histamine release frequently
may belcansRidrettEfR&iitable for use as a vaccine. Histamine release requires the crosslinicing of
adjacenggspeeiic IgE molecules on the surface of the basophil. The peptides being evaluated were
small (111 to 18%5 amipo_acids in length anpd sho%lld ot, therefore, possess significant tertiary structure
that WotIdEhabR ﬂf‘enﬁ%’ refin e confordaffpn %ﬂéﬁ?ﬁETPfrndiﬁb é@ﬁo‘b@of the whole molecule.
Furthermore, peptide monomers in solution, even if they are bound by IgE, should not be able to
crosstj,ipsk ggjﬂacent IgE molecules. Histamine release from fresh peripheral whole blood from birch
allergic 10 subjects was evaluated. Peripheral blood basophils were used as a surrogate for tissue
mast cells which were not practical to assay. Blood was incubated in vitro with mixtures of peptides
identifiegyas syitable based on the results of Examples 1 to 9 above. Specifically, the following
mixtwesiweratassayed: Mix 1 - BER011, B1IR02J, BER04, BLRI2B, BIR16A, BIRO7C is Mix 2 -

BERG %ZBI P_%Jr]BIRO4, BIR12B, BIR16A, BIR0O7C, BIRO9 Mix 3- BIR011, BIRO2J, BIR04, BER12B,
BIR16A- BIRG 7¢ | 1311098 Mix 4 - BIRO II, BIR021, BIR04, BIR12B, BIR16A, BIRO7C Mix 5 -
BIRGHO®BIRG21, BIR04, BIR12B, 1312.16A, BIRO7C, BIRO9 Mix 6 - BIROH, B1R02I, BIR04,
BlRJGalSD;, g.,lgilr%, ‘_Bégnglp_ﬁﬁéRggB\%QI-@@@n _ fg},e@gg |D§§sm§ﬂ_£o§/¥pole birch aIIerge_n extract
was measured in each subject to confirm basaphil sensitisation. A pasitive control, representing total
histamine release, generated by freeze/thawing the cells twice, was included in each assay. A
negatiyg 6antre) foR spontaneous histamine release was generated by incubating cells in buffer only.
25The assay was gérformed using the Immunotech Histamine Release Immunoassay kit according to
the manufacturer's instructions. Following the in vitro challenge of blood basophils with peptide
mixtuwespwhele allergen or buffer in microtitre plate wells, supernatants were removed and the
histarf§ag>in e samples convened to acyl histamine. Acylated samples were tested by a competitive
acyl ggﬁgtargﬁ%gqlgg@g. Peptide mixtures were assayed for their ability to induce histamine
release over a 5 10g10 range (1 to 10,000 ng/ml). The concentration range assayed was selected 58
based T thedtetical in vivo doses of peptide that may be achieved during therapy. For example, a 3
lug dese (enpriaximaiely g nmel/peptick: esprivalent)of eaghAieptide ertering a blood volume of 5 litres,
would result in a blood Zoncentration of 6ng/mi#Vat the lower end of tHé histamine release assay dose
range. The whole birch allergen 5 extract was used over the same concentration range.

<210> 32

<211> 19

<212> PRT

<213> Betulaceae

<400> 32

Ala Gly Leu Phe Lys Ala val Glu Asn Tyr Leu val Ala His Pro Asn
1 5 10 15
Page 6



Single measurements were performed for each dilution. After completion of the ELISA, individual
histamine levels were determined by interpolation from the standard curve generated in the ELISA
assay. Results from samples were adjusted to allow for dilution. Where two or more consecutive
dilutions of a peptide/allergen preparation 10 elicited >15% of the total histamine release seen in the
freeze thawed positivEdESRRr S 1% B oitve orittel) or whesérs singlel valuaxf >15% of positive
control was achieved at the highest concentration tested (10 ug/mL for peptides), this was considered
a "posttivehistaamine release”. A total of 40 histamine release assays were completed during the
study. Of 15 these 5 assays were rejected because of failure to meet appropriate QC controls, e.g.
due to unacceptably high levels (>15% of positive control) of spontaneous release in the medium plus
buffer ti’g control wells. The mixtures tested all showed good histamine release properties.
The sj%%?inﬁﬁ:}gs are summarised as follows: (WA = whole allergen) Mix Peptide concing/m1
Average3% histamimne:selease Mix _ Peptide concmg/ml Average % histamine release 1 10 1% 5 10
2% 1<I4%?{g5 }32% 0.13%50.12% 0.013%50.012% 10.001 2% 5 0.001 2% 2 10 2% 6 10 3% 2

Glu Thr Leu Leu Arg Ala val Glu Arg Tyr teu bLeu Ala His Ser Asp
1 5 10 15

Ala Tyr Asn

<210> 34
<211> 19
<212> PRT

<213> BRetulaceae
<400> 34

Glu Ala Leu Phe Arg Ala val Glu Ser Tyr Leu Leu Ala His Ser Asp
1 5 10 15

Ala Tyr Asn

<210> 35

<211> 18

<212> PRT

<213> Betulaceae

<400> 35

val Asp Phe Phe Glu Phe Lys Asp Met Met Arg Ser val Leu val Arg
1 5 10 i5
Ser Ser

<210> 36

<400> 36

000

<210> 37

<211> 18

<212> PRT

<213> Betulaceae

<400> 37

Ala Glu Arg 6lu Arg Ile Phe Lys Arg Phe Asp Ala Asn Gly Asp Gly
1 5 10 15

Lys Ile
pPage 7



12%612%2013%60.11%20.013%60.011% 20.001 2% 6 0.001 2% 3 10 4% WA 10 65% 1
2% WA 1 38% 0.1 3% WA 0.1 38% 0.01 2% WA 0.01 42% 3 0.001

N110180D GCw GML EMB seq 1isting for phasing - Jul 12.txt

<210> 38

<211> 15

<212> PRT

<213> Betulaceas

<400> 38

Phe Thr Asp Phe Gly Arg Ala Asn Arg Gly Leu Leu Lys Asp val
1 5 10 15
<210> 39

<211> 15

<212> PRT

«213> Betulaceae

<400> 39

Phe Thr Asp Phe Ala Arg Ala Asn Arg Gly Leu Leu Lys Asp val
1 5 10 15

<210> 40
<211> 21
<212>  PRT
<213> Betulaceae

<400> 40
pro val Lys Gly Lys teu val Glu Lys Phe Lys Gly teu Gly val thr
1 5 10 15

Leu Leu His Gly Asp
20

<210> 41

<21l> 24

<212> PRT

<213> Betulaceae

<400> 41

His GIu Ser Leu val Lys Ala Phe Lys GIn val Asp val val Ile Ser
1 5 10 1
Thr val Gly His Leu GIn Leu Ala

<210> 42

<21l> 22

<212> PRT

<213> Betulaceae
<400> 42

Tyr val Ser Ser Asn Phe Phe Ala Gly Tvr Phe Leu Pro Thr Leu Ala
1 5 10 15

Gin Pro Gly Leu Thr Ser
20

Page 8



2% WA 0.00143% 4102% 2% 40.12% 40.011% 0.0011% 59 CLAIMS 1.A composition
suitable for use in preventing or treating allergy to birch pollen by tolerisation comprising: i) the
polypeptide of SEQ ID NO: 74 (BIR12B; AKYMVIQGEPGRV1RGK), or a variant thereof, and ii) the
polypeptide of SEQ ID NO: 53 (Bir02J; PAARMFICAFILEGDKLVPK), or a variant thereof, wherein a
variant of a polypep#d81i890))qs teMB0 Eine adidstnentih ahasdomprised theé -deduence of said
polypeptide, or 1) 9 to 30 amino acids in length and comprises a sequence that has at least 65%

hom to #3e sequence of said polypeptide and that is capable of tolerising to said polypeptide, or
11)) 9?% arfgﬁl,o acids in length and comprises a sequence of at least 9 contiguous amino acids of the
sequence-of patd palypeptide, or a sequence that has at least 65% homology to said at least 9
contigggél;s an ino acids, which sequence of at least 9 contiguous amino acids or homologous
sequéence is capable of tolerising to said polypeptide. 2.A composition according to claim 1, further
comprsing! at Asastvvahelddditanall polyipeptiderdkSEQ N2 NGhe 2/4BIRLY ; ARQFKPQEITGIMK), SEQ
ID N®: 71 (BIR10; GSVWAQSSSFPQFK), SES ID NO: 73 (BIR12AIPTGMFVAGAKYMVIQGR), SEQ
ID NO: 75 (BIR13; IKYMVIQGEAGAVIRGK, SEQ ID NO: 76 (BIR14; EAGAVIRGKKGSGGIT), SEQ ID
NO: 48ABir011; FNYETETTSVIPAARK), SEQ ID NO: 54 (Bir04; PGTIKKISFPEGFPFKYV), SEQ ID
NO: 67 (Bir09; ETLLRAVESYLLAHSDAY), SEQ ID NO: 60 (BIR07; SNEIKIVATPDGGSILK), SEQ ID
NO: 63 (BirO7C; SNEIKIVATPEGGSILK), SEQ ID NO: 77 (BIR15; SLNTLRLRRIFDLFDK ) or SEQ ID
NO: Z%%IRI% AERERIFKRFDANGEGK), or a variant of any thereof; wherein a variant of a 60

<212> PRT
<213> Betulaceae

<400> 44

Ala Glu Asn Phe Arg Ala Leu Cys Thr Gly Glu Lys Gly Asn Gly
1 5 10 15

<210> 45

<211> 16

<212> PRT

<213> Betulaceae

<400> 45

Phe Asn Tyr Glu Thr Glu Ala Thr ser val Ile Pro Ala Ala Arg Lys
i 5 10 i5

<210> 46

<211> 16

<212> PRT

<213> Betulaceae

<400> 46

Phe Asn Tyr Glu Ite Glu Ala Thr Ser val Ile Pro Ala Ala Arg Lys
1 5 10 15

<210> 47

<211> 16

<212> PRT

~<213> Betulaceae

<400> 47

Phe Asn Tyr Glu Ile Glu Thr Thr Ser val Ile Pro Ala Ala Arg Lys
1 5 10 15

<210> 48

<211> 16

<212> PRT

<213> Betulaceae

<400> 48

Page 9



polypeptide is as defined in claim I (1), (I1) or (lll). 3.A composition according to claim 1 or 2 comprising:
(a) the polypeptide Birl2B (AKYMVIQGEPGRVIRGK), or a variant thereof; (b) the polypeptide Bir02J
(PAARMFICAFILEGDKLVPK) or a variant thereof; and (c) the polypeptide BirOll
(FNYETETTSVIPAARK) or a variant thereof; wherein a variant of a polypeptide is as defined in claim

1(1), (1N or §|||)T4.A§MW%@E§9&HW@%HQ %ﬁé‘@gfﬁé %&ﬁm cFadhé;zcéPiﬁorising the

polypep ida"Bin T 28 t’AI§ I'Qé P ﬁ'b@ oraVarantt feredt, ‘1%8 pgﬁlpeptide Bir02J
(PAARMFICAFILEGDKLVPK) or a variant thereof, the polypeptide BirOll (FNYETETTSVIPAARK) or a
variagéélagreg the polypeptide Bir04 (PGTIKKISFPEGFPFKYYV) or a variant thereof, the polypeptide
BirO%E 1L LRAVESYLLAHSDAY) or a variant thereof, the polypeptide BirO7C
(SNE‘IE!E’ATPEG?SILK) or a variant thereof, and the polypeptide Bin | 6A (AERERIFICRFDANGEGK)
or a varant there fSWAErein a variant of a polypeptide is as defined in claim 10), (II) or (Ill). 5.A
compdsiton agcording to any one of the preceding claims, comprising the polypeptide Birl2B

or o o ol o0l BphlE BYOTT (FAE T FSUIERARR) o o i hereot, e

polypeptide Bir04 (PGTIICKISFPEGFPFKYYV) or a variant thereof, the polypeptide BirO7C
(SNEJQV,A‘EPLE}@GSILK) or a variant thereof, the polypeptide Bin | 6A (AERERIFKRFDANGEGK) or a
variant thereof," and BirO9B (KEMGETLLRAVESYLLAHS); wherein a variant of a polypeptide is as
defined in claim 1(1), (11) or (lll). 6.A composition according to any one of the preceding claims,
compriQigg thg 61 polypeptide Birl2B (AKYMVIQGEPGRVIRGK) or a variant thereof, the polypeptide
Bir02Z(PAARMFICAFILEGDKLVPK) or a variant thereof, the polypeptide BirOll
(FNY%%T%E{IE%&Q or a variant thereof, the polypeptide Bir04 (PGTIICKISFPEGFPFKYYV) or a
variant thereof; the polypeptide BirO7C (SNEIKIVATPEGGSILK) or a variant thereof, and the .
polypetitete BifI6A (AERERIFKRFDANGEGK) or a variant thereof; wherein a variant of a polypeptide
is as glefinad inGaiRgl (b (HaOr i) aTARMPRsItIaR ageokdinats, apy-ongof the preceding claims,
whergin: said variarit of BirOll is BirOIF (FMYETEATSVIPAARK),1BirOIG (FNYEIEATSVIPAARK)
or BirO1H (FNYEIETTSVIPAARK); and/or -said variant of Bir02J is BirO2E
(PAARFEKAFIEGDTLIPK), Bir02G (PAARLFKAFILEGDNLIPK), Bir02I (PAARMFKAFILD) or BirO2D
(PAAR_MFKAFILDGDI(LVPK) and/or -said variant of Bir09 is BirO9A (GETLLRAVESYLLAHS),
BirO9B (KEMGETLLRAVESYLLABS) or BirO9C (ICEKGETLLRAVESYLLAHS); and/or -said variant of
Birl6A33®Birl6B (AERERIFLCRFDAGGEGK). 8.The composition according to any one of the preceding
claimg}/%ﬁer%ﬁirone or more of the polypeptides have one or more modifications selected from the
follovangs- (1) dé tenadaakacetylation; (i) C terminal amidation; (iii) one or more hydrogens on the side
chain amines_of Arginine and/or Lysine replaced with a methylene group; (iv) glycosylation; and (v)
phosﬁﬁ%%?lat? . 9.The composition according to any one of the preceding claims wherein at least one
of thee polypeptittesahasLseenhengireeied tbdg Boluble shehsthakitrcoraprisas: i)N terminal to the
residdies of the ponpep%ide which flank a T ceﬂ%pitope: oneto 62 si;(Scontiguous amino acids
corresponding to the two to six contiguous amino acids immediately N teintinal to said residues in the
sequéheePoptie protein from which the polypeptide derives; and/or ii) C terminal to the residues of the
polypeptide which flank a T cell epitope: one to six contiguous amino acids corresponding to the one to
six contiguous amino acids immediately C terminal to the said residues in the sequence of the protein
from z\gﬁat polypeptide derives; or iii) both N and C terminal to the residues of the polypeptide
which apkcell epitope, at least one amino acid selected from arginine, lysine, histidine, glutamate
and asd Brtatesewhateeiethe polypeptide has a solubility of at least 3.5mg/m1 and the T cell epitope has
a solybiity ofsess than 3.5mg/ml. 10.The composition according to any one of the preceding claims
wherein at least one of the polypeptides has been engineered to be soluble such that additionally: i)
any cys‘%eﬁi‘é‘ rési e i@?ﬁepﬁﬁtiiféssé&éeﬂt% ?g%é%bm’)%ptide are replaced with serine or
2-aminobutyric acid; and /or i) any hydrophobic residues in the upto three amino acids at the N or C
terminus of the native sequence of the polypeptide, which are not comprised in a T cell epitope, are
deletggi%@d@; iii) any two consecutive amino acids comprising the sequence Asp-Gly in the upto four
aminezAcids akthe N or C terminus of the native sequence of the polypeptide, which are not comprised
in a RétPephopel aFeageleted; and/or iv) one or more positively charged residues are added at the N
and/Qisgoterminus of the native sequence of the polypeptide. 11.The composition according to any one
of the preceding claims which is a solution com1orising each polypeptide at a concentration in the range
of 0.0 %0260 hiRohrsI. MES f??l’ﬁ%sté‘r]rﬁ)(fg]ﬁoﬁpg gﬁﬁ%ﬁb"t SYamiPL E¥hERMn said concentration is in
the range of 0.3 to 200 nmol/ml. 13.The composition according to claim 11, wherein said concentration
is in the range of 50 to 200nmol/ml.



14.The composition according to claim 11, wherein said concentration is in the range of 30 to 120
nmol/ml. 15.A composition suitable for use in preventing or treating allergy to birch pollen comprising
at least one polynucleotide sequence which encodes each of: i) the polypeptide of SEQ ID NO: 74
(BIR12B; AKYMVIQGEPGRVIRGK), or a variant thereof as defined in claim 1 (1), (Il) or (lll), and ii)
the polypeptide of SHOIBIN OGS FI(BIreE); o, 7F§WKQ\FEHLE@BI<ENB;§)PBF alarxht thereof as
definéd in claim 1 (1), (IF) or (Il). 16.The compadsition according to any one of the preceding claims
which is a pharmaceutically acceptable composition further comprising a pharmaceutically acceptable
carriefPor BiRientS 17.The composition according to claim 16, which is formulated for oral
administration, nasal administration, topical administration, subcutaneous administration, sublingual
administratiop, intradermal administration, buccal administration, epideimal administration, or for
admiﬁ %tiogéby inhalation, by injection, or by a patch. 18.The composition according to any one of
the pr2gesdingrcfaims for use in a method of preventing or treating allergy to birch pollen. 19.The
comp??éiﬁbn EEEB?GH‘@?O any one of claims 1 to 17 additionally 64 comprising a further polypeptide
allergemdor use in tolerising an individual to the further polypeptide allergen. 20. An in vitro method of
determining whether T cells recognize a composition as_defined in claim 1 comprising contacting said
T cellg Rifh $ald 'Eo%?)cﬁﬁohya?n et W{é&éir]gafﬁ ¥ E8ffs Hie §@ﬁ1d1§fed by said composition.
21. A method according to claim 20 which is carried out to determine whether an individual has, or is
at ris orf gz%\fing, an allergy to birch pollen. N110180D GCW GML EMB seq listing for phasing - Jul
12.txt SEQUENCE LISTING <110> Circassia Ltd. <120> PEPTIDES FOR VACCINE AGAINST
BIRCH ALLERGY <130> N110180A <140> PCT/GB11/000206 <141> 2011-02-15 <150> GB
1002551 <151> 2010-02-15 <160> 102 <170> Patentln version 3.5 <210> 1 <211> 16 <212> PRT
<213=?Betulasgeae <400> 1 val lle Pro Ala Ala Arg Met Phe Lys Ala Phe lle Leu Asp Gly Asp 151015
<2105§ 2221EBT1§ <212> PRT <213> Betulaceae <400> 2 Ser Asn Glu lle Lys lle Val Ala Thr Pro Asp
Gly Gl Ser I8 151518%210> 3 <211> 15 <212> PRT <213> Betulaceae <400> 3

<400> 355

Ser Pro Phe Lys Tyr val Lys Glu Arg val Asp Glu val Asp His Ala
1 5 10 15

<210> 56

<211> 16

<212> PRT

<213> Betulaceae

<400> 56

Phe Pro Phe Lys Tyr val Lys Asp Arg val Asp Glu val Asp His Thr
1 5 10 15

<210> 57

<21l> 17

<212> PRT

<213> Betulaceae

<400> 57
Ala Asn Phe Lys Tyr Ser Tyr Ser Met Ile Glu Gly Gly aAla Leu Gly
1 5 10 i5

Asp

<210> 58

<211> 17

<212> PRT

<213> Betulaceae

<400> 58

Thr Asn Phe Lys Tyr Ser Tyr Ser val Ile Glu Gly Gly Pro val Gly
1 5 10 15
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Cys Asn Glu lle Lys lle Val Ala Thr Pro Asp Gly Gly Ser lle 151015 <210> 4 <211> 15 <212> PRT
<213> Betulaceae <400> 4 Ser Asn Glu lle Lys lle Val Ala Thr Pro Asp Gly Gly Cys Val 151015 <210>
5<211> 17 <212> PRT <213> Betulaceae <400>5 N110180D GCW GML EMB seq listing for
phasing - Jul 12.txt Ser Asn Glu lle Lys lle Val Ala Thr Pro Asn Gly Gly Ser lle Leu 151015 Lys <210>
6 <211> 19 <212>NIROL&GD TOB EllaEBBesed0bts 6iagu iy phasiea ArgllalVabGlu Ser Tyr Leu Leu
Ala His Ser Asp 151015 Ala Tyr Asn <210> 7 <211> 19 <212> PRT <213> Betulaceae <400> 7 Glu
Ala LespLeu Arg Ala Val Glu Ser Tyr Leu Leu Ala His Ser Asp 151015 Ala Tyr Asn <210> 8 <211> 16
<212> PRT <213> Betulaceae <400> 8 Gly Val 1 <210> <211> <212> <213> <400> Phe Asn Tyr Glu

lle Gly Ala Thr Ser vallle Pro Ala Ala 51015 9 21 PRT Betulaceae
<210> 59
<211l> 16
<212> PRT
<213> Betulaceae

<400> 59

Thr Asn Phe Lys Tyr Asn Tyr Ser val Ile Glu Gly Gly Pro Ile Gly
1 5 10 15

<210> 60

211> 17

<212> PRT

<213> Betulaceae

<400> 60

ser Asn Glu Ile Lys Xle val Ala Thr pPro Asp Gly Gly ser Ile Leu
1 5 10 15
Lys

<210> 61

<211> 17

<212> PRT

<213> Betulaceae

<400> 61

ser Asn Giu Ile Lys ITe val Ala Thr Pro Asn Gly Gly Ser Ile Leuy
1 5 10 15

Lys

<210> 62

<211 17

<212> PRT

<213> Betulaceae

<400> 62

Ser Asn Glu ITe Lys ITe val Ala Thr Pro Gin Gly Gly Ser rle Leu
1 5 10 15

Lys

<210> 63

<211> 17

<212> PRT

<213> Betulaceae

<400> 63
Page 12



9 lle Ala Pro Ala Arg Leu Phe Lys Ser Phe Val Leu Asp Ala Asp Asn 151015 Leu lle Pro Lys Val 20
<210> 10 <211> 15 <212> PRT N110180D GCW GML EMB seq listing for phasing - Jul
12.txt <213> Betulaceae <400> 10 Cys Asn Glu lle Lys Leu Val Ala Thr Pro Asp Gly Gly Ser Thr
151015 <210> 11 <211> 15 <212> PRT <213> Betulaceae <400> 11 Ser Lys Glu lle Lys lle Ala Ala
Ala Pro AS Gly GWEEHRED 510162 F0B $20<21 35106 £2128hPRT& 2138 1BétuUlEKeae <400> 12 Ser
Asn Glu leshysiile Mal Ala TP AsR Sbh By GYE e 1035 <2107113,5@11> 15 <212> PRT <213>
Betulaceae <400> 13 Gys Asn Glu lle Lys Leu¥al Ala Thr Pro Asp Gl Gly Ser lle 151015 <210> 14
<211> 17 <212> PRT <213> Betulaceae <400> 14 Cys Asn Glu lle Lys lle Val Ala Ala Pro Gly Gly Gly
Ser llg/beu 151015 Lys <210> 15 <211> 17 <212> PRT <213> Betulaceae <400> 15 Cys Asn Glu lle
Lys lle Val Pro Ala Pro Gly Gly Gly Ser lle Leu 151015 Lys N110180D GCW GML EMB seq listing
for phasing - Jul 12.txt <210> 16 <211> 17 <212> PRT <213> Betulaceae <400> 16 Ser Tyr Glu lle
Lys lleuUal AkAla Pro Gly Gly Gly Ser lle Leu 151015 Lys <210> 17 <211> 15 <212> PRT <213>
Betu e <|¥E0r0> 17 Ser ASn Glu lle Lys lle Val Ala Thr Gly Asp Gly Gly Ser lle 1 <210> <211>

<2125 5713364002 &e
<400> 64

Ser Asn Glu Ile Lys Ile val Ala Thr Pro Gly Gly Gly Ser Ile lLeu
1 5 10 15

Lys

<210> 65

<211> 15

<212> PRT

<213> Betulaceae

<400> 65

Gly Ser Ile teu Lys Ile Asn Asn Lys Tyr His Thr Lys Gly Asp
i 5 10 15

<210> 66

<211> 14

<212> PRT

<213> Betulaceae

<400> 66

;er Ite Leu Lys %?e ser Asn Lys Tyr gés Thr Lys Gly Asp

<210> 67

<211> 18

<Z212> PRT

<213> Betulaceae

<400> &7
Glu Thr Leu Leu Arg Ala val Glu Ser Tyr Leu Leu Ala His Ser Asp
1 5 10 153

ATa Tyr

<210> 68

<211> 16

<212> PRT

<213> Betulaceae

<400> 68
Page 13



18 15 PRT Betulaceae 18 10 15 cys Asn Glu lle Lys lle Val Ala Ala Pro Asp Gly Gly Ser lle 1 <210>
<211><212><213> <400> 5 19 15 PRT Betulaceae 19 10 15 Ser ASn Glu lle Lys lle Val Ala Thr Pro
Asp Gly Arg Ser lle 151015 <210> 20 <211> 15 <212> PRT <213> Betulaceae <400> 20 Ser Asn Glu
lle Lys Leu Val Ala Thr Pro Asp Gly Gly ser lle 151015 <210> 21 <211> 15 <212> PRT <213>
Betulaceae <400> IPLO180D GCW\GNI 1! {G@W@MEQEI@FS ﬁ@ﬁiﬂﬁl -forphAsiigrt Jul 12.txt Cys Asn
Glu I Yy&'lte VI ARY T3iPrEnsp GBI GIY Cygival I <5 105-E811 8 Bio29213> <4005 5 22 15 PRT
Betulaceae 22 10 15 Ser Asn Glu lle Lys lle Val Thr Thr Pro Asp Gly Gly Cys Val 1 <210> <211>
<?12<> 5 13> §400> 5 23 15 PRT Betulaceae 23 10 15 Ser Asn Glu lle Lys lle Val Ala Thr Pro Asp
Gly 0 | :

<212> PRT
<213> Betulaceae

<400> 869

Lys Glu Met Gly Glu Thr Leu Leu Arg Ala val Glu Ser Tyr Leu Leu
1 5 10 15

Ala His Sser

<210> 70

<211> 19

<212> PRT

<213> Betulaceae

<400> 70

Lys GTu Lys Gly Glu Thr Leu Leu Arg Ala val Glu Ser Tyr Leu Leu
1 5 10 15
Ala His Ser

<210> 71

<211> 14

<212> PRT

<213> Betulaceae

<400> 71

Gly ser val Trp Ala Gln Ser Ser Ser Phe Pro Gln Phe Lys
1 5 10

<210> 72

<21l> 14

<212> PRT

<213> Betulaceae

<400> 72

Phe pro GIn Phe Lys Pro Gln Glu Tle Thr Gly Ile Met Lys
1 5 10

<210> 73

<211> 17

<212> PRT

<213> Betulaceae

<400> 73
Pro Thr Gly Met Phe val Ala Gly Ala Lys Tyr Met val Ile GIn Gly
1 5 10 15

Arg
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1<210><211> <212> <213> <400> 5 24 17 PRT Betulaceae 24 10 15 Gly ser lle Leu Lys lle Arg
Asn Lys Tyr His Thr Lys Gly Asp His 151015 Glu <210> 25 <211> 12 <212> PRT <213> Betulaceae
<400> 25 Ala Gly Leu Phe Lys Ala Val Glu Asn Tyr Leu Val 1510 <210> 26 <211> 12 <212> PRT
<213> Betulaceae <400> 26 Glu Thr Leu Leu Arg Ala Val Glu Ser Tyr Leu Leu 1510 <210> 27 <211>
12 <212> PRT <2185 B8Raeew oMy 188 801 W aMEor MBaséddistinty ol phexing - Jul 12.txt
<400> 27 Glu Ala Leu Leu Arg Ala Val Glu Ser Tyr Leu Leu 1510 <210> 28 <211> 12 <212> PRT
<213> Betulaceae <400> 28 Glu Ala Leu Phe Arg Ala Val Glu Ser Tyr Leu Leu 1510 <210> 29 <211>
18 < %%;PRQ‘;<213> Betulaceae <400> 29 Glu Lys Ala Val Gly Leu Leu Lys Ala Val Glu Ser Tyr Leu
Leu Azt 3510345 His Ser <210> 30 <211> 20 <212> PRT <213> Betulaceae <400> 30 Gly Glu Thr Leu
Leu Ard-Ma PALGIRGA Tyr Leu Leu Ala HiS Ser 151015 Asp Ala Tyr ASn 20 <210> 31 <211> 15
<212z4BRT <413> Betulaceae <400> 31 Glu Thr Leu Leu Arg Ala Val Glu Ser Tyr Pro Leu Ala His Ser

1<210><211><212> <213>
Ala Lys Tyr Met val Ile GIn Gly Glu Pro Gly Arg val Ile Arg Gly
1 5 10 15

Lys

<210> 75

<211> 18

<212> PRT

<213> Betulaceae

<400> 75
Gly Ile Lys Tyr Met val Ile Gin Gly Glu Ala Gly Ala val Ile Arg
1 5 10 i5

Gly Lys

<210> 76

<211> 16

<212> PRT

<213> Betulaceae

<400> 76
Glu Ala Giy Ala val Ile Arg Gly Lys Lys Gly Ser Gly Gly Ile Thr
1 5 10 15

<210> 77

<21l> 16

<212> PRT

<213> Betulaceae

<400> 77
Ser Leu Ash Thr Leu Arg Leu Arg Arg Ile Phe Asp Leu Phe Asp Lys
1 5 10 15

<210> 78

<211> 17

<212> PRT

<213> Betulaceae
- <400> 78

Ala Glu Arg Glu Arg ITe Phe Lys Arg Phe Asp Ala Asn Gly Glu Gly
1 5 10 15

Lys
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<400> 5 32 19 PRT Betulaceae 32 10 15 Ala Gly Leu Phe Lys Ala Val Glu Asn Tyr Leu Val Ala His
Pro Asn 151015 Page 6 N110180D GCW GML EMB seq listing for phasing - Jul 12.txt Ala Tyr Asn
<210> 33 <211> 19 <212> PRT <213> Betulaceae <400> 33 Glu Thr Leu Leu Arg Ala Val Glu Arg Tyr
Leu Leu Ala His Ser Asp 151015 Ala Tyr Asn <210> 34 <211> 19 <212> PRT <213> Betulaceae
<400> 34 Glu Ala NéLORREPARGWARMY NG| s Ser Tyttt Fel ahd Hidser Ash 151045 Ala Tyr Asn
<210> 35 <211> 18 <212> PRT <213> Betulaceae <400> 35 Val Asp Phe Phe Glu Phe Lys Asp Met
met APd@er vl Leu Val Arg 151015 Ser Ser <210> 36 <400> 36 000 <210> 37 <211> 18 <212> PRT
<21§§§E&ul%§qae <400> 37 Ala Glu Arg Glu Arg lle Phe Lys Arg Phe Asp Ala Asn Gly Asp Gly

151 ys ke+lakE30D GCW GML EMB seq listing for phasing - Jul 12.txt <210> 38 <211> 15
<212> PRT <213> Betulaceae <400> 38 Phe Thr Asp Phe Gly Arg Ala Asn Arg Gly Leu Leu Lys Asp
val 15815 £210> 39 <211> 15 <212> PRT <213> Betulaceae <400> 39 Phe Thr Asp Phe Ala Arg
Ala Adn AAuGlyd @l lewrd ysl Asphval b 1o E5 21 85481251y 21y<212>GPRT <213> Betulaceae
<400% 40 Pro Val Lys Gly Lys Leu Val Glu Lyd®he Lys Gly Leu Gly ¥l Thr

Lys

<210> 80

<211> 19

<212> PRT

<213> Betulaceae

<400> 80
val Lys Gly Lys Leu val Glu Lys phe Lys Gly Leu Gly val Thr Leu
1 5 10 15

Leu His Gly

<210> 81

<211> 15

<212> PRT

<213> Mycobacterium tuberculosis / leprae

<400> 81

Ala Lys Thr ITe Ala Tyr Asp Glu Glu Ala Arg Arg Gly Leu Glu
1 5 10 15

<210> 82

<211> 13

<212> PRT

<213> Influenza virus

<400> 82

Pro Lys Tyr val Lys GIn Asn Thr Leu Lys Leu Ala Thr
1 5 10

<210> 83

<211> 15

<212> PRT

<213> Homo sapiens

<400> 83

Glu Asn Pro val val His phe Phe Lys Asn Ile val Thr Pro Arg
1 5 10 i5

<210> 84
<211> 145
<212> PRT
rPage 16



151015 Leu Leu His Gly Asp 20 <210> 41 <211> 24 <212> PRT <213> Betulaceae <400> 41 His Glu
Ser Leu Val Lys Ala Phe Lys GIn Val Asp Val Val lle Ser 151015 Thr Val Gly His Leu GIn Leu Ala 20
<210> 42 <211> 22 <212> PRT <213> Betulaceae <400> 42 Tyr Val Ser Ser Asn Phe Phe Ala Gly
Tyr Phe Leu Pro Thr Leu Ala 151015 GIn Pro Gly Leu Thr Ser 20 N110180D GCW GML EMB seq
listing ggé phasllng NIG0180Kt GO GMLA BV B8 17 40 1g>TRR PReSIBS Befllackaetx100> 43 Pro lle Asn
val Il f fi2R&R His Ser Val Phe Val Lys Gly 151015 Asp <210> 44 <211> 15 <212> PRT
<213=4Betuladzeae <400> 44 Ala Glu Asn Phe Arg Ala Leu Cys Thr Gly Glu Lys Gly Asn Gly 151015

<210z 1 1 T <213>.Bet Q> GIu Thr Glu Ala Thr Ser Val
lle Prﬂ%la Ia}X?ggLys é@lgj{% é‘% % § Ellafﬁ 1% %ﬁi Alﬁﬁ'}zﬁé]l%ﬁs etur]aceae <400> 46 Phe Asn
Tyr Glu lle Glu Ala Thr Ser Val lle Pro Ala Ala Arg Lys 151015 <210> 47 <211> 16 <212> PRT <213>
Betulace A Pﬂﬁ,ﬁ_?gTAy,r Ll dleSlufbr Hy ser Vallledire AlaAa Arg Lys 151015 <210>
48 <211> 6 <2123PRT <2 Betulacez® <400> 48 Phe Asn3D <210> <211> <212> <213> <400>
N110180D GCW GML EMB seq listing for phasing - Jull12.txt Thr Ser Vallle Pro Ala Ala Arg Lys 1015

TyrcﬁhbThTé3hkaTETy Ala Ser Leu Arg Leu GIn Cys Lys igp Lys Glu Asn
40

Gly Asp val Thr pPhe Thr Glu val Gly Tyr Thr Arg Ala Glu Gly Leu
50 55 60

Tyr Ser Met Leu Val Glu Arg Asp His Lys Asn Glu phe Cys Glu Ie
65 70 75 80

Thr Leu Ile Sser ger Gly Arg Lys Asp Cys Asn Glu Ile Pro ghr Glu
5 90 5

Gly Trp ala Lys'Pro Ser Leu Lys Phe Lys Leu Asn Thr val Asn Gly
100 105 110

Thr Thr Arg Thr val Asn Pro Leu Gly Phe Phe Lys Lys Glu Ala Leu
115 120 125

Pro Lys Cys Ala GIn val Tyr Asn Lys Leu Gly Met Tyr Pro Pro Asn
130 135 140

Met
145

<210> 85

<211> 133

<212> PRT

<213> Betulaceae

<400> 85
Met Ser Trp GIn Thr Tyr val Asp Glu His Leu Met Cys Asp Ile Asp
1 5 10 15

Gly GlIn Ala ggr Asn Ser Leu Ala ggr Ala Ile val Gly His Asp Gly
30

Ser val Trp Ala Gin Ser Ser Ser Phe Pro Gin Phe Lys Pro Gin Glu
35 40 45

ITe Thr Gly Ile Met Lys Asp Phe Glu Glu Pro Gly His Leu Ala Pro
50 55 60

Thr Gly Leu His Leu Gly Gly Ile Lys Tyr Met val Ile GlIn Gly Glu
rPage 17



549 19 PRT Betulaceae 49 Pro Ala Ala Arg Met Phe Lys Ala Phe lle Leu Asp Gly Asp Lys Leu
151015 Val Pro Lys <210> 50 <211> 19 <212> PRT <213> Betulaceae <400> 50 Pro Ala Ala Arg Leu
Phe Lys Ala Phe lle Leu Glu Gly Asp Thr Leu 151015 lle Pro Lys <210> 51 <211> 19 <212> PRT
<213> Betulaceae <400> 51 Pro Ala Ala Arg Leu Phe Lys Ala Phe lle Leu Glu Gly Asp Asn Leu
151015 lle Pro LysN&ZQmOB;G@Eﬂ%Ll@’BZE% PRTiog1 8srBehakivehe UJO2BX R0 Ala Ala Arg Met
Phe s Ala Phe lle Leu Asp 1510 <210> 53 <2115°19 <212> PRT <2138Betulaceae <400> 53 Pro
Ala Ala Arg Met Phe Lys Ala Phe lle Leu Glu Gly Asp Lys Leu Page 10 N1101800 GCW GML EMB
seq Ifé}i’f‘]g%dr phasTag -gﬁl APGE 15 1O ES VAN ﬁ%ﬁ B§s LiyoShn k Jgﬁ ng»12> PRT <213>
Betulaceae <400> 54 Pro Gly Thr lle Lys Lys lle Ser Phe Pro Glu Gly 1r5he Pro Phe Lys 151015 Tyr Val
<210> 55 <211> 16 <212> PRT <213> Betulaceae <400> 55 Ser Pro Phe Lys Tyr val Lys Glu Arg Val
Asp GYF VAPALR HRg MG T5 003 5-84 113 sEg 29 ﬁ}ae<§¥L'"2>G?5hﬁ§ﬁ§9 ¥alulaceae <400> 56 Phe
Pro Phe Lys Tyr Val Lys Asp Arg val Asp Glu Val Asp His Thr 151015 <210> 57 <211> 17 <212> PRT
"SRR OGS AARLENENR YTy REY THL S RIS Gy Ol Aa Leu Bly 151015

ITe Asp GIn Gly Leu
130

<210> 86
<211> 133
<212> PRT
<213> Betulaceae

<400> 86

Met Ser Trp Gln ghr Tyr val Asp Glu Hés Leu Met Cys Asp Ile Asp
1 1 15

Gly GIn Gly g%u Glu Leu Ala Ala ggr Ala ITe val Gly His Asp Gly
30

Ser val Trp Ala GlIn Ser Ser Ser Phe Pro Gln Phe Lys Pro GIn Glu
35 40 45

Ile Egr Gly ITe Met Lys égp Phe Glu Glu Pro g1y His Leu Ala Pro
0

Thr Gly Leu His Leu Gly Gly Ile Lys Tyr mMet val Ile GIn Gly Glu
65 70 75 30

Ala Gly Ala val ITe Arg Gly Lys Lys Gly Ser Gly Gly Ile Thr Ile
85 30 85

Lys Lys Thr Gly GIn Ala Leu val Phe Gly Ile Tyr Glu Glu Pro val
100 105 110

Thr Pro Gly Gin Cys Asn Met val val Glu Arg Leu Gly Asp Tyr Leu
115 120 125

ITe Asp Gln Gly Leu

<210> 87

<211> 133

<212> PRT

<213> Betulaceae

<400> 87
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<210> 58 <211> 17 <212> PRT <213> Betulaceae <400> 58 Thr Asn Phe Lys Tyr Ser Tyr Ser Val lle
Glu Gly Gly Pro Val Gly 151015 Page 11 N110180D GCW GML EMB seq listing for phasing - Jul
12.txt Asp <210> 59 <211> 16 <212> PRT <213> Betulaceae <400> 59 Thr Asn Phe Lys Tyr Asn Tyr
Ser Val lle Glu Gly Gly Pro lle Gly 151015 <210> 60 <211> 17 <212> PRT <213> Betulaceae <400>
60 Ser Asn Glu lleNYSIROY HRCThr PID Ap Gl5GNns Semiehasi1$ 1075 Ly <210> 61 <211> 17
<2127 PRI <213>cRetvlacege <AQ0rSL Sar Asn Gl Wedys el Aa TapPro Asn Gly Gly Ser lle
Leu 151015 Lys <210>562 <211> 17 <212> PRIT <213> Betulaceae ¥800> 62 Ser Asn Glu lle Lys lle
Val Ala Thr Pro Gin Gly Gly Ser lle Leu 151015 Lys <210> 63 <211> 17 <212> PRT <213>
Betulapeaa r40Q>463 Akhl@:800:6 GWa Gk EnaBrseavisting Jorphiasipgeul 12.txt Ser Asn Glu lle
Lys lle Val Ala Thr2ro Glu Gly Gly Ser lléieu 151015 Lys <2139 64 <211> 17 <212> PRT <213>
Betulaceae <400> 64 Ser Asn Glu lle Lys lle Val Ala Thr Pro Gly Gly Gly Ser lle Leu 151015 Lys
<2105e65va2 12p 161 24 D> RRTse21SerBeltualateae dl@0r 6y GBr8etlite diBu Lys lle Asn Asn 15
<210>66 <218314 <212>PRT <21348etulaceae <400>66 I_435$ Tyr His Thr Lys Gly Asp

ITe Thr Gly Ile Met Lys Asp Phe Glu Glu Pro Gly His Leu Ala Pro
50 55 60

Thr Gly Leu His Leu Gly Gly Ile Lys Tyr Met val Ile Gin Gly Glu
65 70 75 80

Ala Gly Ala val gge Arg Gly Lys Lys ggy ser Gly Gly Ile ggr Ile

Lys Lys Thr Gly GIn Ala Leu val Phe Gly Ile Tyr Glu Glu Pro val
100 105 ‘110

Thr Pro Gly Gln Cys Asn Met val val Glu Arg Leu Gly Asp Tyr Leu
115 120 125

ITe Asp Gln Gly Leu
130

<210> 88

<211> 133

<212> PRT

<213> Betulaceae

<400> 88

met Ser Trp GIn Thr Tyr val Asp Glu Hgs Leu Met Cys Asp Ile Asp
1 5 1 15

Gly GIn Ala Ser Asn Ser Leu Ala Ser Ala Ile val Gly His Asp Gly
20 25 30

ser val Trp Ala Gln Ser Ser SSP Phe Pro GIn Phe Lys Pro Gin Glu
35 4 45

Ile Thr Gly Ile Met Lys Asp Phe Glu Glu Pro Gly His Leu Ala Pro
50 55 60

Thr Gly Leu His Leu Gly Gly Ile Lys Tyr Met val Ile Gin Gly Glu
65 70 75 80

Ala Gly Ala val 1le Arg Gly Lys Lys Gly Ser Gly Gly Ile Thr 1le
85 90 95
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1015 Ser lle Leu Lys lle Ser Asn Lys Tyr His Thr Lys Gly Asp 1510 <210> 67 <211> 18 <212> PRT
<213> Betulaceae <400> 67 Glu Thr Leu Leu Arg Ala Val Glu Ser Tyr Leu Leu Ala His Ser Asp
151015 Ala Tyr <210> 68 <211> 16 <212> PRT <213> Betulaceae <400> 68 N110180D GCW GML
EMB seq listing for phasing - Jull12.txt Gly GIu Thr Leu Leu Arg Ala Val Glu Ser Tyr Leu Leu Ala His
Ser 151015 <2 Q e TBVR> ftda 6@& 39P569 Ezé GHR: Mét Gly Glu Thr Leu
Leu &G Ai%VA E;Iibﬁe%ﬁ/f‘ BU-CHUVE @g% E\  Hit*skY ™ 515>Gg_ £591¥39 <2125 PRT <213>
Betulaceae <400> 70 Lys Glu Lys Gly Glu Thr Leu Leu Arg Ala Val Glu Ser Tyr Leu Leu 151015 Ala
His Eﬁ,’r < 10> %111> 51,4 <21&> PR <\/2 3> Be gla eae <%r9\5 Gly Ser Val Trp Ala GIn Ser Ser
Ser o qmspﬁ LyE"1518 J5T035¢2' VAL Y BRI N13Y Betilaceae <400> 72 Phe Pro
Gin Phe Lys Pro GIn Glu lle Thr Gly lle Met Lys 1510 <210> 73 <211> 17 <212> PRT <213>
Betu@p@@% 490> A3 R, Thr Gly Met Phe Val Ala Gly Ala Lys Tyr met Val lle Gin Gly 151015 Arg
N110180l3 CW GML EMB seq listing for phasing - Jul 12.txt <210> 74 <211> 17 <212> PRT <213>
Betulaceae <400> 74 Ala Lys Tyr Met Val lle GIn Gly Glu Pro Gly Arg Val'lle Arg Gly 151015 Lys

<210> 89

<211> 133

<212> PRT

<213> Betulaceae

<400> 89

Met Ser Trp GIn Thr Tyr val Asp Glu His Leu Met Cys Asp ITe Asp
1 5 10 15

Gly Gin Ala Ser Asn Ser Leu Ala Ser Ala Ile val Gly His Asp Gly
20 25 30

ser val Trp Ala GIn Ser Ser Ser Phe Pro GIn Phe Lys Pro Gin Glu
35 40 45

ITe Tht Gly Ile Met Lys Asp Phe Glu Glu Pro Gly His Leu Ala Pro
50 55 60

Thr Gly Leu His Lteu Gly Gly Ile Lys Tyr Met val Ile Gin Gly Glu
65 70 75 80

Ala Gly Ala val Ile Arg Gly Lys Lys Gly Ser Gly Gly Ile Thr Ile
85 90 95

Lys Lys Thr Gly GTn Ala Leu val Phe Gly Ile Tyr Glu Glu Pro val
1060 105 110

Thr Pro Gly GIn Cys Asn Met val val Glu Arg Leu Gly Asp Tyr Leu
115 120 ' 125

Ile Asp GlIn Gly Leu
130

<210> 90
<211> 133
<212> PRT
<213> Betulaceae

<400> 90

Met Ser Trp Gln Ehr Tyr val Asp Gliu His Leu Met Cys Asp ITe Asp
1 10 15

Gly GIn Ala Ser Asn Ser Leu Ala Ser Ala Ile val Gly His Asp Gly
20 25 30
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<210> 75 <211> 18 <212> PRT <213> Betulaceae <400> 75 Gly lle Lys Tyr met Val lle GIn Gly Glu
Ala Gly Ala Val lle Arg 151015 Gly Lys <210> 76 <211> 16 <212> PRT <213> Betulaceae <400> 76
Glu Ala Gly Ala val lle Arg Gly Lys Lys Gly Ser Gly Gly lle Thr 151015 <210> 77 <211> 16 <212> PRT
<213> Betulaceae <400> 77 Ser Leu Mn Thr Leu Arg Leu Arg Arg lle Phe Asp Leu Phe Asp Lys 1
<210> <211> <21 ML LE88 LBOSME 1318 PR T iBéiaceee Mg I0nE5 - Ald GRZ ARYtGIu Arg lle Phe Lys
Arg Phe Asp Ala Asn Gly Glu Gly 151015 Lys N110180D GCW GML EMB seq listing for phasing - Jul
12 tx$ 2 MeS 7O s 280E> dTA <2k 2 3dPRIex 243> Betutdoenkee<d Q0P8 Al GliwArg Glu Arg lle Phe Lys
Arg Phe Asp AR Gly Gly Glu Gly 157815 Lys <210> 80 <21P> 19 <212> PRT <213> Betulaceae
<400> 80 Val Lys Gly Lys Leu Val Glu Lys Phe Lys Gly Leu Gly Val Thr Leu 151015 Leu His Gly
<2108l 81Ta214y151e28es PRTASR] BbenfybolSdetationtiubeérculbsis Alépra® <400> 81 Ala Lys Thr lle
Ala Tyr A28 Glu Glu Ala Arg Arg°8ly Leu Glu 1 <210> $911> <212> <213> <400> 5 82 13 PRT

Influenza virus 82 10 15
Thr Gly Leu His Leu Gly Gly Ile Lys Tyr Met val Ite Gln Gly Glu
65 70 75 80

Ala Gly Ala val Ile Arg Gty Lys Lys Gly Ser Gly Gly ITe Thr Ile
8 90 95

Lys tys Thr Gly GIn Ala Leu val Phe Gly Ile Tyr Glu Glu Pro val
100 105 110

Thr Pro Gly GIn Cys Asn Met val val Glu Arg Leu Gly Asp Tyr Leu
115 120 125

tle Asp Gln Gly Leu
130

<210> 91
<211> 205
<212> PRT
<213> Betulaceae

<400> 91

Met Pro Cys Ser Thr Glu Ala Met Glu Lys Ala Gly His Gly His Ala
1 5 10 15

Ser Thr Pro Arg Lys Arg Ser lLeu Ser Asn Ser Ser Phe Arg Leu Arg
20 25 30

ser Glu ggr Leu Asn Thr Leu Arg Leu Arg Arg Ile Phe Asp Leu Phe
40 45

Asp E%s Asn Ser Asp Gly Ile ITe Thr val Asp g1u Leu Ser Arg Ala
55 0

Leu Asn Leu teu Gly Leu Glu Thr Asp Leu Ser Glu Leu Glu Ser Thr
65 70 75 80

val Lys Ser Phe Thr Arg Glu Gly Asn Ile Gly Leu GIn Phe Glu Asp
85 90 95

Phe Ile Ser Leu His Gln Ser Leu Asn Asp Ser Tyr Phe Ala Tyr Gly
100 105 110

Gly Glu Asp Glu Asp Asp Asn Glu Glu Asp Met Arg Lys Ser Ile Leu
115 120 125
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Pro Lys Tyr Val Lys Gin Asn Thr Leu Lys Leu Ala Thr 1510 <210> 83 <211> 15 <212> PRT <213>
Homo sapiens <400> 83 Glu Asn Pro Val Val His Phe Phe Lys Asn lle Val Thr Pro Arg 151015 <210>
84 <211> 145 <212> PRT N1101800 GCW GML EMB seq listing for phasing - Jul 12.txt
<213> Oleaceae <400> 84 Glu Asp lle Pro Gin Pro Pro Val Ser Gin Phe His lle Gin Gly Gin 151015
Val Tyr Cys Asp THEYERARgeaa @ty PHe BedrHi SlindeiiGepGisin02530:PHe HexRro Gly Ala Ser Leu
AT0 Lt GICYRLKS AR NS PLeASH e Blvihen.val TAY Bhe Bap @ly,val Cly Tyr Thr Arg Ala
Glu Gly LeBtb05560 Tyr Ser Mettkeu Val Glu Arg Asp HoLys Asn Glu Phe Cys Glu lle 65707580 Thr
Leu lle ser Ser Gly Arg Lys Asp Cys Asn Glu lle Pro Thr Glu 859095 Gly Trp Ala Lys Pro Ser Leu Lys
Phe Lys Ly Asp Tdw Vel Asn Ghe 20RO G Thy Arg: TicVakAsrePretheu Gly Phe Phe Lys Lys
Glu Al#é3Leu 115120125 Prolk§s cys Ala Gin Val TypAsn Lys Leu Gly mefl®§r Pro Pro Asn 130135140
Met 145 <210> 85 <211> 133 <212> PRT <213> Betulaceae <400> 85 Met Ser Trp Gin Thr Tyr val
Asp Gig Hisul eliyMeiCysrAsplle ASRASHIIS Bl &dp AleySertAshuSeyd eie-Ala Ser Ala lle Val Gly His
Asp Gly 202530 Ser Vat®rp Ala Gin Ser Ser $éP Phe Pro Gin Phe Ly<Pro Gin Glu 354045 lle Thr Gly
lle Met Lys Asp Phe Glu Glu Pro Gly His Leu Ala Pro 505560 Thr Gly Leu His Leu Gly Gly lle Lys Tyr
Met VLakIleaGinGlyWwaluBageet 7ANL 20§ 805D @M@Muﬂm&a;a%gfﬁ@ foruhasing - Jul 12.txt
65707580 Ala Gly 24 val Ile Arg Gly Lys'i®ys Gly Ser Gly Gly lle-4tr lle 859095 Lys Lys Thr Gly Gin

Ala Leu Val Phe Gly Ite Tyr Glu Glu Pro Val
Phe Lys Asp Met Met Arg Ser val Leu val Arg Ser Ser
195 200 205

<210> 92

<211> 85

<212> PRT

<213> Betulaceae

<400> 92

Met Ala Asp Asp His Pro GIn Asp Lys Ala Glu Arg Glu Arg Ile Phe
1 : 5 10 15

Lys Arg Phe ggp Ala Asn Gly Asp Gly Lys Ile Ser Ala Ala Glu Leu
25 30

Gly GTu Ala Leu Lys Thr Leu Gly Ser Ile Thr Pro Asp Glu val Lys
35 40 45

His Met Met Ala Glu Ile Asp Thr Asp Gly Asp Gly Phe Ile Ser Phe
50 55 60

Gin GTu Phe Thr Asp Phe Gly Arg Ala Asn Arg Gly Leu Leu Lys Asp
65 70 75 80

val ala Lys Ile gge

<210> 93

<211> 24

<212> PRT

<213> Quercus altba

<220>

<221> misc_feature

<222> {(5)..(5)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

«<222> (17)..(17)

<223> Xaa can be any naturally occurring amino acid
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100105110 Thr Pro Gly Gin Cys ASn Met Val Val Glu Arg Leu Gly Asp Tyr Leu 115120125 Ille Asp Gin
Gly Leu 130 <210> 86 <211> 133 <212> PRT <213> Betulaceae <400> 86 Met Ser Trp GIn Thr Tyr
Val Asp Glu His Leu Met Cys Asp lle Asp 151015 Gly Gin Gly Glu Glu Leu Ala Ala Ser Ala lle Val Gly
His Asp Gly 202530 Ser val Trp Ala Gin Ser Ser Ser Phe Pro Gin Phe Lys Pro Gin Glu 354045 lle Thr
Gly lle Met Lys AspPHd 88R Glvi RY¥b GMBHisd eu #AlanRrd 05586 1Tkr GlyulediHisxteu Gly Gly lle Lys
Tyr MELYal I Gin Gly Glu 65707580 Ala Gly Ala Val lle Arg Gly Lys Lys Gly Ser Gly Gly lle Thr lle
85908HyLys 1Ly d By faircAadsaudial Bhe &y IkefywGlu GluaPioptal 409105110 Thr Pro Gly Gin
Cys Asn Met Val Val Glu Arg Leu Gly Asp Tyrileu 115120125 lle Asp°Gin Gly Leu 130 <210> 87
<211> 133 <212> PRT <213> Betulaceae <400> 87 N1101800 GCW GML EMB seq listing for
phash#g - kY PhextietSer Ep Bia Thv Tyr Val Asp Glu His Leu Met Cys Asp lle Asp 151015 Gly Gin
Ala Ser Asn Ser L&Y Ala Ser Ala lle Val Gly His Asp Gly 202530 Ser Val Trp Ala Gin Ser Ser Ser Phe
Pro Gin Phe Lys Pro Gin Glu 354045 lle Thr Gly lle Met Lys Asp Phe Glu Glu Pro Gly His Leu Ala Pro
50559%?r %f Leu His Leu Gly Gly lle Lys Tyr Met Val lle Gin Gly Glu 65707580 Ala Gly Ala Val lle
Arg GbARYS lpgs-Gly Ser Gly Gly lle Thr lle 859095 Lys Lys Thr Gly Gin Ala Leu Val Phe Gly lle Tyr Glu
Glu PridL¥al Xe0p0634 0w R Gly Gin Cys ASn Met Val Val Glu Arg Leu Gly Asp Tyr Leu
115120125 lle Asp GIn Gly Leu 130 <210> 88 <211> 133 <212> PRT <213> Betulaceae <400> 88

<220>

<221> misc_feature

<222> (39)..039

<223> Xaa can be any naturally occurring aminoc acid

<400> 94
Gly val Phe Asn Tyr Glu Ala Glu Thr Pro ser val Ile Pro Ala Ala
1 5 10 15

Arg Leu Phe Lys Ser Tyr val Leu Asp Gly Asp Lys Leu Ile Pro Lys
20 25 30
val Ala Pro Gln Ala 1Ile Xaa Lys

<210> 95

<211> 44

<212> PRT

<213> Alnus glutinosa

<400 95
Gly val Phe Asn Tyr Glu Ala Glu Thr Pro Ser val Ile Pro Ala Ala
1 5 10 15

Arg Leu Phe Lys Ala Phe ITe Leu Asp Gly Asp Lys Leu Leu Pro Lys
20 .25 30

val ala pPro Glu Ala val Ser Sgr val GTu Asn Ile
4

<210> 96
<211> 110
<212> PRT
<213> Betula pendula

<220>
<223> Rubisco

<400> 96

val GlIn Cys Met Gln val Trp Pro Pro Leu Gly Leu Lys Lys Phe Glu
1 5 10 15
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met Ser Trp Gin Thr Tyr Val Asp Glu His Leu Met Cys Asp lle Asp 151015 Gly Gin Ala Ser ASn Ser
Leu Ala Ser Ala lle Val Gly His Asp Gly 202530 Ser Val Trp Ala GIn Ser Ser Ser Phe Pro GIn Phe Lys
Pro GIn Glu 354045 lle Thr Gly lle Met Lys Asp Phe Glu Glu Pro Gly His Leu Ala Pro 505560 Thr Gly
Leu His Leu Gly Gly lle Lys Tyr Met Val lle GIn Gly Glu 65707580 Ala Gly Ala Val lle Arg Gly Lys Lys
Gly Ser Gl lleNERPHB0856005:ML EMB seq\1191BBDIGC RN *ILQEMSU eddistiriy for phasing - Jul
T oy A Bt L ATE ErUAFBIES DA 10t B0 GPrAL i ToRTONT20 T Pra oy i Cys
Asn Met Val Val Glu Arg Leu Gly Asp Tyr Leu 115120125 lle Asp Gin Gly Lets 130 <210> 89 <211>
133 < 2> P 3> Bet laceae <400> 89 et el nThy TyrV \SPp Glu His Leu Met Cys
Asp lle JfAsp 1%%61%3 (E‘Iy ,&Pa lSyer é@% er I_Pgu éPA%sHe%aI%\yaléﬁ Asp Gly 202530 Ser Val
Trp Ala Gin Ser Ser Ser Phe Pro Gin Phe Lys Pro Gln Glu 354045 lle Thr Gly Ille Met Lys Asp Phe Glu
Glu Rrg, GlyHis Legh Yl fra, 20580 Iy @1y Ly S Lers Gl Glydigtys fyr Met Val lle Gin Gly Glu
6570758G®Ala Gly Ala Val lle ArgGly Lys Lys Gly Ser Gly Gly lle Thr lle 859095 Lys Lys Thr Gly Gin
Ala Lets Val Phe Gly lle Tyr Glu Glu Pro Val 100105110 Thr Pro Gly Gin Cys Asn Met Val Val Glu Arg
Leu Gl Asip Ty audl 1§:20325rHe Asp Gip GlsLeu1BPcRle>paQ 53} 18133 <212> PRT <213>
Betuleiceae <400> 90 Met sé Trp Gin Thr Tyr Val Asp Glu His Lets Met @9s Asp lle Asp 151015 Gly
Gin Ala Ser Asn Ser Leu Ala Ser Ala lle Val Gly His Asp Gly 202530

Asn Asp Ser Ser Gln val Leu Lys Glu Leu Glu Glu Cys Lys Lys Ala
85 90 95

Tyr Pro Ser Ala Phe Ile Arg 1Ile 1le Gly Phe Asp Asp Lvys
100 105 110

<210> 97

<211> 373
<212> PRT
<213> Pinaceae

<400> 97
Met Asp Ser Pro Cys Leu val Ala Leu Leu val Phe Ser pPhe val Ile
i 5 10 15

Gly Ser Cys gge Ser Asp Asn Pro Ile Asp Ser Cys Trp Arg Gly Asp
25 30

Ser Asnh Trp Ala GIn Asn Arg Met Lys Leu Ala Asp Cys Ala val Gly
35 4G 45

Phe géy Ser Ser Thr Met gzy Gly Lys Gly Gly ggp Leu Tyr Thr val

Thr Asn Ser Asp Asp Asp Pro val Asn Pro Pro Gly Thr Leu Arg Tyr
65 70 75 80

Gly Ala Thr Arg Asp Arg Pro Leu Trp Ile Ile Phe Ser Gly Asn Met
85 90 95

Asn Ile Lys Leu Lys Met Pro Met Tyr Ile Ala Gly Tyr Lys Thr phe
100 105 110

Asp Gly Arg Gly Ala GIn val Tyr IT1e Gly Asn Gly Gly Pro Cys val
115 120 125

Phe Ile Lys Arg val Ser Asn val Ile Ile His Gly Leu Tyr teu Tyr
130 135 140

Gly Cys Ser Thr Ser val Leu Gly Asn val Leu Ile Asn Glu Ser Phe
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Page 20 N1101800 GCW GAL EMS seq listing for phasing - Jul 12.txt Ser val Trp Ala GIn Ser Ser Ser
Phe Pro GIn Phe Lys Pro Gin Glu 354045 lle Thr Gly lle met Lys Asp Phe Glu Glu Pro Gly His Leu Ala
Pro 505560 Thr Gly Leu His Leu Gly Gly lle Lys Tyr Met Val lle GIn Gly Glu 65707580 Ala Gly Ala Val
lle Arg Gly Lys Lys Gly Ser Gly Gly lle Thr lle 859095 Lys Lys Thr Gly GIn Ala Leu Val Phe Gly lle Tyr
Glu C‘:EI Pro val 108185549 WWHLGEM@IFﬁEyH EM@?‘\VaPK‘Paﬂ‘GEJ Ar %892@wmsp Tyr Leu
115120125 lle Asp GIn Gly feu 130 <210> 91 <21T> 205 <212> PRT <213> Betulaceae <400> 91
Met Pro Cys Ser Thr Glu Ala Met Glu Lys Ala Gly His Gly His Ala 151015 Ser Thr Pro Arg Lys Arg Ser
Leu S& A& §éPS°é?q3ﬁ%§AF‘d LETRG P0G RerEIuAder ket K'E”n'i’la’gr 89 Arg Leu Arg Arg lle Phe
Asp Leu Phe 354045 Asp Lys Asn Ser Asp Gly lle lle Thr Val Asp Glu Leu Ser Arg Ala 505560 Leu
Asn Leu I/.ﬁu % LEU GIIEThrr Asp Leu Ser.Glu Leu Glu §erSThrE57%7588 Val Lys Ser Phe Thr Arg
Glu éryrAsnaIIe I\ &u Gin'PRe ?u%gpﬁégﬁg P fie eF[eﬁSﬁiseéln Yer Leu Asn Asp Ser Tyr
Phe Ala Tyr Gly 100105110 Gly Glu Asp Glu Asp Asp Asn Glu Glu Asp Met Arg Lys Ser lle Leu

1151 01800 listi r ing =Jul 12.txt Ser Gin Glu Glu Ala Asp
Ser é%l ﬁ)}/ %%Pﬁ%i?%@%&%i%gIiﬁf?aésiéngrl‘ifo %@?ﬁgg Kﬁg éﬁ? f?lle Ser Ala Arg Glu Leu
Gin Met Val Leu Gly 145150155160 Lys Leu Gly Phe Ser Glu Gly Ser Glu lle Asp Arg Val Glu Lys met
1651701 78 e Vol s$er Mal ASR S35 A AR Gl AL Val dse RhaiRheGlu 180185190 Phe Lys
Asp Met M8l Arg Ser Val Leu vat®rg Ser ser 1952002@30<210> 92 <211> 85 <212> PRT <213>
Betulaceae <400> 92 Met Ala Asp Asp His Pro Gin Asp Lys Ala Glu Arg Glu Arg lle Phe

Asp Ala Tyr Ser Asp Asp Lys Ser Met Lys val Thr val Ala Phe Asn
225 230 235 240

Gln Phe Gly Pro Asn Cys Gly GIn Arg Met Pro Arg Ala Arg Tyr Gly
245 250 255

Leu val His val Ala Asn Asn Asn Tyr Asp Pro Trp Thr Ile Tyr Ala
260 265 270

Ile Gly Gly Ser Ser Asn Pro Thr Ile Leu Ser Glu Gly Asn Ser Phe
275 280 285

Thr Ala Pro Asn Glu Ser Tyr Lys Lys Gln val Thr Ile arg Ile Gly
290 295 300

Cys Lys Thr Ser Ser ser Cys Ser Asn Trp val Trp Gln ser Thr Gln
305 310 315 320

Asp val Phe Tyr Asn Gliy Ala Tyr pPhe val Ser Ser Gly Lys Tyr Glu
- 325 330 335

Gly Gly Asn Ile Tyr Thr Lys Lys Glu Ala Phe Asn val Glu Asn Gly
340 345 350

Asn Ala Thr Pro His Leu Thr GIn Asn Ala Gly val Leu Thr Cys Ser
355 360 365

Leu Ser Lys Arg Cys
370

<210> 98

<211> 374

<212> PRT

«213> Pinaceae

<400> 98

Met Asp Ser Pro Cys Leu val Ala Leu iLeu val Leu Ser Phe val Ile
L 5
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151015 Lys Arg Phe Asp Ala Asn Gly Asp Gly Lys lle Ser Ala Ala Glu Leu 202530 Gly Glu Ala Leu Lys
Thr Leu Gly Ser lle Thr Pro Asp Glu Val Lys 354045 His Met Met Ala Glu lle Asp Thr Asp Gly Asp Gly
Phe lle Ser Phe 505560 Gin Glu Phe Thr Asp Phe Gly Arg Ala Asn Arg Gly Leu Leu Lys Asp
65707580 Val Ala Lys lle Phe 85 <210> 93 <211> 24 <212> PRT <213> Quercus alba <220> <221>
misc_feature <22281E0).88) €EP3SMKaEBaRe Hrf HEtuFAITy BTG aftihotdelk k220> <221>
misc_feature <222> (17)..(17) <223> Xaa can be any naturally occurring amino acid N1101800 GCW
GMLAE M Beseqistitte ferephasing srdwrt2 tke k0593 Gly VabPhesTahXaanGlu Ser Gin Glu Thr Ser
Val lle Ala Pro Ala%51015 Xaa Leu Phe Eys Ala Leu Phe Leu 26%210> 94 <211> 40 <212> PRT
<213> Carpinus betulus <220> <221> misc_feature <222> (39)..(39) <223> xaa can be any naturally
occufitg i gma&am%% (&) tPhéSAsﬁurﬁﬂele.SA@gﬁuATfhr ¥&b Sbr Val lle Pro Ala Ala
151015 Arg Léed Phe Lys Ser Tyr val Leu Asp Gly Asp Lys Léu lle Pro Lys 202530 Val Ala Pro Gin Ala
lle Xaa Lys 3540 <210> 95 <211> 44 <212> PRT <213> Alnus glutinosa <400> 95 Gly val Phe Asn
Tyr CﬂﬁeAE:%XBﬁFTI‘ﬁ'qfrJ "S’erM@”éI?I}:VP?E)VAH’NQWS%XB%Pg &4, PHe Thfs %34 Phe lle Leu Asp Gly Asp
Lys Leu Leu Pro Lys 202530 Val Ala Pro Glu Ala Val Ser Ser Val Glu ASP lle 3540 <210> 96 <211>

110 <212> PRT
Thr Asn. Ser Asp Asp Asp Pro val Asn Pro Ala Pro Gly Thr Leu ggg
70 75

65

Tyr Gly Ala Thr Arg Asp Arg Pro Leu Trp Ile Ile Phe Ser Gly Asn
85 90 95

Met Ash Ile Lys Leu Lys Met Pro Met Tyr Ile Ala Gly Tyr Lys Thr
100 105 110

Phe Asp Gly Arg Gly Ala Gin val Tyr 1le Gly Asn Gly Gly Pro Cys
115 120 125

val phe Ile Lys Arg val Ser Asn val Ile ITe His Gly Leu His Leu
130 135 140 '

Tyr Gly Cys Ser Thr Ser val Leu Gly Asn val Leu Ile Asn Glu Ser
145 150 155 160

Phe Gly val Glu Pro val His Pro Gin Asp Gly Asp Ala Leu Thr Leu
165 170 175

Arg Thr Ala Thr Asn Ile Trp Ile Asp His Asn Ser Phe Ser Asn Ser
180 185 190

Ser Asp Gly teu vVal asp val Thr Leu Ser Ser Thr Gly val Thr Ile
195 200 205

Ser Asn Asn Leu Phe Phe Asn His His Lys val Met Leu Leu Gly His
210 215 220

Asp Asp Ala Tyr Ser Asp Asp Lys Ser Met Lys val Thr val Ala Phe
225 230 235 240

Asn Gln Phe Gly Pro Asn Cys Gly GlIn Arg Met Pro Arg Ala Arg Tyr
245 250 255

Gly Leu val His val Ala Asn Asn Asn Tyr Asp Pro Trp Thr Ile Tyr
260 265 270

Ala ITe Gly Gly Ser Ser Asn Pro Thr Ile Leu Ser Glu Gly Asn Ser
275 280 285
Page 26



<213> Betula pendula <220> <223> Rubisco <400> 96 Val Gin Cys met Gin val Trp Pro Pro Leu Gly
Leu Lys Lys Phe Glu 151015 N1101800 GCW GML EMB seq listing for phasing - Jul 12.txt
Thr Leu Ser Tyr Leu Pro Pro Leu Ser Ser Glu GIn Leu Ala Lys Glu 202530 Val Asp Tyr Leu Leu Arg
Lys Asn Leu lle Pro Cys Leu Glu Phe Glu 354045 Leu Glu His Gly Phe Val Tyr Arg Glu His Asn Arg
Ser Pro Gly Tyr 505563.88% ASH G- AMBTSRA rpi Thidetamprhgsinsu PsiMd2PRE Gly Cys 65707580
Asn Asp Ser Ser GIn val Leu Lys Glu Leu Glu Glu Cys Lys Lys Ala 859095 Tyr Pro Ser Ala Phe lle Arg
lle lleeyRhesAsprAspakyrsGliC0 385 10 <0>* 97 €Pd a B73hw 20> AgTI¥213> Pinaceae <400> 97
Met Asp 3eP Pro Cys Leu Val AZ%Peu Leu Val Phe SerBfie Val lle 151015 Gly Ser Cys Phe Ser Asp
Asn Pro lle Asp Ser Cys Trp Arg Gly Asp 202530 Ser Asn Trp Ala GIn Asn Arg met Lys Leu Ala Asp
Cys Ay \V&sGly 85404547h e%l;ﬁge@érsm‘r it %@wgﬂ Ly8rGHi Gl§easphireu Tyr Thr Val 505560 Thr
Asn S8 Asp Asp Asp Pro 4%sn Pro Pro Gly Th L2u Arg Tyr 65707580 Gly Ala Thr Arg Asp Arg Pro
Leu Trp lle lle Phe Ser Gly Asn met 859095 Asn lle Lys Leu Lys Met Pro Met Tyr lle Ala Gly Tyr Lys
Thr FH8 1501981 1T A GIYSAr§ Bly*Afa BIR T“Sﬂ'“lé%lfﬂ%tﬁ@fy%%g Pfb Cys Val 115120125 Phe
lle Lys Arg Val Ser Asn Val lle lle His Gly Leu Tyr Leu Tyr 130135140 Gly Cys Ser Thr Ser Val Leu
Gly Asn V%I Leu lle Asn Glu Ser Phe Page 24 N11?180D GCW GML_EmB seq listing for phasing - Jul
12.0¢ %§1§of§%1§3§é§%§YélﬁhﬁrbVa§%@s Pro iR R8H AR A AR &3 hr Leu Arg 165170175
Thr Ala Thr Asn lle Trp lle Asp His Asn Ser Phe Ser Asn Ser Ser 180185190 Asp Gly Leu Val Asp Val
Thr Iﬁ%TAhsrnsgig%gIX:"%%H"LUE% 36% Lys Asn Ala Gly \3/%15 Leu Thr Cys

ser Leu Ser Lys Arg Cys
370

<210> 99
<211> 514
<212> PRT
<213> Cryptomeria japonica

<400> 99
Met Ala Met Lys Leu Ile Ala Pro Met Ala Phe Leu Ala Met GIn Leu
1 5 10 15

ITe ITe Met Ala Ala Ala Glu Asp Gln Ser Ala GIn Ile Met Leu Asp
20 25 30 .

ser val val Glu Lys Tyr Leu Arg Ser Asn Arg Ser Leu Arg Lys val
35 40 45

Glu His Ser Arg His Asp Ala Ile Asn Ile Phe Asn val Glu Lys Tyr
50 55 60

Gly Ala val Gly Asp Gly Lys His Asp Cys Thr Glu Ala phe Ser Thr
65 70 75 80

ATa Trp GIn Ala Ala Cys Lys ASn Pro Ser Ala Met Leu Leu Val Pro
85 20 95

Gly Ser Lys Lys Phe val val Asn Asn Leu Phe Phe Asn Gly Pro Cys
100 105 110

GIn Pro His Phe Thr Phe Lys val Asp Gly Ile Ile Ala Ala Tyr GlIn
115 120 125

Asn Pro Ala Ser Trp Lys Asn Asn Arg ITe Trp Leu GIn Phe Ala Lys
130 135 140
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195200205 Asn Asn Leu Phe Phe Asn His His Lys Val Met Ser Leu Gly His Asp 210215220 Asp Ala
Tyr Ser Asp Asp Lys Ser Met Lys Val Thr Val Ala Phe Asn 225230235240 Gin Phe Gly Pro Asn Cys
Gly Gin Arg Met Pro Arg Ala Arg Tyr Gly 245250255 Leu Val His Val Ala Asn Asn Asn Tyr Asp Pro Trp
Thr lle Tyr Ala 260265270 lle Gly Gly Ser Ser Asn Pro Thr lle Leu Ser Glu Gly Asn Ser Phe
275280285 Thr AlAProLAH Gl SHE TRNEL yeq yK Sifingalf®hr phaArgdle Gly1298298300 Cys Lys Thr
Ser 36 Sar CynSEFASRTIRY ARG er Jfy Gl 395310316520 s Al Phe Tyr ASn Gly Ala
Tyr Ple Val Ser Ser Gly Lyssityr Glu 325330335 GlgGly ASn lle Tyr Thr g8 Lys Glu Ala Phe Asn Val
Glu Asn Gly 340345350 ASn Ala Thr Pro His Leu Thr Gin Asn Ala Gly Val Leu Thr Cys Ser
355360365 ket Seirbys AIG Gys B7 &5 1G% 98 5kl> 374 BL27 PBIu<2A3> Pinaceae <400> 98 Met
Asp Ser Pro Cys Leu VE#Ala Leu Leu Val LeulB&r Phe Val lle 15101% Page 25 N110180D GCW GML
EMB seq listing for phasing - Jul 12.txt Gly Ser Cys Phe Ser Asp Asn Pro lle Asp Ser Cys Trp Arg Gly
Asp 20258hSespAsngT iz p\larGir s Metrllysilyaurhla Asp Gys Sdar VialrGly 354045 Phe Gly Ser
Ser Thr met Gly GABPys Gly Gly Asp Leutfyr Thr Val 505560 THZfsn Ser Asp Asp Asp Pro Val Asn
Pro Ala Pro Gly Thr Leu Arg 65707580 Tyr Gly Ala Thr Arg Asp Arg Pro Leu Trp lle lle Phe ser Gly
Asn 859095:MdeAshell6 inys Leu eys. MietiRro et A3y e AlRrG |y TyrhysHilsr 100105110 Phe Asp Gly
Arg Gly Ala Git¥al Tyr lle Gly Asn éR/OGIy Pro Cys 115128935 val Phe lle Lys Arg val Ser Asn Val lle
lle His Gly Leu His Leu 130135140 Tyr Gly Cys Ser Thr Ser Val Leu Gly Asn Val Leu lle Asn Glu Ser
1451%1%%66@h6%3l9\%lc@$u£§) & MR Py sGH %%ggsﬁﬁxxs%ﬁ Al&¢ed Tr Leu 165170175

Thr Ala Pro Arg Asp Ser Pro Asn Thr Asp Gly Ite Asp Ile phe Ala
225 230 235 240

Ser Lys Asn Phe His Leu Gin Lys Asn Thr Ile Gly Thr Gly Asp Asp
245 250 255

Cys val Ala Ile Gly Thr Gly Ser Ser Asn Ile val Ile Glu Asp Leu
260 265 270

Ite Cys Gly Pro Gly His Gly Ile Ser Ile Gly Ser Leu Gly Arg Glu
275 280 285

Asn Ser Arg Ala Glu val Ser Tyr val His val Asn Gly Ala Lys Phe
290 295 300

ITe Asp Thr Gln Asn Gly Leu Arg Ile Lys Thr Trp GIn Gly Gly Ser
305 310 315 320

Gly Met Ala Ser His Ile ITe Tyr Glu Asn val Glu Met Ile Asn Ser
325 330 335

Glu Asn Pro Ile teu Ile Asn Gln Phe Tyr Cys Thr Ser Ala Ser Ala
340 345 350

Cys GIn Asn GIn Arg Ser Ala val Gln Ile GIn Asp val Thr Tyr Lys
355 360 365

Asn ITe Arg Gly Thr Ser Ala Thr Ala Ala Ala Ile Gln Leu Lys Cys
370 375 380

Ser Asp Ser Met Pro Cys Lys Asp Ile Lys Leu Ser Asp Ile Ser Leu
385 390 395 400

Lys Leu Thr Ser Gly Lys Ile Ala Ser Cys Leu Asn Asp Asn Ala Asn
405 410 415
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Arg Thr Ala Thr Asn lle Trp lle Asp His Asn Ser Phe Ser Asn Ser 180185190 Ser Asp Gly Leu Val Asp
Val Thr Leu Ser Ser Thr Gly Val Thr Ile 195200205 Ser Asn Asn Leu Phe Phe Asn His His Lys Val Met
Leu Leu Gly His 210215220 Asp Asp Ala Tyr Ser Asp Asp Lys Ser Met Lys Val Thr Val Ala Phe
225230235240 Asn Gin Phe Gly Pro Asn Cys Gly Gin Arg met Pro Arg Ala Arg Tyr 245250255 Gly
Leu Val His Val Al&!NgH-305n 3ah G A6p Pra Tiis Thrdld Oy rpes26% 270 Wlalke By Gly Ser Ser Asn
Pro Tt l1e ,euiRes GluGly isn\3er 2Y028028%-Page 205 NELOLEDGCW SML EMS seq listing for
phasing - Jul 12.tx¢Phe Thr Ala Pro Asn &a Ser Tyr Lys Lys Gin3@al Thr lle Arg lle 290295300 Gly
Cys Lys Thr Ser Ser Ser Cys Ser Asn Trp Val Trp Gin Ser Thr 305310315320 Gin Asp Val Phe Tyr
Asn Géy Alaalyx Pha-yalyges Reselylyys Jar 325330338 Shr-elyyalyrAsn/He Tyr Thr Lys Lys Glu Ala
Phe Asn Val Gi#bAsn 340345350 Gly:#&n Ala Thr Pro Gin 1443 Thr Lys Asn Ala Gly Val Leu Thr Cys
355360365 Ser Leu Ser Lys Arg Cys 370 <210> 99 <211> 514 <212> PRT <213> Cryptomeria
japomiea ¥400z199% metvala mret bYs eu UelayRrametfadrherheuskin miet Gin Leu 151015 lle lle
Met Ala Afa%®la Glu Asp Gin SefAta Gin lle Met Leu A86%02530 Ser Val Val Glu Lys Tyr Leu Arg Ser
Asn Arg Ser Leu Arg Lys Val 354045 Glu HiS Ser Arg His Asp Ala lle Asn lle Phe Asn Val Glu Lys Tyr
505568.GlyAlRl vaF SlyAag P GlyHrys Ais Axp Chs Than GlvsAfa Phié S Theye5707580 Ala Trp Gin Ala
Ala d&?ssLys Asn Pro Ser Al&fet Leu Leu Val Pro¥59095 Gly Ser Lys Lﬁ%he Val Val Asn Asn Leu
Phe Phe Asn Gly Pro Cys 100105110 Gin Pro His Phe Thr Phe Lys Val Asp Gly lle lle Ala Ala Tyr Gin
1151%@12’5"%§¥Pr’eyﬁ\|%§ef—ﬁp%§‘s\ﬁ§n Wén }3@; HésTAr et @memhggguéilrys 130135140

Glu Tyr Tyr Pro Gln Arg Trp Ile Cys Ser Cys His Gly Lys Ile Tyr
500 505 510
His Pro

<210> 100
<211> 514
<212> PRT
<213> Cryptomeria japonica

<400> 100

Met Ala Met Lys Phe Ile Ala Pro Met Ala Phe val Ala Met Gln Leu
1 5 10 15

ITe I1e Met Ala Ala Ala Glu Asp Gln Ser Ala Gln Ile Met Leu Asp
20 25 30

Ser Asp Ile Glu GlIn Tyr Leu Arg Ser Asn Arg Ser Leu Arg Lys val
35 40 ' 45

Glu Hés Ser Arg His Asp Ala Ile Asn Ile Phe ggn val Glu Lys Tyr
5 55

Gly Ala val Gly Asp Gly Lys HMis Asp Cys Thr Glu Ala Phe ser Thr
65 70 _ 73 80

Ala Trp GIn Ala g?a Cys Lys Lys Pro Sgr Ala Met Leu Leu gaW Pro
5 5

Gly Asn Lys Lys Phe val val Asn Asn Leu Phe Phe Asn Gly Pro Cys
160 ' 105 110

Gin Pro His Phe Thr Phe Lys val Asp Gly Ile Ile Ala Ala Tyr Gln
115 120 125
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N110180D Gecw GML EMB seq listing for phasing - Jul 12.txt Leu Thr Gly Phe Thr Leu Met Gly Lys Gly
Val lle Asp Gly Gin Gly 145150155160 Lys Gin Trp Trp Ala Gly Gin Cys Lys Trp Val Asn Gly Arg Glu
lle 165170175 Cys Asn Asp Arg Asp Arg Pro Thr Ala lle Lys Phe Asp Phe Ser Thr 180185190 Gly Leu
lle lle Gin Gly Leu Lys Leu Met Asn Ser Pro Glu Phe His 195200205 Leu Val Phe Gly Asn Cys Glu Gly
Val Lys lle lle G&I% e 580 E@QEEQZWhiSWa]ms@W Asp Pra AsddhilAspGly lle Asp lle Phe
Ala 34235220°80r s Asn e 115 £6% &IS Iysp%ﬁﬁﬁ NIEE TRr'&R Asp Asp 245250255 Cys
val Ala lle Gly Thr Gly Ser Ser Asn lle Val lle Glu Asp Leu 260265270 lle Cys Gly Pro Gly His Gly lle
Ser lle Gly,Ser.l ey Gly. Arg Glu 275280285 Asn Ser Arg.Ala Glu_Yal Ser Tyr Val His Val Asn Gly Ala
Lys 38 %&628&%5%9 e@ggpl'fgr %ltn%% %/If/ &l 4&@@&2‘%#&%% a& Gly Ser 305310315320
Gly Met Ala Ser His lle lle Tyr Glu Asn Val Glu Met lle Asn Ser 325330335 Glu Asn Pro lle Leu lle Asn
Gin Q@,@ Sy, TJprSgﬁ gle§e{;ﬁj go%ggaq) QNS Ci'ghAéﬂyGA?g“Eﬁ §%r1éla Val Gin lle Gin Asp Val
Thr Tyr Lys 3553603651450 lle Arg Gly Thr Serréla Thr Ala Ala Ala Ile7&in Leu Lys Cys 370375380
Ser Asp Ser Met Pro Cys Lys Asp lle Lys Leu Ser Asp lle Ser Leu 385390395400 Lys Leu Thr Ser Gly
Lys llg, 13 5eR6yS ke ASASHAST AR ASN AQ5410445 NLJ0ARORLGGW,GML EMB seq listing for
phasing - Jul 12.tx&&ly Tyr Phe Ser Gly H&5Val lle Pro Ala Cys L98 Asn Leu Ser Pro 420425430 ser
Ala Lys Arg Lys Glu Ser Lys Ser His Lys His Pro Lys Thr Val 435440445 Met Val Glu Asn Met Arg Ala
Tyr Asly LiysuGly Asn Argl A e 1Arg éle 459450460 4 elgh ale SlyrSet AgpRso4dPE0 Asn Cys Thr Asn Lys
Cys His Gly C¥8%465470475480 Ser4%d Cys Lys Ala Lys L&@¥al lle Val His Arg lle met Pro Gin

485490495 Glu Tyr Tyr Pro Gin Arg Trp lle Cys Ser CyS His Gly Lys lle Tyr 500505510

Leu val Phe Gly Asn Cys Glu Gly val Lys Ile Ile Gly Ile Ser Ile
210 215 220

Thr Ala Pro Arg Asp Ser Pro Asn Thr Asp Gly Ile Asp Ile Phe Ala
225 230 235 240

Ser Lys Asn Phe His Leu Gln Lys Asn Thr Ile Gly Thr Gly Asp Asp
245 ' 250 255

Cys val Ala Ile Gly Thr Gly Ser Ser Asn Ile val Ile Glu Asp Leu
260 265 270

Ile Cvs Gly Pro Gly His Gly Ile Ser Ile Gly Ser Leu Gly Arg Glu
275 280 285

Asn Ser Arg Ala Glu val Ser Tyr val His val Asn Gly Ala Lys Phe
230 295 300

TTe Asp Thr GIn Asn Gly Leu Arg Ile Lys Thr Trp GIn Gly Gly Ser
305 310 315 320

Gly Met Ala ser His Ile Ile Tyr Glu Asn val Glu Met Ile Asn Ser
325 330 335

Glu Asn Pro Ile Leu Ile Asn GlIn Phe Tyr Cys Thr Ser Ala Ser Ala
340 345 350

Cys GIn Asn GIn Arg Ser Ala val GIn ITe Gin Asp val Thr Tyr Lys
355 360 365

Asn Ile Arg Gly Thr Ser Ala Thr Ala Ala Ala Ile GlIn Leu Lys Cys
370 375 380

Ser Asp Ser Met Pro Cys Lys Asp Ile Lys Leu Ser Asp Ile Ser Leu
385 390 395 400
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His Pro <210> 100 <211> 514 <212> PRT <213> Cryptomeria japonica <400> 100 Met Ala met Lys
Phe lle Ala Pro met Ala Phe val Ala met Gin Leu 151015 lle lle Met Ala Ala Ala Glu Asp Gin Ser Ala
Gin lle Met Leu Asp 202530 Ser Asp lle Glu Gin Tyr Leu Arg Ser Asn Arg Ser Leu Arg Lys Val 354045
Glu His Ser Arg His Asp Ala lle Asn lle Phe Asn Val Glu Lys Tyr 505560 Gly Ala Val Gly Asp Gly Lys
His Asp Cys Thr G-} SﬁheGS@rGMhr S%WG%B@“IA@W piGih iasAkuCys) %slgy@ﬁ'ro Ser Ala Met Leu
Leu VAPPrYeS 69%“'6&%%@5‘1%“ e¥al @ A&h ASR L& PR @ﬁ A%h Gly Pro Cys 100105110
Gin Pro His Phe Thr Phe Lys Val Asp Gly lle lle Ala Ala Tyr Gin 115120125 N110180D GCW
GML listi hasin 12 ixt o Ala Ser Tr Asn Arg lle Trp Leu Gin Phe
Ala L%/.:rsy 1% ?14 iq&%r]% b gﬁhﬂtﬂl]hr gﬁ‘nsg y LyS Seﬁy'\/aﬁg Sé‘/‘isp &Y Gin Gly 145150155160
Lys GIn Trp Trp Ala Gly Gin Cys Lys Trp Val Asn Gly Arg Glu lle 165170175 Cys Asn Asp Arg Asp Arg
Pro Wy Alg i LysRhe pen e Ser Tor 480185190, Lesy o Ue Gl Ginleu Lys Leu Met Asn Ser
Pro Glu Phe Hi35195200205 Leu val Gly Asn Cys Glu @hsVal Lys lle lle Gly lle Ser lle 210215220
Thr Ala Pro Arg Asp Ser Pro Asn Thr Asp Gly lle Asp lle Phe Ala 225230235240 Ser Lys Asn Phe His
Leu G Ly ASP TReIRiGITor Gy Asp Asp 245260258 £xsy/ahAla dle Biy Thr Gly Ser Ser Asn lle
Val lle GlaXAsp Leu 260265270 fieicys Gly Pro Gly His45 lle ser lle Gly ser Leu Gly Arg Glu
275280285 Asn Ser Arg Ala Glu Val Ser Tyr Val His Val Asn Gly Ala Lys Phe 290295300 lle Asp Thr
Gln Asn GhuLeWwAsgdlekyseFhrdp hdn Gy GlyrSes30531034 5320 Gly Met Ala Ser His lle lle Tyr Glu
Asn Y8} Glu met lle Asn Sef825330335 Glu Asn Pr&lle Leu lle Asn Gin P¥& Tyr Cys Thr Ser Ala Ser

Ala 340345350 Cys Gin ASn Gin Arg Ser Ala Val Gin lle Gin ASp Val Thr Tyr Lys

Ser Pro Cys Lys Ala Lys Leu val Ile val His Arg Ile Met Pro Gln
485 490 495

Glu Tyr Tyr Pro Gln Arg Trp Met Cys Ser Arg His Gly Lys Ile Tyr
500 505 510
His Pro

<210> 101
<211> 373
<212> PRT
<213> Cryptomeria japonica

<400> 101
Met Asp Ser Pro Cys Leu val Ala Leu Leu val Leu Ser Phe val Ile
1 5 10 15

Gly Ser Cys Phe Ser Asp Asn Pro Ile Asp Ser Cys Trp Arg Gly Asp
20 25 30

Ser Asn Trp Ala GIn Asn Arg Met Lys Leu Ala Asp Cys Ala val Gly
35 40 45

Phe Gly Ser Ser Thr Met Gly Gly Lys Gly Gly Asp teu Tyr Thr val
50 55 60

Thr Asn Ser Asp Asp Asp Pro val Asn Pro Pro Gly Thr Leu Arg Tyr
65 70 75 80

Gly Ala Thr Arg Asp Arg Pro Leu Trp Ile Ile Phe Ser Gly Asn Met
85 90 95

Asn Ile Lys Leu Lys Met Pro Met Tyr Ile Ala Gly Tyr Lys Thr Phe
100 105 110

Asp Gly Arg Gly Ala GIn val Tyr Ile Gly Asn Gly Gly Pro Cys val
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355360365 Asn lle Arg Gly Thr Ser Ala Thr Ala Ala Ala lle Gin Leu Lys Cys 370375380 Ser Asp Ser
Met Pro Cys Lys Asp lle Lys Leu Ser Asp lle Ser Leu 385390395400 N110180D GCW GML
EMB seq listing for phasing - Jul 12.txt Lys Leu Thr Ser Gly Lys lle Ala Ser Cys Leu Asn Asp Asn Ala
Asn 405410415 Gly Tyr Phe Ser Gly His Val lle Pro Ala Cys Lys Asn Leu Ser Pro 420425430 Ser Ala
Lys Arg Lys Gﬂééﬂ&%@@r@% S IEEBP?’@CL)@' sﬁm@alfnsgmw@s Melwhl 13/ 86n Met Gly Ala Tyr
Asp Lys Gly Asm Arg Thr Arg lle 450& 460 Leu Leu Gly S lzi\rg Pro Pro Asn Cys Thr Asn Lys Cys
His Gly Cys 465470475480 Ser Pro Cys Lys Ala Lys Leu Val lle Val His Arg lle Met Pro GIn

485495443 Gy TYA By MPlo6In 299 YD Mict CY$ SaP AF@HISEITISyS e TYF 500505510 His Pro
<210> 101'<211> 373 <212> PRT <213> Cryptomeria japonica <400> 101 Met Asp Ser Pro Cys Leu
Val Ala Leu Leu Va%Leu Ser Phe Val lle 151015 Gly SEIII Cys Phe Ser Asp Asn Pro lle Asp Ser Cys
Trp AT G ASE 2095308 e} Ssh e AatSTh ¥h agY fikt 178 12\ S ABBSCys Ala Val Gly 354045
Phe Gly Ser Ser Thr Met Gly Gly Lys Gly Gly Asp Leu Tyr Thr Val 505560 Thr Asn Ser Asp Asp Asp
Pro Val Pro Pro Gly Thr Leu Ar r 65707580 Gly.Ala Thr Arg Asp Arg Pro Leu Trp lle lle Phe
Ser é?yy AA\Z% ks 5‘69%]',;\3% e @SCLTeXu s %riét 8?8 éﬁ?’fﬁlﬁﬁaﬁ%yﬁr@r Lys Thr Phe 100105110
Asp Gly Arg Gly Ala GIn Val Tyr lle Gly Asn Gly Gly Pro Cys val Page 31 N110180n GCW GML [MB
sed ligfing far phasioq < Jul 12,04 13180820 Rite Ueryrdak Sersasnaal le lle His Cly Leu His
Leu Tyr 1301351408Gly Cys Ser Thr Ser & Leu Gly Asn Val Laggdle Asn Glu Ser Phe 145150155160
Gly Val Glu Pro Val His Pro Gin Asp Gly Asp Ala Leu Thr Leu Arg 165170175 Thr Ala Thr Asn lle Trp

lle Aﬁ@ﬂ*@iﬁﬁirg?eiﬁhﬁsﬁeﬂﬁsﬁiﬁeﬁé?g@er ser Thr Gly \zlg'é Thr Ile ser

Asn Asn Leu Phe Phe Asn His His Lys val Met Leu Leu Gly His Asp
210 215 220

Asp Ala Tyr Ser Asp Asp Lys Ser Met Lys val Thr val Ala Phe Asn
225 230 235 240

Glin phe Gly Pro Asn Cys Gly GIn Arg Met Pro Arg Ala Arg Tyr Gly
245 250 255

Ley val His val Ala Asn Asn Asn Tyr Asp Pro Trp Thr Ile Tyr Ala
260 265 270

ITe Gly Gly Ser Ser Asn Pro Thr ITe Leu Ser Glu Gly Asn Ser pPhe
275 280 285

Thr Ala Pro Asn Glu Ser Tyr Lys Lys GIn val 7Thr Ile Arg ile Gly
290 295 300

Cys Lys Thr Ser Ser Ser Cys Ser Asn Trp val Trp GIn Ser Thr Gln
305 310 315 320

Asp va'l Phe Tyr Asn Gly Ala Tyr Phe val ser Ser Gly Lys Tyr Glu
325 330 335

Gly Gly Asn Ile Tyr Thr Lys Lys Glu Ala Phe Asn val Glu Asn Gly
340 345 350

Asn Ala Thr Pro GIn Leu Thr Lys Asn Ala Gly val Leu Thr Cys Ser
355 360 365

Leu Ser Lys Arg Cys
370

<210> 102
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180185190 Asp Gly Leu Val Asp Val Thr Leu Ser Ser Thr Gly Val Thr lle Ser 195200205 Asn Asn Leu
Phe Phe Asn His His Lys Val Met Leu Leu Gly His Asp 210215220 Asp Ala Tyr Ser Asp Asp Lys Ser
Met Lys Val Thr Val Ala Phe Asn 225230235240 Gin Phe Gly Pro Asn Cys Gly Gin Arg Met Pro Arg
Ala Arg Tyr Gly 245250255 Leu Val His Val Ala Asn Asn Asn Tyr Asp Pro Trp Thr lle Tyr Ala
260265270 lle g;ly@hﬁmwmwlpmﬁmﬂqfe Vst Ber G0 Gp AT SerdPhel276%80285 Thr Ala Pro
Asn ]§er ﬁfyf Lys Lys Gin Val Thr lle Arg lle Gly 290295300 Cys Lys Thr Ser Ser Ser Cys Ser Asn
Trp Va1 Esp @iryBement SiedonBd0315320 Asp Val Phe Tyr Asn Gly Ala Tyr Phe Val Ser Ser Gly Lys
Tyr G%égS 35 Gly Gly Asn lle Tyr Thr Lys Lys Glu Ala Phe Asn Val Glu Asn Gly 340345350 Asn
Ala Thr Pro Gin Leu Thr Lys Asn Ala Gly Val Leu Thr Cys Ser 355360365 Leu Ser Lys Arg Cys 370
<2108e202sIN$201BBDBC WG VA EMB 6y listing#or piteasiag Phel 121 k211> 374 <212> Pia
<2135 Cryptomeria japE)nica <400> 102 Met Agp Ser Pro Cys Leo V&P Ala Leo Leo Val Phe Ser Phe
Val lle 151015 Gly Ser Cys Phe Ser Asp Asn Pro lle Asp Ser Cys Trp Arg Gly Asp 202530 SerAsn -
Trp AWYGIRASH %%Méﬁ [y3sPedSRIL S (84 MaSeal &1y 3"54’0?5913%3@‘]?95& Ser Thr Met Gly Gly
Lys Gly Gly Asp Leu Tyr Thr Val 505560 Thr Asn Ser Asp Asp Asp Pro Val Asn Pro Ala Pro Gly Thr
Leu Arg 65707580 Tyr Gly Ala Thr Arg Asp Arg Pro_Leo Trp lle lle Phe_Ser Gly Asn 859095 Met ASn
lle Lﬁfé%sﬂyggﬁ\eﬂgrﬂ\ﬂeﬁ“yrﬁﬁ@ AlSGY T Wﬁyéﬁ%ﬁiﬁoj@ﬁé PR ¥ Gly Arg Gly Ala Gin Val
Tyr lle Gly Asn Gly Gly Pro Cys 115120125 Val Phe lle Lys Arg Val Ser Asn Val lle lle His Gly Leo Tyr
-eo QISR ST S5T VA 59 By A VL sp s e G Ser

Thr Asn Ser Asp Asp Asp Pro val Asn Pro Ala Pro Gly Thr Leu Arg
65 70 75 80

Tyr Gly Ala Thr Arg Asp Arg Pro Leu Trp Ile Ile Phe Ser Gly Asn
85 90 95

Met Asn Ile Lys Leu Lys Met Pro Met Tyr Ile Ala Gly Tyr Lys Thr
100 105 110

phe Asp Gly Arg Gly Ala GIn val Tyr Ile Gly Asn Gly Gly Pro Cys
115 120 125

val Phe Ile Lys Arg val Ser Asn val Ile Ile #is Gly Leu Tyr Leu
130 135 140

Tyr Gly Cys Ser Thr Ser val Leu Gly Asn val Leu Ile Asn Glu Ser
145 150 155 160

Phe Gly val Glu Pro val His Pro Gln Asp Gly Asp Ala Leu Thr Leu
165 170 175

Arg Thr Ala Thr asn ITe Trp Ile Asp His Asn Ser Phe Ser Asn Ser
180 185 190

Ser Asp Gly Leu val Asp val Thr teu Thr Ser Tthr Gly val Thr 1ile
195 200 205

Ser Asn Asn Leu Phe Phe Asn His His Lys val Met ser Leu Gly His
210 215 220

Asp Asp Ala Tyr Ser Asp Asp Lys Ser Met Lys val Thr val Ala phe
225 230 235 240

Asn GIn Phe Gly Pro Asn Cys Gly GlIn Arg Met Pro Arg Ala Arg Tyr
245 250 255
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145150155160 Phe Gly val Glu Pro val His Pro Gin Asp Gly Asp Ala Leo Thr Leo 165170175 Arg Thr
Ala Thr Asn lle Trp lle Asp His Asn Ser Phe Ser Asn Ser 180185190 Ser Asp Gly Leo Val Asp Val Thr
Leo Thr Ser Thr Gly Val Thr lle 195200205 Ser Asn Asn Leo Phe Phe Asn His His Lys Val Met Ser
Leo Gly His 210215220 Asp Asp Ala Tyr Ser Asp Asp Lys Ser Met Lys Val Thr Val Ala Phe
225230235240 ASHLEIASORCCH B B £ BistOi ARy nieePTa%Ary MMa Alg TR 245250255 Page
33 N110180D GCW GML EMB seq listing for phasing - Jul 12.txt Gly Leu Val His val Ala Asn Asn Asn
Tyr Asty RreuTvja T hiri HeVayr 2602652 Z0nAlesllet@ity Gly Ser Sep Asr ProeThytle Leu Ser Glu Gly Asn
Ser 275280285 PHE% hr Ala Pro Asn Glu®ér Tyr Lys Lys GIn VA ¥hr lle Arg lle 290295300 Gly Cys
Lys Thr Ser Ser Ser Cys Ser Asn Trp Val Trp GIn Ser Thr 305310315320 Gin Asp Val Phe Tyr Asn
Gly AbaTyl P W &l e¥eSep SlyAsys g 3253B0B3BGReGIGIGIENsriHle $9r Thr Lys Lys Glu Ala Phe
Asn Val Glu A n5340345350 Gly Asr? a Thr Pro His Leu E7’SGIn Asn Ala Gly Val Leu Thr Cys

355360365 Ser Leu Ser Lys Arg Cys 370
Phe Thr Ala Pro Asn Glu Ser Tyr Lys Lys GlIn val Thr Ile Arg Ile
290 295 300

Gly Cys Lys Thr Ser Ser Ser Cys Ser Asn Trp val Trp GIn Ser Thr
305 310 315 320

Gin Asp val Phe Tyr Asn Gly Ala Tyr Phe val ser Ser Gly Lys Tyr
325 330 335

Glu Gly Gly Asn Ile Tyr Thr Lys Lys Glu Ala Phe Asn val Glu Asn
340 345 350

Gly Asn Ala Thr Pro His Leu Thr Gin Asn Ala Gly val Leu Thr Cys
355 360 365

Ser Leu Ser Lys Arg Cys
370
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