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. BackgyayRg pidhaginvention T-cell antigen recognition requireapigien freseniing cells
(APCs) to present antigen fragments (peptides) on their cell surface in association with molecules of
the 10 major histocompatibility complex (MHC). T cells 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.  Recogryion pleral eeisans buismpiveerpxaiepigien organism, 15 such as
man, can in some cas I5€ases, known as atopic conditions. Examples of the latter are the
allergic diseases including asthma, atopic dermatitis and allergic rhinitis. In this group of diseases, B

Iymphocytesggﬁegﬂﬁﬁﬁ@@g%ﬁs of the IgE class (in humans) which bind externally derived antigens,
which are re

IS context as allergens since these molecules elicit an allergic 20 response.
Production of aIIerg@i@ﬁﬁé@ﬁéﬂ@@@%@&%@rﬁ%&%‘%ﬁhﬂ@%ﬁﬁ&ﬁ%ﬁﬁ% tivated by (are
specific fcgr) the,alligraen. 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 infﬁg@%gmqﬁﬁi@m@%gﬁ as histamine, 5-hydroxtryptamine and lipid mediators such as
the sulphidoléuKkotrienes. In addition tQ IgE-dependent events, certai%ﬁﬁ%is%diseas% such as

ate

asthma are characterfeEd B rRE R RIS AR R AL ER RS T 55 35

Fgeoégses are currently
treated with aggpis pMishisquigedd)mpipeatiurtiefionpretentowith xarimpldesafsbeh agents are
anti-histamines, 152 agonists, and glﬁcom%ﬁid . In addition .sgrrée I%Ec_[?-%%i@;[/ed diseases are
treated dee@é}%iﬂ’éH{ﬁ%‘B‘?‘BﬁﬁﬁﬂFé’ st EDERSdic ThEChon Of allergen WO
2011/098778REHis>BAUHE} GO Q082 cahepnizen aprextsantse fied bpsiisalionIvehtments may induce

an IgG response that competes with IgE, for allergen, or t%e] ' clfic.auppyessor T cells
that block the‘%‘é%?saﬁt;lﬁ@%%%%ﬁams ué%es enn %%?#%ﬂ%rﬁe%?nﬁné is not always effective
and poses thersiik:6f {eosnigagskidh hessidenetfergsispdrticularly 5 general anaphylactic shock. This
can be fatal unless recognised immediatel '%QQ regt ﬂﬁﬂﬁp\@ &Q&IM}%-%eutic treatment that
would decrease or ?%?glé’[téofh%%nwan ea(ll'l’x1 erg{fgﬁlngmune regft)onse toa particular allergen, without
altering the insmhiaemeagtiritin tooherstsreipl dmdiersoKnyaeirfioRit allergic response itself would
be of great beneft o allerale ind el AP Rolin AHlesacns.ate. fRERRRIEadAs 2 agler cause of

. . COnd1iL 1 3 H ; .-
allergic diseases IR RGmans and anima s, Including asthma, aIIergjlc rhinitis and allergic dermatitis. At

least 10% of thenpoitislatibmlofgleahitsiis s fftvis o pbHissasterbi SH68 85858 and to varying

extents. Proteli BIESSHL iealin: MuBRFHREN DR EoRmalif e avderagalosifar cxample birch,
Oa

alder, hazel, hornbeam an , are particularly important. Of these 15 species, birch pollen allergens
are the most freqetsmerhiganchisorostierge FieBssELts hes B%SJI}%WJ(‘EFaer’(B?ﬁE?’é CRifergy 1989;
44(6):385;95)  E-Q1 cXePIRE ARPERXIRAIEN: BRIG Of dranfavigefivipss Arigdponsivetiaibirch pollen.
Hayfever is the Common term for a form of seasonal aIIer%cﬁharacteri d}%/ sn eélgg, runny nose
and itching ey@e alanargydisdiee(Eemssdimos tolsrai Fﬁ?@'ﬁ?&“ﬁﬁ?i ASRIESwith the birch 20
pollen seasonfypicaly Qeesdipt-anaunchApEhéipiie narthantitybispiere)f Hiowewessisome related
types of tree such as alder and hazel can rele SE airborne pollen as early as January (northern

hemisphere), bHase S8 SWEFHIFERCT 505N ash in March, with oak in late April and early May.
It has been calculategtibatign @epkisfact ol led Sisitealdayfellergmtheuliti®Sb leading chronic

disease and a major cause of work absenteeism,.resulting in.nearly 4 milli ndm' ;e& igst workdays
each yearSreSifApatIorREMESE L %r%eﬁ?gﬁ%%ﬁﬂ%ﬁ%ﬁﬁgfﬁgg r%gulg%?vﬁy. Allergies are also
the most frequeail RDSESE-sREgpiammediid Bt ettinems Eovting thetvifibiddbrulntrentrain40% of them.
Each year, allergies account for more than 17 millign outpatient offige iﬂ‘ﬁ iE the United 30 States;
seasonal aller’g‘? %&Iﬁg'ﬁmgatggg%h% or Irh%?eer%hcail&anis ﬁ%’f? sé?ltlﬁ%gge allergy visits. A therapeutic or
preventative tegatsarmisyitilddhéndtpradimtafvgreat benefit to 3 humans that suffer or are at risk of
suffering from tree al . Summary of.the Inyentjo teselt inveniorshavendiscyered that
certain polypeptide f@%‘%ﬁ énrel’ve%eg grlcs)’en%S ﬁ%l}r%%%?grgens in theg%gol_lens .of(llajirch species are
useful in desegngitisiigatncividfatspreviaikem alixegapiss POiypeptrtesiagrmbristadirsdiom Bet v2, Bet
vi, Bet v3, Bet v4, Bet v6 and Bet v7 of birch tfamily.name: Betulaceas) arepadicylathyygeful.  The
polypeptides @rgﬁ{‘ésfﬁfé‘rqtﬁ)ﬂﬁc\?v%orrg%oﬁgé%%'a%I&%é%%ésﬁl;b%nd?ﬁg T cell epitopes through use of in
silico analysis 9 qresittipeiptigeovta@emntbanitions dhriprrodia Dickien PiaHeBtP assays. 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




25 Major Histocompatibility Complex (MHC) molecules. T cell receptors (TCRs) are highly variable in
their specificity. Variability is generated, as with antibody molecules, through gene recombination '
events within the cell. TCRs recognise antigen in the form of short peptides bound to molecules
encoded by th® §eHés%6ithe Major Histocompatibility Complex (MHC). THESE Gié!(ffgeiicts are the
same molecules that give rise to "tissue 30 types" used in transplantation and are also referred to as
Human Leukocyte Antigen molecules (HLAS) which terms may be used interchangeably. Individual
MHC molecules possess peptide binding grooves which, due to their shape 4 and charge are only
capable of binding a limited group of polypeptides. The polypeptides bound by one MHC molecule
may not necessapiiyents boerithésy. diesenvitBte ewitessnts mayvhdere By &6 fesporeUlsisuch as an
antigen or a”&é& L3 %&EQ&E@E%%MH?%&%@@H&%@&MBF?Cc}étﬁssah‘i?”d”tlc cells,

0

monocytes and macrophages, the 5 molecule’is enzymatically degraded within the cell. The process of

degradation dlosk theeyethssiyob akidifeatpdh ey aliasiio CoE EWhRHISEIREY 4F Y the appropriate
size, charge gng shapemaniendind wihit the/peride-Rinding armewe pfgestaiy MHC molecules

and be subsequently displayed upon the surface of antigen presenting cells. If the polypeptide/MHC

complexes ageprakarnliyaatineharlsgar s iy palessuRcrRaited TUBEIAEY Alfnbers they may
then activate J.gelisuiichdanndhg aRpipRiRteaahnentide/dliCGwrestiertealitecaptors.  Due to

the polymorphic nature of the MHC, individuals in an outbred population such as man will express

different comBIRERFs20 eI ETMBRSCGRIS Y 1R & PG AIEEE S IERCHAIIIERS C molecules can
bind different;pahpertidasikosdine:Jorpimaiecuect b ipasetbon HiRsice-ghargdaent shape of the
polypeptide, different individuals will display a giff.e ent repertoire of polypeptides bound to their MHC
molecules. Id¥AHKEEGSHEERY RRASILAP ﬁ@%/%fﬁ ’iﬁ‘é{ ypeptide epitopes in an outbred population such
as man iggnore diffipylichaineindnsacenipaia (s hasreantsin Sitkinscofileberstomsine). On the

basis of differential MI-IC expression between. individual d the inherent djfferences,in 20
polypeptide bARAHYEHE H%géﬁl%ﬁ%%%ah\%% If:srg‘rlllrifgl;s ?ﬁ?@ﬁ?ﬁl’ﬁ&?ﬁ%&g 'si#g?%af)g@ée% ide can be
identified whiete withtietohuseliot§aserffitishtionptieragicigien anvariodFhenpe ppeiotices g the invention,
however, provide a brpad.coverage.of efficacy over the hurmpan lat] t ing multiple
different MHC )?ﬁe&%tﬁ%%?lﬂs\%%%%ge o&rerﬁﬁog g%’ ﬁ%@%@%@gﬁﬁggéﬁkggn%éﬁﬁ%%g ‘Ijv%/eo%ld therefore
have broad ufibityex2spcbietinddyr. ther g deemidmvent onkp ayvipot arsom popittmis tEbRsFor use in
preventing or treating allerqy to hjrc e isafj MRS IR theahdeptide of SEQ ID
NO: 74 (&Rl%?ﬁ(%b/%%&@éﬁé%%%%g%%ﬂtt %Breof, and i rt%)g po@peptide of SEQ ID

NO: 53 (Bir02&kemaAeNirKLB| eRG BRengP KIS Brid (aa it oo chmep SirABPIRFIEIEY a polypeptide
is: 1) up to 30,aminpacids. in IeRall 24 &BERNRAS TISISEAUENERAESAIt RAVRBRNEE (2 I1) 9 to 30

amino acids in length and comprises a sequence that has at least 65% homology to the sequence of
said polypeptide afvaefsrewashilieray SREAEt BRrISTEITBSHRaE N5 INI D6 $¥Fino acids in
length and compLiSEH,3-SEPHMRRCR RlaL #ﬁ@ﬁ&ﬁﬁ%@u@uﬁ@éﬁiﬁ% acidmofiihe seauesmce of said

e

polypeptide, or a sequence that has at [east 65% homology to said at least 9 cor}i}guous amino acids,
which segdlernelen savasBiciRFSSTERE AN S SaeldibRBE e SRR i XX Ble of tolerising
to said polypegfigier-Hisa RrRvigackissadrmpasition suitable ielcdseaitpiayeolieg ardgating allergy to
birch pollen comprising at least one.polynucleotidep(s;g ueréé(jfw ich encodes eaﬁh of: i) the
polypeptide ofS festhern RsRitBRETRK NGRS E?IB’@ RETR) VBHAW PR A MR reof as defined
above, and iiMheipeReRkGE 1ef-35R1 BN P RIESIr027; PAARMFKAFILEGDKLVPK), or a variant
thereof as defined above; a compasition as.defined above. for in a, method.of. preyenting or eating
allergy to birch polleﬁ;hﬁﬁhegﬁ‘iﬁ@ﬁ%c&%mgggf@&é%gﬁn A %%% ?‘Fag‘sfefei?:ogenlgé a composition
as definegsabruygisgohpsisingirasiaatingresid dncel kst wiitk shitesypnsitftagdroetettifng whether said
T cells are stimulated by said compasition. 6 Description of th uences me Atior@% erein SEQ
IDNOS: 1 to B8 PN E ) SRR S el e B I S8 STt s T 06, SEQ
ID NOS: Ito 34h#iliendh tetal (osopredpaidtyo Aliptidesacerise théromsBiatqre|$ EPABNOS: 71 to 76
correspond to peptides derived from Bet.v2..SEQ ID NQS: 35 ang/7 earres to peptides
derived from I’_’;%{C%f QRYHS WCSE:{% é%t aatﬁv “765 cgrlr%os%onaé]?g)ﬁﬁegﬁ ggl 'dpégr%qéd from Bet v4.
SEQ ID NOS:yéfx talkizaddours frespardian J&ptidBendeipasit ofii Setivss BEG [nikd: 44
correspongs 19,8 Replide deiived LN PEL v A ARIBlIGH deREIPHOR BLYG BXeligRsy  The
invention concerns’polypeptides’which can be used in tolerisation. Such polypeptides ay comprise,
consist of, or saisist essentially of the sequences shown in any of SEQ ID NOS: 1 to 80. Variants of
these specific polyDeplifles, iy alsoleURRE Jhm Al DR BMAKLMAIsE.CRASIaLG, Of consist
essentially of sequences which are fragments of either any of SEQ ID NOS: 1 to 80 or homologues of
any of SEQ ID NOS: Ito 80. The invention also concerns comprising 20 25 30 7 polypeptides or
polynucleotidesof the invention. Such compositions are suitable for use in preventing or treating birch

allergy by tolerisation. Such tolerisation will typically be to an epitope (for example a MHC class
[I-binding T cell epitope) present in any of SEQ ID NOS: 1 to 80. 5 Tree species Species of tree

from the familvy Retiilareaes commonhyy known ac hirch are reennncible for 2 hinh nronortion of trea



in the temperate, boreal, and arctic zones of the Northern Hemisphere, especially in 15 Canada and
other parts of North America. Birch trees typically flower between April and May (Northern
Hemisphere). Peptide fragments of birch pollen allergens The present inventors have identified the
regions in certain birch pollen 20 allergen proteins which comprise MHC Class Il-binding T cell
epitopes. The present inventors have also shown that regions corresponding to MHC Class IlI-binding
T cell epitopes within the major birch pollen allergens are highly conserved between different isoforms
of said allergansaBasadieifethisanfarmationsuseiype pidesLdanived from the relevant regions of each
protein are suitable for preventing or treating birch allergy by 25 tolerisation to all isoforms of that
protein. The polypeptides are derived directly or by homology from the protein allergens Bet v2
(SEQ ID NOSunmintorv 6§ fBelnsleiiiio® ID NOS: 1 to 34 and 45 to 70), Bet v3 (SEQ ID NOS: 35, 36 and
77), Bet v4 (SEQ IE#}%O?: 3710 39t’ 78%1d 7%), Bet v &SEQ /D NOS: 40 to 43 and 80) and Bet v7
(SEQ ID NO: 44). Th & BSHRE 40 QR SRfdptss e nbasnis drgmsails hstkin. The
above proteifisranbealsgmeitiergehtaharejo ksmstbebaltrgrors dahiesul indésatiauhthe sequences of

the peptides.of.the invention ( ID : 1 t0,8Q), indicating the . 8 parent protein from which each
peptide deri\}I(i\cil.wlswé1 (S:?)?ngﬁfg’gi ?o%%ﬂ?ﬁl;%%g?ﬁ%ﬁ ?&%ﬂ%@éeﬁgﬁ% SeghBs 8 disitde Biddted from
SEQ ID NO$etl 6 BBtorsandBant b tinycthghedfDiscleskehierein)isra pampesiiardmi use in the

prevention or treat irch.5 al by tolerisation which may, comprise at Jeast two, at least
three, preferably aﬁggétg I%%?P&?%r%ﬁﬁ %)c{)]il)‘/)élé% MISSaEE E-,e f?g}n%ééf %?%%Brfélﬁgﬁlﬁ to 80, or a
variant of angptieechivigibretarfédsiiat noriesif thersditagtedipelypeptice s.anendanidigxef the same
original gequencedefingd yv.any qne: 1D NOS: 1.10 In, other words, it is preferred that each
of the three or four pol_yp%ptiél%s are dﬁ?fzélr%égne éltr? inal base w?gi i@%?é%%“é#&% ‘defined by any one of
SEQ ID NOS: 1 to 80dibicuity vasimintsdhdiffeppriastiginaldosssline secieadesa defiied by any one of
SEQ ID NOS:{4080stion [RISIEEARN, @a?egpmr%%s%gﬁnaﬂ"éiggw 138 BobRERUASS which derive from
more than one allergen. For example, the composition' may comprise one or more po‘ypeptldes or
variants thefestderiepronemsievrbandediersmmonsgolgpdiptides of Yeriartpdpeteot 15 derived from
Bet v | Addiganal RayReRtdem e peianelb.be dhelidad iich dellve pr Bely, Bet v 4. Bet v 6

and/or Bet v 7.Accordingly, one sed composition comprises i) at least one o e%olypeptides of

SEQ ID'NOdHcHe g inpguneegigpimssponseh Hrdepolypebfidem Betop Xrger ar vithiartiefiany thereof as
defined herejp;; aad 204 AldepshoneiRlNBRLIVREPHARS ALSFAIRNE R 3430045 to 70 (which

are derived from Bet v 1), or a variant of any thereof; and optionally 1) at least one of the polypeptides
of: (a)SEQ I8 a8 anphyisisavhrechimerbatatderived from Bet v 3), or a variant of any thereof as

defined herein; andrae 261{BISE; B NOS3 it 38v Beandrahich derived framiBety 4), or a
variant of any thereof as defined herein; and/or (9)SEQ ID NO:s 40 to 43 and 80 (which are derived

from Bet v 6} BIFLOGHIEIRUF SHRy #heRettHs ArtpREReTigRi s s igys Roqprbatsuopithich is derived
from Betov 73ngbla vanianttnareat aﬁrﬂ@ﬁiﬂaﬁﬂﬁgﬁh@%ﬁ-bgﬁﬂ GRiRRIMRNGIRI MR Rl Peptides
i

from group ql ﬁ% to F(% esé gg%ned above. Groups (i), (ii) and (iii) (a) to (d) correspond to peptides

derived from BHY BEPLLErmiats §8808 EBrRISIAMEBatFHestiaksgefived from
different Betd]lrtgesscoiay igkonolesioad conaageothiicipolienalesayohsenysddndng general 5

population by providing tolerising, epitopes from more than one birch pollen allergen. Non-limiting
examples 0 80“@15%&%%%%%?8%?@6%@8&fﬁ?&sﬁbove include: One, two or more polypeptides selected
from SEQ ID NO: 7 Z&aﬁﬂag@fﬁﬂfe&m&ﬁ)@ﬁmﬁaﬁtﬁt?fo@ﬁ)éEﬁlﬂ?@@ﬁti@éi&@%@&ﬁy@}@ﬁptide
selected. from group (ii) or varjant of any the and optjonally at least one polypeptide or variant
thereofgssele?tlé? E)B%Og%room &stlbﬁgtﬁé %ﬁ%&éﬁrﬂ@;wi HL“,%J&BP.%?S?B%@@ 4 Bighlted from
SEQ ID NOvadabl@ jivthe#3pT&tany. AMadrbititaitgabamithered antbbio nbreslfouneifive
polypeptides selected from group (ii) of variants. o thereqf, and optionally at least one polypeptide
or variant th ?%%Pscgltgg%g%}f’rg‘ofﬁf gnrtgl}ﬁghtﬁ%%(ea?ealhé‘g%ﬁ?%]ig 6%@,6&\?8 W%&%%&R}B’éptides
selected fronei8EE OO0 Ad0IERy1Zd o1 3d28 anthel Geoesvaftinatd gbanisthenaphanddwo, three, four or
five polypeptiges sel fr roup (ii) or variants of any thereof, ndcat least one polypeptide from
group (Hi) by). O%Ie% %licﬁ g ‘m?;?]c?é% errmf% cérr%%?;{sege(l af Ienées\?/lgncéz%ﬁ MBIVt d'BHEEQ ID NO: 74
(BIR12B} 20YRESY MWHIOGERGRIMRGKINGEID NOE2 (BIRAnaR QRKRQE ITGi1p4K), SEQ ID NO: 71

(BIR10; GS RQF ; 73(% %1%T(%\4@§§}QAKY%!§%GR;, EQ ID NO: 75
(BIR13; IKY%A@/%%&%AA&% é@ﬁ%%%ng%%% K¢ E e{ fa A r‘ﬁ‘&i‘k ,?‘Ssr a variant of
any thereof PARE T Peittidabinstiee e theep ot pdptide soohSEQaD NO: 53 (Bir02J; 25
PAARMFKAFILEGDKLVPK), SEQ ID NO: 48 (BirOll; FNYETETTSVIPAARK), SEQ ID NO: 54 (Bir04;
PGTIICKISFPEGFPFKYYV), SEQ ID NO: 67 (Bir09; ETLLRAVESYLLAHSDAY), SEQ ID NO: 60
(BIRO7; SNEIKIVATPDGGSILK), and SEQ ID NO: 63 (BirO7C; SNEIKIVATPEGGSILK), or a variant of
any thereof Another composition further comprise at least one additional polypeptide of (i) or (ii) or 30
variant thereof not selected above. Another composition further comprises at least one additional
polypeptide of SEQ ID NO: 10 77 (BIR15; SLNTLRLRRIFDLFDK) or SEQ ID NO: 78 (BIRI6A;

AFRFRIEKREDANCECK)Y or a variant of anv tharenf A nrefarred comnncitinn comnricac: (aYthe




and (c)the polypeptide BirOll (FNYETETTSVIPAARK) or a variant thereof; A particularly preferred
composition comprises the polypeptide Bir 2B (AKYMVIQGEPGRVIRGK) or a variant thereof, the
polypeptide Bir02J 10 (PAARMFKAFILEGDKLVPK) or a variant thereof, the polypeptide Bir011
(FNYETETTSVIPAARK) or a variant thereof, the pdlypeptide Bir04 (PGTIKKISFPEGFPFKYV) or a
variant thereof, the polypeptide Bir09 (ETLLRAVESYLLAHSDAY) or a variant thereof, the polypeptide
BirO7C (SNEIKIVATPEGGSILK) or a variant thereof, and the polypeptide Birl6A 15
(AERERIFKRIARANE R Khbraapsdlantshaiagh aactabionplbf polfpsrienalypeptigeptdes A further
particularly preferred co ition comprises the pol tide Bir|2B (AKYMVIQGEPGRVIRGK) or a
variant thergjol,1 el()a %8?3?%%31 §ﬁ8§%ﬁﬁ5ﬁ Wﬁ@%%@%kf@?%%aﬁﬂﬁ%ﬁf the
polypeptide BirOll 2BHEnNWEEET TFSMHRAARK 2o kA amfientindiegénthapelypepiidaiBiEns
(PGTIKKISFPEGFEPFKY.V) or a varjant thereof, the pal tide BirO7C (SNEIKIVATPEGGSILK) or a
variant theré’gﬁsﬁﬁlgnﬁb?ﬁ\égép e wl!i%\nf&ﬁ%ﬁlf{%&%@/gﬁég@@%?eg ?lglglﬁflfﬂ@?%%?ﬁ R the
polypeptide BirloOBe (K BMGETLURANE SMH kASR) (b ecllarietitioessohf dogh-aplionallyaseifurther 25
polypeptides, A furt articulaply preferred compasition comprises the polypeptide Bin 2B
(AKYMV|Q§%B‘@Q\€HLE‘%%£ i ea“?a?%? 8?%‘%?%% B%l;‘?p%ﬁ’(i&ree éﬁ{‘?ﬁﬁl?’ﬂﬁpﬁﬁ% I%%% *EEDKLVPK)
or a variant #rerduithegyolypeptidevBi@ th¢FMEE BIRTRY RAARK) cortaiv MidGtithécedEsthe
polypeptide 5{&%@&?@& JREREGEPEKY V) oF a v iant thereof, the tide BirO7C
(SNEIKIVATPEGGSILK or@va a?ﬁ%é?g% b S 8%?9“5‘56%856%{1?%@%@% IFICRFDANGEGK)
or a variant tivdyeerftided/bistiomaiNenes frtheasehl yoly feptidiesn preseitariprld offhee polypeptides of
SEQ ID,NO: 940 Argingiangd herain. A yarant of IDNOS: Ito 80 will typically be
functional. By functional it is 5 f%g%nﬂhat tﬁé vﬁiant |1§ (ﬁpéxv}\lloéﬁ:%% a%pgtlao Bﬁées orconsistsofa -
sequence whRdkPBiis i te spapiecNilaet! epaspttitinolecule as the corresponding polypeptide of SEQ ID
NOS: | to 80; and/ap, (), GRMPIIRES BRERRISILP{R SREeHR GRS Fe600RIaed Ry Aid, cell which
recognises the corregpondigg?):)%%ﬁgpltide of SEQ ID NO’S:‘ | to 80; ainé%r 10 %cepls%%a%le of inducing
a late phaseSteSemse it ieividlisbeitepmdinatiergpl Mdomayssleapabieinteblansiagsan individual
to the COffe%?HE@H?B‘e?&lYP&@@QﬁoI&‘%&M‘%ﬁh@hﬁféﬁ-&ﬁ%&i@éﬁ%&@ﬁ@% By nsasking e ability of a
eo

peptide or variant to induce T cell proliferation in a samp cells. The induction of a late 15 phase

responsé majsafsersberaizee ahw mignd Renmeiir e Yapspil o fditkern indikdrbor lahisplanddual with
birch a'|GVQYdM@r@iﬁ(i‘@pQB&@@mmﬁpH’{B@%@iQﬂuﬁﬁ-[o‘%ﬁ@ipmtif@rﬁ@%zﬁé@ walhkauinpihe art and one
P

such method is exemplified in Example 8. Variants of SEQ ID NOS: | to 80 may be fragments derived
by truncatiodPE g SP0MEC IngiPrAPSP BAG F SPFh St TARE A SRV REAT SREINPBENDIS C-terminal ends

of a polypepidee Firagients Mayhso.RearRnsiated RHeRERLRYULIBIR R delations Rrovided that
the core 9 amino acids that makes up the T cell epitope is not substantially disrupted. 5For example, a

variant of SESFTP NG T MM prasessiradirirreniastasi nod te ahean sidirencqsdhce. This may

include m dejeligiepiarEniive, dhdgeeordaubamichasidsriree) e Nirsmimal £98aE SEQ ID NO: 1 or
from the C-terminal end of SEQ ID_NQO: 1. Such deletions may be made from both ends of SEQ ID NO:

nal | t
. A variant 5}0@@@ 1588 bF 8Vﬁﬂ%@u‘3@%‘ﬁﬂ%?%?ﬁ?ﬁ8rmgwg%Fhfﬁ%pi’@nhf%‘?'the sequence of
the parent protein fitenpalsisiptidespaiiclt derives hextenipg by anddibcenelsl A SEREP NO: 1. A
variant of a polypeptide may typically be a longer polypeptide of up to 20, 21, 22, 23, 24, 25, 26, 27,
28, 29 or 30%?%51%%3%%8%@%%%% IdAESH ﬁ%‘éﬁ)&ﬁ‘?&ﬁﬁ%@gggﬁﬂ? EY R sPoRdR% polypeptide of
SEQ ID NO$urintda8l dhidavarigsipnidyointle de endombinadidieefdhehdedefionswanthadditions discussed
above. Fore Carg;ﬁlg, f:\mtweo ?csidst may tbe delet%d from one.end of SPEQfID NO: 1, but additional amino
acids from the Tull TeRGEh paTent protein sequence may B HHIR G AF e 'STHEF BhefS1°8E8 1D NO: 1.
The same distussiop dfergyiantsrctbpyiéealsy tajppisesdo SEQHHNNOS: 2 to 80. 20A variant may
alternatively be a polypeptide of 9 to 30, 11 to 20 or 13 to 17 amino acids in length which comprises a
sequence that has at least 65% sequence identity to the sequence of the corresponding polypeptide of
SEQ ID NOS: Ito 80. More preferably a suitable variant may comprise at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98% amino acid identity to the 25
corresponding polypeptide of SEQ ID NOS: Ito 80. A variant may be a polypeptide of length 9 to
30, 11 t&°20 or 13 to 17 amino acids which comprises a sequence of, or a sequence that has, at least
65% sequence identity to at least 9 (for example at least 10, 11, 12 or 13) or more contiguous amino
acids of the sequence of the corresponding polypeptide of SEQ ID NOS: 1 to 80. These 30 contiguous
amino acids may typically comprise a MHC class Il epitope, for example which binds to any of the
MHC molecules mentioned herein. A variant may include one or more amino acid substitutions from
the 13 amino acid sequence of any of SEQ ID NOS: Ito 80 or a fragment thereof A variant may
comprise sequence having at least 65% sequence identity to at least 9 or more contiguous amino
acids in any of SEQ ID NOS: | to 80. More preferably a suitable variant may comprise at least 70%, at
least 75%, at least 80%, at least 85%, at least 5 90%, at least 95%, or at least 98% amino acid identity

to at least 9 contiguous amino acids of any of SEQ ID NOS: | to 80. This level of amino acid identity
mav he cean at anv cectinn Nf the nentide althoiriaoh it ic nrefarahlhvy the core reaion The level of aminn



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: én, Gap separation distance: 0, Negative matrix:
no, Gap extension penalty: 0.20, Residue-specific gap penalties: on, Hydrophilic gap penalties: on,
Hydrophilic residues: GPSNDQEICR. 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 tinvpbigptpeidepleSEmentab one(BIRICR, ARMYBIYs MHEIeEaRE AHumhgaf amino 25
acids an%rlné% 'na%é:onservative amino acid substitutions. For example, an amino acid may be
substitutéd with an alternative amino acid having similar properties, for example, another basic amino
acid, anathée aoigic:ptidinof i) EMdIDes hépirat BPQrAVHK ATl Ter DRAIYeR p&liRa acie: another
hydrophitlf]cl%{)qino acid, another hydrophobic amino acid, another polar amino acid, another aromatic
amino acu% or another aliphatic 30 amino acid. Some properties of the 20 main amino acids which can
be used wheweioct wuialel sulsdipgends ave as follows: 14 Ala aliphatic, hydrophobic, neutral Met
hydrophobic, ngutral r. hyd | utral Asn polar, hydrophilic,.neytral Asp polar,
hydrophilic, chz?rged (q-i)%{gro %ﬁ‘r%%égﬁ%%%ﬁ gﬁﬁ‘ﬁfﬁéﬁ’éﬁsﬁsyt r%%ﬁﬁc?%%%ﬁé%l ?SH&’GE bp%(%a?f
hydrophilic, nelftral PHe®#6rivaiig bsidsiptietsith aslerahpvisepolayivpdeopiilics charged (%) Gly
aliphatic, neutr ilic, ' i, 00lar g ophilic, Thr charged (+) polar,
hydrophilic, neE?agﬂlﬁ;’%ﬁg%%%%%}%%ggﬁgﬁﬂmﬁgﬁg?ﬁéﬁ%&?% Irigg 6@%?85%%%%]_(35 polar,
hydrophilic, chﬁf&@&(ﬂi}fﬁpoéromatic, hydrophobic, neutral Leu aliphatic, hydrophobic, neutral JTyr
aromatic, polarhydraphphicamine kuithernvasianisisksiesthose dnaphich insisad ?Bﬁ%gdb%ﬁra"y
0g

occurring amino acid the amino acid which appears in the sequence is a structural ana ereof

Amino acids uSE¥A tridsatercaecnrs Ay ne rsaida o8 yssapriredhprBuwdinlgaticdB%unction of the
peptide is not dignifieanty sduerselaftasted: Mhambh e das q.eeauenagdhagvaries from the

sequence of any of SEQ ID NOS; 1 to 80 or a fragment thereof, the substitutions may occur across the
full length of theCLEEERRERRAHTHE Jempipers parp e EeInmd keSOl BresP stitSide the sequence
of any of SEQ l@&Sidk.to 80. For example, the variations described 10 herein, such as additions,
deletions, substitutions and modifications, may occur within the sequence of any of SEQ ID NOS: Ito
80. A variant may comprise or consist essentially of the amino acid sequence of any of SEQ ID NOS:
1 to 80 in whichbngyrovided is

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

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

thereof as defined above, and

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

variant thercof as defined above;

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

- an in 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.



two, three, four or more amino acid substitutions have been made. A variant may comprise a fragment
of the parent protein that is larger than any of SEQ ID NOS: Ito 15 80. In this embodiment, the
variations described herein, such as substitutions and modifications, may occur within and/or outside
the sequence of any of SEQ ID NOS: 1 to 80. For ekample, one or more positively charged residues
may be added at the N and/or C terminus of the native sequence of the peptide of any of SEQ ID
NOS: Ito 80. 20The variants of the invention are 9 to 30 amino acids in length 15 inclusive. Preferably,
they may belfeenifkien 20 e Reqiepraftrablynkd Heikimamino acids in length. The variants may be the
same length as the polypeptide sequences in any one of SEQ ID NOS: Ito 80. Polypeptides may be
chemically derived éiayys ReiypeRide.AlGIae, forssamplen Braraiaaliic sieayads gr.gan be

derived in an intellectual sense frorﬁfﬁe polypeptide allergen, for example by making use of the amino

acid sequent@Plthé SolfFEIN GhetdeAtand 3 iHaseirmssapirerieesetrorrdfosddeieice. Peptides
may be syntbegisBiNusing: methosshkroywpitthrrakd The eem s peptide) wetudes:aatenly

molecules inwhich amino acid. residues are 10 joine ide (-CQ-NH-) linkages but also
molecules imﬁ?‘cﬁ%s 03%?&?3%‘%% il‘s’efi%%r?s%ét.Vgu%&%ﬁ%ﬁ%&%@&&ﬁ%ﬂiﬁ&%ﬁﬂ%ﬁbe made
using methowkrislenderitted frnfBetexafipldBudhSadihodd deistribecipoMiripeptdtalié1i987) J.
Immunol.159, 32303430 MtsRRAraach invelyes making pseyudopeptides containing changes
involving the 8ackbovne, a?d not the orientgtion of s%%%cﬁa%ms. Mel%%re%%%; (1997) show that, at least
15 for MI6|C Is_s Il and T helper cell responses, these pseudopeptides are useful. Retroinverse
peptideé, whIEHREEERERHNY fBsdvertion, 4 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 whichlfestéinenting spercimg bdtwatdchehidrbontetorasiotdhe @0@miwoacid residues is
used; it is paylicplarcereiousdfitbeinkarmoieinhiassubstantialtythe same sharos distipution and

substantially the same planarity as a peptide bond. It will also be appreciated that the peptide may

conveniently>h& Bbbkis LiGEONGrientepiias ssciicirhapridaymarstse Bputsinty s arbpi6teolytic
digestions Fetgxampties theniktemainahsmingcgiaup sfstheaepidpsimayhematestegbysgacting with
a carboxylic [ he C-erminal carboxyl groun. t%? tige y be protected by reacting
with an amiﬁ?g@%ﬁggémﬁggg %8 |?8 |c§’n0§||anglﬁgc%%¥y olgﬁgti F&P? d phosphorylation. Another
potential modification is that hydrogens on the side chain amines of R or K may be replaced with
methylene groups NHZ amicNHMSh A VMBI AnaI(_)gules 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 16 peptoid analogues of the
peptidesy 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 to mutants, glycosylation variants and other covalent derivatives of the parent proteins
which rétain 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 BirOll is BirOIF (FNYETEATSVIPAARK),
BirOIG (FNYEIEATSVIPAARK) or BirO1H (FNYEIETTSVIPAARK); and/or a variant of Bir02J is
BirO2E (PAARLFKAFILEGDTLIPK), Bir02G 25 (PAARLFKAFILEGDNLIPK), Bir021 (PAARMFKAFILD)
or BirO2D (PAARMFKAFILDGDKLVPK); and/or - a variant of Bir09 is selected from Bir09A
(GETLLRAVESYLLAHS), BirO9B (KEMGETLLRAVESYLLAHS) or BirO9C
(KEKGETLLRAVESYLLAHS); and/or a variant of Birl6B is Birl6A (AERERIFKRFDANGEGK). 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: 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

imnrove their enlithilith/ and aceordinnlyy a vvariant of anvy of SEO 1D NNO<: 1 tn QO will nrefarahhvy he




i) any cysteine residues in the native sequence of the polypeptide are replaced with serine 18 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 5 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 thepbl gegtarce deprinusRbiRaative seanencesatthappnaptide.LQRmsierablythe

polypeptides and variants of the invention are capable of causipgﬁT cell proliferation in at least 20 % of

samples of T'JIfY S Sintsatns A alisrebirielsmatirairenshnliraisating gidliiansaliss in the
population. E@emmaaﬁ@(@pégmymmﬂm%@@spq@f@;ﬁmgepeablﬁ)%&%fég&? igglhppgliteration in
30 % or more_samples of T cells obtained from of a panel of birch allergic individuals. More preferably,
the 15 comp%@@ M@bb&éﬁ% 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 gredt&thiasiéhe, for example at least 2, 3, 5, 10, 15, 20, 30, 50, 80, or at least 100
individuals. 201t is peeferreddf thesnalypentides, yariants an itions of the invention cause T cell
proliferation, but do ﬁt lead to the release o??istam%e%ré%%%wgh%%ﬁﬁﬁér%g’r%rgst cell
preparationg¢pansibde fsitiskighrptividuddn THdrecmiby heveonidsy st axrine: relsadierfiat preferably the
peptides, vayi nis @vagm ositions do not cause significant amounts of histamine to be released.
Significant h%%am?ne relleaspgerﬁgy & %‘%E‘ﬁé?f‘ﬁ"& Igggttgée rzlglpﬁlét%%%e of 285%'6¢ ?ﬁ%l}‘léi%f the total
availabl&dle utdeyteahisthmirissvhendaoskmple of leukocytes from an individual is stimulated with a

composition in vitrg, A tide, variant or compaositi f the invention preferably causes the release of
less than 5%, Iess%ﬁg% j"%oe g %’seg %{5#%%%?%’%‘?#&{3{&%%‘%‘% §ra0EsI9ble leukocyte
histamine whebitatsanifila«f {#lkasytespiaimarcindididiabis etirmutated. with-a fempesition in vitro. 30
A normal individuag%picallégcas an Zp roxi%nfﬁte leukocyte histamine content of 150ng/107 cells.

fe

Suitable pephd¥LOF IR RFHELRHAD gt R Behautihsdv adde hnecarpdr selected

according toikigveenspiterie. BMBIIN A dHgiR pohteRtiHe teik-Aleeaigindesidues igh contribute to
binding withip the MH éétagtigen bindin%ﬂroove,and other residues which interact with hypervariable

regions of theHg8| SRR SR 198 Naliiksorres pisylinWane bsevvesidhs! contributing
to T cell receptoninigrastipamafigiarabiehas 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
demonstrateeLprafopnd,eifects upen yagﬂg%@fé?gj 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 BfopresspeineTrsdsivisssifivs tbe negnmsglobintdin tesleonttxt of I-EY), was
challenggd wj | ' ' 2| titution. of rtic acid for glutamic
acid ha%gbe\glrfgrkn%gg’? %%i%%%ﬂ%ﬁp g%%?ﬁgﬁ%ﬁ# %%%r%%i% 1% g%%%ﬁ?%ﬂ%e analogue
to bind to 15RFEktors IRykakinghewittbat edions ecofespproi g lond M ihss Hrzilahjue Thaesbroliferation
was detecte Alb.- retion. intai as was,the capacity of the cl to help B cell
responses. I%p%ﬁ?é? ﬁ%%%ﬁ%etlﬁ% %@%ﬁ@%ﬁg é} ggﬁgﬁéﬁﬁg fihe ggf)ea}\érg |toV¥168 g%%ﬁ?ﬂ%ediated
cytolysis fromodytaising said diictismsin G dhisntistainderthd darmes pemaiaedctinad ¢red viaile the latter

was |mpa|reg. Tvrélen%gqu%/

altered peptide ligands.in vivo was initjially.demonstrated in a murine
model of EAIglﬁzexperl en éﬁqaﬁ?grﬁ éﬂoeﬁlcr‘%ﬁﬁchi)qr%/]gIﬁ?éfﬁ@vﬁ)}llgﬁé\ﬂ{ttﬁer%%ﬁ]gﬁ%lﬁ‘ §& ek et al
(1991) PsoctblatisAtiad ScillLiSHABE s 8683t363()InIn this model EAE is induced by immunisation with
the encephalitogenic peptide Acl-11 of MBP, elin basic 25 protein). Substitution at position four
(lysine) with an al%%pgef&c?@g jerera 8@3%@5%‘3%’%%&@88%8%&?% e REGHiling element (Aa"Ar),
but which walengmirBetur2o@HCID MeSuscepidiesRbHIXSHE istaig ang whighy isrtgermore
prevented t ongsgé {gjiﬁ%g\%hen administered either before or after immunisation with the

hi ;5% :

encephalito 8} resitfiBACANHRCTdEhEHER 1P Pibebtideddniictnd i@t BE the ability of

the polypepiidestinduce yaspusdunstions afdeeNs. evantagenusly, PRYRERIGSS Hay-be
designed to favour T-cellgrgliferation_ and induction of desensitisation. Metzler and Wraith have

demonsftatddImpREREgtise Bie i int e ¥ bergik plibe sbavkmshestibatatons increasing
peptide-1\4 kkferaffiiichanenbesr MRAgitetzank Wigith(lOaDdrtJmmupe! oidr9-65). That an

altered polypeptide ligand can cause long-term and profound anergy in"cloned T cells was
demonstratd¥ife @Eé‘ﬁ%ﬁéﬁé@EQ%@@é@Na&&?eg%éndi%@gﬁme 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
(1 AR) or a late rhinitic recennnce nr a2 late nhaca ckin reennnce nr a late nhace nerilar reennonce



21 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 spapentlprshith irayn thaidosecisgepiltivadavgly el dasensitisatianut.aften without ever
inducing 10 a LPR in the patient. Although, the composition or polypeptide is able to do so at a higher
concentration than 1s %ﬁﬁ%ﬁ@{‘&%ﬁ?ﬁ%i %Fﬁlﬁ%ﬁﬂ&@‘dﬁ’%ﬁﬁéﬁéi ROpterRIrAnRarEd ABable of
inducing a lateyhfse response in 50% or more of a panel of birch allergic individuals from the
population. More prBfi%(r:?bg/ 1tlhe comépositions are capahle of inducing a LPR in 55% or more, 60 % or
15 more, 65 % or mots, 7990 Siomare. SPERCSHRTLRY U505 BieRETe 8896 FRIBREIGPGU9S or more of

6 Or Mo
sensitizedl inalivigyéls ineipaoelwiitiether amnotdhe taspesitionsarebletadnauce a-bdPR in a certain

percentage ¢f a el of subjects can,be determined which are well known in the art. 20
Nucleic acid(goglﬁ%q\%g gr%oyyae%%e?ns }S%“l%a#r%wﬁgﬁ%@tiﬁl%ﬁiﬁ(ﬁ IS EBMBBL RSN products
of the inventiberenayt repadfonimistereabdiretthy wienay hé administaredingdiresthbdyaaxpression from an
encoding se F le olynuclepti _provided that encodes a polypeptide of the
invention, suc g%%ﬁ%%?%ﬁ?%%ﬁ%gﬁ?ﬁgé’ %e%gﬁgéﬁ;géﬁ%%%é% pg?y(g%‘ﬁ’iiggr Fi&invention may
thus be produeéadrébirbeagblifahedtirete fornpalyacptimuctedititesnthithirrdedemand is capable of
expressjpg, | f rej iery .or.administration of a polypeptide of the
invention is i%lefeﬁn%{g%g t%r %%%ﬁ%ﬁ%é%%@&qﬁggeﬁ%@ég ministranon 8?%55 cegé %t é)ﬁll%}ﬁg tide via
expression fepalEpeIgwmsisolfotd dvemyones I SBOAECHAdlye disclosed herein is a composition for
use in preventing op treali ' risation,.comprising at lgast ope polynucleotide
sequence which Whén ex%%@s%ggﬁgﬁgﬁﬂ‘g%%ﬁ%%ﬁ g}g?ﬁr(rf]%so‘éﬁgﬁﬁ%ég&g%g 0}4 the 22
invention for&SecRf SHsvemtingPoetrsaingllierposibircminy detenisation. oF meotermiy feprideic acid
molecule” apVReINIFRANNRALA HsAAHelershARaRpBINREIR BRCIEIR'0 A PRNRErs form of

nucleotides of any length, either deoxyribonucleotides or ribo es, or analogs ereof
Non-limifing Sréveshhirest pdlymidisionatrolprptides merepiaels ragriedi meshaiegee RNA
(MRNA), cDjd @&cm@pm@tae@w@_Isgalgﬁgepkasma%rmgigrscm@?&é%@&,%O%Qg&ﬁeqUence:
isolated RNA of any sequence, nucleic acid probes, and primers. A polynucleotide of the invention
may be proVitE#iSolated or purified form. A nucleic acid sequence which "encodes" a selected

polypeptide ipa2 Bulsie acife kD MRGue YRIED ibtrenseibed {in Hesase ok [f\blﬁéhai}g translated (in
ap

the case of mMRNA) into afgol eptide in vivo when placecf under the control of appropriate regulatory

sequences. T Bolitildtfas dtheicsdiny ebameiheeatasdisi@adihes By adtart codon at the 5' (amino)

terminusoanéjatians|aiionr skepcogeniatsher SHoanboxyk tairinyanf a5 e pRases:of the invention,
such nucleic acid‘fg_gueﬁér:es an include, 15 but are not limited to, cDNA from viral, prokaryotic or

eukaryotic MENE o sely Bk &aLar b Wa%?eﬁﬁb%)?@ﬁ’@@m or RNA, and even synthetic DNA
sequences. iteahastipion @epiabenisgespence may be located 3' to the coding sequence.
Polynucleotie sc e Byg%?esfjge&accoﬁ?}gﬁo methods well known in the art, as described by way
of example 1¥’SamBro ke P(1988° RS IS 5 E b BRATDA (YA SPSPring Harbor
Press). Polythucletdid finotcletias; may/dde provided in the form of an expression cassette which

includes control se ) ly, linked t inserted sequence, thus allowing for expression of
the pol;?g(;p%@e in \%@?@ ?é?g%é@% %%bjjfggf“?rﬁ%%gé %%%?W@%?&@é)iﬁ%rﬁr% #3ally provided
within vectotbefeod aspleSmitisenti2andé@mbinant viral vectors) which are suitable for use as reagents

for nucleic acid immuRnization. Such an e sion cassgette may be administered directly to a host
subject. Altﬁfativﬁga@e%?%f; %grhopé?lg flr%l pggp%ovﬂl/jﬁcﬁl ) |%révﬁﬁla%y08ée%ﬁrﬁ MhsTB A Aosubject.
Preferably tiegsoliasubibatitiecisiprepdied and/or administered using a genetic vector. A suitable vector
may be any ctorg@%i&&a&gﬁl of carrying a.30 icient amount of genetic infoonation, and
allowing exp(\rdgs_sion of a polypep "ge.céisb?{ggggoﬁﬁ\?e% o%{sva?g P(I)l'ilti"ﬁaé@négﬁeé? de eﬁnﬁﬂ{; art of
molecufdr bisisdy and 23 may for example involve the use of plasmid DNA and appropriate initiators,

promoters, enhan : h as for example polyadenylation signals which may be
necessary, and Wﬁ%ﬁ %&%g?%ﬁgﬁﬁ{%gg %%?r%scé%taén ecr?t%%%)nr% lﬁlgé)ryel}etglj; oW 89%5?%tﬂg‘§§ion of a
polypeptide Sehtied Sigiapievpediorsavs udiseepparedistesiversbissigieditib the art. By way of further
example in this regard we refer to Sambrook etal. 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
call 1 the veector ic an eavnreccinn vvector "Ynarahlv linked" refare tn an arrancaement of elementce



a bacterial plasmid or a resistance 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 transfoil 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. 5A "promoter" is a ndcleotide 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, cofaatdnpiegialdiene pEatRif, @i peiree TRl QRIRTMRIETS WNBre S¥RIeasion of a
polynucleoti%? segze)cn %a%%?gaﬁlg/ Iink\(@ to the 10 promoter is repressed by an analyte, cofactor,
regulatory protei. et .§1,1 SRSBIaD SRR eatiten ded b one ddferenb Rihoter” or "control
element” inchlides:fid)lad engtiibpiorboler Cegibnsendipretianad{8@d senaistiangeiption or
translation) scggments of these [

s S0 fﬁe ge ion§. A VpQI nu eogl%de expression cassette or vector as disclosed
herein may 15 Additionally Comprieas gfbﬁ%ﬁ%e?ﬁ[ B@ﬁﬁ@h@é@rﬁ]@%@ﬁ%ﬁ pepfdsssuence is
generallys ingentetitoope pabiillnkagerivith dhiroprorhoierexe mhalddsisBRalIpeRtideds expressed and
facilitates secretion,of a polypeptide encaded by coding sequence alsg in operable linkage with the
promoter. Typmnﬁ)@alﬁ}s,ﬁ%ﬁ%%aém |? 5‘%&?&%&18%%&%‘%%; R b ehey i s drino acids for
example 15 én@0erminoacigelyPétenith sctrvinblasidSEayaIpredonimantiy i mephebie.dp a typical
situation, a sign ide.targets a. growin I tide chain.bearing the signal peptide to the
endoplasmic reit%tugig?}]a%ﬁ %%%p?@%%@%%’lg&ﬁ%%ﬁfnsg eﬁéﬁﬁﬂ%@%&?@g@g& Oc%‘?’?ﬁ?ﬂ%ogﬁ%plasmic
reticulum, altbovied fodsetietidly of et poly pelptidaidiactheGalghappasatesed hus gaelypaptide may
be proviged to ani4p jgdiyidual 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 polypeptidesy & M aslypenisleceieatdfeosusERd DN datiary hreseringl gelb-or example, a
polynucleotigdg, aXPresSIOR GASPale QL VaGQr 30 targeted to antigen. presenting. cells, or the
expression of éncoded éoeptide may bgfpre%%’r% ﬁ/%gﬁr%ﬁég%ggﬁﬁ%ﬁ%%g%%@u%w %Pe@é). %5 The
polynucleotidiia¥prd ssinteraebang eptiaeidy phispsnoogel prepdievantromarhadjifisaictady otherwise
be providedﬂé&mpgfgi@)%;&rm)'f%gﬁuvant" refers to any material or composition capable of
specifically or non-specifically alterin . 'enhancing, directing, redirecting, potentiating or initiating an
antigen!Spe&iie WHH\QH?@Q’@W‘E%&)WW@@M&E)@ifﬁeﬁ@t%a@b@u%ﬂ Mawidrd6 ex vivo or in vivo
in the produchonfct RARIER6F RS AYEMNAn 3k ch AAIMGIERAGA YRS AATIR el .0 used

the prevention or treatment of allergy by tolerisation. thods for gene delﬁ\féry% Known in the
art. See, e.g/2ifs ppahtheseLsmbat st a5 ol EER B BEIMediilie. nucleic acid molecule can
be introduced 10 ditrQvinisnibesigsiRispbskdbiect, such as by standard intramuscular or intradermal
injection; transdermal particle delivery; inhalation; topically, or by oral, intranasal or mucosal modes of

administratioh 2TiaShre etibeArlReaRivsy eEPESL N AlTE®BXI9R0 into cells that have been removed

from a subjesk FornareampERY UK sieotideNexpregsinn lc,qzﬁﬁfmmq@mf)zt@%@ﬁgntion may be
introduced g‘ht %?E@%ign 15 individual ex vivo. Cells containing the nucleic acid molecule of interest
ucedi ’

are re-intro &J%W&%%ﬁ%@gﬁmmﬁg Pg%b%@géﬁfb'e mounted against the peptide
encoded by RiERIRsIeIG ABlY MIviexuie, BEgTuckes asidmalsauessarsp saalilaenization are
generally referred.to herei ‘nuclei id vaccines." The polypeptides, polynucleotides, vectors or
cells discIosge(%ﬁhfebe:gﬁrwB m@;%@6’%@}%5{%%9&%%E)M%YMT@WWW@XP%@%e mixed with
carriers or diluaritawhighfdicnotypterase origE ey Nuendediysa.and still be regarded as substantially
isolated, . Th nﬁ&ﬁé&% tiall ified form, in which case they will generally comprise
at Ieas%éoofcixeég. at leas g%ﬁ%@&%‘%%ﬁ'ﬁé 6?0@1@%%%@&%@555 ) EI%ass of the
preparation I25VAntid ¢BipresRGTHGIISIP AREEK Y V), AlQ distlosed {Birein is the use in vitro of a
method of | lati R e olypeptides on their surface, that may be
subsequently usl,ie mﬁ%@g&%@%@ﬁ%ﬁ@ﬁﬁﬂﬁﬂﬁ%@%ﬂ’ Pﬁ}g%ﬁrlé‘@f cells that
have been SibiQiNedNSD frofhie) patiENE IRy APEEGOSECedrin thitaway therateserform a
pharmaceutj,ﬁ?dtgge tn]ih t-can be used in the treatment or . 26 prevention. of birch allergy by
tolerisation. The cel{é sﬁ%sdﬁé) %ei% 5‘%85‘5?33’ %?/etﬁgﬁ%%mrﬁ ﬂ%%%%?é?% %‘ﬁ%ﬂi’gaﬂ%\ﬁé&é%é‘@aﬁse they derive
from tha® indridoathdulfesdeceldsitvat have heerpraditcediintis-viayrte:the lingivigeal from whom
they were ogjginally, glg,?gid@ rapy. 5 Formulations and compositions Polypeptides,
polynucleotides, veéctics)%%s and ceﬁg%rfﬁgﬁéemgbvided 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 to folin. 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
hy recombinant meanc from an encodina nolvvniiclentide The forir or more nolvivnentidee mav he fiicad



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 phatmaceutically acceptable excipients or vehicles. 5 Auxiliary
substances, such as wetting or emulsifying agents,’8H 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,7Tan@wWhiEhsmEY bRIURNiatersr VR undye:toxigi Phgrmaceutically acceptable
excipients incl ut are not 10 limited to, liquids such as water, saline, polyethyleneglycol,
hyaluronic agr(#%\}%@%‘i‘ﬁ%aiﬁ%hﬁa %Yﬁ&ﬁ%fﬁﬁléﬁﬂﬁé@ﬂﬁi@am@gfm%ﬁgman also be
included theifpfescexample, mineral acid salts such as hydrochlorides, hydrobromides, phosphates,
sulfates, and the like; and the salts of organic acids such as acetates, propionates, malonates,

benzoates, 44l thehk@ARAISE G R (AKOMEY B PHAAR NIRGHRAIy accepstaidlesesadipients, vehicles
and auxikaryspbstancss ipayaiiaBifn Reinansiarmpe ient Ssienees Vg Bub. Co. N.J
1991). Such compositions may be prepared, packaged, or sold ina form suita & Tor bolus
administratiGir for continuous administration. Injectable compositions may be prepared, packaged,

or sold in unipglosage oyl AR AFRAE PTEIALIREE 20 confaingiecontaining a
preservative. Compositions include, but are not limited to, suspéensions, solutions,’emulsions in oily or
aqueous vehicles, geptsiscEadypisiameblespstiivadoelpases chbpadasradébRfiBulations. Such
composition 21 g}g{j or.more itional.ingredients incjuding, but not limited to,
suspending,%sta |Ill\giqug?,ﬁogg%l?isperzii({?nég)ie a?goerr?tg.a nargr?g%%o o ﬁ'%e&r%poeﬁjif%% ition for parenteral 25
administfatid B ANE ¥OtiKa MG FSaidat S0 vide ot dri ity {Eoe, ghegppyelider Riranules) form for
reconstitutiop-yvi i ehi e. g., steril ragen-free water) prior to parenteral administration
of the recongﬁ%%ﬁrﬁgg}sﬁg%n. I ﬁegﬁﬁ%raﬁ%%%ﬁ%)é??&?}ﬁ% 83@3‘?\%1’8% prepared, packaged, or
sold in the fdo OIS (FFECENE poeousat ibrespesiopes R Biam This suspension or
solution may, be,f 0 rding to the known art, and may comprise, in addition to the active
ingredient, aﬁ%&%@ in%?é&%ﬁ?gﬁc%%q%‘@%ﬂgr\&ﬁré’aafgg}%%ﬁm@%\&é‘i@t@or suspending agents
described hefiEISUCh SFEGSHIERpbe fammnulations May IERISRBESH 4S8 A28 non-toxic
parenterally- iluent or solvent, such as water or 1,3-butane diol, for example. Other

acceptable AT et purarat ferardicardeprongraadidsh, isotonic sodium
chloride solyigmanddixed oils such as synthetic mono-or di-glycerides. 5 Other
parentally-administrable compositions which are useful include those which comprise the active

ingredient in microdhy SR EFBIH1AH ampEEE AP prRpiat e s ko padpridsBi J¥legradable

polymer systemsEORROEHORS [RCALPAIBA Sl A% QI MEIBONANOR flay ey prise phannaceutically
acceptable poggﬁgfgor hﬁdr}é)ghoblc materials such as an emulSion, an ion exchange resin, a

sparingly sofdi DRSPAPiRYRY solamatsirreof, thitomanortiictRerdblypeptides or
polynudgotigesyrayhe-e0earaHated, adsathediQ.oF AssQs ith,.payrticulate carriers. Suitable
particulate cglq?ers include those dejreivgd from polyiﬁeth%ferﬁgl[ﬁé%%}‘%% b%%mers, as well as PLC)
microparticléBGEAVEESTBRBBIT Hackdes pand poiitactil e pgyeplitespiBae, e.g., 15 Jeffery et al.
(1993) PhanaReR i #P2A08n Rn6r PRIGHIAIR RGNS ANL DOMTELS eqn also be used, for
example, polymers such as polylysine, polyarginine, po yoPnl ng, spermine, spennidine, as well as
conjugates GAIFRER IMBRENIAN GEGRhevfermulatichotabhyef dhepdiypppidssipaynucleotides or cells
mentioned in M AR f s such as natyre qf the suhstance and the method of 20
delivery. An@%%&&sﬂ!lj‘b‘fé‘g\%gg may l%g" %Egk?rr] iStere ?[r? ﬁzﬁ%ﬁ’e of s fb?l%g’.ﬂlflinay be
administereddyakiyt{deg. as tablets, troches, lozenges, aqueous or oily suspensions, dispersible
powders or granules), topically, parenterally, subcutaneously, by inhalation, intravenously,
intramuscularly, int&ge&r%éﬁﬁy?%ﬁgr %%ﬁ&efﬁ?%ﬂg?ﬁ’iﬂﬂﬁ@Wﬂ%dﬁﬁ,ﬁﬂ{mﬁ%‘é‘éﬂﬁl ally or by
infusion techiAYRdVIQEG ERIRANRE pyralsambe aestinis e dhasruppRsipries. A physician will be
able to detelmin ' oute of administration for each particular individual. A composition
may compriggﬁﬁ%{u@éggﬁémgﬂgﬁ%} ELAN PR blistrRd bR rRIxRsEide/BaPH be effective without
causing advgrse FRETTRVIDRICRIY) Hie cansentision ol eaoRnolypepiida 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 nmol/ml, 3 to 180
nmol/mf 10188 Kns BRI Yo 200 airmanbisiees. thorgynsmiédadirtie composition or

formulationg skewdvave aGULLY RS ereaisriamaa%e %8%‘?/@' S50 RpHRE Hipldgast 99%.  An

adjuvant may be used in combination with the polypeptide/polynicleotides/cells. The adjuvant is
preferably adhiRistIEHRERANMBERY mivhiak i sterinand apgenely thefufbet 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.

10The polypeptides, polynucleotides, cells or compositions disclosed herein may be used for therapy
in combinatinn with one or more nthear theraneritic anente The acoente mav he adminictarad



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, 1 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, thelnshvidieal may be in the age group of 1 to 90, 5 to 60, 10 to 40, or more preferably 18 to
35. 20Preferably, 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 freduentiestiite bblgpepodss DREDdIREGENessarershawndned dkieid. (Rata from

HLA Facts Bgok, Pagham 5 Table 1. DRB1.1 347811121314 1516 %,6.4 14.7 15.7
8.83.48.3 3‘%?32?.‘705%319?%@%%@5?&1%296%% K28y Opfupqirgads Ys&’f‘i%‘?&aé.lé $0.23.210.7
3.6 31 Reference firegthencigsnvizrenebtainBd by analysis of multiple studies reporting frequencies and
the figures shown are mean values. Preferably ?ﬁ&rie%[g , the individual to be treated is from a

|

re
population that FASRRGGER SRR AR SREMRYE PR fafetamed B O M for the alleles

referred to Tiablechisucthasdaegiondaaspdlydepids SroEd B theleleyofangxample within the
ranges of t%sffg’ ures plus or minus, 1, 2, 3, 5, 10,15 or 20%. Preferably the individual is from a

population SARR FUBUR Rl SRR AR S rreaainnd by T aelbich 9ot
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.

20

25

30



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, 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 20p5a@8RV:aT BEcsRASARPIGANS GOIIS SRR dstN thRiflp werlng saasi oflirch, which is
typically spring, preferab%{y early spring (for example from April to May in the Northern hemisphere).
H%Wi y

The allergic eRiilSs Bpreamtamag s s eampaiehby smednynrse infamakdalgéenss Betula, for
example Befyiapendula i Beiuia AHbeSREns 1A L ambipAte it upRtieRRY,,  Since many
individuals are allergic, or may require desensitizing to several polypeptide antigens, also disclosed is
a means of dBeEAsktinglisRRIlals that are allergic to multiple antigens. "Tolerance" induced in an
individuaj to a first palypeplide anigeRUraleroRy Go P'i%@éﬁ‘cﬂ]n SE‘Q‘H!:"%LH&-';% B@é"r«f%eﬁf'c 30
environment" wherein inappropriate immune responses to other antigens tan be downregulated in
order to proviti& tolepancbata ek ety ey s Ty firadidg snddeothaf indivivoatbraliengiowo multiple

allergens cap iR EAtEd it aEAkIrOueordimerEeded cnd gt indiduals serously allerac t

some allergens (e.g., peanuts) but more mi ic to other allergens (e.g., cat dandéer) can benefit
from a therap@herdSin:tblesank delztivesmilhebatterdeirindsitibtisted Sathe Nidisl tolergeneic
environment is useﬂ[t‘(l)agggyi(gjtes Jg@nﬁ%tq EQ% olth r’d%nociﬁ'tS exéreme allergen. In addition, individuals
suffering from an autoimmune disorder who are Adutions ylé%lha iﬁ%léﬂo(g?l PSR une) to an
unrelated anfigenior slpraen chhbpnefit fromia freaimbidhragimeidiadeivioleraaaeihg the unrelated
antigen or allergen is first estaplishe then, this tolergeneic environment is used to provide
tolerance to ﬁé%gat%n?fﬁlgﬁ nggg?aﬂ_e%%i tHe YERANEA Grie %?Hé%.lﬁmtmb‘iﬂ&ﬁ% therefore
provided foridagensiigprgtalbisepitergioindividisabiy bichsalierganBdsslescihad abrvgand one or
more further, different.polypeptide antigens. The method entails, in a first step, administering to the
individual a éﬂfﬁ%’o‘é’%ﬁiﬁ CPMRIASSS BAsBURRSR chd e isBaE s iprimeRE i #R Bliministration is
carried out iNe®gngeysufficient to generate a hyporesponsive state against birch 15 allergen. Once a
hyporesponsive state has been established toward birch allergen, or at least a shift toward

desensitiSation has'bERliffb A K&l Gorambinatiemnhibs debmionnaad sskiiryscdisssewton
comprising asaeoNEydiffergnt PAMRSRELR @%&%ﬁk@%ﬁ%ﬁb%ﬂ@%@%ﬁ%@@%@@%&?@d-

Administration of the secondary composition is carried out in such a way as to take advantage of the
tolerogenic SfditsmlcrrBsaprsHErb o flidensthaisnhninfinraauenrsinoines eddis sbw possible to
establish t0'§£§69§‘e¥%ﬁﬁ%§§ﬁ@$ﬂ3 AEerentRoVREPHAR AGHIEL, &%%Q%BBQQ%SO%Q%W 'S
coadministered with either the first primary composition or a larger fragment ot the birch allergen. By
"coadministérBR IRid PRahtefther the simultaneous or concurrent administration, e.g., when the two
are presgnt in the same.compasition or. inist g% C ItiQ t nearly the same
time but at different sites, as wéll as thel%geq;{%%/%? %E)?ggt%? gori%baglﬁnﬁggﬁét%eoggmpositions at
different timestiFopedamgisgherdedondaryisonipesitionatayt hesde lvasepoiosdoenocsubsequent to
delivery of the fi osition at the same or a different site. .The.timi en deliveries can
range from E@%ﬁjﬁg@e@rﬁﬁgggg%ﬁsogggf to &Bou gén 8?2?71?% Eﬁ%g%a%%wﬁs)g@%?&%apan, or 30
even severavilay paarth FFurthétabloregriiffenent delipeisy meathads)eanbeRnipivyet lcke second

polypeptide gntigen is preferably an allergen different to the birch 33 allergen. Suitable allergens for
use in the m%?f?%ic?l {::Igﬁ%? g:céjraétge@é} gﬁéﬂ%@ﬂgﬁ?/?gpf’(’id‘ﬁg‘éa&{?g%%r%ﬁﬁ Y 0148 es of
suitablezallergerspontite pblypape dws figntedioN dgstinte@llergens, pollens, animal dander (especially
cat dander), grass allergens, molds, dusts, antibigtics, stinging insect venoms, and a variety of 5
environmental (incIﬁdYﬁ%%é’?ﬁ?{cg?sad’r%}’ﬁ?Qf%?%m@n ? élcﬁ)’allI]eFagHs‘?rééﬁﬂﬂgr?’t’Pé‘?allergens

include pollesisdf ohicpEompAas, Pplam asht, birahcnrale waknaln: kiskyyyaad Reean trees;

common plant allergens include those from mugwort, ragweed, English plantain, sorrel-dock and

pigweed:; pldAFEYHREEfasE h LT RinR thdeatbh-pisbh Yalkd B g SR RN ABSARRINOMmMoON grass
allergens inclyide yend Q@iasse HrathyephsonBerpedaddesosecng hugoiasssallgigans; common

allergens can also be obtained from molds or fungi such as Alternaria, Fusarium, Hotniodendrum,
Aspergifttis, MREHSHRI RS M Srana s coRmE staRdRy es lgntiepmdbafssgane can be
obtained froquigHse 8 QraRMIS NS RiEAlY 0gaLinBHEIRk:GR from animal sources such as
feathers, and dog dander; common food 15 allergens include milk and cheese (dairy), egg, wheat, nut
(e.g., peanut), seafboden meanfbide peachewncminiaed allergenonsdramdsheenvironmental
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 vaeannm and cockroach calvvywy alleraoeane Particiilarlvi well charactarized allearnence inchiide hiit are



25 166953 Bet v 2 MSWQTYVDEHLMCDIDGQASNSLASAIVGHDGSVWAOSSSFPQFKPQEITGIM
KDFEEPGIILAPTGLHL.GGIKYMVIQGEAGAVMGKKGSGGITIKKTGQALVEGI
YEEPVTPGQCNMVVERLGDYLIDQGL 30 541814 Bet v 2
MSWQTYVDEHLMCDIDGQASNSLASAIVGHDGSVWWAQSSSFPQFKPQEITGIM
KDFEEPGHLAPTGEHLCrGIKYMVIQGEAGAVIRGICKGSGGITIKKTGQALVEGI 35
YEEPVTPGQCNMVVERLGDYLIDQGL 2488678 Bet v 2
MSWQTYVREHLMEDIREQASHNILN SATMBITDGESY WAQRS ISP RQFKEQEEFEM Jariant
ICDFEEPGHLAPTGLHLGGLKYMVIQGEAGAVIRGICKGSGGITHECKTGQALVEGI
YEEPVTPGBENORER E@WEEW@E al lpasigpy paayence identity o at least 9 or more
MSWQTYVQ&M%P&%@%B@T%%%%% Efﬁﬁh()‘é’:ﬁ%%ﬁﬁ@%éﬁé@ﬂ& Mdbie
KDFEEPGHLAPTGLHLGOIKYMVIQGEAGAVIRGICKGSGGITIICKTGQALVEGI
YEEPVTPGYI R EREmDseat BasGT0Ya.68696t 880 atitsast 80%, at least 85%, at least
MPCSIEAM | PRI SERLRS FDKNSDG .
|T|VDEL§R%£&%%§T%%%§§§/%%REbN|G%%@é%§%%§%%%&o§@ \ 1S Ao
Y GGEDEDDNEFEG IVIRKSI EQOR BAPSS E 6 G EKVEDEDGHGMISAREL QMG be seen at

GESEGSEIDRV. i NRDGRVDFEEFICDMMRSVLVRSS 20 809536.Betv 4 .
MADDHPQDI REE&],R%I‘R?%}%%F?@% e’c?%\{é’ﬁ?g&l;{%?ﬁw%ﬁ‘f |E%§PFEES’%’\9FC?—?I§N€R’E’E of amino
EIDTDGDGHBHQERTDEGRANROLRIGRVAKIE am5d3678sOueiahayQueendessalligioalirees
(fragment) 25,GV,FTXESQET PAXLEICALEL 543509.Car b | - Carpinys betulys=hgrnbeam trees
(fragment) G%gﬁv&%fg@ﬂ%@%@éﬁgwEﬁé‘oé?ﬁ?g}‘b&@éﬁé}%’%%%%ﬂwﬁ/ﬁ% B? Alnus
glutinose-alcen treesfragroerdih G Y, EAMYHARTBSW R AR F AN DG RILHERKMARBAMSSVENI 36
1204056 Rubisco .\/Q&%\é%\éxvpmeL|CKFETLSYLPPLSSEQLAKEVDYLLRKNL|PCLEFELEHGFV
YREHNRSF’%WB‘EE WREPHiEGCNDSSQVLICELEECKICAYPSAFEREGF DDK 5 Additional
tree allergen sequancesbiGBh enthemaseessioRQEMRE!) st d<R198;:582564; 1942360;
2554672; 2392209; 2414158:; 1321728; 1321726; 1321724; 1321722; 1321720; 1321718; 1321716;
1321714; 1359958 318D Havs D096 vius vhon rossaed yaipe tdustaEd Thompser vho; 1168708;
1168707; 13687064, 1468705itA LESTIiAE A &AAS702; 1842188; 2564228; 2564226; 2564224;
2564222; 2564220; 2051993; 1813891; 1536889; 534910; 534900; 534898; 1340000; 1339998;
2149808 66159 sharrengonsters Adsthpds 2oagetc $i8us: BAMIGa3epes8ena61967; 1361966,
1361965; 1361864; é&t@éﬁb&%@&%@i{}%}%ﬁ%ﬂé an%@&@éﬁ: 1o £AP40paAARI83,; 629482,
629481; 541804; 320545: 81444; 541814:: 629484; 474911; 452742: 1834387: 298737; 298736:
1584322; 15848 PENsiEy3vhva.saideditydandaay 13 Ineliieandezpst 502665 st642668; 1542861
1542859; 1 3 . 1483230: 1483298 : - 5: 452746: 452744; 452740:
452738: 453@%%?%5%%%5%32; 45‘2‘%%%%%@??%%1%@8%5%19%\%%%359?‘?%“E??17921;
297538; 510953!tzg0as It »gophdiciepaBaaltesd ansHydondel4@3@84sCHP P NIX B Rursor 25

MDSPCLV SNWAQNRMKLADCAVGFOSS .

MG GK D R S T AR T LS O Rragues which
IAGYICTFDBRGAQIENGGREEKRVSNVIIFIGLYLYGCSTSVLGNVLINESF

GVEPVHPQDGDAL TLRTATNIWIDHNSFSNSSPULVDVTLTSTGVTISNNLFEN
HHKVMSLGHDDA‘%§WMW$&%&%§’V&%&%W&#’A&Q@I RIN %0
YDPWTIYAIGSSBARE 68 GySF FARPNE SO QTR GAKTEESCSNMAWWMSTEDL]
QDVFYNGAYFYSSGKYEGGNIYT KEAFNVENG|.\|ATP.%|_é1,;Q AGVLICSLSK RG 37 493632 Cry j IA
precursor MDSPELVALT AR B ERSH NI DEEIRE RSRER RIS e VRS ss

TMGGKEGRiKTAINSIXDIRVINEAR G kiR MG ATR RBEIAMEES GMMEKIE GMREno acid
MYIAGYICIL-D%E%QVYIENGOPCVFIKRVSNVIIHGLFILYGCSTSVLGNVLIN

ESFGVEPVEX AR AR RN PRATEEENaS ) Rt s Sog pERrTPeriRe. £or

FNHHKVM L@ Aok s M KM AN QRGN CGQ RMRRAR Y A bMEMANMNYRRWITYAIGGS
SNP 1 ILSEGNSFTAPNES YKICQVITRIGCKTSS S CSNWVW

QSTQDVE YRGAPEHS shrgd arNperireabredeniilirro i efhaovirc BydadriRe 1076242
Cry j Il precursflo-alaPANSERFBERE amino acid, another aromatic amino acid or another aliphatic
MAMIKLIAPMAFLAMQUILMAAAEDQSAQIMLDSVVEKYLRSNRSLRKVEHSR
HDAINREN VIR TG Beme poeerEesed thadlomrcieinp sadsvipc stk myedNo1slect
NLFFNGPCQRIBRTEERGHAAYQNBASWICNNRIWLQFAKLTGFTLMGKGVID
GQGKQWWAGQCKWVNGREICNDRDRPTAIKFDFSTGLITQGLKLMNSPEFHL
VFGNCEGVICTIGISITAPRDSPNTDGIDIFASKNFHLQICNTIGTGDDCVAIGTGSS
NIVIEDLICGPGHGISIGSLGRENSRAEVSYVHVNGAKFIDTQNGLRIKTWQGGS
GMASHEIYENVEMENSENPILINQFYCTSASACQONQRSAVQIQDVTYICNIRGTSA 20
TAAAIQLKCSDSMPCICDIKLSDISLKLTSGKIASCLNDNANGYFSGHVIPACKNL

SPSAICRKESKSHICHPKTVMVENMRAYDKGNRTRILLGSRPPNCTNKCHGCSP
CKAKI \/INHRIMPOEVVPORWICCHCKIVYHD 1076241 Crvi ll nrotein - 1ananeace cadar 21



38 SPSAKRKESKSHICHIPKTVMVICNMGAYDKGNRTRILLGSRPPNCINKCHGCSP
CKAKLVIVHRIMPQEYYPQRWMCSRHGICIYHP 541803 Cry ii precursor - Japanese cedar 5
MDSPCLVALLVLSFVIGSCFSDNPIDSCWRGDSNWAQNR_MICLADCAVGFGSS
TMGGKGGDLYTVTNSDDDPVNPPGILRYGATRDRPLWITSGNMNIKLICKPM
YLAGYKTFDGRGAQVYIGNGGPCVFIKRVSNVIIHGLHLYGCSTSVLGNVUNES
FGVEPVILPQDGDALTLRTATNIWIDHNSFSNSSDGLVDVTLSSTGVTISNNLFF
NHHKVML L DDA S YA N P ORMERAR NG YA 10
NYDPWT1YAIGGS.SNP 1 I SEGNSETAPNES YKKQVTIRIGCKTSS SCSNWVWQS
TQDVFYNGAMFVSSBkiy EMFIMWQI@EA@NVENSMATPQH%M@VMT@SJ@SMRC 541802 Cry i
precursor- Jgpanes

MDSPCLVA E%FSFP%@?&@@N%%%W%&S SR AQNRITCPA A S ER SST
MGGKGGDGH VTNSRRDRANPARG dhdoée AT RBIP LMIES G NMNIGHEMEM a1

YIAGYKTEFDGRGAQOVYIGNGGPCVEIKRVSNVITHGLYLYGCSTISVI GNVI INES

FGVEPVHPBISG DAt HOIDANG RSNSE BGL VD\PAlF STATIsieNtRRzed (1

NI-LHICVM} HDDA: TVAFNQFGENCGORMPRARYGLVHVANN-20
NYDPWTIYE}Ii Gsséh '?é{li%%%hﬁ\l }IIZTAPNESYKKS(SR/TIR @&%@@@@EWWC%S
TQDVFYNGAY FVS SGHWES GNEYHIGKEARN VERGNA TP, TOMNAYCT 6Sk:s KRC Delivery
methods 250nce for uIateéi tI;e compositions of the invention can be delivered to a subject in vivo
using a variety of kn ;g\k‘?‘{% t[ér and techniques. For example, a composition can be provided as an
injectable saftion, s@ﬁggm@ﬁﬁr@gﬂgﬁ@@@a@wmm|ste5qﬁ!,yé§(gqlrﬁg%b§elﬁgd jeous, epidermal,
intradermal  lintramuscular,intraarterial _intraperitdneal _intravenous mjection using a_conventional

needle and #yfinge, Beliidydorhiliichrsensieotiohsy stetacamatisinbydrpabobiCompasitions can also

be administ reg topi ﬁ" SKin;Qr migcosat tisspe- suchas nasatly-intratrachealty,ntestinal, rectally
or vaginally, or provi g‘eg¥1 élig %"Fllﬁe ?/I;E%(\)/lé%’dl %If)t?gy f?Jffable ?5?%aslp°ﬁgf’c§?§’d§ygﬁ?ﬁ8§§ry 39
administration. Other modes of administration include oral administration, suppositories, sublingual
administration, and_active or passive transdennal %el'ver technigues. Where a polypeptide of the
i ShRSF & A AR e Rt tsUrEi A iR body

invention is to be adiinistee I}f?él?%P

where it will M&mmbaiacmmmappw@mwa@@mw@mgm@cﬁﬁuﬁmgdgmw&ﬁ, or they, will have
the opportunjty to contact T Qell% of the individual. Where an APC is to be administered, it is preferred

to administeP REABEI SR thsREIBEREFWRAYS T Markird asiilgbelebritavriding thetivate,
suitable 7 cellscplothefindivemate 10 daekivany caginaegAdalinigteation of the

polypeptides/polynucleotides/cells (such as the composition containing a plurality of peptides) may be

by any suitabl@§ietiotrEatides ivsdumnssda yrsskiamdhrasornee s mepfidE@EY be determined
empirically, Kpkut tpieady 2re dh e tRnas gvenbalanAsing/e admicistational %%%po'ypep“de
t

may be sufficient to have a beneficial effect for the patient, but it will be appreciated that it may be

beneficial if HlsaspEmsaeTithinthsistarsachelanran SHRdDNMNch sake aypigaidedhinistration
regimes mayQ@e[{Qt SXamRie SERFerPNMLCcE ﬂ)‘@@?'ﬁé%géﬁfi%e{ﬁ% %‘!ﬁ@ﬁﬁn@@&tch%e%r once a day for a

week every four to six months. As will be 20 appreciated, e ch polypeptide or po?ynucleotide, or
combinafionP&Feyblypeib fitiaddifenar feityienslcobisistinay sl acdifisttred, tnay patenvaingly or in
combinationg,, ¢-RSAIES I0 ggg]@g%?ﬁ istrafienswill. degend Upon a number of factors including the nature
of the composit?oﬁn%%he route{/of administration an%%t%eqlégﬁ%gﬂfemgﬁ’dp tin Réeo liﬁcénglc??ninistration
regime. Suitetsradadiesidhe amotecatel stgueriowention ah 8 Qd NI 25 oréefofviictoohspg, up to 20

jig, up to 25 ji up to 50pg, up. .jig, up o 500 jig or more per.administration. Suitable
doses may g‘l’é%i’eqsgsr% ’gﬁ%ggg.lg,ogﬁfag%%a%%ﬂ%ﬁ%ll,%%a erg’si1 ‘ﬁeg‘(,’)?lﬁ‘ﬁ ar ?egsfgo'ﬁﬁl??ﬂ‘té{l?éfast 50ng, or
least 100ng comatileastra@ieg] of ttlpasnifigtan diderdtddipthMmamsamemaptecMes of the invention,

the dose_us ay, 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 30 hig%ergil?c lgggénsg%%?%rg,g%vﬁr%atﬁ%% %ai?%l%ﬁfﬁg%ﬁu%;{ % SEhvEHHaE® ALitable to allow
an appropriatediiutienfonagdrinistraiimbydhe setsidietsauttettQ Kiteny of IR0 gisclosed is a
combination ogﬁor?émnents described herein whi re packaﬁed in the form of a kit in a container.

h
Such kits m& Con3hiSE A SEHORO PRSI 3 shateaores ustmanbsradiesveiidh. For example,
a kit may compliseSmina Bie diffaresiqehrantidespababciegtistessangioxesdis qf the invention,
or one or m%re polypeptides, polynucleotides or cells of the invention and one or more additional
therapeutic %ents suitable for simultaneous administration, or for sequential or separate
administation. Therkit vaavaptionaliincontainathersyitahigseaganialogdnstructions and the like. 10
The invention is illustrated by the following Examples: Example 1 WIC Class Il binding search 15The
aim of this study is to identify a distinct panel of peptides with strong affinities for the eight most
common human MHC Class Il HLA-DRB1* allotypes. In order to identify binding peptides in the major
birch allergens Bet vi, Bet v2, Bet v3, Bet v4, Bet v6, an in silica approach was carried out using the

commercially available EpiMatrix algorithm (EpiVax Inc.) This is a bioinfonnatic analysis of peptides
from a3 20 ceandiience for the notential 10 he acecommndated within the bindina Aaroovve of MHC clace |




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 shortfallin predicted aggregate MI-IC binding properties
relative to a random peptide standard. A cluster score above 10 is considered to indicate broad MHC
binding properties. 15EpiMatrix analyses were performed on the entire sequences of known isoforms

of Bet vi, listedibalaw préR:ihel aarespondingNGBbacsassIopBrumbETss Ret Vil R4348e: Bet vI E
P43178; Bet v.1 M/N P43186; Bet v | D/H P43177; Betvl K P43184; Bet vl C P43176; Bet vl J P43183;

Bet vi B P45A35 9 Ve paaintaphe hoswis kasiasihr pAlpmenidosequpitratiheananses were also
performed oREAp dilinaE: KnwvEn. Bet vi sequences indexed by accession number in Table 2. These
analyses identified cqre peptides (and their flanking sequences) derived 20 from the above sequences
which are predicte ?cb’ﬂdgi} ﬁd@&ﬁﬁ’-%&@?&%ﬁgm %ﬂ&?ﬂg%%é?é’&@ﬁﬁéﬁ@é?%sﬁ%%‘ﬁ@i%w in Tables
1 and 2. As bhowirohyanylofthe: peptides ddantidiadarmbigiyaoeser veshhabyesp different Bet vi

i guence" gives the location of the peptide within the

isoforms. In Tables land 2: "Residues.in main

sequences et’i%?v%%é“é‘ﬁ%%é&“‘?%@%é&?% @Eﬁﬂ@%ﬁ%ﬂsﬁ?@?@&%ﬂf&@ BANABPEERS in bold) defines
the actual bigtingseqlsmtethat yapidentified duringsthacanalpsisidehenstakilizingfasks (N-terminal
and C-terminal, not %0@\}{,‘/ r%{nclude for use with the core sequence and are typically required to

aid manufactiné of he peptides REBEF S WO 2011/098778PCT/GB20111000206 42 hits" refers to

the number of highThedictepdindirigratfiditiesfoniglbidlelGléype sviasteshishicidhessRgsanrce. The
"EpiMatyjix Clustar, Scare is derived from the number of hits, normalized for the length of the cluster.
gl R&ﬁgﬁhbis%t%?%de %d&ﬂ\ﬁ@fﬁ f}wﬂ%a el R e i “RFRAG %%%&rties relative to

Cluster Score is't e excess or shortfafl in predi aggregate
a random peptidecdtandardira i wrearpatideeniitcisconside reddousidicaiaHabddhdinl G Biading

properties. Tablg Tz dighy budVR4Ho@ BRUBAT FrllRIQUP N (1 35 RP ENG G0l {36 1,A011CS ™ 4
3237. This approach involves making pseudopeptides containing changes involving the
backbone, and not the orientation of side chains. Meziere et a/ (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



._ SEQUENCE -4, ,nyarci- , phobidie ai %TT, An- .(Excl. BP,M4114. MSS- SCORE '. fExcl 1 Peptide

1111, P43185 13 - 28 VIPAARMPKAFILDGO 0.78 6 113 PI 1 P15494 100 - 114 SNE
IKIVATPDGG SI 0.03 7 15.57 P2 2 P43176 300- 114 CNE /KIVATPDGG SI 0.25 7 15.57 P3 3 P43177
100 - 114 SNEIKIVATPDGGCV 16

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 transecripts
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 arc 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 Bir0O1H (FNYEIETTSVIPAARK): and/or
- a vanant of Bir02J is Bir02E (PAARLFKAFILEGDTLIPK), Bir02G

25 (PAARLFKAFILEGDNLIPK), Bir02I (PAARMFKAFILD) or Bir02D
(PAARMFKAFILDGDKLVPK); and/or
- a variant of Bir09 is selected from Bir09A (GETLLRAVESYLLAHS), Bir09B
(KEMGETLLRAVESYLLAHS) or Bir09C (KEKGETLLRAVESYLLAHS); and/or
- a variant of Bir16B is Birl6A (AERERIFKRFDANGEGK).

30



0.23 7 15.57 P4 4 P43178 100 - 116 SNE IRIVATPNGGS ILK 0.02 10 20.13 P5 5 P43179 100 - 116
SNE IKIVATPNGGS ILK 0.02 10 20.13 P6 P43180 300- 114 SNEIKIVATPDGGCV 0.23 7 15.57 P7
P43183 100 - 116 SNEIKIVATPNGGSILK 0.02 10 20.13 P8 P43184 100 - 114 CNE/KIVATPDGG SI
0.25 7 15.57 P9 P43185 100 - 114 SNEIKIVATPDEGCV 0.23 7

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 II 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:
1 to 80 will preferably be more soluble than the corresponding polypeptide of SEQ ID

16 NOS: I 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:

1) 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
iti)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 serine



1537 PIO P43186 100 - 114 CNE /KIVATPDGG S10.257 1557 P11 P45431 100 - 114
CNEIKSVATPDGGSI 025 7 1537 P12 P43178 312- 126 GSILKINNICYHTKGD -1.08 6 12.34 P13
P43179 112 - 126 GS ILKINNKI7rITKGD -1.08 6 12.34 P14 P43183 112 - 126 GSILKINNICIIVEKGD
-1.08 6 12.34 P15 PI5494 342- 160 ETLLRAVESY14 AHSDAYN -0.09 g 12.06 P16

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 ili) 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.

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, 5,
10, 15, 20, 30, 50, 80, or at least 100 individuals.

20 It is preferred if the polypeptides, variants and compositions of the invention cause
T cell proliferation, but do not Jead 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 viro.

30 A normal individual typically has an approximate leukocyte histamine con‘terﬁ of
150ng/10” cells.

Suitable peptides or variants capable of binding to TCRs may be derived



6 P43176 142- 160 EALLEAVESYLLABSCAYN 0.04 8 1206 P17 7 P43177 342- 160
DILLRAVESYLLAHSDAYN -0.09 8 12.06 PI8 P43178 342- 160 EILLRAVESYLLARSDAYN -0.09 8
12.06 P19 P43179 142- 160 EILLRAVESYLLAHSDAYN -0.09 8 12.06 P20 P43180 342- 160
ETLLRAVESYLLAHSDAYN -0.09 8 12.06 P21 P439183 142- 160 ETLLPAVESYLLAHSDAYN -0.09 8
12.06 P22 P43184

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-E¥), 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 LE~

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 vive was initially demonstrated in a murine model of EAE
(experimental allergic encephalomyelitis) by McDevitt and colleagues (Smilek ef al
(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 (Aa"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



342- 160 EALLRAVESYLLAHSDAYN 0.04 8 12.06 P23 P43185 142- 160
ETLLRAVESYLLARSDAYN -0.09 8 12.06 P24 P43186 142- 160 EALLRAVESYLLAHSDAYN 0.04 8
12.06 P25 P45431 142- 160 EALLRAVESYLLAHSDAYN 0.04 8 12.06 P26 Table IA  EpiMatrix
analysis of Bet vi Sequence: P15494. predicted mulfip e HLA DR allele 10 binding region:
FNYETEIISVIPAARLFICAHLDGDNLF 4-31 . '-, sairp f81 '24:'s"Th"a'r.,....,.....2 Z-Scori , 7,4-™ ,..,t).
, Z-Sdore '- * | - V_Scors DRBI*08"aB

tolerogenic capacity of polypeptides in which substitutions increasing peptide-MHC
affinity have been made (Metzler & Wraith(1993) Int Fmmunol ~ : 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 rhinitic 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 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.

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
elimination of such a response, on second and further administrations of the allergen or

allergen-derived polypeptide. The second administration may be made after



An,....;-,..,".-... -NS" I Zr owe, le V <ols, . at, ' Z-sdore DRRIf.*13 01 opris 1 Z*Score hit  r-sAck,
ZiScore FN'YETETTS 12 .96 1.29 1.58 -.42 .10 .93 -.21 .27 0
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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 PR 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 I.PR 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 tolerisation 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
examples of polynucleotides include a gene, a gene fragment, messenger RNA
(mRNA), cDNA, recombinant polynucleotides, plasmids, vectors, isolated DNA of any
sequence, isolated 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
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,
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
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 vive in a targeted subject. These
expression cassettes, in tarn, are typically provided within vectors (e.g., plasmids or
recombinant viral vectors) which are suitable for use as reagents for nucleic acid
immunization. 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
sufficient amount of genetic information, and allowing expression of a polypeptide.

Expression vectors are routinely constructed in the art of molecular biology and



9E.11SV3PAA 17 -.04 .16 .64 -.18 -.89 .43 -.39-.17 0 10 T1'SV1PAAR 18 .64 .66 -.12 -.56 .14 .47
.50 -.43 11 WW1:MARL 19 1.52 .23 .47 -.63 .28 -.96 -.33 0 12 SV1PAARLF 20 .69 -.06 -.07 1.07 -.44

.251.05-.20 0 13 VIPAARISK
23

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 a/,

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
contro} 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 “operably 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 resistance 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.

5 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

10 promoter is repressed by an analyte, cofactor, regulatory protein, etc.), and constitutive
promoters. It is infended 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

15 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

20 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

25  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 Il molecule at the surface of an antigen
presenting cell. For example, a polynucleotide, expression cassette or vector may be

30 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.

5 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 introduced

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
mto 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.

25
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 a patient. 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
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
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 alternatively be separated by
appropriate linkers.

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
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.

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 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 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 {c. 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 soluble

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, ¢.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 0f0.03 to 200 nmol/ml. More preferably in the range of 0.3 to 200 nmol/ml, 3 to 180
nmol/ml, 10 to 130 nmol/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,
beclomethasone, hydrocortisone, cortisone acetate, prednisone, prednisolone,
methylprednisolone, betamethasone and triamcinolone. 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 treatment of birch allergy. The
invention 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. 1t 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
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 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, 1 metre or less, or § 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 Tablel
DRB1 1 3 4 7 8 11 12 13 14 15 16
% 64 [ 147 157 |88 |34 |83 39 147 129 {176 |25

Reference | 9.4 [ 11.1 | 128 | 132 {37 |13.4 |23 102 |32 |10.7 |36
population

%
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-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 (NCI3I 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-II binding. The sequence is shown below in Table 3. Headings and notes for
Table 3 are EsfgithFalbigdeabmseyFalletGneB dy\aBal NP Ehithlc BN R TEpbitihy143,Jr, phobia:l
EpThifattut ’H‘éq%IEIIY;EeSsTa%cllq thé::I %ét?res Shbl\}f%gll'%%;éalr\ll%ﬁ&l%é. 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 leastl, 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 the individual is from a population where the allele frequencies of
the following DRB1 alleles is:
4 — at least 9%
10 7 —atleast 10%
11 - at least 8%.
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 3.3, 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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ergens (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
arc 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 further 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 generate 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 entajls 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 metbods 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 poliens 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 rKBG8.3 (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
technigues.

Preferably, the second polypeptide allergen is 2 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 National Institutes of Health.
The NCBI web site, from which access to the database may be sought, is



.311.94 440 RLRRIFDLF 48 -1.83-.86 -1.40 -.38 -.94 -1.34 -.63 -.87 0 41 LRRIFDLFD 49 .84 60
1.39 .46 1.41 .88 .39 1.55 0 42 RRIFDLFDK 50 -.31 .38 -.31 -.58 .85 .33 1.05 1.61 0 Example 3
EpiMatrix analyses as above were performed on the entire sequence of known 20 isoforms of Bet v 4

(NCBI acces®8rHd4%880419, CAA73147), These analyses identified cof& BEFHAELPAHIE their

flanking sequences) derived from the above sequences which are predicted to have good Ivil-1C
class-II binding. These sequences WO 2011/0987%8PCT/GB2011/000206 45 are shown below in
Table 4. Headings and notes for Table 4 are as with Table 1 above. Table 4 - Betv 4

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

Entrez accession numbers):

Olive tree

5 Olive sequences

416610 0le e 1

EDIPQPPVSQFHIQGQVYCDTCRAGFITELSEFIPGASLRLQCKDKENGDVTFTE

VGYTRAEGLYSMLVERDHKNEFCEITLISSGRKDCNEIPTEGWAKPSLKFKLNT
10 VNGTTRTVNPLGFFKKEALPKCAQVYNKLGMYPPNM

Tree allereen sequences {mainlv birch) sequences:

15 130975 Betv2
MSWQTYVDEHLMCDIDGQASNSLASAIVGHDGSVWAQSSSFPQFKPQEITGIM
KDFEEPGHLAPTGLHLGGH(YI\WIQGEAGAVIRGKKGSGGITIKKTGQALVFGI
YEEPVTPGQCNMVVERLGDYLIDQGL

20 1942360 Bet v 2
MSWQTYVDEHLMCDIDGQGEELAASAIVGHDGSVWAQSSSFPQFKPQEITGIM
KDFEEPGHLAPTGLHLGGIK YMVIQGEAGA VIRGKKGSGGITIKK TGQALVEGI
YEEPVTPGQCNMYVERLGDYLIDQGL

25 166953 Betv2 ‘
MSWQTY VDEHLMCDIDGQASNSLASAIVGHDGSVWAQSSSFPQFKPQEITGIM
KDFEEPGHLAPTGLHLGGIKYMVIQGEAGAVIRGKK GSGGITIKKTGQALVFGI
YEEPVTPGQCNMVVERLGDYLIDQGL

30 541814 Betv2
MSWQTYVDEHLMCDIDGQASNSLASATVGHDGSVWAQSSSFPQFK PQEITGIM
KDFEEPGHLAPTGLHLGGIKYMVIQGEAGAVIRGKKGSGGITIKK TGQALVEGI



6 5.9 RESIDUES IN SEWENCE cl. . SEQUENCE Hydnr Thobicit 4-Matrix BITS EpiMatix CLUSTER r

SCORE, iDANL . itS)!" Peptide iD 'l Q39419 10 - 27 AERIFKRFDANGDGKI -1.19 8 13.83 P56 37
Q39419 67 - 81 FTDFGRANRGLLKDV -0.38 7 13.49 857 38 CAA73147 67 - 81
FTDIEARAN RELPKRAI23 7 13 53 PCT/GB2011/800206

10

15

20

25

30

33

YEEPVTPGQCNMVVERLGDYLIDQGL

2488678 Bet v 2
MSWQTYVDEHLMCDIDGQASNSLASAIVGHDGSVW AQSSSFPQFKPQEITGIM
KDFEEPGHLAPTGLHLGGIKYMVIQGEAGA VIRGKKGSGGITIKK TGOALVEGI
YEEPVTPGQCNMVVERLGDYLIDQGL

1829894 Betv 2

MSWQTYVDE}E,MCDH)GQASNSLASAIV GHDGSVWAQSSSFPQFKPQEITGIM
KDFEEPGHLAPTGLHLGGIKYMVIQGEAGAVIRGKKGSGGITIKK TGQALVFGI
YEEPVTPGQCNMVVERLGDYLIDQGL

1168696 Betv 3
MPCSTEAMEKAGHGHASTPRKRSLSNSSFRLRSESLNTLRLRRIFDLEDKNSDG

HTVDELSRALNLLGLETDLSELESTVKSFTREGNIGLQFEDFISLHQSLNDSYFA

YGGEDEDDNEEDMRKSILSQEEADSFGGFKVEFDEDGDGYISARELQMVLGKL
GFSEGSEIDRVEKMIVSVDSNRDGRVDFFEFKDMMRSVLVRSS

809536 Betv4
MADDHPQDKAERERIFKRFDANGDGKISAAELGEALK TLGSITPDEVKHMMA
EIDTDGDGFISFQEFTDFGRANRGLLKIDVAKIF

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

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

543491 Aln gl - Alnus glutinosa=alder trees (fragment)
GVENYEAETPSVIPAARLFKAFILDGDKLLPKVAPEAVSSVENI



P58 39 5 Example 4 EpiMatrix analyses 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-U bindi§ 2PhEEE S8 quences are shown below in 10 Table 5. HeadiR§<L/&HaMBEL 8 Table 5 are
as wfth Table 1 above. Table 5-Betv 6 14;;;:tk fl RESIDUES IN Hydro- phobic :4 1; ad , SE
Peptide SEQUENCE aucs . SEQUENCE m&unt: uU.,1'-rl4t}; 065002

10

15

20

25

30

1204056 Rubisco
VQCMQVWPPLGLKKFETLSYLPPLSSEQLAKEVDYLLRKNLIPCLEFELEHGFV
YREHNRSPGYYDGRY WIMWKLPMFGCNDSSQVLKELEECKKAYPSAFIRIIGF
DDK

Additional tree allergen sequences (NCBI entrez accession number):

131919; 128193; 585564; 1942360; 2554672; 2392209; 2414158; 1321728; 1321726;
1321724; 1321722; 1321720; 1321718; 1321716; 1321714, 1321712; 3015520;
2935416; 464576; 1705843; 1168701; 1168710;1168?09;1168708;1%68707;
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;
1361961; 1361960; 1361939; 320546; 629483 ; 629482; 629481; 541804, 320545,
81444;5418144;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,
450885, 17938; 17927; 17925; 17921; 297538; 510951; 289331; 289329; 166953 .

Cedar sequences

493634 Cry j IB precursor
MDSPCLVALLVESFVIGSCFSDNPIDSCWRGDSNWAQNRMKLADCAVGFGSST
MGGKGGDLYTVINSDDDPVNPPGTLR YGATRDRPLWIFSGNMNIKLKMPMY
JAGYKTFDGRGAQVYIGNGGPCVFIKRVSNVIIHGLYLYGCSTSVLGNVLINESF
GVEPVHPQDGDALTLRTATNIWIDHNSFSNSSDGLVDVTLTSTGVTISNNLFFN
HHKVMSLGHDDAYSDDKSMKVTVAFNQFGPNCGQRMPRARYGLVHVANNN
YDPWTIYAIGGSSNPTILSEGNSFTAPNESYKKQVTIRIGCKTSSSCSNWVWQST
QDVFYNGAYFVSSGKYEGGNIY TKKEAFNVENGNATPHLTONAGVLTCSLSK
RC



43 - 63 PVKNVEfItGIAGV1TLLHGD 0.04 9 14.09 P59 40 065002 67 - 90 _
HESLVKAFKQVDVVISTVGRIQLA 0.52 11 15.54 P60 41 065002 149 - 170
YVSSNETAGYFLPTLAOGLTS 0.46 10 12.92 P61 42 065002 258 - 274 FiNVILAINHSVFVKGD 0.83
7 10.54 862 X pAHBIE®s EpiMatrix analyses as above were performed Bhit&@htiPa%28uence of a
knovx)n 15 isoform of Bet v 7 (NCBI accession no: CAC84116). These analyses identified a core
peptide (and its flanking sequence) derived from tid above sequence which is predicted to have good
MEC class-U 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 7 WO 2011/098778PCT/GB2011/000206 46 UT RESIDUES
IN SEQUENCE yEPiMatrix bobitiS ...., ateix CLUSTER. sPon (Ei/61 43 6' '

493632 Cry j IA precursor
MDSPCLVALLVLSFVIGSCFSDNPIDSCWRGDSNWAQNRMKILADCAVGFGSS
TMGGKGGDLYTVTNSDDDPVNPAPGTLRYGATRDRPL WIFSGNMNIKILKXMP

5 MYIAGYKTFDGRGAQVYIGNGGPCVFIKRVSNVIHGLHLYGCSTSVLGNVLIN
ESFGVEPVHPQDGDALTLRTATNIWIDHNSFSNSSDGLVDVTLSSTGVTISNNLF
FNHHKVMLLGHDDAYSDDX SMKVTVAFNQFGPNCGQRMPRARYGLVHVAN
' NNYDPWTIYAIGGSSNPTILSEGNSFTAPNESYKKQVTIRIGCKTSSSCSNWVW

, QSTQDVFYNGAYFVSSGKYEGGNIYTKKEAFNVENGNATPQLTKNAGVLTCS

10 LSKRC

1076242 Cry j Il precursor - Japanese cedar
MAMKLIAPMAFLAMQLIMAAAEDQSAQIMLDSVVEKYLRSNRSILRKVEHSR
HDAINIFNVEKYGAVGDGKHDCTEAFSTAWQAACKNPSAMLLVPGSKKFVVN

15 NLFFNGPCQPHFTFKVDGHAAYQNPASWKNNRIWLQFAKLTGFTLMGKGVID
GQGKQWWAGQCKWVNGREICNDRDRPTAIKFDFSTGLIQGLKLMNSPEFHL
VFGNCEGVKIGISITAPRDSPNTDGIDIFASKNFHLQKNTIGTGDDCVAIGTGSS
NIVIEDLICGPGHGISIGSLGRENSRAEVSYVHVNGAKFIDTONGLRIK TWQGGS
GMASHITYENVEMINSENPILINQFYCTSASACQNQRSAVQIQDVTYKNIRGTSA

20 TAAAIQLKCSDSMPCKDIKLSDISLKLTSGKIASCLNDNANGYFSGHVIPACKNL
SPSAKRKESKSHKHPK TVMVENMRAYDKGNRTRILLGSRPPNCTNKCHGCSP
CKAKLVIVHRIMPQEY YPQRWICSCHGKIYHP

1076241 Cry j Il protein - Japanese cedar

25  MAMKFIAPMAFVAMQLIMAAAEDQSAQIMLDSDIEQYLRSNRSLRKVEHSRH
DAINIFNVEKYGAVGDGKHDCTEAFSTAWQAACKKPSAMLLVPGNKKFVVN
NLFFNGPCQPHFTFKVDGIAAYQNPASWKNNRIWLQFAKLTGFTLMGKGVID
GQGKQWWAGQCKWVNGREICNDRDRPTAIKFDFSTGLIQGLKLMNSPEFHL
VFGNCEGVKIGISITAPRDSPNTDGIDIFASKNFHLQKNTIGTGDDCVAIGTGSS

30 NIVIEDLICGPGHGISIGSLGRENSRAEVSYVHVNGAKFIDTQNGLRIKTWQGGS
GMASHITYENVEMIN SENPILENQFYCTSASACQNQRSAVQI{QDVTYKNIRGTSA
TAAAIQLKCSDSMPCKDIKLSDISLKLTSGKIASCINDNANGYFSGHVIPACKNL



SEQ CACB841 6 34 - 48 AENFRAL,CTGEIWNG -0.775 6 P63 44 Example 5A  Additional in
silico analysis of other birch allergen sequences from Bet v 2 is shown here: 5 Table 6A EpiMatrix
analysis of Bet v2 Sequence: GI11942360 PDB1CQA: predicted multiple HLA DR allele binding region:
SVWA SSSFPERMEERIK (33-54). -bine .elte, piiiait0, ' A 43P.1.. 2-86 B¢HGREORIN5 4.01. ISH
Dialltds : ye", 2,-Score. 10k '3.- ?,-Srlayr DRBJ4VD3I;€.BlkE, 301'1)113 1,115 <4.; Score r.437 33

SVWAQSSSF

SPSAKRKESKSHKHPKTVMVENMGAYDKGNRTRILLGSRPPNCTNK.CHGCSP
CKAKLVIVHRIMPQEYYPQRWMCSRHGKIYHP

541803 Cry j I precursor - Japanese cedar
5 MDSPCLVALLVLSFVIGSCFSDNPIDSCWRGDSNWAQNRMKLADCAVGFGSS

TMGGKGGDLYTVINSDDDPVNPPGTLRYGATRDRPL WIIFSGNMNIKLKMPM
YIAGYKTFDGRGAQVYIGNGGPCVFIKRVSNVIIHGLHLYGCSTSVLGNVLINES
FGVEPVHPQDGDALTLRTATNIWIDI—[N’SF SNSSDGLVDVTLSSTGVTISNNLFF
NHHKVMLLGHDDAYSDDKSMEKVTVAFNQFGPNCGQRMPRARYGLVHVANN

10 NY"DPW'ITYAIGGSSNPTESEGNSFTAPNESYKKQVTERIGCKTSSSCSNWVWQS
TQDVFYNGAYFVSSGKYEGGNIY TKKEAFNVENGNATPQLTENAGVLTCSLS
KRC

541802 Cry j I precursor- Japanese cedar

15 MDSPCLVALLVFSFVIGSCFSDNPIDSCWRGDSNWAQNRMKLADCAVGFGSST
MGGKGGDLYTVINSDDDPVNPAPGTLRYGATRDRPLWIIFSGNMNIKLKMPM
YIAGYKTFDGRGAQVYIGNGGPCVFIKRVSNVIHGLYLYGCSTSVLGNVLINES
FGVEPVHPQDGDALTLRTATNIWIDHNSFSNSSDGLVDVTLTSTGVTISNNLFF
NHHKVMSLGHDDAYSDDK SMKVTVAFNQFGPNCGQRMPRARYGLVHVANN

20 NYDPPWTIYAIGGSSNPTILSEGNSFTAPNESYKKQVTIRIGCK TSSSCSNWVWQS
TQDVFYNGAYFVSSGKYEGGNIYTKKEAFNVENGNATPHLTONAGVLTCSLS
KRC

Delivery methods

25 Once formulated the compositions of the invention can be delivered to a subject
ire 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, intramnuscular, intraarterial,
intraperitoneal, intravenous injection using a conventional needle and syringe, or using

30 aliquid 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



4175 .401.04 1.19-29-22 -.17 .71 0 34 VWAQSSSFP 42 .90 .82 1.3 .46 -.02 .21 .64 1.01 0 35
WAQSSSFPQ 43 1.70 .36 2.24 1.23 1.44 .12 1.53 36 AQSSSFPQF 44 -.65 38 -.28 -.01 -126 -.18

-.18 -.56 0 37 QSSSFPQFK 45 -.31 1

administration. Other modes of administration include oral administration,
suppositories, sublingual administration, and active or passive transdermal delivery
techniques.

Where a polypeptide of the invention is to be administered, it is preferred to

5 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 to a site in the body where it will have the ability to contact, and
activate, suitable T cells of the individual.

10
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,

15 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

20 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

25 order of up to 15ug, up to 20pg, up to 25ug, up to 30ug, up to S0ug, up to 100ug, up to
500 pg or more per administration. Suitable doses may be less than 15 ng, but at least
Ing, or at least 2ng, or at least 5Sng, or at least S0ng, or least 100ng, or at least 500ng, or
at least 1pg, 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

30 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.



.01 .24 .04 -1.01 .00 -1.52 -.53 0 38 SSSFPQFKP 46 -A5 -.73 -130 -1.02 -.04 -.76 -.02 .21 0 39
SSFPQFKPQ 47 -1.10 -2.37 -.57 .24 -52 -1.22 -.98 0 40 SFPQFX.PQE 48 -.23 1.11 -.75-1.69 1.34

47 1.32 -.32 041 FPQFKPQEI 49 135 .73 .67
40

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 series of
components to allow for a treatment of the invention. For example, a kit may comprise
5 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.
10

The invention is illustrated by the following Examples:

Example 1
MHC Class Il binding search

15 The aim of this study is to identify a distinct panel of peptides with strong
affinities for the eight most common human MHC Class Il HLA-DRB1* 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

20 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

25 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 DRI, DR3, DR4, DR7, DRS, DR11, DR13 and DR135 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

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 Spring Harbor Press, Cold Spring Harbor, N.Y.,



.99 .88 .49 .09 2.02 42 PQFKPQE11" 50 -26 .27 -.85 .12 1.00 18 .59 -.60 0 43 QFKPQEITO 51 -128

-42 -84 -.60 -27 -1.13 .23 .00 FKPQEITGI 52 1.94 1.68 1.69 1.76 .07 45 137 1.43 45 KPQEITG114
53.15.1532 .12 -39

WO 2011/698778 PCT/IGB2011/000206
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1997)). Successful Prediction of peptides which bind to multiple 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 each ailele
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 vaﬁants 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 1o 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 comresponding NCBI accession numbers:

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

BetviF/I  P43179;
Epimatrix analyses were also performed on additional known Bet v1 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-terminal, not bold) were included for use with the core

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



.10-1.15-.26 0 46 PQEITGIMIC 54 -1.11-.06 -24 -1.55 -.85 -1.48 -.15 0 Table 6B to EpiMatrix

analysis of Bet v2 Sequence: GI11942360_ PDB1CQA: predicted multiple HLA DR allele binding region.

1KYMVI GEAGAVIRGKKGSGG (72-93). 1!4st "9 ITT7 1tB4S0i,..717660fe J" 4171k i-Store -Wois
1"4") a: 44 4 W0.391/09%17%7-Score 11RBt,ii7hilali;iiCi5ipp:tt t&ore e,."(, .6POMEFIXHPBYscore” [7:7 72

IKYMVIQGE 80 1.21 1,60 1.25 .49 1,87 1.30 -.52 .97
42

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 biriding properties.

Table 1 - Bet vi

P43185 13 .28 VIPAARMFRAFTLDGD 0.78 6 3 | pl

115494 100 - 134 SNEIKIVATPDGGSI 0.03 7 15.57 P2

P43176 100 - 134 CNEIKIVATEDGGSI 0.25 7 15.57 P3

P43177 104 - 114 SNEIKIVATPDGGCY 0.23 7 15.57 P4

P43178 10D -116 SNEIRIVATENGGSILK 0.02 1¢ 20.13 PS5

P43179 100 -116 SNEIKIVATPNGGS LK 0.02 10 2013 P6
P43180 100 - 114 SNEIKIVATPDGEGCV 0.23 7 15.57 P7
P43183 100 - 116 SNETRKIVATPNGESILK 0.02 10 20.13 - P8

P43184 100 - 114 CNEIRIVATPDEGST 0.25 7 15.57 P9

iP43185 100 -114 SNEIRIVATPDGEGCV 0.23 7 15.57 P10
P43186 100 - 114 CNEIKIVATPDGGSI 0.25 7 15.57 Pll
P45431 100 - 114 CHNEIRIVATPDGGST 0.25 7 15.57 . P12
P43178 112 - 126 GSILRINNRYBETKGD -1.08 6 12.34 P13
P43179 112.-126 GSILEIMRKYHTRGD -1.08 6 12.34 P14
P43183 117 - 126 GSTLRIMNEKYHTKGD -1.08 & 12.34 P15
P15454 142 - 160 ETLLRAVESYLLAHSDAYN | -0.09 8 12.06 Plé
43176 142 - 160 EALLRAVESYLLAHSDAYN | 0.04 8 12.06 P17
P43177 142 - 160 ETLLRAVESYLLAHSDAYN | -0.09 8 12.06 P18
P43178 142 - 169 ETLLRAVESYLLAHSDAYN -0.09 8 12.06 P18
P43179 142 - 160 ETLLRAVESYLLAHSDAYN | -0.09 8 12.06 P20
P43180 142 - 160 ETLLRAVESYLLAHSDAYN | .0.09 8 12.06 P21
P43183 142 - 160 ETLLRAVESYLLAHSDAYN | -0.09 8 12.06 P22
PA31R4 142 - 160 ERLLRAVESYLLAHSDAYN 0.04 8 12.06 P23
P43185 142 - 160 ETLIRAVESYLLAHSDAYN | -0.00 8 12.06 P24
43186 142 - 160 EALILRAVESYLLAHSDAYHN 0.04 8 12.06 P25
PP45431 142 - 150 EALLRAVESYLLAHSDAYN | (.04 8 12.06 P26

Table 1A
EpiMatrix analysis of Bet vl Sequence: P15494: predicted multiple HLA DR allele

10 bmdmg re:gxon ENYETETTSVIPAARLFKAFEDGDNLF (4 31)
: ERB!’*N- DR




73 KYMV1QGEA 81 .45 .63 -.35 .37 .56 1.73 .28 .53 1 74 YMV1QGEAG 82 1.68 .22 1.47 .98 .61 1.06
-,37 .26 75 MV1QGEAGA 83 1.49 2.23 131 -.42 1.07 1.87 2.27 .85 3 76 VIQGEAGAV 84 1.12 1.46
-181.12-.11.16-.07 2.021 77 1QGEAGAVI

WO 2011/698778 PCT/GB2011/800206
b
43
5 | NYETETTSV | 13 32 - 86 58 81 -1.32 ~.80 75 22 0
6 | YETETTSVI | 14 215 1.37 225 1.72 1.09 L15 -03 70 3
7 ETETTSVIP | 15 -t -1.34 48 58 -.89 -.60 -84 ~03 0
8 | TETTSVIPA | 16 16 -110 97 31 86 ~.69 -48 04 0
9 | ETTSVIPAA | 17 - 04 .16 64 -18 -89 43 -39 ~17 4
10 | TISVIPAAR | 38 .64 66 =12 -.56 14 A7 30 -43 0
11 | TSVIPAARL | 19 1.52 -44 23 47 -.63 28 -.96 =33 0
12 | SVIPAARLF | 20 69 -06 -07 1.07 - A4 25 L.05 -20 0
13 | VIPAARLFK | 21 67 2.00 65 50 1.21 1.32 1.98 1.21 2
14 | IPAARLFKA | 22 .55 1.17 00 -28 32 .16 1.27 1.60 Y
15 1 PAARIFKAF | 23 <129 -165 -1.57 28 -29 -.88 -.32 -58 G
16 | AARLFEKAFL | 24 1.43 1.39 -5 -68 1.25 1.50 1.32 ~06 0
17 | ARLFKAFIL | 23 212 39 25 1.84 LIl 18 1.54 3
18 | RLFKAFAD | 26 ~1.54 -.90 -1.35 -.86 1.38 -1.28 --38 -67 0
19 | LFKAFILDG | 27 .86 113 1.48 .68 B4 39 1.14 1.37 ]
20 | FKAFILDGD | 28 - 17 .58 09 -43 1.90 24 3¢ 96 i
21 | KAFILDGDN | 2% -49 -135 -.67 -69 -.59 -2 ~2.05 29 ¢
22 | AFILDGENL | 30 132 -.28 21 67 -85 -.69 -.80 30 0
23 | FILDGDNLF | 31 -02 227 L.73 1.07 47 ~09 ~22 74 2

GVFNYEIGATSVIFAR 0.84 7 1123 P27
2122374C 14.34 | IAPARLFRSFVLDADHLIPKYV| 062 9 13.67 P28
ABC41588 | 91-111 CNEIRLVATEDEGST 0.15 7 1545 P29 10
ABC41605 1 97-111 SKETKIAARDDEGST 0.01 6 13.05 P30 | 11
ABC41615 §7-111 SNEIRKIVATPDEGCI 0.25 7 15.57 P3i 12
ABC41617 | 97-11} CNEIRLVATEDGGST 0.20 7 1545 P32 i3
ABC41596 | 97-113 CNEIRIVAAPGGESILK 0.54 9 1742 P33 14
ABCA1602 7-113 CNEIKIVEAPGGESILK 0.34 9 1698 P34 |15
ABC41609 | 97-113 SYEIRIVAAPGGGSILK 0.48 9 1742 P35 16
IQMR_A | 99-113 SNEIKIVATGDEGST 0.11 5 10.32 P36 i7
CAA96546 | 100114 CNEIRIVAAPDGGST 0.41 7 14,59 P37 18
CAAG6547 | 100-114 SNEXRTIVATPDGRST -0.25 7 1557 Pz | 19
CAAGT324| 100-114 SNEIXKLVATEDEGST -0.02 7 1543 P39 | 20
CAA0T327 | 100-114 CHNEIKIVATPDEGCY 0.45 7 1557 P40 21

CAADT31S | 100-L14 SNEIKIVITEDGGCV 0.06 7 15,57 P41 | 22
AAD26561 ] 100-114 SNEIKIVATPDGGEL 0.03 7 1557 P42 23
ABC41589 | 109-1325 GSTLRIRNKYETEGDHE -1.41 9 1334 P43 24
ABC41609 | (39-130 AGLFEAVENYLV 0.82 5 1095 P44 | 25
ABC41583 | 139-150 ETLLRAVESYLL 0.58 6 13.44 P45 | 26
ABC41589 [ 139-130 EALLRAVESYLL 0.78 6 13.44 P46 | 27
ABC41602 | 139-1350 EALFRAVESYLL 0.70 7 1684 P47 | 28
CAA96544 1 139 .156 EXAVGLLEKAVESYLLAHS 0.43 7 12,67 P48 | 29
CAADT319 | 141 -160 | SETLLRAVEGYLLAESDAYN | .0.00 g 1113 P49 | 30
AAD26561 | 142136 ETLLRAVESTPLAHS -0.03 6 1344 P50 | 31
2122374C | 142-160 | AGLFRAVENYLVBHENAYN | (.02 10 155 P51 32




85 1,64 1.28 .54 .46 .67 .50 .86 1 78 QGEAGAVIR 86 .56 .61 -.43 -.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 AGAVIRGKX 89 -.65
WO 2011/098778

PCT/GB2011/000206
a4
CAAD6539 | 142-160 ETLLRAVERYLLAHSDATN -0.29 i0 18.69 P52 33
2122374A 142 - 160 FEALFRAVESYLLAHSDAYN -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-II 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

PR U,

e
P43187 | 188 - 205

VDFFEFKDMMRSVIVRSS | 0.16 | 10 | 14,07 | P54 | 35

10 A sequence at residues 80 to 94 of P43187, TVKSFTREGNIGLQF (Peptide ID NO.
P55, SEQ ID NO: 36), was also predicted to have good MHC-Class Il 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 SLNTLRLRRIFDLFDK (35-50).
T

50 ,
35 |SLNTLRLRR| 431 28 97 | -38 38 64 53 173 68 |1
36 | LNTLRLRRI | 44 | 130 & | -15 A6 82 135 | 141 17 |0
37 | NTLRLRRE | 45| -24 1z | 152 ] a4 121 113 | 142 | -47 |0
33 | TLRLRRIFD | 46 ] 47 40 | -46 42 66 49 38 | 1
39 | LRLRRIFDL | 47 | 1.09 83 08 1.68 3l 1.94 4
40 | RLRRIFDLF | 48 | -1.83 | -8 ! -140 ¢ -38 -9¢ | -134 | -63 .87 | 0
41 | LRRIFDLFD | 49| .84 & | 139 | 46 141 88 39 155 b o
42 | RRIFDLFDK | 50 | -31 38 | -31 | -58 85 33 1.05 160 0

Example 3

EpiMatrix analyses as above were performed on the entire sequence of known
20 isoforms of Bet v 4 (NCBI accession nos: 039419, CAAT73147). These analyses
identified core peptides (and their flanking sequences) derived from the above

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



.95-1.14 .00 .75 1.71 38 .53 1 82 GAV1RGKKG 90 .82 -1.39 -20 -20 -.70 -.26 -1.31 .08 83

AV1RGKKGS 91 -.08 .16 -35-.21 1.97 1.49 1.43 1.07 1 84 VIRGKKGSG 92 .10 -.64 -.90 1.351.18
.92 1.79 2 85 DIGKKGSGG 93 1,18 1.05 ,64

WO 20114098778 PCT/GB2Z0I1/006206
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are shown below in Table 4. Headings and notes for Table 4 are as with Table 1
above,
Table 4 - Betv 4

039419 AERERTFKRFDANGDGKT
Q39419 87 - 81 FTDFGRANRGLLKDV
CAAT73147| 67-81 PTDFARBNRGLLEDV
5 Example4

EpiMatrix analysés as above were performed on the entire sequence of 2 known
isoform of Bet v 6 (NCB/ 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.
Table 5—Betv 6

g O T A

065002 43 - 63 PVKGRLVERFRGLGVTLLAGD |0.04 8 14.3038 P59 | 40

065002 | 67 - S0 |BESLVRAFKQVDVVISTVGHLQLA|(0.52 11 15,54 | P60 | 41

055002 | 148 - 170 ] YVSSNFFAGQYFLETLAQPGLTS {0.46| 10 12.32 | pel | 42

065002 | 258 - 274 PINVILATNESVFVKGD 0.83 7 10.54 | ps2 | 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: 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 Table6~Betv?




.022.09951.111.832 WO 2011/098778PCT/GB2011/000206 47 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 solublligtaissiser 5 physicochemical characteristics. For examBeT/GRBirl 28gxesidues 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 add®d to the C terminus to improve solubility. Similarly,
for BirOIF, 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 K residue added to the C terminus to

improve soluhjility. Tablgﬁgmgﬁ% de Sequence Residués "TEATSV |
PAARK 4-18K (R48185sBRiEMcAS B Rg ‘% IEAT“?’ BAA &rVj 46 BIRO1H
FNYE IETTSF KAIBK (PA3177): 7:BIROI3 Bl : K UsdEK (P15494)
Bet v1 48 Bl \RMERRE dDGDKL &153:%%3( 43186) Bet via = PAAR] FKAFI
LEGDTLI PK 132843 Bet vi SHRRGIFFAAR F“?NZIILEGD (P444380) Bet vi 51
BIRO2I PAARMFKAFILD

Example 5A

Additional in silico analysis of other birch allergen sequences from Bet v 2 is
shown here:
5 Table 6A

EpiMatrix analysis of Bet v2 Sequence: GI1942360_PDBICQA.: predicted multiple
HLA DR alleie bmdm regzon SVWAQSSSFPQFKPQEITGM( (33 54)

33 |SVWAQSSSF| 411 75 40 1.04 1.19 -29 -22 -17 N 0
34 | VWAQSSSFRl 42| 80 82 1.31 A6 - 02 21 .64 .61 10
35 |WAQSSSFPQ{ 43| 170 36 224 1.23 144 12 153 | 3
36 | AQSSSFPQF | 44| -63 .38 -28 -01 -126 -18 -18 -56 |0
37 | QSSSFPQFK | 45| .31 .01 24 04 -1.0 00 -1.52 -58 10
38 | SSSFPQFKP | 46| .45 =73 | <150 | -102 -04 -76 -2 21 0
39 | SSFPQFKPQ | 47| 110 | 237 | -57 24 -52 54 1,22 -8 | o
40 | SFPQFKPQE | 48 | -23 1.11 275 | -189 134 47 1.32 -32 [0
4t | FPQFKPQEL | 49 | 155 7 67 59 88 49 .05 282 |1
42 | PQFKPQEIT | 50| -26 27 -85 12 1,00 28 .59 60 |0
43 | QFRPQEITG | 51| -1.28 - A2 -84 -60 -21 -1.13 23 00 0
44 | FKPQEITGL | 2] 1.94 168 | 169 1.76 07 45 137 143 | 4
45 | KPQEITGIM | 53| .15 .15 32 12 -39 10 -1.15 226 |0
46 | POEITGIMK | 54 | -06 -1l | -06 .24 -1.55 -85 -1.48 -15 |0
Table 6B

10 EpiMatrix analysis of Bet v2 Sequence: GI1942360_PDBICQA: predicted multiple
HLA DR allele bmdmg regxon H{YMVIQGEAGAVH{GKKGSGG (72 -93).

AR
=

N e O T b
IKYMVIQGE 1
73 JKYMVIQGEA| 81 ~.35 37 56 1.73 28 .53 1
74 [YMVIQGEAG] 82 147 98 K3 106 - 37 26 f
75 |MVIQGEAGA| 83 1.49 223 1.51 -42 1.07 187 227 85 3
76 I VIQGEAGAV| 84 1.12 1.46 -18 112 =11 16 -07 2.02 1
77 | IQGEAGAVI | 85 1.64 1.28 .54 46 67 S0 86 1
78 (QGEAGAVIR| 86 56 b1 - 43 -01 -68 -1.08 29 12 0
79 | GEAGAVIRG| §7 A2 36 41 -45 -32 -1.38 -79 28 0
80 |EAGAVIRGK| 88 -12 -55 17 -.08 -44 08 -23 -1.21 0
81 AGAVIRGRK/| 8¢ -65 95 -1.14 00 75 171 38 33 1
82 GAVIRGKXG| 90 82 -1.39 - 20 -20 - 70 - 26 -1.31 08 ¢
83 |AVIRGKKGS| 91 -.08 16 =55 -1 197 146 1.43 1.07 1
84 | VIRGKKGSGi 92 .10 -.54 =90 1.35 118 52 1.79 2
85 | IRGKKGSGG] 93 118 1.05 64 (2 209 95 1.11 1.83 2




15-26 (P41385) Bet vi 52 BIR021 PAARMFKAFILEGDKLVPK D to E variant of BIRO2D 53 BIRO4
PGTIKKISFREGFPFKYYV 51-68 (P43185) Bet vi 54 BIROS 3 pFKYVICRVDEVDHA 63-78 (P43186)
Bet vi 55 BIRO5A FPFKyVKDRVDEVDHT 63-78 (P43185) Bet vi 56 131R06

ANFKYSY SMBGGHI&STE 78-94(P43186) Bet vi 57 BIRO6B TN FKYSY SWHGBRN BB Z8-94
(P43183) Bet vl 58 BIRO6D TNFICYNYSVIEGGPIG 78-93 (P) Bet vi 59 BIRO] SNEIKIVATPDGGS
ILK 100-116 Bet vl 60 BIRO7A SNEIKIVAT ENGGS ILK 100-116 Bet vl 61 BIRO7B
SNEIKIVATPQGGSILK 100-116 Bet vi 62 BIRO7C SWEIKIVATPEGGS ILK 100-116 Bet vi 63 BIR070

SNEI K | VATPGGGS | LK 100-116 Bet vl 64

Example 6

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

shown in Table 7 were designed for screeming 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

16 additional K residue added to the C terminus to improve solubility.
Table 7
Pepiide Sequence Residues SEQ. ID.NO
BIRDOLF FNYETEATSVIPRARK 4-18K (P43185) Bet vl 45
BIROIG FNYEIEATSVIPAARK 4-1BK (P43179) Bet vi 46
BIROIH FNYEIETT SV 1PAARK 4-18K (P43177) Bet vi 47
BIROM FRYETETTSVI PARRK 1-18K (P15494) Bet v1 a8
BIRG2D PARRMFKAFILDGDKLVPK 15-33{P43185) Bet v1 49
BRO2E PARRLEFAFILEGDTLIPK 15-33 (P43184) Bet vi 50
BIRO2G PEARLTKAF I LEGDNLIPK 15-33 (P41380) Bet vi 5t
BIRO2I PAARMFKAFILD 15-26 (P41385) Bet v1 52
BIRG2J PAARMFKAFILEGDKLVEK D to E variant of BIRG2D 33
BIRO4 PGTIKEISEPEGEPERYV 51-68 (P43185) Bet v1 54
BIRDS SPFRKYVKERVDEVDHA 63-78 (P43186) Bet vl 55
BIRGSA FPFKYVKDRVDEVDHET 63-78 (P43185) Bet v1 56
BIRO06 ENFRYSYSMIEGGALGD 78-94(P43186) Bet v1 57
BIROGB TRERYSYSVIEGGPVED 78-64 (P43183) Bet v1 58
BIROED THNFKYNYSVIEGGPIG 78-93 (P) Bet vl 59
BIRO7 SNEIKIVATPDGGSILK 100-116 Bet vl 60
BIROTA SNEIKIVATPNGGSILK 10G-116 Bet vl 61
BIROTB SKEIKIVATPOGGSILK 160-116 Bet vl 62
BIRGIC SNEIKIVATPEGGSILK 100-116 Bet vl 63
BIRGTD SNEIKIVATPGGGSILR 100-116 Bet vi 64
BIROR GSILKINNKYHTKGD 112-126 Bet vl 65
RBIROSA SILKISNKYHTKGD 113-125 (P43186) Bet v1 66
BIROY ETLLRAVESYLLARSDAY 142-159 Bet vl 67
BIROGA GETLLRAVESYLLAHS 141-156 Bet vi 68
BIR(YB KEMGETLLRAVESYLLEHS 138-156 Bet vl 65
BIRDIC KEKGETLLRAVESYLLAHS M to K variant of above 70
BIR10 GESVWAQSSSFPQFK 33-45 (P25816) Bet v 2 71
BIR11 FPOFKPQEITGIMK 41-54 (AAB44348) Bet v2 72
BIRIZA PTGMFVAGAKYMVIQGR 62-77R. (P35079) Phi pi2 73
BIR12ZB BEYMVIQGEPGRVIRGK 70-86 (P35079) Phl p12 74




BIROS GS' LKINNKY HTKGD 112-126 Bet vi 65 BIRO8A SILKISNKYHTKGD 113-125 (P43186) Bet
vi 66 BIRO9 ETLLRAVES YLLAH S DAY 142-159 Bet vi 67 BIRO9A GETLLRAVE SY LLAHS 141-156
Bet vl 68 BIRO9B KEMGETLLRAVESYLLAHS 138-156 Bet vi 69 BIRO9C
KEKGETLLRAYEBY¢48AIS M to K variant of above 70 BIRIO GSVWAQSE $ERQFHoBRe45 (P25816)
Betv 2 71 BIR11 FPQFKPQE | TGl eCK 41-54 (Af4344348) Bet v2 72 BIR12A
PTGMFVAGAKYMVIQGR 62-77R (P35079) Ph] p12 73 BIR12B AKYMVIQGEPGRVIRGK 70-86
(P35079) Ph] p12 74 WO 2011/098778PCT/G82011/000206 48 BIR13 GIKYMVIQGEAGAVIRGK

71-88 (AABA4348)-Bety2 75 BIRMEACAVIRCKIKCSCET 80,05 (P 25816} et v2

- TRet vz 73

BiR14 EAGAVIRGKKGSGGIT 80-95 (P25816) Bet v2 76

BIR]S SLNTLRLRRIFDLFDX 35.50 Bet v3 77

BIR16A AERERIFKRFDANGEGK 10-26 D to E variant Bet v4 78

BIR16B AERERIFKRFDAGGEGK N to G variant of above 79

BIR17 VEGKLVEKFRGLGVTLLHG 44.62 Bet v6 80

Example 7

In vitro binding analysis
The peptides identified as being potential MHC Class 1I-binding are pre-
5 screened for solubility in an aqueous, acidic miliev and the peptides are tested in an in
vitro MHC Class 1T binding assay.
Methods |
The assay emploved is a competitive MHC class II 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 vifro binding assays

Allotype Caontrol Peptide Sequence

DRB1*0301 Myco. tuberculosis/leprae hsp 65 2-16 AKTIAYDEEARRGLE
DRB*119t Influenza haemagglutinin 307-319 PRYVKQNTLKLAT
DRB1%1301 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 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 an 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 I]



76 BIRI5 SLNTLRLRR | FDL FDK 35-50 Bet v3 77 BIRI 6A AERERI FKRFDANGEGK 10.26 D to E
variant Bet v4 78 BIRI6B AERERIFKRFDAGGEGK N to G variant of above 79 BIRI 7
VEGKLVEKFKGLGVILLFIG 44-62 Bet v6 80 Example 7 In vitro binding analysis The peptides
identified as being potential MHC Class llI-binding &% pre- 5 screened for solubility in an aqueous,
acidic milieu and the peptides are tested in an in vitro MI-IC Class Il binding assay. Methods The
assay employed is a competitive MHC class Il binding assay, wherein each peptide is analysed for its

ability to dispiagerknewicaanual Rindardre.erelotiheih Egﬁﬂé\!' Reutdass d @lolypes
udy

investigated. The allotypes and control peptides used in this st are typically those shown below:

Control peptifd¥dsiusianadaims dheidnrrntdsys Kikd sacehtibs bupatresefEice DRB 1.0301
Myco. tubergylasisileprae lisp 652-16 AKTIAYDEEARRGLE DRB1*110I Influenza haemagglu nin
307-319 PKYVKQNTLKLAT DRBI*1501 Human myelin basic protein 85-99 ENPVVHFEKNIVTPR
Each of the peptides from Tables 1 to 7 are analysed in the competition assay and IS screened for
relative kindixpagiip@red 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 an %‘a“o@é‘?&’@‘}ﬁgﬂ‘?@ﬁ St SGRRBCARLRT SUBRASHHLLFsiHeRtERPYding affinity, while
peptides wit%@g@tj&u@ss than one have a higher affinity and those with a ratio greater than one have a

lower affinity. ol ﬂf%y“fr’f gtsq‘%aéjous solution is an essential criterion for a peptide to be an effective

therapeutic agent. Therelbfeptifemtionasgydn perdftnedobiitySercenyeny hydraghabic peptides
with a high frequency of large hydrophgbig amino acid residues in multiple binding registers will be
eliminat%%d. fﬁrisgll?sp %ﬁgﬁgéﬁrg?ct%%fﬁorﬁi@éﬁ%@’ﬂtﬁ}ﬁﬁﬁﬁ%ﬁ?ﬂ%?%gﬁ?&%@%ﬁ H'#ind to one or
more of the MiHEBHRS dodDaliatyestangitlsatiiied dtadeud beexpeciedihabsHak peptides would
have the ability. to bind similar alloty'%%js that have not been tested through the homol%ﬁy of MHC

structures. R STePSP S MGG Al thot e bricddpir Bt nrecpaise pehtccSay s Example 7.
Cell proliferaiigR293R¥plates arc then placed into a humidified 5% CO2 incubator set at 37°C for a

maximum of 4 hours. PBMC’s isolated as described above are prepared to a
15 concentration of 2x10° cells/ml in complete medium at room temperature. 100pl of
cell solution is then distributed into each of the wells of the 96 well plates containing
antigen/peptide. The plates are then incubated for 6 to 8 days. The cultures are pulsed
with tritiated thymidine solution by adding 10pl of tritiated thymidine stock solution
(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 pg/ml) were prepared in advance and stored at -20°C



The cell proliferation assay is performed on PBMC's (140x106 cells required lo for all parameters to be
tested). Proliferation is measured by the incorporation of the radiolabelletl compound 3H-thymidine. In
more detail, 100p.1 of the appropriate antigen or peptide concentration is distributed into the
appropriate Welisa1 OB Well plates. The plates are then placed into a humBiHleEEB1@®2incubator set
at 37C for a maximum of 4 hours. PBMC's isolated as described above are prepared to a 15
concentration of 2x106cells/m1 in complete mediuff at room temperature. 100111 of cell solution is
then distributed into each of the wells of the 96 well plates containing antigen/peptide. The plates are
then incubated for 6 to 8 days. The cultures are pulsed with tritiated thymidine solution by adding
10p.1 of tritiajetbtnytiddag slaskapdretitte; I 8mE\MBirdd weleinmvivhenR PM S0npédium) to each well.

The plates are then.returned 20 to the incupator, etyeen hours ltures are then
harvested usfho(j}l FRor B%?Fé? BaRST ﬁﬁeﬂ%)a é)rfn?dfbg%g)é%éﬁf W%%@e%&ﬁ?%ﬁ%%ﬁ%ﬁg §re counted
using an applidgridtef bella soudtilkxtian £tnatess@eantsimtiowefl$€opgaiting peptide are compared
statistically to wells ﬁorri]t g%r]}%l%%dl%? I%%ﬂg %ﬁl{gﬁ)&@%&g g&gtéﬁ)ﬂbt&@é@gmgfl&wann-wmtney

. €. . .
test is 25 used. The SAME statistical testis Use _ ects. A statisticall Significant difference
between reditvohysFeltdl alsuspe prieiestinsutpfugaliensiid €O nbmlisted of pogitvecelimliation of PBMC's

by the peptid j lease ARsA% pent g pRans ef.ahsmakscale
(approximateﬁ/B%énoéﬂ%get%% 30 size,é ﬁ%ﬁ%gM%% The%%érli%%gf each pga(E Ei%re vsas at least 95% by HPLC.

96 well culture’platesivorhaipnay3idptiaes dave. oMIRTRESEMEgHM B NG SPIFEARGMUre medium and
the positive c&%%l W@gﬁ@gﬁg@@q&%ﬁ;@%ﬂ& kefaBidpng/m1 and whole birch pollen

allergen extract 100 hg/m1) were pre in advance and stored at -20C WO

are
2011/098778PCT/@ﬂB@Pi%@ﬂ%@SE@@ﬁ@%WM@d‘%%fé%é&%f&&ﬁ}ia@%@%@akﬁ% wells in a
volume of 1 0Q dleGaniaiNg RRRLINESRlAHANERY AR LR RGN Blteldhal sehsgauent addition of

100 gl of cells would create a final assay concentration of 100 jig,/ml. Peripheral blood mononuclear

cells (PBMCsy{ipeneaiarensnb Fepariarsed 505 558 By R SHRIEHGE) shmaisrt-fehtrifugation. A 100

ill aliquot of a Eealinihe BMEpsuspensi swsdhenckadadvaoask deethanddhs plates placed in a
humidified 5% CO2 incubator at 37C for. 5 days. Following, stimulation, culture sg%ernatants (100 up

were harvestdRFERIELEM TR FE RGN D ST A EER8Ta Mt IR SRS AR IS RETRLTSRERE (11,10, EL-13,
Interferon garpma 6 bbirg) pwaee thonpefqrmatifonibaived aullns-gupsiysdantsiassiding to the

manufacturer's instructions. Single measurements were.performed for h cylture supernatant
sample After BS?H%?%%%%? %%EﬁigﬂiﬁW%s%%P | iglllelr Sfaple%’/?g%lﬁseo 3&5@%&% Lﬁgefre%lr%ined by
interpolation fsaetiet stied dardoalonietgbfe migdpiptide fisshy thicpositvmesRetwliadorallen as being

greater than ]80 Pﬂ!ﬁﬂ for the 1-13 agcllnflﬁal;l)gga_\ssays or >4 times the 15 background for the IL-10
0 ifc

assays The number of%éms-%%n ers ou h 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 8 20 %

responders inugﬂééﬁe% the praportion of subjects in which eac ptide induced 1-13 or WN-g above a
threshold%ve@d?%ﬁﬂ%ﬁﬁ&f@ﬁ&& s L SHRISSE Ty ‘iﬁ&é"?&ﬁ%ﬁfﬂ %jl%‘i?%ﬁiyy&ron 42
Birl6B 27 BirCVEEE- BN SEEEl iOVG-33-BifO7B |

Peptide | % responders Peptide % responders
Bir(2) 48 Biri5 27
BirQil 42 Biri6B 27
BirQ1¥ 38 BirQ1H 25
Biri2B 38 Bir06D 25
Bir01G 33 Bir07B 25
Bir04 33 Bir07D 25
Bir09 33 Birl0 25
Bird2E 31 Birl4 25
Birl2G 31 Birl7 25
Bir021 31 Bir(5A 23
Bird7 3 Bir06 23
Bir07C 31 Bir7A 23
BirQ%A, 31 Birl3 23
Bir09B 31 Bir06B 19
Birti 31 BirQRA 19
Rirl6A 31 Bir(s 17
Bir02D 29 Bir08 17
Bir08C 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



25 Bir04 33 BirO7D 25 Bir09 33 Birl 0 25 BirO2E 31 Birl4 25 Bir020 31 IT 17 25 Bir021 31 BirO5A 23
Bir07 31 B1r06 23 BirO7C 31 BirO7A 23 Bir09A 31 Birl3 23 BirO9B 31 BirO6B 19 Bin! 31 Bir0O8A 19

Birl6A 31 Bir05 17 BirO2D 29 Bir08 17 BuO9C
WO 2011/698778 PCT/GB2011/000206
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Bir02] (top of the 02 series), Bir 011 (top of the 01 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
Bir02], Bir01I and Bir12B. The third best performing peptides were Bir07, Bir07C,

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 vaccine mixture. In terms of other peptides in the various
series, BirQ1F, 01G or 01H, in that order of preference, are useful variants of Bir011;
Bir02E, 02G, 021 or lastly 02D are useful variants of Bir02J; BirO%A, 09B or lastly

10 09C are useful variants of Bir09; and Birl6B is a useful vartant of Birl6A. A possible
preferred mixture would therefore include Bir02], Bir011, 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 [L-10 release, Bir011, 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. Bir021 also
induced IL-10 production in a high proportion of individuals (43%). Inclusion of a
strong [L-10 inducing peptide may assist in the induction of tolerance following

vaccination.

20 Example 9 — Solubility screening

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

Peptide Sequence Mw | Length Thenretical
{Da} (#.8.) | Isocleetric point (pf)

RIRO1] FNYETETTSVIPAARK 1825.92 16 6.44
BIRG2I PAARMFKAFILD 137874 12 G.18
BiRO2) PAARMIKAFHLEGDKL VP | 2130.26 1 9.72
BIRG4 POGTIKKISEPEGFPFKY VY 205412 18 Q.56
BIRGTC SNEIKIVATPEGGSILK 1754.98 17 5.86
BIRGY ETLLRAVESYLLAHSDAY | 2050.04 18 4.65
BIRGOB KEMGETLLRAVESYLLAHS | 2146.11 10 5.50
BIRI2B ARYMVIQGEPGRVIRGK 1901.07 17 10,28
BIRIGA AERERIFKRFDANGEGK 2022.04 17 B.63

B)

Solubility Testing

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



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 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&Seudhd*BE8t performing peptides were Bir04 and Bir09 (topRsfi&E B9 igwfizs) which may
be added to the core mixture of Bir02J, Bir011 and-Birl2B. The third best performing peptides were
Bir07, BirO7C, 5 Bin | 1 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 Ci ixture, In_terms.ef oth enti in the various_series, BirQIF, OIG or 01H, in
that order of gﬂé%%?e% e%sélrgotlj%% u v%r%%ﬁ?swéﬁﬁ%@rgﬁﬁ%%r %gis (l)lﬁ%acé%ﬁ(/i&D are useful
variants of Bir@@dndBi09BhO8m:biliysifeach @9 haninageftikieaiants aifuBicd & sanlt BIMBB is a useful
variant of Bir | 6A, A possibl rre ' e ld therefore include. Bi . Bir Birl2B, Bir04,
Bir09, Biro7& %ﬁ‘éeé% %ﬁoqéﬁaf{%(%%d%ﬁ é’én%{ 51%% g?ﬁ%ﬁllwcl‘ﬁse%dfﬁé&é tépr%[é%?\yé%ﬂgu bstituted for
BirO7C an d/dneadclﬁiﬁp‘mqefmﬁsteﬁ Pt o M§Mﬂeﬂ§wwm&é§im @‘#MX@@ t3ﬂ)eptides for 15
113 or 1EN-gRHeHRN: Dilieedd o1 Eanaieas %1%9?(&PBMV§%@&§-a?H£%é§l§£ induced I1L-10

production in a high proportion of individuals (43%). Inclusion of a strong IL-10 inducing peptide may

assist in the inductibstaiisciemBidolciienyy aepiidssiorrirgEndiensrd 0. Koty Alreening A)

Introduction E@ﬁﬁﬁé‘%@%@ﬁ%h@&?ﬁ?@&H&ﬂ%@gﬁﬁ%ﬂﬁb@ﬂiw&%&%ﬁep“de Sequence Mw (Da)
Length (a.a.) Theoretical Isoelcetrie point (0) BIRO 1 | FNYETETTSVIPAARK 1825.92 16 6.14 BIR021

PAARMFKARRUE 957 $eaisobBirhpressgsp AARMFKAFILEGDKLVPK 2130.26 19 9.72 BIRO4

) ( S
PCIFIKKEI(?FF EQ,E!jﬁEcKY\/ 200442 18 gﬁ@,@lﬂO?@(&;ﬂMk.lYﬁm)G 5 ILK 1754.98 17 5.86
BIRIE _J028RR2 1827.03 99.2 87.1
BIR0OZI 1028883 1378.69 99.1 862
BIRGZ] 1028884 2131.61 914 34,1
BiR04 1028885 205545 98.1 883
BIROIC 1620310 1756,03 919 £9.8
15 BIROY 1028886 2051.28 975 86.9
BIROSH 1029311 214748 9713 894
BIR 28 1028887 1902.30 971 85.6
BiR16A 10284888 2023.24 984 28

20 ) Results
The resuits of the solubility screening are displayed in tables 9-3 to 9-8 below:

Table 3: 2mM HCI and 260mM trchalose dibydrate, pH 265

1M bvdroehlgrie Arld e F:;;:,"‘rh;:isg :';::::f;; SI‘:::';:;:’ Solubili!yl Sﬁﬁ‘:‘:‘:f
Peptide | Comments Solubility after 24 Hours {mg) {pls) mi ‘ag i) tmg per o] per ]
BiRN | Completely disspfved Completely dissobved 0975 50 10.50 16349 9322
BIRGI | Completels dissplvor Completcly disankved LITE 50 23.50 20075 14,550
HUROY | Completcly di,ggn!n_;:i! Complesely dissohved __Llo 50 2360 19.313 9.046%
MEM | Cowpleisty dissolved Completely dissalved 1025 3 AL 17758 4,639
BIROE | Campletely dissolved Compleely dissalved 1148 L] 1148 HLO9) A2
F Comglerely dissalved oaeptetely dissolved -

BiRgy | oy diss o i L7 250 | 09 om | 63w
BRI | Comploiely dissolved Compotely dlssalvd) 1120 g N 10617 1342
BIRI2D | Compleely dissotved Completely dissalved 1022 100 022 $.542 4450
alRteA | Compliigly dissolved Compleiely dissalved 1.M3 50 WE 21551 10,652




131R09 ETLLRAVESYLLAHSDAY 2050.04 18 4.65 13IR09B KEMGETLLRAVESYLLA HS 2146.11
195.50B IR 1 2B AKYMVIOCIEPORVIR OK 1901.07 17 10.28 RIR I6A AERERIFKRFDANDEGK
2022.04 17 8.63 B) Solubility Testing 45A series of matrices containing 260mM trehalose and
spanning a pM@aigeiet’ $2 3.0 to 7.0 plus a solution modified with 2mM HET#® prefsased as
indicated in Appendix 2. The solubility of each of the nine peptides was evaluated in each of the
matrices in accordance W|th Appendlx 1. Where sé?ublllty was achieved initially, but the peptide

precipitated o nilometin iPinld Eehalestcii ?_ugﬁé«ﬁ’t'tv of the 5 releyant matrix was added
L. L
to try and achigue seulility of the peptide at ca, ggg,m\g. s ﬂg’pﬁ? rreuBivch TETence peptides
used are indlca;ﬂd eudabie 9-2. Allspepjidesivesd masufactused DyBasndRFA | Bukkddorf,
Switzerland. {igile S PekiSaitedist of mm@#as:pépwes Detitie Huteld no. MV (DA¥PeptifiE@nlrity CYO
Peptide contéBR@.) Comipgyiisded (2R fBiydy3 09 2187 11138800211802838%4 379188 99 1 86.2
) bedely dissndved in e _
131R02! 1028884 2T iolomas | Prcitsctont 118 We | 03 | o4 | wle
e ]
Jl afier 3dhes
BIRD4 | Completely dissoived Complerely dissubved 1438 k1] L3R 19.55¢ %516
BHROTC | Comsleicly dissolval Completely dissobved 308 B30 .30 1,448 6,653
' Dedissolved i 1 Smls _ ]
RGP | dilited 10 Il ubl] Undissalved (NH! 000 0.37 034 0153
wndissolved
BIROSH | Complotely dizspleed Comploiely dissolved 1162 Hi 1182 1,408 4501
fifi2n | Complotely dissobeed Coniplezely ditsolved 1,084 200 547 4572 40
BIRIGA | Compitey fissved | Compicsly disolsed Lo | 150 1 ) 628§ A0
Table 42 10mM sodium citrate and 260mM trehalese dibydrate, pH 3.99 ,
) Weghtof | Volume | Solobituy Salubdlity
Cleente buffir pi {0 peptids ar s | reguired f”"_i?»?*" |msz';bf:ﬁ fmel
Peptide | Courmests Soinbifity stter 14 Hoars {wg) (k) ol tus bs'l per gl]
BRI Complngdy dizgselng Cotpgrlately dissolved 1036 454 228 15996 187
Cloudy gslution with _
BEREH | sospendd mtisl, Limdisssived 1,051 kit {35 6z 02ty
Frativing on vortex )
Complelely dissolved im tted o, ' .
c2d i Pretip 15! ( . 3 14
BIRO2 ﬁg,&gﬁmkﬂ i dnl, rcdm?md 3 155 | }{}LU &%!9 o148 0148
BIREE - | Completely disgived Complziely dissplved 1018 50 36 11836 8540
Ciesie edution with . s
| " ; Clear salaion with
BIRETC | suspended mstedial, _ : 1426 1000 035 6330 f.128
Frashiag on vagex S‘W mlmgl .
] Clnady sohsiion with Clowdy sotaien with ‘ .
i | mdissohad smtersl undissdved moterisd 100 3000 036 0308 0148
BIROSB § Complasly dissoivad Complaely diisolied [.140 106 1140 2516 4614
BIREXR | Complttely dissalved Completely dissatved 1612 100 1032 5626 4534
RIRIGA | Completely dissnlved Complelely disstived IREX) 150 749 6450 1208
Table §: 10mM sodium citrate and 260mM trehalose dibydrate, pH 5.02
T Weght of | Velume | Solsblity | o\ | Selabifity
Citrato buffer pH $.0 - peptiie*asls’ | required | lme per ,ﬁ?:&?&i - ol
Peprde | Comineats Sslobility after 24 Hounk fmg) {itk} i ‘a8 i5'] L pef ait)
BIRIE | Complowdy dissobeed Complalely dissoived £O3% £50 2,30 1989 )
Cloudy solutian with ’ ) . y ; ; 306 14
BIROH spenbed matérial Compizizly dissolved 1085 X 036 0.309 0224
T Completely dissatved m Ny
PIRG | S0GL, efischedin | Foampuodouk 1629 oo | e et | em
iespived
| 3l after 2itus .
BIRDS | Compdotely dissalied Cotipkicly disseivad 1076 59 2.5% SRk 9067
HIRGTC | Compieiely dissplved Compleiely dissolved: §16% 1150 085 §.760 0,433
i Chegr snbatiamn with Clear solwion with - ;
BIROY | coipéreied waterial | suspemed naicril Hi3 il Bhay bS] e
BIRGHE | Completely dissgived Completely dlssahed L2TS 100 1205 1109 5188
BIRIZH | Compleicly disaived | Completely disselved 1167 200 S8y 1377 2,364
BIRIGA | Compluety dissalved Completely dissaived L1598 ) 2116 21077 0543




97.4 84,1 131004 1028885 2055.45 98.1 88.3 1311(07C: 1029310 1758.03 97.9 89.8 1311(09
1028886 2051.28 97.5 86.9 131120913 1029311 2147.48 97.3 89.4 BIR1213 1028887 1902.30 - 97.3
85,9 DIRI6A 1028888 2023.24 98.4 88.1 20 C) Results The results of the solubility screening are
displayed in {80841 9088(590-8 below: Table 3: 2mtvl IICI and 260mM trehoRsSe& GiagoreresonrFl 2.65
2roN1 hydrae hloric APIA Weight of pcplide 'us is’ froRl Volume required (old Solubility 'mg per out 'os

[l won., j.in 1g per mll
Table 6: 10mM sodium citrate and 260mM trchalose dihydrate, p 6,01
Wczghiel' | Yolume | Seisbifity Befubitity
Citrate buffer pH 64 peptide '3 is® | required | Jmgper | Ii‘:‘;:;rgﬁ fuwset
Petide | Comenents | Solufility after 24 Hows {mg} Ly mitsei] ] j per mY
BIRE | Compheely dissplved Campiely dissolued L7 (il 43 5434 35
' Clondy solufion with Clondy solinlon with :
PP | supended mcal__| suspesded i B ML Nl M Wil
Compluely dissolved i -
BlRGH | 100, efssabedin | Lo LiT2 oo | o | oo | ono
._..'*mLa!tuz:thrs ‘
Conpletely dissnlved. Completedy dissofved.
BIRO4 Eyidorce of filee dobtis | Filier debris KIH]| iy 10,44 £.758 4,261
Complotely dizeilved L
BIROIC | 3500k, redissoived in ;‘gg;ﬁ au, 045 0o | uls D6 | OIM
L dmlafer 2dhn ‘ 7
BH09 ‘ Complaiely dissobved camplciely dssolved 1,884 050 103 0875 G426
RIRGIR | Complotely dissolied Completely dissnlved 1,210 10 492 4280 1993
5 1 Compbetely dissolved, Comipletely dissolved, ,
BIRIZ | Puigezorflerdebys | Fergeiy | 120 | A% 4 B | MG e
BIRIGA CWW} disoled | Complewlydionlvd | 1203 | 80§ 286 | 22418 | 1LURD
Table '!: 10mM potassiur dihydrogen phosphate and 260mM trehalose dilydrate, pH 6.0
. Welghtof | Volume | Selubility Sotubitiny
Phosphote bulfer pf 6. peplide s ks’ | required | pg pere [ ﬁ‘;ﬁg] jamol
Feptide | Commenty Solubility fter 24 Hooms | {me) oLy | m! ‘s 1y'] [
BIRI | Completchy Gisolved | Conmpletely tissolwed 1167 50 2044 .1 | 1547
BIRIM | Completely diesolved Conpletcly dimsohed 1,18 i) H4s 2381 .08
BRI | Complelely dissslved Completcty dissolved LI 10b 1112 4.4 42¥
| BIRO4 ¢ Completely disolved Comglesely dissojved (155 10y 0% 1 154 415
Completcly dissalved in "
BIRUIC | 230k, refasolved fn | it O 1,248 W |04 8365 .20
ol after Mins
Clear solution with Clear solution with o . Se . o
BB suspeided i i st 1.7 30 8.35 i3 0143
Completely distohved in e
BIROSS | 100l edisabvodin | ooniulon 1486 WO | 636 | M5 | e
g dmlafier by N . _
BIRIZE | Completely disgsphved Gomgsisly displved WR | M F 284§ 129 | EMT'L
BIR16A | Complotely dizsohved Comgletely Heenlved R 5 2154 {BBT3 919
Table 8: 10mM potagsium dihydrogen phosphate and 260mM trehaloss dihydrate, pH 7.03
. ‘ Weightof | Volume | Schubility | . . .. = | Sotobifity
| Phosphate Bufler 7.0 peatidees is' | required | mpg per ‘:g“t;{igﬁ inmat
Peatide | Coraments Salubdlity alier B4 Hours {mgh (ald ndtes i |V Rere per mlf
BRI | Complotelr dissotved | Complately dissolsed g se | e | izess | s
BIRD2! | Complesely disspfeed Complstely dissolved 1.idp i . 11.50 . 10,168 7?.36&
1 HIRG | Comploly dissolved | Complétely dissobved f,251 B A 2 T 1 R )
NIHOS | Commpluely dissolved | Completely dissolved L3S 5 2150 1564 5,041
| DIROIC ) Compiricty dissotved Conplciciy dissalved 1008 150 630 5390 1354
DIRGS | Complrrety disnived Comatetcly dissnhved LIE o 153 1.284 6,627
BIRGIB i Compleiely disuived Compictety dissuhved ).0ES 5t 2070 15876 8790
BIR12B | Complesely dissolved Complitely diesobved 1431 i} 2042 17,74 § (60
BIR1GA | Campleiely dissolved Completely dissnlved 1059 i 298 19,083 9418




- iltmel Solubility per mil Peptide Comments Solubility after 24 Hours 131811 Completely dissolycd
Complticly dissolved 0.975 50 19.50 16.849 9.222 1111(021 Completely dis,ltd Completely disiolyed
1.175 50 23.50 20075 14.550 11111021 Completely disenlted Completely dissolved I. IEO 50 23.60
19.332 9.0691 81 040€%3 i pletely dissolved Cot notelet I' tlitsolval 1,025 5GC0&R2218828:639 BIR0O1C
Completely &Skid Completely dissalred 1.148 1005%1.48 10.093

Example 9 - Annex |
PEPTIDE SOLUBILITY STUDIES

Solubility Methodology
5 The formulation vehicles were prepared and measurement of pH taken.
« Weighing of peptides.
- Approximately Img was required for each evaluation.
- Materials were dispensed into containers suitable for subsequent solubility
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/ml = weight(mg) x 1000 x %Content x ¥%Purity

dilution(ul)

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



5.747 811109 Completely dissolved litter &his Completely dissolved - filter debris 1.147 1250 0.92
0.772 0.379 011i091t Completely di5501Yed Completelyl, .220 19P 100 11,20 0.22 10517 8342
4,942 4.490 018.1213 Completely dissolved Completely dissolved 1.022 01816/1 Compkiely
clistalv*1l Coiipieteloeizifind 1.243 50 24.86 21551 10.652 53 4.0 10aMPEgdR#OtItrae@0and 260thM
trehalose dih &ate H 3,01 Cagle buffer pa 3.0 Welght uf peptide on? (4081 Volume required (jLP
Solobilit7 [mg per Dol las is") Solubility

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 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 dibydrogen 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.
» 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 sclutions were finally diluted to 100g 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 potassium 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



Irbg Per Plil Solobilik Immo! per nil Peptide Comnornft Slubh4ity after 24 lino 011611
(rnptnelyd4ssolved ColAnkitly dissolved 071 650 1.65 1,426 0.779 0181021 Completelyisnlverl
Catania:1)0E1661114 1,112 1100 hal 0.864 0.626 may Co' foul:rely dissolved in 1 Ohl, redissolved 6
3n0L after 224 20i#9BOBS d dissolveDull re 1.150 3000 0.38 0314 0.147PKINGROY 1B6Mapliely
dissolved Caazphttlydissolred 1.129 50 22.51 19, 559 9.516 11111r07C Completely dissolved
Complemly dissolved 1.108 850

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 ~BIRO1I, BIR02J, BIR04, BIR12B, BIR16A, BIRO7C

15 Mix 2 — BIRO1I, BIR02J, BIR04, BIR12B, BIR16A, BIR()?.C, BIROY
Mix 3 — BIRO1], BIR02J, BIR04, BIR12B, BIR16A, BIRO7C, BIR09B
Mix 4 - BIRO1I, BIR02L, BIR04, BIR12B, BIR16A, BIRO7C
Mix 5 - BIR0O1L, BIROZI, BIR04, BIR12B, BIR16A, BIRO7C, BIRG9
Mix 6 - BIR0O1L, BIR02I, BIR04, BIR12B, BIR16A, BIR07C, BIR0IB

20 Histamine release in response to whole birch allergen extract was measured in
each subject to confirm basophil sepsitisation. A positive control, representing total
histamine release, generated by freeze/thawing the cells twice, was included in each
assay. A negative coptrol 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 basobhils 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 loglD range (1 to 10,000 ng/ml). The concentration range assayed was selected



1.30 1.146 BIft09 Undissolved 6 1_5mle diluted io 3re L still tindissolmd Uodimolved 1.111 3000 037
0314 0.153 BIR096 Complddy dissolved Completely dissolved 1162 100 11.62 10108 4.107 i
dissolved Completely daSolverl 1.094 200 5.47 4172 1403 RIRI6A Coniplctclydiolved lyl 1.076 150
7.17 0.219 3WPRTHAR B b | OrnM sodium citrate and 260mM trehalase d&FaE329H /8099 Orate burnt
pll AO Weight of peptide Il 5 h (mg) Volume rimu;gld 00 Solubility 61 per ml'usis'l &mow__i"is 'Eng
P"In1

based on theoretical in vivo doses of peptide that may be achieved during therapy. For
example, a 3lug dose (approximately 3 nmol/peptide equivalent) of each peptide
entering a blood volume of 5 litres, would result in 2 blood concentration of 6ng/ml, at
the lower end of the histamine release assay dose range. The whole birch allergen
5 extract was used over the same copcentration range. '
~ 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 positive control
(>15% of positive 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 unaccepiably 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 conc:up/m] | 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%
i 0.01 3% 5 0.01 2%
i 0.601 2% 3 0.001 2%
2 10 2% 6 10 3%
2 1 2% 6 1 2%
2 0.1 3% 6 0.3 1%
2 0.01 3% & 6.01 1%
2 0.001 2% 6 0.001 - 2%
3 10 4% WA 10 65%
3 1 2% WA 1 38%
3 0.1 3% WA 8.1 38%
3 0.01 2% WA 0.01 42%
3 0.001 2% WA 0.001 43%
4 10 2%
4 1 2%
4 0.1 2%
4 0.01 1%
4 0.001 1%

20



Solubility lomat pr nil PeDIS s Solubility aller 24 Hours ~ WRI1 Comulmely clikvbed Cumcly dissolved
1026 434 2.28 1920 1,078 aoudy wath suspended medial, on vortrx _Frothing 1.1015261eal 1.051
3000 035 Q299 0213 BIRCH Completely imooked in 50 ol.. recGsSellted in 3n7L inofter 14hrs .
hazed"ell refli000Inuf 1.155 1000 0.39 0115 0.1413%31R64 CaznplclydLwilS Conmletely dissolved
1.018 50 20 36 17.634 8380 311107C OW Milutite %Ai sorummded moterkl. Frcebuit an voricu Oct
valulion witha %kb

CLAIMS

I 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

11) the polypeptide of SEQ ID NO: 53 (Bir(2J; PAARMFKAFILEGDKLVPK), or a

variant thereof,

wherein a variant of a polypeptide is:
I) 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
n 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 (Bir01L,
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



sulpc84: 811 1126 3000 016 0.130 OARS BIRO9 Cloudy solution with undissobtd martial CInSysolumn
with um*!red nutria) 11174 3000 0.36 0103 0.143 BIR0913 Complaely diglced Completely dissolved
1.140 100 1140 9.916 4.618 1111111B Completely dissolved Cornplctclydhrd 1.032 100 10.32 8.626
4.534 01R163 Complehly dissolved Complelely dis¥blved 1423 150 749 C498 31113 5: 10mM
sodium citrate and 260mM trehalose dihydrale, pH 5.02 Cent. bufkr pH 5.0 We4gbi of peptide 'us is'
(11121 Volurat required (mi) Solubility

polypeptide is as defined in claim 1(1), (II) or (III).

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

{(a)  the polypeptide Birl2B (AKYMVIQGEPGRVIRGK), or a variant thereof;
(b)  the polypeptide Bir02J (PAARMFKAFILEGDKLVPK) or a variant thereof:
and

(c})  the polypeptide BirO1I (FNYETETTSVIPAARK) or a variant thereof:
wherein a variant of a polypeptide is as defined in claim 1(T), (1) or (I11).

4. A composition according to any one of the preceding claims, comprising the
polypeptide Bir1 2B (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 Bir09
(ETLLRAVESYLLAHSDAY) or a variant thereof, the polypeptide Bir(07C
(SNEIKIVATPEGGSILK) or a variant thereof, and the polypeptide Birl6A
(AERERIFKRFDANGEGK) or a variant thereof; wherein a variant of a polypeptide is
as defined mn claim 1(1}, (1} or (III).

5. A composition according to any one of the preceding claims, comprising the
polypeptide Bir1 2B (AKYMVIQGEPGRVIRGK) or a variant thereof, the polypeptide
Bir02J (PAARMFKAFILEGDKLVPK) or a variant thereof, the polypeptide Bir011
(FNYETETTSVIPAARK) or a variant thereof, the polypeptide Bir04
(PGTIKKISFPEGFPFKYV) or a variant thereof, the polypeptide Bir07C
(SNEIKIVATPEGGSILK) or a variant thereof, the polypeptide Birl6A
(AERERIFKRFDANGEGK) or a variant thereof, and Bir09B
(KEMGETLLRAVESYLLAHS); wherein a variant of a polypeptide is as defined in
claim 1(I), (II) or (III).

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



11112 Pet rot ,41 ill solubility | rag per ma Solubility 188tol ... Ptr Dui Helmick Comments Solubility Mkt
24 /loth  SIR11 Complmelydissolrad COniplatly dissolved 1.036 450 7.30 1.989 1.089 WR021 Clunk
r.cdmion ioith =sported material Completely :aspired 1.085 3000 034 0309 0.214 0114011 Contplemly
dissolved in 15061, redissolvedin 3m1. oars 240rsé10 4 4,., 4 ,ired-aut;w 1029 3000 0.34 0181
PARCH Coplctciyditthtd Corapdy4eJv4 1 076 50 1151 18.641

polypeptide Bir1 2B (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 Bir07C
(SNEIKIVATPEGGSILK) or a variant thereof, and the polypeptide Bir16A
(AERERIFKRFDANGEGK) or a variant thereof; wherein a variant of a polypeptide is
as defined in claim 1(D), (II) or (III).

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

- said variant of Bir011 is Bir01F (FNYETEATSVIPAARK), Bir01G
(FNYEIEATSVIPAARK) or Bir01H (FNYEIETTSVIPAARK); and/or

- said variant of Bir02J is Bir02E (PAARLFKAFILEGDTLIPK), Bir02G
(PAARLFKAFILEGDNLIPK), Bir021 (PAARMFKAFILD) or Bir02D
(PAARMFKAFILDGDKLVPK); and/or

- said variant of Bir09 is Bir09A (GETLLRAVESYLLAHS), Rir09B
(KEMGETLLRAVESYLLAHS) or Bir09C (KEKGETLLRAVESYLLAHS); and/or
- said variant of Birl6A is Bir16B (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;
(1) N terminal acetylation;

(1) 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} 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) Nterminal to the residues of the polypeptide which flank a T cell epitope: one to



BIRO7c Compleldly 40301rod ComplelydiSsolted 1,167 1350 0.84 0,760 0,433 011409 Ckrar solut_u,n
with nentlrd material=spaniel Our solution with momrial 1.115 3000 037 0.115 0,154 et13. Cornplcicly
dissolved Cornpletely dissolved 1.275 100 1Z1S 11091 5,165 131R1211 Co Completely dissolved
rl.167 $11-1 4877 1311216A Couiplcddissolvtd Ebmpletely dissolved 1.158 5 23.16 20.077 9323
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" peptide 63 is, OR)
six contiguous amino acids corresponding to the two to six contiguous amino acids
immediately N terminal to said residues in the sequence of the protein from which the
polypeptide derives; and/or
i) C terminal to the residues of the polypeptide which flank a T cell epitope: one o
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
i)  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/m]1 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 _
il  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

1ii)  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

v} 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.



Volume required (p L) Solability Img per ml ‘as WI alobilily ay mi 191 Ig P Solubility [swot per 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:

1} the polypeptide of SEQ ID NO: 74 (BIR12B; AKYMVIQGEPGRVIRGK), or a
variant thereof as defined in claim 1 (I), (I1) or (111}, and

ii) the polypeptide of SEQ ID NO: 53 (Bir02J; PAARMFKAFILEGDKLVPK), or a
variant thereof as defined in claim 1 (1), (II) or (III).

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 foruse in a

method of preventing or treating allergy to birch pollen.

19.  The composition according to any one of claims 1 to 17 additionally
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comprising a further polypeptide allergen for use in tolerising an individual to the

further polypeptide allergen.

20.  An invitro method of determining whether T cells recognize 2 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.



Weight or peptide ‘et Is' Ong/ r Solubility 1010 PIT ml 'al d'i seabd0,, .4 er Ital Pmil , Solubility 100701
per ml) r_iptiae comments Solubility 911rer 14 liours  BIR11 Cinclv dissolted Corapklely dissolved
1.107 50 22.14 19,130 10.470 BIR1121 Complly dissolved Corapktcly elHod 1.14% 10U 11.4$ 9381

7.009 910021 Completely dinalved . _ Compldcly dissolved 1.112 10U 11.12 9.109 4.273 Corn lenly
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SEQUENCE LISTING

<110> Circassia Ltd.
<120> PEPTIDES FOR VACCINE AGAINST BIRCH ALLERGY
<130> N110180A

<140> pPCT/GB11/000206
<141> 2011-02-15

<150> GB 1002559.1
<151> 20106-02-15

<160> 102
<170> PatentIn version 3.5

<210> 1

<211> 16

<212> PRT

<213> Betulaceae

<400 1

val Ile Pro Ala Ala Arg Met Phe Lys Ala Phe Ile Leu Asp Gly Asp
1 5 10 15

<210> 2

<211> 15

<212> PRT

<213> Betulaceae

<400> 2

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

<210> 3

<Z211l> 15

<212> PRT

<213> Betulaceae

<400> 3

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

<Z210> 4

<211> 15

<212> PRT

<213> Betulaceae

<400> 4

Ser asn Glu Ile Lys Il1e val Ala Thr Pro Asp Gly Gly Cys val
1 5 10 15

<210> 5

<211> 17

<212> PRT

<213> Berulaceae

<400> 5
Page 1



Coraplocly dissolved 0986 10U 926 8.541 4,155 BIRO7C Completely dissedved in 250ul., redissolved
in 3mL uflcr 24hrs pirophatm map reditsolved 1.245 1003 0.42 0.165 UN BIRO9 Char solution with
scpendel nottcrid Ocarsoitrilon with susErwicd manrial 1.037 33100 os 0.291 0.143 1311109111
BIRI210 Completely chnolved in 1004, redissolved in Compktely dircaised 3 inL idler 7.4 lus pieciahms
Dia, . rind yinOv 1.0860%30p 800G-VL36NIBE8®. 145t inG (o1 . 8hakg /@2l 1044 742B1R16A CudydSvS

CompEctgly,dissplyed 11:)%7.2[!e val Ala Thr Pro Asn Gly Gly 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> Betulaceae

<400> 7

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

Ala Tyr Asn

<210> 8

<211> 16

<212> PRT

<213> Betulaceae

<400> 8§

Gly val phe asn Tyr Glu ITe Gly Ala Thr Ser val Ile Pro Ala Ala
1 5 10 15

<210> 9

<211> 21

«<212> PRT

<213> Betulaceae

<400> 9

ITe Ala Pro Ala Arg teu Phe Lys Ser Phe val Leu Asp Ala Asp Asn
1 5 10 15

Leu 1le Pro Lys val
20

<210> 10
<211> 15
<212> PRT
Page 2



50 2134 18.613 9.229 Table 8: IOrnM lotasiurn di Timaie, pH 7,03 Phosphate Bullet 1017.0 Weight of
peptide 'as is' imp) Volume required ((pl..) Solubility Img per nrd in3 WI so4 tit; In0O411 Solubility 1pmol

per ml) Peptide Comm eats Solubilily after 24 Hours

BIR11 Co0/411041v dinolvcd

Cor_npletely dissoh-cd 1.039 50 20.78 1 7,935 9.827 13171.021 Completely dim:lived Dropv
diesolved 1.190 10€1181301 &6 %7 3etificataClomtplsty diddvivhetsinigistah; 241211331

<213>
<400>

Betulaceae

10

Cys Asn Glu Ile Lys
1 5

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

<400>

11

15

PRT
Betulaceae

11

ser Lys Glu Ile Lys

i

<Z210>
<211>
<212>
<213>

<400

1

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

<400>

5

12

15

PRT
Betulaceae

12

Ser Asn Glu Ile Lys
5

13

15

PRT
Betulaceae

13

Cys Asn Glu Ile Lys
1 5

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

<400>

14

17

PRT
Betulaceae

14

Cys Asn Glu ITe Lys

1

Lys

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

<400>

5

15

17

PRT
Betulaceae

15

teu val Ala Thr

ITe Ala Ala Ala

Ile val Ala Thr

Lteu val Ala Thr

Ile val ala Ala

Pro
10

Pro
10

Pro
10

Pro
10

Pro
10

Asp Gly Gly Sser

Asp Gly Gly ser

Asp Gly Gly Cys

Asp Gly Gly Ser

Gly Gly Gly ser

Thr
15

Ile
15

Ile
15

Ile
15

Ile teu
15

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

Lys

Page 3
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100 1231 .id.* 4,730 Considely &valved Complettiv &mint: 1.075 SO 2130 16.624 9.061 1311107C
Com:Andy dizolk94 ColoPleldv OlssoBT4 1.005 150 6.10 U90 3.354 131R09 Complrev dissolstd
Conlin:nit-dissolved 1,1313 750 1.52 1.2135 0,627 n1R09B Complorly &coned Completely dissolved
L085 50 2170 18.816 8.790 131R128 Compleitly dissalvcd Canpletelv &solved 1.031 SO 20.62 17.214
9.060 OIR16A ComitPaR8iSxaiver-CEY89899 1'91% ngridsuhiehas 08D 50°21.98. txt

<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> Betulaceae

<400> 17

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

<210> 18

<211> 15

<212> PRT

<213> Betulaceae

<400> 18

Cys Asn Glu ITe Lys Ile val Ala Ala Pro Asp Gly Gly ser Ile
1 5 10 15

<210> 19

<211> 15

<212> PRT

<213> Betulaceae

<400> 19

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

<Z210> 20

<211> 15

<212> PRT

<213> Betulaceae

<400> 20

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

<210> 21

«<211> 15

<212> PRT

<213> Betulaceae

<400> 21
Page 4



19.055 9.4!S 55 Example 9 - Annex 1 PEPTIDE SOLUBILITY STUDIES Solubility Methodology 5
The formulation vehicles were prepared and measurement of pH taken. Weighing of peptides.
Approximately Img was required for each evaluation. Materials were dispensed into containers
suitable for subsequent solubility evaluation, i.e. clear glass HPLC vials (with screw cap) . 10
Evaluation of solubii0i8PR&eh rektrik)}BARgaols of inatifie (5ohes 10D-=L Y Werk2atided as required. The
peptidesalybility wag. intecpigted, by Kisualipspestion, dhe a5¢FiRtiQn-of the sample characteristics
folloviing addition of eash aliquot of the solvertvas recorded. 15Repgsat visual assessment of
solubility after 24 hours. Where a peptide precipitated out of solution after 24 hours, additional buffer
was added teproduce a final concentration of ca. 0.2mM (200nmol per mL, should equate to roughly
0.35m¢linl ). 1&alculation of peptide solubilities (initial evaluation). 20Based on absolute amount of
pow@@eigﬁgﬁmggéggninaﬂon of molar concentration at which solubility was achieved using peptide
molecular masses and peptide content and purity values. Calculalions Solubility mg/ml 'as is' =
weighiftffy) x22000 25dilution(ul) Solubility mg/ml =weight(mg) x 1000 x %Content x %Purity
dilutige{p A9n3@ Rolrailifyyna mbFweis htand ve 10D %poptent xigPurity X 1 x 1000 Molwt 56
Exaniple 9 - Annex 2 BUFFERS FOR INITIALGOLUBILITY AND STABILITY SCREENING Each
matrix was prepared at a concentration of 10mM of the buffering agent. Each 5 buffer contained
260miytidrehaose dinydrate (FW 378.3). Preparation of matrix The procedure indicated is for the
prepaiio of2100mL of each buffer, but alternative volumes can be prepared by adjusting the '
quantifies. 1@311}1\4@9@'( solutions of sodium citrate and potassium dihydrogen phosphate were
prepared. Weight of trehalose dihydrate equivalent to 260mM was transferred to an appropriate
mixintt988sef fontaining 70-80mL of distilled deionised water and allowed to dissolve. 10mLof the
apprepratgstatk G 1M ibuffen solutioawashaddes isphepixing wessel 5 and stirred. The pH of the
matrik was adjusted to the desired value by ad@ing 2mM hydrochlorié-acid or 0.1M sodium hydroxide
as required. The solutions were finally diluted to 100g weight and the pH re-assessed. Buffers for
initiakgalhiliddand stability screening, shown as Buffer salt or pH 20 modifier / pH: 2mM HO and
ZGOnﬁ%ﬁghai‘%%e dihydrate/ pH 2.65 |OrnM sodium citrate and 260mM trehalose dihydrate/ pH 3.01
10mMz3adiupegifratesand 260mM trehalose dihydrate/ pH 3.99 10mM sodium citrate and 260mM
trehalose dih grate/ pH 5.02 25 10mM sodium citrate and 260mM trehalose dihydrate/ pH 6.01 IOrnM
potas%’i?q diflydrogen phosphate and 260mM trehalose dihydrate/ pH 6.03 10mM potassium
dihydrbgerephosphate apsl 260mvbtredraloge dinydrateripH (O3cExamplei1d - Histamine release
assay 30The purpose of this assay was to ideﬁ%fy compositions that &re capable of activating blood

basophils (as a surrogate for tissue mast cells) resulting in histamine
Glu

<210> 25

<Z211> 12

<212> PRT

<213> Betulaceae

<400> 25

Ala Gly Leu Phe Lys Ala val Glu Asn Tyr Leu val
1 5 10

<210> 26

<213 12

<212> PRT

<213> Betulaceae

<400> 26

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

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



release that may result in allergic reactions during therapy. A composition comprising WO
2011/098778PCT/GB2011/000206 57 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 aninBl&0wlsiew|angtigMandeshdulkt v, fivergforei possessl sighifieant tertiary structure
that wgyld engble 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
crossfihk Adfadétt lgm r@&eé&ﬁeé{ﬂiﬁ&mﬁﬁér as€drdgiifresh peripheral whole blood from birch
allergic io subjects wasevaluated. 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
identﬁﬁﬁgs <%éitable based on the results of Examples 1 to 9 above. Specifically, the following
mixtutesweremssayed: Mix | - BIROIf, BIRO2J, BIR04, BIR12B, BIR16A, BIRO7C 15 Mix 2- BERO11,
BIROZLBIRBELBFEERB, B1R16A, BLRO7C, BIRO9 Mix 3- BROM BIR0O2J, BIR04, BIR12B, BIR16A,
BIROZ{oBIRQ9B Mix 4 - KROH, BIR021, BIR04, BIR12B, BIR16A, BIRO7C Mix 5 - BIROH, B1R021,
BIR04, BIR12B, BIR.16A; BIRO7C, BIRO9 Mix 6 - BIRO II, BIR021, BIR04, B1R12B, BIR16A,
BIRdi;'G', IROOB Q@ﬁi@f&nﬁﬁé ?@éa@@irﬁ%s@ hisk®td Witble 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
spon @usl stamine release was generated by incubating cells in buffer only. 25The assay was
perforaied usmgy the Immunotech Histamine Release Immunoassay kit according to the manufacturer's
instructiotis. B8RBIiREARe in vitro challenge of blood basophils with peptide mixtures, whole allergen
or bufigggp migrotitre plate wells, supernatants were removed and the histamine in the samples
convetéed to ac¥l histamine. Acylated samﬁ)les were tested by a competitive acyl 30 histamine ELISA.
Pepti Undiddu e werk géga%‘ﬂ foittrei? a‘biﬁtﬁl’g} ifdHceMistmiheY %‘é\s%%ver a 5 log10 range (1 to
10,000 ng/m1). The concentration range assayed was selected 58 based on theoretical in vivo doses
of pemi_ge thrat may be achieved during therapy. For example, a 3 lug dose (approximately 3
nrnolipep ide equivalent) of each peptide entering a blood volume of 5 litres, would result in a blood
concentration of 6ng/ml, at the lower end of the histamine release assay dose range The whole birch
allergen & exyigict was used over the same concentration range. Single measurements were
perfoeniad fopgach dilution. After completion of the ELISA, individual histamine levels were determined
by in@?aﬁ%f‘ﬂfr m the standard curve generated in the ELISA assay. Results from samples were
adjusfe 0 a Sw St Gitdition. Where two or more consecutive dilutions of a peptide/allergen
preparé#tibn 1ielicited >15% of the total histamine release seen in the freeze thawed positive control
(15%0f papitiye ctrpl, A MNRTE 35ingle, Vétgge@ﬁ&é?{oﬁ&%w% goplrol was achieved at the
highest'concentration tasted (10 ggirra for peptgdes), this was considgsed a "positive histamine
release”. A total of 40 histamine release assays were completed during the study. Of 15 these 5
assayg\vafe reﬁctggnbecause of failure to meet appropriate QC controls, e.g. due to unacceptably
high levels (>15% &6 positive control) of spontaneous release in the medium plus buffer negative
control wells. The mixtures tested all showed good histamine release properties. The study
findingsiasre summarised as follows: (WA = whole allergen) Mix Peptide conmpg/m1 Average %
histaﬁﬁﬁ?relé&se Mix Peptide conc:pg/m1 Average % histamine release 101%5102% 12%51

0 > PRT
2/6135- > Betulaceae
<400> 31

§1u Thr teu Leu Arg Ala val Glu Ser Tyr Pro Leu Ala His Ser
' 5 10

<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
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3% 50.12% 0.01 3% 50.01 2% 0.0012%50.0012%2102%6103%212%612% 0.13%6
0.11% 2 0.01 3% 6 0.01 1% 2 0.001 2% 6 0.001. 2% 3 10 4% WA

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
1 5 10 15

Ala Tyr Asn

<210> 34

<211> 19

<212> PRT

<213> Betulaceae

<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 15

Ser Ser

<210> 36

<400> 36

000

<210> 37

<Z211l> 18

<212> PRT

<213> Betulaceae
<400> 37

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

Lys Ite
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10 65% 3 1 2% WA 1 38% 3 0.1 3% WA 0.1 38% 0.01 2% WA 0.01 42% 3 0.001 2% WA 0.001 43% 4
102% 412% 0.12% 40.011%

N110180D 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
1 5 10 15
<210> 39

<211> 15

<212> PRT

<213> Betulaceae

<400> 39

Phe Thr Asp Phe §1a Arg Ala Asn Arg %éy Leu Leu Lys Asp val
1 15

<210> 40

<211> 21

<212>  PRT

<213> Betulaceae

<400> 40

Pro val Lys Gly %ys teu val Glu Lys Phe Lys Gly teu GTy val Thr
1 10 15

Leu Leu His Gly Asp
20

<210> 41
<Z21l> 24
<212> PRT
<213> Betulaceae

<400> 41

His Glu Ser teu val Lys Ala Phe Lys gén val asp val val Tle ser
1 5 1

Thr val Gly ggs Leu GIn Leu Ala

<210> 42

<211> 22

<212> PRT

<213> Betulaceae

<400> 42
Tyr val Ser Ser Asn Phe Phe Ala &ly Tyr Phe Leu Pro Thr Leu Ala
1 5 10

Gln Pro Gly Leu Thr Ser
20
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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; AKYMVIQGEPGRVIRGK),
or a variant thereof, and ii) the polypeptide of SEQ ID NO: 53 (Bir02J; PAARMFICAFILEGDKLVPK),
or a variant thereof, wherein a variant of a polypeptide is: 1) up to 30 amino acids in length and
comprises the seqtiéhet36P safel patypemticeecor! 15t9ne S0ramtineiacids itlerigthtand comprises a
sequence that has at least 65% homology to the sequence of said polypeptide and that is capable of
tolerisiigto s polypeptide, or 111) 9 to 30 amino acids in length and comprises a sequence of at
leas tigtfous amino acids of the sequence of said polypeptide, or a sequence that has at least
65%}@@I0gyﬂmg@@@t 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
accoﬁﬁll%j’to taim 1, further comprising at least one additional polypeptide of SEQ ID NO: 72 (BIR11,;
FPQPACRQEREGIMK),1ISEQ4D NQ: T1«(BHR10: SSYWAQSHERRQFK)E SER ID NO: 73 (BIR12A;
PTGMFVAGAKYMV1QGR), SEQ ID NO: 75 (IR13; IKYMVIQGEAGAVIRGK, SEQ ID NO: 76
(BIR14; EAGAVIRGICKGSGGIT), SEQ ID NO: 48 (Bir011; FNYETETTSVIPAARK), SEQ ID NO: 54
(BirO4sPGTIKK1SFPEGFPFKYV), SEQ ID NO: 67 (Bir09; ETLLRAVESYLLAHSDAY), SEQ ID NO: 60
(BIRO7; SNEIKIVATPDGGSILK), SEQ ID NO: 63 (BirO7C; SNEIKIVATPEGGSILK), SEQ ID NO: 77
(BIR15; SLNTLRLRRIFDLFDK ) or SEQ ID NO: 78 (BIR16A; AERERIFKRFDANGEGK), or a variant
of anyét%{é're(q"fwherein a variant of a 60 polypeptide is as defined in claim 10), (II) or (lll). 3.A
com@qgl ion a&gording to claim 1 or 2 comprising: (a) the polypeptide Birl2B
(AKIMAQGERGRYHREK), or a variant thereof; (b) the polypeptide Bir02J
(PAARNIEKARILEGDKLVPK) 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
10), @Mh2of (M)AINAPESNTEsHibh heeordd i ohk of Yeeqidededingl klaims, comprising the
polypeptide Birl2B (AK MVIQGEPGRVIRGK):L r a variant thereof, the polypeptide Bir02J
(PAARMFICAFILEGDKINPK) or a variant thereof, the polypeptide BirO1 | (FNYETETTSVIPAARK) or a
varia@éé ére'gg%t/he polypeptide Bir04 (PGTIKKISFPEGFPFKYV) or a variant thereof, the polypeptide
BirO%pEF1 L ESYLLAHSDAY) or a variant thereof, the polypeptide BirO7C
(SNEIKISATPEBGSHAE) or a variant thereof, and the polypeptide Birl6A (AERERIFKRFDANGEGK) or
a varjaghthergof; wherein a variant of a polypeptide is as defined in claim 10), (II) or (lll). 5.A
composition according to any one of the preceding claims, comprising the polypeptide Birl2B
(AK@W/I@?@ETYGF@%R?K) D kit thee thébolWépﬁi‘@e@i?o%gE(PA(ARMFKAFlLEGDKLVPK)
or a variant thereof, the polypeptide Bir011 (FNYETETTSVIPAARK) or a variant thereof, the
polypeptide Bir04 (PGTIKKISFPEGFPFKYV) or a variant thereof, the polypeptide BirO7C

(SNEj ?QA‘@%EGGSILK) or a variant thereof, the polypeptide Birl6A (AERERIFKRFDANGEGK) or a
variagtthereekand BirO9B (KEMGETLLRAVESYLLAHS); wherein a variant of a polypeptide is as
definedlLitclBRFLBICEAT or (111). 6.A composition according to any one of the preceding claims,
compriging the 61 polypeptide Birl2B (AKYMVIQGEPGRVIRGK) or a variant thereof, the polypeptide
Bir02J (PAARMFICAFILEGDKLVPK) or a variant thereof, the polypeptide BirOll
(FNYEPEPISUPAARKY 8 Vatitiht theresF, ¥f pblfpBEtidt! Bifd4 (PETIRRISFPEGFPFKYV) or a
variant thereof, the polypeptide BirO7C (SNEIKIVATPEGGSILK) or a variant thereof, and the
polypeptide Bi;IGA (AERERIFICRFDANGEGK) or a variant thereof; wherein a variant of a polypeptide
is asg lied g claim 10), (Il) or (Ill). 7.A composition according to any one of the preceding claims,
whereiz:saidrrariant of Bir011 is BirOIF (FNYETEATSVIPAARK), BirOIG (FNYEIEATSVIPAARK) or
BirO AN EERTFSHPAARK): and/or said variant of Bir02J is Bir02E (PAARLFKAFILEGDTLIPK),
Bir02G(RAARLFKAFILEGDNLIPK), Bir021 (PAARMFKAFILD) or BirO2D
(PA%RMFKAFILD%DKL}VI;’@); and/or, said variaEt qf BirQ9 i Birqu GETLLRAVESYLLAHS), BirO9B
(CEI\QES‘*’E?EEF{K{'/ ‘#’Lﬁﬁ )”o? ir(_%rt %R'Ei{@ TLERAVESYA'A ; and/or said variant of Birl6A is
Birl6B (AERERIFICRFDAGGEGK). 8.The composition according to any one of the preceding claims,
Wher§£r16)>ne { more of the polypeptides have one or more modifications selected from the following:
() N terminahacetylation; (ii) C terminal amidation; (iii) one or more hydrogens on the side chain
aminegldtArgfiine and/or Lysine replaced with a methylene group; (iv) glyeosylation; and (v)
phosphbilatioh“93FR8%omposition according to any one of the preceding claims wherein at least one
of theqmilypepsides has been engineered to be soluble such that it comprises: i)N terminal to the
residues of the polypeptide which flank a T cell ggétgpge: one to 62



six contiguous amino acids corresponding to the two to six contiguous 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 se%@%f@ﬂ iAMPo ARV HiERLTIE pbypepasiEnderivés! ok iipoth N and C
termipiaf 10 thePesialibs 6 tﬁﬁgﬁgﬁﬁé SWhit %:ﬂ%?;??g’:f’ c’ﬁlgeﬁi Bt %t'éast one amino acid

selected from arginine, lysine, histidine, glutamate and aspartate, wherein the polypeptide has a
solubiE%gf a%east 3.5mg/m1 and the T cell epitope has a solubility of less than 3.5mg/ml. 10.The
compgsition agcording to any one of the preceding claims wherein at least one of the polypeptides has
been<dddinedrd %o be soluble such that additionally: i) any cysteine residues in the native sequence
of th& polypephitie 8FE38placed with serine or 2-aminobutyric acid; and /or ii) any hydrophobic
residuésor thupto three amino acids at the N or C terminus of the native sequence of the

polyqael%ti e‘,awﬂgh are o% c&rgpiurisse%n aP;,!I' c:(;LI 8 iteoLp(E ar%]delggedimag /8{3 iii) any two consecutive
aming acids comprisi g?he sequence ,&sp-élmn the up%}fouyamf’nqéci s 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/q;a{v),pgeL% 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. 63
12.The gampggition according to claim 11, wherein said concentration is in the range of 0.3 to 200
nmolAall:3. e composition according to claim 11, wherein said concentration is in the range of 50 to
ZOOnﬁ%@I. ig"émg&ggwposition 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
compiféify abfeast one polynucleotide sequence which encodes each of: i) the polypeptide of SEQ ID
NO: s BIRLZ2B: ARy MYIQERERGRYIRGHL ana vaviaat thergehas defined,in claim 1 (1), (1) or (I1I),
and ii) the polypeptide ®f SEQ ID NO: 53 (Bir@2J; PAARMFKAFILEGBRICLVPK), or a variant thereof
as defined in claim 1(1), (1) or (Ill). 16.The composition according to any one of the preceding claims
which s arpbarmaceutically 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
admiaisttatiod Lintradermal administration, buccal administration, epidermal administration, or for
admi@ﬁ%@tioé y inhalation, by injection, or by a patch. 18.The composition according to any one of
the pregedingetaimasdae use in a method of preventing or treating allergy to birch pollen. 19.The
composition according to any one of claims 1 to 17 additionally 64 comprising a further polypeptide
alIerg‘eA‘rQ%r ust in tolerising an individual to the further polypeptide allergen. 20. An in vitro method of
deterprimingavhgtherd cellsriecagnizela corapokitioauas defaigdAniclaim L@omprising contacting said
T celfs with said composition and detecting wHéther said T cells are sttmulated by said composition.
21. A method according to claim 20 which is carried out to determine whether an individual has, or is
at risksf Iravirig;san 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
100255501 <:§§1> 2010-02-15 <160> 102 <170> Patentln version 3.5 <210> 1 <211> 16

<212> PRT
<213> Betulaceae

<400> 52

Pro Ala Ala Arg Met Phe Lys Ala Phe Ile Leu Asp
1 5 10

<210> 53

<211> 19

<212> PRT

<213> Betulaceae

<400> 53

pro Ala Ala Arg Met Phe Lys Ala Phe Ile Leu Glu Gly Asp Lys Leu
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<212> PRT <213> Betulaceae <400> 1 Val lle Pro Ala Ala Arg Met Phe Lys Ala Phe lle Leu Asp Gly
Asp 151015 <210> 2 <211> 15 <212> PRT <213> Betulaceae <400> 2 Ser Asn Glu lle Lys lle Val Ala
Thr Pro Asp Gly Gly Ser lle 151015 <210> 3 <211> 15 <212> PRT <213> Betulaceae <400> 3 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> H1$&E8A8NAGH G- L5MB s asall Akt Ther Pro A GloGly Bys Maltx51015 <210> 5
<2113 17 <212> PRT <213> Betulaceae <4009 5 N110180D GCW BML 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 <XPI>APRT-¥D13> Betulaceae <400> 6 Glu Thr Leu Leu Arg Ala Val Glu Ser Tyr Leu Leu Ala His
Ser Asp 151015 Ala Tyr Asn <210> 7 <211> 19 <212> PRT <213> Betulaceae <400> 7 Glu Ala Leu
Leu ArgAIa Val Glu Ser Tyr Leu Leu Ala His Ser Asp

<Z10> 54

<211> 18

<212> PRT
<213> Betulaceae

<400> 54
Pro Gly Thr ITe Lys Lys Ile Ser Phe Pro Giu Gly Phe Pro phe Lys
1 5 10 15

Tyr val

<210> 55

<21i> 16

<212> PRT

<213> Betulaceae

<400> 55

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

<211i> 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 15

ASp

<210> 58

<211> 17

<212> PRT

<213> PBetulaceae

<400> 58
Thr Asn pPhe Lys Eyr ser Tyr Ser val %&e Glu Gly Gly Pro Vgi Gly
1

1
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151015 Ala Tyr Asn <210> 8 <211> 16 <212> PRT <213> Betulaceae <400> 8 Gly Val Phe Asn Tyr
Glu lle Gly Ala Thr Ser Val lle Pro Ala Ala 1 <210> <211> <212> <213> <400> 5 9 21 PRT Betulaceae
9 10 15 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 N1101800 GCW GML SIB seq listing for phasing -
Jul 12.txt <213> Betblddéte &400SMLEGyssASNIGHE 1k Lisr ebagahdla Thi Pid.Asp Gly Gly Ser Thr 1
<210> <211><212><213> <400> 5 11 15 PRT Betulaceae 11 10 15 Ser Lys Glu lle Lys lle Ala Ala -
Ala PxepAS 1510 <210>12 <211>15 <212>PRT <213>Betulaceae <400>12 Gly Gly Ser lle 15

<210> 59

<211> 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 Ile val Ala Thr Pro Asp Gly Gly Ser Ile Leu
1 5 10 15
Lys

<210> 61

<211> 17

<212> PRT

<213> Betulaceae

<400> 61

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

Lys

<210> 62

<211> 17

«<212> PRT

<213> Betulaceae

<400> 62

Ser Asn Glu ITe Lys Ile val Ala Thr Pro Glin Gly Gly Ser Ile Leu
1 5 10 15

Lys

<210> 63

<211> 17

<212> PRT

<213> BRetulaceae

<400> 63
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Ser Asn Glu lle Lys lle Val 15 <210>13 <211>15 <212>PRT <213>Betulaceae <400>13 Ala Thr Pro
AS 10 Gly Gly Cys lle 15 Cys Asn Glu lle Lys Leu Val Ala Thr Pro Asp Gly Gly Ser lle 1 <210> <211>
<212><213><400> 5 14 17 PRT Betulaceae 14 10 15 Cys Asn Glu lle Lys lle Val Ala Ala Pro Gly
Gly Gly Ser lle Leu 151015 Lys <210> 15 <211> 17 <212> PRT <213> Betulaceae <400> 15 Cys Asn
Glu lle Lys lle Val Fid 0U80Pr&WIy-ly EBR) Sur llé 1Wnd 5101 8Haps nNl 11 0180B2GCW GML EMB seq
listing for ahasing 194! 1204240 165217018 RL2nBRA L3> Betylaeae <400> 16 ser Tyr Glu
lle Lyss lle Val Ala Ala P3o Gly Gly Gly Ser lle d6éu 151015 Lys <210>157 <211> 15 <212> PRT <213>
Betulaceae <400> 17 Ser Asn Glu lle Lys lle Val Ala Thr Gly Asp Gly Gly Ser lle 1 <210> <211>
<212x5213> <400> 5 18 15 PRT Betulaceae 18 10

<210> 064

<211> 17

<212> PRT

<213> Betulaceae

<400> o4

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

Lys

<210> 65

<211> 15

<212> PRT

<213> Betulaceae

<400> 65

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

<Z210> 66

<213i> 14

<212> PRT

<213> Betulaceae

<400> 66

ier Ite Leu Lys §1e Ser Asn Lys Tyr His Thr Lys Gly Asp
10

<210> 67

<Z211> 18

<212> PRT

<213> Betulaceae

<400> 67
Glu Thr Leu Leu Arg Ala val Glu Ser Tyr Leu Leu Ala His Ser Asp
1 5 10 15

Ala Tyr

<210> 68

<211> 16

<212> PRT

<213> Betulaceae

<400> 68
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15 cys Asn Glu lle Lys lle val Ala Ala Pro Asp Gly Gly ser lle 151015 <210> 19 <211> 15 <212> PRT
<213> Betulaceae <400> 19 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> 21
NllO]?SOO GC\WV GMLOERIB s&i I@‘ﬁh\gjﬁr ?ﬁ@sﬁg‘i‘—wal Torxpleaes s GriNI@A.yxHe Val Ala Thr Pro
Asp Gy QYT VAFL M LA R 015243585 L0055 15 PRI BRtllaceae 22 10 15 Ser Asn
Glu lle Lys lle Val Thr Thr Pro Asp Gly Gly Cys Val 1 <210> <211> <212> <213> <400> 5 23 15 PRT
Betul< e nglo 15 Ser Asn Glu lle Lys lle Val Ala Thr Pro Asp Gly Gly Pro lle 1 <210> <211>
<212>12]13> 400> 5 24 17 PRT Betulaceae 24 10 15 Gly Ser lle Leu Lys lle Arg Asn Lys Tyr His
T L35G A8 R g0t

<400> 69

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

Ala His ser

<210> 70

<211> 19

<212> PRT

<213> Betulaceae

<400> 70

Lys Glu 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 GIn Ser Ser Ser Phe Pro Gln Phe Lys
1 5

<210> 72

<21l> 14

<212> PRT

<213> Betulaceae

<400> 72
ihe Pro GIn Phe %ys Pra GIn Glu Ile Egr Gly I'le Met Lys

<210> 73

<211> 17

<212> PRT

<213> Betulaceae

<400> 73
Pro Thr Gly Met phe val Alta Gly Ala Lys Tyr Met val Ile Gin Gly
1 5 10 15

Arg
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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 <213> Betulaceae N1101800
GCW GML EMB seq listing for phasing - Jul 12.txt <400> 27 Glu Ala Leu Leu Arg Ala Val Glu Ser Tyr
Leu Leu 1510 <210312386p1 gswi 22 EPB PRI KstIsdBénnapbasiad00328 GlutAla Leu Phe Arg Ala
Val Glu Ser Tyr Leu Leu 1510 <210> 29 <211> 18 <212> PRT <213> Betulaceae <400> 29 Glu Lys
Ala Val Gly Leu Leu Lys Ala Val Glu Ser Tyr Leu Leu Ala 151015 His Ser <210> 30 <211> 20 <212>
PRT% iﬁjlaceae <400> 30 Gly Glu Thr Leu Leu Arg Ala Val Glu Gly Tyr Leu Leu Ala HiS Ser
15101 p Tyr Asn 20 <210> 31 <211> 15 <212> PRT <213> Betulaceae <400> 31 Glu Thr Leu
Leu AdjMa BatGlcSee Tyr Pro Leu Ala His Ser 1 <210> <211> <212> <213> <400> 5 32 19 PRT
Betulaggae 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’%3F’R-7%2'13>M8§tl}3fﬁi.bérd@ Gln Gly Glu ;80 Gly Arg val 1le ?gg Gly

Lys

<210> 75

<211> 18

<212> PRT

<213> Betulaceae

<400> 75

Gly Ile Lys Tyr Met val ITe GIn Gly GIu Ala Gly Ala val Ile Arg
1 3 10 15
Gly Lys

<210> 76

<211> 16

<212> PRT

<213> Betulaceae

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

<210> 77

<Z211> 16

<212> PRT

<213> Betulaceae

<400> 77

Ser Leu Asn 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 GTu Arg Glu Arg Ile Phe Lys Arg Phe Asp Ala Asn Gly Glu Gly
1 5 10 15

Lys
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<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 Leu Phe Arg Ala Val Glu Ser Tyr
Leu Leu Ala His Ser Asp 151015 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 151015 Ser Ser <210>
36 <400> 36 000 1103897 €51 SM.g M| 3sPRIF KM EBeRlaEEHe 400> B7- & Glu Arg Glu Arg lle
Phe Lys Arg Phe Asp Ala Asn Gly Asp Gly 151015 Lys lle N110180D GCW GML EMB seq listing for
phas#2g0>Jul782.txt <210> 38 <211> 15 <212> PRT <213> Betulaceae <400> 38 Phe Thr Asp Phe Gly
Arg 5 %\§n éﬁg Gly Leu Leu Lys Asp Val 151015 <210> 39 <211> 15 <212> PRT <213> Betulaceae
<400 39.Phex-thrAspdhe Ala Arg Ala Asn Arg Gly Leu Leu Lys Asp Val 151015 <210> 40 <211> 21
<212> PRT <213> Betulaceae <400> 40 Pro Val Lys Gly Lys Leu Val Glu Lys Phe Lys Gly Leu Gly
val THPP3101% Leu Leu His Gly Asp 20 <210> 41 <211> 24 <212> PRT <213> Betulaceae <400> 41
His GllaSerd eud/al Lysrala Rherlhy s @dnama) Abp Wap \dldl&sBerclg1GLb dhy Val Gly His Leu GIn Leu
Ala 20 <210> 42 <2113 22 <212> PRT <2135 Betulaceae <400> 421'Fyr 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¥®r phasing - Jul 12.txt

<210> 80

<211> 19

<212> PRT

<213> Betulaceae

<400> 80

val Lys Gly Lys Leu val Glu Lys Phe Lys Gly teu 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 Ile Ala Tyr Asp Glu Glu Ala Arg Arg Gly Leu Glu
i 5 10 15

<210> 82

<211> 13

<212> PRT

<213> 1Influenza virus

<400> 82

Pro Lys Tyr val Lys GIn Asn Thr Leu L%s Leu Ala Thr
1 5 1

<210> 83

<211l> 15

<212> PRT

<213> Homo sapiens

<400> 83

Glu Asn Pro val val His Phe phe Lys Asn Ile va'l Thr Pro Arg
1 5 10 15

<210> 84
<211> 145
<212> PRT
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<210> 43 <211> 17 <212> PRT <213> Betulaceae <400> 43 Pro lle Asn Val lle Leu Ala Ille Asn His
Ser Val Phe Val Lys Gly 151015 Asp <210> 44 <211> 15 <212> PRT <213> Betulaceae <400> 44 Ala
Glu Asn Phe Arg Ala Leu Cys Thr Gly Glu Lys Gly Asn Gly 1 <210> <211> <212> <213> <400> 5 45
16 PRT Betulaceae 45 10 15 Phe Asn Tyr Glu Thr Glu Ala Thr Ser Val 1510 <210>46 <211>16
<212>PRT <2]1>3>B@t¥ﬂé&%e62‘¢40@&46ﬂ% 9 Al iagAfgt yhasimhe Asl Ty GiG lle Glu Ala Thr Ser
Val 151022105

A7511>16 <212>PRT <213>Betulaceae <400>47 Ile Pro Ala Ala Arg Lys 15 Phe
Asn k¢0Glu I8d Glu Thr Thr Ser Val 1510 <210>48 <211>16 <212>PRT <213>Betulaceae <400>48 lle

Pro %l?uAL%@r%%yﬁr%Sng Pro Pro vVal Ser GIn Phe His Ile GIn Gly Gln
10 15

val Tyr Cys E\Sp Thr Cys Arg Ala g‘;y phe Ile Thr Glu lLeu Ser Glu
30

Phe ITe Pro Gly Ala Ser ieu Arg Leu GIn Cys Lys Asp Lys Glu Asn
35 40 45

Gly ggp val Thr Phe Thr g;u val Gly Tyr Thr %gg Ala Glu Gly Leu

Tyr Ser Met Leu val Glu Arg Asp His Lys Asn Glu Phe Cys Glu Ile
65 70 75 80

Thr Leu ITe Ser Ser Gly Arg Lys Asp Cys Asn Glu Ile Pro Thr Glu
85 90 95

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 Glin 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 Gln Ala ger Asn Ser Leu Ala Ser Ala Ile val Gly His Asp Gly
25 30

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

Ile 'Srgr Gly Ile Met Lys é_\sp Phe Glu Glu Pro g]y His Leu Ala Pro
5 0

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



N110180D GCW GML EMB seq listing for phasing - Jul 12.txt Phe Asn Tyr Glu Thr Glu Thr Thr Ser
Val lle Pro Ala Ala Arg Lys 151015 <210>49 <211>19 <212>PRT <213>Betulaceae <400>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 ProN1y§X8PPOSH1G¥R 1 £¥8] 9a 1 2s1PRIT &1 PhBandacede! <1DOx61 Pro Ala Ala Arg
Leu Phe Lys Ala Phe lle Led Glu Gly Asp Asn Leu 51015 lle Pro Lys <238> 52 <211> 12 <2125 PRT
<213> Betulaceae <400> 52 Pro Ala Ala Arg Met Phe Lys Ala Phe lle Leu Asp 1510 <210> 53 <211>
19 <212>-PRrR77219) BhtiIAE8aR! 400> BEPeRAREAIS WrFEMeE P PysTAR Phe lle Leu Glu Gly Asp
Lys Leu Page 10 N110180D GCW GML EMB'seq listing for phasing ™~ Jul 12.txt 151015 Val Pro Lys
<210> 54 <211> 18 <212> PRT <213> Betulaceae <400> 54 Pro_Gly Thr lle Lys Lys lle Ser Phe Pro
Glu GRS Ph¥PIE PR Y8 1 8YId1 550V ¥ 0816368 187 YS £8«£18>BR 213> Betulaceae <400>
55 Ser Pro Phe Lys Tyr Val Lys Glu Arg Val Asp Glu Val Asp His Ala 1 <210> <211> <212> <213>

<400‘?h§* 5&;’*3‘%@?2#?%}?%&? z\%gtl\?a]ISVﬂ Glu Arg Leu g%r AsSp Tyr Leu

120

Ile Asp GlIn 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 Ile Asp
1 5 10 15

Gly G1n Gly Glu Glu Leu Ala Ala Ser Ala Ile val Gly His Asp Gly
20 25 30

ser val Trp Ala GIn Ser Ser Ser Phe Pro Gln 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 ITe Lys Tyr Met val Ile Gln 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 Gln Ala rLeu val Phe Gly Ile Tyr Glu Glu Pro val
100 105 110

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

ITe Asp GlIn Gly Leu
130

<210> 87

<211> 133

<212> PRT

<Z213> Betulaceae

<400> 87
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Phe Pro Phe Lys Tyr val 15 <210>57 <211>17 <212>PRT <213>Betulaceae <400>57 Lys Asp Arg
Val Asp Glu Val Asp His Thr 1015 Ala Asn Phe Lys Tyr Ser Tyr Ser Met lle Glu Gly Gly Ala Leu Gly
151015 Asp <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.txNALHL&00 0% gsMP 1EMB 18242 Dst PRYTep 1852 BB acdsaé 4400%t59 Thr Asn Phe Lys
Tyr Aty T8 SerY ale Bik Gl Gt Proyle Gl 151045 72103 6052542 15212> PRY <213>
Betulaceae <400> 60 Ser Asn Glu lle Lys lle \zal Ala Thr Pro Asp Gl &ly Ser lle Leu 151015 Lys
<210> 61 <211> 17 <212> PRY <213> Betulaceae <400> 61 ser Asn Glu lle Lys lle Val Ala Thr Pro
Asn Gly GynSeTdIsbethdp 1M Lys P4 Qe F2a¥211R Wa$2d B PRTasg1dn/Betulaceae <400> 62 Ser
Asn Glu lle Lys lle &fal Ala Thr Pro Gin G§5Gly Ser lle Leu 151028 Lys <210> 63 <211> 17 <212>
PRT <213> Betulaceae <400> 63 N1101800 GCW GML EMB seq listing for phasing - Jul 12.txt Ser
Asn Gt lleaLysrite Mal Ala TdurPserGhe Slphely Serclle e 15K02bd vy 200> 64 <211> 17 <212>
PRT <213> Béfulaceae <400> 64 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 Tle
85 90 95

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

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

Ile Asp GIn Gly Leu
130

<210> B8

<211> 133

<212> PRT

<213> Betulaceae

<400> 88

Met Ser Trp GlIn Thr Tyr val Asp Glu His Leu Met Cys Asp Ile Asp
1 5 10 15

Gly GIn Ala Ser Asn Ser Lau 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 GlIn Glu
35 40 45

Ile Thr Gly ITe Met Lys Asp Phe Glu Glu Pro g]y His Leu Ala Pro
50 55 0

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

Ala Gly Ala val Ile arg Gly Lys Lys Gly Ser Gly Gly Ite Thr Ile
85 920 95
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Ser Asn Glu lle Lys lle Val Ala Thr Pro Gly Gly Gly Ser lle Leu 151015 Lys <210> 65 <211> 15 <212>
PRT <213> Betulaceae <400> 65 Gly Ser lle Leu Lys lle Asn Asn Lys Tyr His Thr Lys Gly Asp 1
<210> <211><212> <213> <400> 5 66 14 PRT Betulaceae 66 10 15 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 VALONA 898y q‘;’,W Gy |E Aﬁlﬁﬂ-ﬂé Sﬁg\s‘fﬁtm@@_ﬁ Ada-TypE2MDE68 <211> 16 <212>
PRT %&ﬁéﬁ%Bg Ia‘éﬁ@ﬁd& pgy Va Phi\li5 ¥18 @fﬁ\ﬁél\ﬁ&%ﬁﬁﬁ &y listing for phasing - Jul
12.txt Gly Glu Thr Leu Leu Arg Ala Val Glu Ser Tyr Leu Leu Ala His Ser 151015 <210>69 <211>19
<212>PRT <213>Betulaceae <400>69. Lys.Gly Met Gly Glu.Thr Leu Leu Arg Ala Val Glu Ser Tyr Leu
LeuzfﬂoiIE"Ag?%? e?’észf%é’ f%‘&g’ﬁfyf& <%1f2§’"|9Re|/e‘éz§§> Aasé’tﬁéée‘éee”<4oo> 70 Lys Glu Lys Gly
Glu Thr Leu Leu Arg Ala Val Glu Ser Tyr Leu Leu 151015 Ala His Ser <210> 71 <211> 14 <212> PRT
<213xBety %qge(ﬁy)%un Gly Ser Val Trp Ala GIn Ser Ser Ser Phe Pro GIn Phe Lys 1510 <210> 72

<211> 1418912> PRT <213> Betulaceae <400> 72 Phe Pro GIn Phe Lys Pro GIn Glu lle Thr Gly lle
Met Lys 1510 ‘

<210> 89

<211> 133

<212> PRT

<213> Betulaceae

<40Q00> 89

Met Ser Trp GIn Thr Tyr val Asp Glu His Leu Met Cys Asp Ile Asp
1

Gly Gin Ala ggr Asn Ser Leu Ala ger Ala I7e val Gly His Asp Gly
5 30

Ser val ggp Ala Gln Ser Ser Sgr Phe Pro GIn Phe Lys Pro Gln Glu
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 ITle Lys Tyr Met val Ile Gin Gly Glu
65 70 75 80

Ala Gly Ala val Ile Arg GIy Lys Lys Gly Ser Gly Gly ITe Thr Ile
85 90 85

Lys Lys Thr Gly GIn Ala Leu val Phe Gly Ile Tyr Glu Glu Pro val
100 165 110

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

ITe Asp GIn Gly Leu
130

<210> 90
<211> 133
<Z212> PRT
<213> Betulaceae

<400> 90

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

Gly G¢1n Ala ggr Asn Ser Leu Ala Ser Ala ITe val Gly gés Asp Gly
Page 20



<210> 73 <211> 17 <212> PRT <213> Betulaceae <400> 73 Pro Thr Gly Met Phe Val Ala Gly Ala Lys
Tyr Met Val lle GIn Gly 151015 Arg N110180D GCW 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> 75 <211> 18 <212> PRT <213> Betulaceae <400> 75 Gly
lle Lys Tyr Met ValNId GR#CCI¢@IERlarBhy #da Vaktienargars p2a5iBly + ysud21D>t¥6 <211> 16 <212>
PRT <213> Betulaceae <400> 76 Glu Ala Gly Ala Val lle Arg Gly Lys Lys Gly Ser Gly Gly lle Thr 1
<210zee2ddP ¥21 23 £ 203> 540025 Jat LhPRTBetwagesa y7 £0clg1Herlueu Asn Thr Leu Arg Leu
Arg Arg lle Ph&%Asp Leu Phe Asp Ly44 <210> <211> <212%5<213> <400> 5 78 17 PRT Betulaceae
78 10 15 Ala Glu Arg Glu Arg lle Phe Lys Arg Phe Asp Ala Asn Gly Glu Gly 151015 Lys N110180D
GCWIBGMLhEMByseddistaig fos phasinge Sl 1Q1tktRe2103y79+21en R1a<P12> PRT <213> Betulaceae
<400> 79°° >3 60

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

Ala Gly Ala val 1le Arg Gly Lys Lys Gly Ser Gly Gly Ile Thr ITe
85 80 95

Lys Lys Thr Gly GIn Ala Leu val Phe Gly ITe 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 GIn 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 Leu Ser Ash Ser Ser Phe Arg Leu Arg
20 25 30

Ser Glu Ser Led Asn Thr Leu ﬁgg Leu Arg Arg Ile Phe Asp Leu Phe
35 45

Asp Lys Asn Ser Asp Gly Ile Ile Thr val Asp Glu Leu Ser Arg Ala
50 55 60

Leu Asn Leu Leu 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 Gln phe Glu Asp
85 90 95

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

Gly Glu Asp Glu Asp Asp Asn Glu GIu Asp Met Arg Lys Ser Ile Leu
115 120 125
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Ala Glu Arg Glu Arg lle Phe Lys Arg Phe Asp Ala Gly Gly Glu Gly 151015 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 151015 Leu His Gly <210> 81 <211> 15 <212> PRT <213> Mycobacterium tuberculosis / leprae
<400> 81 Ala Lys Thr lle Ala Tyr Asp Glu Glu Ala Arg Arg Gly Leu Glu 151015 <210> 82 <211> 13
<212> PRT <213>Nhiltiizn ¢wisskd 0018 8@ rbilsys Moy rfval blyasGhg Asaulhiletxkys Leu Ala Thr
15102107 83172447 A9.°2Lg s ER b2 L3y HAMpRaniens 5409583 Gluisn Pro Val Val His Phe
Phe Lys Asm lle Val Thr Pro Arg1351015 <2i0> 4 <21120145 <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 SersGin PhgHis JeGin Bl Gin 1530450Vl TyIeGY§ASRENLSYs ArgeMa Gly Phe lle Thr Glu Leu
Ser Q5202530 Phe lle ProiGly Ala Ser Leu Arg L&s5Gin Cys Lys Asp Lys6Glu Asn 354045 Gly Asp
Val Thr Phe Thr Glu Val Gly Tyr Thr Arg Ala Glu Gly Leu 505560 Tyr Ser Met Leu val Glu Arg Asp His
Lys Asis GleuPés, Gy Glerlle b G0y 58er-ThT L au dlenSerndgraly A1g Lys Asx Cys Asn Glu lle Pro Thr
Glu 859095 Gly Trp Ala6ys Pro Ser Leu Lys RR@ Lys Leu Asn Thr V&I Asn Gly 100105110 Thr Thr
Arg Thr Val Asn Pro Leu Gly Phe Phe Lys Lys Glu Ala Leu 115120125 Pro Lys Cys Ala Gin val Tyr
Asn |je Detil GlyrMetTTys ProePrashsa rkBAE354 10 Met 145 #Rp0ph85r8R14 133 <212> PRT <213>
Betulaceae <400>®8% Met Ser Trp Gin Tht8Pyr Val Asp Glu His 'é9 Met Cys Asp lle Asp 151015 Gly

Gin Ala Ser Asn Ser Leu Ala Ser Ala lle Val Gly His Asp Gly 202530

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

vMet Ala Asp Asp His Pro GlIn Asp Lys Ala Glu Arg Glu Arg Ile Phe
1 5 10 15

Lys Arg Phe égp Ala Asn Gly Asp géy Lys Ile Ser Ala Ala Glu Leu
30

Gly Glu 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 I'le Ser phe
0 55 60

GIn Glu Phe Thr Asp Phe Gly Arg Ala Asn Arg Gly Leu lLeu Lys Asp
65 70 75 80

val Ala Lys Ile Phe
8s

<210> 93

<211> 24

<212> PRT

<213> Quercus alba

<220>

<221> misc_feature

<222> (5)..(5)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (A7)..(17)

<223> Xaa can be any naturally occurring amino acid
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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 Page 17 N110180D GCW GML EMB seq listing for phasing - Jul 12.txt 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 Glu Pro Vall10080% 160 THLPEYES 5eGin iGYysnashiaviethAali val GlivArgd.autGly Asp Tyr Leu
11515855 IRPASp Gin Gly Leu 130 <210> 86 <211> 133 <212> PRT <213> Betulaceae <400> 86
Met Gey MplGiael itk T WadabAss&ludiis Etn et €ys Asp eAsPal»Ha1R16ly Gin Gly Glu Glu Leu
Ala Ala Ser Ala lle Val &Bly His Asp Gly 20253&%er 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 H@-LEQU@VEGIZ-WHeﬁ\ﬂ.ySEEW Rhet Vel lle Gin Gly Glu 65707580 Ala Gly Ala Val lle Arg Gly Lys Lys
Gly Ser Gly Gly lle Phr lle 859095 Lys Lys Thr Gly Gin Ala Leu Val Phe Gly lle Tyr Glu Glu Pro Val
100105110 Thr Pro Gly Gin Cys Asn Met val Val Glu Arg Leu Gly Asp Tyr Leu 115120125 lle Asp Gin
Gly L(%flL 80 b 10> 87 <211> 133 <212> PRT <213> Betulaceae <400> 87 N1101800 GCW GML
EMBE@quistl,ﬂgrfor phasing - Jul 12.txt Met Ser Trp GIn Thr Tyr Val Asp Glu His Leu Met Cys Asp lle
Asp £31B45 GlyGmuAlaeSerussn 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 Ille Met Lys ASp Phe Glu Glu
Pro Ghpblis Leu Ala Pro 505560 Thr Gly Leu His Leu Gly Gly lle Lys Tyr Met Val lle Gin Gly Glu

65703%5%% Al?gggyﬁ??sgaﬂf lle Arg Gly Lys Lys Gly Ser Gly Gly lle Thr lle

<223> Xaa can be any naturally occurring amino acid
<400> 94

Gly val Phe Asn Tyr Glu Ala Glu Thy Pro Ser val 1le pro Ala Ala

1 5

Arg Leu Phe 555 ser Tyr-val Leu ésp Gly Asp Lys Leu ITe Pro Lys
5 30

val Ala Pro Gln Ala Ile Xaa Lys
35 40

<210> 95

<211> 44

<212> PRT

<213> Alnus glutinosa

<400> 95

Gly val Phe Asn Tyr Glu Ala GTu Thr Pro Ser val Ile Pro Ala Ala

1 5

Arg Leu Phe L%s Ala Phe Ile Leu gsp Gly Asp Lys lLeu Leu Pro Lys
2 5 30

val Ala Pro Glu Ala val Ser Sgr val Glu Asn Ile
4

<210> 96
<231> 110
<212> PRT
<213> Betula pendula

<220>
<223> Rubisco

<400> 96

val GIn Cys Met GIn val Trp Pro Pro Leu Gly Leu Lys Lys Phe Glu
1 5 10 15
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859095 Lys Lys Thr Gly Gin Ala Leu Val Phe Gly lle Tyr Glu Glu Pro val 100105110 Thr Pro 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 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 SenBdr18er Riie Rvo GiBPhm LyssPiodGin Glphd54045- [leuThi Ghyxdte Met Lys Asp Phe
Glu @EFP’rS“GFS?Hi%feLH%IaP Pro85580 $EF SR LEIMH T Pl E)@I)WI% Ey¥ 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

Nllovla Og GC¥VFGM{% EMB seq listin sforhghalsj%gﬁ JuIC12.t!>_(t Lys] Lys, Thr Gly Gin Ala Leu Val Phe Gly
lle TyrGlu %’Ilgf’roL\‘;al 1801681 15% hPro ély in E,oys %S'smg)l‘ef;vgl @5?(& uArg Leu Gly Asp Tyr Leu
115120125 lle Asp Gin Gly Leu 130 <210> 89 <211> 133 <212> PRT <213> Betulaceae <400> 89
met Trp Gin Thr Tyg Va u Hi el Asp lle Asp 151015 Gly GIn Ala Ser Asn Ser
Leu E%SguArgﬁew\%l 1|£'G?/ Ik—@jpT Jé@%&%&%%g%ﬁa@;‘ p%l%éc’?l?i %](ﬁ S%?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 HisLey,Gly S tledyo Tyt Wit Vakle,G1n G Glu£570Zo8 Al Glhedla val lle Arg Gly Lys Lys
Gly s&%¥ Gly Gly lle Thr lle 859095 Lys Lys Thr Gly @in Ala Leu Val Phe Ggplle Tyr Glu Glu Pro Val
100105110 Thr Pro Gly GIn Cys Asn Met val Val Glu Arg Leu Gly Asp Tyr Leu 115120125

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

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

<210> 97
<211> 373
<212> PRT
<213> Pinaceae

<400> 97

Met Asp Ser Pro {ys Leu val Ala Leu Leu val Phe Ser Phe val Ile
1

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 Ggy Ser Ser Thr Met Gly Gly Lys Gly Gly Asp Leu Tyr Thr val
5 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 ggp Arg Pro Leu Trp g1e ITe Phe Ser Gly Asn Met
0 95

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

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

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

Gly Cys Ser Thr Ser val Leu Gly Asn val Leu Ile Asn Glu Ser Phe
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lle Asp Gin Gly Leu 130 <210> 90 <211> 133 <212> PRT <213> Betulaceae <400> 90 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 Page 20 N110180D GCW GML EMB 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 As4p Phe Glu Gl RS ®lycadis Gu FYa Brm 5058604 o GlpHasa idis-LeulGly Giytlle Lys Tyr Met Val
lle Gi'esly Glu 65707580 A8y Ala Val lle Arg Gly Lys Lys Gly Ser Gly ¥ lle Thr Ile 859095 Lys
Lys Thr Gly GIn Ala Leu Val Phe Gly lle Tyr Glu Glu Pro Val 100105110 Thr Pro Gly Gin Cys Asn Met
Val \ﬁéﬂsc;mxrgwearelg ;ﬁﬁri/r"lféuGﬂPSiE1%6’IIéSAszﬁﬂ@lrh@IWhéukf?OAfglw 91 <211> 205 <212>
PRT <213> Betulaceae <400> 91 Met Pro Cys §er Thr Glu Ala Met Glu Lys Ala Gly His Gly His Ala
151015 Ser Thr Pro Arg Lys Arg Ser Leu Ser Asn Ser Ser Phe Arg Leu Arg 202530 ser Glu Ser Leu
Asn THF L’%IPATBPL%BA ?B\rﬁ‘"ﬂeIlﬂﬁeAﬁEpﬁ‘_lééuAlﬁﬁeS@Mﬁﬁ% A%hH l;%g A8h S&F Asp Gly lle lle Thr Val
Asp Glu Leu Ser Arg Ala 505560 Leu ASn Leu Leu Gly Leu Glu Thr Asp Leu Ser Glu Leu Glu Ser Thr
65707580 Yal Lé/s SeL Phe TQ:F A%Glu G_Ir)éAsn lle Gly L@u Gi Phhe Gilu Asp 859095 Phe lle Ser Leu
His Cﬁ?\psgr{e_lg S sApc’%eVr y? hé‘g@a §/r%§lg/ 1651% 11‘;@@@ Gid ,&35 lu Asp Asp Asn Glu Glu
Asp Met Arg Lys Ser lle Leu 115120125 N110180D GCW GML EMB seq listing for phasing - Jul
12.04,8¢r,Gin Gl Gl ARARR 5L iR Gl R Phe ¥ VaIEhe dsmiis,

210 215 220

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

Gln Phe Gly Pro Asn Cys Gly Gln 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 GIn val thr Ile Arg Ile Gly
290 295 300

Cys Lys Thr Ser Ser Ser Cys 5Ser Asn Trp val Trp GIn Ser Thr GlIn
305 310 315 320

Asp val pPhe 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 pPhe Asn val Glu Asn Gly
340 345 350

Asn Ala Thr Pro His Leu Thr Gin Asn Ala Gly va'l 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 Leu val Leu Ser Phe val TIle
1 5
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130135140 Asp Gly Asp Gly Tyr 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 165170175 lle Val Ser Val Asp Ser Asn Arg
Asp Gly Arg Val Asp Phe Phe Glu 180185190 Phe Lys Asp Met Met Arg Ser Val Leu Val Arg Ser Ser
195200205 <210> 92 <211> 85 <212> PRT <213> Betulaceae <400> 92 Met Ala Asp Asp His Pro GIn
Asp Lys Ala Glu ArglGhi88ry ¢ewPée. 1818 k8 d yki ArgridhEoksphaka e Gly1A3p .Gkt 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 Guyle AsyhrrAspsedy AppAsty Phe feeSesP ke bR9560rGinkglisRhedhr Asp Phe Gly Arg Ala
Asn Arg Gly Leu L& Lys Asp 65707580 ¥al Ala Lys lle Phe 85 <#10> 93 <211> 24 <212> PRT <213>
Quercus alba <220> <221> misc_feature <222> (5)..(5) <223> Xaa can be any naturally occurring
amineeacigdsa220p 422163 mist feagurew232>1(47)AlE73x1223s Xda carl b& any naturally occurring
amino acid N£20180D GCcw GML EfB seq listing for phas‘fﬁg - Jul 12.txt <400> 93 Gly Val Phe Thr
Xaa Glu Ser Gin Glu Thr Ser Val lle Ala Pro Ala 151015 Xaa Leu Phe Lys Ala Leu Phe Leu 20 <210>
94 <Phe>AY SEI2SPRINE MS>Carmhus-betdilis SP20ssrAZM THisd eatate <222> (39)-(39) <223>
Xaa can b any naturally occurri%g amino acid <400> 964PGIy Val Phe Asn Tyr Glu Ala Glu Thr Pro Ser
Val lle Pro Ala Ala 151015 Arg Leu Phe Lys Ser Tyr Val Leu Asp Gly Asp Lys Leu lle Pro Lys 202530

Val A%%rpﬁfﬁiﬁeﬂlé‘ﬁ% KSR ﬁgg fraoval Asn Pro ?;a Pro Gly Thr Leu ggg

Tyr Gly Ala Thr Arg Asp Arg Pro Leu Trp Ile Ile pPhe 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 GlIn val Tyr Ile 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 ¢ly 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 Leu val 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 Gin Phe Gly Pro Asn Cys Gly Gln 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 1le Gly Gly Ser Ser Asn Pro Thr Ile Leu Ser Glu Gly Asnh Ser
275 280 285
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<210> 95 <211> 44 <212> PRT <213> Alnus glutinosa <400> 95 Gly Val Phe Asn Tyr Glu Ala Glu Thr
Pro Ser Val lle Pro Ala Ala 151015 Arg Leu Phe Lys Ala Phe lle Leu Asp Gly Asp Lys Leu Leu Pro Lys
202530 Val Ala Pro Glu Ala Val Ser Ser Val Glu ASrl lle 3540 <210> 96 <211> 110 <212> PRT <213>
Betula pendula <220> <223> Rubisco <400> 96 val GIn Cys Met Gin Val Trp Pro Pro Leu Gly Leu Lys
Lys Phe Glu 151036101800 GCMIEMD1808) GQW GMINEMB sebaistieg fod phdgingxt 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 ll:Prencysikeprclusthe 1alw3b4045 el Gl Blis Gy Phe-Val d wrirgielu His Asn Arg Ser Pro
Gly Tyr S&%¥560 Tyr Asp Gly Arg3%r Trp Thr Met Trp L3280 eu Pro Met Phe lily 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 lle
Gly RHe Asps Asps e 10010511 820> 9Fr<254>T3P3va12ppPRIT <3 ¥HPinaceae <400> 97 Met
Asp S8? Pro Cys Leu Val Ald*eu Leu Val Phe Ser®Bhe Val lle 151015 G?8er 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
Ala \ﬁaﬁmily%ﬁaﬁﬁﬁbﬁeﬂggpﬁéﬂ ﬁWTh}q\A“éYrrilg fy Y35 |$|§rr1i|§eacsﬁ1lye%v|5yﬂvhr val 505560 Thr Asn Ser
Asp Asp Asp Pro Val Aén ro Pro Gly Thr Leu Arg Tyr 65707580 lily RiA Thr Arg Asp Arg Pro Leu Trp
lle lle Phe Ser lily Asn Met 859095 Asn lle Lys Leu Lys Met Pro Met Tyr lle Ala Gly Tyr Lys Thr Phe

1001654 F0 A GESArG Iy & I VAPTYY IClly AR MGG Iro S VarE15120125

Gly Asn Ala Thr Pro Gln Leu Thr Lys Asn Ala Gly val Leu Thr Cys
355 360 365

Ser Leu Ser Lys Arg Cys
370

<210> 99

<211l> 514

<212> PRT )

<213> Cryptomeria japonica

<400> 99

Met Ala Met Lys Leu ITe Ala Pro Met Ala Phe Leu Ala Met G1n Leu
1 5 10 15

ITe I1e Met Ala Ala Ala Glu Asp Glin Ser Ala Gln 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

Gilu 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

Ala Trp GIn Ala Ala Cys Lys Asn Pro Ser Ala Met Leu teu val Pro
85 90 95

Gly ser Lys Lys Phe val val Asn Asn teu Phe Phe Asn Gly Pro Cys
100 105 110

Gln Pro His Phe Thr Phe Lys val Asp Gly Itle Ile Ala Ala Tyr Gin
115 120 125

Asn Pro Ala Ser Trp Lys Asn Asn Arg Ile Trp Leu GIn Phe Ala Lys
130 135 140
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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 Val Leu lle Asn Glu Ser Phe Page 24 N110180D GCW GML EMB seq listing for phasing
- Jul 12.txt 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 Asp His Asn Ser Phe Ser ASn Ser Ser 180185190 Asp Gly Leu
Val Asp Val Thr LevlTHr®er Ftw Gl \FEThede! Serit@5200285 A AsmlieulPhexPhe Asn His His Lys
Val M iS,AS 5 r S et Lys Val Thr Val Ala
Phe /i%{ésgéz%q 23%513@&%1‘1%% Iygé?o%é)n%gsgé};gf%?g I\élﬁé%li)éﬁon,é%ﬁgggla 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 Se1ASThPFR T - JeahguaRer Gl Gly Asa S%P\m 2328998 JElarkgo Asn Glu Ser Tyr Lys Lys
GIn Val Thr lle Arg lle Gl§5290295300 Cys LysL7tir Ser Ser Ser Cys S&b6 Asn Trp Val Trp Gin Ser Thr
Gin 305310315320 Asp Val Phe Tyr Asn Gly Ala Tyr Phe Val Ser Ser Gly Lys Tyr Glu 325330335 Gly
Gly AsrslleshyskdnkysAsys £y Ala Pire Aga vial Gly Asim &lys34084 5350 -Agn Ala Thr Pro His Leu Thr
GIn Asn Ala Gly VadiB0eu Thr Cys Ser 355860365 Leu Ser Lys Ai§Cys 370 <210> 98 <211> 374
<212> PRT <213> Pinaceae <400> 98 Met Asp Ser Pro Cys Leu Val Ala Leu Leu Val Leu Ser Phe Val
lle 157Q15dRages251 A LIO180D GCWYGMEENER sem listingriar shasig -+l 12.txt Gly Ser Cys Phe
Ser Asp Asn Igr%ﬁlle Asp Ser Cys Trp?8BPg Gly Asp 202530 S&Asn Trp Ala Gin Asn Arg Met Lys Leu
Ala Asp Cys Ala Val Gly 354045 Phe Gly Ser Ser Thr Met Gly Gly Lys Gly Gly Asp Leu Tyr Thr Val
505566 THE AShsS el AS Ay ASp ProTVay s ProlAta Pro Gly The Lser Atge65707580 Tyr Gly Ala Thr
Arg Asp A%rJgOPro Leu Trp lle lle e Ser Gly Asn 0

Ile Asp Ile Phe Ala

Thr Ala Pro Arg Asp Ser Pro Asn Thr Asp G
230 240

225

[
g —
g

Ser Lys Asn Phe His Leu Gln Lys Asn Thr Ile Gly Thr Gly Asp Asp
245 250 2535

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

Ile 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 pPhe
290 295 300

Ile Asp Thr Gln Asn Gly Leu Arg Ile Lys Thr Trp Gln 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 ITe Asn Gln Phe Tyr Cys Thr Ser Ala Ser aAla
340 345 350

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

Asn Ile Arg Gly Thr Ser Ala Thr Ala Ala Ala Ile G1n 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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859095 met Asn lle Lys Leu Lys Met Pro Met Tyr lle Ala Gly Tyr Lys Thr 100105110 Phe Asp 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 Leu His Leu 130135140 Tyr Gly Cys Ser Thr Ser Val Leu Gly Asn Val Leu lle Asn Glu Ser
145150155160 Phe Gly Val Glu Pro Val His Pro Gin Asp Gly Asp Ala Leu Thr Leu 165170175 Arg Thr
Ala Thr Asn lle TrpNla0i8prHECASEME eiMBhee8 el 1A¢nBeFd80185180 Sel Asd Glyxteu Val Asp Val Thr
Leu Ser, g/, Thr Sl ValiThidle 195200205 Sek A Asn LepPhe,Phe Asq His His Lys Val Met Leu
Leu Gly His 210215220 Asp Asp Ala Tyr &5 Asp Asp Lys Ser MgoLys 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 \{gl-His/al Al Ash ASR RSB Y ASPSBFOLE D Y U Je-860¢2652:0 iia lle Gly Gly Ser Ser Asn
Pro Thr lle LedBer Glu Gly Asn Ser 285280285 Page 26 N4491800 GCW GML EMB seq listing for
phasing - Jul 12.txt Phe Thr Ala Pro Asn Glu Ser Tyr Lys Lys GIn Val Thr lle Arg lle 290295300 Gly
Cys ks MaSeTSRES#eCys-FerAsnyHp @l Tep G Sat hirg 305310315820 Gin Asp Val Phe Tyr
Asn Gly Aa0Tyr Phe Val Ser Sef83ly Lys Tyr 32533033%%GIu Gly Gly Asn lle Tyr Thr Lys Lys Glu Ala
Phe Asn val Glu Asn 340345350 Gly Asn Ala Thr Pro GIn Leu Thr Lys Asn Ala Gly Val Leu Thr Cys
355360306 & keteBexrgy P ArgrCy a3 0cy2 10 981205 B¢l 124 23 PRYs<213> Cryptomeria
japorfifa <400> 99 Met Ala #ét Lys Leu lle Ala Préet Ala Phe Leu Ala ##8t GIn Leu 151015 lle Ile
Met Ala Ala Ala Glu Asp GIn Ser Ala GIn Ille met Leu Asp 202530 Ser val Val Glu Lys Tyr Leu Arg Ser
Asn Agf S’é\OLénsAlrgSLz% ?a&l%cl-@%\@u He %g:g A Wﬁ%@@%l@ﬂe%gnﬂ]@ Phe Asn Val Glu Lys Tyr

Glu Tyr Tyr Pro Gln Arg Trp Ile Cys Ser Cys His Gly Lys Ile Tyr
500 503 510

His Pro

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

<400> 100
Met Ala Met Lys Phe Ile Ala Pro Met Ala Phe val Ala Met Gln Leu
1 5 10 15

Ile I1e Met Ala Ala Ala Glu Asp GIn Ser Ala GIn Ile Met Leu Asp
20 25 30

Ser Asp Ile Glu Gin 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 ggn val Glu Lys Tyr
50 55

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

Ala Trp G1n Ala g;a Cys Lys Lys Pro ggr Ala Met Leu Leu gg? Pro

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

GlIn Pro His Phe Thr Phe Lys val Asp Gly ITe ITe Ala Ala Tyr Gln
115 120 125
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505560 Gly Ala Val Gly Asp Gly Lys His Asp Cys Thr Glu Ala Phe Ser Thr 65707580 Ala Trp GIn Ala
Ala Cys Lys Asn Pro Ser Ala Met Leu Leu Val Pro 859095 Gly Ser Lys Lys Phe 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
115120125 Asn Pro Ala Ser Trp Lys ASn ASn Arg lle Trp Leu GIn Phe Ala Lys 130135140 N110180D
GCW GML EMB ssglist#dg fecwHagingvsJaed 2ltatiog TarGligaRhedlhr Lel bdet@ly Lys Gly Val lle
Asp &1 GERCly 1 2815015560158 B Y TriPATERGhERIR Ey8NS/< 13pVal 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
Imequm?@H%%mAmSa mepgew?%a@g%L%¥$lmGwAmchmewvm
Lys Ilﬁﬂe &Ty?l Serle 1@2@5’5‘5@ Fht Ata ProyAﬁg ASp SErPré Asni Ré&sp Gly lle Asp lle Phe Ala
225230235240 Ser Lys Asn Phe His Leu Gin Lys Asn Thr lle Gly Thr Gly Asp Asp 245250255 Cys Val
Ala lle Gly-T y-Ser Ser Asn lle Va| lle Glu u 270 lle CysGly Pro Gly His Gly lle Ser
lle G@gtfﬁlﬁﬁ%lﬁgﬁéu%ézgz SEALS% S%%%Aé%oléq\?alzgglr%% \i/;clé His Val Asn Gly Ala Lys
Phe 290295300 Ile Asp Thr Gin Asn Gly Leu Arg lle Lys Thr Trp Gin Gly Gly Ser 305310315320 Gly
Met Ala SerHis Jeallg T GlHaAsRVah Slinietille Asn Ser 325330333 G Asn Pro lle Leu lle Asn Gin
Phe Tyr Cys Thr S&8QAla Ser Ala 340345386 Cys Gin Asn Gin Atg@Ber Ala Val Gin lle Gin Asp Val Thr
Tyr Lys 355360365 Asn lle Arg Gly Thr Ser Ala Thr Ala Ala Ala lle Gin Leu Lys Cys 370375380 Ser
Asp Gy Met PrneCyreLysrAsPyIe diys Leu Sernispdia SeirLedo385398d054Q0 Lys Leu Thr Ser Gly Lys
lle Ala Ser Cy$9%u Asn Asp Asn Al22A&n 405410415 N1169$800 GCW GML EMB seq listing for
phasing - Jul 12.txt Gly Tyr Phe Ser Gly His Val lle Pro Ala Cys Lys Asn Leu Ser Pro

Leu vVal Phe Gly Asn Cys Glu Gly val Lys Ite 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 GIn Lys Asn Thr Ile Gly Thr Gly Asp Asp
245 250 255

Cys val Ala 1le Gly Thr Gly Ser Ser Asn Ile val Ile Glu Asp Leu
260 265 270

Ile 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

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

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

GTu Asn Pro Ile Leu Tle Asn GIn Phe Tyr Cys Thr Ser Ala Ser Ala
340 345 350

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

Asn Tle 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
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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 Asp Lys Gly Asn Arg Thr Arg lle 450455460 Leu Leu Gly Ser Arg 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 485490495 Glu Tyr Tyr Pro Gin Arg Trp lle Cys Ser Cys His Gly Lys lle Tyr 500505510
His Pro <210> 100v 201805 16w 23> PR TseR 1 BsCiyptdmendiapoaica x4002 .13@ Met Ala met Lys
Phe H¥SARLBrEhetAILRhd ValAfa ét &7 15§ 1570257141 A% AlZ A1a"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 HiF Ser %His As 1Ala lle As IIeéPhe Asg Val Glu Lys Tyr 505560 GIX Ala Val Gly Asp Gly Lys
His A’.sﬁ/(fr)ysr G 1383\ 3 Bhe Ser*Thi %725@5@ aA%/Srri‘)y i al@gga %ﬁfs F_if/s Lys Pro Ser Ala Met Leu
Leu Val Pro 859095 Gly Asn Lys Lys Phe Val Val Asn Asn Leu Phe Phe Asn Gly Pro Cys 100105110
Gin Rig.His PheTL Ps Lys Vel Asb Glle e Ala/Ala TyrGin 15120152, N110180D GCW
GML EMB seq¥|§tln for phasing - Julzb2.txt ASn Pfo Ala Serdrp Lys Asn Asn Arg lle Trp Leu Gin Phe
Ala Lys 130135140 Leu Thr Gly Phe Thr Leu Met Gly Lys Gly Val lle Asp Gly Gin Gly 145150155160
LyS Gt TURITHR ARGy ysP ¥l A Gy AIGLNIErAPIIPLTR Cys Asn Asp ATg Asp ATg
Pro Thr Adadle Lys Phe Asp PhetSer Thr 180185190 i eu Tle 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 Gly lle Ser lle 210215220
Thr AlaiPre A Asie Sexrgre Asp rhinAs ey Ha Asm lle/RheyAla 225330235240 Ser Lys Asn Phe His
Leu @&@? Lys Asn Thr lle Gly4TAr Gly Asp Asp 245260255 Cys Val Ala lle &9 Thr Gly ser Ser Asn lle
Val lle Glu Asp Leu 260265270 lle cys Gly Pro Gly His Gly lle Ser lle Gly Ser Leu Gly Arg Glu

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

Glu Tyr Tyr Pro GIn 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 teu 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

Fhe géy Ser ser Thr Met géy Gly Lys Gly Gly ggp l.eu 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 teu 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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275280285 Asn Ser Arg Ala Glu Val Ser Tyr Val His Val Asn Gly Ala Lys Phe 290295300 lle Asp Thr
Gin Asn Gly Leu Arg lle Lys Thr Trp Gin Gly 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 Phe Tyr Cys Thr Ser Ala Ser
Ala 340345350 Cys Gin Asn Gin Arg Ser Ala Val Gin lle Gin Asp val Thr Tyr Lys 355360365 Asn lle
Arg Gly Thr Ser AIATISAAS AlWARHEWInsleau Liyed s BROIP838mSer ASp Beitntet Pro Cys Lys Asp
lle Lys Leu Set'®sp Ile Ser Leu 385345395400 N1161800 GCW GML EMB seq listing for
phasing - Jul 12.txt Lys Leu Thr Ser GIX Lys lle Ala Ser Cys Leu Asn Asp Asn Ala Asn 405410415 Gly
Tyr PR SdeGHY HAaY ik P65 AR CiRs L§/§EA§?1‘3L§PJSS%§§’r‘eeHZ‘OYFZES&BOTS’ér Ala Lys Arg Lys Glu Ser
Lys Ser |sq_ys His Pro Lys Thr'Val 435440445 Met Val Lys Asn Met Gly Ala Tyr Asp Lys Gly Asn Arg
Thr Arg lle 450455460 Leu Leu Gly Ser Arg Pro Pro Asn Cys Thr_ Asn Lys Cys His Gly Cys
4654%%4%&86%?@?056951"@%5%% EJ¥ 060 VAl 16 af His &Ry ALV PEASSIN 485490495 Glu Tyr
Tyr Pro GIn Arg Trp Met Cys Ser Arg His Gly Lys lle Tyr 500505510 His Pro <210> 101 <211> 373
<212> PRT.<213> Crypt ria japonica <400> 101 Met Asp Ser, Pro Cys Leu Val Ala Leu Leu Val
Leu §é¥ Fyﬁé \z}’;z::l{lullg rl%%@?gﬁé?y LS’E’r g‘;ns PHe %}% ,&EB gﬁsﬁ ) ﬁrer:h)'&s?p%eﬁrréys Trp Arg Gly Asp
202530 Ser Asn Trp Ala GIn Asn Arg Met Lys Leu Ala Asp Cys Ala Val Gly 354045 Phe Gly Ser Ser
Thr Met Gly.Gly Lys Gy Gly Asp b eu, Tyr Thr el 505560 Thr A SerAspAsp Asp Pro Val Asn Pro
Pro Gly Thr Leu Arggdyr 65707580 Gly Alegthr Arg Asp Arg Proigeu Trp lle lle Phe Ser Gly Asn Met
859095 Asn lle Lys Leu Lys Met Pro Met Tyr lle Ala Gly Tyr Lys Thr Phe 100105110 Asp Gly Arg Gly

Ala Gle,Val Jyrdie Gly Ash Gl Glv-PreCyeVabPage 3y val thr 1le ser
195 200 205

Ashn 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

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

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

ITe Gly Gly Ser Ser Asn Pro Thr Ile Leu Ser Giu Gly Ash Ser Phe
275 280 285

Thr Ala Pro Asn Glu Ser Tyr Lys Lys Gin 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 pPhe 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 {ys
370

<210> 1G2
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N1101800 GCw GmL EMB seq listing for phasing - Jul 12.txt 115120125 Phe lle Lys Arg val Ser Asn
Val lle lle His Gly Leu His Leu Tyr 130135140 Gly Cys Ser Thr Ser Val Leu Gly Asn Val Leu lle 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 Asp His Asn Ser Phe Ser Asn Ser Ser 180185190 Asp Gly Leu
Val Asp Val Thr Letl$ei&Ser qt Gy \EABThedle! Sering5900206: #igrs Asi L bulPHexPhe Asn His His Lys
Val &%Eu géﬁ Gly His Asp 210215220 Asp Ala Tyr Ser Asp Asp Lys Ser Met Lys Val Thr Val Ala
Phe A3n322528023m240:Giafing &aly Pro Asn Cys Gly Gin Arg Met Pro Arg Ala Arg Tyr Gly

2452? >5 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 Ala Pro Asn Glu Ser Tyr Lys Lys
Gin \V@tThsilesArgAle® Glys200296300 I@ysdwys Finnvser Ber Sar €hs Sett ASre Trp Val Trp Gin Ser Thr
Gin 305310315320 Asp Val Phe Tyr Asn Gly Afh Tyr Phe Val Ser SebGly Lys Tyr Glu 325330335 Gly
Gly Asn lle Tyr Thr Lys Lys Glu Ala Phe Asn Val Glu Asn Gly 340345350 Asn Ala Thr Pro Gin teu Thr
Lys ASKH Aﬁ"mngg%ﬁﬁrhmyé%e?% %60366 B8t S¥p Ly %%9§BM¥2210> 102 N110180D
GCW GML EMB sé&q listing for phasing - Jul 12.txt <211> 374 <212> PRT <213> Cryptomeria
japonica <400> 102_Met Asp Ser Pro Cys Leu Val Ala Leu Leu Val Phe Ser Phe Val lle 151015 Gly
Ser Cf$ P8 %@PA%FA%H‘ P?B”II@‘WS@?&@&W&&?Q BRy %D 502550 SelYAsn Trp Ala GIn Asn Arg
met Lys Leu Ala Asp Cys Ala Val Gly 354045 Phe Gly Ser Ser Thr Met Gly Gly Lys Gly Gly Asp Leu

Tyr Thr Vall 50555605 ThrT %snMSngAsp Asp AspGlgro \/1al ﬁ\sn Pro Ala Prg GI\)/ i|'hr Leu Arg 65707580 Tyr
Gly Af’lae'l'gb%\rg spe,&rg roLew pGI]é/ I Pre 5& él)gaf’srll“eu Tyr Tnr va

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 ITe Ile phe Ser Gly Asn
85 a0 95

Met Asn Ile Lys Leu Lys Met Pro Met Tyr Ile Ala Gly Tyr Lys Thr
100 1035 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 His 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 Gin Asp Gly Asp Ala Leu Thr Leu
165 170 175

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

Ser Asp Gly Leu val Asp val Thr Leu Thr Ser Thr Gly val Thr 1le
185 200 205

Ser Asn Asn Leu Phe Phe Asn His His Lys val Met Ser lLeu 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 GIn Arg Met Pro Arg Ala Arg Tyr
245 250 255
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859095 met Asn lle Lys Leu Lys Met Pro Met Tyr lle Ala Gly Tyr Lys Thr 100105110 Phe Asp 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 Leu Tyr Leu 130135140 Tyr Gly Cys Ser Thr Ser Val Leu Gly Asn Val Leu lle Asn Glu Ser
145150155160 Phe Gly Val Glu Pro Val His Pro GIn Asp Gly Asp Ala Leu Thr Leu 165170175 Arg Thr
Ala Thr Asn lle Trp\ld BSIHECASFVEFMBhaeget 153 'S 2B0ABET09 Sef Wsd-GliXMteu val Asp Val Thr
Leu Thr Ser Thr Gly Val Thr lle 195200205 Ser Asn Asn Leu Phe Phe Asn His His Lys val Met Ser Leu
Gly Hi$21eR2182P M sy Asp MarEyr Sar Asp Agp kye FepMepLysrv/al&hrwal Ala Phe 225230235240
Asn GIn Phe Gly Pt8%ASII Cys Gly GIn Ar%fglet Pro Arg Ala Arg T 245250255 Page 33 N1101800
GCw GmL EmB seq listing for phasing - Jul 12.txt Gly Leu val His val Ala Asn Asn Asn Tyr Asp Pro
Trp w}auéh%ngg@o%sm ﬁlar‘llé%l)ggﬂy'@ér Ber psh Pes Ei%ﬁll@l!eﬁ%eﬁ@lu Gly Asn ser 275280285
Phe Thr Ala ProAsn Glu Ser Tyr Lys 95 Gin Val Thr lle Arg Fe 290295300 Gly cys Lys Thr ser Ser
Ser Cys Ser Asn Trp Val Trp Gin Ser Thr 305310315320 Girt Asp val Phe Tyr Asn Gly Ala Tyr Phe Val
Ser S ng_fg FyFr9245R03H5 %?gj & GVA%II@WV%’@FNS 1% &16 APhe Asn val Glu Asn
340345350 Gly Asn Ala Thr Pro His Leu Thr Gin Asn Ala Gly val Leu Thr cys 355360365 Ser Leu Ser
Lys AGrg Cé/s 370
Y 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 Gln Asn Ala Gly val Leu Thr Cys
355 360 365

Ser Leu Ser Lys Arg Cys
370
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