27FEB2306 WD 03/929763 PCT/ Q002/03986 -1 SUBSTANCES The present invention
relates to soluble T cell receptors (TCRs). 5 As is described in WO

99/ 60120, TCRs nedi ate the recognition of specific Major Hi stoconpa %I bi P g
Conpl ex (MHC) - pepti de conplexes by T cells and, as such, are essential to
the functioning of the cellular armof the imune system Antibodies and
TCRs are the onl‘\; two types of nolecules which recognise antigens in 10 a
specific and thus the TCR is the only recept®/GB¥3® 4t cul ar
peptide antlgens presented in MHC, the alien peptide often being the only
sign of an abnornmality wthin a cell. ;T cell recognition occurs when a
T-cell and an antigen presenting cell ~(APC) are in direct physical contact,
and is initiated by ligation of antigen-specific TCRs with pMHC conpl exes.
15 The TCR is a beterodineric cel SUBSTANECES protein of the i munogl obulin
superfamly which is associated with invariant proteins of the CD3 conpl ex
I nvolved in nediating signal transduction. TCRs exist in up and yS forns,
whi ch are st rThetpmsek inyentiommelats tolsoluble T callrbdeptomXPCRRY.si ng t hem have quite

di stinct anatom cal |ocations and probably 20 functions. The extracel |l ul ar
portion of the receptor consists of two nenbrane- proximal constant donains,
and two neﬁbrﬁmédﬁﬂt&hWéW&wze,Memsteﬂembggmnpﬁipymmm | oops

anal ogous to (of0) et er.m n| ant i bodi es.
It is these |%’ %ﬁ’%‘?ﬂﬂ@@@ FR?‘\“E&" Qe byt ﬂ%%%l%u| e and

det erm ne pepémeﬂﬁhl&ph&ﬁﬂtﬁﬂgofﬁhen%@ncdfmmw@stah.ass Il ligands are al so
25 i mmunogl obul in superfam |y proteins but are specialised for .antigen
presentation, with a polynorphic peptide binding site which enables themto

present . a di vmmymmmwfmewamdmwmﬁmmmmmcell surface.

_Src&:qugi)epT iFa]tt{pg‘idgseful &Hf&glr‘.é% SF}%"[%‘R& F%F%P{;Pse of nv?r%tlt?&a?t];[ (r)\gl s?gmfl o
det ect i nf ectpresantedin MHC, ﬂﬁeﬁm@bpﬁﬂubﬁdmm&ﬂglﬁeoﬂy s:g:a&i&nlﬁmokﬁh@ Sol ubl e TCRs
b esence of - st et sl pERichoodin VisBA T L bt b atteeqpresebingeett © ' '
(APC) are in direct physical contact, and is initiated by ligation of antigen-specific
TCRs with pMHC complexes.
15
The TCR is a heterodimeric cell surface protein of the immunoglobulin superfamily
which is associated with invariant proteins of the CD3 complex involved in mediating
signal transduction. TCRs exist in ap and yd forms, which are structurally similar but
T ceils expressing them have quite distinct anatomical locations and probably
20 fimctions. The extracellular portion of the receptor consists of two membrane-
proximal constant domains, and two membrane-distal variable domains bearing
polymorphic loops analogous to the complementarity deterﬁﬁni:ng regions {CDRs) of
antibodies. X is these loops which form the binding site of the TCR molecule and
determine peptide specificity. The MHC class I and class II ligands are also
25  mmmunoglobulin superfamily proteins but are specialised for antigen presentation, with
a polymorphic peptide binding site which enables them to present a diverse array of
short peptide fragments at the APC ceil surface.

Soluble TCRs are useful, not only for the purpose of mvestigating specific TCR-

30 pMHC interactions, but also potentialty as a diagnostic tool to detect infection, or to
detect autobmmune disease markers. Soluble TCRs also have applications in staining,
for example to stain cells for the presence of a particular peptide antigen presented in



2 7 F EB 2006 WO 03/020763 PCT/ GB02/ 03956 -2 the context of the MHC
Simlarly, soluble TCRs can be used to deliver a therapeutic agent,zﬁq@Bzmﬁ
exanpl e a cytotoxic conmpound or an irnnunostinul ati ng conpound, to cel
presenting a particular antigen. Soluble TCRs may al so be used to inhibit T
cells, for exanple, those reacting to an auto-imune peptide antigen. 5
Proteins which are made up of nore than one pol ypeptide subunit and which
have a t ¥hE#E#t ane donain can be difficult to pr OB HEBR/ 0| ubl e form
because, in many cases, the protein is stabilised by its transnmenbrane
region. This is the case for the TCR,and is reflected in the scientific
literature which describes truncated forns of 10 TCR, containing either only
extracel lul ar donmai ns or extracellular and cytoplasm c donains, which can

be recogni sedbesentpdmf the MHGE.| milarly; sobble dERE tamde vsed fodglivenatherapamtipart  of t he
reconbi nant TCR.r Iy ‘5*"'5&‘?’8%5 Rastma g%#]aé , but which
cannot be pro ucé§ﬁ§?H%§§§% yl el d, mgﬁ@ﬁ%%}e not&%?a euéghﬂﬁgg

concent r at i orpresentug o paxticular aMigera ihoksble TEBoma alse biviai@d tosiphibitl € cellsfot exes. Thi s
literature is %@éi%%@gmgﬁm %Bfgg -nnber of papers describe the
production of hetero |¥§?g;§ﬁlc |ﬁ%¥ﬂﬁ§h@ﬂé native di sul phide bridge
whi ch conngcts the respective subunits (Garboczi, et al., (1996), Nature
384(6605) : 1345 1.1 ' I tHillitde o 2403 20 10;
Chang el at.,th%B?)%Fﬁ)melﬁkf@%mﬁ%%?%%m%ﬂvgo ean‘g@@%‘f, (1993), J.
Bi ol . Chem 26@{ninbrahd ddpteindd 5OdI@al & produdte imsoluble(fd:@ibéause] inlumamy Met h.

206: 163-169; U %QQE'\JBMQH 4|03! I_;Hm r -n h such TCRs can be
recogni sed by“ﬁ%ﬁa specfsf I'C ant%?%(]) I'es, no%gegiv(\%?%ﬁ%ﬁﬁmmfgm?gcogni se its
native | i gandlGR, ashiy telfieata] inthh ententifidliteratnye wdiich dedonibel trgrivatedforentfr at i ons and/ or

wer e not a %%m %ﬁgg Q02 sggg le TCR. S cribed which is
correctl yﬁ olbl”dée‘% SO |t°%{9's c%lﬁ]zfg‘lie 0 g?%&’%“gﬁ‘f‘“s’i“hggy?‘??“ﬁ‘é’t ive ligand, is
stabl e over adopeing,odichcan tiemepgmsed by ECR-frecifipantitodisdindicating thsichegalte quantiti es.
This TCR conprd g? 81'!%31‘ -gpﬁi ﬁﬂ(tiﬁ el | H'u g%pgl N.dimerised to a
TCR or 6 chaionflﬂ%x race u?%r?&oo%nrral te e B gfd ? “tWhgch- -

cammot be produced at a good yield, which are not stable at low concentrations and/or

which cannot recognise MEC-peptide complexes. This literature is reviewed in WO

15 99/60120.

A mumber of papers describe the production of TCR heterodimers which include the
native disulphide bridge which comnects the respective subunits (Garboczi, et al.,
(1996), Nature 384(6605): 134-41; Garboczi, et al., (1996), J Immmol 157(12): 5403-

20 10; Chang et al., (1994), PNAS USA 91: 11408-11412; Davodean et al., (1993), J.
Biol. Chem. 268(21): 15455-15460; Golden et al., (1997), J. Imm. Meth. 206: 163-169;
US Patent No. 6080840). However, although such TCRs can be recognised by TCR-
specific antibodies, none were shown to recognise its native ligand at anything other
than relatively high concentrations and/or were not stable.

In WO 99/60120, a soluble TCR is described which is correctly folded so that it is
" capable of recognising its native ligand, is stable over a period of time, and can be
produced in reasonable guantities. This TCR comprises a TCR o or y chain
extracellular domain dimerised to a TCR B or § chain extracellular domain
30 respectively, by means of a pair of C-terminal dimerisation peptides, such as lencine
zippers. This strategy of producing TCRs is generally applicable to all TCRs.



30 respectively, by nmeans of a pair of C-termnal dinerisation peptides,

such as leucine zippers. This strategy of producing TCRs is generMI@qFEBZWB
applicable to all TCRs. 2 7 FEB 2006 WD 03/ 020%3 PCT/ GB02/ 03986 -3 Reiter

al, I'munity, 1995, 2:281-287, details the construction of a soluble nnlecule
conpri sing disul phide-stabilised TCR a and P vari abl e domai ns, one of which
Is linked to a truncated form of Pseudonobnas exotoxin‘§gE3%#. One of the
stated rHRGHPS,, producing this nolecule was to he i nherent
instability of single 5 chain TCRs. The posi tion of the novel disul phide
bond in the TCR vari abl e domai ns m%dentlfled via honology with the

vari abl e donmai ns of antibodies, into I ch these have previously been

i ntroduced (for exanple see Brlnknann et al. (1993), Proc. Nat!. Acad Sci
USA W 7538- 7R4Rr etah dniaity,d995, 22812387, t(ﬁ@égh9 coBitoicnar smllgblﬁﬁolmlﬁl 5459).

However, as tQSE? ipggq CR constant 10
donains, such sﬂ“ﬁm%ue cou bg%%ngggﬁggggg%ﬁpagy y approprlate
sites for nemlmheﬂlmmwmmmewhmdmsbmmm&eemdfmmmant donai ns.

G ven the |nporta e 0 it woul.d.be desi provi de an
alternative Way o %?Jnﬁm Hﬁwﬂ%?gwggme Mﬁﬁ'%ﬁ‘%ﬁ' first

aspect, thé peamiURs) Wmfﬂnnwﬁﬁsﬂm&obndhh&eTCR@hﬁabreeﬂﬁﬁﬁhﬁr (sTCR),
R
transEFnbéanemwdpﬂﬁmnhmh&nmnmhﬁﬁahnm@mMcaaBnmmmmmeaﬂh?ﬁ2Mthse ? Iﬁncgggna
vari abl e domajn opRi_N_.0 e

chain, and ar %"6&95&%{%@%7%% hﬂ%ﬁﬁ%}‘“ﬂéﬁﬁé‘ﬁ iP4¥6rmi n resi dues
whi ch is not mﬁmmmWWWMmmmmement i on

provi des 3osoluble an-form T cgkl recept or, @ﬁﬁg) il?relg_ a coval ent

di sul phi d Ao, S 1oKPipe ST Bt bf PPV IS B APTOIESR IR 157 25 ¢ he

const ant donainter-cHainidistlphide umds betvaeem TCR sonstanst dorhaibdn e |nnunoglobulln regi on of
the constant domain of the P chain. The sTCRs of the present invention have

t he advantage that they do not contain heterol ogous pol ypeptides which may
be i mmunogeni Givewihe infpotdncesolnids DCRs, it Avotild de desirable to provide an alternative

way of producing such molecules.
15
According to 2 first aspect, the present inveniion provides a soluble T cell receptor
(sTCR), which comprises (i) all or part of a TCR o chain, except the transmembrane
domain thereof, and (if) all or part of a TCR P chain, except the transmembrane
domain thereof, wherein (f) and (ii) each comprise a functional variable domain and at
20 least a part of the constant domain of the TCR chain, and are linked by a disulphide
bond between constant domain residues which is not present in native TCR.

In smother aspect, the nvention provides a soluble af-form T cell receptor (sTCR),
wherein a covalent disulphide bond links a residue of the immunoglobulin region of

25  the constant domain of the « chain to a residue of the immumoglobulin region of the
constant domain of the f§ chain.

The sTCRs of the present invention have the advantage that they do not contain
heterologous polypeptides which may be immmogenic, or which may resutt in the
30 sTCR being cleared quickly from the body. Furthetmore, TCRs of the present
invention have a three-dimensional strecture which is highly similar to the pative
TCRs from which they are derived and, due to this structural similarity, they are not



30 STCR being cleared quickly fromthe body. Furthernore, TCRs of the
present invention have a three-di nensional structure which is highl

simlar to the native TCRs fromwhich they are derived and, due to ¥ﬂiFsEB 1006
structural simlarity, they are not 27FEB2006 W03/ 020763 PCT/ GB02/ 03986 -4
| i kely to be immunogenic. sTCRs in accordance with the invention may be for
recogni sing C ass | NBC-peptide conplexes or Class Il IHC peptide conpl exes.
TCRs of t WO$eSNt i nvention are soluble. In the coffilécd286t hi s
application, solubility 5 is defined as the ability of the TCRto be
purified as a nono disperse heterodi ner, in phosphate buffered saline (PBS)
(KCL 2. 7mM KH2PO41.5nmM NaCl 137niM and” Na2PO4 gmM pH 7.1-75. Life

Technol ogi es, G bco BRL) at a concentration of 1ng/m and for >90% of said
TCR to remai njibdy o betnaomdzeaRe SBERS 1f beebrdshicswith the ineention Meytefod on at 25 C for 1

hour. In order to.assess..t solubility of t , 1.t is first 10 purified
e Hescri bed. mohpbes ML seRk oot & G T MHE Pl copligtsot « ho TR 1 S
anal ysed by anal ytical size exclusion chromatography e.g. using a Pharnacia

Superdex 75 HR col equilibrated in PBS. A further 1009 of the TCR is
i ncubat ed at 358§ H“%Bma?ﬁgﬁbq%ﬁ%a‘?% @Fﬂ@%‘é"ﬂg‘bﬁ%‘w

chr omat ogr aphys @fined ke itfity 3tiBe BCR B R PaAHS b mbroepaisctieRrddiRpiranal ysed by
i ntegration and the areas under 15.the peaks corresponding.to the nono

di sperse het ePhrspitsbuferes salne BBRK Clrg Juupl KEGROs 1. Srdb K1 Hlipdbandgent i fi ed by
conpari son W N3, oA @B, gHi7Q07. 9 0k ThcRRolsHies CibdoBRL) StatBARAESon &f Known

mol ecul ar wei ght The nono di sperse heterodi meric soluble TCR has a
nol ecul ar wei ¢me/odaodfon590%;of sk TOR togemanyas among dispersg hetpradimer aflge TCRs of t he

present i nveRchiQRorPdt 85 KObtPhddr. THQHRMS hesesd the SRy sl TER M firsdlet ai | bel ow,
the TCRs can be 20 coupled to a noiety such that the resulting conplex is

i nsol ubl-e,100r purkfieg asfiegcribed in - chellowing this pysificntinmel Mng efithe Habisubl e sol i d
Syorom descri FLuat by iley W iR it Ey aBheh Bl (2 L 1C M e anc.
Acadeni ¢ Pres§mﬁmc@mw§ibmdinw-aﬁﬁrhhﬁ:rhﬂ(lngnﬁﬁxaﬁflkdbormi n has the _
"R i i cat os ol ZSASieD Fhont W o sty O£ s RR cthotioerg R ET 71 91
i ndi cat es al | béfere.IThe Fhaecxclusipirasescpetbencanslysid bypintegataon and the foshs undérng
15  the peaks corresponding to the mono disperse heterodimer are compared. The relevant
peaks may be identified by comparison with the elution position of protein standards
of known molecular weight. The mono disperse heterodimeric soluble TCR has a
molecular weight of appmxnnately 50kDa. As stated above, the TCRs of the present
mvention are soluble. However, as explained in more detail below, the TCRs can be
20  coupled to a moiety such that the resulting complex is insoluble, or they may be
" presented on the surface of an insoluble solid support, -

-The munbering of TCR amino acids used herein follows the IMGT system described
in The T Cell Receptor Factsbook, 2001, LeFranc & LeFranc, Academic Press. In this
25 system, the a chain constant domain has the following notation: TRAC*01, where
“TR” indicates T Cell Receptor gene; “A” indicates o chain gene; C indicates constant
region; and *“*01” indicates allele 1. The § chain constant domain has the foliowing
potation: TRBC1*01. In this instance, there are two possible constant region genes
“C1” and “C2”. The translated domain encoded by each allele can be made up from
30 the genetic code of several exons; therefore these are also specified. Amino acids are
numbered according to the exon of the particular domain in which they are present.



notation: TRBCL." 01. In this instance, there are two possi bl e constant
region genes "C" and "C2" The transl ated donai n encoded by each all e]I e can
bé made up from 30 the genetic code of several exons; therefore t hesd /atd 2006
al so specified. Amno acids are nunbered according to the exon of the
particular domain in which they are present. 2 7 FEB 2006 WD 03/ 020763 -5
PCT/ G(B02/ 03986 The extracellular portion of native TCR consists of two

pol ypept i des¥Pa}028163yS) each of which has a nenbrane- proxiGeedossenst ant
domain, and a nmenbrane-distal variable domain (see Figure 1). Each of the
constant and vari abl e domai ns includes an intra- chain disul phide bond. The
vari abl e donmai ns contain the highly pol ynorphic | oops 5 anal ogous to the
conplenmentarity determ ning regions (CDRs) of antibodies. CDR3 of the TCR
interacts w th thexpeptddeofoestatadrdR/codiks ofand pbistides tafbr2s) satler act  with
the peptide and the MHC. The diversity of TCR s?erguenc S i85S, Fne,r ted via
somati c rear r an¥ferieibats wrphRREproximal sEstant dopainy éﬁ%ﬁfﬁ%%"f%)sg Y&#HF ng (J),

and constant  geRas (steWGitd QNBAchf 0B 3bidtaRQhy PERLI @SR BcHids SEdrdy
rearranged V-J-C regions,. 10 whereas (i c¢hains consist of V-D J-C regions.

The extracel | ul BALEHHPREARPONGo ARG VRriARlE dopaingspin s bispnehEormieded® and an

i munogl obul 4 N £EREAR to hHGnPRARAARE dRtethiiRlepioh S@IDRT) FabMoakes @PRT he ani no
aci ds between the transnenbrane donmin and the _nenbrane proxi nal cysteine

residue. The coWdbeftR misrsHaEP dismeptde gtssrated by dFE-epdCDBs 1 M Iptereeli nder of

the constant dopmi the pefititOand @eIHES TEEEersitd ¥ POR kdd@erlctABpdnbiRted HianE DI ane
proxi mal cysteine to the begi r}m n% of the joini n&?r_egl_on and is
charact eri sed byPMREFeHFBLERELol SRk ngir Y SieEit oMz B goostiere is a

single a chai nggan Fndfibnal @ ¥Rdixipol s @8 fdrdbd B reakRALEIOLI-cafodswo di f f er ent
(3 constant domai ns' known as C531 or TRBC *%rl and C(32 or TRBC2*01. The

di fference 1®et Vs b esdws cansist & \eRT-€ regwan skhs sxtragelivlar gensiagt dopaindasiect of

am no acid resi;ﬁémmﬁ,pr&irgﬁr@rﬁﬁ and arQfnnR% lobhlin RS THRRGHbrand brdidsl 4N, 5K and
37F in exon | thereof, and RBC2*01 has 4K, SN and 37Y in exon | thereof.

The extent of cSEAR eAnsiphel Sreamingygids betwee therangpemirans domadapdiifat vari abl e.
In the present maweeippikimd] btetieseddbi TR dBRRE: infnindiibtil eaeibednieen resi dues

located in of the remainder of the constanit domain amino acid residues, extending from the

.1 5  membrane proximal cysteine to the beginning of the joining region, and is
charactenised by the presence of an immunoglobulin-type fold. There is a single
chain constant domain, known as Cal or TRAC*01, and two different B constant
domains, known as Cp1 or TRBC1*01 and CB2 or TRBC2*01. The difference
between these different f constant domains is in respect of amino acid residues 4, 5

20  and 37 of exon 1. Thus, TRBC1*01 has 4N, 5K and 37F in exon 1 thereof, and
TRBC2*01 has 4K, 5N and 37Y in exon 1 thereof. The extent of each of the TCR

extracellular domains is somewhat variable.

In the present invention, the disulphide bond is introduced between residues located in
25  the constant domains (or parts thereof) of the respective chains. The respective chains
of the TCR comprise sufficient of the variable domains thereof to be able to interact
with its pMHC complex. Such interaction can be measured using a BlAcore 3000™
or BlAcore 2000™ instrument as described in Example 3 herein or in WO99/6120
respectively.
. 30



25 the constant domains (or parts thereof) of the respective chains. The
respective chains of the TCR conprise sufficient of the variable domains
thereof to be able to interact wth its pMHC conpl ex. Such i nteract iyonfggarsis
be neasured using a Bl Acore 3000TM or BI Acore 2000TH i nstrunent as
described in Exanple 3 herein or in W99/6120 respectively. . 30 2 7 FEB
2006 WO 03/020763 PCT/ GB02/ 03986 i n one enbodi nent, the respective chains of
the sTCR of the invention also conprise the intra-chain disul phide bonds

t hereof TP BOR™S the present invention may conpri S8 t he

extracel lular constant Ig region of the respective TCR chains, and
preferably all of the extracellular do_gai n of the respective chains, i.e.
including the 5 nmenbrane proximal region. In native TCR, there is a

di sul phi de bond Iinking the conserved nenbrane proxi mal regions of the
respecti ve chhdnsembodingnt; the rdspliiverivdins ofithe sTER pfitiesaventionrise némp@ise t hi s

di sul phi de bopd.is not .. sent .. Thi hi eved by. nutating the
appropriate c&%ﬁ%ﬂ%@?’%@%ﬁ @ﬁ?‘a‘ﬁ%ﬁ“‘g‘%@ﬂ%@%mom gene and
am tn(r)] aci d 2 edmpkisd 4 of the extfabidliilar @istmth @Wfﬁkmh STCRchAiRs, thh‘tleltﬁ) to éLO_
anot her am no_agi r.truncatin e respective chains.s a e cysteine
residues are Fﬁ%{%ﬂ@%‘b&ﬁ*ﬁ"ﬁi‘m%@%‘gﬁw& ‘ﬁc%ﬂ?‘g?grfgeto t he
ey A
-term nus suc e cystei.ne,resjdues whic ormthe_native interchain
di sul phi de boffﬂ‘s%‘l‘ea imgl regions of herespedve thaing, Jln opgnbadimert 5. 3 4, 5,
6, 7, 8, 9 or oflthk pr@etdiivesiohf thiedisilphide bbrdl ié i preyent GhidGnay®Shdhitd@byl t is 15 to

be noted however .that the.native inter-chain_disulphide bond nmay be present
b "TCRs of ¢ PRSP O e SRR fy B SRRSO, mont . ont y

one of the T md' lahﬁagrm%maMelhwyaidam 2rfﬂsg'edesemmb "wlygi@rrrs theh
native interchain disu | de ond. This cysteipne can he used to attac

moi et i es ti8 t%W%WSM%M%Q#&Qcm%WWbe shorter.
Because the CafsicRidd. AOpfefde solbl@TER RRbrdidp totEd hventishdtip@sds e contacts with
t he peptide-NEC ligands, the C-termnal_ truncation point nmay be altered

subst anti al | ynaive & &t ?%WWE@?‘&?Q’W“N‘P&%@??W?@WM ger
fragment of tQgiaeRAS iR Bhive BARNER d¥iyhiSboRd &8 BRIudtd) Y rhitatednt ty ©f €1 1 ed
herein, i.e. the constant domains need not be truncated just _prior to the

residue 1,2, 3,4, 5, 6,7, 8, 9 or 10 residues N-terminal to the cysteine residues. It is

15 tobe noted however that the native inter-chain disulphide bond may be present in

TCRs of the present invention, and that, in certain embodiments, only one of the TCR

chains has the native cysteine residue which forms the native interchain disulphide

bond. This cysteine can be used to attach moieties to the TCR.

20 However, the respective TCR chains may be shorter. Because the constant domains .
* are not directly involved in contacts with the peptide-MHC ligands, the C-terminal
tnuncation point may be altered substantially without loss of functionality.

Alternatively, a larger fragment of the constant domains may be present than is

25  preferved herein, i.e. the constant domains need not be truncated just prior to the
cysteines forming the interchain disnlphide bond. For instance, the entire constant
domain except the transmembrane domain (i.e. the extracellular and cytoplasmic
domains) could be inclhided. It may be advantageous in this case to mutate one or
more of the cysteine residues forming the interchain disulphide bond in the cellular

30 TCR to another amino acid residue which is not nvolved in disulphide bond
formation, or to delete one or more of these residues.



cysteines formng the intercbain disul phide bond. For instance, the entire
constant domain except the transnmenbrane donmain (i.e. the extracellﬁ?zt 2@@
cytoplasm ¢ domains) could be included. It may be advantageous in t E

to nutate one or nore of the cysteine residues formng the interchain

di sul phide bond in the cellular 30 TCR to another anmino acid residue which
I's not involved |n di sul phide bond formation, or to delete one or nore of
these resit®8%'¢ 7 £ E B 2006 WO 03/ 020763 PCT/ GBO2PCF4&RZo3986 The si gnal
pepti de maybe omtted if the soluble TCRis to be expressed in prokaryotic
cells, for exanple E.coli, since it does not serve any purpose in the mature
TCR for its ligand binding ability, and may i n sone circunstances prevent
the formation of a functional soluble TCR |In nost cases, the cleavage site
at whi ch t he The St pdptidaniy b Omitfed ffavayIasle TCR WS beexpRisd B TCR chains is

predi cted but not _experinentally determ ned. Englneerlng the expressed TCR
chai ns such tmﬂ‘l”)’f’%ﬁ)ﬁﬁ’é“@k&ﬁ” 4811156116%‘9‘8%&?&1@0%% LRAWS| e, ani no

aci ds | onger mmﬁgﬁmw iofEy 8bme SREmEEIE e Signi ficance for
the functionality (i t he abl|l%ést0 recogni se pMAC) of the soluble TCR
Certain addi tf%ﬁg‘ﬂm Bypnost gases,the dpayage silg st phigh WEn 10 sequence

coul d be ag an aid in
%ﬁ#mlt it TCR chal e &Q%ﬁnéﬂﬁteiﬁﬂé’i@ﬁﬁ&c&@bﬁﬁotc

purification o coul d be added, "provided that it does not
interfere wi toperimatalbtieteaaneds Engineernatherraressod BCR ghaigs sedhdbatthey gen bi ndi ng
site of the TGRy iEQh 10R6AI T Emi6@bids 16kt DloRDY o e NP MY DE

engi néered onto the Nterm nal 5 startln? point of the predicted mature
1

protein sequ@ﬁé@?hvﬁwlﬁmfmmﬂﬂma iecthe dility faregegnisepMHC) Far from al |

residues in th glw mlﬁh&gd‘%g@ ?h&ﬁ% Ridriddin f Or antigen
specificit unctional it Thus significant nunber of nutations can
be 20 int i%dmmﬁw orrexagnnle; 8 shortagerseqnenas whish cinpidins peci fi ci ty and
functionali t)imng Jﬁlﬁ"ﬁc@chaxﬁsec%hﬂ‘ﬁ@&d&ﬂR@b@e&ﬁﬁﬁ%&"mﬂﬂﬁﬁhﬁ%tﬁf TCR chai ns

are essential for antigen ecificity a unctional ity
si gni fi cant ribedeaect gruchireand fe of the apfizen bipdingsag ekthe TGRt hi s regi on wi t hout
affecting antigen specificity. 25 The TCR 5 chain contains a cysteine

residue which is unpaired in the cellular or native
For expression in E.coli, a methionine residue may be engineered onto the N-terminal

15  starting point of the predicted mature protein sequence in order to enable initiation of
translation.

Far from all residues in the variable domains of TCR chains are essential for antigen
specificity and functionality. Thus, 2 significant number of mutations can be

20 introduced in this domain without affecting antigen specificity and functionality. Far
from all residues in the constant domains of TCR chains are essential for antigen
specificity and functionality. Thus, a significant number of mutations can be
introduced in this region without affecting antigen specificity.

25 The TCR P chain contains a cysteine residue which is unpaired m the cellular or native
TCR. It is preferred if this cysteine residue is removed or mutated to another residue
to avoid incorrect intrachain or interchain pairing. Substitutions of this cysteine
residue for another residue, for example serine or alanine, can have a significant
positive effect on refolding efficiencies in vitro.

The disulphide bond may be formed by mutating non-cysteine residues on the
respective chains to cysteine, and causing the bond to be formed between the mutated



TCR. It is preferred if this cysteine residue is renoved or nutated to
another residue to avoid incorrect intrachain or interchain pairing.
Substitutions of this cysteine residue for another residue, for exdhprep 106
serine or alanine, can have a significant positive effect on refolding
efficiencies in vitro. 30 The di sul phide bond may be formed by nutating
non-cystei ne residues on the respective chains to cysteine, and causing the
bond to be forned between the nutated 2 7 FEB 2006 3%%@%@%% 63
PCT/ GB02/ WOIEHY®8 | esi dues. Resi dues whose respect i dns are
approximately 6 A (0.6 rinm) or |less, and preferably in the range 3.5 A
(0.35 nm to 5.9 A (0.59 nm apart in ghe native TCR are preferred, such
that a di sul phide bond can be fornmed between cysteine residues introduced
in place of the native residues. |t is preferred if the disulphide 5 bond is
bet ween r esi diféidessnResiiRes e raspective B caskons gbarproximaigly 64 O-8mhBugh it coul d be
bet ween resid f ra3e ' 12003 - Lies where

cyst ei nes caﬁﬁﬁgﬂﬁﬁ%?ggﬁggg to ?g?ﬁ??ﬂ@hﬁ?gﬁﬁﬂﬂf%g&ﬁﬁﬁﬁﬁﬂgzé?ﬁﬁ fol | owi ng

residues_in e¥6R ar prfered; mpet iyt a ftigilptidedondan be fotmadibetieh CPREB1* 01 or TRBC2* 01
ngLr t 2352?52%&%%4%@? °;f$’6’ I% ‘%“P %8@'“#335%@%“@5% ioY5 go%abo' '
Ser 150n 150. bendighetween residues in the constant immunoglobulin region, although it could be

between residues of the membrane proximal region. Preferred sites where cysteines

can be introduced to form the disulphide bond are the following residues in exon 1 of

TRAC*01 for the TCR o chain and TRBC1*01 or TRBC2*01 for the TCR § chain: .

10
One STCR of the presext invention is derived from the A6 Tax TCR (Garboczi ef al,
Nature, 1996, 384(6605): 134-141). In one embodiment, the sSTCR comprises the
whole of the TCR & chain which is N-terminal of exon 2, residue 4 of TRAC*01
(amino acid residues 1-182 of the o chain according to the numbering used in

15 Garboczi et al) and the whole of the TCR £ chain which is N-terminal of exon 2,
residue 2 of both TRBC1*01 and TRCB2*01 (amiilo acid residyes 1-210 of the B
chain according to the numbering used in Garboczi ef af). In order to form the
disnlphide bond, threonine 48 of exon 1 in TRAC*01 (threonine 158 of the « chain
according to the numbering used in Garboczi et al) and serine 57 of exon 1 in both

20 ‘TRBC1*01 and TRBC2*01 (serine 172 of the P chain according to the numbering
used in Garboczi et al) may each be mutated to cysteine. These amino acids are
Jocated in P strand D of the constant domain of a and f§ TCR chains respectively.

Kt is to be noted that, s Figures 3a and 3b, residue 1 (according to the numbering used

25  inGarboczi et al) is K and N respectively. The N-terminal methionine residue is not
present in native A6 Tax TCR and, as mentioned above, is sometimes present when |
the respective chains are produced in bacterial expression systems.



One sTCR of the present invention is derived fromthe A6 Tax TCR (Garboczi

et al, Nature, 1996, 334(6605):134-141). In one enbodi ment, the STCR%?FEBZ%B
conprises the whole of the TCR a chain which is N-term nal of exon

residue 4 of TRACF01 (amno acid residues 1-182 of the a chain according to
the nunbering used in 15 Garboczi et al) and the whole of the TCRf chain
which is Ntermnal of exon 2, residue 2 of both TRBCL*01l and TRCB2*01

(am no acMP¥8Gues 1-210 of the S chain accordi ng?TERHEunberi ng used
in Garboczi et an: In order to formthe disul phide bond, threonine 48 of
exon | in TRAC*01 (threonine 158 of thg a chain according to the nunbering
used in Garboczi et al) and serine 57 0f exon | in both 20 TRBClI *01 and
TRBC2*01 (serine 172 of the [3 chain according to the nunbering used in
Garboczi et al) nmay each be nutated to cysteine These am no acids are

| ocated in P D n Q o and, A chai ns
respectively. ﬁh’%r&%‘é %Fg%%v&h]c% %cd‘r‘ lggcgtﬁﬂle G;"?sg%i due |
(according toﬁmhennumhummngmuﬁmﬁbﬁﬂimwm&ﬁmmnﬁmLmmmaﬂ@ﬂhmﬁ#hﬁnd N
respectively. nal t.hj,oni ne r Sld e is t n native A6
Tax TCR and, MF"O‘H‘E’%‘ g@ #’Ssﬂ?ﬁfﬁvl uﬁ?% B'ﬁ f‘\’/‘ﬁ‘é’ﬁﬁm{ﬁ%‘irespective
chai ns ar e5pr hatingadew intdbehain disulpliidechopd. da hinans, Syeskdladtpersdn medelymedds 2006 WO

83/ 020763 PCT/ 9 at the resjdues i n T.CRs whi ch can be
nutated into E\%&%&%ﬁ%@%&%g W‘?‘fga? q‘ﬁ‘ﬁi*@f‘fﬂﬂﬂ*fﬁlﬂaﬁ%ﬂﬁm de bond
have been i debéinitataiitheishudedredidue fdthd desidug firlentation to abididinepe able to nutate any

TCR in the sanme way to produce a soluble formof that TCR 5 having a new
i nterchai n di sul phide bond. In humans, the skllled person nerely needs to

| ook for the f i e TCR chains to identify the
resi due td® b%ghﬂ?ggeg (thé&iﬂéa$bﬁﬁ¥§5§@§ (ﬁem?@eggaé Pé?m%utatlon to a
cysteine). 10 a Chain Thbr @&fﬂ@j@ﬂ@ﬁuléﬁg;453 15 20 DSDVYI TDKI VLDVRSVDFK
(am no acids 39-58 of exon | of the 01 gene)

@ Chain Thr 45: QSKDSDVYIEDKTVLDMRSM(amino acids 36-55 of exon 1

of the TRAC*01 gene)
15 :
a Chain Tyr 10: DIQNPDPA VEIQLRDSK SSDK (amino acids 1-20 of exon 1 of
the TRAC*01 gene)
o Chain Ser 15: DPAVYQLRDEK SSDKSVCLF(amino acids 6-25 of exon1 .
20 of the TRAC*01 gene)
B Chain Ser 57: . NGKEVHSGVEI‘DPQPLKEQP(ammo acids 48- 67 of exon 1
of the TRBC1*01 & TRBC2¥01 genes)
25 A Chain Ser 77: AUNDSRYALHSRLRVSATFW (amino acids 68- 87 of exon 1
of the TRBC1*01 & TRBC2*(1 genes)
B Chain Ser 17: PPEVAVFEPEEAEISHTQK A(amino acids 8- 27 of exon 1 of
' the TRBC1*01 & TRBC2*01 genes)
30 '

f Chain Asp 59 KEVHSGVSTHPQPLKEQPAL (amino acids 50- 69 of exon 1
of the TRBC1*01 & TRBC2*01 genes gene)



QSKDSDVY! DDKTVLDVRSM ami no aci ds 36-55 of exon 1 of the TRAC*01 gene) a
Chain Tyr 10: DI QNPDPAV(r) QLRDSKSSDK(am no acids 1-20 of exon 1 of éhye
TRAC*01 gene) a Chain Ser 15: DPAVYQLRDf KSSDKSVC Y(ani no acids 6-25 df/ Es&H0b
1 of theTRAC*01 gene) (3 Chain Ser 57: NGKEVHSGY4TDPQPLKEQP(am no acids 48-
67 of exon | of theTRBO *01 &TRBC2*01 genes) 25 B Chain Ser 77: P Chain Ser
17: 30 ALI\JBE@Z | JSRLRVSATFW am no acids 68- 87 of exon 1 of the TRBC1*01 &
TRBC2*01 ¢ PPEVAVFI | EAEI SHTQKA( anmi no aci ds 8- 2PCHEBERYE | of the
TRBC1*01 & TRBC2*01 genes) P Chain Asp 59: KEVHSGVST PQPLKEQPAL(am no aci ds
50- 69 of exon 1 of the TRBC1*01 & TRRC2*01 genes gene) 2 7 FEB 2006 WO
03/ 020763 -10 PCT/ GB02/03"6 Chain G u 15: VEPPEVAVFSSEAEI SHTQ am no aci ds 6-
25 of exon | .t RBC1* *0Q enes). In_poth specj es, the TCR
chai ns may noﬁ%@ﬁé& egi 0 Kﬁ."g _ u%rliﬂ%'ﬂ??@! 6t"((‘af"r‘lfl‘Tg"“15"fabove motifs.
However, those of skill in théTERBUCI*OM&ITRBOS*ARERS) 0 use the above notifs to
identify the equivalent part of the TCR a or p chain and hence the residue
to be nutated to cysteine. Alignnment techniques nmay be used in this respect
For exanpl e, mnGHeBipadidd/theTER Lkt fapibt hive a Fision RN hidi 100%iRhiRid s | nstitute
website (http:tww,ebi.ac. uk/index. htm used-to conpare the notifs

X .. can he
above to a510“119%’%‘?%IWW%W%’&&E‘L\?@W@%M@?@3’°F?)’é‘a‘&fé‘°t he rel evant
part of the TgR:#ARLGQRFRlent part of the TCR a or B chain and hence the residue to be

mutated to cysteine. Alignment techniques may be used in this respect. For example,
ClustalW, availzble on the European Bioinformatics Institute website
(http://www.cbi.ac.uk/index.html) can be used to compare the motifs above to a

10  particular TCR chain sequence in order to locate the relevant part of the TCR. sequence
for mutation.

7

The present invention includes within its scope human disulphide-linked aff TCRs, as
well as disulphide-linked aff TCRs of other mammals, including, but not limited to,

15 mouse, rat, pig, goat and sheep. As mentioned above, those of skill in the art will be
able to determine sites equivalent to the above-described human sites at which
cysteine residues can be introduced to form an inter-chai disulphide bond. For
example, the following shows the amino acid sequences of the mouse Caand C8
soluble domains, together with motifs showing the murine residues equivalet to the

20  human residues mentioned above that can be mutated to cysteines to form a TCR
interchain disulphide bond (where the relevant residues are shaded):

Mouse Ca soluble domain: _
PYIQI;TPEPAVYQLKDPRSQDSTLCLFTDFDSQINVPKTMESGTFITDKTVLDMKAMDS
25 KSNGAIAWSNQTSFTCQDIFKETNATYPSSDVP

Mouse C8 soluble domain: _
EDLRNVTPPKVSLFEPSKAEIANKQKATLVCLARGFFPDHVELSWWVNGREVHSGVST
DPQAYKESNYSYCLSSRLRVSATFWHNPRNEFRCQVOFHGLSEEDKWPEGSPKPVTON

30 ISAEAWGRAD

Murine equivalent of buman o Chain Thr 48: ESGTFITDKEVLDMKAMDSK



for mutation. The present invention includes within its scope human

di sul phide-linked ap TCRs, as well as disul phide-linked ap TCRs of other
manmal s, including, but not limted to, 15 nouse, rat, pig, goat andzqqngg%
As nentioned above, those of skill in the art will be able to determ ne
sites equivalent to the above-described human sites at which cysteine

resi dues can be introduced to forman inter-chain disul phide bond. For
exanple, the follow ng shows the am no acid sequences_of the nmouse Ca and CB
sol ubl e d¥PdPPR™ ogether with motifs showi ng the mASHFEYEE ques equi val ent
to the 20 human resi dues nmenti oned above that can be nutated to cysteines to
forma TCR interehain disul phide bondy{where the relevant residues are
shaded): Mouse Ca sol ubl e domai n:

PYI QNPEPAVYQLKDPRSQDSTLCLFTDFDSQ NVPKTVESGTFI TDKTVLDVKAMDS 25

KSNGAI AWENQTSFTCQDI FKETNATYPSSDVP Mouse CO sol ubl e domai n:

EDLRNVTPPKVSL \ ANKOKA oy SUALATIN <>

DPQAYKESNYSYC R P E PVION 30 | SAEAWGRAD
Murine equi val ent of human a Chain Thr 48: ESGIFTfDKj VL. DMKAMDSK 2 7 F E B

2005 WO 031020763 PCT/.GB02/ 03986, -.1 ri ' uman a Chain Thr
45: KTNESGTFI “ﬁﬁfﬂﬁ%&%ﬁ%ﬁ%ﬂﬂ#ﬁe@ﬁ@@m%ﬁ@ﬁ Tyr 10:

YI ONPEPAV@LKDPRSQDS 5 Marine equi val ent of hunman a Chain Ser 15:
AVYQLKDPRKQDSTLCLFTD Murine equival ent of human R Chain Ser 57:

NGREVHSGVI TDPMuAGaRvalenolima & Catit S 45 eAYY QHKORRBQDSSLEREIDY Set 77:
KESNYSYC* RLRVSATFW Mut e equi val ent of human P Chain Ser 17: PPKVSLFEP

KAEI ANKQKA Murine equival ent of human P Chain Asp 59: REVHSGVST(r) PQAYKESNYS
15 Miri ne equwmmbmsﬂsawm%mma ANKQ

10  Murine equivalent of human P Chain Ser 77: KESNYSYCLESRLRVSATFW
Murine equivalent of human  Chain Ser 17: PPKVSLFEPSKAEIANKQKA

Murine equivalent of human § Chain Asp 59: REVHSGVSTHPQAYKESNYS
15
Murine equivalent of human p Chain Glu 15: VIPPKVSLFEPSKAEIANKQ

In a preferred embodiment of the present invention, (i) and (ii) of the TCR each
comprise the functional variable domain of a first TCR fused to all or part of the
20  constant domain of 2 second TCR, the first and second TCRs being from the same
* species and the inter-chain disvlphide bond being between residues in said respective
all or part of the constant doxain not present in native TCR. In one embodiment, the
first and second TCRs are nmman.  In other words, the disulphide bond-linked constant
domains act as a framework on to which variable domains can be fused. The resulting
25 TCR will be substantially identical fo the native TCR from which the first TCR is
obtained. Such a system allows the easy expression of any functional variable domain
on a stable constant domain framework.

The constant domains of the A6 Tax sTCR described above, or indeed the constant
30  domains of any of the mutant ap TCRs having a new interchain disulphide bond
described above, can be used as framework onto which heterologous variable domains



In a preferred enbodi nent of the present invention, (i) and (ii) of the TCR
each conprise the functional variable domain of a first TCR fused tﬂ_g&é 26
part of the 20 constant domain of a second TCR, the first and second

being fromthe same species and the inter-chain disul phide bond being

bet ween residues in said respective all or part of the constant donmain not
present in native TCR In one enbodinent, the first _and second TCRs are
human. | n "R %or ds, the di sul phi de bond-1inked cdHItER¥omai ns act as a
framework on to which variabl e domains can be fused. The resulting 25 TCR
Wi 'l be substantially identical to thegative TCR fromwhich the first TCR
I's obtained. Such a systemallows the easy expression of any functional
variabl e domain on a stabl-e constant domain framework. The constant domains
of the A6 Taxcas ¥ iRsede Yay prtfeckdafshe fosionprotpin ditring ab wechon thetcanformad donmi ns of

any of the mu hefdR |3Eg -gpgw‘ 'iig e ey | ond descri bed
above, can be&?g:e a]s ramevviér ont o |chﬁﬁ%%’6ﬁ%§%te§mvtg§fh§bl e domains 2 7
F E B 2006 WOBS+BceiroanaEdo@RRS A0 Baked to-ticXonsdant domains siemly pditt betoveqr ef erred i f

t he fusion ptcg,'h‘;&%i 2 &Hﬁng { hE‘ ,“ggmlgr %gti n .ofF t he het erol ogous

vari abl e domalns as possi ererore, s prerer RSt he
het er ol ogofis A&TaxclORe the inmaidueed eysteint resilirslod the & Bkl Cchatk avprefébli NS at any
poi nt between, the jntr.od cg\d cysteine rﬁéidues and the N term nus of the

const ant do ! e 45 ohgxon 1 jn THapC*0] (fareonipe, 153 pfctheye ehpmyagsorling: osi dues on

the a and A cigatieimBiing el itk er dlABdRicARe SofeXuacn bR TRECBD1 €XON | in
TRAC*01 (threonine 158 of the a chain according. to the nunbering used in

Garboczi et ot TRBE2* (serue 132 ofthe B chgin agcordipgie the nyrpiseing wsed ing nd

TRBC2*01(seri . “gpjggi‘,g c?%!r'g}ﬂ 3@4’@ . ;Pﬁ H%‘QEF jBg used in

Gar boczi at ai§ res?,ef)ge)itlve yy ere o?z I't ?gﬁ%rhe erldlge | Phe het er ol ogous
a and 10 dfai vhainamriabls/demain ischment postswrehstwepmiesithess 48 6 59 ecomdisptortiessi dues 48
(159 accordi n@ ﬁg-% Deibss j %E ' i %!? . 58 (173
according to en %egrnpng use%gqirjlﬁ%glaﬂsg‘éccm gé;&lgfl an lF%{emN term nus of
the a or |3 cGaxiczirt alfloddhestemempefh v et f/condtne doresnsdtspectivaly.t he const ant
domai ns of the heterol ogous a and A chains 15 corresponding to the

attachment points in the A6 Tax TCR can be identified by. sequence honvol ogy.
The fusion prThcedsiduésin the ednsttt [dbiyiainguf dic hetarblogous @ ahdip bheile al | of t he

15  corresponding to the attachment points in the A6 Tax TCR can be identified by
sequence homology. The fusion protein is preferably constructed to include all of the
heterologons sequence N-terminal to the attachment point.

As is discussed in more detail below, the STCR of the present invention may be

20  derivatised with, or fused to, a moiety at its C or N terminus. The C terminus is
preferred as this is distal from the binding domain. In one embodiment, one or both of
the TCR chaing have a cysteine residue at its C and/or N terminus to whick such a
moiety can be fused.

25  Asohible TCR (which is preferably human) of the present invention may be provided in
substantiaily pure form, or as a purified or isolated preparation. For example, it may be
provided in a form which is substantially free of other proteins.

A plurality of soluble TCRs of the present invention may be provided in a multivaient
30 complex. Thus, the present invention provides, in one aspect, a multivalent T cell

receptor (TCR) cornplex, which comprises a plurality of soluble T cell receptors as

described herein. Each of the plurality of soluble TCRs is preferably identical.

L]



het er ol ogous sequence N-termnal to the attachnment point. As is discussed in
nmore detail below, the sTCR of the present invention may be 20 deriYfEgegs
with, or fused to, a noiety at its Cor Ntermnus. The Ctermnus is
preferred as this is distal fromthe binding domain. In one enbodi nent, one
or both of the TCR chains have a cysteine residue at its C and/or N
termnus to which such a npiety can be fused. 25 A soluble TCR (which is

pr ef er abl WHEEES of the present invention may be prifHeRYOPH substantially
pure form or as a purified or isolated preparation. For exanple, it maybe
provided in a formwhich is substantialiy free of other proteins. A
plurality of soluble TCRs of the present invention nmay be provided in a

mul tival ent 30 conplex. Thus, the present invention provides, in one
aspect, a nultivalent T cell receptor (TCR) conplex, which conprises a

plurality of ﬁﬁ#“@% CL tnvénf VideS 1 b _ &@ﬁﬂgﬁ I el Each of the
plurality of solu 25%%5 IS pr .erggfyé?gﬂﬁf%a : ?pE‘EEeZOOG WO b3/ 020763
PCT/ GB02/ 0398 eompleyes whichronthod commrisesct , t he i nvention provides a nmethod for
det ecti ng VHC- peptdde F&R Wﬁ%ﬁ gﬁ% G | L) providing a
soluble T cell reg%pto ogaéf%ﬁPFiva gﬁ gggpnﬁgg%gggofﬂggz%onplex as
descri bed Ker eimplex(as dgscribothbaani ng t he soluble T cell receptor or nultival ent
TCR conplex with .. thﬁWﬁi‘ | | X Irdy) tecting binding
of the soluble T &gl ecep gﬁgg?ﬂﬁﬂﬁ@ﬁggﬁéﬁ?hwﬁﬁﬁ égﬁ%%gﬁ%%ﬁq e

VHC- pept i de ¢ tepliGepeptidel@mplexesirad mul t i val ent conpl ex of the present

I nvention, the TCRs. .‘H 1{2 f ltiners...and may be present
on or associ at edcﬁ? rr]ra%et%&é ?Q‘i‘/‘ggromb%grce% re}'miéltlv ?n!f) {g%ma. 151Inits
si npl est f or npomaplaxud the MEGpeptideCRnplexepl ex according to the invention
conprises ;42 nmultimer of two or three or four or nore T cell receptor

nol ecul es associated (e.g. covalently or otherw se |inked) with one
anot her, pr ef éribdryluvaleat comiplex kfthe presem envimgion, the TCRs may be in the form of

multimers, and/or may be present on or associated with a lipid bilayer, for example, a
liposome.

15 Inits simplest form, a multivalent TCR complex according to the invention comprises
a muliimer of two or three or four or more T cell receptor molecules associated (e.g.
covalently or otherwise linked) with one another, preferably via a linker molecule.
Suitable linker molecules include, but are not limited to, multivalent attachment
molecules such as avidin, streptavidin, neutravidin and extravidin, each of which has

20  four binding sites for biotin. Thus, bictinylated TCR molecules can be formed into
multimers of T cell receptors having a plurality of TCR binding sites. The number of
TCR molecules in the multimer will depend upon the quantity of TCR in relation to
the quantity of linker molecule used to make the multimers, and also on the presence

or absence of any other biotmylated molecules. Preferred multimers are dimeric,

25  trimeric or tetrameric TCR complexes.

Structures whech are a good deal larger than TCR tetramers may be nsed in tracking or
targeting cells expressing specific MHC-peptide complex. Preferably the structures
are n the range 10nm to 10pm in diameter. Each structure may display multiple TCR

30 molecules at a sufficient distance apart to enable two or more TCR molecules on the
structure to bind simultaneousty to two or more MHC-peptide complexes on a cell and
thus increase the avidity of the muitimeric binding moiety for the cell.



Suitabl e |inker nolecules include, but are not limted to, multivalent
attachnment nol ecul es such as avidin, streptavidin, neutravidin and 27 FEB 2006
extravidin, each of which has 20 four bi ndi ng sites for biotin. Thus

bi oti nyl ated TCR nol ecul es can be forned into multinmers of T cell receptors
having a plurality of TCR binding sites. The nunber of TCR nolecules in the
mul timer vaI depend upon the quantity of TCRin relation to the quantity
of |inker ¥ uge used to make the multimers, and afSERH¥¥e presence or
absence of any ot her biotinyl ated nol ecul es. Pref erred multimers are
dinmeric, 25 trinmeric or tetrameric TCRlgonpl exes. Structures which are a
good deal larger than TCR tetranmers may be used in tracking or targeting
cell s expressing specific MHC peptide conplex. Preferably the structures

are in the range 100mto 10min dianeter. Each structure may display

mul tiple TCR Siablhtactidles for @ iAthéitbdnticd Belide MetbANE RrudtRs buch & enabl e two or
nore TCR nol ecul es on the structure to bind sinultaneously to two or nore

VHC- pept i de clnopess @ sghf siructrps wich pre Rreferably preticks sechapbeads i ty of t he

mul tineric bi 0 1afR beday. (&tﬁ&ﬂ&&%&abuﬁyﬂe&%&aﬂ?&ﬁﬁ%%@ﬁ”“
PCT/ GB02/ 0398 4 Sur table structures for use in the invention include

nenbr ane s# r uesatorwolegles arg also yuitadhle; Freferably dpespitessre agatedivissT ogli ch ar e
preferably pqudﬁﬁ&ﬁmﬁ%mmmamT%%&m&mbeadS- Q her

structures whi may be externally coated with T cell 5 receptor nolecul es
are also suitable. Preferably, the structures are coated with T cell

recept of Nl { ol clee oflgiSmek IR Wt et tholdotill whiefhd mégsfRRY 6 M01 ecul @S I

t he case of Ilposorres the T cell receptor I ecul es or ﬁﬁ-l nmers thereof

may be att acﬁ@@l@@%?‘hemewwe@das%mn@r@enw Techripnes fos g asgrwell Techni ques

for this qge WRkhtoildie &M thiat hose skilled in the art. A label or another
noi ety, such as a toxic or therapeutic noiety, may be included in a

mul tival ent TCR conpl ex of the present invention. For exanple, the |abel or

other i et ya IBY oPGolh  duch s 1o bMerRhRGHQy, Ty um%ﬁded%maexaﬁp'e of

such a 15 rrultlrrerlc nol ecu e IS a tetraner contail ni ng hree TCR nol ecul es

and one per oxpultiient TR eomplex of thepresentdnyentione Ferensmaple theflapelar atherg t he TCR and
the enzyne atm@edRhfbe hdbde@in aHixed rdoldcBle SRNRIR £n HELHRORkLFa COMPI exes, and
i solating t he desired _conpl ex from any
15 ultimeric molecule 1s a tetramer contaming three TCR molecules and one peroxidase

molecule. This could be achieved by mixing the TCR and the enzyme at a molar ratio

of 3:1 to generate tetrameric complexes, and isolating the desired complex from any

complexes not containing the correct ratio of molecules. These mixed molecules

could contain any corsbination of molecules, provided that steric hindrance does not

20  compromise or does not significantly compromise the desired function of the
molecules. The positioning of the binding sites on the streptavidin molecule s
suitable for mixed tetramers since steric hindrance is not likely to occur.

Alternative means of biotinylating the TCR may be possible. For example, chemical
25  Dbiotinylation may be used. A]temative biotinylation tags may be used, although
certain amino acids in the biotin tag sequence are essential (Schatz, (1993).
Biotechnology N ¥ 11{10): 1138-43). The mixture used for biotinylation may also be
varied. The enzyme requires Mg-ATP and low ionic strength, atthough both of these
conditions may be varied e.g. it may be possible to use a higher ionic strength and a
30 longer reaction time. It may be possible to use a molecule other than avidin or
streptavidin to form multimers of the TCR. Any molecule which binds biotin in a
multivalent manner would be suitable. Alternatively, an entirely different linkage



conpl exes not containing the correct ratio of nolecules. These m xed

nol ecul es could contain any conbi nati on of nol ecul es, provided that ?tFﬁﬁilﬁﬂE
hi ndrance does not 20 conprom se or does not significantly conproms

desired function of the nolecules. The positioning of the binding sites on
the streptavidmnolecule is suitable for mxed tetraners since steric

hi ndrance_is not likely to occur. Alternative neans of biotinylating the TCR
may be podABPRSror exanple, chemical 25 biotinyl XTEPHEBhe used.

Al ternative biotinylation tags may be used, although certain amno acids in
the biotin tag sequence are essenti al {%chatz, (1993). Biotechnol ogyNY
11(10): 1138-43). The m xture used for biotinylation may al so be varied.
The enzyne requires My- ATP and | ow ionic strength, although both of these
condi tions rragonldéiedauiﬂeé@n@angIYhiSﬁlﬁgctMOpT@b@ﬂbicbelﬁon(QsiegeaPmdgher i oni c

strength and r&?[m e’?ﬁhh ;I R P t 0,4se a nol ecul e
ot her than avi | n-or reptavi ﬁ orm nul’t1T ners #R%sg?gp'l'%% Any

nol ecul e whi 037)mh;mwmmﬁmmmﬂsmw@tmmummmmwdme sui t abl e.

Al ternatively,. 2 7 WO (r) 31020763
PCT/ GB02/ 039 co‘hj}oghb g%&ew se (sucf‘ﬁ%g poT"y RepsE ine tag to chel ated
ni ckel |on5((:mmym; Product Quide 1999, Chapter 3 "Protein Expression,
Purification, Detection and Assay" p. 35- 37). Preferably, the tag is

| ocated towards the C-term nus of the protein so as to mnimse the anount
of steric hi n&mbﬁhbfﬂm?@léhahembdl@wﬂaﬂxﬁﬂlapbmmmdﬂ@o&xmm exes. One or

both of the T S h det ect abI | ab for exanple
a |abel whic SUl F@Xﬂ? Wﬁgwhpu?% dvgauonpro w?’ﬂ%“ nvention
provi des a WWWmlmmmmemmmmeMt hod

conpri ses o Je 0 ?E T mul tinmeric
TCR conpl é§ | accor ance C{éﬁfﬁg‘%mnven |o \%fncaﬁwf“!é]m pvg'gt:}fl c for the M
RC- pept i de cmmmwmﬂusmmmgwacmmmplmwmmmgw meric TCR

bi ot i myl at e Bt O e RIaR 1R Mgty b aRLABINRS bipmick BuelaEr o1 Ty "

avai | abl e) cafChfrosiadng biotnytated detemdivhets cftioreixlent strwua'idm (fommercially

f1 uor escent | vl Lede bi2h i 3iae  debchunfie N fuckQlentipodfla EAGR-ANa! S s, Tor

exanpl e to det I'gen_pre ent ng ce
is suitable for use in FACS analysis, for example to detect antigen presenting cells

carrying the peptide for which the TCR is specific.

Another marmer in which the soluble TCRs of the present invention may be detected is
by the use of TCR-specific antibodies, in particular monoclonal antibodies. There are

20 many commercially available anti-TCR antibodies, such as aF1 and fFl, which
recognise the constant regions of the o and P chain, respectively.

The TCR (or multivalent complex thereof) of the present invention may alternatively
or addmonal]y be associated with (e.g. covalently or otherwise linked to) z therapeutic
25  agent which may be, for example, a toxic moiety for use in cell killing, or an
immunostimuiating agent such as an interleukin or a cytokine. A multivalent TCR
complex of the present invention may have enhanced binding capability for a pMHC
compared to 2 non-muitimeric T cell receptor heterodimer. Thus, the multivalent TCR
complexes according to the invention are particularly useful for tracking or targeting
30 cells presenting particular antigens in vitro or in vivo, and are also useful as
intermediates for the production of firther multivalent TCR complexes having such



carrying the peptide for which the TCR is specific. Another manner in which
the soluble TCRs of the present invention may be detected is by the qﬁﬁggkﬁ
TCR-specific anti bodies, in particular nonocl onal antibodies. There ;

many commrercially avail able anti-TCR anti bodi es, such as aFl and D171, which
recogni se the constant regions of the at and 0 chain, respectively. The TCR
(or multi onpl ex thereof) of the present invention may alternatively
or additiéﬁ%&ﬁ%mgk associated with (e.g. coval ently B¢fT/6RREING se | i nked to)
a therapeutic 25 agent which may be, for exarnple, a toxic noiety for use in
cell killing, or an inmmunostimnulating-agent such as an interleukin or a
cytokine. A nultivalent TCR conplex of the present invention may have

enhanced bindin a ility fo VHC conpared to on-multimeric T cell
receptor het e?ﬁi%ﬁ&ﬁ%%@%&%%l%ﬁgﬁfw e@&%@@% according to the
i nventi on ar ephamisceutivdlly abogpiatdefomiuldion fof isadaivg or targeting 30 cells
presenting particular antigens in vitro or in vivo, and are al so useful as

i ntermedi ates for the production of further nultival ent TCR conpl exes havi ng
such 27 FEB2008he\i et QRO piowides htnefliod forBaiv&di3 Aqerapantis agehite a Tiggst edll, mul ti val ent

TCR conpl ex may. therefore.be provided.in a ar, tical.ly acceptable
formul ati on f %WW ach ?"tﬂt?é“?rﬁ?;éﬁ'{;i‘“ﬁgg (5"19?‘18‘\?%‘%3 a method for
delivering a T@mml tﬁwmm}mhﬁnve?ﬁ@ﬁmd&ebﬂdiﬁoniﬁwmvfhmhpd conFri ses
contacting potent] t arget s with a TCR qr | val ept. TCR conplex in
accor dance W?fﬁhﬁ@?wgﬂ@%&%hmw%ﬁﬂﬁiwg%ﬁ i SHERERrent  of the
TCR or TT}J|ti\t;meﬁnﬁme'%ﬁgﬁﬁa#iﬁd(fohﬁemmﬁeﬁﬁd}&brgﬂ&lehandl?uﬂﬁﬁktIQRdOL. m,lltivzﬁl ent
TCR conpl ex ing specific.for. the MHC peptide conpl exes an avi ng the
t her apeutic aéﬁﬂFmgggﬁﬁﬁﬁ?@ﬂﬂﬁﬁﬂ?%@ﬁth. 10 In particular, the soluble TCR or
mul tival end TCR conpl ex can be used to deliver therapeutic agents to the
| ocation of cells presenti art.icul anti.gen. . Thi uld be useful in
many situati oﬁé’”&ﬁ‘ﬁ“ ‘ﬁﬁ”b‘éﬁ%@??ﬁ?’fm”j%?hg@‘?ﬂ%ﬁﬂ?g‘? “sﬂjStP\aa’r"ﬁtpeut i c agent
coul d be del i ganRaticdgedis tb i lochtion WDetlsipresetiing apartitilld amtighe Cihid vam@d | y but not
only on the Cl?elnseﬁﬂl in many situations and, in particular, against tumours. A therapeutic agent
could be delivered such that it would exercise its effect locally but not only on the cell
15 it binds to. Thus, one particular strategy envisages anti-tumour molecules linked to T

cell receptors or multivalent TCR complexes specific for tumowr antigens.

Many therapeutic agents could be employed for this use, for instance radioactive
compounds, enzymes (perforin for example) or chemotherapeutic agents (cis-platin fc;r

20 example). To ensure that toxic effects are exercised in the desired location the toxin
could be iuside a liposome linked to streptaﬁdin so that the compound is released
slowly. This will prevent damaging effects during the transport in the body and ensure
that the toxin has maximum effect after binding of the TCR 1o the relevant antigen
presenting cells.

Other suitable therapeutic agents include:

o small molecule cytotoxic agents, i.e. compounds with the ability to kill
maromalian cells having a molecular weight of less than 700 daltons. Such
compounds could also contain toxic metals capable of having a cytotoxic effect.

30 Furthermore, it is to be understood that these small molecule cytotoxic agents also
_ include pro-drugs, i.e. compounds that decay or are converted under physiological
conditions to release cytotoxic agents. Examples of such agents include cis-platin,



15 it binds to. Thus, one particular strategy envi sages anti-tunour

nol ecules linked to T cell receptors or nmultival ent TCR conpl exes sgg¢t§ﬁmﬁ
for tunour antigens. Many therapeutic agents could be enployed for this use,
for instance radi oactive conpounds, enzynes (performfor exanple) or

chenot herapeutic agents (cis-platin for 20 exanple). To ensure that toxic
effects are exercised in the desired |location the toxin could be inside a
|i posone WHREH™®0 streptavidin so that the conpoundPGILHEEBEsed sl owl y.
This will prevent damagi ng effects during the transport in the body and
ensure that the toxin has maxi numeffget after binding of the TCRto the
rel evant antigen presenting cells. 25 Other suitable therapeutic agents

i nclude: small nol ecyl e ¢cytotoxic agents, i.e. conpounds with the ability to

S, i .
kill manmalian (calicheamyicin, docstaxel £loposideny 700 dal t ons.

Such conpounds gembitabing lifesakiae) irdofecdnONélphaliBimloxaftrdR2 rBm@f having a
cytotoxic effect. 30 Furthernore, it is to be understood that these small

nol ecul e cyt-ot oxpEuERheiefrin I femozolmide, torglecssy Bmgkeaipelucpropate, agigignEds t hat decay
or are convert edilkndRe adliisinti@gi cal conditions to rel ease cytotoxic
agents. Exanpl es of such agents include cis-platin, 2 7 FEB 2006 WO
031020763 PRCT/*CBO ZrptBiggpotonmns, ke prosinsopiagments thanepfpath the-ahdifetn killci n,

cal i cheam cin, dpeela%fles. Gix |8l 8ude ﬁﬁ,%;ﬁ]}‘%ﬂeﬁ?t?hﬂ,ﬁmedd&ﬁéf el 171 rwtecan,
mel phal an, mtoxantrone, sorfiner sodinnrphotofrin Il, tenpzohnde,

t opot ecan, tri meexetonin A, BNdsseamdRNAse;auri statin E vineiistine and

doxornbicin; 3 pepkl 46865l @XtablS isotl :E ' LAgRENts thereof with
the ability to Ki ﬁ%&qn%rlﬁd\m l?’én ceﬁ S. o%e?m eswlﬂ%]é%ca% ricin, diphtheria
t oxi n, pseudonorasuirent teissicn of oo o ofi oAy B Piddciescor g mays. RBeples

2 0 Lo sk BR LR Th Bl SR Bl o SR v Pt
10 i nclude i odi raetihid 225rahbastatine 2186, | ndi um 111, yttrium 90, bismuth 210 and
213, actinium 225p]g£ggs’as§£haats m%lﬂaﬁmepmmgs;
. immuno-stimulants, 1.e. moieties which stimulate immune response. Examples
include cytokines such as IL-2, chemokines such as IL-8, platetet factor 4,
15 melanoma growth stimulatory protein, etc, antibodies or fragments thereof;,
complement activators, xenogeneic protein domains, allogeneic protein domains,
viral/bacterial protein domains and viral/bacterial peptides.

Soluble TCRs or multivalent TCR complexes of the invention may be linked to an
20  enzyme capable of converting a prodrug to a drug. This allows the prodrug to be
converted to the drug only at the site where it is required (i.e. targeted by the sTCR).

Examples of suitable MHC-peptide targets for the TCR according to the invention
inchude, but are not lmited to, viral epitopes such as HTLV-1 epitopes (e.g. the Tax

25  peptide restricted by HLA-A2; HTLV-1 is associated with leukaemia), HIV epitopes,
EBYV epitopes, CMV epitopes; melanoma epitopes (e.g. MAGE-1 HLA-A1 restricted
epitope) and other cancer-specific epitopes (¢.g. the renal cell carcinoma associated
antigen G250 restricted by HLA-A2); and epitopes associated with autoimmune
disorders, such as theumatoid arthritis. Further disease-associated pMHC targets,

30 suitable for use in the present invention, are listed in the HLA Factbook (Barclay (Ed)
Academic Press), and many others are being identified.



prodrugs, such as antibody directed enzyne pro-drugs; i mmuno-stinmulants,
I.e. noieties which stinmulate i mune response. Exanples include Cygﬁi%?ﬁﬁmﬁ
such as IL -2, chenokines such as IL-8, platelet factor 4, 15 nel an

grow h stinulatory protein, etc, antibodies or fragnents thereof,

conpl ement activators, xenogeneic protein donmains, allogeneic protein
domains, _viral/bacterial protein domains and vird/ bacterial peptides.

Sol ubl e THMEPul tival ent TCR conpl exes of the inﬁ&ﬁﬁ%ﬁ@ﬂﬁy be linked to
an 20 enzynme capable of converting a prodrug to a drug. This allows the
prodrug to be converted to the drug onjgy at the site where it is required
(i.e. targeted by the sTCR). Exanples of suitable MEC peptide targets for
the TCR according to the invention include, but are not limted to, viral

epi t opes suchA multibgie of discasp ireatpents oge pejentiallyde Tabanced by lepaliside the dsigr i ct ed by
H . A-A2; FWLv&&m$ﬁhﬂ§§%§h?Bﬁghﬁk?ﬁmkeukaenia), H V epi topes, EBV epitopes,
CW epi t opes; nerfano epftopes (e.g. MAGE-1 HLA-Al restricted epitope) and
ot her cancer-specific epitopes (e.g. the renal cell carcinoma associ ated
antigen G50 Eﬂ!ﬁ% Bﬁlmhé'éﬁﬁ' q%@ j eSS | i th aut oi m nme
di sorders, sd@ﬁﬁas r g%na ol d-ar Fﬁtlsfgﬁﬁﬁﬁﬁbr dnggyg%gggg%iated pMHC
targets, 30 sibtdmpbangireieasedn agtivatdia themes evivinity ofiisfattedas]ls. foecabeest €d in t he HLA
Fact book (-Bar L Ed). ' r ei ng
i dentified. 2&%@%@%&@%‘5@%/%@%%@%&% gkieﬁ{fﬁ?ﬁbt ude of
di sease tr eat toxnt @ ngemmogtindantsi I duipiryeune diseascscichnbmosupessivedmgs t he dr ug
t hrough the s H§|§i§é i ral . di es._far. which drugs
exist, e.g. I—'F’%ﬁ ﬁng@%ﬁ}#gﬁ#g }%ﬁ%@%’fﬁa@wﬁ?ﬁg bei ng rel eased
or activat ed minintaliyaffecting the ayenll ipmwib-capatigodf éet sukgdct. Sn theprevetineef , t he
| ocal i sati,pn | éﬂa. £ I Fgg@éga. t Hﬁ-%@U| enhance the
ef fect of Ieto%%}] or‘-’x’l%‘:‘gt}é{ﬁ% ants. v%&g%t%gﬁﬁqugﬁpe |sgat§°es§l,ne
i Mrunosuppr esway Eomhaccirs deiideryl tie mecinednigmaeduld boletalisedliathe viginipofe | ocal ef f ect
over a | onger .igﬁ-?ﬁ ' m Eigﬁll f i veral |
innuno-capaci?% 0 gﬁg%@%gﬁf. n hge%?%%é%ﬁ%%ﬂﬂ%#h@ﬁgﬁﬁgﬁgmrejection, t he
ef fect of i mmalseds mppliedbbsimagngipapsescoul d be optimised in the sane way. For
vacci ne delivery, the vaccine antigen could be localised in the vicinity of
15  The soluble TCRs of the present invention may be used to modulate T cell activation by
binding to specific pMHC and thereby inhabiting T cell activation. Autoimmune diseases
ivolving T celi-mediated inflammation and/or tissue damage would be amenable to this
approach, for example type I diabetes. Knowledge of the sbeciﬁc peptide epitope
- " presented by the relevant pMHC is required for this use.
20 . ‘ '
Medicaments in accordance with the invention will usually be supplied as part of a
sterile, pharmsacentical composition which will normally include a pharmaceuticaily
acceptable carrier. This pharmaceutical comnposition may be in any suitable form,
{depending upon the desired method of administering it to a patient). }t may be provided
25  inunit dosage form, will generaily be provided in a sealed container and may be provided
as part of akit. Such a kit wounld normally (although not necessarily) inchide instructions
for use. It may include a plurality of said unit dosage forms.

The pharmaceutical composition may be adapted for administration by any appropriate
30  route, for example by the oral (including buccal or sublingual), rectal, nasal, topical

(including buccal, sublingual or transdermal), vaginal or parenteral (mcluding

subcutaneous, intramuscular, imravenous or intradermal) route. Such compositions may



antigen presenting cells, thus enhancing the efficacy of the antigen. The
met hod can al so be applied for inaging purposes. 15 The sol ubl e TCRg 7off £t 1985
present invention nay be used to nodulate T cell activation by binding to
specific pMHC and thereby inhibiting T cell activation. Autoimune di seases
involving T cell-nediated inflanmmation and/or tissue damage woul d be
anenable to this approach, for exanple type | diabetes. Know edge of the
speci fic PEPPWS3epitope presented by the rel evant Y Y"equired for
this use. 20 Medi canents in accordance with the invention will usually be
supplied as part of a sterile, phar ma@eut i cal conposition which wll

normal ly include a pharmaceutically ceptable carrier. This pharmaceuti cal
conposition nay be in any suitable form (depending upon the desired nethod

of admi ni sterwmmmmmmemmmmﬁwm Byadmixingthd dosage form
wi |l generall r.ovi d eal ed nt ai and.may be provided as
part of a Iat%gm E‘%ﬁ) gr%%?‘?&%(“ﬁ%ﬁ Mg?mnecessarl l'y) include
instructions for use. It may |ncI ude a pl urallty of said uni-tt dosage forns.
The phar rr?ce 0 SI'[.lO f%f"?ﬁ@fg%%?for ggm ni %{%atloln by any
appropriate v ' [ EX uccal or

subl i ngual ¥, memmwﬁwm@mw&%mmbﬁmgﬂal or
transdernmal ), vagi.na), or parenteral cl udi subcut.aneous, intranuscul ar,
i ntravenous o‘f‘“ﬂ“ﬂ?ﬁlﬂ%ﬂﬁ% %W“ﬁﬁfﬂ%“ led92p ST WARS 98 FER 2006

W93/ 028763 PMZSﬁﬂﬂgﬁmmeﬁ@fdﬁﬁblﬂE&ﬂﬂﬁ%daﬁﬁc@@Mesmmmom in the art
of pharmacy, far dm ctive pngredient with the

coner (s) or M?@%M{f@ﬁq ‘&SF@‘FWS&‘“&I‘&W ¥ cal
conposi ti ons adafh M ghlatine Cipadles adiiedosdxidfié Taetibie/oil SvapéseaeRb@id as 5 discrete
units sucqoas?&gﬁzﬁ s.or. tablets; as powders or granul es; as sol utions,

syrups or )??lﬁ“%lqueous or non-aqueous liquids; or as edible
foanms or whips; or enmul sions). Suitable excipients for tablets or bard

dreari ¢ aci d By de gy e B font S et VY e P AR ¢ Sof ¢
gel ati ne capsudaﬁﬂewalmkﬁﬂrmmmtﬁep@gﬁﬁ@kwmhmomxgs, fats, sem 10
solid, or li q\lrjeiggab?eogilgﬁm Sbg;[lsgdtopmvndeoﬂ-m-waterorwatermoﬂsuspeusmns
15  Pharmaceutical compositions adapted for transdermal administration may be presented as
discrete patches intended to remain in intimate contact with the epidermis of the recipient
or a prolonged period of time. For example, the active ingredient may be delivered from
the patch by jontophoresis as generally described in Pharmaceutical Research, 3(6):318
(1986). Pharmaceutical compoesitions adapted for topical administration may be
20 formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes, gels,
sprays, acrosols or oils. For infections of the eye or other external tissues, for example
mouth and skin, the compositions are preferably applied as a topical ointment or cream.
‘When formulated in an ointment, the active ingredient may be employed with either a
paraffinic or a water-miscible ointment base. Alternatively, the active ingredient may be
25  formulated in a cream with an oil-in-water cream base or a water-in-oil base.
Pharmacentical compositions adapted for topical administration to the eye include eye
drops wherein the active ingredient is dissolved or suspended in a suitable carrier,
especially an aqueous solvent. Pharmaceutical compositions adapted for topical
admimstration in the mouth include lozenges, pastilles and mouth washes.

Pharmaceutical compositions adapted for rectal administration may be presented as
suppositories or enemas. Pharmaceutical compositions adapted for nasal admmistration



For t hepreparabi rm of sol utions and synps, excipients which nmaybe used

i ncl ude for exanple water, polyols and sugars. For the preparatlon(ﬁ7F§BZME
suspensions oils (e.qg. vegetable oils) my be used to provide oil-in
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for adm ni strgﬁng{r'fh@y |%ﬁh at’i on mgﬂﬁa' Mgﬁ%grtdl%ﬁd gsts or msts which
may be genér athiskering agentsn Excifients avhich may heysesifordtjectable solutions include water,

alcohols, polyols, glycerine and vegetable oils, for example. The compositions may be

presented in unit-dose or mukti-dose containers, for example sealed ampoules and vials,

and may be stored in a freeze-dried (lyophilized) condition requiring only the addition of

the sterile iquid carried, for example water for injections, immediately prior to use.

20 Extemporaneous injection solutions and suspensions may be prepared from sterile
powders, granules and tablets.

The phammaceutical compositions may contain preserving agents, solubilising agents,
stabilising agents, wetting agents, emulsifiers, sweeteners, colourants, odourants, salts

25  (substances of the present invention may themselves be provided in the fonm of a
pharmacentically acceptable salt), buffers, coating agents or antioxidants. They may also
contain therapeutically active agents in addition to the substance of the present mvention.

Dosages of the substances of the present invention can vary between wide limits,

30 depending upon the disease or disorder to be treated, the age and condition of the
individnal to be treated, eic. and a physician will ultimately determine appropriate
dosages to be used. The dosage may be repeated as often as appropriate. If side effects



nmet ered dose pressurised aerosols, nebulizers or insufflators.

Phar maceuti cal conpositions adapted for vagi nal adm nistration may bg7 FEB 2006
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adm ni stration include agueous and non-aqueous sterile injection solution
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render t h&OP8I ati on substantially isotonic with BFERMR of the

i nt ended recipi ent; and aqueous and non-aqueous sterile suspensions which
may i nclude suspendi ng agents and 15 thi ckeni ng agents. Excipients which may
be used for injectable solutions include water, alcohols, polycls,

glycerine and vegetable oils, for exanple. The conpositions may be
presented i n‘WWMﬂM%Q@%%&MM@U%MMBMeaI ed anpoul es

and vials,- aﬂﬂmﬁ% @red in a freeze-dried (lyophilized) condition
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cl oni ng t echrnTsnudeinwidmoleryisdhay be wrisolated or eanb@Ratdbrmt. fomaybeent i on, preferably

n 3. Sanbr ook Borsk Rl Friel B o OG8RI Td SLREHENS, Ty TCRTP €

Labor at or §5 Presters quidx8itable ipsts/form yet further aspects of the present invention.

The invention aiso provides a method for obtaining a TCR chain, which method
comprises incubating such a host celt under conditions causing expression of the TCR
chain and then purifying the polypeptide.

20 :
The soluble TCRs of the present invention may obtained by expression in a bacterium
such as E. coli as inclusion bodies, and subsequent refolding in vitro.

Refolding of the TCR chains may take place in vitre under suitable refolding

25 conditions. In a particular embodiment, a TCR with correct conformation is achieved
by refolding solubilised TCR chains in a refolding buffer comprising 2 solubilising
agent, for exanple urea. Advantageously, the urea may be present at a concentration
of at least 0.1M or at least 1M or at least 2.5M, or 2bout 5M. An alternative
solubilising agent which may be used is guanidine, at a concentration of between 0.1M

30  and 8M, preferably at least 1M or at least 2.5M. Prior to refolding, a reducing agent is
preferably employed to ensure complete reduction of cysteine residues. Further
denaturing agents such as DTT and gnanidine may be used as necessary. Different



in a further aspect, the present invention provides a nucleic acid nol ecule
conprising a sequence encoding a chain of the soluble TCR of the pr E@%U
i nvention, or a sequence conplenmentary thereto. Such nucleic acid q %g@
may be obtained by isolating . 10 TCR-encodi ng nucleic acid from T-cel

cl ones and meki ng appropriate nmutations (by insertion, deletion or
substitution). The nucleic acid nolecule may be in isolated or reconbi nant
form |t NeBA9WT6 ncorporated into a vector and the REHKR0A%yY be

i ncorporated into a host cell. Such 15 vectors and suitable hosts formyet
further- aspects of the present inventign. The invention also provides a

met hod for obtaining a TCR chain, whi ¢ nethod conprises incubating such a
boat cell under conditions causing expression of the TCR chain and then

purifying t hedepsinyepid relacingXdentdwiayhelusedipeiorteihs rdbldibgQefye.g S0l p4 nvent i on may
obt ai ned by expressjon_in.a bacterium such as Eﬁouﬂﬁg i ncl usi on bodi es,
and subseque RgAPﬂ“‘W’? O CRReS Y “Sﬁ‘il. e 2 AHPAS2 may t ake

place in Vitrguuhae| Rlick do1€) IDATTREp-Arrce Rt tahdl/aiospHetic rticular
enbodi nent, a TCR with correct conformation'is achieved by refolding
sol ubi | i sed Tarkeyskaneredacediand axidisedi forpsbuf f er conprising a sol ubilising
agent, forgexanple urea. Advantageously, the urea may be present at a
concentration of at least 0.1Mor at least IMor at |east 2.5M or about

5M An al t er nEpldingefficianry may also b ipcrgzrediby thhadditiomef cettain ofbergrotein guani di ne, at a

concentration 9%“ Pﬁ% ;&%%ng renel ¥tg; | Mor at |east
2.5M Prior to refo gl ngﬁé reducl E‘gtegjg’/lé?]?&?%a&lgge eréblg Zér?pl oyed to ensure
conpl et e r edursfolding has begwashieved by pessingipretein thifongh kelnmnsdwthammobiigd agent s such as
DTT and guani di SNAkY ' . tenhof:EB 2006 WO

031 090765 PerabaliRhstAus %ﬁ%?@its a%%%"%ﬁ%@’r?g- ﬁ“géﬁ 's may be used
prior to fifhe Alsmitent, etepl £1997). Proc Yatl deadSci IPS A ABY APA6eBdt hanol ). Al ternati ve
redox couples may be used during refolding, such as a cystam nefcysteam ne

redox couple, DTT or f3-nercaptoethanol/atnospheric oxygen, and cysteine in
reduced and oéltethatiestly, fadublesTCRothe present mvention may obtained by expression in a

enkaryotic cell system, such as insect cells.

15  Purification of the TCR may be achieved by many different means. Alternative modes
of ion exchange may be employed or other modes of protein purification may be used
such as gel filtration chromatography or affinity chromatography.

Soluble TCRs and multivalent TCR complexes of the present invention also find use
20 inscreening for agents, such as smali chemical compounds, which have the ability to
- inhibit the binding of the TCR to its pMHC complex. Thus, in a further aspect, the
present invention provides a method for screening for an agent which iphibits the
binding of a T cell recepior to a peptide-MHC complex, comprising monitoring the
binding of a soluble T cell receptor of the invention with a peptide-MHC complex in
25  the presence of an agent; and selecting agents which inhibit such binding.

Suitable techniques for such a screening method inciude the Surface Plasmon

Resonance-based method described in WO 01/22084. Other weil-known techniques

that could form the basis of this screening method are Scintillation Proximity Analysis
30 (SPA)and Amplified Lummescent Proximity Assay.



Fol ding efficiency may al so be increased by the addition of certain other
protein conponents, for exanple chaperone proteins, to the refoldi &?] 2006
m xture. Inproved refolding has been achi eved by passing protein t 0E|F931
colums with inmobilised mni-chaperones (Aharnvano, et al. (1999). Nature
Bi ot echnol ogy 17: 187-191; 10 Altamrano, et al. (1997). Proc Natl Acad Sci
USA 94(8): 3576-8). Alternatively, soluble TCR the present invention nmay

obt ai ned BP®¥¥B*ssion in a eukaryotic cell systemPCIEBRYEBS nsect cel i s.
15 Purification of the TCR may be achieved by many different neans.

Al ternative nodes of ion exchange nmay,pe enpl oyed or other nodes of protein
purification may be used such as gel Tiltration chromatography or affinity
chromat ography. Sol uble TCRs and multival ent TCR conpl exes of the present

i nventi on al sAgdisiselectsidy s@eening nxthodsefithn pvéntion cande nse(d assimggs, aaes thernl | cheni cal

conpounds, V\:h«‘ % pﬁm & QQH | w O Eml [ "! pig'! ﬂﬁ f.the TCRto its
pMVHC conpl ex. ﬂs, I &a urther- aspect, lﬁﬁﬁ&g}e{g@en I vgﬁd[t%’on provi des a
met hod for schavecharagtetfistics makingdlemt movkisuithblé fohaduiinistratidrens 2 imedidinegt. of a T cel |

receptor to Bt .!i'gﬁ' | q@%ri 'nﬁi.[{gni oring.the binding of a
soluble T ce??&rgecep oc'rwc%lﬁ%@?&r%\%n |ok‘3m\§i/|lr a pep |3‘§g complex in 25
t he presenfe wiwanted T geihvtspossn congpoheat tSuctgcoaditierts sncintde aalcer (el fendl, such bi ndi ng.

Sui t abl e techni gues for . h screeni ng, net.hod .i e the Surface Pl asnon
Resonance- bas?ﬁ%ﬁ%@ﬂﬁégﬁﬁ&%’m%wcﬁwﬂﬁ? *®own techni ques
t hat coul d f omeiuiola), aeinswund disckseprafonjetion agl gt veeds osidiseasent i | | at i on
Proximty Analysis 30 (SPA) and Anplified Lum nescent Proximty Assay. 2 7
FEB 2006 WO 03/ 020763 PCTI GB02/ 03986 -23 Agents sel ected by screening

met hods of t hPrefesdfidthiresof eath adpect uftheineentichr angs forebchad the biber dgmetss of a dr ug
devel opne progra ... bei ng. modj fied or otherw se inprov 0 have

char acter?éti@?%‘t %ﬁ%ﬁAWTﬁﬁ%h@@%W%ﬁtﬁ%&ﬁs a nmedi canent
Such nedi canmefullescadentpmermigtatbyflaw: t he treat ment of conditions which include an
5 unwanted T cell response conponent. Such conditions include cancer (e.g.
renal, ovarian, bowel, head & neck, testicular, |lung, stomach, cervical,

bl adder, prosEsimgplesr nel anoma), autoi mune di sease, graft rejection and
graft versus bog di sease.

15  The invention is further described in the following examples, which do not limit the
scope of the invention in any way.

Reference is made in the following to the accompanying drawings in which;

20 Figure 1 is a schematic diagram of a soluble TCR with an introduced inter-chain di-
sutphide.bond in accordance with the invention;

Figures 2a and 2b show respectively the nucleic acid sequences of the a and p. chains
of a soluble A6 TCR, mutated so as to introduce a cysteine codon. The shading
25  indicates the introduced cysteine codon;

Figure 3a shows the A6 TCR & chain extracellular amino acid sequence, including the

Tz = C mutation (uderlined) nsed o produce the novel disulphide inter-chain bond,

and Figure 3b shows the A6 TCR f chain extracellular amino acid sequence, including
30  the Ss5; - C mutation (underlined) used to produce the novel disulphide inter-chain



Preferred features of each aspect of the invention are as for each of the

ot her aspects 10 nutatis nutandis. The prior art docunents nentioned herein
are incorporated to the fullest extent pernitted by | aw Exanples 13778 2006
invention is further described in the follow ng exanples, which do not limt
the scope of the invention in any way. Reference is made in the follow ng
to the acconpanying drawings in which: 20 Figure 1 is a schematic di agram of
a soluble TCR with an introduced inter-chain di- Su'P%FjG%?%og&Ed i n accordance
with the MNVERn: Fi gures 2a and 2b show respectively € nucleic acid
sequences of the a and A. chains of a soluble A6 TCR, nutated so as to

i ntroduce a cysteine colon. The shadi ngg.25 i ndicates the introduced cysteine
colon; Figure 3a shows the A6 TCR a chain extracellular am no acid sequence,

including the_. Tea, -4 C putation (underlined) used t roduce t he novel

di sul phi de i n&ye ﬁéi"ﬁ‘%&ﬁ&fé“%@g‘ﬁ”g&‘%ge ﬁ“’é’ﬂ%@l’ QESORBICAS TG chai
extracel | ul ar ghawing profefil dhrise Hete @ POROB SOMQ Cdhign whglalesobmB Nac1 C nut ati on
(underlined) used to, produce the novel disulphide inter-chain bond; 2 7 FEB
2006 WD 03/ 028?‘3@9‘(:‘?5‘&6‘377 8% Figure 4 is a trace obtained after

ani on exchange chromat ography of soluble A6 TCR, show ng protein elution
froma POROS 50HQ col umm _usisﬂg a _0-500 nM Nadl radi ent, as indicated by
the dotted?| i Hgwes -A Befueng -RAGﬁé‘a?mw-WM&memmstai ned) of

fractions. frophaosishy, af Mficitd. Bl Bui-RitkingZDSLINEE @b&HhssiBstaibly of €duci ng
SDS- PACGE ( Coonessi e-stajned) .of, fractions fromcolum run in Figure 4, as
i ndi cat ed. Pefetians fom-column 1, i Kignre 4,78 indjcgted. fsak belearly sentaies mam¥ ed D- chai n,

peak 2 contai e BLER], pild b Cohtdinh TOR IRferdaldith WnictllsSrRBkiple | 1 nked, and
the shoul der is due to E-coli contamnants, mxed in with the 10 inter-chain
di sul phi de | i fisdnhids Tiaked, ami the shonlder ipdns to £:ca/i eontaminanis; mixed &n wiphoduct i on;
Figure 6 i1 dinkd- 86 dliphialfiked SIUR, ShER axeg&lr sk o MEORRLAREARNY of pool ed
fractions from peak | |ﬁr‘} Figure 5. The ro!ygin edlautes as a Single major
peak, corresponding to

Figure 6 is a trace obtained from size-exclusion chromatography of pooled fractions

ﬁ'ompeakl_inFigm_'cS. The protein elutes as a single major peak, corresponding to

the heterodimer; o

15

Figure 7 is a BlAcore response curve of the specific binding of disulphide-linked A6

soluble TCR to HLA-A2-tax complex. Insert shows binding response compared to

contro} for a single injection of disulphide-linked A6 soluble TCR;

20 Figure 8a shows the A6 TCR a chain sequence including novel cysteine residue
mutated to incorporate 2 BamH1 resfriction site. Shading indicates the mutations
introduced to form the BamH]| restriction site. Figures 8b and 8c show the DNA
sequence of a and P chain of the IM22 TCR mutated to include additional cysteine
residues to form a non-native disulphide bond;

Figures 9a and 9b show respectively the JM22 TCR o and B chain extracellular amino
acid sequences produced from the DNA sequences of Figures 8a and 8b;

Figure 10 is a irace obtained after anion exchange chromatography of soluble
30 disnlphide-linked IM22 TCR showing protein elution from a POROS 50HQ column
nsing a 0-500 mM NaCl gradient, as indicated by the dotted line;



the heterodinmer 15 Figure 7 is a Bl Acore response curve of the specific

bi ndi ng of disul phide-linked A6 soluble TCR to MA- A2-tax conpl ex. Insert
shows bi ndi ng response conpared to control for a single injection OZfTFEB 2006
di sul phi de-1inked A6 soluble TCR, 20 Figure 8a shows the A6 TCR a chain
sequence i ncl uding novel cysteine residue nutated to incorporate a BanH
restriction site. Shading indicates the nmutations introduced to formthe

BanHl res{ricti site. Figures 8b and 8c show t he yence of a and A
chai n of %Jeg%% TCR nutated to include additional X @iﬁﬁ?s residues to

forma non-native disul phide bond; 25 Figures 9a and 9b show respectively
the JM22 TCR a and D chain extracel | ul &5 am no acid sequences produced from
t he DNA sequences of Figures 8a and Sb; Figure 10 is a trace obtained after

ani on exchan Ay als) AREY -di e d JM2 TCR
I § o e ‘St. on %rom %@Mﬁ?ﬁwm%’%

show ng protei ) P | ustng a 0-500 nmM NadCl
gradi ent, as icokingmwdeFiggre {0 es mdicatedind Figure 1 baESB008-1448ci085D9076 3

PCT/ GB02/ 03986, 4 Eﬂ.u&HF stﬂe@? SO i ﬁﬁ,%% EQQE . ssi e- st ai ned)
of fractions ?rAé%iC co %rm run 1n |gurgJ % as | |cé?s(el%ian Figure 11b
shows a non- r ekl segripR@taine ACK beterodimeswhich is inder-okadt) dismtphide finkedons from col umm

remin Figwe 10, as indicated. Peak 1 clearly contains TCR heterodi ner
which is inter-chain disulphide Iinked. 5 Figure 12 is a trace obtained from

si ze- excl usi orFignrer i@ne toge ehpdined dompizeexdiision elsomaogsaphf ofpwolod frketibnsi n f i gure 10.

The protein el?l,gtes]ﬁs. i ngl | ak, .carr onding to.. the
heterodinmer. Yie i Sm%g%?@ﬁﬁ%%ﬁl@%@hﬂﬁﬁﬁé&e F%rge&)oﬁ‘shg I(g’urve of the
speci fi c bi nditiechetefodiohies Yiqihis88%] i nked JM22 sol uble TCR t.o HLA-Fl u conpl ex.
B. Binding response conpared to control for a single injection of

di sul phi de-linked JM22 soluble TCR; Figures 14a and 14b show t he DNA
sequence o010 a Figuet 1B - BIAcwé respoaseidiivESIThe specific binding of disniphide-linked

TM22 soluble TCR to HLA-Flu complex. B. Binding response compared to control for
a single imjection of disulphide-linked JTM22 soluble TCR;

Figures 14a and 14b show the DNA sequence of a and f chain of the NY-ESO
15 mutated to include additional cysteine residues to form a non-native disulphide bond;

Figures 15a and 15b show respectively the NY-ESO TCR « and B chain extracellular
amino acid sequences produced from the DNA sequences of Figures 14a and 14b

_ 20 Figure 16 is a trace obtained from anion exchange chromatography of soluble NY-
ESO disulphide-linked TCR showing protein elution from a POROS 50HQ column
using a 0-500 mM NaCl gradient, as indicated by the dotted line;

Figure 17 — A. Reducing SDS-PAGE (Coomassie-stained) of fractions from column

25 nmin Figare 16, as indicated. B. Non-reducing SDS-PAGE (Coomassie-stained) of
fractions from coluron ren in Figure 16, as indicated. Peak 1 and 2 clearly contain
TCR heterodimer which is inter-chain disulphide linked;

Figure 18. Size-exclusion chromatography of pooled fractions from peak 1 (A) and
30 peak 2 (B) in figure 17. The protein elutes as a single major peak, corresponding to the
heterodimer;



15 nmutated to include additional cysteine.residues to forma non-native

di sul phi de bond; Figures 15a and 15b show respectively the NY-ESO TCZ]aFn@@UE
J chain extracellular amno acid sequences produced fromthe DNA se

of Figures 14a and 14b 20 Figure 16 is a trace obtained from ani on exchange
chromat ogr aphy of sol ubl e NY- ESO di sul phi de-1inked TCR showi ng protein
elution froma POROS 50HQ colum using a 0-500 nmM NaCl gradient, as

i ndi cat ed WRPPWE3dotted |ine; Figure 17-A. Reduci ng RSB

(Coomassi e-stained) of fractions fromcolum 25 run in Figure 16, as

i ndi cated. B. Non-reduci ng SDS- PAGE (Coonassi e-stained) of fractions from
colum run in Figure 16, as indicat ed26pPeak | and 2 cl early contain TCR
het er odi mer which is inter-chain disul phide |inked; Figure 18.

Si ze- excl usim%ﬂmmm Q@lve@hﬁasa@etﬂmmufgwmbmmw) and 30
peak 2 (B) in re 17. The protein elutes as a_single major peak,

cor r espondi ng¥Y ﬁ@*‘h@%%ﬁﬂﬁs @3?‘8‘%6?63 PCT/ 6802/ 03986 - 26
Figure 19 shovvs a Bl Acore response curve of the speci fic binding of

di sul phi de-Iinked NY- ESO sol uble TCR t o HLA- NYESO conpl ex. A. peak 1, B.

peak 2; Fi guridgmresdfp and SWWMN#W?‘WS% Behainsebs of the a and
0 chains of velty@sind Qdb ‘ﬁ&glgge a novel
cysteine codonh?kﬁg: cat adl ng T eggoequenguels I n’%ﬂ he. cyst ei ne

i nvol ved in thyshadizg). ide MMWH@CMWMQWﬁmMMCMhd@d by the col on
in bold); Fi %&‘?cgmﬁ E,s&oagdgqﬁ tively the NY-ESO TCR a and 0 chain
extracel lular 10 amno aC| equencesgg(?)oduced fromthe DNA sequences of
Figures 20a and 21b; Figure 22 shows a trace obtained from ani on exchange

poRo8 Saro, Lo e e a Fuob ool RPN D ICH A ol Bkl ) (1T °

dotted |i i; Wmmmmmmmdwmugmw@dﬁgnm{ammmxchange
chromat ogr aphy of soluble NY-ESO TCRofr' showi ng protein elution froma
POROS 50HQ col um using a 0- 500 mM.NaC gradient, as indicated by the
dotted |ine; Figure22showsa trace obtained from anion exchange chromatography of soluble

NY-ESO TCRo™ ™" showing protein elution from a POROS 50HQ columm using a
0-500 mM NaCl gradient, as indicated by the dotted line;
15
'Figure 23 shows a trace obtained from anion exchange chromatography of soluble
NY-ESO TCRo™ showing protein elution from a POROS 50HQ column using a 0-
500 mM NaCl gradient, as indicated by the dotted line;

20  Figure 24 shows a trace obtained from anion exchange chromatography of soluble
NY-ESO TCRF™ showing protein elution from a POROS 50HQ coturn using a 0- -
500 mM NaCl gradient, as indicated by the dotted line;

Figure 25 shows a reducing SDS-PAGE (Coomassie-stained) of NY-ESO TCRo™®
B™, TCRe™, and TCRB™ fractions from anion exchange column runs in Figures 22-
24 respectively. Lanes 1 and 7 are MW markers, lane 2 is NYESOdsTCR1g4 a-cys §
peak (EB/084/033); lane 3 1s NYESOdsTCR1g4 a-cys 8 small peak (EB/084/033),

" lane 4 isNYESOGSTCR1g4 & f-cys (EB/084/034), lane 5 is NYESOdsTCR1g4 a-cys
B-cys small peak (EB/084/035), and lane 6 is NYESOAsTCR 1g4 a-cys f-cys peak
(EB/084/035);



20 Figure 24 shows a trace obtained from ani on exchange chronmat ogr aphirﬁgé
sol uble NY-ESO TCRO' showing protein elution froma POROS 50HQ collu 2006
using a 0- 500 MM NaCl gradient, as indicated by the dotted |line; Figure 25
shows a reduci ng SDS- PAGE ( Coomassi e-stained) of NY-ESO TCRiP r, TCRLP,
and TCR91 fractions from ani on exchange colum runs in Figures 22- 24
respectively. Lanes 1 and 7 are MV narkers, lane 2 is TCRI g4 a-cys
peak (EB/W@R¥IYE}: |ane 3 is NYESQdSTCR g4 a-cys O é’ﬁﬂ% ( EB/ 084/ 033) ,

| ane 4 i sSNYESOQdsTCR1g4 a fl-cys (EB/084/034), lane 5 is NYESOdsTCRlg4 a-cys
U-eys smal | peak (EB/084/035), and Iang7_6 i s NYESOdsTCR1g4 a-cys fl-cys peak

(BB/ 084/ 035); 2 7 FEB 2006 WO 03/ 020763 -27 PCT/ GBO2/ 03986 Figure 26 shows a

non-t educi ng SDS- PAGE ( Coonassi e-stained) of NY-ESO TCR o r, TCRaM and
TCRr fract i on¥igie@frshoms s noresedusing §FOSPHGHRoqmassie-itginedFoidNN-EE022- 24

respectively. ﬁgﬁ? @EE‘W 1A\ ctond TCRI g4 a-cys 9
peak (EB/-084/ (3535 ; ii dne fgﬂ O?E%[(gﬁ‘ﬁgﬁn g%lcysc%né%orrla peak (EB/084/033),
| ane 4 i s NYEBiguedZR4pspactively.chaves 1m@4 0 8¢ M8 sarketsalane X5isi s NYESQdsTCRI g4
a-cys ft-cys %%3&5)0 | I@{ﬁnsﬁi W ) g4 a-cys

Q cys peak (Emﬁfg‘%?g’u e |g4igﬁgrlagg§%o al ne ?g%cgsl%;le excl usi on
exchange chr ocmiiDgae@EB08/03DAine RSN YROOKERR IEERE-cyd (HB/683/084)Ngngw idt ei n chi f f on
of pooled fractions fromFigure 22. The protein elutes as a single major

peak, correspdIPRETR gt ecrdar Healpeak GBMBA03, vdlane61 ( ree obt ai ned from

si ze excl usi ORgXERATRI o E ARG PR RN/ 08038R! ubl e  NY-ESO TCRt' showi ng
protein elution of pooled fractions fromFigure 22. The protein chiles as a
singl e maj or ‘peak, corresponding to the heterodinmer 10 Figure 29 is a trace

obt ai ned fromfgﬂ W?&b@:ﬂn‘ 8 Jo} LP0REA &wx -ESO TCR,
B'ft show ng prot 2i7n elution o pcg)%l %&ﬁ_l?rlgctl o%é _ror%gérlgﬁurfg&ébg? The
protein el at eNYaESQTERKTIFE" shewing prpfsinielutiennf peclpifrrationg from Fighes 28et er odi ner

The protein elutes as a single major peak, corresponding to the heterodimer;

Figure 28 is a trace obtained from size exclusion exchange chromatography of soluble
NY-ESO TCRo™ showing protein elution of pooled fractions from Figure 22. The
protein elutes as a single major peak, corresponding to the heterodimer;

10  Figure 29 is a trace obtained from size exclusion exchange chromatography of soluble
NY-ESO TCRS™ showing protein chution of pooled fractions from Figure 22. The
protein elutes as a single major peak, corresponding to the heterodimer;

Figure 30 is a BlAcore response curve of the specific binding of NY-ESO TCRo™
15 £ to HLA-NY-ESO complex;

Figure 31 is a BIAcore response curve of the specific binding of NY~-ESO TCRo™* to
HLA-NY-ESO complex; ' '

20  Figure 32 is a BIAcore response carve of the specific binding of NY-ESO TCRE™ to
HLA-NY-ESO complex; ’

Figures 33a and 33b show respectively the DNA sequences of the @ and P chains of a
soluble AH-1.23 TCR, mutated so as to introduce a novel cysteine codon (indicated by



Figure 30 is a Bl Acore response curve of the specific binding of NY-ESO
TCRLP 15 ft to HLA-NY-ESO conplex; Figure 31 is a Bl Acore response; gyrya(pgf
t he specific binding of NY-ESO TCRarr' to HLA-NY-ESO conpl ex; 20 Figure 32
is a Bl Acore response crave of the specific binding of NY-ESO TCRS"' to

i LA- NY- ESO conpl ex; Figures 33a and 33b show respectively the DNA sequences
of the a and a chains of a soluble AH1.23 TCR, nutated so_as to introduce
a novel WeWM4763 codon (indicated by 2 7 FEB 2006 \/\?6"5592@%@63 -28

PCT/ GB02103996 shadi ng). The sequences include the cysteine involved in the
native disul phide inter- chain bond (i_?ﬁ_i cated by the codon in bold);

Fi gures 34a and 34b show respectively e AH-1.23 TCR a and P chain
extracellular 5 am no acid sequences produced fromthe DNA sequences of

Fi gures 33a asishiidgh Thésequmnes Bisluilsthacyseme svatbddan the datfve disalphidednterex change

chr omat ogr aphy, of. sol.ubl 1.23. .showi ng protein elution froma PORCS
50HQ col um uwmme@m}g@bi ent, as indicated by the dotted
line; , 10 Figure 36 is a reducing SDS-PAGE (1(rBis-Tris gel,

Coonassi e- st ai_ned) , of .23 TCR fractij om ani.on exc e columm run
in Figure 35. %ﬁ“ﬁ%éﬁrﬂ% Plg@ﬁ'gﬁ%#gﬁ‘ﬂgmm%?%ns of TCR
1.23 S-S f r50Mginfih kil seduenked Podhced Hodybhe DN deqiefices bEFigures 335addd3b;l ane 3 is C2,
lane 4 is C3, lane 5 is C4, lane 6 is C5, lane 7 is C6, lane 8 is C7, |ane
9 is C8, and lane 10 is C9; Figure 37 is a non-reducing SDS-PAGE (10'/o0

Bi s-Tris gel, FigaRm8 e tRicddbained fhom ahion Schahgechioutzto dfedldblé ARM- ani on
exchange columm_inn in Figure 35. Proteins examned are the anion exchange

fractions of FTERTERshowingprtein elptionrfroms PORQSAGHQcojumn ugipg a8 A0EM | ane 2 i s

B4, lane 3 i s Na@) grhBReE adlindifatdd Py tHe@DBdInt;S C4, lane 6 is C5, lane 7 is GG,
lane 8 is C7, lane 9 is C8, .and lane 10 is C9; Figure 38 is a trace obtai ned
from si ze ¥cl usi on exchange chronmat ography of sol uble

Figure 36 is a reducing SDS-PAGE (10% Bis-Tris gel, Coomassie-stained) of AH-
1.23 TCR fractions from anion exchange column run in Figure 35. Proteins examined
are the anion exchange fractions of TCR 1.23 S-S from refold 3. Lane 1 is MW
markers, lane 2 is B4, lane 3 is C2, lane 4 is C3, lane 5 is C4, lane 6 is C5, lane 7 is
C6, lane 8 is C7, lane 9 is C8, and lane 10 15 C9; '

Figure 37 is a non-reducing SDS-PAGE (10% Bis-Tris gel, Coomassie-stained) of
AH-1.23 TCR fractions from anion exchange colunn nim in Figure 35. Proteins
examined are the anion exchange fractions of TCR 1.23 S-S from refold 3. Lane 1 is
MW markers, lane 2 is B4, lane 3 is C2, lane 4 is C3, lane 5 is C4, lane 6 is C5, lane 7
is C6, lane 8 is C7, lane 9 is C8, and lane 10 is C9;

Figure 38 is a trace obtained from size exclusion exchange chromatography of soluble
AH-1.23 TCR showing protein elution of pooled fractions from Figure 35. The
15. protein elutes as a single major peak, corresponding to the heterodimer; -

Figures 39a and 39b show respectively the DNA and amino acid sequences of the o

chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 48 in

exon 1 of TRAC*01. The shaded nucleotides indicate the introduced novel cysteine
20  codon and the underlined amino acid indicates the introduced cysteine;



AH1.23 TCR showi ng protein elution of pooled fractions fromFigure 35. The
15 protein el utes as a single major peak, corresponding to the heterdbdf bl
Fi gures 39a and 39b show respectively the DNA and am no acid sequences of
the a chain of a soluble A6 TCR, nutated so as to introduce a novel
cysteine at residue 48 in exon 1 of TRAC*0l. The shaded nucl eoti des

i ndicate the introduced novel cysteine 20 codon and t‘g‘,’e” erlined am no
aci d i ndivwee07he i ntroduced cystei ne; 27FEB2006 WSS 3 -29

PCT/ GB02/ 03986 Fi gures 40a and 40b show respectively the DNA and ami no acid
sequences of the a chain of a solubley,f6 TCR nutated so as to introduce a
novel cysteine at residue 45 in exam | of TRAC*0l1l. The shaded nucl eoti des
i ndicate the introduced novel cysteine codon and the underlined am no acid
i ndi cat es- t heFigpres 40d aadoA{b show resperdivels the D)4y and amino acid sequendds ofthow r especti vel y

the DNA and agio.deihoReHeR iintiso WG ot 2hilellymBd g JuRheaslf TOR

mut ated so as to I ntrodlice a novel cystelne at resi exon | of
TRAC*01. The slvadefTRACTEoTheshadeil netlcmbdes ilivate the tatoducedubvelaysdinecy st ei ne

codon and the derd.d HEQ EKQ:“ . aci-d. i,ndi cat.e he [ ntroduced cysteine; 10
Fi gures 42a aﬁ%gg%how respegg”cé%gwgﬁggﬁ@%%%rﬁmﬁb aci d sequences of
the a chai5n of a soluble A6 TCR, nutated so as to introduce a novel
cysteine at residue 50, | exon 1. of T 01. The .shaded nucl eoti des

i ndi cate the %@J@&#‘ﬁ&%‘%@?@mé%ﬁﬁmﬁw&ﬁmf@?ﬁed am no acid
i ndi cat es t hechafif f@ SdMbICIAE YOR, Gintikited sd 25 hlirfothRs a 4@l Gfeindial beshiisY ihespect i vel y
the DNA and anin ' gyences .of . the a . chain of a soluble A6 TCR

mut at ed so ase’f%qpﬁﬁgﬁfpgquewwvg&éﬂ%m& e inirofippednoyef cyfieine, oy | of
TRAC' 01. The csil@ aidhetndriat a6 atidbhidftésaand igodutidicpeieed novel cysteine

codon and the underlined amno acid indicates the 1 ntroduced cysteine; 20
Fi gures 44% and 44b show respectively the DNA and am no aci d sequences of

the a Fignres 423 and 42b show respectively the DNA and amino acid sequences of the o0 -
chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 50 in
exon 1 of TRAC*01. The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

15
Figures 43a and 43b show respectively the DNA and amino acid sequences of the o
chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 10 in
exon 1 of TRAC*01. - The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

20
Figures 442 and 44b show respectively the DN A and amino acid sequences of the ot
chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 15 n
exon 1 of TRAC*01. The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

25

Figures 452 and 45b show respectively the DNA and amino acid sequences of the o

chain of a soluble A6 TCR, mutated 20 as to introduce a novel cysteine at residue 12 in

exon 1 of TRAC*01. The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

30 . : :



chain of a soluble A6 TCR, nutated so as to introduce a novel cysteine at
residue 15 in exam| of TRAC*0l1l. The shaded nucl eotides indicate the

i ntroduced novel cysteine codon and the underlined am no acid indi catze7 FEB@US
i ntroduced cysteine; 25 Figures 45a and 45b show respectively the DNA and

am no acid sequences of the a chain of a soluble A6 TCR, nutated so as to
introduce a novel cysteine at residue 12 in exon | of TRAC*0l. The shaded
nucl eoti des iwdbz@b®3the i ntroduced novel cysteine codorecargbot/idessunderl i ned
am no acid indicates the introduced cysteine; 30 2 7 F E B 2006 WO 03/ 020763
-30 PCT/ GB02/ 03986 Fi gures 46a and 46b show respectively the DNA and am no
acid sequences of the a chain of a solubl80-A6 TCR, nutated so as to

i ntroduce a novel cystei ne at residue 22 in exon 1 of TRAC*01. The shaded.
nucl eoti des i ndi e i t . haded
amno acid indic %andg{ﬁ? gﬁgg cc@% he%%d%%ﬁlﬁgg@%%@ggs dﬁ%
respectively the oﬂﬁﬁofarsdluh]mﬂlﬁd‘(ﬁblm‘_I:tM(qmmoeﬁrodﬁcehhwaheystchmiaﬂentﬂueQZ s:ol ubI e

A6 TCR, nutated so tel re |du exon |
of TRAC*01l. The %%gledrtrﬁn“{lé Oﬂ}fsgad%dﬁuc eg{ldes igate er’%r Gagd =) T)‘@fseltlz})e/stel ne
codon and the undedobianttie amhaded aanrloaanrﬂmdmﬁt&ﬂhetzhmodutﬁdro@deiﬁed cysteine; 10

Fi gures 48a and 48b show respectively the DNA and am no acid sequences of
the a chain of a soluble A6 TCR, nutated so as to introduce a novel

cystei ne at resi -Gifired 374-4nd 48X owlreplctivERAEE DNA didamildadiddequatdeeathete s

i ndicate the intrpduced vel tein codon nd t he underline no acid
indicates the i nf?%?}%éaﬂgV§6éﬁp¢i€mui%§lﬁP g é“§r° 5 23R! ﬁ@%"?ﬁb’iﬁf‘&i—fgg 8ttively
t he DNA and am nex@gl dmeqlrenc’ﬂﬁa shidell heleatides hlicate tHe itrciioted b ee] ABtelbER,
mutated so as to i tro ei.n 57.in exon | of

TRAC*01. The shaéfg ﬁﬁc f}g‘g *’e’ﬁl& ccéélé’d’th%sa%f’en’f’?%d&lu%ecamﬁ%?/eI cyst ei ne

Figures 482 and 48b show respectively the DNA and amino acid sequences of the o
chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 43 in
exon 1 of TRAC*01. The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

15
Figures 49a and 49b show respectively the DNA and a2mino acid sequences of the &
chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 57 in
exon 1 of TRAC*01. The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

20
Figures 502 and 50b show respectively the DNA and amino acid sequences of the
chain of a soluble A6 TCR_ mutated so as to intfoduce anovel cysieine at residue 77 in
exon 1 of TRBC2*01. The shaded nuclectides indicate the mtroduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

25 '
Figures 51a and 51b show respectively the DNA and amino acid sequences of the B
chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 17 in
exon 1 of TRBC2*01. The shaded nucleotides indicate the introduced novel cysteine

codon and the underlined amino acid indicates the introduced cysteine;

30



codon and the underlined amno acid indicates the introduced cysteine; 20

Fi gures 50a and 5015 show respectively the DNA and am no acid sequenégsFE%fmﬁ
the p chain of a soluble A6 TCR, nutated so as to intr oduce a nove
cysteine at residue 77 in exon 1 of TRBC2*01l. The shaded nucl eoti des

i ndicate the introduced novel cysteine codon and the underlined am no acid
i ndi cates the introduced cysteine; 25 Figures 51 a and 51b show respectively
the DNA aMtP¥W¥E acid sequences of the p chain of BCEGHBI A6 TCR
nmutated so as to introduce a novel cysteine at residue 17 in exon | of
TRBC2*01, The shaded nucl eoti des |nd|c§ fe t he introduced novel cysteine
codon and the underlined anmino acid indicates the introduced cysteine; 30 2
7 F E B 2006 WD 93/020763 PCT/ GB02/ 03986 -31 Figures 52a and 52b show
respectivel y Firereiddh aadilbalowwespacively the @NA=mé sminb atithseqiicdcesofithe p of a sol ubl e

A6 TCR, nutated.s 0 a _nov stei residug .13 in ex on
ot Treco+ 01 S steas Bk Aot 8 o B kol Bl mhbs d ARBEBuel "oyer el ne
codon and themdﬂManmImemwmwstei ne; 5

Fi gures 53a and, 53b, sho especti v DNA and am.no aci d sequences of
the P chain ”?&ﬁ‘ﬂﬁ‘&{'ﬁ ‘ﬁﬁ%‘&f’?ﬁh‘%& §Y9Re oduce a novel
cysteine ats residue 59 in exon I of TRBC2*01l. The shaded nucl eoti des

i ndi cate the introduced novel cysteine__codon and the underlined am no acid
i ndi cat es t he Figates 1 dpd33bshaw respietively the BN\ and amima acid sequenss okle R r espect i vel y

the DNA and aghdiferaghibioREIFER RS0 w8 iffotiebBidvethubnofuihessl TOR

nut ated so as to i ntroduce a novel steine at resid 79 in exon | of

TRBC2*01. The médémﬁ%‘ﬂ’bomdw% cptidesingippte ﬁiﬁﬂi’é}h‘e@é’&vﬁi exsisiaecy st ei ne

codon and t he oy Gt thel \illerfitb Bind 548 mtidalbstR iBiSodhddq cisiideoduced cysteine; 15
Fi gures 55% and 55b show respectively the DNA and am no aci d sequences of

the (I
Figures 54a and 54b show respectively the DNA and amino acid sequences of the p

chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 79 in
exon 1 of TRBC2*01. The shaded nucieotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

15
Figures 55a and 55b show respectively the DNA and amino acid sequences of the p
chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 14 in
exon 1 of TRBC2*01. The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

20 '
Figures 562 and 56b show respectively the DNA and amino acid sequences of the p
chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 55 in
exon 1 of TRBC2*01. The shaded micleotides indicate the introduced novel cysteine
codon and the nnderlined amino acid indicates the introduced cysteine;

Figures 57a and 57b show respectively the DNA and amino acid sequences of the p
chain of a soluble A6 TCR, mutated so as to introduce a novel cysteine at residue 63 in
exon 1 of TRBC2*01. The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;



chain of a soluble A6 TCR, nutated so as to introduce a novel cysteine at
residue 14 in axon | of TRBC2*01l. The shaded nucl eoti des indicate the

i ntroduced novel cysteine codon and the underlined am no acid indi ¢t EkB 10ie
i ntroduced cysteine; 20 Figures 56a and 56b show respectively the DNA and
am no acid sequences of the O chain of a soluble A6 TCR, nutated so as to

I ntroduce a novel cysteine at residue 55 in exon 1 of TRBC2*0l1l. The shaded

nucl eotidﬁ,%n#{gﬁgjéate t he i ntroduced novel cysteine ﬂ%&,@gﬁl t he underlined
am no aci d’l cates the introduced cysteine; 25 Figures a and 57b show
respectively the DNA and am no acid sequences of the 0O chain of a soluble
A6 TCR, nutated so as to introduce a ngyel cysteine at residue 63 in exon |
of TRBC 2*01. The shaded nucl eoti des indicate the introduced novel cysteine

codon and the underlined amno acid indicates the introduced cysteine; 30 2
7 FEB 2006 VUWQMSPWWGDNME@OW@Q@@&W show

eheet Vel Y. b IR Sl BTAHERAES R e BRI % 27 U012
of TRBC2*01. ai»ﬁ 15M*nummclmmﬂuwmmmmmael cyst ei ne
Fi gur co. 50 64 PLE DR R d P HRRAER BABEEC hr onat ogr aphy of
sol uble A65 TCR cont ai ni ng a novel disul phide int er -chai n bond bet ween:
(o1 s 48, Of X0 &b Bl G AT S BB Sl TR 75000 45
TRAC01 and 1TCRtonttiy @ dikflpHR&GHI: dhiin bomitetheas reéﬁu@ﬁs af&6n 1 obf gRé\g* 0 f1
xon 1 of TREC ﬁow@%% °1f§fiﬁﬁb£*§§fm?%s$ spiend ot SRACTE B Tsion 1 of
TRBC2* 01, r esphsbi VeITRBCIFO1 e ded [DdfRkdh 1 FITRAICON nf ToEexHORES 50 col um
using a O-300 AN MR el B U5 5P bron § 56 THAL AR LS 50 W exon 1 5 IRBERGy, | N
residues 52 of exon 1 of TRAC*01 and 55 of exon 1 of TRBC2*01; residues 15 of
. exon 1 of TRAC*01 and 15 of exon 1 of TRBC2*01, respectively, showing protein
elation from a POROS 50 column using a 0-500 mM NaCl gradient, as indicated by
the dotted line;
15 .
Figures 65a and 65b are, respectively, reducing and non-reducing SDS-PAGE
(Coomassie-stained) of soluble A6 TCR containing a novel disulphide inter-chain
bond between residues 48 of exon 1 of TRAC*01 and 57 of exon 1 of TRBC2*01,
fractions nm were collected from amion exchange column run in Figure 59;
20
Figures 66a and 66b are, respectively, reducing and non-reducing SDS-PAGE
{(Coomassie-stained) of soluble A6 TCR containing a novel disulphide inter-chain
bond between residues 45 of exon 1 of TRAC*01 and 77 of exon 1.of TRBC2*01,
fractions run were collected from anion exchange coluron run in Figure 60;
25
Figures 67a and 67b are, respectively, reducing and non-reducing SDS-PAGE
(Coomassie-stained) of soluble A6 TCR containing a novei disulphide inter-chain
bond between residues 10 of exon 1 of TRAC*01 and 17 exon 1 of TRBC2*01,
fractions run were collected from anion exchange column run in Figure 61;
30
Figures 68a and 68b are, respectively, reducing and non-reducing SDS-PAGE -
{Coomassie-stained) of soluble A6 TCR containing a novel disulphide mter-chain



15 Figures 65a and 65b are, respectively, reducing and non-reduci ng SDS- PAGE
(Coonassi e-stai ned) of soluble A6 TCR containing a novel disul phide?7Fgg 2006
inter-chain bond between residues 48 of exon 1 of TRAC*01 and 57 of exon 1
of TRBC2*01, fractions run were collected from ani on exchange colum run in
Figure 59; 20 Figures 66a and 66b are, respectively, reducing and
non-reduci ng SDS- PAGE (Coonessi estai ned) of soluble A@g@géggontaining a
novel di WOMMYE | nter-chain bond between resi dues®%H xon 1 of TRAC*01
and 77 of exon 1. of TRBC2*01, fractions run were collected from anion
exchange colum run in Figure 60; 25 Figures 67a and 67b are, respectively,
reduci ng and non-reduci ng SDS- PAGE (Coonassi e-stained) of soluble A6 TCR

containing a novel disul phide inter-chain bond between residues 10 of exon
| of TRAC*01 bond batweaxesidues A50f prBTRFTRAC*OF prdciBiobenond ohTRBE20L 0! | ect ed from

ani on exchang FTaa g L ERQH%E Qﬁﬁmé i d 68b are,
respectivel y,ﬁ?cg ucl ng&gﬁg&?\egn-re ugi ng %‘éﬁ%ﬁt@g&n’%@si e-stai ned) of

sol ubl e A6 TCR contai ning-a novel disulphide inter-chain 2-7 FEB 2006 wo
03/020763 -3 E%l( LNRE L dhgs C on 1 of TRAC*01
and 59 of exf;lr71l o@%%g‘l, régt?l onsé]?néﬁédwere ﬁsceif:@él from ani on
exghange c@lju(ﬁwomm'ﬁf' taind) gfisolubB 246 TURyentawing 8 aovehdisuhis eélgg;msregfi Vilfiyil'CR
reduci ng an 3 g@% Fl‘[fm [ ol ubl e
containing a ﬁ%@ggggﬁsulpﬁﬁggfln er-¢ a.nT§%§%§T§%@¢3§n rengues 52 of exon
1 of TRAC*01 fatiofssunoheresoliectdi fvin ailRBERhake colimmmt indfigure €33 wer e col | ect ed
from ani on exchange colum run in Figure 63; Figures 70a and 70b are,

respectively, reducing and non-reduci ng SDS- PAGE 10 (Coommassi e- st ai ned) of
sol ubl e A6 T(HguresitOaand 70l ams, respectivel gl irgiubipghind eon-retaing SRSFRAGI ond  bet ween

resi dues 1§ Ofc,gxQe e FRAGHR AR hitnlng B3O dis il FRFAALA-

bond between residues 15 of exon 1 of TRAC*01 and 15 of exon 1 of TRBC2*01,
fractions run were collected from anion exchange cohumn run in Figure 64;

Figure 71 is a trace obtained from size exclusion chromatography of soluble A6 TCR

15  containing a novel disulphide inter-chain bond between residues 48 of exon 1 of
TRAC?*01 and 57 of exon 1 of TRBC2*(1, showing protein elution from a Superdex
200 HL gel filiration columm. Fractions run were collected from anion exchange

column run in Figure 59;

20  Figure 72 is a trace obtained from size exchision chromatography of soluble A6 TCR
containing a novel disulphide inter-chain bond between residues 45 of exon 1 of
TRAC*bl and 77 of exon 1 of TRBC2*01, showing protein elution from a Superdex
200 HL gel filtration columan. Fractions run were collected from anion exchange
column run in Figure 60;

25
Figure 73 is a trace obtained from size exclusion chromatography of soluble A6 TCR
containing a novel disulphide inter-chain bond between residues 10 of exon 1 of
TRAC*01 and 17 of exon 1 of TRBC2*01, showing protein elution from a Superdex
200 HL gel filtration column. Fractions run wefe collected from anion exchange

30 columm run in Figure 61;



fractions run were collected from ani on exchange colum run in Figure 64;
Figure 71 is a trace obtained from size exclusion chromatography of BbFedbilsh
A6 TCR 15 containing a novel disulphide inter-chain bond between residues
48 of exon 1 of TRAC*0l1 and 57 of exon | of TRBC2*01, showi ng protein
elution froma Superdex 200 HL gel filtration colum. Fractions run were
coll ected from ani on exchange colum run in Figure : jgure 72 is a
trace obtWPA¥} om size excl usi on chromat ogr aphy of’gglgf"ﬁglf% A6 TCR
cont ai ning a novel disul phide inter-chain bond between residues 45 of exon 1
of TRAC*Ol and 77 of exon 1 of TRBC2*Q41=, showi ng protein elution froma

Superdex 200 HL gel filtration colum. Fractions run were collected from
ani on exchange colum run in Figure 60; 25 Figure 73 is a trace obtained
from si ze excFigeie@hisaliracenbtaingd fgsingizesikcluzidn chiomangrafitGrf sauble AG¢ TCRg a novel

di sul phide in - G igg weep . j . I TRAC*01 and 17
of exon 1 of M sﬁ%%ﬂﬁ%tdgfao el ﬁﬂg%ﬁ&rgggm@;&é?ﬁé% ex 200 HL gel
filtration colRAE*01Rnd5S ofcxmm Irof TRBE2*1,chévingpretdinfelution fiom pBuperdehange 30
colum run in,& : / - 34 PCI/ (B02/ 03956 Fi gure
74 is a tracezgt}gﬁg%%@i@%%%%yn@%ﬁ%p%&e sol uble A6 TCR
cont ai ni ng5a nalwead rudindigwodt2dle | nt er - chai n bond between resi dues 45 of exon 1
of TRAC*01 and 59 of exon 1 of TRBC2*01, showi ng protein elution froma
Superdex - 200 HL gel filtration colum. Fractions run were collected from
ani on exchanggigare @HIsantracerabtainedfrdm sjze exclt@on chrognatograply df sohsbld AGTER obt ai ned from

si ze excl usi on_chr.omat ogr,a of. sol.ubl 6 TCR..CoO i ni a novel

di sul phi de inmnﬁw on k%deet%é‘%a?g‘%q%&@ggwwgﬁﬁquo TRAC*01 and 55

of exon 1 of TRBC201Gi] SSéfexenipf FRBC2A0H, shdwibg proteinrehivmafrdieipbupdex 10 200 HL gel

filtration,co ions. ryn. were |l ected. from ani,on exchange columm

rlun in IFi &greké@,gﬁ:ﬁfﬁ%&mﬁnm. #'rachon;mn%grecoqfecwgﬁ'omamonex&hange X g u
column run in Figure 63;

Figure 76 is a trace obtained from size exclusion chromatography of soluble A6 TCR
containing a novel disulphide inter-chain bond between residues 15 of exon 1 of

15 TRAC*01 and 15 of exon 1 of TRBC2*01, showing protein elution from a Superdex
200 HL gel filtration column. Fractions run were collected from anion exchange
columm run in Figure 64; and

Figures 77-80 are BlAcore response curves showing, respectively, binding of soluble
20 A6 TCR containing a novel disulphide inter-chain bond between: residues 48 of exon
1 of TRAC*01 and 57 of exon 1 of TRBC2*01; residues 45 of exon 1 of TRAC*01
and 77 of exon 1 .of TRBC2*01; residues 10 of exon 1 of TRAC*01 and 17 of exon 1
of TRBC2*01; and residues 45 of exon 1 of TRAC*01 and 59 of exon 1 of
TRBC2*01 to HLA-A2-tax pMHC.
25
Figure 81 is a BIAcore trace showing non-specific binding of soluble A6 TCR
containing a novel disulphide inter-chain bond between residues 52 of exon 1 of
TRAC*01 and 55 of exon 1 of TRBC2*01 to HLA-A2-tax and to HLA-A2-NY-ESO
pMHC;



Figure 76 is a trace obtained from size exclusion chromatography of soluble
A6 TCR containing a novel disulphide inter-chain bond between resi dg€sFEBS006
of axon 1 of 15 TRAC*Ol and 15 of axon | of TRBC2*01, show ng protein
elution froma Superdex 200 HL gel filtration colum. Fractions run were
col l ected from ani on exchange colum run in Figure 64; and Figures 77-80
are Bl Acore response curves show ng, respectively, b| ndi ng _of soluble 20 A6
TCR cont aWFh"?f?‘rg’ novel di sul phide inter-chain bond ﬁ@@ﬂ' 393 osi dues 48 of
exon | of TRAC*0l1l and 57 of exon | of TRBC2*01; reS|dues 45 of exon 1 of
TRAC*01 and 77 of axon | of TRBC2*01;,  residues 10 of exon 1 of TRAC*0l1 and
17 of exon 1 of TRBC2*01; and remdue? 45 of exon | of TRAC*01 and 59 of
exon 1 of TRBC2*01 to I RA-A2-tax pMHC. 25 Figure 81 is a Bl kcore trace

Zhow: ng gon smgﬂézfz'hﬁahmdne' @ 'dmp«ﬁﬁeb mmg;&mfm?mmm @nﬁmﬂ%vegko |
i sul pbide inter- i n.hon e resi 52 of a TRAC*01 and 55
of exon 1 of THEYY %’%BE‘ éw‘é@ﬁm@dso 2 7 FEB
2006 W003/ OZQWMWB%MM&QME 82 is a Bl Acore response curve
showi ng bi nding of soluble A6 TCR containing a novel disulphide inter-chain

bond bet ween re5|dues 15 of exon | of TRAC' 01 and 15 of exon | of TRBC2*01

to HLA- A2-§ axpight#3a am&%?snmmeMH%mdBmséqyme@(@hﬁmund t he nodel
with 1BD2 se uence (Chal n Thr Chain B Ser 174). Map contoured at 1.0,

2.0 and 3.0 o @BF'@%IB 4).sMagconigpred ttrl 2.0 anisi-Q g Figge Bbtiesn r ef i nement wit h

Cys in the t D A AR il Gys in hE GvoPRRdS AF @B AL at the sane
or levels as for Fig 3a 10 Figure 84 ‘conpares the structures of 1BD2 TCR

with an NY- ES@GWW%MWIWMFGﬂ%y overl aying said structures
in ribbon and coil, representations; Figures 85a and. 85b show t he DNA and
am no acid sequences respectively of the 0 chain of the NY-ESO TCR

i ncor por a9 ngFigrdidromparesdbro gictwicpof 1BD2d CRTWith apiNOH-ESO TCR of the present

invention by overlaying said structures in ribbon and coil representatlons,

Figures 85a and 85b show the DNA and amino acid sequences respectively of the §
chain of the NY-ESO TCR incorporating a biotin recognition site. The biotin
15 recognition site is highlighted;

Figures 86a and 86b show the DNA and amino acid sequences respectively of the 8
chain of the NY-ESO TCR incorporating the hexa-hisitidine tag. The hexa-hisitidine
tag is highlighted;

20
Figure 87 illustrates the elution of soluble NY-ESO TCR containing & novel
disulphide bond and a biotin recognition sequence from a POROS 50HQ anion
exchange columm nsing a 0-500 mM NaCl gradient, as indicated by the dotted line;

25  Figure 88 illustrates the elution of soluble NY-ESO TCR containing a novel
disulphide bond and a hexa-histidine tag from a POROS 50HQ anion exchange
columms using a 0-500 mM NaCi gradient, as indicated by the dotted line;

Figure 89 is a protein elution profile from gel filtration chromatography of pooled
30 fractions from the NY-ESO-biotin tagged anion exchange column run illustrated by
Figure 87;



15 recognition site is highlighted; Figures 86a and 86b show t he DNA and

am no aci d sequences respectively of the 14 chain of the NY-ESO TC%

i ncorporating the hexa-hisitidine tag. The hexa-hisitidine tag is T FEB 2006
hi ghlighted; 20 Figure 87 illustrates the elution of soluble NY-ESO TCR
contai ning a novel disul phide bond and a biotin recognition sequence froma
PORCS 50 ani on exchange colum using a 0-500 mM NaCl gradient, as

i ndi cat ed WR%OMESdotted ine; 25 Figure 88 ill ustratRCI/GBYROBI6UL | On Of

sol ubl e NY-ESO TCR contai ning a novel disul phide bond and a hexa- hi stidi ne
tag froma POROS 50HQ ani on exchange gg_l ums wi ng a 0-500 nM NaG gr adi ent,
as indicated by the dotted line; Figurg 89 is a protein elution profile from
gel filtration chromatography of pooled 30 fractions fromthe NY-ESO biotin

t agged ani on WMgcpm&hMmmﬁhlﬂon@etﬂtﬂﬁnb&omﬁbmyoﬁ%ple& 7 FEB 2006 WO

S PSRBT bl g i 01 17 0

NY- ESO- hexa- hillastiatéd beFipae88d ani on exchange colum rimillustrated by Figure
88; 5 Figures 91a-h are FACS histograns illustrating the staining intensity
produced from 25,000 events for HLA A2 positive EBV transfornmed B cell |ine

{1 uor estent C‘ﬁym”‘””‘““m B RYESO 104M
TCR 5g, NYESCHY %)3 Wg@&ﬁg%@#@% “‘m&@é‘%}wa%ég NYESO 104M
TCR 10g, 10 Nﬂﬁﬁ@foﬁ@wﬁgé&n&@ﬁaﬁoﬁ@&" i@dvld Tibdrestéat NYLEBO PCR2 i s the DNA

sequence of the beta-chain of A6 TCR i ncor Orair% the TRBCl'. 01 constant
region; 15 Fi tytreeersresppetively; NYHSOHD Took Fusgin Qe F&@ﬁ&& 0498Mof sol ubl e A6

fR ;ngg;{gg%k%mam TR 5.6 NS Y TEI0 20, N ERRM 1 BER Gl ©! uti on

10 NYESO 10°M TCR 10ug, NYESO 10°M TCR 10pg;

Figure 92 is the DNA sequence of the beta-chain of A6 TCR incorporating the
TRBC1*01 constant region;

15  Figure 93 is an anion exchange chromatography trace of soluble A6 TCR
incorporating the TRBC1*01 constant region showing protein elution from a POROS
50HQ cohumm using a 0-500 mM NaCl gradient, as indicated by the dotted line;

Figare 94 — A. Reducing SDS-PAGE (Coomassie-stained) of fractions from column
20 runin Figure 93, as indicated. B. Non-reducing SDS-PAGE (Coomassie-stained) of
fractions from columm run in Figure 93, as indicated.;

Figure 95 — Size-exclusion chromatography of pooled fractions from peak 2 in figure
93. Peak 1 contains TCR heterodimer which is inter-chain disulphide linked;

25
Figure 96 — A. BIAcore analysis of the specific binding of disulphide-linked A6
soluble TCR to HLA-Flu complex. B.Binding response compared to control for a
single injection of disulphide-linked A6 soluble TCR;

30  Figure 97 shows the nucleic acid sequence of the mutated beta chain of the A6 TCR
incorporating the ‘free’ cysteine;



50HQ col um using a 0-500 nM NaCl gradient, as indicated by the dotted |ine;
Figure 94 - A Reducing SDS-PAGE (Coonassi e-stained) of fractions fgarREB 2006
colum 20 ran in Figure 93, as indicated. B. Non-reduci ng SDS- PAGE
(Coomassi e-stained) of fractions fromcolum run in Figure 93, as
indicated.; Figure 95 - Size-exclusion chromatography of pooled fractions
frompeak 2 in figure 93. Peak | contains TCR heterodlrre ﬁ)ﬁ?lch i's

i nt er - chaWA M8 phi de | i nked; 25 Figure 96 - A Bl REH l& ysis of the
speci fic binding of disulphide-linked A6 soluble TCR to | RA- Fl u conpl ex.

B. Bi ndi ng response conpared to control sfor a single injection of

di sul phi de-1inked A6 soluble TM 30 Figlure 97 shows the nucleic acid sequence
of the nmutated beta chain of the A6 TCR incorporating the 'free' cysteine;
2 7 FEB 2006 W03/ 020763 -37 PCT/ GB02/03986 Figure 98 - Anion exchange

chr omat ogr aphi‘lgﬂfwgelAnbhsx(A@gT@ROmﬂmrbm@mHgAﬁﬂ‘@Rmdorpeaahngiyst ei ne. showi ng
protein el uti f 02 POROS 50O HQ gradient, as
i ndi cated by t ' I gurbugggkﬁbﬁgo%ggﬂm n“m%%@%EGE

(Coonmassi e- stmyamgﬁhehtautmmmdby&ﬂﬂmm run in Figure 98, as indicated.
B. Non-reduyci ng SDS- PAGE (Coonassi e-stained) of fractions fromcolum run
in Figure 98, as indicated; 10 Figure 100- Size-exclusion chromatography of
pool ed fract i Figpre9? oh. Raduking SDHPAGH (C@madt:-staiediof Fractiont fainneluh@R het er odi mer

which is inter-ch hi nke A. . Bl Ac anal ysi s of
the specific B‘mrfﬁﬁlﬁmg %ymgc?%Baﬁ m&{gmakggﬁ’igﬁ %qmass'lb'&ﬂeﬁigr porating the
"free' cystei ﬁeetbmﬁdnﬁeoﬁhmmmﬁim%&snﬁwaﬁd ng 15 response conpared to
control for a single injection of disulphide-linked A6 soluble TGR, Figure

102 shows the nucleic acid sequence of the nmutated beta chain of the A6 TCR
i ncor por atidng Figusd 9 nBize-eslusimechnetadgegihy of pbded frdotods fmmeeak)is figirae;

98. Peak 1 contains TCR heterodimer which is inter-chain disulphide linked;

Figure 101 — A. BlAcore analys:s of the specific binding of disulphide-linked A6
soluble TCR mmcorporating the “free’ cysteine to HLA-Flu complex. B. Binding

15  response compared to control for a single injection of disulphide-linked A6 soluble
TCR;

Figure 102 shows the nucleic acid sequence of the mutated beta chain of the A6 TCR .
incorporating a serine residue mutated in for the ‘free’ cysteine;

20
Figure 103 — Anion exchange chromatography of soluble A6 TCR incorporating a
serine residue mutated in for the. ‘free’ cysteine showing pfotein elution from a ‘
POROS 50HQ column using a 0-500 mM NaCl gradient, as indicated by the dotted
Iine;

Figure 104 — A, Reducing SDS-PAGE (Coomassie-stained) of fractions from column
an in Figure 103, as indicated. B. Non-reducing SDS-PAGE (Coomassie-stained) of
fractions from cotumn nm in Figure 103, as indicated. Peak 2 clearly contains TCR
heterodimer which is inter-chain disvlphide linked;

30
Figure 105 — Size-exclusion chromatography of pooled fractions from peak 2 in Figure
103. Peak 1 contains TCR heterodimer which is inter-chain disulphide linked;



20 Figure 103 - Anion exchange chromat ography of soluble A6 TCR i ncorporating
a serine residue nutated in for the free' cysteine show ng proteirf BFES 26f
froma POROS 50HQ colum using a 0-500 mM NaCl gradient, as indicated by
the dotted Iline; 25 Figure 104 - A Reduci ng SDS- PAGE ( Coonmassi e- st ai ned)
of fractions fromcolum ran in Figure 103, as indicated. B. Non-reducing
SDS- PAGE (Coonassi e-stained) of fractions fromcolumn run in Figure 103, as
i ndi cat edWOP¥R3 c| early contains TCR heterodi ner BAHCBIRPES| nt er - chai n

di sul phide linked; 30 Figure 105 - Size-exclusion chronmatography of pool ed
fractions frompeak 2 in Figure 103. Peak | contains TCR heterodi mer which
is inter-chain disul phide |inked; 2 7-B-E B 2006 WD 03/ 020763 PCT/ GB02/ 03986
-38 Figure 106 - A. Bl Acore analysis of the specific binding of

di sul phde-1linked A6 soluble TCR incorporating a serine residue nmutated in

for the "free', cystein o MA-. Fly _conplex, .B.Binding respaonse cor6pared to
control for a&iHes A Blaors g of eﬁ%ﬁaﬁ'ﬂ%pﬁﬁw&é\%&wﬁ@&ﬁubm TCR, Figure
107 shows t hesopitike TER tinddfpoffepasae® rafday hhithizd inffbOlé Fred QPstéaveLiAbe nucl eoti de
sequence of pYX122; 10 Fjigure 109 shows the DNA and protein sequences of

pre-pro mati ngn fomplex, BRindma respouss compgredrip gontrol iara singleanisaiorok 10 shows t he DNA
and proteig WA@rﬁmgmti ng factor al pha fused 15 to TCR P

chain; Figure 111 shows a Western Bl ot of soluble TCR expressed in S
cerevisiae strain SEY6210. Lane C contains 60ng of purified sol uble NY-ESO

TCR as a contyigire 107sB6WRthe nuelbdhde Seqikdned o pirit@10r ot ei ns harvested fromthe two
separate TCR transfornmed 20 yeast cultures; |
Figure 108 shows the nucleotide sequence of pYX122;
10
Figure 109 shows the DNA and protein sequences of pre-pro mating factor alpha fused
to TCR a chain;

Figure 110 shows the DNA and protein sequence of pre-pro mating factor alpha fused
15  to TCR § chain;

Figure 111 shows a Western Blot of soluble TCR expressed in S. cerevisiae strain

SEY6210. Lane C contains 60ng of purified scluble NY-ESO TCR as a control.

Lanes 1 amxi 2 contain the proteins harvested from the two separate TCR transformed
20  yeast cultures;

Figure 112 shows the nucleic acid sequence of the Kpnl to EcoRI insest of the
pEX172 plasmid. The remainder of the plasmid is pBlueScript Il KS-;

25  Figure 113 is a schematic diagram of the TCR chains for cloning into baculovirus;

Figure 114 shows the nucleic acid sequence of disulphide A6 a TCR construct as a
BamHI insert for insertion into pAcAB3 expression plasmid;

30 Figure 115 shows the disulphide A6 § TCR construct as a BamHI for insertion into
pAcAB3 expression plasmid; and



Figure 112 shows the nucleic acid sequence of the Kpnl to EcoR insert of
the pEXI72 plasm d. The remainder of the plasm d is pBlueScript 117HSER A6
Figure 113 is a schematic diagramof the TCR chains for cloning into

bacul ovirus; Figure 114 shows the nucleic acid sequence of disul phide A6 a
TCR construct as a BanH insert for insertion into pAcAB3 expression

pl asm d; 30 Figure 115 shows the disul phide A6 0 TCR C(Q'ns%r%;%t as a BanH
for inserVOBMNIRt 0 pACAB3 expression plasmid; and 3¢V 06 WD 93/ 020763
PCT/ GB02/ 03986 -39 Figure 116 shows a Coonassi e stained gel and Western

Bl ot agai nst the bacterially- pr oduced'3§g[i sul phide A6 TCR and the | nsect

di sul phide A6 TCR In all of the foll owng exanpl es, unless otherw se stated,
the sol uble TCR chains 5 produced are truncated imediately Cterminal to
the cystei ne Figwidifeshowhd Chompassiersiainedgel ault Westetn Blotagaiheh the batitegiallyphi de bond.

Exampl e | -Deﬁi gg Pﬁ- 5“ L ' f Tax TCR a and fl chains
10 For nutating a %53??%%%%?@%& e%lﬁn C-dto cysteine, the
following primers were designed (nmutation shown in | owercase): 5 -C ACA GAC
AAA tgT GIG C}Ay%& S' - Al TC TA %%@! TT GIC G i15. For nutating
A6 Tax serine 0 g’égﬁm e’fmr?p%tuﬁlqgg%gﬁ a ;gh T °P‘6ns cysteine, the
foll ow ng pri pedeedwat umisied ipmediatehy - tadnuh todlvaysteinaresidaewhiclafomy . 5' - C AGT GGG
GIC t GC ACA G@gﬂﬁgmﬁo 5 - FGT GCa GAC CCC ACT G PCR nut agenesi s:

I I

Expression p “6‘%‘?‘3. ‘'genes for the A6 Tax TCR a or 0 chain
were nutated using the a-chain priners or the P-chain prinmers respectively,

as foll ows. 5 1 of plasm d s, m xed with d 10 dNTP, 25

p110xPf u- buf f &qr'%%@ﬁ}m%?gmwfggﬁﬁ?@a%@d( 4% agene) and the
final volunme was adjusted to 240 pl.with H2O 48 pl of this mXx was
supplementgd Pt s KBTS Hieomiie 48 of ol 1 SrfAC*01t0 cysteing, the following

primers were designed (mutation shown in lower case):

5’-C ACA GAC AAA tgT GTG CTA GAC AT
5’-AT GTC TAG CAC Aca TTT GTC TGT G
15
For mutating A6 Tax serine 57 of exon 1 in both TRBC1*01 and TRBC2*01 to
cysteine, the following primers were designed (mutation shown in lower case):

5’-C AGT GGG GTC tGC ACA GACGC
20 5-GG GTCTGT GCa GAC CCCACT G

PCR mutagenesis:
Expression plasmids containing the genes for the A6 Tax TCR a or § chain were
mutated using the a-chain primers or the B-chain primers respectively, as follows.

25 100 ng of plasmid was mixed with 5 pl 10 mM dNTP, 25 il 10xPfu-buffer
(Stratagene), 10 units Pfu polymerase (Stratagene) and the final volume was adjusted
1o 240 pl with H,O. 48 pl of this mix was supplemented with primers diluted to give a
final concentration of 0.2 pM in 50-p! final reaction volume. After an initial
denaturation step of 30 seconds at 95°C, the reaction mixture was subjecied to 15

30  rounds of dma:tm’atiop (95°C, 30 sec.), annealing (55°C, 60 sec.), and elongation
(73°C, 8 min.) in a Hybaid PCR express PCR machine. The product was then digested
for 5 hours at 37°C with 10 units of Dpnl restriction enzyme (New England Biolabs).



final concentration of 02 pMin 501 final reaction volunme. After an-initial
denaturation step of 30 seconds at 95C, the reaction m xture was SUbjﬁgfng{mﬁ
to-15 30 rounds of denaturation (95C, 30 sec.), annealing (55C, 60 sec.

and elongation (73C, 8 min.) in a Hybaid PCR express PCR nachi ne. The
product was then digested for 5 hours at 37C with 10 units of Dpnl
restriction enzynme (New Engl and Biolabs). 2 7 FEB 2006 WD 03/ 020763

PCT/ GB02/ 03986 e0780 | of the digested reaction was traRST/EBIESHnt o
conpetent XL] -Blue bacteria and grown for 18 hours at 37C. A single col ony
was picked and grown over night in 5 m TYP + anpicillin (16 g4

Bact o- Tryptone, 16 g/| Yeast Extract, 5 g/l-4Rad, 2.5 g/1 K2HPO4, 100 ny/|
Ampicillin). Plasmd DNA was purified on a Qagen mni-prep 5 colum '
according Lo the \GRRUlAekLRk b AL Hal e Ak, g&e YEDaHa% 471 1 ed
by automated sequencing dt the sequencing tacility o partnment o

Bi ochemistry, Ogorofot)f hoarssit 85C. Prangles)vay wismcked ek movmerst gl il and

am no acid seque : L. B es in and
Figures 2b and 3b oﬁg{'ﬁgn% gﬁgll%gwl%%ﬁ%ﬁ@ g%t%%ﬁ%’gi |lgﬁ:,]’a‘()'r'€ ol di ng and
“purification of JGHEDLdOTOR! Hnpicdiipy sinwiDIph wespwlidied ora Qiaginmyinkirep nut at ed
a-chain and (3-chajn.r i viel ngﬁ{ug,- t ! E. coli
strain BL2I pL§s Sfl%jé]n agﬁ%ﬁgﬁg‘)\e{l}%ﬁ%{%}n I n-J‘?‘%@?‘i@%%%%?%@%’%sﬁﬁﬁ"éﬁ%%m at
37C in TYP (anpi ciolohiated $@0epcimg)at Hreshiquencing facibipoef DispartnfienDofBigsbéroistey.i nduci ng
protei n expressi gt g [;Nh! P : -har .
post -i nducti on b)c/&‘ g%}?%‘%ﬁgdtl éﬁ&?%°ﬁ‘€§l6‘h§1‘e§§‘§°ze§@§°ﬁ/§8§§?‘8r?qE ]P%&geﬁgﬁﬁan
J-6B. Cell pell etsbowweir&iguessQaspbizderdhd a clmirtanfl fFegures O ewdli Shiforgh GDelednTr i 's- HCI ,
25% (w v) sucrose, |mM NaEDTA, 0.1% (w'v) NaAzide, 10mM DTT, pH 8.0. After
an overnight freeze-thaw step, re-suspended cells were sonicated in |
m nut e bur st s10f orExgmple 2 t-dixptessivn, rfaddirglart@urifiqstivres splabla TRR| soni x XL2020
soni cator using a standard 12mm di aneter probe. Inclusion body pellets were
recovered by centrifugation for 30 mnutes at 13000rpmin a Beckman 72-21
centrifuge. Threelbdernsesgenplagpidhestaniedhe mptelnd eahaih end fotheintrespeainglve cel |
debris and nmenbr I ] [ i : | et was
honbgeni sed in aa‘gl'%i ?%E@Bﬁﬂﬁ[& téq?m(hgg%%%ﬁ%ﬁ t‘)}HlkC]:f%L Z?JI?L éﬁ/ﬁ%@%éﬁfﬁﬁ%o, 200mMM
NaCl , 10mM NaEDTA,resiptapt eplqujgswerangigrn @7 OB ampigilin 100ug/ml) medium to ODeop

15  of 0.4 before inducing protein expression with 0.50M IPTG. Cells were harvested
three hours post-induction by centrifngation for 30 minutes at 4000rpm in a Beckman |
1-6B. Cell pellets were re-suspended in & buffer containing 50mM Tris-HCl, 25%
(w/v) sucrose, ImM NaEDTA, 0.1% (w/v) NaAzide, 10mM DTT, pH 8.0. After an

 overnight freeze-thaw step, re-suspended cells were sonicated in 1 mainute bursis for a

20  total of around 10 minutes in a Milsonix XI.2020 sonicator using a standard 12mm
diameter probe. Inclusion body pellets were recovered by centrifngation for 30
myinutes at 13000rpm in 2 Beckian J2-21 centrifuge. Three detergent washes were
then carried out to remove cell debris and membrane components. Each time the
inclusion body pellet was homogenised in a Triten buffer (50mM Tris-HCL, 0.5%

25  Triton-X100, 200mM NaCl, 10mM NaEDTA, 0.1% (w/v) NaAzide, 2mM DTT, pH
8.0) before beiﬁg pelleted by centrifugation for 15 minutes at 13000rpm in a Beckman
J2-21, Detergent and salt was then removed by a sunilar wash in the following buffer:
50mM Tris-HCI, 1mM NaEDTA, 0.1% (w/v) NaAzide, 2mM DTT, pH 8.0. Finally,
the inclusion bodies were divided into 30 mg aliquots and frozen at -70°C. Inclusion

30  body protein yield was quantitated by solubilising with 6M guanidine-HCl and

measurement with a Bradford dye-binding assay (PerBio).



8.0) before being pelleted by centrifugation for 15 m nutes at 13000rpmin a
Beckman J2-21. Detergent and salt was then renoved by a simlar maﬁggéﬁ%qu
followi ng buffer: 50nM Tris-HCJ, | mM NaEDTA, 0.1% (w v) NaAzi de,

pH 8.0. Finally, the inclusion bodi es were divided into 30 ng aliquots and
frozen at -70C. Inclusion 30 body protein yield was quantitated by

sol ubilising with 6M guani di ne-HC1 and neasurenent with a Bradford
dye- bi ndi ng agsaywd:RerBio). 2 7 FEB 2008 WD 03/ 020763 PCrCGBBR/1GBOS6 - 41
Approxi mately 30ng (i.e. 1 nole) of each solubilised inclusion body chain
was thawed fromfrozen stocks, sanples were then m xed and the m xture
diluted into 15m of a guanidi ne sol ution-4i6 M Guani di ne- hydrochl ori de,
10mM Sodi um Acetate, 10nM EDTA) to ensure conplete chain de-naturation

The guani di ne sol ution n| n red TCR chai ns
was then inject ed {PRPE" el?’?(? G “%‘ﬁ%y ff%?tlscggﬁgﬁ]a%l”é 'ﬁﬁ"&l ﬁg"%‘ﬁlflf‘”é"‘?: 100nM
Tris pH 8.5, 400rddved Ao frizérestock ) MrnllEAvere thevhik &dhd €ist ik iteadilbiedi®y 0. SV
oxi di sed @ ut at hi

QN 5M urea, .0, 2 PMSE. e, sol ut.i | ef 24 hrs.
The ot ol d v ¢ HOT B SGLRGE bR (o 1 Qanpe g ptiond Bl Saaud! Aptelomy
ur]tceaI dsecondljydagii@hmﬁpm),hd etnmsc@ﬁplaaaﬁfdlderneﬁ;ana;gmégnu?woﬁu&: 10 BoéI h
refol ding an ialysis S, We r at S separ at e
from degr adat i%on “ﬁ¥ é?@ﬁg{ﬁ%"‘f‘{ﬁ‘iﬁﬁ T“ée(é%l‘}% ‘lthﬁ‘&ﬁ’f"?fd ?‘H’@eﬁ%";’?\gz’&e oftg?ol d
onto a POROS 50HQkswitkretiditptugter: ¢O0mMTriapH 86| 400V Lo pintle 2O BDTAW t h a
gradi ent of 0-500 ver 50 I .yol S_usi Akt fier
(Phar maci a) as |ﬁ%§%?'éed%"tﬁwﬂe 535@@’6@4&8‘3%@1@% gdd“ Oa@ela‘ﬂgé nal ysed by
COOHPFSie-ﬁtaineth@SmRﬁGEw&Eggunﬂrﬁﬁnbeﬁaﬂambmmngﬂpﬁﬂhad;anﬂyg@ﬂﬁentratedl
Finally, the sT ied _and.char i S in Syper. OOHR ge
filtration colu U(ef:"fgl@y‘@% “4 Feco%&'uagﬁ}fl%ﬁg‘ﬁéﬁs ﬁ?goﬁéé.“%ﬁWE S} B%mvl HEPES
pH 7.4, 150 M mrefmmdﬁn}mgteﬁr%%anmmmemm. The peak eluting at a
20 rel ative nol ecul ar wei ght of approximately 50 kDa was pool ed and

concentrated prior to characterisation by Bl Acore surface plasnon resonance
anal ysi s. Exanpl eTER-waBkghewsted fiomdegredatipn prodmsts andsumaticdydérdng dteaiialseat i on

of STCR bi ndi ng t Qe RRGR fI‘(ﬁlCﬁ%Q anion exchange column and eluting bound protein with a

gradient of 0-500mM NaCl over 50 colummn volumes using an Akta purifier

15  (Pbammacia) as in Figure 4. Peak fractions were stored at 4°C and analysed by
Coomassie-stained SDS-PAGE (Figure 5) before being pooled and concentrated.
Finally, the sTCR was purified and characterised using a Superdex 200HR Agel
filtration column (Figure 6) pre-equilibrated in HBS-EP buffer (10 mM HEPES pH
7.4, 150 mM NaCl, 3.5 mM EDTA, 0.05% nonidet p40). The peak eluting at a

20  relative molecular weight of approximately 50 kDa was pooled and concentrated prior

10 characterisation by BlAcore surface plasmon resonance analysis.

Example 3 — BIAcore surface plasmon resonance characterisation of sTCR binding to
specific pMHC

25
A surface plasmon resonance biosensor (BlAcore 3000™ ) was used to analyse the
binding of a sTCR to its peptide-MHC ligand. This was facilitated by producing
single pMHC complexes (described below) which were immo;ni]ised to a streptavidin-
coated binding surface in a semi-oriented fashion, allowing efficient testing of the

30  binding of a soluble T-cell receptor to up to four different pMHC (immobilised on
separate flow cé]]s) simultaneously. Manual injection of HLA complex allows the

precise level of immobilised class I molecules to be manipulated easily.



25 A surface plasnon resonance bi osensor (Bl Acore 30007'"' M) was used to

anal yse the binding of a sTCRto its peptide-MHC |ligand. This was
facilitated by producing single pVMHC conpl exes (described bel ow) whi c?] PET Q06
i nunobilised to a streptavidin- coated binding surface in a sem -oriented
fashion, allowing efficient testing of the 30 binding of a soluble T-cell
receptor to up to four different pMHC (i mobilised on separate flow cells)

si mul t aneousl | injection of HLA conplex allows the precise |evel of
i mobi | i sed c‘?{%g%%wgml ecul es to be nmanipul ated easily. FCYEBEH3R506 WO

03/ 020763 -42 PCT/ GB02/ 03986 Such i mmobilised conpl exes are capabl e of

bi nding both T-cell receptors and the cor e eptor CDBaa, both of which maybe
injected in the sol uble phase. Specific bifiding of TCR is obtained even at

| ow concentrations (at least 40g/m), inplying 5 the TCRis relatively
stable. The pMHC bi ndi ng properties of sTCR are observed to be

qualitatively an uantitatively sim/lar.if..sT iS-used either in the
sol ubl e or i moBls "E’gﬁlb%‘ﬁ%jsc@lpp &8 aé]ﬁ DF%?]);%R%%? Tg%ﬁgerrzeg}orsfagrd Bsarti al

activity of sol ubbrecepfoeCDeS0, bathdf ahshmaubaiaktied e solblephay. Syeeidic pMHC
conpl exes are biolaogically. as active as non- bioti niel ated conpl.exes. 10

Bi oti nyl at ed cl ab®dine pf FCMs obtaped eyen at 1oy Apiceiglonidstde st dDy/BEEIPR B t ro from

bacterial | y- expr @zse®k ik Rgduvally 9abib Ot SRIRORh&h#Hrogerbdl 65 CRMSAE sns8REd gubuni t
proteins and synthetic peptide, followed by purification and i'n vitro

enzymatic bi oti nyf aiBHvely Bdeamtsghednsivgladf ST(Ro uesy cilenin thegiobbleei 266
9-15) . HLA- heavy jaReiiRsed@Basd. STHEXR bESHBHan b dnlfroPfolpatal £6t0RY ofl2b1able SRS | ON tag
whi ch repl aces the transnenbrane, and, cytoplasmc domains of the protein in
an appropriate c@wstiioFEseests fie) hidinglated BYIC complesesardnolpsicrdy as tive s iRy | itre
bacterial culturgjcheigeddinpiesard. The HLA [ight- chain or 02-mcroglobulin
was al so exprlsssed as inclusion bodies in E.coli froman appropriate

construct, it7a !Bleo\{iggzlat% cl-asSsq Q{L@ﬂ ! éerﬁgdebc%%qgaﬁaargésa\'alzerecrlél OEdlél.(E ga'vingaofrom
bacterially-expressed inclusion bodies containing the constituent subunit proteins and
synthetic peptide, followed by purification and in viiro enzymatic biotinylation
(O’Callaghan et al. (1999) Anal. Biochem. 266: 9-15)_. HLA-heavy chain was

15  expressed with a C-terminal biotinylation tag which replaces the tr:;nsmembrane and

cytoplasmic domains of the protein in an appropriate construct. Inclusion body
expression levels of ~75 mg/litre bacterial culture were obtained. The HI.A light-
chain or f2-microglobulin was also expressed as inclusion bodies in E.coli from an
appropriate construct, at a level of ~500 mg/litre bacterial culture.

20
E. coli cells were lysed and inclusion bodies are purified to approximately 80% purity.

Protein from inclusion bodies was denatured in 6 M guanidine-HCl, 50 M Tris pH‘
8.1, 100 mM NaCl, 10 mM DTT, 10 M EDTA, and was refolded at a concentration
of 30 mg/litre heavy chain, 30 mg/litre £2m into 0.4 M L-Arginine-HCI, 100 mM Tris
25 pH 8.1, 3.7 mM cystamine, 6.6mM g-cysteamine, 4mg/m! peptide (e.g. tax 11-19), by
addition of a single pulse of denatured protein into refold buffer at < 5°C. Refolding

was allowed to reach completion at 4°C for at Jeast 1 hour.

Buffer was exchanged by dialysis in 10 volumes of 10 mM Tnis pH 8.1. Two changes
30  of buffer were necessary to reduce the ionic strength of the solution sufficiently. The

protein solution was then filtered through a 1.5um cellulose acetate filter and loaded

onto a POROS 50HQ anion exchange column (8 m! bed volume). Protein was ehuted

with a linear 0-500 mM NaCl gradient. HLA-A2-peptide complex eluted at



E. coli cells were lysed and inclusion bodies are purified to approxi mately
80% purity. Protein frominclusion bodies was denatured in 6 M

guani di ne-140, 50 nM Tris pH 8.1, 100 nM NaCl, 10 nM DTT, 10 nM EDT,%,7 @Bdlﬂﬂb'
was refolded at a concentration of 30 ng/litre heavy chain, 30 ng/litr
192minto 0.4 ML-Arginine-HCI, 100 mM This 25 pH 8.1, 3.7 nM cystam ne,

6. 6mMM | -cysteam ne, 4ng/m peptide (e.g. tax 11-19), by addition of a
single pulse of denatured protein into refold buffer_at < 5C. Refolding was
al l oned t YR8 3conpl etion at 4C for at least 1 holfCVBIMPHEE was exchanged
by dialysis in 10 volunes of 10 MM Tris pH 8.1. Two changes 30 of buffer
were necessary to reduce the ionic strgnpgth of the solution sufficiently.
The protein solution was then filtered through a 1.5m cellul ose acetate
filter and | oaded onto a POROS 50HQ ani on exchange colum (8 m bed

vol une) . Pr ot eiproxineately?30mad NaGl, and paak frapteons were saliyctedyia kpokiail gf paefeasait .

HLA- A2- peptid . %@th e 763 PCT/ GB02/ 03986
-43 appr oxi m?‘ggﬁggg%ﬁrﬁﬁg%%%ﬁ%a%éﬂaék rg%‘f@?rons %e@z‘-g'cm | ected, a cocktail
of protease inhibitors (Cal biochen) was added and the fractions were

chill ed on i cBiotilaion tagged HLdcomplyrss avetdbaffa emphaged ntoldeMJus pBB.1exchanged

into 10 M Trics.pH. 8. 1 IS ] i a fast salting colum

equi l i brat éjd |%n %éélélh a%ﬁ@%ﬁ%ﬁ%ﬁ?el y""ﬁ%‘%ﬁ%ﬁ’é‘%&?ﬁg"

pr ot ei n- cont aln_nhafd@tdywbhﬁm,ﬁepmte@hbﬁtﬁaﬁg&grﬁbmeﬂmﬂﬁﬂeﬂmimaﬂe i nhi bitor

o bi ot n. o ERTERtr el Co bt BRepfaRSNgalSicedaty BUTRT 7

gn%r?Sg pu_rl_ihf lndiield :?eﬂﬁhﬁﬁngrﬁﬂmmﬂmgl I fo?ﬂlgaﬂ.ﬁinMMgﬂQ,&)dipgtul Bi octlem 266:
.- The_m xture wa en..a 0 in e at room erature

over ni ght. Bi Wﬁm@mﬁf&aﬂc%?@@hmg%zf%%l g’é’F%ﬁ" F?filtration

chr omat ogriaphys). Ahe ek itan MRl chicuBlie Aok kbR eraar o JHAS

pre-equilibrated with filtered PBS and | nml of the biotinylation reaction
m xture was | oaded and the col um was devel oped 15 with PBS at 0.5 m/mn.

Bi otinyl at ed BlofinyiAsyHEEX asinphixes vasdle paﬂﬁlad ﬁinggtl&illtfmg:kclﬁémat@%ﬁﬁﬂ mately 15 m .
Fractions containin rotej r ooled, chilled on ice, an pr ot ease
i nhi bitor coc%@%ﬁﬁ?@%ﬁ%ﬁgf W?WWMGSH“M@%M?H%M using a
Coomassi e- bi nalidgf thekiaihylafieyrbictign mintlreavas Waddkiandrhe Bihih WsldateRgedl . A conpl exes
nere 15  with PBS at 0.5 ml/min. Biotinylated HLA complexes eluted as a single peak at

approximately 15 ml. Fractions containing protein were pooled, chilled on ice, and

protease inhibitor cocktail was added. Protein concentration was determined using a

Coomassie-binding assay (PerBio) and aliquots of bioﬁnylated HIA complexes were

stored frozen at—20°C. Streptavidin was immobilised by standard amine coupling
26 methods.

The interactions between A6 Tax sTCR containing a nove] inter-chain bond and its
lhigand/ MHC complex or an irrelevant HLA-peptide combination, the production of
which is described above, were analysed on a BlAcore 3000™ surface plasmon

25  resonance (SPR) biosensor. SPR measures changes in refractive index expressed in
response units (RU) near a sensor surface within a small flow cell, a principle that can
be used to detect receptor ligand interactions and to analyse their affinity and kinetic
parameters. The probe flow cells were prepared by immobilising the individual HLA-
peptide complexes in separate flow cells via binding between the biotin cross linked

30 onto B2m and streptavidin which have been chemically cross linked to the activated
surface of the flow cells. The assay was then performed by passing sTCR over the
surfaces of the different flow cells at a constant flow rate, measuring the SPR response



stored frozen at -20C. Streptavidin was inmmobilised by standard am ne
coupling 20 nethods. The interactions between A6 Tax sTCR contai ni g gEB 2006
novel inter-chain bond and its |igand/ MAC conplex or an irrel evant

MA- pepti de conbi nati on, the production of which is described above, were
anal ysed on a Bl Acore 3000""' surface plasnon 25 resonance (SPR) bi oseosor.
SPR neasures changes in refractive index expressed |n rewse units (1W
near a seWO®PWMBface within a small flowcell, a prf© hat can

used to detect receptor ligand interactions and to anal yse their affini ty
and kinetic paraneters. The probe fl oyxﬂcel | s were prepared by inmmobilising
the individual HLA- peptide conpl exes 7' separate flow cells via binding
between the biotin cross |linked 30 onto p2m and streptavidin which have been
chem cal l'y cr gsdingistKRdallyp the Bisecifiity of @le@fleraciivn 0Rrifdd biyPassing TRl | s. The

assay was then perforned b ssing sTCR gver. the surfaces of the different
flow cel I's at 25onsgpidloyfate p 53!7\/%?@"“ Freafiferent gpripsrs cnpeoaled #3002 7 F E B

2006 WO 03! 02Q(ft spedific péohd TR cARAGS thh BecblRcBedith 5000 R1GbE én- L he speci ficity
of the interaction was verified é paSS| ng sTCR at a constant flow rate of

5 pl marl ovemmﬂéMW gmsetﬁelrumefmhﬂ@eb RU of specific

peptide- HL W %}SE@Q{! especific
pepbdc- LAécorrp ex (Figure 7 |nsert) Inj ectl of Ie sTCR at 5

const ant f| owspedtad bﬂ@%%eﬁ?ﬁ%@%ﬂﬂlm@e HLA conpl ex

were used to siaﬂﬁ%m%ri‘ﬁon?ﬂn‘é H&@»}ﬂﬁ these control
nmeasurenments were subtract egﬁ%romtﬁ \glaf ues tai necfH’\%fkﬁinspem fic

pepti de- HLA cosrditesalenlaty binding affipigesaprossediasabetsisstiation constiotKd (Becedk pr essed as

t he di ssoci at iRy etab il C@%; oblens in
Physi cal Chem st rClQi{!]gf*j Bi ogﬁer%&st ﬁ@%‘ Edi t f%sbi%ﬁ%%éﬂ%aﬂu@;\don Press,
Oxford), a@.ﬁmgmwp Oxford) pa mBgwnt.ai ned (1.8M is close to that
reported for the interaction between A6 Tax sTCR w thout the novel

di - sul phi de bond and pMHC (0.91 pM- Ding et al, 1999, Inmmunity 11:45-56).
15 The Kd vatue obtained (1.8uM) is close to that reported for the interaction between A6

Tax sTCR without the novel di-sulphide bond and pMHC (0.91 uM - Ding et al,
1999, Inmmunity 11:45-56).

15
Example 4 — Production of soluble JM22 TCR containing a novel disulphide bond.

" The B chain of the soluble A6 TCR prepared in Example 1 contains in the native
sequence a Belll restriction site (AAGCTT) suitable for use as a ligation site.
20
PCR mutagenesis was carried as detailed below to mtroduce a BamH1 restriction site
(GGATCC) into the o chain of soluble A6 TCR, 5 of the novel cysteine codon. The
" sequence described in Figure 2a was used as a template for this mutagenesis. The
following primers were used:

| BamHT |
5* - ATATCCAGAACCCgGALCCTGCCGTGTA-3
5’ -TACACGGCAGGARTCCcGGETTCTGGATAT -3

30 100 ng of plasmid was mixed with 5 pl 10 mM dNTP, 25 pl 10xPfo-buffer
(Stratagene), 10 units Pfa polymerase (Stratagene) and the final volume was adjusted
to 240 ul with H;O. 48 pd of this mix was supplemented with primers diluted to give a



Exanpl e 4-Production of sol uble JM22 TCR contai ni ng a novel disul phide bond.
The ( chain of the soluble A6 TCR prepared in Exanple | contains in the
native sequence a Bglll restriction site (AAGCTT) suitable for useZd<E8 2006
ligation site. 20 PCR nutagenesis was carried as detailed below to introduce
a BanHl restriction site (GGATCC) into the a chain of soluble A6 TCR, 5 of
the novel cysteine codon. The sequence described in Figure 2a was used as a
tenplate for this nmutagenesis. The follow ng prine ed: 25 I-ammr |
5' - ATATCCR@AH26} GAt CCTGCCGTGTA- 3" 5' - TACACGGCAGGA%‘?&%%GGATAT- 3' 30
100 ng ofplasmd was m xed with 51 10 mM dNTP, 25 | | OxPfu-buffer
(Stratagene), 10 units Pfu pol ynerase 5§trat agene) and the final volune was
adjusted to 240l with H2O 48 pl of this mx was supplenented with priners
diluted to give a 2 7 FEB 2006 wo 93/ 020763 -45 PCT/ GB02/ 03956 fi nal

concent r at i onfumf cobceRtragbivh b 0. 250M [ixil 50 il fimdl reactimo tvolome. vAltan aeinitidf t er an initi al

denaturation st of 30 cond o t he reaction.m re was subjected
to 15 rounds%%?%%iwgg%8’3@'5”@@?5’3“&%@5@%@@%5% 60 sec.), and
el ongation (réedds offiehdhRation(95°Q, Josérd)] MndGhY (6590, 60sic. )@k didbgitione. The product
was then dige d 5.far ho at 37C with 1Q units. of n,. restriction
enzyme (New Eﬁé}llﬁ‘aﬂﬂmﬁ’ﬁf‘ md’ﬂﬁﬁw LR 0 ?3%??8’8“‘?&3% t r ansf or ned
i nto conpe$ enfor }hdursBk ICHGE 1@ ki ofIDShI regiotivh ehtyine [Bew Baplaad Bloladg)C. A single
col ony was picked_and grown over night in 5 m + wppicillin (16 g/1

TYP
Bact o- Trypt ont# M 2@“@5“8”‘?@5’??“%‘2%’%0W gtg sompgtent XL3-Ble bagteria apd HpO4, 100 ny/ |

Anpi ci i 1in). Bbas 1B HoWS 'F1SC.PA kil Bfforyad 'Qea%w-eﬂii infaC Ol UM
according to the manufacturer's i%lstructiolr)lls and the sve u%ir?lce was verified

by aut omat ed SRt erarieillin Lo Bapte-Tavptpne e § eashibxtrapt; 3/8/biNal ment of
Bi oc h'('am: str y:'m}mhqwmgﬂmyph%@pm% b&ﬁﬁd bd Qﬁ%gﬁﬁﬂr&t o the a chain
were “sil %\ t éolt;[mrr]l%cﬁd%’gem the manufacturer’s instructions and the sequence was verified by

automated sequencing at the sequencing facility of Department of Biochemistry,

Oxford University. The mutations introduced into the o chain were “silent”, therefore

the amino acid sequence of this chain remained unchanged from that detailed in Figure

3a. The DNA sequence for the mutated o chain is shown in Figure 8a.

15
In order fo produce a soluble JM22 TCR incotporating a novel disulphide bond, A6
TCR plasmids containing the « chain BamH]1 and p chain BglIl restriction sites were
used as templates, The following primers were used:

20 | Nde1 |
5’ -GGAGATATACATATGCAACTACTAGAACAA-3'

5’ - TACACGGCAGGATCCGRGTTCTGGATATT-3"
| BamHI|

jndel |
5’ -GGAGATATACATATGGTGGATGGTGGAATC-3
5’ -CCCAAGCTTAGTCTGCTCTACCCCAGECCTCGGC-3

|Bg111]
30

JM22 TCR a and B-chain constructs were obtained by PCR cloning as follows.
PCR reactions were performed using the primers as shown above, and templates
containing the IM22 TCR chains. The PCR products were restriction digested with



the am no acid sequence of this chain remai ned unchanged fromthat detailed
in Figure 3a. The DNA sequence for the nutated a chain is shown in Figure
8a. 15 20 In order to produce a soluble JM22 TCR incorporating a novel FEB 2006
di sul phi de bond, A6 TCR plasm ds containing the a chain BanH and 6 chain

Bglll restri ctlon sites were used as tenplates. The follow ng priners were
used: Ndel - GGAGATATACATATGCAACTACTAGAACAA- 3'

TACA TCTGGATATT 3" BanH I 25 30 I Nd -
GGAGATATA% GGATGGTGGAATC-3'  5' - CCCAAGCTTAGTCT%K@&ECA(XBCCTC&BC— 3!

jBgllll JM22 TCR a and n-chain constructs were obtained by PCR cloning as
follows. PCR reactions were performnmedsdising the priners as shown above, and
tenpl ates containing the JM22 TCR chains. The PM products were restriction
di gested with 27 FEB 2006 WD 03/ 020763 PCT/ (3B02/ 03986 -46 the rel evant
restriction et m&ﬁé?-""él"-’é?ﬂ@ﬂs Pk clpnesipie PGMI 7 400 b&ﬁ%e’@?ﬁ‘@ssmn pl asni ds.

The SeqyenceFﬁLm{, ofﬁ%ﬁﬁ&ﬁdﬁﬁ&@w@ﬁ%ﬁﬂﬂiﬂ%y%oﬁmhed DNA
g

sequenci ng ures 8b and Sc s t he DNA sequencé of the nutated a and S
chains of t heequengipe. Figres LA aeqrenge;pfdhe miated pyang | chaigsy t he

resul ting am WI@R ﬁ%@gm%m@'@@gmamre expressed,

co-refol ded a purified ais de:scrl bed in Exanples 1 and 2. Figure 10
il lustrate8 t#guenesti on of sol ubl e di sul phide-linked JM22 TCR protein
elution froma POROCS 50HQ col um using a 0-500 mM NaCl gradient,

The respective TCR chains were expressed, co-refolded and purified as described in
Examples 1 and 2. Figure 10 illustrates the elution of soluble disulphide-linked IM22
TCR protein elution from a POROS S0HQ column using a 0-500 mM NaCl gradient,

10 as indicated by the dotted line. Figure 11 shows the results of both reducing SDS-
PAGE (Coomassie-stained) and non-reducing SDS-PAGE (Coomassie-stained) gels of
fractions from the columm run iltustrated by Figure 10. Peak 1 clearly contains TCR
heterodimer which is inter-chain disulphide linked. Figure 12 shows protein elution
from a size-exclusion column of pooled fractions from peak 1 in Figure 10.

15 '
A BlAcore analysis of the binding of the JM22 TCR to pMHC was carried out as
described in Example 3. Figure 13a shows BIAcore analysis of the specific binding
of disulphide-linked JM22 soluble TCR to HLA-Flu complex. Figure 13b shows the
binding response compared to control for a single injection of disulphide-linked TM22

20 soluble TCR. The Kd of this disulphide-linked TCR for the HLA~flu complex was
determined to be 7.9+ 0.51uM

Example 5 — Production of soluble NY-ESO TCR containing a novel disulphide bond

25 ¢DNA encoding NY-ESO TCR was isolated from T cells supplied by Enzo Cerundolo
(Institute of Molecular Medicine, University of Oxford) according to known
techniques. cDNA encoding NY-ESO TCR was produced by treatment of the mRNA

30 In order to produce a soluble NY-ESO TCR incorporating a novel disulphide bond,
A6 TCR plasmids containing the o chain BamHI and p chain BglII restriction sites
were used as templates as described in Example 4. The following primers were used:



10 as indicated by the dotted line. Figure 11 shows the results of both
reduci ng SDS- PACGE (Coonmssi e-stai ned) and non-reduci ng SDS- PAGE 7 EER 2005
(Coomassi e-stained) gels of fractions fromthe colum run illustrateéed t§9
Figure 10. Peak | clearly contains TCR heterodiner which is inter-chain

di sul phide linked. Figure 12 shows protein elution froma size-exclusion
colum of pooled fractions frompeak 1 in Figure 10. 15 A Bl Acore anal ysis
of the bi Hﬁ‘?ﬁ@"ﬁ?’ the JM22 TCR to pMHC was carried oPfT/GRIVOMESScri bed in
Exanpl e 3. Figure 13a shows Bl Acore analysis of the specific binding of

di sul phi de-1inked JM22 soluble TCR to B A-Flu conplex. Figure 13b shows the
bi ndi ng response conpared to control for a single injection of

di sul phi de-1inked JM22 20 soluble T(R The Kd of this disul phide-linked TCR
for the HLA-flu conplex was determned to be 7.9 0.51M Exanple 5 -
Production of sol ubl e NY;EQQ FCR containing a novel disul phide bond 25 eDNA
encodi ng NY-ESO TCR was isolated fromT cells supplied by Enzo Cerndol o
(I'nstitute of > oFRCAFAFAGRIATES ,Gﬁﬁ%ﬁﬁ/ of Oxford) according to known
t echni ques. ebBNATERCECCREA R CERRTECE:M TP 0duced by treatment of the nRNA
W th rever§e transcri pt sg. O In order to produce a sol uble NY-ESO TCR

i ncor poratirng a novel di SLﬁ“% i de bond, A6 TCR plasm ds containing the a
chain BanH and O chain Bglll restriction sites were used as tenplates as
described in Exanple 4. The follow ng priners were used: 27 FEB 2006 WO

03/ 020763 PCT/ GB02/ 03986,.:47, 5 Ndel 5'- -3

5' - TACACGGCAGGAT, 1, TerdnctcBankLy. | Ndei |
5' - GGAGATATACATA GICACTCAGACC- 3" 10
5' - CCCAAGO0" TAGTETBEFCTAGICTAEIETCHBEGRTCEEC ~3°

|BglIT|

NY-ESO TCR a and B-chain constructs were obtained by PCR cloning as follows.
PCR reactions were performed using the primers as shown above, and templates

15  containing the NY-ESO TCR chains. The PCR products were restriction digested
with the relevant restriction enzymes, and cloned into pGMT7 to obtain expression
plasmids. The sequence of the plasmid inserts were confirmed by automated DNA
sequencing. Figures 14a and 14b show the DNA sequence of the mutated ot and 8
chains of the NY-ESO TCR respectively, and Figures 15a and 15b show the resulting

20  amino acid sequences.

The respective TCR chains were expressed, co-refolded and purified as described in
Examples 1 and 2, except for the following alterations in protocol: -

25  Denaturation of soluble TCRs; 30mg of the solubilised TCR, f-chain inclusion body
and 60mg of the solubitised TCR a-chain inclusion body was thawed from frozen
stocks. The inclusion bodies were diluted to a final concentration of Smg/ml in 6M
guanidine solution, and DTT (2M stock) was added to a final concentration of 10mM.
The mixture was incubated at 37°C for 30 min.

30  Refolding of soluble TCRs: 1 L refolding buffer was stirred vigorously at 5°C + 3°C.
The redox couple (2-mercaptoethylamine and cystamine (to final concentrations of
6.6mM and 3.7mM, respectively) were added approximately 5 minutes before addition



I B311 1.1 N NY-ESO TCR a and 6-chain constructs were obtained by PCR cl oni ng
as follows. PCR reactions were performed using the priners as showy PPy g6
and tenpl ates 15 contai ning the NY-ESO TCR chains. The PCR products were
restriction digested wth the relevant restriction enzynes, and cloned into
pGMI7 to obtain expression plasmds. The sequence of the plasmd inserts
were confirmed by automated DNA sequencing. Figures 14a and 14b show t he
DNA sequew@®/2¥76x he nutated a and P chains of the R/ ERB0R4 respectively,
and Figures 15a and 15b show the resulting 20 ami no acid sequences. The
respective TCR chai ns were expressed, %o refol ded and purified as descri bed
in Exanples 1 and 2, except for the | low ng alterations in protocol: 25
Denat urati on of soluble TCRR, 30ng of the solubilised TCR ft-chain inclusion
body and GOaghodmmhed'fmdhnkim@mTﬁiwatbdmﬂlmwédmteﬁﬂdfm body was t hawed from

frozen stock u5| .b di e re di to a final concentration
of 5ng/m inawmﬂ%ﬂ%?g‘f Fﬁ%&g%é%é 'stock) was added to a final

concentr at i oDiadisis dedmmwmmfﬁdedﬂmmmmm&%&ipoﬁ 30 min. 30

Ref ol di ng of solublg TCR, S red.. gorously at 5C
k 3C. The rgﬁﬁ‘g"ﬂ‘b@mm@w&?p 32%%9&?&%&%%@% ghﬁﬁgs o i nal

concent r atsi o8 fof 18-1) Hotih) Afél tids t7inidythe HRBFIS biffer ¥hdy/chawged  fesiddaMppr oxi mately 5

m nutes befo it EB 2006. ), 63 CB02/ 03986 of the
denat ur ed Tck"%ﬁggﬁ s(w{;)d‘@d é‘?‘g?%'i"?f Wﬁglv%‘f‘ég (‘g‘??%'\/fé'cf‘“{“g"r?gé}‘?}“ﬁ‘ or
approximately 5 hours t 15 mnutes with stirring at 50C 3C. D al ysis of
ref ol ded sol ypl e efold s.djaly Spect rapor 1
menbr ane (Spgiﬁq‘dmgff{“ﬂﬂmffg%eiﬁ%aﬂ‘ di‘%“‘f_"dk R is pH 8.1 at 5C
]E ShBCOf or RtigrMOAPOROFSCILTY wllﬂin&sihgmﬂﬁlhﬂmmhﬁ&bﬁ,abgﬁfcﬂéd \ga? gga][lged to
resh 1 I 1 SIS cont i nu at 5 or

anot her: ?@NIZ H’Bﬂg‘g"d%ﬁ J&W‘? %éh‘l“fs%fs"ﬁdé%/ @?&I%P%?\A sol ubl e NY-ESO
di sul phi de- | (OdoardssTGRirRb)bEhdR-reducing SDS-PAGE (Coomasme—stamed) gels of

fractions from the column run illustrated by Figure 16. Peaks 1 and 2 clearly contain

TCR heterodimer which is inter-chain disulphide linked. Figure 18 shows size-

exclusion chromatography of pooled fractions from peak 1 (A) and peak 2 (B) in

15 Figure 17. The protemn elutes as a single major peak, corresponding to the
heterodimer.

A BlAcore analysis of the binding of the disulphide-linked NY-ESO TCR to pMHC
was carried out as described in Example 3. Figure 19 shows BIAcore analysis of the
20 specific binding of disulphide-linked NY-ESO soluble TCR to HLA-NYESO

complex. A. peak 1, B, peak 2.

The Kd of this disulphide-linked TCR for the HLA-NY-ESO complex was determined
to be 9.4 + 0.84pM.

25 :
Example 6 — Production of soluble NY-ESO TCR containing a novel disulphide inter-
chain bond, and at least one of the two cysteines required to form the native disulphide
inter-chain bond

30 In order to produce a soluble NY-ESO TCR incorporating a novel disulphide bond and
at least one of the cysteime residues involved in the native disnlphide inter-chain bond,



elution froma POROS 50HQ col um using a 0-500 nM NaC gradient, as
indicated 10 by the dotted line. Figure 17 shows the results of both
reduci ng SDS- PAGE (Coonmssi e-stai ned) and non-reduci ng SDS- PAGE 77 FEB 2006
(Coonassi e-stained) gels of fractions fromthe colum run illustrated by
Figure 16. Peaks | and 2 clearly contain TCR heterodi ner which is

i nter-chain disul phide |linked. Figure 18 shows size- exclusion

chromat ography of pooled fractions frompeak 1 (A (B) in 15
Figure 17WO®¥RY Bt otein el utes as a single major peaE?ﬂggﬁﬁégﬁonding to the
heterodi tner. A BLAcore analysis of the binding of the disul phide-Iinked
NY-ESO TCR to pMHC was carried out as4¥escribed in Exanple 3. Figure 19
shows Bl Acore anal ysis of the 20 specific binding of disulphide-faked NY-ESO

sol ubl e TCR to, HLA- NYESO _conpl.ex. . . pbeak 2. The of this
di sul phi de- | | ReStdsEepanme &e g mﬁ@%@%@w@g&m&mv&éﬁ to be
9.40. 84M 25 maraletolias RsatbedinPanmé 4. STHeddlowinkyrim&®wheRsedont ai ni ng a novel

di sul phide inter- chain bong and at | east one of the two cysteines required
to formthe native disulphide inter-chain bond 30 In order to produce a
sol ubl e NY-ESO TCR i ncorjpaeat|i ng a novel disul phide bond and at |east one

of the cysteine._ i g@gﬂ } ative disul phide inter-chain bond,
27 FEB 200 d%?%%% F%$a§%$%ggg§%%§8§g§plasnids containing the a chain
BamH and B charCCBECTTAMSBEEAATTIATEIAECCHRAPSAs2d as a framework as
descri bed in Exanplle®8d3Tthe fol | owing prinmers were used: | Rdel | 5 5'-
GGAGATATACATATGCAGGAGGTGACACAG 3

5' - CCCAAGCTTAACAGGAACTTTCTGGGCTGECGAAGAA-3' | Hindtlt 10

10 | Baex |
S'-GGAGATAIACATATGGGTGTCACTCAGACC—3’

5’ -CCCAAGCTTAACAGTCTGCTCTACCCCAGGCCTCGGC ~3”
|BglII | '

15 NY-ESO TCR a and p-chain constructs were obtained by PCR cloning as follows.
PCR reactions were performed using the primers as shown above, and templates
coptaining the NY-ESO TCR chains. The PCR products were restriction digested
with the relevant restriction enzymes, and cloned into pGMT7 to obtain expression
plasmids. The sequence of the plasmid inserts were confirmed by automated DNA

20 sequencing. Figures 20a and 20b show the DNA sequence of the mutated o and 8
chains of the NY-ESO TCR respectively, and Figures 21a and 21b show the resulting

amino acid sequences.

To produce a‘sohble NY-ESO TCR containing both a non-native disulphide inter-

25  chain bond and the native disulphide inter-chain bond, DNA isolated using both of the
above primers was used. To produce soluble NY-ESO TCRs with a non-native
disulphide inter-chain bond and only one of the cysteine residues involved in the
native disulphide inter-chain bond, DNA isolated using one of the above primers
together with the appropriate primer from Example 5 was used.

30 .
The respective TCR chains were expressed, co-refolded and purified as described in
Example 5.



| Hdex | 5'- GGAGATATACATATGGGIGTCACTCAGACC-3' 5' -
CCCAAGCTTAACAGTCTGCTCTACCCCAGECCTCGEC -3' 1Bglll | 15 NY-ESO TCR ajqrr¢g 2006
[ 3-chain constructs were obtained by PCR cloning as follows. PCR reactions
were perforned using the priners as shown above, and tenplates containing
t he NY-ESO TCR chains. The PCR products were restriction digested wth the
rel evant restriction enzynes, and cloned into pGMI'7 to obtain expression

pl asm ds.wowmmeejuence of the plasmd inserts were BOHEPUINEEe by aut onat ed
DNA 20 sequenci ng. Figures 20a and 20b show t he DNA sequence of the nutated
a and 0 chains of the NY-ESO TCR res_;%gbgtively, and Figures 2la and 21b show
the resulting amno acid sequences. To produce a sol uble NY-ESO TCR

cont ai ning both a non-native disul phide inter 25 chain bond and the native
di sul phi de i nFiguresci2:014 illusieateckthe ititm ioflubledY -BSO AGREGIFT” @é. with@on-above pri ners

FAter- ohai n bBHE SAESRFSRE S AR L CRE (el iel | b he
native di sul pitisiebit tegutive bysteine irothele ciabimty}, ehdTERE™D Ghithgronnstivef  t he above
The T espect | vEruFer T ol s B e Bttt BEB A PR 11 ed s
described Bn MMWSMQ%&&EBJ@QGMAWWN@MHQOZI 03986
gures 22 24 L eutle, OB Sl col bl MOS0 TR 1 (1o bt
cysteines in Raichg SUSPACE (Codmdstiestitadd) ¥R noi-FedaiimpSDSPAGE((Ro@idgien Only), and
{he S chai n oRRISD B EPoR e BrvE ISCCIRReOHE Sas. 4 BrivExchangs col ums
usi ng a 0- 500cgKivhkd Yakd illgtrel 1B Figured 32-24. Thesealcaddy Mificité@atd@irt ed | ine. Figures 25
and 26 reslgecltléle\égcli%emsgl%c zErD Ste;-shsixlfll dtls?ﬂpgl]:ie linked have been formed. Figures 27-

29 are protein elution profiles from gel filtration chromatography of pooled fractions

from the NY-ESO TCRo™ 87, TCRo™, and TCRE™ anion exchange column runs

illustrated by Figures 22-24 respectively. The protein elutes as a single major peak,

corresponding to the TCR heterodimer.

15 '

A BlAcore analysis of sTCR binding to pMHC was carried out as described in

Example 3. Figures 30-32 show BlAcore analysis of the specific binding of NY-ESO

TCRa™ 8, TCRo™, and TCRES™ respectively to HLA-NYESO complex.

20 TCRo™ 5™ had a Ky of 18.08 £ 2.075 pM, TCRo™ had a K 0f 19.24 2,01 HM,
and TCRE™ had a K, of 22.5 £ 4.0692 pM.

Example 7~ Production of soluble AH-1.23 TCR containing a novel disulphide inter-
chain bond

cDNA encoding AH-1.23 TCR was isolated from T cells supplied by Hill Gaston
{(Medical School, Addenbrooke’s Hospital, Cambridge) according to known
technigues, cDNA encoding NY-ESO TCR was produced by treatment of the mRNA
30



reduci ng SDS- PAGE ( Coonassi e-stai ned) and non-reduci ng SDS- PAGE ( Coonassi e-
stained) gels of fractions fromthe NY-ESO TCRoT S Y, TCR' , and TERSED 2006
colum runs illustrated by Figures 22-24. These clearly indicate that 10
bet erodi mers which are inter-chain disul phide |inked have been forned.
Figures 27- 29 are protein elution profiles fromgel filtration
chromat ography of pooled fractions fromthe NY-ESO TCRof'" Pm TCRcP, and
TCREf' ani¥¥ ffange colum runs illustrated by Fi BEkeRI2/9398624
respectively. The protein elutes as a single mjor peak, corresponding to
the TCR heterodinmer. 15 A Bl Acore anal %fl s of sSTCR binding to pMHC was
carried out as described in Exanple 37*Figures 30-32 show Bl Acore anal ysi s
of the specific binding of NY-ESO TCrRafr™ fi r , TCRrFY", and RS""
respectively iuorddfo-phbd&Q soRbR AKX 22CCR abiiddriting @ govel diguiphidt bdrd, 08 2. 075 M
TCRcP had a Kd of 19.242.01 p. M . andTCR9" hadaKdof 22. 54. 0692 pM Exanpl e
7-Product i on SFR glgsds contayyng thest chaipBagHl and B chggn Bl sestriction sites WHe de i nt er -
chai n bond 25 RRcA ok 2B aedtibdd BExdibile 1O he! IR WRp B Whe hsge! | S suppl i ed
by H Il Gaston (Medical School, Addenbrooke's Hospital, Canbridge)
according to known techniques. eDNA encodi ng NY- ESO TCR was produced by
treatment gf the nRNA W tyier @verse transcriptase. 30 2 7 F E B 2006 WO
83/ 020763 PCT5GR¥nAGOBMRCATATEARGOACSTGdRGCptACec@- S0l ubl e AH-1.23 TCR
i ncorporating_a novel disul h‘%c%? bond TCR plasm ds containing the a chain
BanrH and S cﬁaT%CéG??&qﬂége? TIGICATATS -dere  used as a framework as
described in Exanpl e 4. | Haearflol | om ng priners were used: 5 { Ndel
5' - GGGAAGCTTACATATGAAGGAGGT GGAGCAGAATTCT GG 3
5" - TACACGRpAGGATCOGGGT TCT GEATATT- 3

5 -TTGGAATTCACATATGGGCGTCATGCAGRACCCAAGACAC- 3

5 ~CCCAAGCTTAGTCTGCTCTACCCCAGECCTCGG -3

|Bglrz|

15 AH-1.23 TCR a and B-chain constructs were obtained by PCR cloning as follows.
PCR reactions were performed using the primers as shown above, and templates
containing the AH-1.23 TCR chains. The PCR products were restriction digested with
the relevant restriction enzymes, and cloned into pGMT7 to obtain expression
plasmids. The sequence of the plasmid inserts were confirmed by automated DNA

20  sequencing. Figures 33a and 33b show the DNA sequence of the mutated o and 8
chiains of the AH-1.23 TCR respectively, and Figures 34a and 34b show the resulting -

amino acid sequences.

The respective TCR chains were expressed, co-refolded and purified as described in
25 Example 5.

Figure 35 illustrates the clution of soluble AH-1.23 disnlphide-linked TCR protein
¢hation from a POROS 50HQ anion exchange column using a 0-500 mM NaCl
gradient, as indicated by the dotted hine. Figures 36 and 37 show the results of

30 reducing SDS-PAGE (Coomassie-stained) and non-reducing SDS-PAGE (Coomassie-
stained) gels respectively of fractions from the column run illustrated by Figure 35.
These gels clearly indicate the presence of a TCR heterodimer which is inter-chain
disulphide linked. Figure 38 is the elution profile from a Superdex 75 HR gel
filtration column of pooled fractions from the anion exchange colimn run illustrated m



| Bans2l 10 Ndel 5'-TTGGAATTCACATATGGECGTCATGCAGAACCCAAGACAC 3'

5" - CCCAAGCTTAGTCTGCTCTACCCCAGECCTCGGC- 3" jBgll Il 15 AH1.23 TAt a pngeg 2006
n-chain constructs were obtained by PCR cloning as follows. PCR reactions
were perforned using the priners as shown above, and tenplates containing
the AH 1.23 TCR chains. The PCR products were restriction digested with the
rel evant restriction enzynes, and cloned into pGMI'7 to obtain expression

pl asni ds. wirssedeaduence of the plasnid inserts were JSHGHEPCby aut omat ed
DNA 20 sequencing. Figures 33a and 33b show the DNA sequence of the nutated
a and 0 chains of the AH1.23 TCR respectively, and Figures 34a and 34b
show the resulting am no acid sequence®. The respective TCR chains were
expressed, co-refolded and purified as described in 25 Exanple 5. Figure 35
illustrates t 44t 1 Ein SRteb Y asinplehdajof Beall] coitbspitidihg td thinked TCR protein
elution froma POROS 50 ani on exchangje gol um using a 0-500 nM NaCl
gradient, as ib\o8¥ELd by the dotted |ine. Figures 36 and 37 show the
results of 30 reduci ng SDS- PAGE ( Coomassi e-stai ned) and non-reduci ng

SDS- PAGE (Coonassi e- stained) gels respectively of fractions fromthe col um
run ill ustrat deamgle i Fonduction of soleble 46 TERY aontginisg aingve] ditwinkide énterichaipr esence of a
TCR het er 04§ Many\iofilindive bddisinhs Wik the imtumodloBiind Bgibrl &Y ¥R SonslahtmGin38 1S the

elution profile froma Superdex 75 HR gel ™ filtration col unm of pool ed

fractions fromthe anion exchange colum run illustrated in 27 FEB 2006 wo
03/ 020763 - 52 RCEIGRE efhaRts dk tafied dut id erf A} Shidhe G5t B 2 Single mjor
peak, corresponding to the heterodi metr‘. Exarrp]fle B@-CPr o%ﬁ?t?%n of sol uble A6

TCRs cont ai ni rrgssiblete e fenctiopplsaluble TCRs whickcinelide a novel disulphide bond in the
TCR mmmunoglobulin region at a position other than between threonine 48 of exon 1
10  in TRAC*01 and serine 57 of exon 1 in both TRBC1*01 / TRBC2*01.

For the mutating the A6 TCR a-chain, the following primers were designed (the
numbers in the primer names refer to the position of the amino acid residue to be
~ mutated in exon 1 of TRAC*01, mutated residues are shown in lower case):
15
T48—>C Mutation
5’-CACAGACAAAtgTGTGCTAGACAT-3"
5’-ATGTCTAGCACAcaTTTGTCTIGTG-3’

20 Y10—>C Mutation
5’-CCCTGCCGTGTgCCAGCTGAGAG-3”
5’-CTCTCAGCTGGcACACGGCAGGG-3’

" L12—-C Mutation
25 5-CCGTGTACCAGtgcAGAGACTCTAAATC-3’
5’-GATTTAGAGTCTCTgecaCTGGTACACGG-3°

S15-C Mutation
5-CAGCTGAGAGACTgTAAATCCAGTGAC-3’
30 5-GTCACTGGATTITAcCAGTCTCTCAGCTG-3’



5 bond at alternative positions within the i munoglobulin region of the
constant domain The fol | owing experinents were carried out in order 20/GER 1006
investigate whether it was possible to formfunctional soluble TCRs which

i ncl ude a novel disul phide bond in the TCR immunoglobulin region at a
position other than between threonine 48 of exon 1 10 in TRAC' 0Ol and serine
57 of exon 1 in both TRBC1L *011 TRBC2"01. For the nutating the A6 TCR

a- chai n, woe/esd owi ng prinmers were designed (the ROHBRPE3BS t he pri mer
nanes refer to the position of the amno acid residue to be mutated in exon
1 of TRAC*01, nutated residues are shown in |ower case): 15 T48->C Mutation
5' - CACAGACAAAL gTGTGCTAGACAT-3' . 5' - ATGICr AGCACACaTTTGICTGTG 3' 20 YIO-*C
Mut ati on 5' - CCCTGCCGTGTgCCAGCTGAGAG- 3" 5' - GTCTCAGCTGGc ACACGGCAGGG 3!
L12-->C Mt at V2g»Q MiatiocfCGT GTACCAG gCAGAGACTCTAAATC-3' 5

GATTTAGAGICT e Lation
5' - CAGCT mmg%é&a %%%T@%CACT GGATTTACAGICTCTCACGCTG 3' 27

FEB 2006 wo OSLEASAASTAGGCAGRAGACTIGTAACDE-3’ 5' - CAGTGACAAGT CTt gCTGCCTATTCAC- 3
5' - GTGAATAGCCACCaAGACTTGICACTG 3' 5 Y43-->C Mutation
5' - GATTCTGATGTGTgTATCACAGACAAAT- 3" 51 3' T45->C Mutation

5 Y43-C Mutation
5-GATTCTGATGTGTgTATCACAGACAAAT-3’
5-ATTTGTCTGTGATAcACACATCAGAATC-3’

T45-C Mutation
10 5-CTGATGTGTATATCtgtGACAAAACTGTGC-3'
5-GCACAGTTTTGTCacaGATATACACATCAG-3’

1L50>C Mutation
5’-AGACAAAACTGTGtgtGACATGAGGTCT-3’
15 5-AGACCTCATGTCacaCACAGTITTGTCT-3’

M52—-»C Mutation

5°-ACTGTGCTAGACIZtAGGTCTATGGAC-3'

5*-GTCCATAGACCTacaGTCTAGCACAGT-3"
20

$61->C Mutation

5"-CTTCAAGAGCAACIGTGCTGTGGCC-3

5"-GGCCACAGCACaGTTGCTCTTGAAG-3’

25  For mutating the TCR A6 S-chain, the following primers were designed (the numbers
in the primer names refer to the position of the amino acid residue to be mutated in
exon 1 of TRBC2*01. Mutated residues are shown in lower case):

8$57>C Mutation
30 5-CAGTGGGGTCtGCACAGACCC-3°
5°-GGGTCTGTGCaGACCCCACTG-3’



10 5' - CTGATGIGTATATCt gt GACAAAACTGTGC- 3" 5

GCACAGITTTGICacaGATATACACATCAG 3' |, 50->C Mutation C? 7 FEB 2006

5' - AGACAAAACTGTG gt GACATGAGGTCT-3' 15 5' - AGACCTCATGTCacaCACAGITTTGICT- 3

Mb2-*C Mutation 5'-ACTGTGCTAGACt gt AGGTCTATGGAC- 3

5' - GTCCATAGACCTacaGICTAGCACAGT- 3" 20 25 30 861-*C Mutation

5' - CTTCAAGAGCAACY GTGCTGTGECC- 3" 5' - GGCCACAGCACaGTTGCTCTTGAAG 3

PCT/ GB02I ¥®¥E™H, nutating the TCR A6 fl-chain, theP¢TEB¥%g priners were

designed (the nunbers in the primer nanmes refer to the position of the

am no acid residue to be nutated in expn 1 of TRBC2*0l. Mitated residues

are shown 'in [ ower case): S57-*C Mutation 5'-CAGIGGEGTCt GCACAGACCC- 3'

5' - QGTCr GTGCaGAOOOCACTG 3 2 7 FEB 2006 WD 93r 020763 -54 V13-*C Mutation

5' - CCGAGGTCCCTt g Tr GAGCCATCAG 3' 5" CTGATGG TCAAAacaAGCGACCTCGG 3' 5 F14-4C

Mitation 5'- gg’_(;@(ﬁ%%ngt GAGCCATCAGA- 3" 5" - TCTGATGGECTCacaCACAGCGACC- 3'
5’-CCGAGGTCGCTtgtTTIGAGCCATCAG-3’

5’-CTGATGGCTCAAAacaAGCGACCTCGG-3°

F14—C Mutation
5-GGTCGCTGTGtgtGAGCCATCAGA-3’
5’-TCTGATGGCTCacaCACAGCGACC-3’

10 $17-C Mutation
5-GTGTTTGAGCCATgtGAAGCAGAGATC-3
5-GATCTCTGCTTCacATGGCTCAAACAC-3’

G55—C Mutation
15  5-GAGGTGCACAGTiGtGTCAGCACAGAC-3’
5’-GTCTGTGCTGAC2CaACTGTGCACCTC-3’

D59->C Mutation
5’-GGGTCAGCACAtgCCCGCAGCCC-3’
20 5’-GGGCTGCGGGeaTGTGCTGACCC-3’

163—>C Mutation
5’-CCCGCAGCCCtgCAAGGAGCAGC-3’
5’ -GCTGCTCCTTGCaGGGCTGCGGG-3

" 8§71-C Mntation
5°-AGATACGCTCTGtGCAGCCGCCT-3’
5°-AGGCGGCTGC2CAGAGCGTATCT-3°

30 R79->C Mutation
5’-CTCTGAGCAGCIGCCTGAGGGTC-3’



10 S17->C Mutation 5'-GIGTTTGAGCCATgt GAAGCAGAGATC- 3

5' - GATCTCTGCTTCacATGGCTCAAACAC- 3" Gb5-+C Mutation 15 2&53 2@5
5' - GAGGTGCACAGTt & GTCAGCACAGAC- 3" 5' - GTCTGTGCTGACaCaACTGIGCACCTC- 3 -*
Mitati on 5' - GGGTCAGCACAt gCCCGCAGCCC- 3' 20 5' - GBECTGCEEGEcaTGTGCTGACCE- 3
L63-+C Mutation 5'-CCCGCAGCCCt gCAAGGAGCAGE- 3

5' - GCTGCFCCTTGCaGEECTECEEG 3" 25 S77-*C Mut ation

5' - AGATACHOMAWICCAGOCGOCT- - 3' 5" - AGGCGGCTGCaCAGAGRSF/CROH86 30 R79- >C
Miutati on 5' - CFCTGAGCAGCt GCCTGAGGGTC- 3" PCT/ GB02/ 03986 2 7 FEB 2006 WO

$3/ 020763 PCT/ GB02/ 03986 -55 5' - GACCCTCAGECaGCTGCTCAGAG 3' E15->C Mutati on
5' - GCr GTGTTT1gt CCATCAGAA- 3' 5 - TTCIBATGGacaAAACACAGC- 3' PCR

mut agenesi s, a and 5 TCR construct anplification, ligation and plasmd
purification wagaceCteSEGOMCTECTdaTING-Ped in Exanple 1 using the appropriate
conbi nati on of the above priners in order to produce soluble TCRs i ncl udi ng
novel 10 di sul phide inter-chain bonds between the followi ng pairs of am no

aci ds: GKaol " g155C Mutation
5" -GCTGTGTTTIgtCCATCAGAA- 3'
5 5 -TICTGATGGacaAAACACAGC-3'

PCR mutagenesis, ot and 8 TCR construct amplification, ligation and plasmid

purification was carried out as described in Example 1 using the appropriate

combination of the above primers in order to produce soluble TCRs including novel
10  disulphide imter-chain bonds between the following pairs of amino acids:

Thr A8 Ser 57 T48>C S57C
Thr 45 Ser 77 T45-5C S77-C
Ser 61 Ser 57 $61->C S575C
Leu 50 Ser 57 L50-C $57C
Tyr 10 Ser 17 Y10-5C S17-5C
Ser 15 Val 13 S15-5C V13-C
Thr 45 Asp 59 T45-5C D59-C
Leu 12 Ser 17 L12-C S175C
Ser 61 Arg 79 S61C R79C
Leu 12 Phe 14 L12-C F14-C
Val 22 Phe 14 V22-5C F14-C
Met 52 Gly 55 M525C G55-C
Tyr 43 Leu 63 Y435C L635C
Ser 15 Glu 15 S15-C E15-C

Figures 39 to 58 show the DNA and amino acid sequences of the mutated A6 TCR
chains axaplified by the above primers. The codons encoding the mutated cystenes
15  archighlighted.



: TCR ocunei u8ec'; ~ensgdR h. "s.~."tn crs '.t". S Fstrt .r,:F~r Thr 48Ser
57T48->CS57-*C Thr 45Ser 77T45->CS77->C Set 61Scr57S61- >C857 >C Leu 250/ k8 2006
57L50- >CS57->C Tyr 10Set 17Y10->CS17->C Ser 15Vall13S15->CV13->C Thr 45Asp
59T45- >CD59-*C Len 12Ser 17L12-*CS17-*C Ser 61Arg 79S61-*CR79-,C | zu 12Phe
14L12- >CF14->C Val 22Phe 14V22->CF14-*C Met 523y 55Mb2-).CGh5-*C Tyr 43Leo
63Y43-*CL63-*C Ser 15Go 15S15-+CE15--),C Figures 39 to 58 show the DNA and
am no aciwos¥giéhces of the nutated A6 TCR chains gﬂﬁprwﬁﬁ‘by t he above
prinmers. The codons encoding the nutated cysteines 15 are liigblighted. 2 7
FEB 2006 WO 03/020763 -56 PCTI GB02/ 039 The respective TCR chains were
expressed, co-refolded and purified as™tUescribed in Exanple 5. Follow ng
purification on POROS 50HQ ani on exchange colum, the resulting proteins
were run on S@Seﬁaﬁeu@mcms%fwmme@a&@mmphﬂﬁemm&%mptly ref ol ded
sol uble TCR had b en f or ned Tge gelg $§§ﬁﬁ?lso assessed to ascertain the 5
presence or a dJfollawine BEOR ﬂWEF%ﬂﬁm5P°Fﬁ%ﬂFbrrect

nol ecul ar wei g&bitin %ﬁoﬁnﬂ@w&b‘ﬁmﬁh sﬂsmge%ah 1 ordef foRBsessWiiRiher Y SotlebtgAt | ON
cont ai ni ng the foI omnn nove
CR had been formed. These gels were also assessed to ascertain the
5  presence or absence of any disulphide-linked protein of the correct molecular weight

in the purified material. TCRs under investigation containing the following novel

disuiphide inter-chain bonds failed to produce disulphide-linked protein of the correct

molecular weight using this bacterial expression system and these were not further

assessed. However, alternative prokaryotic or eukaryotic expression systems are

10  available.

Figures 59 to 64 respectively illustrate the elution of soluble TCRs containing novel
disulphide interchain bonds between the following residues: Thr 48-Ser 57, Thr 45-Ser

15 77, Tyr 10-Ser 17, Thr 45-Asp 59, Met 52-Gly 55 and Ser 15-Glu 15 from a POROS
200HQ anion exchange cohwum using 2 0-500 mM NaCl gradient, as indicated by the
dotted line. Figures 65 to 70 show the results of reducing SDS-PAGE (Coomassie-
stained) and non-reducing SDS-PAGE (Coomassie-stained) gels respectively of
fractions from the column runs illustrated by Figures 59 to 64. These gels clearly

20 indicate the presence of TCR heterodimers that are inter-chain disulphide linked.

Figures 71 to 76 are elution profiles from a Superdex 200 HR gel filtration column of
pooled fractions from the anion exchange column runs ilfustrated in Figures 59 to 64.



di sul phide inter-chain bonds failed to produce disul phide-I|inked protein of
the correct nolecular weight using this bacterial expression systerr?é;rF(gB 2006
these were not further assessed. However, alternative prokaryotic o
eukaryotic expression systens are 10 avail able. Ser 61Ser 57 Len 50Ser 57
Ser 15Val 13 Len 12Ser 17 Ser 61Arg 79 Len 12Phe 14 Val 22Phe 14 Tyr 43Leu 63
Fi'gures 59 to 64 respectively illustrate the elution of soluble TCRs

cont ai ni ng ney 2o sul phi de i ntercbain bonds between tRETIGHIEHMNg

resi dues: Thr 48-Ser 57, Thr 45-Ser 15 77, Tyr 10-Ser 17, Thr 45-Asp 59, Met
52-dy 55 and Ser 15-G@ u 15 froma POROS 200HQ ani on exchange col umm usi ng
a 0-500 mM Nad gradient, as indicated by-e dotted line. Figures 65 to 70
show the results of reduci ng SDS- PAGE (Coonassi e- stai ned) and non-reduci ng

SDS- PAGE ( 000@8@3%@&@&13@9} ofifl SiniBE AR Téi&'té(quc xié%&rh@é‘éut%?&\és&ﬁ%d col um

runs illustrated Figurés 59 to ) ese s clear 20 indicate the
presence of TCR Xé@@‘ﬁﬁnﬁlﬂﬁre%Wa132afﬁ@lﬁ?ﬂféﬁfaﬁmmnwawtéﬁﬂhi@ypfﬁked Fi gur es

71 to 76 are elu Md?ﬁméﬁ%tggﬂm@{@mg ? filtration colum

of pooled fractions om t he ani on exchange col um runs |IIustrat ed in
Figures 59 to 64. 2 7 FEB 2006 WO 031020763 -57 PCT/ GB02/ 03986 A Bl Acore

anal ysis of th eﬂr@ A%&E:Mt Iy [p% $¢4ibed in
Exanpl e 3. Figures 'ﬁgg @Iag%ztsﬁ?—Ac re traces%m%t?gg?ﬁjéﬁgg@ a |F4|ity of
the purified sobadsisofBReM; Thrldbadp 58 hidaB AR 14.8xM) bdSet 0 Sreihekelsmd K5 Thr

;_13_ Ser 57 had a tl:ﬁdﬁ.é)f 7I\Pet %ly Slg Was capsl‘i:]e oijbmdhngqro 1ts é%vgf‘target” thePM, M 10- Ser

tax complexX, although it also bound in a similar manner to an “irrelevant” target, the
HIA-A2-NY-ESO complex (see Figure 81)

10
Example 9 — X—my crysz‘allogmphy of the disulphide-linked NY-ESO T cell recepto;
peczﬁc Jor the NY-ESO-HLA-A2 complex.
The NY-ESO dsTCR was cloned as described in Example 5, and expressed as follows.
15

The expression plasmids containing the mutated a-chain and B-chain respectively
were transformed separately into E.coli strain BL21 pLysS, and single ampicillin-
resistant coloxﬁes were grown at 37°C in TYP (ampicillin IOOpg/;nl) medium to ODgpg
of 0.7 before inducing protein expression with 0.5mM IPTG. Cells were harvested 18

20  hours post-indugtion by centrifugation for 30 minutes at 4000rpm in a Beckman J-6B.
Cell peliets were resuspended in lysis buffer containing 10mM Tris-HCIpH 8.1, 10
mM MgCly, 150 mM NaCl, 2mM DTT, 10% glycerol. For every 1 L of bacterial -
culture 100 ui of lysozyme (20 mg/ml) and 100 pl of Dnase 1 (20 pg/ml) were added.
After incubation on ice for 30 minutes, the bacterial suspension was sonicated in 1

25 minute bursts for a total of 10 minutes using a Milsonix X1.2020 sonicator with a
standard 12mm diameter probe. Inclusion body pellets were recovered by
centrifugation for 30 minutes at 13000rpm in a Beckman J2-21 centrifuge (4 °C).
Three washes were then carmied out in Triton wash buffer (50mM Tris-HCl pH 8.1,
0.5% Triton-X100, 100mM NaCl, 10mM NaEDTA, 0.1% (w/v), 2mM DTT) to

30 remove cell debns and membrane components. Each time, the inclusion body pellet
was homogenised in Triton wash buffer before being pelleted by centrifugation for 15
miputes at 13000rpm in 2 Beckman J2-21. Detergent and salt was then removed by a



had a Kd of 34 pM Thr 45-Asp 59 had a Kd of 14.9 pM and Set 15-Gu 15 had
a Kd of 6.3 pM Mt 52-Ay 55 was capable of binding to its native27FEB 7006
"target", the HLA-A2 tax conplex, although it also bound in a simlar
manner to an "irrelevant” target, the HLA-A2-NY-ESO conplex (see Figure 81)
10 Exanmple 9 - X-ray crystall ography of the disul phide-linked NY-ESO T cel |l
receptor, specific for the NY-ESO HLA A2 conpl ex. The NY-ESO dsTCR was

cl oned asWoEM7Bed in Exanpl e 5, and expressed as fRHTWEY 5 The
expression plasm ds containing the nutated a-chain and p-chain respectively
were transformed separately into E. coli_strain BL21 pLysS, and single
anpicillin- resistant col onies were gréﬁh at 37Cin TYP (ampicillin
10011g/ M) nedi umto OD6oo of 0.7 before inducing protein expression with

Sent 1|° s f Wﬂél(i)ﬁ 4080 ]pHBStIE Q‘tagIB)ﬂ Cel | |1
centrifugation for m nutes at a_Beckman pel l ets
wer e resuspenWﬁq]ﬂ:("g")ﬁffﬁF’@ Fﬁ'@nﬂ’mc*l’?‘f’% S WSI 8. 1, 10 nM

MyC] 2, 150 M\/lssialﬁmedac Emeiam& M@&ﬂhme— M SdeTHI plpacteri aj
lil of Dnase (20 pg/m) were

culture 100 p3 o Soﬁﬁ n1 and 10

added. After $i ’G'ﬁ& Wrﬁav@gmt?h@%&@mﬁ@p suspensi on was
soni cat ed isgn :h.ogé,{mw th%ﬁg,&héw uidﬁiaﬁhb?ﬁol&!ﬁmiﬂg% #ﬁh&]ge_a M | soni x
XL2020 soni cator with a standard _12nmm di anme usi on body

pel | ets were MW@W“EMBW%QWWS%GP@WM es at 13000rpmin a
Beckman J2-21 centrifuge (4 C. Three washes were then carried out in
Triton wash buffer (50rrMTr|s HCl pH 8.1, 0.5% T Triton-X 100, 100mwNaCl ,

| OMVNaEDTA, oAmmmayel 1%4 molg)@f Frezen salubilised alphaighdin wasmaixese br ane
conponents, n| sed in Triton
wash buffer be orehggl nigEEm{) gy centrlpe?ugl;ﬁi%ll on m nut es at

13000r pm i ¥ a didgektoa final Rel@de oﬂ)ﬁmwageﬁM gamidimectiuffenemd httatadltn yetdws0 by a
CIFEETO05 VO Qi A e (R e 6 ki 20
reduced and denatm'ed TCR chains was then mixed into I litre of cold refolding buffer
(100mM Tris pH 8.1, 400mM L-Arginine-HCl, 2mM EDTA, 6.6 mM 2-
- mercapthoethylamine; 3.7 mM Cystamine, 5M urea) with stirring. The solution was
15 left for 5 hrs in the cold room (5°C + 3°C) to allow refolding to take place. The refold
was then dialysed against 12 litres of water for 18-20 hours, followed by 12 litres of
10mM Tris pH 8.1 for 18-20 hours (5°C + 3°C). Spectrapor 1 (Spectrum Laboratories
product no. 132670) dialysis membrane that has a molecular weight cut off of 6-
8000kDa was used for this dialysis process. The dialysed protein was filtered through
20  0.45 um pore size filters (Schieicher and Schuell, Ref. number, 10 404012) fitted to 2
Nalgene filtration unit.

The refolded NY-ESO TCR was separated from degradation products and impurities
by loading the dialysed refold onto a POROS 50HQ (Applied Biosystems) anion

25  exchange columm using an AKTA purifier (Amersham Biotech). A POROS 50 HQ
column was pre-equilibrated with 10 column volumes of buffer A (16 mM Tris pH
8.1) prior to loading with protein. The bound protein was eluted with a gradient of (-
500mM NaCl over 7 column volumes. Peak fractions (1 ml) were analysed on
denaturing SDS-PAGE using reducing and non-reducing sample buffer. Peak

30 fractions containing the heterodimeric alpha-beta complex were further purified using
a Superdex 75HR gel filiration column pre-equilibrated in 25 mM MES pH 6.5. The
protein peak eluting at a relative molecular weight of approximately 50 kDa was



NaEDTA, 0.1% (w v) NaAzide, 2mM DTl). Finally, the inclusion bodi es were
solubilised in 6 M guani dine buffer (6 M Guani di ne-hydrochl ori de, gggmﬁ
pH 8.1,100nM NaCl, 10mM EDTA, 10nM DTT), divided into 120 ng ali quot s an
frozen at -70C. Inclusion bodies were quantitated by solubilising with 6M
guani di ne- HCI and neasurenent with a Bradford dye-bi ndi ng assay (PerBio).
Approximately 60ng (i.e. 2.4 pnole) of frozen solubilised al pha chain was
mxed wiWe¥PWY (i.e. 1.2 nole) of frozen sol ubil (P$EEBHMBBéchain. The TCR
m xture was 10 diluted to a final volume of 18m wth 6 M guanidi ne buffer
and heated to 37 Cfor 30 mn to ensure conplete chain denaturation. The
guani di ne solution containing fully r&juced and denatured TCR chai ns was
then mxed into |l litre of cold refolding buffer (100nmM Tris pH 8.1, 400mM

L- Argi ni ne- H%eammmqngmmm (BOGHURRE (g Oyst ami ne, 5N

urea) with stirrin The solution was 15 left for his in the cold room
(5C 30) to apatowm Wéﬁﬁﬁ“}) ored 18CE. The refold was then dial ysed

against 12 litres of water for 18-20 hours, followed by 12 litres of 10mM
Tris pH 8.1 for 18-20 hours (5C 30O). Spectrapor 1 (Spectrum Laboratories
product no. 1Mmmmm§mommommmmamwmmtmgm cut off of

6- 8000kDawa {95' Al %Fﬁ d protein was

filtered t?’lr ug %g"g E‘;n"{i'ﬁg SZAS DFE er%p@ﬁﬂ ch’xﬁ&and Schnel |, Ref

_rll_gber 10 404?ﬁﬂmmmﬁm§m:mb@n@rymmapm§mmm?mmrol (cji_ed N:(hESO
was separa rom degr.adat i.o and. i i ti.es oadi ng e

di al ysed ref of® Hsg?ﬂs Mﬁ‘%&g g(?%éfeﬁrg%ggﬂ%ﬁ) lﬂ% QZl(§ exchange

col um usi ng HO Al erepegwilih 80 % (PAGEI060) NMBND Citale pH 54, EOROBubéhidd? col umm was

pre- eqwllbrated h 10 cpl um voI urres of buffer A (10 MM Tris pH 8.1)
prior to | oad¥f§ :ﬁiﬂ% ‘5?‘&"?1‘“’“ TSy otein was eluted with a gradient

of 0- 500m NaCI over 7 col umm vol urres Peak fractions (1 n1) wer e anal ysed
30 fracti ons COARAPHPTIYTNE TR Er IO E: o A S AL TSR LB R o f ur i hor
purified usi n@mafﬁuwedmyg}&mu@elmébﬂyhﬂamme@ﬁlmﬂmmﬂ&)eqw librated in 25
gIF\)/IpL\I(I\)/)I?i ﬁgtgl 5. !he (%ﬁgtael n ag%@ el ut! n at a relfé IGAeCOIrIlBet%%éJtloiar wei ght of
amplitodes that were reasonable to around 0.27 nm (2 7A), but usable up to 0.25 nm
15 (2.5A). The merging R-factor, i.c. the agreement between multiple measurements of
crystallographically equivalent reflections, was 10.8% for 2]l the data. This is
marginal at the highest resolution shell. The space group was P2y, withcell
dimensions a=4.25 nm (42.5A), b=5.95 nm (59.5A), c=8.17 nxm (81.7 A), p=91.5°.
The cell dimensions and symmetry meant there were two copies in the cell. The
20  asymmetric unit, au or the minimum volume that needs to be studied, has only 1
molecule, and the other molecule in the cell is generated by the 2, symmetry operation.
The positioning of the molecule in the au is arbitrary in the y-direction. As long as it
is in the correct position in the X~z plane, it can be translated at will in the y-direction.
T‘ﬁisisrefmedtoasaﬁ'eeparameter,mtbis 'polar’ space group.

The PDB data base has only one entry containing an A/B heterodimeric TCR, 1BD2.
This entry also has co-ordinates of the BLA-cognate peptide in complex with the
TCR. The TCR chain B was the same in NY-ESQ, but chain A had small differences
in the C-domain and significant differences in the N-domain, Using the IBD2 A/B

30 model for molecular replacement, MR, gave an incorrect solution, as shown by
extensive overlap with symmetry equivalent molecules. Using the B chain alone gave
a better sohution, which did not have significant clashes with neighbours. The



-59 PCT/ GBQ2/ 03986 pool ed, concentrated to 42 ng/m in Utrafree centrifugal
concentrators (Ml lipore, part nunber UFV2BGC40) and stored at -807 CFEB 7006
Crystallisation of NY-ESO TCR was perforned by hangi ng drop technique at 18
C 5 using 11 of protein solution (8.4 ng/mM) in 5 nMMs pH 6.5 mxed with
an equi val ent volume of crystallisation buffer. Crystals appeared under

several different conditions using Crystal Screen bufﬁqlﬁ”é%ia npt on
Resear ch)wo &4k cubic crystals (< 100 pn) were gr % PEG 4000,

0.1 MNa Citrate pH 5.6, 0.2 Manmonium acetate buffer and used for
structure determnation. 10 Crystals of,the NY-ESO TCR were fl ash-frozen and
tested for diffraction in the X-ray beam of the Daresbury synchrotron. The
crystals diffracted to 0.25m (2.5A) resolution. One data set was collected
and pr ocessedmmmw&%@mmlmphbﬂ-fmn%tw@w wer e

reasonabl e to_aroun Q 2ol t I MRS (2.5A).
The mergi ng RW#%E h‘%’ﬁes asob L@i@e P@' ﬂ%g%%ésasurerrents of
crystall ograpbmwwoummmmmmOMHemmmhmm t he data.
This is margin ol uti on shel.l roup was P21,
with cell Mﬁﬁ@ﬁ%‘%&%ﬁw g gt ek g %)%"Sﬂs 17 (81.7 A),
A--91. 50. STthhﬁinhmﬁllcmSI ons and sym"retry rreant there were two copies in
the cell. The 20 asymetric unit, an or the m ninum volunme that needs to be

studied, has only 1 nolecule, and the other nolecule in the cell is
generated by Eietohldessjtynmps genctyliy agtddorith thelidelpaiallowadiite adjmstmdnbe ol ecul e in

the an is arbitrary in the n | on iS in the correct
position in t 0}2{ f%ﬁtgs{s#g%t?gﬁi’l gﬂ‘&? IMWM% y-direction.
-IggiBsdiatsar gf g(ra has r{?/é:mﬁem%{r con{ng:;rr‘}‘1 %‘“’%ﬁ?ﬂ htrtaéenradad nefojgr'?'g Ingghe
i ni [ [
This entry! aI %?cﬁ‘ é'gﬂ VERew fesy, A conpl ex wi t h
the TCR The wmmhmtammamu@ammcn-mmmmmem ThéR-had snal |
differences in the C.d n. an nificant dif erenc in the N-donain.
Usi ng the 1BD§“°7QB‘S§ ‘HS‘%‘ r%bi"é‘%ﬁq % Tvedave an i ncorrect
sol ution, as shpkideRy

15  AsFigures 83a and 83b demonstrate, the input sequence from 1BD2 do ﬁot match up
with the density very well. Changing the model for Cys at positions 164 in chain A,
and 174 in chain B, followed by further refinement, showed clearly that this sequence
assignment is much better fitted to the density. But the differences in terms of size of
the side chain are minimal, so there was litile perturbation in the model. The electron

20 density in that region is little changed.

The most important aspect of this work is that the new TCR is very similar in structure
to the published model (1BD2). The comparison could include all of the TCR, the
constant domains, or the small part near the mutation point.

25
The r.m.s deviation values are listed in the table below. The comparison of structures
is shown in Figure 84.



extensive overlap with symetry equi val ent nol ecul es. Using the B chain

al one gave a better solution, which did not have significant cl ashei,]\gi E%UG
nei ghbours. The 2 7 FEB 2006 WO 93/ 020763 -60 PCT/ GB02/ 03986 correl ati Ig
coefficient was 49" %, the crystallographic R-factor 50% and the nearest
approach (centre-of-gravity to c-o-g) was 0.49 an (49A). The rotation and
transl atiaq eratlon needed to transformthe starting chain B nodel to the
MR equi val‘gﬂ["{? applied to chain A The hybrid MEEEPELPEM t hus

gener at ed, packed well in the cell, 5 with mniml clashes. Electron density
maps generally agreed with the nodel, gnd allowed its adjustnment to match
the sequence of the NY-ESO TCR But the starting nodel had many gaps,

specifically nissing side-chains _that are characteristic of poorly ordered
portions of 1Qt 2 : ' ' $trands had
very | ow densif Dhi C

R-factor of thg frodel s 3006, lhe  RE. 1actor] 4.8 ae F aRl Oare | t-rebct S the
di fference betjaesDisplacemeadtc JRE8d apti28bserMeisd any Illw&des 08B A, Fi gures

83a and 83b dgmmnstrate, the,i.pput 52 ence fy.om I B t¢h up wth
the density ve@“ﬂm&%ﬂ F‘%gpt he el f01r2r3&/s a%agsmlhﬁégal b4 i n chain
A, and 174 in Mﬁﬂm@lﬁm&ml || &8sl by| 6208t her) G83Di nerf@ady showssdh cjearly that

this sequence SSgRrept—-s—ruch—better—H-tted—to-the—den ut the
di fferences |f‘f‘¢%‘i“ﬁé’e S|ze of the side chain are m ninal so t here was
little perturbation in the nodel. The el ectron 20 density in that region is

little change e rtant as . thi hat the new TCR
is very siml %%Wﬁ&fﬂ?ﬂg%etsﬂ@{”ﬁpggw &(ﬁgﬁ% i%ﬁ?‘iﬂ‘eThe conpari son
ccr)]uld i ncl ude@émmcﬂm(mhetomm)&hamtelnsk@meﬂsylmemgﬁdasmlhl paglt near
the nutatign poj The rms devi ation aues are |isted in the table
bel ow. The? coﬁ‘ﬂﬂé\'t’%ﬁ“w W@P‘é WPPW%% 84. 2 7 FEB 2006

These results show that the mtroduction of the disulphide bond has minimal effect on
the local structure of the TCR arcund the bond. Some larger effects are observed
when comparing the TCR to the published structure (1BD2) of the A6 TCR, but the

10  increase in RMS displacement is largely due to differences in loop conformations (see
Figure 84). These loops do not form part of the core structure of the TCR, which is
formed by a series of B-sheets which form 2 characteristic Ig fold. The RMS deviation
for the whole a-chain is particularly large because of the difference in the sequence of
the variable domains between the A6 (1BD2) and the NY-ESO TCRs. However, the

15 A6 and NY-ESQ TCRs have the same variable B-domain and the RMS deviations for
the whole B-chain show that the structure of this variable domain is also maintained in
the TCR with the new disulphide bond. These data therefore indicate that the core
structure of the TCR is maintained in the crystal structure of the TCR with the new
disulphide bond.

20
Example 10— Production of soluble NY-ESO TCRs containing a novel disulphide
inter-chain bond, and C- terminal chain tagging sites.

In order to produce a soluble NY-ESO TCR incorporating 2 novel disulphide bond, A6
25 TCRplasmids containing the o chain BamHI and p chain BgIII restriction sites were
used as frameworks as described in Exanaple 4.
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NY-ESO TCR p-chain constracts were obtained by PCR cloning as follows. PCR
reactions were performed nsing the primers as shown below, and templates containing
the NY-ESO TCR chains.

| Rdex |
Fwds ' -GGAGATATACATATGGETGTCACTCAGAAC-3

Rev5’ -CCACCGGATCCGTCTGCTCTACCCCAGGC -3
| BamHI|

The PCR products were restriction digested with the relevant restriction enzymes, and
cloned into pGMT?7 containing the biotin recognition sequence to obtain expression
plasmids. The sequence of the plasmid inserts were confirmed by automated DNA
sequencing. Figure 85a shows the DNA sequence of the £ chain of the NY-ESO TCR
incorporating the biotin recogmtion site, and Figure 85b shows the resulting amino
acid sequence.

The « chain construct was produced as described in Example 5. The respective TCR

. chains were expressed, co-refolded and purified as described in Eimnple 5.

In ordex to produce a soluble NY-ESO TCR containing a non-native disulphide inter-
chain bond and a hexa-histidine tag on the C- terminus of the B chain, the same
primers and NY-ESO template were used as above. The PCR products were

_ restriction digested with the relevant restriction enzymes, and cloned into pGMT?7

containing the hexa-histidine sequence to obtain expression plasmids. Figure 86a
shows the DNA sequence of the B chain of the NY-ESO TCR incorporating the hexa-
histidine tag, and Figure 86b shows the resulting amino acid sequence.

Figure 87 illustrates the elution of soluble NY-ESO TCR containing a novel
disulphide bond and the biotin recognition sequence from a POROS 50HQ anion
exchange column using a 0-500 mM NaCl gradient, as indicated by the dotted line..
Figure 88 illustrates the clution of soluble NY-ESO TCR containing a novel

e



(Al'l units are in A) The short stretch refers to the single strand from
Chain A (Al157 to A169) and the single strand from Chain B (8170 to BIS&p 2006
that are now joined by the disulphide 5 bridge. The deviations were
calculated for only the main chain atons. These results show that the

i ntroduction of the disul phide bond has m ninmal effect on the |ocal
structure of the TCR around the bond. Sone |arger effects are observed when
conpari ngMO2PR t o t he published structure (1BD2) F&H/PBRSRE TCR but the
10 increase in RVS displacenent is largely due to differences in |oop
conformations (see Figure 84). These | oops do not formpart of the core
structure of the TCR, which is formed‘s%y a series of fl-sheets which forma
characteristic Ig fold. The RVS deviation for the whole a-chain is

particularly hﬁﬂﬂﬁde%ﬁ?dﬁﬂ%ﬁéx#hﬁkﬁdiﬂéfaéﬁ&ﬁﬂ?@Rbﬂsb aSiGfbeREg Of the
vari abl e domai ns’ between the A6 (1 BD2) and the NY-ESO TCRs. However, the 15

A6 and NY- ESOcohepes vsng 20-5¢mM graionh, 33 digateddirdhedoigdding.ne RVS devi ati ons
for the whole S-chain show that the structure of this variable donmin is
also maintained in the TCR with the new di sul phide bond. These data

t her ef or e i ndFigaees% amd PO arpproteiyelution prpfijes fipopged clromatographyiofit ai ned in t he

crystal -stguc f‘%ﬁ‘%f] Lpdiy i: -k 1ol Exanpl e
10- Pr oduct :"Soni"(g)b?ﬁsol u ngj%}cﬁés%c%ﬁ%%%&gmﬁ%% | sul phi de

i nt er - chai n bexsbangeerhme rnesilustriedtiy Fegvees 87 and@§irespectivebye SThe protey der t o pr oduce
a sol ubl e NY- ) EGR op&raﬂtcb'ﬁ%,@ W e hkdRipde bond, A6 25 TCR
pl asuti ds contal ning Fﬁé%% chain an@gaﬁheﬁﬂéuhg@rl{gﬁgf restriction sites

were used as franeworks as described in Exanple 4. 2 7 FEB 2006 WD

$3/ 020763 PG@%&?}QSP%‘% }%@W&Q@n@?&gg&%&&m\mre obt ai ned by

PCR cl oning a reacttons were perfornmed using the priners as

shown bel dft, Hrapleshyiha NY¥ESOMetin T(Rpd aKideof Ny pMSTChaTR-ESCabens. 5 Ndel
histidine tagged TCR had a Kd of 9.6 uM

Example 11 — Cell staining using fluorescent labelled tetramers of soluble NY-ESO
TCR containing a novel disulphide inter-chain bond.

15
TCR Tetramer preparation
The NY-ESO soluble TCRs contaixing a novel disulphide bond and a biotin
recognition sequence prepared as in Example 10 were utilised to form the soluble TCR
tetramers using required for cell staining. 2.5 ml of purified soluble TCR solution (~

20 0.2 mg/mi) was buffer exchanged into biotinylation reaction buffer (50 mM Tris pH
8.0, 10 mM MgCl,) using a PD-10 column (Pharmacia). The eluate (3.5 ml) was
concentrated to 1 mi using a centricon concentrator { Amicon) with a 10 kDa molecular
weight cut-off. This was made up to 10mM with ATP added from stock (0.1 g/ml
adjusted to pH 7.0). A volume of a cocktail of protease inhibitors was then added

25  (protease inhibitor cocktail Set 1, Calbiochem Biochemicals ), sufficient to give a final
protease cocktail concentration of 1/100™ of the stock solution as supplied, followed
by 1 mM biotin (added from 0.2M stock) and 20 pg/ml enzyme (from 0.5 mg/mi
stock). The mixture was then incubated overnight at room temperature. Excess biotin
was removed from the solution by size exclusion chromatography on a 875 HR

30 cloumm. The level of biotinylation present on the NY-ESO TCR was determined via a
size exclusion HPLC-based method as follows. A 50ul aliguot of the biotinylated NY-
ESO TCR (2mg/ml) was incubated with 50ul of streptavidin coated agarose beads



Fwd5' - GGAGATATACATATGGGTGTCACTCAGAAC- 3

ReVS' - CCACCGGATCCGTCTGCTCTACCCCAGEC- 3" BanRI1 10 The PCR products
restriction digested with the relevant restriction enzynes, and cl EEEHW%
pGMI7 containing the biotin recognition sequence to obtain expression

pl asm ds. The sequence of the plasmd inserts were confirnmed by automated
DNA sequenci n Fi gure 85a shows the DNA sequence of the fi chain of the
NY- ESO TCﬁ“T@’gﬂﬁorporatlng the biotin recognition sPEHCBOYRES6E gure S5b
shows the resulting am no acid sequence. The a chain construct was produced
as described in Exanple 5. The respec[?%e TCR chains were expressed,
co-refolded and purified as descri bed Exanple 5. 20 In order to produce a
sol ubl e NY-ESO TCR contai ning a non-native disul phide inter- chain bond and

a hexa- bi Stid(ﬁ?ﬂd)ﬁﬁl%&lrlMlﬁadswéfeﬁldﬂ@ﬁm@ﬁwﬁhﬁdmmhmhemﬁohﬂm primers

and NY-ESO tenp used a ab ve Q ﬁts wer restriction
di gested wit h“’?ﬁé“?‘b‘f@ﬁé pGMI7 25
contai ni ng t hep Wﬂm&tﬁ}mm\r&sqm TR pRiséraé afw\t&gﬁwmmm ds. Figure
86a shows the sequence of the A chain of the NY-ESO TCR incorporating

the hexa- hi sfrpﬁ“ﬁédﬁeﬁ’db&h‘dvm%wg’r?dw?‘?ﬂ’@sp%ﬂ'lhﬂ”ﬁ@yﬂfﬁdno acid

sequence. ki gWYERSH was!riu iihinat b 86 GibinyRdiddNRBSO TCRRLMRI ETHR perbertdgd CR CONt ai ni ng
a novel 30 disul phide bond _ and the b;ﬂit)tl n recognition sequence froma PORCS

SOHQ ani on ek%h@ﬁ@%mﬁﬁﬂﬁﬁﬁmb@ﬂﬁg“&“@mgaﬁﬂﬂ%*ﬁﬁ@?f@ﬁﬁﬂmﬁhﬁdpaﬁm1nd|cated by

the dotted | i Bemthat SFthlHoR-bREN (f iRt es the elution of sol uble NY-ESO TCR
containing a novel 2 7 FEB 2006 (r)3/020763 -63 PCT/ (B02/ 03986 di sul phi de
bond and t.-he hexa-histidine tag froma POROS 50HQ ani on exchange col umms

using a 0- SOOTMoﬂf%'bﬁ%yméﬁsoiuﬂgmtﬁga&Yev%g Qlduglaihl ne. Figures 89

and 90 are proteln elution profiles fromgel filtration chromatography of
10 phycoerythrin conjugate (Cambridge Blosclenm UK). The concentration of
biotinylated soluble TCR was measured using a Coomassie protein assay (Pierce), and
a ratio of soluble TCR 0.8 mg/mg neutravidin-phycoerthrin conjugate was calculated
to achieve saturation of the neutravidin-PE by biotinylated TCR at a rafio of 1:4.
19.5p1 of a 6.15mg/ml biotinylated NY-ESO soluble TCR solution in phosphate
15  buffered saline (PBS) was added slowly to 150 pl of a 1mg/mi neutravidin-PE soluble
over ice with gentle agitation. 100.5 pl of PBS was then added to this solution to
provide a final NY- ESO TCR tetramer concentration of 1 mg/ml.

Staining Protocol’

20  Four aliquots of 0.3x10° HLA-A2 positive EBV transformed B cell ine (PP LCL) in
0.5ml of PBS were incubated with varying concentrations (0, 10, 10® and 10 M) of
HLA-A2 NYESO peptide (SLLMWITQC) for 2 h at 37°C. These PP LCL cells were
then washed twice in Hanks buffered Saline solution (HBSS) (Gibco, UK).

25  Each of the four aliquots were divided equally and stained with biotinylated NY-ESO
disulphide linked TCR freshly tetramerised with neutravidin-phycoerythrin. Cells
were incubated with either 5 or 10 pug of phycoerythrin labelled tetrameric dsTCR
complexes on ice for 30 minutes and washed with HBSS. Cells were washed again,
re-suspended in HBSS and analysed by FACSVantage. 25,000 events were collected

30 and data analysed using WinMID] software.



pool ed fractions fromthe NY-ESO biotin and NY-ESO hexa-hi stidi ne tagged

ani on exchange colum runs illustrated by Figures 87 and 88 respeg_iy;l;_y.mﬂﬁ
The protein elutes as a single nmajor peak, corresponding to the T

het erodi mer. A Bl Acore analysis of sTCR binding to pMHC was carried out as
described in 10 Exanple 3. The NY-ESO-biotin TCR had a Kd of 7.5 M The

NY- ESO hexa- histidine tagged TCR had a Kd of 9.6 pM Exanple Il - Cell

st ai ni ng M9Cuorescent | abel l ed tetramers of solRfJf&4R%Eso TCR

contai ning a novel disul phide inter-chain bond. 15 TCR Tetraner preparation
The NY- ESO sol ubl e TCRs contai ning a ngyel disul phide bond and a biotin
recogni tion sequence prepared as in Exanple 10 were utilised to formthe
soluble TCR tetramers using required for cell staining. 2.5 nil of purified
sol ubl e TCR s&F%## on ( 20 0.2 nghnl) was buffer exchanged into biotinylation
reacti on buff @fonfed6hahiokiritd ﬂkQ?Am%k&mg@h@ﬂdﬁnE’thsﬂh&m um
(Phannaci a). . The eluate (3.5_nil concentrated to | nil using a
centricon cons&uples grepaed 2 WWH@& follywiaplablediste thgpgrcentage pfyht cut - of f .

Thi s was made sthidS\eitd dbBerfbl ForsliQeht saiplest ock (0.1 g/l adjusted to pH
7.0). Avolu of a cocktail of protease inhibitors was then added 25
(protease Pnhi bi t or cockt al I Set 1, Cal bi ochem B| ochem cals ), sufficient to
give a final S PP b Gl ] t he stock

sol ution as suppl it ofd Gt 1 Nbirettrt Cadded-THgd] 0. 2M st ock) and
20 sg/nl enzyne ( Ml’ﬂ-m(Spap'g:lcnSpg’Kﬂbck) The mxtOGlSe was then incubat ed

overni ght at room S em)ved romthe solution
by size excl usion EWWM?EW'&@?S HR 30 Surm. The level of
bi otinyl ation pregem MNY-ESEpHaES TEGR Was det esgmgned viafa size exclusion

HPLC based net hod|as, f ol | ows. A 50ul al i guot of the biotinylated NY- ESO TCR
(2mg/ m) was i nculpA® M N¥-ESO peptific, e EER ept avi di n7c9§at ed aghrose beads 2 7 F

E B 2006 WO 03/02 g@o@%‘rﬁmﬁ g%ﬁ 64 ((Sigma) glogr 1 houf. The beads were

t hen spun down, a nbound spanpl e was run onfa TSK 2000 SW
col um (Tosoobaas lm‘EMM-ES(IDpdimﬂd AbpgTaR o at e (28AIMM

10° M NY-ESO peptide, 10ug TCR 8.25
10° M NY-ESO peptide, 10ug TCR 3.45

These data clearly indicate that the proportion of the cells iabelled by the NY-ESO
TCR tetramers increases in a manner correlated to the concentration of the peptide
(SLLMWITQC) in which they bad been incubated. Therefore, these NY-ESO TCR

10  tetramers are moieties suitable for specific cell labelling based on the expression of the
HLA-A2 NY-ESO complex.

In the present example, a fluorescent conjugated NY-ESO TCR tetramer has been
used. However, stmilar levels of cell binding would be expected if this label were
15  replaced by a suitable therapeutic moiety.

Example 12 — Production of soluble A6 TCR with a novel disulphide bond
incorporating the CBI constant region.

20  All of the previous examples describe the production of sofuble TCRs with a novel
disulphide bond incorporating the CB2 constant region. The present example



Phosphate Buffer pH 7.0) over 30 minutes. The presence of the biotinylated
NY-ESO TCR was detected by a UV spectroneter at both 214nm and 280n2..}$205
bioti nylated 5 NY-ESO was ri m agai nst a non-bi oni nyl at ed NY- ESO TCR gﬁ P.
The percentage of biotinylation was cal cul ated by subtracting-the peak-area
of the biotinylated protein fromthat of the non-biotinylated protein.
Tetraneri i the biotinylated soluble TCR was achi eved usi ng neutravid
n- 10 phycoerythrin conjugate (Canbridge Bi osci encesPCURBO2¥fe concentration
of biotinylated soluble TCR was neasured using a Coomassi e protein assay
(Pierce), and a ratio of soluble TCR Q,8 ng/ng neutravid n-phycoerthrin
conjugate was calculated to achieve sdturation of the neutravidi n-PE by
biotinylated TCR at a ratio of 1:4. 19.5] of a 6.15ng/m biotinylated NY-ESO

sol ubl e TCR sgénvinkteaits that soluble IORS dcokPoritiaf the OB U constnit iericnieBYe Was added sl owl y
to 150 pl of a _1lng/m neuytravidin-PE soluble over ice with gentle
agitation. 10W¥! Br was then added to this solution to provide a
final NY- ESO TCR ti framer concentration of 1 nghnl. StainingProtocol 20
Four aliquots of 0.3x106 MA-A2 positive EBV transformed B cell line (PP LCL)
in OSnil of PBegny primetfonRERiichingef 461k brghadrokrdavain 9Gfdns (0,10 , 10 and

i
10-6 NO of I\/ﬁ %NXE@% ! (E%& ) These PP LCL
cells Were5 t hen washe tgg\ngézzélieﬁ nks bu fﬂéé;ig%ov%n |nem§(7)e%uti on ( HBSS)
(G bco, 4K). sighmich of the four aliquots were divided equally and stained
wi th biotinylated NY-ESO disulphide |inked TCR freshly tetranerised with
neut ravi di n- phycoerythrin. Cells were incubated, with either 5 or 10 g of
phycoer yt hr i n51GGAGATATACATATRAACGOEFGEIGTCACHB'exes on ice for 30 minutes and

washed with Hgéézﬂﬁﬁhb% &?égcﬁg§bgﬁs,re-suspended i n HBSS and
ant'age. :

anal ysed by F events were collected 30 and data anal ysed
using WnNDDI software. 2 7 FEB 2006 WD 03/ 020763 PCT/ GB02/ 03986 -65 Results

cach of tho SECKISR of O e AR P X 0P e ol | owi g Tabl o |1t
t he percentage of
5-CTCACGGTCACAGAGGACCTGAACAAGG-3’
5’-CCCAAGCTTAGTCTGCTCTACCCCAGGCCTCGGC-3’
15 | :
Beta VICR construct and CP1 construct were separately amplified using standard
PCR technology. They were connected to each other using a stitching PCR. Plasmid
DNA was purified on a Qiagen mini-prep column according to the manufacturer's
nstructions and the éequmce was verified by automated sequencing at the sequencing
20 facility of Department of Biochemistry, Oxford University. The sequence for
A6+CPB1 is shown m Figure 92.

Consequently, the AG+CP1 chain was paired to A6 alpha TCR by inter-chain
disulphide bond after introducing cysteine in C-domain of both chains.

25 )
The soluble TCR was expressed and refolded as described in Example 2.

Purification of refolded soluble TCR:

sTCR was separated from degradation products and impurities by loading the dialysed
30 refold onto 2 POROS 50HQ anion exchange column and efuting bound protein with a

gradient of 0-500mM NaCl over 50 column volumes using an Akta purifier



positively stained cells observed for each of the sanples: 5 t+ ' °~ Sanple

i sPosttitive sfatnedeljsr O NY-ESO peptide, 5g TCR 0.75 10-4 M NY- gSPFEB 2006
peptide, 5g TCR84.39 10 5 M NY-ESO peptide, 5g TCR35.29 105 M NY-ES

pepti de, 5g TCR7.98 0 NY-ESO peptide, I Og TCRO.94 10-4 M NY-ESO pepti de,
10g TCR88.51 105 M NY-ESO peptide, 10Oy TCR8.25 105 M NY-ESO peptide, | Ogg
TCR3. 45 These data clearly indicate that the proportion of the cells

| abel | ed MKP®BHWTRY- ESO TCR tetraners increases in FGHIMEP™orrelated to

t he concentration of the peptide (SLLMATQC) in which they bad been

i ncubated. Therefore, these NY-ESO TCRgaO tetraners are noieties suitable
for specific cell labelling based on the expression of the HL.A-A2 NY-ESO

conplex. In the present exa a fluorescent conjugated NY-ESO TCR
tetramer has ﬂ’ésmacneoseeaﬂ*‘mm:%vé’ﬁakfgmmweﬁt@wémé%and@eﬂm@bhdu ng woul d be

Bxanpl o 12 - poosmmeny anodOE 1Ak G SRR bRe RO b BB BET 1 bona

i ncor por at i ngFinkily, Bt sTCRowaspuniied andyhamct mmmﬁlals‘lwdeﬁﬁéﬂlﬂ%@h ous exanpl es

idﬁig;:ongaE Pﬁg%&%ﬁﬁ%%@%hsen exam@@nggogg% % O
03/ 820763 BCTPGE{SQME%,%M@T&@@Q%deetp{ﬂ)u’ﬂie@eﬁk@isin'gat@orporati ng the Co
sti toni ng of - My PAEipweipl QPHERR A RYD Wos boleb Rt Ak ° f o Tor

A-chain V- donwahmmatbnbymcng swiacepasmonesananc esalyyised:

A BlAcore analysis of the binding of the disnlphide-linked A6 TCR to pMHC was
10  caried out as described in Example 3. Figure 96 shows BlAcore analysis of the
specific binding of disulphide-linked A6 soluble TCR to its cognate pMHC.

The soluble A6 TCR with a novel disulphide bond incorporating the CB1 constant
region had a Ky 0of 2.42 1 0.55 uM for its cognate pMHC. This value is very similar to

15 theX;of 1.8 pM determined for the soluble A6 TCR with a novel disulphide bond
incorporating the CP2 constant region as determined in Example 3.

Example 13 — Production of soluble A6 TCR with a novel disulphide bond
incorporating the "free” cysteine in the 8 chain
20
The 8 chain constant regions of TCRs include a cysteine residue (residue 75 in exon 1
of TRBC1*01 and TRBC2*01) which is not involved in either inter-chain or intra-
chain disulphide bond formation. All of the previous examples describe the
production of soluble TCRs with a novel disulphide bond in which this “free” cysteine
25  has been mutated to alanine in order to avoid the possible formation of any
“inappropriate” disnlphide bonds which could result in a reduced yield of functional
TCR . The present example demonstrates that soluble TCRs incorporating this “free”

cysteine can be produced.



5' - GGAGATATACATATGAACGCTGGTGTCACT- 3"  5' - CCTTGTTCAGGTCCTCTGTGACCGTGAG- 3" 10
For PCR construct of C$l, the followi ng prinmers were designed: §
5' - CTCACGGTCACAGAGGACCTGAACAAGG 3" 5' - CCCAAGCTTAGTCTGCTCTACCCCAGGC(Z,'IJCﬁ&,J-ﬂg
15 Beta VTCR construct and CP | construct were separately anplified using
standard PCR technol ogy. They were connected to each other using a
stitching PCR. Plasmd DNA was purified on a Qagen mni-prep colum
accor di ngWPNE3 manuf acturer's instructions and trféjTé(‘é’&U‘BWée was verified
by aut omat ed sequencing at the sequencing 20 facility of Departnent of

Bi ochemi stry, Oxford University. The sgguence for A6fC 1 is shown in Figure
92. Consequently, the A6+CAl chain was paired to A6 al pha TCR by inter-chain
di sul phi de bond after introducing cysteine in Cdomain of both chains. 25
The sol ubl e TdRsigmef pawers andyesdagamesis obFGR fiddinas descri bed in Exanple 2.

Purification ?g‘ﬂf"w'!%fﬁ’“T - from degr adati on
products and %pwg?ﬁ y | oa mg‘g%q‘éesﬁi a ys?ag?%frigfodd onto a PORCS 50HQ
ani on exchangdRBERozysteins| the follgwibpprinkrypwest designedi(nhvtation shovadnent of 0- 500nMM
NaCl over 50 ﬁ%%yol umes using an Alcta purifier 2 7 FEB 2006 WD

83/ 020763 PCT. 3986 -67 (Pharmacia) as in Figure 93. Peak fractions
were stored at 4C and anal ysed by Coonassi e-stai ned SDS- PAGE (Fi gure 94)

bef ore bei ng poal . i ly, the sTCR was purified and
characteri sed%u'iicﬁg:?@ﬁ%&%@%%ﬁ%%e‘?&?h tration colum (Figure 95)

pr e- equi | i br ats2@GIGCTHESY ERGIAeh GEA TCTGOAGHERES pH 5 7.4, 150 nM NaCdl, 3.5 nmM
EDTA, 0.05% noni det p40). The peak eluting at a relative nol ecul ar wei ght
of approxi mately 50 kDa was pool ed and concentrated prior to

char act er i sat iPGR ninyagBiesic, expeession énd cefoling of soluble TRV carial outdss .
10  described in Example 2.

Purification of refolded soluble TCR:
sTCR was separated from degradation products and impugities by loading the dialysed
refold onto a POROS 50HQ anion exchange column and eluting bound protein with a
15 gradient of 0-500mM NaCl over 50 column volumes using an Akta purifier
(Pharmacia) as in Figure 98. Peak fractions were stored at 4°C and analysed by
Coomassie-stained SDS-PAGE (Figure 99) before being pooled and concentraied.
Finally, the STCR was purified and characterised using a Superdex 200HR gel
filtration colunm (Figure 100) pre-equilibrated in HBS-EP buffer (10 mM HEPES pH
20 74,150 mM NaCl, 3.5 mM EDTA, 0.05% nonidet p40). The peak eluting at a relative
molecular weight of approximately 50 kDa was pooled and concentrated prior to
characterisation by BIAcore surface plasmon resonance analysis.

A BlIAcore analysis of the binding of the disulphide-linked A6 TCR to pMHC was
25  camied ont as described in Example 3. Figure 101 shows BlAcore analysis of the
specific binding of disulphide-linked A6 soluble TCR to its cognate pMHC.

The soluble A6 TCR with a novel disulphide bond incérpomting the “free” cysteine in
the B chain had 2 Kq 0£21.39 3 3.55 uM for its cognate pMHC.
30



A Bl Acore analysis of the binding of the disul phide-linked A6 TCR to pMHC
was 10 carried out as described in Exanple 3. Figure 96 shows Bl Acqu FER 2006
anal ysis of the specific binding of disulphide-linked A6 soluble TCR™to its
cognate pMHC. The soluble A6 TCR with a novel disul phide bond incorporating
the CPI constant region had a Rd of 2.42 0.55 pMfor its cognate pMC.
This value is very simlar to 15 the Rd of 1.8 p.Mdeterm ned for the

sol ubl e ABVORRNE3t h a novel disul phide bond i ncor pdf@{GBIY3Pee CO2 const ant
region as determned in Exanple 3. Exanple 13 -Production of soluble A6 TCR
with a novel disul phide bond incorporgging the free" cysteine in the O
chain 20 The S chain constant regions of TCRs include a cysteine residue
(residue 75 in exon 1 of TRBCI *01 and TRBC2*01l) which is not involved in
ei t her i nt er - Example i Froduction of solible ASi TCR withiodeveb sudphidsrbard Wherein Al | of the

previous examnﬁ@’&ﬁ&gdﬁﬂﬁﬁk%n%ﬁ%gkﬂﬁfm soluble TCRs with a novel
[ t hi

di sul phi de bond i n”whic s "free" cysteine 25 has been nutated to al ani ne
in order to avoid the possible formation of any 'inappropriate” disul phide

bonds which ¢ ggéﬁwﬁfﬂw TRl 4361 | . The present
exanpl e dermngﬁ ates that soluble m_%nc%%spor aiatql:an%h?ﬁ?gdq' ree" cysteine
can be producadich the 7&@EBysRE© ta WP GRin(RODET S ROFOGBOPTRBIUZ61 a8 Desi gn of
prinmers and mﬁtﬁ@‘f‘b’ﬁi ﬁ]i Qq i ol Gl ihg TCR chai n al ani ne
(residue 75 in exon Iko g’%f anﬁccwc@o cysteine, the follow ng
prinmers were designed (nmutation shown in |ower case): 5 5 -T GAC TCC AGA
TAC tgT CTG AGC. s Pnd o272 9%@ Aca GTA TCT GGA GIC A PCR
mut agenesi s, expég% |oﬁ3§"ﬁ{ r‘g%g}-"c’h ng 9?fulzfe soluble TCR was carried out as
10 descri bed For nibstaimp TER 2-chyn alarfinedbet halpreyiously beeh cubstitsiod fobthe nalivk:

10 cysteine (residue 75 in exon 1 of TRBC1*01 and TRBC2*01) to serine, the following

primers were designed {mutation shown in lower case):

5°-T GAC TCC AGA TAC tCT CTG AGC AGC CG
5’-CG GCT GCT CAGAGa GTATCT GGA GTC A
15
PCR mutagenesis (resulting in a mutated beta chain as shown in Figure 102),
expression and refolding of solubie TCR was carried out as described in Example 2.

Purification of refolded soluble TCR:

20  sTCR was separated from degradation products and impurities by loading the dialysed
refold onto a POROS 50HQ) anion exchange column and eluting bound protein with a
gradient of 0-500mM NaCl over 50 column volumes using an Akta purifier
(Pharmacia) as shown in Figure 103. Peak fractions were stored at 4°C and analysed
by Coomassie-stained SDS-PAGE (Figure 104) before being pooled and concentrated.

25  Finally, the sSTCR was purified and characterised using a Superdex 200HR gel
filtration columm (Figure 105) pre-equilibrated in HBS-EP buffer (10 mM HEPES pH
7.4, 150 mM NaCl, 3.5 mM EDTA, 0.05% nonidet p40). The peak eluting at a relative
molecular weight of approximately 50 kDa was pooled and concentrated prior to
characterisation by BIAcore surface plasmon resonance analysis. |

30



STCR was separated from degradati on products and inpurities by |oading the
dialysed refold onto a POROS 50HQ ani on exchange colum and el uti ng bound
protein with a 15 gradi ent of 0-500mM NaCl over 50 col um vol unes u3i Rgp die
Akta purifier (Pharmacia) as in Figure 98. Peak fractions were stored at 4C
and anal ysed by Coonassie-stained SDS- PAGE (Figure 99) before being pool ed
and concentrated. Finally, the sTCR was purified and characterised using a

Super dex 0 | filtration colum (Figure 100) brat ed in
HBS- EP bu@ﬁ@"ﬁ mM HEPES pH 20 7A 150 nM Nadl, E‘Icﬁ{ﬁq’&%li’ > 0. 05% noni det
p40). The peak eluting at a relative nolecular WEI ght of approximately 50

kDa was pool ed and concentrated prior -4®@ characterisation by Bl Acore
surface plasnon resonance anal ysis. A Bl Acore analysis of the binding of the

di sul phi de- "n@g A6 TCR t C\/\ﬁgﬂ .2$]c§rr'ed é:,R Hﬂf cribed in Exanple
3. Figure 1018 & %@c’f@tj Yjasof
di sul phi de- ||%ﬁﬁoﬁ%8&hﬁhﬂﬁ£%ﬁ@ Fifpire 005086WsBIAMIEmalliigoiRd UDl € A6 TCR

wi th a novel disul phjde hond i t he, "free cysteine in the fl
chain had a | bigingnd R&W@Bﬁ&?"%ﬁ@ﬂ% 2 7 FEB 2006 WD

03/ 020763 PCT/ GB02/ 03986 -69 Exanple 14-FPr oducti on of soluble AGTCR with a
novel disul phide bond wherein free" %stel ne in the Schainis nutated to

serine. Thé pweéﬁgﬁ:ﬁl‘ﬁ aepvshdisytphidedond g vhich the Hfres” sysiene @ 96 a novel

di sul phi de boq mm; & 2. 9% B M £ s do %mlggl n (residue 75
in exon 1 of TRBCl *01 and TRBC2*0 is nutated to séerine can be

successful ly mmw«mil@wtmwamammoagemmmcmm B chai n For

mut at i ng TCR een stituted for the
native 10 cys el ne resﬁ(gl e‘}%& n exon&%% B%I?(/ﬁhg[ﬂ 'ﬁ C2x01) to

serine, the f adliwes ddermined inFixampled.e desi gned (nutation shown in |ower case):
5' - TGAC'I;S:CAGATACter CTG AGC AGC CG 5'-CG GCT &CT CAG AGa GTA TCT GGA
GIC A 15

Example 15 — Cloning of NY-ESO TCR a and 8 chains containing a novel disulphide

bond into yeast expression vectors

NY-ESO TCR « and p chains were fused to the C-terminus of the pre-pro mating
15  factor alpha sequence from Saccharomyces cerevisiae and cloned into yeast
expression vectors pY X122 and pYX112 respectively (see Figures 107 and 108).

The following primers were designed to PCR amplify pre-pro mating factor alpha
sequence from §. cerevisiae strain SEY6210 (Robinson et al. (1991), Mol Cell Biol,
20 11(12):5813-24) for fusing to the TCR « chain.

5’-TCT GAA TTC ATG AGA TTT CCT TCA ATT TTT AC-3’
5’-TCA CCT CCT GGG CTT CAG CCT CTC TTT TAT C -3/

25  The following primers were designed to PCR amplify pre-pro mating factor alpha
sequence from §. cerevisiae strain SEY6210 for fusing to the TCR B chain.

5'-TCT GAA TTC ATG AGA TTT CCT TCA ATT TTT AC-3'
5'-GTG TCT CGA GIT AGT CTG CTC TAC CCC AGG C-37

Yeast DNA was prepared by re-suspending a colony of S. cerevisiae strain SEY6210
in 30ul of 0.25% SDS in water and heating for 3 minutes at 90°C. The pre-pro mating



PCR nmut agenesis (resulting in a nmutated beta chain as shown in Figure 102),
expression and refolding of soluble TCR was carried out as described in
Exanple 2. Purification of refolded soluble TCR 20 sTCR was separ affed Frth
degradati on products and inpurities by loading the dialysed refold onto a
POROS 50HQ ani on exchange colum and el uting bound protein with a gradient
of 0-500nmM NaCl over 50 column vol unes using an Akta purifier (Pharmacia)
as shown in Figure 103. Peak fractions were stored %Tlé&ﬂ anal ysed by
Coomassi eWOPHIZHEY SDS- PAGE (Figure 104) before being pdoled and
concentrated. 25 Finally, the sTCR was purified and characterised using a
Superdex 200HR gel filtration colum igure 105) pre-equilibrated in
HBS- EP buffer (10 mM HEPES pH 7A 150 "M Nad, 3.5 nmM EDTA, 0. 05% noni det
p40). The peak eluting at a relative nolecular weight of approximtely 50
kDa was pool ethcondphaceameitts fort fadhg(io the TCR@ and palideiverd gendritaibylPCRB| Acor e
surface plasnon resq ce an si.s., 30 27FEB2006 WO 93/ 020763 PCT/ GB02/ 03986
RN AT

-70 A Bl Acor e *EpRfg threPpCUy RN DA Bientnned 0¥ d A6 TCR to
PMHC was car pdimtthefstlowite BERo@hiEGE, 125pmsied dleh Primébrivai fixed @@h Shows Bl Acor e

anal ysis of the eci fic_ bindi.ng of disu]phide-linked A6 soluble TCRto its
cognat e pMHC. 2@%@0&8”@‘%%%?’@‘3‘%@ P°mmg%mfi n which the
"fire" cysisei Bfalivehuahé6r S0l Alerih mid debiRti@ikidp @f Nvebonas HagPCamka of 2.98 0. 27
Mfor its cognate pMHC. This value is very simlar to the Ka of 1.8 M

det er ni ned f oFe*§tyR Mbeyre Bpssublerted 493 Q povnds of depatiration (§23¢,) 30 8ecacanBestB. | n whi ch t he
"free" cystei ppohe 6ba&.) aud BB CIhA) Bk Bifbaid PCRUxpEss 2ERIET €r i ned i n
Exanpl e 3. 10%@an e £5 - doni \gg?of NYESO TCR a and , B chains containing a
novel di sul phF’d@'mebond into yeast expression vectors NY-ESO TCR a and 6
chains were fused to the Ctermnus of the .pre-pro mating 15 factor al pha
sequence from Saccharonyces cerevisiae_and cloned into yeast expression

vectors p¥R12Zheiglowineprmperswergsissigned i RCR apapdifithe;TCR ¢ chairyio bp fisedgs) .
the pre-pro mating factor alpha sequence mentioned above.

5'-GGC TGA AGC CCA GGA GGT GAC ACA GAT TCC-3/
5’-CTC CTC TCG AGT TAG GAA CTT TCT GGG CTG GG-3'
15
The following primers were designed to PCR amplify the TCR B chain to be fused to
the pre-pro mating factor alpha sequence mentioned above.

57-GGC TGA AGC CGG CGT CAC TCA GAC CCC AAA AT-3’
20 5’-GTG TCT CGA GTT AGT CITG CTC TAC CCC AGG C-3/

- The PCR conditions for amplifying the TCR o and P chains were the same as
mentioned above except for the following changes: the DNA template used for
amplifying the TCR « and § chains were the NY-ESO TCR o and B chains

25  respectively (as prepared in Example 5); and the annealing temperature used was
60.1°C.

The PCR products were then used in a PCR stitching reaction utilising the
complementary overlapping sequences introduced into the initial PCR products to

30 create a full length chimeric gene. The resulting PCR products were digested with the
restriction enzymes EcoR I and Xho 1 and cloned into either p¥ X122 or pY X112
digested with the same enzymes. The resulting plasmids were purified on 2 Qiagen™



The follow ng priners were designed to PCR anplify pre-pro mating factor

al pha sequence from S. cerevisiae strain SEY6210 (Robinson et al. (JZQ]QT%QIB, 2006
Mol Cell Biol. 20 11(12):5813-24) for fusing to the TCR at chain. 5™

GAA TTC ATG AGA TTT CCT TCA ATT TTT AC-3" 5 -TCA CCT CCT GGG CIT CAG CCT CTC
TTT TAT C -3" 25 The following primers were designed to PCR anplify pre-pro
mat i ng fg&&gg%‘ﬁg%a sequence from S. cerevisiae strain SEY6210 for fusing
tothe T I'h. 5'-TCT GAA TTC ATG AGA TTT CCT TEGUGRREIPT AC-3' 5' -GIG
TCT CGA GIT AGI CTG CTC TAC CCC AGG C-3' 30 Yeast DNA was prepared by
re-suspendi ng a colony of S. cerevisi a_g strain SEY6210 in 30l of 025% SDS
In water and beating for 3 mnutes at &C. The pre-pro mating 2 7 F E 0 2006
WO 031020763 -71 PCT/ GB02/ 03986 factor al pha sequences for fusing to the TCR

a and P chai nmingrep coltie icdirdilg fbythdiakiufactuget's ihstiions) mid thé seypa@s DNA with t he
respective pri airs ntioned ove usinhg.thg foll ow ng PCR

condi ti ons. 12."%?%?“‘5‘?‘@%% %‘?"M‘ghw ‘ﬁm%m dNTP, 51 of | ox
Pfu buffer anguéensiy|NéwsMilion, Hahpghire ) iNmked kK Dgdobi, Fiufeg €09nd 10 sho® fi nal vol une
of 50L After an_jinitial denaturatjon_ step.of. 30 seconds at 92C, the
reaction mxt %?%@mﬁhgﬁlﬁﬁﬂg“ﬁm%%turation (92C, 30 sec),
anneal i ng 5(46.9C, 60 sec.), and elongation (72C, 2 mn) in a Hybaid PCR

express PCR nmachine, 10 The fql | owi_n rimers were designed to PCR anplify
the TCR a chai#pl s Eprewione OI@WMﬁOMPWQWiWPMBM@ sequence

nent i oned abW'-G@C TGA AGC CCA GGA GGI GAC ACA GAT TCCG-3' 5'-CTC CTC
TCG AGI TAG CTT TCT GGG CTG GG 3' 15 The follow ng prinmers were designed
to PCR anplify the TCR A chain to be fused to the pre-pro mating factor

al pha sequenc qpdRrah eR@orfflifis containing the TCR @ and P chains respectively

10 produced as described in Example 15 were co-transformed into S. cerevisiae strain
SEY 6210 using the protocol by Agatep et al. (1998) (Technical Tips Online
(http://tto.trends.com) 1:51:P01525). A single colony growing on synthetic dropout
(SD) agar containing Histidine and Uracil (Qbiogene, Illkirch, France) was cultured
overnight at 30°C in 10ml SD media containing Histidine and Uracil. The overnight

15  culture was sub-cultured 1:10 in 10ml of the fresh SD media containing Histidine and

' Uracil and grown for 4 hours at 30°C. The culture was centrifuged for 5 minutes at
3800rpm in a Heraeus Megafuge 2.0R (Kendro Laboratory Products Ltd, Bishop's
Stortford, Hertfordshire, UK) and the supernatant barvested. 5ul StratClean Resin
(Stratagene) was mixed with the supernatent and kept rotating in a blood wheel at 4°C

20  ovemight. The StrataClean resin was spun down at 3800rpm in a Heraeus Megafuge
2.0R and the media discarded. 25l of reducing sample buffer (950ul of Laemmli
sample buffer (Biorad) containing 50 of 2M DTT) was added to the resin and the
samples heated at 95°C for 5 minutes and then cooled on ice before 204l of the mix
was Joaded on 2 SDS-PAGE gel at 0.8mA constant jem? of gel surface for 1 hour.

25  The proteins in the gel were transferred to Inmuno-Blot PVDF membranes (Bio-Rad)
and probed with TCR anti «¢ chain antibody as deseribed in Example 17 below except
for the following changes. The primary antibody (TCR anti a chain) and secondary
antibodies were used at 1 in 200 and 1 in 1000 dilutions respectively. Figure 111
shows a picture of the developed membrane. The result shows that there is a low level

30  of TCR secretion by the yeast culture into the media.



5'-GEC TGA AGC CGG CGT CAC TCA GAC CCC AAA AT-3' 20 5'-GIG TCT CGA GIT AGT
CTG CTC TAC CCC AGG G-3' The PCR conditions for anplifying the TCR a7d@ 7806
chains were the sanme as nentioned above except for the foll ow ng changes:
the DNA tenplate used for anplifying the TCR a and 0 chains were the NY-ESO
TCR a and 0 chains 25 respectively (as prepared in Exanple 5); and the
anneal i ng tenperature used was 60.1C. The PCR products were then used in a
PCR stitcmMPMP26hction utilising the conplenent arypﬁvngﬂf?ﬁﬁ ng sequences

i ntroduced into the initial PCRproducts to 30 create a full length chineric
gene. The resulting PCR products were digested with the restriction enzynes
EcoR I and Xho | and cloned into eithe‘r73'pYX122 or pYXI 12 digested wth the
some enzynmes. The resulting plasmds were purified on a Q agenr" 2 7 FEB

2006 WO 03/ 02@¥haple 172 Disklphidt O TR REPond | Fihai bxPPesfisH i Bicudqviry ding to the
manuf acturer's instructions, and the sequences verified by automated

sequenci ng at the sequencing facility of Genetics Ltd, Queensway, New
M1 on, HanpsRhgiey flchagl Ki ngdom Figures 109 and 110" show the DNA and
protein sequences of the cloned chineric products. 5 Exanpl e 16-Expression

of sol ubl e NyTESCi@rhaiaynf fiedisnlphide AT TR wa¢ Poved FompMT7imoyeast The yeast
expr essi ongpl ] 1l n ' | ctively 10
pr oduced ag d@%ﬁn@amﬁe‘%_ F‘??ﬁ%éﬁ% %}ragrgeéﬁ%@%s cerevi si ae
gtﬂrai n (SE:(?ZWWQM& Hclﬁeiémmjfofggﬁgwllexpr@bim,@éiﬁg?)leédﬁechn! cal Tips

i ne p: o. tr . 51 .. ngl e ony grow ng on
synt heti c droweff‘gﬁﬁﬁgggj&g%qﬁ%#ﬂgg‘g'ﬁf%ﬂ@d#@ Lﬁﬁp%%éc@ g (Qbi ogene,

|11 kirch, Frangesacespslinketirégionehd tied MITiagdSallaitesiO Elohd thé DR cliaias e di a cont ai ni ng

e o L OV G Top UL S s Byt RS 1 10 [ Tomt
at 30C- The cpBlutSchpt\NsS-Cloctddbetwadthd Kinl BdBcoRIts&es ofpBlueScript I1 KS-,
is shown in Figure 112. For the purposes of cloning TCR chains in insect cells, this
pEX172 was cut with Agel and Sall to remove the linker region and Mlul site, and the
TCR chains go in where the peptide sequence would start. The TCR sequences were
cloned from pGMT7 with a BspEl site at the 5° end (this had Agel compatible sticky
15  ends) and a Sall site at the 3° end. In order to provide the cleavage site for the removal
of the DRf leader sequence, the first three residues of the DR chain (GDT) were
preserved. In order to prevent the Jun Leucine zipper sequence being transcribed, it
was necessary to insert a stop codon before the Sall site. For a schematic of this
construct, se¢ Figure 113. Once the TCR chains are in this plasmid, the BamHI
20 fragment were cut out and subcloned into the pAcAB3 vector, which has homology
recombination sites for Baculovirus. The pAcAB3 vector has two divergent
promoters, one with a BamHI site and one with a Bglll cloning site. There is a Bglll
site in the A6 TCR B-chain, so the A6 TCR a-chain was inserted into the BgiH site,
and the B-chain was then subcloned into the BamHI site.

25
In accordance with the above cloning strategy, the following primers were designed
(homology to the vectors is in uppercase):
Aba: F: 5’-gtagteccggagacaccggaCAGARGGAAGTGEGAGCAGAAL

30 R: 5’-gtaqgtcgacTAGGAACTTTCTGCGCTGGGE

A6f: ¥: 5’-gtagtceggagacaccggahACGCTGGTGTCACTCAGA



3800rpmin a Heraeus Megafuge 2.0R (Kendro Laboratory Products Ltd, Bishop's
Stortford, Hertfordshire, UK) and the supernatant harvested. 5d Str 7ﬁ§m5
Resin (Stratageue) was mxed with the supernatent and kept rotati ng N a

bl ood wheel at 4C 20 overnight The StrataC ean resin was spun down at
3800rpmin a Heraeus Megafuge 2.0R and the nedia discarded. 25| of reducing
sanpl e buffer (950i of Laenunli sanple buffer (Biorad) containing 5011 of
2M DTT) WaQ9H3¥&Y to the resin and the sanples heafEHCBRNYBE for 5 ninutes
and then cooled on ice before 20pl of the mx was |oaded on a SDS- PAGE gel
at 0.8mA constant /cnR of gel surface for 1 hour. 25 The proteins in the gel
were transferred to | muno-Bl ot PVDF néhbranes (Bio-Rad) and probed with
TCR anti a chain anti body as described in Exanple 17 bel ow except for the

fol | ow ng changesg.THe-diagibégacRbtdRErctAdeReagti a- chain) and secondary
anti bodies were used at 1 1n 200 and | in 1000 dilutions respectively.

Figure 111 shows a- picture of the devel oped nenbrane. The result shows that

there is a | opgk Qlfin mﬂhﬂ%secretion by the yeast culture into the
media. 2 7 F E B 2008 W) 03/ 020763 - 73 PCT/ GB02/ 03986 Exanmpl e 17 -

Di sul phi de AcExpressiquHesmids Gentaning the genes)forthextiuiphide A6 Bax TCR wior Bichalit nt egy f or

cloning Thg a haij . %ﬂﬁ di hi.de Tax T re cloned from
pGMI7 int o?a W@gﬁ?ﬁéﬁ%lg% - ba 2§kvec oF ?3‘?%358‘1’%%‘\9‘;‘\?9(172. This vector
was desi gned ihixed with o il eeMANTP Sue rxPAMIGTe (Seatagtde), 326 haitsPfn  f or i nsect cel |
expression, using th Iead%r sequence from DRBI *0101, an Age! site for
i nsertion of W@%&P’Wi%@ﬁ@d’émﬁ&w%ﬁﬁém%%@déwmwmfé@son, and t hen
Mul and Sall ;fide® J0Rt W00, ANGnilRRa @A NBRuré Pas bt af Jun Leuci ne
zi pper sequence. The g‘equence where pEX 172 d??sf er“gmi(&r orﬁ pBl ueScript |1
KS-, | ocated wigiediplasmid aid the painef Preciols. The rextiorf mipBres eSemiljectelito KS-, s
shown in Eigu BF ngg J LoP Ol %Pla: ns.in insect cells,
this pEXil}Z %/\%g&%%?f%/:\n ggﬁb%%ggég’lﬁ?tﬁ)&g?géngv%)s e |?1°§l§atp°?egi on and M ul
site, and the(72CRmithER A &lybpad FCR expessP(Rmeachiep t Thet progdud westben digestedl st art. The
TCR sequences f 1. D: sjte he 5 end (this
TOR SCqUENCeS ot e 4ABSM 1) il M Mk iR B ok ey
' hours with 10 units of Sall (New England Biolabs). These digested reactions were
ligated into pEX172 that had been digested with Agel and Sall, and these were
15  transformed into competent XJ.1-Blue bacteria and grown for 18 hours at 37°C. A
single coleny was picked from each of the o and f§ preps and grown over night in 5 ml
TYP + ampicillin (16 g1 Bacto-Tryptone, 16 g/l Yeast Extract, 5 g/l NaCl, 2.5 g/1
K;HPO,, 100 mg/l Ampicillin). Plasmid DNA was purified on a QLAgen mini-prep
cohmm according to the manufacturer’s instructions and the sequence was verified by
20 automated sequencing at the sequencing facility of Genetix. The amino acid
sequences of the BamH] inserts are shown in Figures 114 and 115 for the a chain and

P chain, respectively.

These o and P disulphide A6 Tax TCR chain constructs in pEX172 were digested out
25  for 2 hours at 37°C with BamHI restriction enzyme (New England Biolabs). The o
chain BamH] insert was ligated into pAcAB3 vector (Pharmingen-BD Biosciences:
21216P) that had been digested with Bglll enzyme. This was transformed into
competent XL1-Blue bacteria and grown for 18 hours ai 37°C. A single colony was
picked from this plate and grown overnight in 5 ml TYP + ampicillin and the plasmid
30 DNA was purified as before. This plasmid was then digested with BamHI and the B
chain BamHI insert was ligated in, transformed into competent X1.1-Blue bacteria,



15 ends) and a Sall site at the 3' end. In order to provide the cleavage
site for the renoval of the DRB | eader sequence, the first three residues
of the DRJ3 chain (GDT) were preserved. In order to prevent the Jun Iﬁmlﬁﬁﬁ
zi pper sequence being transcribed, it was necessary to insert a sto;g (0]
before the Sall site. Fora schematic of this construct, see Figure 113.
Once the TCR chains are in this plasmd, the Bamu 20 fragnent were cut out
and subcl qg@gmtr,‘mso t he pAcAB3 vector, which has hono] o reconbi nati on
sites for Baculovirus. The pAcAB3 vector has two di v%‘?ﬁéﬁ?’“”fﬁromt ers, one
with a BanH site and one with a Bglll cloning site. There i's a Bgff site
in the A6 TCR D-cbain, so the A6 TCR a7%hain was inserted into the Bgf site,
and the P-chain was then subcloned into the BanH site. 25 In accordance

with the above clonin te thefollovmn |rrers were si ghed
(horml ogy to PRE® v&ﬁ‘@?‘ “F‘%t %S‘B@F‘g’é‘sﬁ‘f g"’lgf bR’ 9

- gt agt ccggagRpaciyga Wntaﬁ& diboththeaandﬂchmns
- gt ag9tcgacTAGGAACTT CTGGGCTGGG
5 - gt agt ccggalde sRedpeed [SSCQUEREINEPTINSE \\D 031020763

PCTI GB02/ 03986 -74 R 5'- gt aggtcgacTAGTCTGCTCTACCCCAGG PCR, cl oning and
sub- ¢l oni ng: EXpI’eSSI on c&/easm ds containing the genes for the disul phide A6
Tax TCR a or PAARd Yegapsstataratshprasass in the fol | owi ng PCR

reactions. 100 S was m, xed th ltd | OvM dNTP, 50
10xPf u- buf f erP W&W §n§ Fﬁ?%%"tﬁéfgaﬁvgfggum ts Pfu pol ynerase
(Stratagene), 50pnol of the A6a priners above and the final volune was
adjusted to 5 th HO. A sinmlar [ xture s set up for the 0
chain, usi ng%mp Ef?fﬂ"n“‘%’ﬁff"’f‘l‘f@d ?Jof‘{%ljgﬁ“i‘f’r‘é‘?‘%“ he reaction nixtures
wer e subj ect ewhé&pﬁ&oaﬁaﬁﬂmmwgmﬂwmﬂ@ma&@m&&tea%a@ anneal i ng
(50C, 60 sec ). and el ong{)atlon (72 ) in a Hybaid PCR express PCR
Ftrrmmgens

C
machi ne. QW)WQS%F@W@C with 10 units of
BspEi restrlcghe&n@azmx&hamesfmanﬁ%ﬁ@&en&m&g@wﬁnmcmﬂto units of Sall
(New Engl and Bi ol abs) hese di %est d reactions were
(Pharmmgen-BD Biosciences: ISa.sper the manufacturers instructions. After 5
days at 27°C, 200pl of the medium these transfected cells had been growing in was
added to 100m! of High Five cells at 1x10° cells/ml in serum free medium. Aftera
15  further 6 days at 27°C, 1m! of this medium was removed and centrifuged at

13,000RPM in a Hereus microfuge for 5 minutes to pellet ceil debris.

10p1 of this insect A6 disulphide finked TCR supernatant was run alongside positive
controls of bacterial A6 disulphide linked TCR 5pg and 10pg on a pre-cast 4-20%

20 Tris/glycine gel (Invitrogen: EC60252). Reduced samples were prepared by adding
10yl of Reducing sanple buffer (95031 of Laemmli sample buffer (Bio-Rad: 161-
0737) 501 of 2M DTT) and heating at 95°C for 5 minutes, cooling at room
temperature for 10 minutes then loading 20y1. Nop-reduced samples were prepared by
adding 10p] of Laenamli sample buffer, and loading 20pl.

The gel was rax at 150 volis for 1 hour in a Novex - Xceli gel tank after which the gel
was stained in 50m] of Coomassie gel staim for 1 hour with gentle agitation (1.1g
Coomassie powder in 500ml of methanol stir for 1 hour add 100m] acetic acid make
up to 1 Litre with H,O and stir for 1 hour then filter through 0.45pM filter). The gel

30 was de-stained three times for 30 mins with gentle agitation in 50mi of de-stain (as
Coomassie gel stain but omitting the Coomassie powder).



| igated into pEX172 that had been digested wth Agel and Sall, and these
were 15 transfornmed into conpetent XLI-Blue bacteria and grown for If ? ‘ajr@)Iﬁh
at 37C. A single colony was picked fromeach of the a and f preps & & g 3
over night in 5 mM TYP + anpicillin (16 g/1 Bacto-Tryptone, 16 g/1 Yeast
Extract, 5 g/1 NaCl, 2.5 g/l K211P04,100 ng/l Ampicillin). Plasm d DNA was
purlfled on a Agen mni-prep colum according to the manufacturer's

i nstruct i SO the sequence was verified by 20 aut®§HEE*&quencing at the
sequencing facility of Genetix. The am no acid sequences of the BanHi

I nserts are shown in Figures 114 and 1%% for the a chain and chain,
respectively. These a and P di sul phide A6 Tax TCR chain constructs in pEX172
were digested out 25 for 2 hours at 37C with BanH restriction enzyne (New
Engl and Bi ol abs). The a chain BamMinsert was Iigated i nto pAcAB3 vect or

(Pbar m ngen-B §|¥ I?PS? AN . . th Bglll
enzyne. This ! ranst or Eg[ %% émgﬁ (gﬁt%ﬁ {ht% rra and grown for
18 hours at SWWMMMMMWmM(EG-M ﬂﬁﬁ-&l?p]mhsth gr own
overnight in YP rTﬁSIH-I an thegla d Vas urified as
before. This éﬁ?ﬁ\mﬁ Wﬁ}f en §n§ %@mtgﬁﬂze[%% ilE'Rai n BanH
Egggrb@vxgglsglz nmd;thﬁs&ﬁ?mggcmﬁﬁlmrTMBmengTMMVmﬂter|a 27 FEB
r ver.n
TYP- anpi ci | i g&k’gﬁ?ﬁg?’o FM‘%F% t@eﬂﬁaﬁﬁupatgh%f%sr@h‘c%@g 'gh“a Q Agen
nini - prep col BmFm&mmwwbmmmmminobbfhmin!n&aadm_amlmo chains were
Foruer do: 5 - GHA PeEEY Fin ol g ABRE S PA e dndde mtlesar ° PACASS @
5' - at t aggcct ¢ the Gagnd-bicparausyPlanhdcian Novatflef therdihe menfirae ek placedng anal ysi s of
A6 TCR in jns el The. e | as contai nin a- chain and
B-chai n wad tﬁ?ﬁ%% 8’}&3@%%%8'%%% 8%@‘3!?? %B“Esﬁ%m ennces:
21300C) gr own Thelbrdnoblof waeunnforl M at ORAA whirmeomBEY géi affadecnces: 551411),
usi ng the Bacul ogold transfection kit (Phazm ngen-BD Bi osci ences: 21100K)

as per the manufacturers instructions. After 5
After blotting, the membrane was blocked in 7.5mls of blocking buffer (4 Tris-

buffered saline tablets (Sigma: T5030), 3g non-fat dried milk (Sigma: M7409), 30ul of

15 Tween 20 made up to 30mis with H,O) for 60 mins with gentle agitaﬁon. The
membrane was washed three times for 5 mins with TBS wash buffer (20 TBS tablets,
150pl Tween 20 made up to 300ml with H,0). The membrane was then incubated in
primary antibody 1 in 50 dilution of anti TCR o chain cione 3A8 (Serotec: MCA987)
or apti TCR P chain clone 8A3 (Serotec: MCA988) in 7.5ml blocking buffer for 1

20  bour with gentle agitation. The membrane was washed as before in TBS wash buffer.
Next, 2 secondary antibody incubation of HRP labelled goat anti-monse antibody
(Santa Cruz Biotech: Sc-2005) 1 in 1000 dikniion in 7.5m) of blocking buffer was
carried out for 30 min with gentle agitation. The membrane was washed as before and
then washed in 30ml] of H20 with 2 TBS tablets.

25 .
The antibody binding was detected by Opti-4CN colourmetric detection (Biorad: 170-
8235) (1.4ml Opt-4CN diluent, 12.6mi H,0, 0.28ml Opti-4CN substrate). The
membranes were coloured for 30 minutes and then washed in H,O for 15 minutes.
The membranes were dried at room temperature, and scanned images were aligned
30 with an image of the coomassie stained gel (Figure 116).



days at 27C, 2000 of the nediumthese transfected cells had been growing in
was added to 100m of H gh Five cells at 1x106 cells/m in ser umfrzl(? 2006
medium After a 15 further 6 days 2t 27C, ]|ml of this nediumwas re vFeﬁ)B
and centrifuged at 13, 000RPMin a Hereus mcrofuge for 5 mnutes to pellet
cell debris. 100 of this insect A6 disul phide |linked TCR supernatant was run
al ongsi de positive controls of bacterial A6 disul phide |inked TCR 5pg and
10g on a pYEWPHEB 4.20% 20 Tris/glycine gel (InvitrotfS/EBOEEBY252). Reduced
sanpl es were prepared by adding 100 of Reduci ng sanple buffer (9501 of
Laemm i sanple buffer (Bio-Rad: 161- 0737) 501 of 2M DM and beating at 95C
for 5 mnutes, cooling at room terrpe‘r7§'t ure for 10 m nutes then | oadi ng 200.
Non-reduced sanples were prepared by adding | OL of Laemmli sanpl e buffer,
and |l oading Z@als 25 The gel was rumat 150 volts for 1 hour in a Novex -
Xcell gel tank after which the was stained in 50nl of Coomassie gel

|
Stain for | Hisa besommauiiEwe! s s bt Grigtits | CRs SredeEd sy JWisedinien 500N - of

met hanol st iy 2 kathe AU STRGR. 1RO BotitEkiifo BE blnd'B Kftins Ypmr@iudtidal L F € Wi th H2O
and stir for | hourethen fi ter%rough 0(.)45Mf(ither)%'lghengel 30 was

de- st ai ned t Theimsec digniphide TCR beteradimer hag 2 slighibrhigher moleendar weightithat ®@nj  of
de-stain ( sgg%w . i “g%h{@ﬁﬂ %]}ﬁcthg’a&&?ﬁ’gif I wder). 2 7
FEB 2006 Mmy _ stern ots vvet?llé&f)%?formad by
runni ng SDS- kdisEltgal te sees thatindinicingarice thi d1sqrt cfleam prodyvinger cheiafirsf erred to

| muno- Bl ot PVDE r anes j 0- Rad:, 162-Q17 r er .t han staining the
gels with m&ff&%‘sgég%?gh‘ﬂﬁ%”ﬁ%&?ﬂ%@%@%e%@w&“ﬂ%f the gel and 5
soaked in trapsfer buffer (2.399 Aycine, 5.81g of Tris Base, 0.77g DIT

di ssolved in 500m s of H20, 20(m s of methanol added then nmade up to
1000tnls with 1120). The PVDF nmenbrane was prepared by soaking in nethanol
for 1 lmnméI em&égimﬁ&rié'ﬂm&ﬁt?ﬂﬁﬁﬁﬂ?ebh%{]ﬁmﬁ&ﬁmﬁioﬁkﬁt&ﬂﬁsmimﬁe?fih|ter papers
were placed on the a surface _of . the |mmo- t par at.us (Pharmacia -
Novabl ot ) th@W@ﬁ@ﬂ%ﬁPﬁ‘&ﬂ@“&&WW%ﬁﬁ%&dﬁﬁWthe gel and
then final |y nbkl @sulpitic®odds! t er papers on the cathode side. . The | mmuno- bl ot
was run for 1 hour at 0.8mA constant /cnR of gel surface.



After blotting, the membrane was blocked in 7.5m s of blocking buffer (4
Tris- buffered saline tablets (Sigma: T5030), 3g non-fat dried mlKk Sl
M7409), 301 of 15 Tween 20 made up to 30nils with H20) for 60 rains- B 1006
gentle agitation. The nenbrane was washed three times for 5 rains wlth TBS
wash buffer (20 TBS tablets, 1501 Tweef1820 nmade up to 300ml with H20). The
menbrane was then incubated in primary antibody | in 50 dilution of anti
TCR a chain clone 3A8 (Serotec: MCA987) or anti TCR A chain clone 8A3
(Serotec: MEAB®®) in 7.5n blocking buffer for 1 20 hour with gentle

agi tation. The nenbrane was washed. as before in TBS wash buffer. Next, a
secondary anti body incubation of HRP | abell ed goat anti-nobuse anti body
(Santa Cruz 1Bi ot gcsulutie T280 meeptor (sTOR)Pwhich ebmptisdsr(i) Allsripany bf ATk iong huf fer -
was carried out for 30 mn with gentle agitati-on.. The nenbrane was washed
as before ashainierseptibsnsmembawe dogran theyenf, end fiypbigripaiof e FCR B chain,

ant i body,.bi ndi n t |_Qur 9 (Bi orad:
170- 8233) giceg%%gqﬁﬁﬁgdg%@%%ﬁp%m %@rﬂf %bﬂ%‘ﬁg#‘ s%bst rate).
The " menbr an@ftive &afi 810 do@ainf B8 aBRastiarpattes tytbnitasdorashelihe TAREhdiA] 15
.mnutes. The nenbranes were dried at roomtenperature, and scanned inmages

wer e al i gneghmecteised imphat thhard G arelinked Brra disutphidedhond befyisen (qistsine 116). 2 7

. FEB 2006 WO 7. PCT/ GB02/ 03906 Results It can-be sees from Figure
116 t hat bo{%ﬁ{ gg%gﬁmcfﬁi? are fornmed as a heterodiner that is stable in

t he SDS gel . TheSt‘hbés bf dxomalkofi TR ACtOlearal Send7 6f et hef’DRBﬁl’r(Hdmctl on. The

i nsect bsul gg g 1CR bet erodi mer has a slightly higher.' nolecular weight

that th P41 y produced version, presumably because of the

gl ycosyl ation fragyk$6f xbreCs TIERESE ad!Ses 89 o?@xcﬁﬁ?ﬂfﬁ%ﬁél*m 4hi s instance
the insect cells are producing a chain in excess, d free a chain can be

seen in theTR&C2Z*@duced | ane of the anti-a western bI ot. 10 These data
clearly demonstrale,§ halidh fbfﬂbﬁ?c‘ﬁ IndSer 19" LRl oPYRBEDGESS! | bed above
TRBC2*01; |
15 Thr 45 of exon 1 of TRAC*01 and Asp 59 of exon 1 of TRBC1*01 or
TRBC2*01; or
Ser 15 of exon 1 ofTRAC*Ol and Glu 15 of exon 1 of TRBC1*01 or
TRBC2*01. '

20 2 A STCR as blajmed in claim 1, wherein one or both of (i) and (ii) comprise all

of the extracellular constant Ig domain of the TCR chain.

3. A sTCR as claifné'd in claim 1 or claim 2, wherein one or both of (i) and (ii)
comprise all of the extracellular domain of the TCR chain.

25
4, A soluble of-form T cell receptor (STCR), wherein a covalent disulphide bond
links cysteine residues substituted for:

Thr 48 of exon 1 of TRAC*01 and Ser 57 of exon 1 of TRBC1*01 or
| TRBC2*01; | |

30 . Thr45 of éXDn 1 of TRAC*01 and Ser 77 of exon 1 of TRBC1I*01 or

TRBC2*01; |



provi des a viable alternative to prokaryotic expression of soluble TCRs
contai ning novel disulphide bonds. 2 7 FE8 2006 -78 Clainms 1. A sol l2b]| IQEBTZUUE
cell receptor (sTCR), which conprises (i) all or part of a TCR a chain,
except the transnmenbrane donmain thereof, and (ii) all or part of a TCRO
chain, 5 except the transnmenbrane domai f7%-hereof, wherein (i) and (ii) each
conprise a functional variable domain and at |east -a part of the constant
domain of the TCR chain; characterised in that (i) and (ii) are linked by-a
di sul phi de bond BBniefesyst of TBAG*0% avdi8sr Wuifexon litof TRBL1*0Tor 48 of exon 1
of TRAC*01 aﬁg%gfl 57 of exon 1 of TRBCL*O01l or - 10 TRBC2*01; Thr 45 of exon
1 of TRAC*OL ¢ 77 of exon 1 of TRBC1*01 or TRBC2*01; Tyr 10 of exon 1

of TRAC*01 and Seypr48 opEtx&xBf TRACORBEA ASPL9 Of exchABGARBC14GL dhr 45 of exon
1 of TRAC*A: and Asp 59 of exon 1-of TRBC1*A or TRBC2*01; or Ser 15 of

exon 1 of TARBO2*MHnaerd u 15 of exon 1 of TRBC1*01 or . TRBC2*01. 20 2. A

of the egtracel 1 010> Sorrahet TRRCSAERR: Gl (RY bk RO ToR 5™
clainmed in ctrBa€10r claim?2, wherein one or both of (i) and (ii) conprise

all of the extracellular domain of the TCR chain. 25 4. A soluble as-formT .
cell receptor (sTCR), wherein a covalent disul phide bond |inks cysteine

ol s SuBS 1o g okl Y onl S B B STl 70T
1 of TRBC1* Ghai@l except the tr_ansmcmbrane_dom_ain thereof, and (ii) all or part'c')f a TCR $ chain,
' 10  -except the transmembrane dqmgin thereof, whcreir’i‘ (i) and (ii) each _cornprise a’
functional variable domain and at Jeast a part of tlrje constant domain of the TCR chain,
and are linked by a disulphide bond between cgnétant domain residues which is not
present in native TCR and wherein an interchain disulphide bond in native TCR is not
presenf. )
6.  AsTCR asclaimedin claim 5, wherein one of both of (i) and (ii) comprise all

of the extracellular constant Ig domain of the TCR chain.

7. A sTCR as claimed in claim 5 or claim 6, wherein one‘ or both of (i) and (i)

20  comprise all of the extracellular domain of the TCR chain.

8. A soluble aff-form T cell receptor (STCR), wherein a covalent disulphide bond
links a residue of the immunoglobulin region of the constant domain of the o chain to
a residue of the immunoglobulin region of the constant domain of the B--chainrwherein

25  an interchain disulphide bond in-native TCR is not present.

9. A sTCR as claimed in any one of claims 5 to 8, wherein the disulphide bond
which is not present in native TCRis between cysteine residues substituted for
residues whose f carbon atorns are less than 0.6 nm apart in the native TCR structure.

30 .



TRBC2*01; 2 7 FEB 2006 -79 Tyr 10 of exon 1 of TRAC*01l and Ser 17 of exon 1
of TRBCI*01 or TRBC2*01; Thr 45 of exon 1 of TRAC*01 and Asp 59 of gﬁﬁﬂjiﬂﬂﬁ
of TRBC1*01 or TRBC2*01; or 5 Ser 15 of exon 1 of TRAC*01l and Gu 1 :
exon | of TRBC1*01 or TRBC2*01l. 5. A soluble T cell receptor (sTCR), which.
conprises (i) all. or pat of a TCR a chk&l-n, except the transnenbrane donain
t hereof, and (i|) all or part of a TCR P chain, 10 except the transnmenbrane

domai n thereof wherein (1) and (ii) each conprise a, functional variable
domai n and at0.| eadsTERmsclaimed inrany s of slaimydtad. Whsrein the diesiphidaband and are

l'inked by a 145 not
present in n‘gbigéso@&g&sgﬁmgﬁgﬁagn i n ercq:hal n- {egs?%lf %P%lﬁ%% d@fﬂ"r@tlve
TCR i s not psfeskemt ofIRA&*OAaﬁIS&aBoﬁémhn&dmclmlwmej n one or both

of (i) and (ii) conprise all of the extracellular constant Ig domain of the
TCR chain. 7. A sTCR as clained in claim5 or claim 6, wherein one or both

of (i) anrd (45) QrengB fc]aﬁﬁe@ fcmE %?c Eoeél. %ﬁ?&ﬂg‘%’@iﬂ}pﬂ&e bos

chain. 8~ A sol ubl orm rece ereln a cova ent
di sul phi de bwhidh is ndnpﬂasattmenatdmél“@ii 1ittaewcamnysmgﬂcmbmduea sulsstitwsed fifr Threl5

const ant do n of ain_to esi due, of 1 [ ulin reglon of
t he const ant FH}M@ ﬁnﬁﬁat?f éﬁ@t‘j ﬁ@ﬁﬁh(’mﬁ%ﬁg di sul phi de
bond i n- natlve TCRis not present. 9. A sTCR as clained.in any one of clai m;

5 to 8, wherein the disul phide bond which is not present in native TCR is,
bet ween cyst]é!t ne &e’ECRueslasubtmww@d of claime foo exherdin e dsulphide hord oms are

less t hal?) 0. whxch xsan%?presén in na vealtéﬂls be?ReeSntcrygt%}nlérremdues sgszItutEcF foroloyr 10
of exon 1 of TRAC*0I and Ser 17 of exon 1 of TRBC1*01 or TRBC2*01.

13. A sTCR as clatmed in any one of claims 5 to 9, wherein the diéulphide bond
which is not present in native TCR is between cysteine residues substituted for Thr 45
15 of exon 1 of TRAC*01 and Asp 59 of exon 1 of TRBC1*01 or TRBC2*01.,

14. A sTCR as claimed in any one of claims 5 to 9, wherein the disulphide bond
which is not present in natj\te TCR is between cysteine residues substituted for Ser 15
of exon 1 of TRAC*01 and Glu 15 of exon 1 of TRBC1*01 or TRBC2*01,

20 7
15. A sTCR as claimed in any one of claims 1 to 4 , wherein an interchain

disulphide bond in native TCR is not present.

16; A STCR as claimed in any one of claims 5 io 15 wherein native o and § ] TCR
25  chains are truncated at the C-terminus such that the cysteme residues which form the

native interchain disulphide bond are excluded.

17.  ASTCRas claimed in any one of claims 5 to 15, wherein cysteine residues

which form the native interchain disulphide bond are substituted to another residue.
30 |

18. A STCR as clatmed in claim 17, w_herein cysteine reSidues which form the

- pative interchain disulphide bond are substituted to serine or alanine.



10. A sTCR as clained in any one of claims 5 to 9, wherein the disul phide
bond which is not present in native TCR is between cysteine resi du_f?é2 EB 2006
substituted for Thr48 of exon 1 of TRAC*0l1l and Ser 57 of exon 1 of E& 8[1 '
or TRBC2*01. 5 11. A sTCR as clainmed in any one. of clains 5 to 9, wherein
the di sul phide bond which is not presel-in native TCR is between cysteine
resi dues substituted for Thr 45 of exon 1 of TRAC*0O1l and Sei 77 of exon 1
of TRBC1*01 or TRBC2*01. 12. A sTCR as clained in any one of clains 5 to 9,
wherein the disul phide bond 10 which is not present in native TCR s

bet ween cystgi ne ar &5t ahHaShi d_ % viRkreiff ¢ C*01 and
Ser 17 of e%g'n 1%@%@%01 (?Ir'l as]l’%%%%’?%?éc%%ﬁ’ A sf%&nggﬁéglmgi%hgﬁ‘ any one
of cl ai ms 5 rdsidu® proshairienatiteTECRI S caphisdet pesmht. whi ch is not present in
native TCR i s between cysteine residues substituted for Thr. 45 15 of exon 1
of TRAC*01l -and Asp 59 of exon 1 of TRBC1*01 or TRBC2*01l. 14. A sTCR as
clainmed £n gRy one L el I igdg : gch is
not pressent QP’n na ?@R%ﬁ 'S qb'é%&%?’r‘?@g‘g?g‘??ﬁéh?h%ﬁﬁ?sﬁ?&g’??‘?%% or Ser
15 of exon(ii) sath deARI@IthafithcGbnal Variaifle domomin bf affirSEAKERL fuBdd tr alTEBERT6fl. 20

15. A sTCR gs clainmed in apy one of cl ai 1.to 4, egrein an interchain
~ di sul phi de B&fgn$tan potrigecprd &QB B}eefﬁ‘rf"t“d si‘@“dml fr AP n any
one of claigge.Rsto 15, wherein native a and P TCR 25 chains are truncated

at the C-term nus such that the cysteine residues which formthe native
i nterchai n disul phide bond are excluded. 17. A sTCR as clained in any one of

cl ai ns to,15, wh jn gystei.ne. resjidues .which formthe native inferchain

i oul phfdie Bhnd A GHBLTFEIRIR R 0o At s Fersie Shaifs Shne esdl °C 7o rmd
in clai m 17;7CpeE @ufc f¥ENatRRAnsIRDI tBARSI AWl hich irh the gon-Raiveitdrehghchai n

di sul phi de bond are substituted to serine or alanine. 2 7 FEB 2006 -81 19. A

SsTCR as cl afissiphidé boag. preceding claim wherein an unpaired cysteine
residue present in native TCR chain is not present. 5 20. A sTCR as cl ai ned
in any one of claims 1, 2, 5, 6 and 9 to 19, wherein (i) and

22, A sTCR as claimed in any preceding claim, wherein one or both of the chains

15  are derivatised with, or fused to, a moiety at its C or N terminus.

23. A STCR as claimed in any preceding claim, wherein one or both of the chains

have a cysteine residue at its C and/or N terminus to which a moiety can be fused.

20 24, A STCR as claimed in any preceding claim, further comprising a detectable
"~ label.

25. A STCRas claimedin any preceding claim associated with a therapeutic agent.

25 - 26, A multivalent T cell receptor (TCR) complex comprising a plurality of sSTCRs

as claimed in any preceding claim.
27. - A complex as claimed in claim 26, comprising a sSTCR multimer.

30 28 A complex as claimed in claim 27, comprising two or three or four or more T

cell receptor molecules associated with one another, preferably via a linker molecule



(ii) each conprise the functional variable domain of a first TCR fused to
all or part of the constant domain of a second TCR, the first and secon

TCRs being fromhe sane species. 10 21. A sTCR as claimed in clai m 28, FEB 1008
wherei n the constant donains of the second TCR are truncated N-termnal to
-the residues which formthe non-native i82-erchain disul phide bond. 22. A
STCR as clained in any preceding claim wherein one or both of the chains

15 are.derivatised-with, or fused to, a noiety at its Cor Ntermnus. 23. A
STCR as cl ai2%ed imcanplepraechﬁhﬂgixmla'mﬁ&%er%& rwhenen dre 361Rs @fsTIAR chai ns

have a cystei riﬁ resi due at %ﬁ d/ or Nt F] us to, |ch a noi ety can be
fused. 20 242 WH&ES%’T"&P g g (i d=te ?thocal ‘furt her conprising a
detectable label. 25. A STCR as clainmed in any. preceding claimassoci at-ed

with a therapeutic agent. 25 26. A nultivalent T cell receptor (TCR) conpl ex
conpri si ng #0pl urAamiethoddbr deraring Mﬁccp@indneaomplemywpmb@@mpngescl aim 27. A

conpl ex @s clai in_clai,m 26 JCR nul t conpl ex
as clai mgd in clmz Pm Z'Pm‘@g%r’al ?}urc??en?% ngrﬂ?cgé’ o/4 01"83 Qie(%}msngf %§'°f8e| I
‘receptor nmolmeubAentASEIciead zlﬁ&wnﬁmepmmﬂﬁameanycﬁfc&ff@l@hkzsm 292 |inker

nol ecule 2 7 FEB 2006 -82 A conplex as clained in claim26, 27 or 28,

wher ei n the sTORIbr svaRCtRgheispp HeR opmuliwalent FCR qomplex Withaher or are
attached to e&h L Omaig,x thod for detecting MHC peptide conpl exes,
. which conpri ses: ? ? VT ai ng a soluble TCR as clainmed in any one of
clainms 1 to 25 oriip rmtet:nugbﬂxﬂtncTofcmd dolﬁlﬂ@?ﬁR@‘rrﬁﬂﬁﬂdlﬁitT&ﬁd)mpmdol n any
one of clains 26_to 29; (i %@(cont acting the soluble TCR or nmultival ent TCR
conpl ex 194 t ﬁhﬂﬂéicw Sonpl exes; and (iii) detecting binding of the
soluble TCR or nulti vaI ent TCR conplex .to 10 the MHC peptide conpl exes.
31. A pharnmceutical formulation conprising a sTCR as clained in any one of
claims 1 to325, awnghoamaceuticktfovmblation T@RpEHNPS SRCRSs clamherb any cugyofone of
¢l ai ms 26 . claims 1 to 25, and/or a muitivalent TCR complex as claimed in any one of claims 26
7 to 29, together with a pharmaceutically acceptable carrier.
15 _
- 32, A nucleic acid molecule comprising a sequence encoding (i) or (i) of a sSTCR as

claimed in any one of claims 1 to 25, or 2 sequence complementary thereto.

33, A vector comprising a nucleic acid molecule as claimed in claim 32.
20

34. A host cell comprising a vector as claimed in claim 33.

"35. A method for obtaining (i) or (ii} as defined in any one of claims 1 to 25, which
method compriscs incubating a host cell as claimed m claim 34 under conditions causing_

25  expression of the peptide and then purifying the polypeptide.

36. A method as claimed in claim 35, further comprising mixing (i) and (i) under

suitable refolding conditions.

30 37. A method for obtammg a soluble T cell receptor (sTCR), which method

compnses



to 29, together with a pharmaceutically acceptable carrier. 15 32. A nucleic
acid nol ecul e conprising a sequence encoding (i) or (ii) of a sTCR as
clainmed in any one of clains 1 to 25, or a sequence conpl enentary thggfﬁ@bw%
33. A vector conprising a nucleic acid nolecule as clainmed in claim 32 -
34. A host cell conprising a vector as clained in claim33. 35. A nethod for
obtaining (i) or (ii) as defined in any-&se of clains 1 to 25, which nethod
conprises incubating a host cell as clainmed in.claim34 under conditi-ons |,
causi ng 25 expression of the peptide and then purifying the polypeptide. .
36. A method as dnubawRg wps&wéhp wﬁss,comm%@wewrﬁsmgﬁlﬁgaﬁméﬁlﬁgw\di) and (ii)

under suitaple re ' it . : ( i ning.a :
ol ubl e T coeelEBpEE R HAF bl BPETCRY e BBk Gt Ak Byl o
i ncubat i ng ghérest} a4 hostbeILWhieh BPmpSRS a deMGCIoiprisingRMusleR@cid rmoletec aci d
nol ecul e encoding (i) all or part of a TCR a chain, except the trananenbrane

domai n  t hercaeddingyid aH onpert of @ TCR\B cladin,cxaentithectsangmembrage demain thereo§ a

| ej i d_nol ecul. di i | | _or. t .of..a TER.S chain. except:
The ¢ r angmesBREsand s orRepRgysion gt Bt b Bad G et bR b
(i) and (ii )funidgsIeiafiable)donidsh 4rid at Q8C P EOFMRE Sehstant BHGAInQR BHe YERI abl e

domain and at |east a part of the constant domain of the TCR chain;
purifying (Fhaiand (ii); and mixing (i) and (ii) under ‘refol ding conditions

such that theyar Lpke X di sul phi de bond between constant domain
resi dues which iguhb{%#%g)e@ér@)’ijﬁ dnati ve TCR. 38. A nmethod as clained in

claim 37, wherei miing (Dand Gi)undér refo)diggéebnditions auehtiat #eyarallinked by he

extracel lular constant I g domain of the TCR chajin._ 15 39. A_nethod_as

cl ai med 1Pn Eisanbkidebond hefwsem copstaniifiomaitregigieoyhigh isnas present ip pative TER.
conprise all of the extracellular domain of the TCR chain. 40. A nethod for
.obtaining a soluble a(3-formT cell receptor (sTCR), which .

‘ 38. A method as claimed in claim 37, wherein one or both of (i) and (ii} comprise

all of the extracellular constant Ig domain of the TCR chain.

15 39. A method as claimed in claim 37 or claim 38, wherein one or both of (i) and

(ii) comprise all of the extracellular domain of the TCR chain.

40. A method for obtaining a soluble of3-form T cell receptor (sTCR), which
method comprises: '

.20 ' incubating a host cell which comprises a vector comprising a nucleic acid
molecule encoding 2 TCR o chain and a host cell which comprises a vector comprising a
nucleic acid molecule encoding a TCR f chain under conditions causing expression of
the respective TCR chains;

purifying the respective TCR-chains; and _

25 mixing the respective TCR chains under refolding conditions such that a covalent
disulphide bond links a residue of the immunoglobuliﬁ region of the constant domain
of the ot chainto a residue of the immunoglobulin region of the constant domain of the

. B chain.

30 41. = A method as claimed in any dne of claims 37 to 40, wherein an interchain

disulphide bond in native TCR is not present.



met hod conprises: 20 incubating a host cell which conprises a vector
conprising a nucleic acid nolecule encoding a TCR a chain and a host,cell
whi ch conprises a vector conprising a nucleic acid nol ecul e encodi n§-7£53éﬂﬂﬁ
P chain under conditions causing expression of. the respective TCR chai ns;
purifying the respective TCR chains; and425 ni xing the respective TCR chains
under refolding conditions such that a covalent disul phide bond |inks a
resi due of the inmmunoglobulin region of the constant domain of the a chain
to a residue of the immunoglobulin region of the constant domain of the P
chain. 30 4}, A i | n . Iy . wherei n an
i nterchain J%l su{‘%?ﬁg‘i %%%léjrﬁéﬁgﬁ@éqT&&?{é r%fgtvggfags nﬁR%ﬂa}ﬂgEE 2006 -84
42. A net hoedussted AtNEC térnifhoduth das thaltgsteind residiey &hichafotin Biei@®vehai ns are -
truncated at the C-term nus such that the cysteine residues which formthe -
native i nt Eierehaimdigplphidsrhoad aForiglugded excl uded. 5. 43. A nethod as cl ai ned
in claing4l, wherei-n cysteine residues which formthe native interchain

di sul phide bond are substituted to another residue. 44. A nethod as clai ned
i n cl ai m 4343.wheAahethed ad enineedriaslafindd, whérein dysteinetrbsiduet Ovhicht fovm that er chai n
~di sul phi de bond are substituted to serine oy alanine., 45. A nethod as
.clainmed in ﬁweéﬁ@m&m(ﬂ‘%ﬂﬂ@h%go‘i ﬁﬁ?bsﬂﬂ’é?‘t?ﬁnaﬁemﬂ&}‘?'ed cystei ne residue
present in native TCR P chain is not present-. 15 46. A nethod as clained in
anyone of clains 37 to 45, wherein the disul phide bond which is not present
in native TER i sAbmtthedkas duimes inelaim b dubereiidysteineuesduet avhichr fegindbes whose P

car bon ons are | ess. than ,0.,6. nm apart .in fhe native TCR structure. 47. A
met hod X% cPeHVEdBer a‘&r?@“@?f@“%?‘"@"&? ﬁ%bs%l?“‘?df}"zf%’?“‘?/ﬂe"?"é}“ﬁ"-the di sul phi de 20
bond which is not present in native TCR is between cysteine residues
substituted for Thr 48 of exon 1 of TRAC*01 and Ser 57 of exon 1 of TRBC1*01

or TRBC2*0145.48. Asnethedhaticlagned igiane eng of daignsdridodf, wherpimen Inpaisedis, wherei n
the di sul phg)g

steine residue present in native TCR P chain is not present:
15 46. _ A method as claimed in any one of claims 37 to 45, wherein the disulphide
bond which is not present in native TCR is between cysteine residues substituted for

residues whose f carbon atoms are less than 0.6 nm apart in the native TCR structure.

47. A method as claimed in any one of claims 37 to 46, wherein the disulphide
20  bond which is not present in native TCR is between cysteine residues substituted for
Thr 48 of exon 1 of TRAC*01 and Ser 57 of exon 1 of TRBC1*01 or TRBC2*01.

48. A method as claimed in any one of claims 37 to 46, wherein the di_sulphide
bond which is not present in native TCR is between cysteine residues substituted for
25  Thr45 of exon 1 of TRAC*01 and Ser 77 of exon.1.of TRBC1*01 or TRBC2*01. .

49. A method as claimed in any one of claims 37 to 46, wherein the disulphide

bond which is not present in native TCR is between cysteine residues substituted for

Tyr 10 of exon 1 of TRAC*01 and Ser 17 of exon 1 of TRBC1*01 or TRBC?.".‘O'L‘ :
30 |



bond which is not present in native TCR is-between cysteine residues
-substituted for 25 Thr 45 of exon 1 of TRAC*01 and Ser 77 of exon .1 of
TRBC1 *01 or TRBC2*01. 49. A nethod as clained in any one of cl ai ms Qﬁpggzmﬁ
46, wherei-n the disul phide bond which is not present in native TCRis

bet ween cystei ne residues substituted f%& Tyr 10 of exon 1 of TRAC*01 and
Ser 17 of exon | of TRBCl1*01 or TRBCZ*01°""30 2 7 FEB 2006 -85 '50. A nethod
as claimed in any one of clainms 37 to 46 mherein t he di sul phide bond which

i S not prese j : kg ed for-
Thr 45 of exg lr}b?’%thgﬁeé’sg%nd"%‘g\@g exon 61?3}"3%%@%%3 C2*01. 5.
51. A et hotond whichiignet praseanin wative Cl‘CRcds aemteﬁ Zyitandﬁesndubem-’msuﬁmtehbfor

di sul phide _bond which is sel native T et t ei ne

resi dues suﬂgﬁ‘?ﬁ@&f’ﬂf]@?f'rggp*@ aBSAéRé ofj expn’ }Iﬁ&@* éﬁﬁ?qg@. exon 1
of TRBC1*01 or TRBC2*01. 52. A nethod as clained in any one of clains 37, 38

and 41 to 51, wherein (i) and 10 (ii) each conprise the functional variable
dormai n of asfirstA fﬁ@tﬁoﬂlaseliimeﬂhidnymnepﬁclmmn‘ﬂlfmeﬂfﬁcwhsnciirthedtsuh:ihidmf a

second TCR, st and second T fromthe s e 53. A
nmet hod as clbaf"fr?&l‘ii’ﬁs BPLRIRTERbIN Rgtixe :‘?Et mEysisipe Eﬁﬁﬁeﬁﬁﬁ’g‘l’ Q‘iitsefogecond
15 TCR are tSEHIE@f%nN‘&ﬁ‘I@\GabI EﬂGhﬂiﬁ%xQH?%fW]*b@bmmfﬂ native

“interchain disulphide bond. 54. A nethod as clainmed in any one of clainms 37
to 53, wherein one or both of the chains are derivatised with, or fused to,

2055, d
Caime 57t 3254, ARErE o GRumET ngavieger B thar ase AL TSR e due
cat its @an@ﬁmcmc@ﬂpﬂaws fﬁrﬁ:tﬂéﬁﬂ%&alﬁﬁbﬂhﬁﬁ dffarﬁrbxercmmdm @bobfart 6f Met hod

as claimed in any one of clainms 37 to 55, wherein the sTCR further
conpri ses atheosseatriamainpba seawnd TERyeherfarat and secondiEERs being fromribe stme| ai s
37 to 57, \Mgsrel n the sTCRis associated with a therapeutic agent.

53. A method as claimed in claim 52, wherein the constant domains of the second
15  TCR are truncated N-terminal to the residues which form the non-native interchain
disulphide bond.

54, A method as claimed in any one of claims 37 to 53, wherein one or both of the
chains are derivatised with, or fused io, amoiety atits C ror.N terminus.

20 | '
55. A method as claimed in any one of claims 37 to 54, wherein one or both of the
chains have a cysteine residue at its C and/or N terminus to which a moiety can be

fused.

25 56. A method as claimed in any one of claims 37 to 55, wherein the sSTCR further

comprises a detectable label.

57. A method as claimed in any one of claims 37 to 57, wherein the sSTCR is
- associated with a therapeutic agent. | | |
58. A method as claimed in any preceding claim, further cdrnpn's’._ing combininga -

plurality of sSTCRs to form a multivalent T cell receptor (TCR) complex .



30 58. A nethod as clainmed in any preceding claim further conprising
conbining a plurality of sTCRs to forma nmultivalent T cell receptor (TCR)
conpl ex. 2 7 FEB 2006 -86 59. A nethod as clainmed in claimb58, V\her?'egf;m%ﬂﬁ
STCRs are conbined to forma STCR multiner. 5 60. A nethod as clai
claimb59, wherein two or three or four or nore T cell receptor nolecules
are associated with one another, preferdf-y via a |inker nolecule 61. A

met hod as claimed in claim58, 59 or 60, wherein the sTCRs or sTCR
multimers are conbined in a 1ipid bilayer or are attached;to a particle. 10
62. A nmethod for detecti ng MHC- pept i de conpl exes, which corrpri ses: . 0)

provi di ng a gol ub t Y. ng 37 to 57
or a multivalent Arg’cagﬁ recep (?91 ég%ﬁrr?p%x prglgﬁ]gggc%g %go%nlg{’%&%?afopnaany one
of clains S5&TOR @dltirdey. (ii) cont acting the soluble TCR or nultival ent TCR

complex with the MAC peptide conplexes; and (iii) detecting binding of the.
soluble TCR or nultivalent TCR conplex to the IVHC peptide conpl exes. 20 63.

A phar mageutdncal 1:S . :
any one gf tc61|0a| mo_f{%E&éﬁ%&ﬁ&ﬂgﬁd&ﬂhﬁi%%ﬁ\%ﬁcﬁ%&%ﬁf&%ﬂ prrggtjced by the
met hod of aﬁycepmenwleamlealmasﬁ&mted@ﬂh dnegatthexr, pidférhbla vmmhmmwmﬂbl y -
accept abl e car rier.

61. A method as claimed in cIa_i.m 58, 59 or 60, wherein the sTCRs or sTCR

multimers are combined in a lipid bilayer or are attached;to a particle.

10
62. A method for detecting MHC-peptide complexes, which comprises:
(1) providing a soluble TCR produced by the method of any one of claims
3710 57 or a multivalent T cell receptor complex produced by the method of any one
of claims 58 to 61;
15 (11) contactmg the solub]c TCR or mulhvalent TCR complex with the

MHC—pept:de complexes; and
(iii)  detecting binding of the soluble TCR or multivalent TCR complex to
the MHC-peptide complexes.

20 63. A pharmacéutical formulation comprising a sTCR produced by the method of
any one of claims 37 to 57, and/or a multivalent TCR complex produced by the
method of any one of claims 58 to 61, together with a pharmaceutically acceptable

carrier.



