WO 03/ 020763 PCT/ GB02/ 03986 -1 SUBSTANCES The present invention relates
to soluble T cell receptors (TCRs). 5 As is described in WD 99/60120, TCRs
nmedi ate twe msmewyghi ti on of specific Major Histoconpati bi [PCyGEDRESeX
(MHC) - peptide conplexes by T cells and, as such, are essential to the
functioning of the cellular armof the imune system Antibodies and TCRs
are the only two types of nol ecul es whi ch-Irecogni se antigens in 10 a
specific manner, and thus the TCRis the only receptor for particular
pepti de antigens presented in HC, tswign%epti de often being the only
sign of an abnormality wthin a cell> ecogni tion 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. 15THhpreadRinventothrelasesadisolubied eadl receptors 8EERp: ot ei n of t he

i mmunogl obul in superfamly which is associated with invariant proteins of
the CD3 conplex involved in nmediating signal transduction. TCRs exist in

oc(3 and y$ fakBdestibicain 3O WIJOILH, TGRS Medihtdithefechititionlofspbtific BE6€SSI Ng
t hem have quite distinct anatom cal | ocations and probably 20 functions.
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(CDRs) of antibodies. It is these |oops which formthe binding site of the
TCR nol ecul e and determ ne peptide specificity. The MHC class | and cl ass
Il 1igands arAntbedesmdiTrRadshsanly e iypes ¢farleg iy Whish secogpise gitigens in
specialis f j r i Y I I i ndi.ng
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staining, for exanple to stain cells for the presence of a particular
peptide anti g&@RpvathaMBE ¢omplexes.

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 af and y8 forms, which are structurally similar but
T cells expressing them have quite distinct anatomical locations and probably

20  functions. 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 deterfnining regions (CDRs) of
antibodies. It 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  immunoglobulin 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 cell surface.

Soluble TCRs are useful, not only for the purpose of investigating specific TCR-
30 pMHC interactions, but also potentially as a diagnostic tool to detect infection, or to
detect autoimmune disease markers. Soluble TCRs also have applications in staining,

for example to stain cells for the presence of a particular peptide antigen presented in



WO 03/ 020763 PCT/ GB02/ 03986 -2 the context of the MHC. Simlarly, soluble
TCRs can be used to deliver a therapeutic agent, for exanple a cytotoxic
conmpound WP oaf2d47a3runost i mul ati ng conmpound, to cells pres@oTiGRY2@3986
particul ar antigen. Soluble TCRs may al so be used to inhibit T cells, for
exanpl e, those reacting to an auto-inmune peptide antigen. 5 Proteins which
are nmade up of nore than one pol ypeptide 2ubunit and which have a
transmenbrane domain can be difficult to produce in soluble form because,

in nman case t he pr s.stahili its transneghrane reqgi on. Thi
is theycase ftBg © ?Iﬁ@‘t%f%ﬁm 1@11@ng|sg§§ged{)§¥$,s P%b%wém ﬁgr%ﬂ’rvér?f}{e SPWPe '
whi ch descri ba%éntt fd%'&ﬁﬁhﬁl@ afﬁfdi&n%orﬂi@odﬁ@%r aﬁ%ﬁﬁh@étﬂ&l@t‘iﬁ ﬁbﬁh& to cells

extracel | ul ar domai ns or exfracellular and cytoplasmc omai ns, which can
be recogni segresgntiGRe E@I@Glﬂﬁl antigen.i Bolgblest C(Rsma)calb‘@ heuseldde inbikt E&ﬁﬂs fof the

mbi nant TCR d.by the antib tly folded), but which
cannot be. pr GOGRBH: S GUBtE 9 BHC T LI PR B el & ot tow |

concentratsi ons. and/ or whi ch cannot recogni se VHC- pepti de conpl exes. This
literature is reviewed in WO 15 99/60120. A nunber of papers describe the
producti on ofProERstdtiel @émaéipslp\nﬁirrme thes one polypeptidg subupdt apdsvhiphhae dr i dge

364 6608) . 1F i empERR Aabretiah VALl GRS coffhy qﬁ@%i‘?}'&g Ao 10

Chang et al. ,caééh%brotaﬁi%sthﬁﬁs&m)y sl meddbiadie régumdlému 1£ﬂhe ahse,fof the93), J

Bi ol . Chen1 268 21) 15455 15460; Gpl den et al.. 1997), J. Imm Meth. 206:
163- 169; a(—ﬂ*i‘fh‘N&? egio8 Bl peieniifielitsraturg iy Stk @ﬂi&dﬁ%ﬁl 8&
recognis b its
native | ﬁéanﬁf%%ﬁy?ﬁﬁ%éﬁﬁf%‘éﬁ’ AL Rt PORRIRE Ex Lol St SRIMITE nd o

wer e not st ablomaibwhich\Wén %kﬁﬁgﬁx@ed by EGRtﬂpleeﬁiF@ﬁhbcshﬂe(mimabagi theh thelpaits

correctly fol so t eof sing. it i gand,
is stable ovﬁ%g ﬁg?rp@&a%tflt(g]# ﬁfi?o E?‘JPQ {lb(bjg'g{‘?ﬁ eqqﬂ?( fglgﬁ@ohﬁto‘ivfé‘g .
quantities. ThhSot HeBr&RIEBd hiSLSood YIGR Whiek ade o diable 2810w asRbhtkHtRhs SAIIEH N
dinmerised to a TCR or 8 chain extracel | ul ar donai n

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

15 99/60120.

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

20  10; Chang et al., (1994), PNAS USA 91: 11408-11412; Davodeaun 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.

25
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 quantities. This TCR comprises a TCR « or y chain
extracellular domain dimerised to a TCR B or 8 chain extracellular domain

30 respectively, by means of a pair of C-terminal dimerisation peptides, such as leucine

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 generally

app! i cablwotos/ozi7b3 TCRs. WO 03/ 020763 PCT/ GB02/ 03986 -3 RecCTaBei3®mb,

| muni ty, 1995, 2:281-287, details the construction of a soluble nolecule
conpri sing disul phide-stabilised TCR a and (3 vari abl e donmai ns, one of
which is linked to a truncated form of Pseudononas exotoxin (PE38). One of
the stated reasons for produci ng this nol ecul e vvas to overcone the

i nherent instability of sing a 03|t|on of he n

di sul phi de. boRESTIF! fhdmy 0595 3T T A Fafeiels (G SORTRFATT Phatpolibs wsﬁeﬁ}ﬂﬁgy
with the vari reviously
been int roducag]lu?? exa?r}f)lﬁée S%Jg{gl'sgpgtgnaﬁ%d]ﬁ et all&@o&%ﬁ%%@ %@.Cﬂ Tslatl .
Acad. Sci. UShnl@d:to Zﬁ&ﬂeﬁ&ﬂﬁmﬁ@s&ﬂbﬁ&has &fot@din (RE}B§4DnBioﬁdieatﬁteﬁ ry 33:

5451- 5459). However, there is ng such honol og ween angj bo nd TCR
constant 10 d&AANS or&re g thisapele %W@%tﬂweﬁ&eneofé gﬁlﬁr%gﬁt Blyaggﬁlg

appropriate SifGSTERS, ‘Tﬁ oS ORI Q%sﬁtg%ﬁié'b@ﬁd HP!EQ%‘(?I@%&%{E &;m?:uns

constant domalns. G ven e I nportance o bl e TCRs
desirable to wamdedteﬁaiwmh@mohgyw‘éthmgmdnﬂe qhm:dm:oﬁvgltlbuahhs nmb edidtethesel 5

Accor di ng to first a C ent ven I’OVI d o uble T
cel | receptor V(espf@?é? i&l‘ﬁ Bﬁmﬁ‘?fﬁﬁgc{ grsex(ap}p CaN 6{1% d%hai n,
except the trapgEmr SQeUSA90%I 938t 13abenfd RARE thl kl@%Bﬂfch%{sir’ygﬁ 45HCR R

chai n, except the transnenbrane domain thereof, wherein (i d (ii) each
conprise a fuﬁn‘biﬁ)oﬁawevqr astbbre iginoraich henwlegy Iztweenzastibed T@R cplhﬁéant
const ant 128 disu

betweon chhor Srin e P SudP E EaoRaSe ishif Befotib AR,

anot her aspecintertdhgini N@IHidOBonds Betwdes T@Fﬁ@dn@ﬁéhﬁdcﬁmﬁ@r mT cell receptor
(sTCR), wherein a coval ent disul phide bond |links a residue of the

im’runog'l obulin regi on of 25 the constant domain of the a chain to a

residue of t h %ﬁjo?l,g{ﬂ]:é dF sBﬁLgleofbﬁg it @ﬁuld%@@%ﬁ%ﬁ By Be %aﬁé}&ﬁ{\%

chain. The sT present | nventi'on have e advarit age at they do
not contain Wayefmmgmngsqudeqaﬂesdes whi ch may be i mmunogeni c, or which
may resul{5 in the

According to a first aspect, the present invention provides a soluble T cell receptor
(sTCR), which comprises (i) all or part of a TCR o chain, except the transmembrane
domain thereof, and (ii) all or part of a TCR [} chain, except the transmembrane
domain thereof, wherein (i) 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 another aspect, the invention provides a soluble aff-form T cell receptor (sTCR),
wherein a covalent disulphide bond links a residue of the immunoglobulin region of
25  the constant domain of the o chain to a residue of the immunoglobulin 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 immunogenic, or which may result in the
30 sTCR being cleared quickly from the body. Furthermore, TCRs of the present

invention have a three-dimensional structure which is highly similar to the native

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-dinensional structure which is highly
simlar twoth®2atezi ve TCRs from which they are derived amdT/GRoe/08986t hi S
structural simlarity, they are not WD 03/020763 PCT/ GB02/ 03986 -4 likely
to be i mMmunogenic. sTCRs in accordance with the invention nmaybe for
recogni sing C ass | MC- peptide conpl exes -6+ Cl ass Il MHC pepti de

conpl exes. TCRs of the present invention are soluble. In the context of

t hi lication, solubility 5 is defined as the ability of the TCR.to b
pur 111 60 as. RGN O SpBPuSen: STCHH R ARG Ub BV BiPARBHORBE | ne (PoS)
(KA 2. 7mM _KkZBPdisiho Tids 1NaE-plafabtaiflex dag ks %%@g&r%i&'czn@leﬂckf &

Technol ogi es, G RL) at a concentration of for >90% of said
TCR to remain as a nono disperse heterodiner after incubation at 25 C for

1 hour. In or t@.assess. the sol ubil.ift f.the T it is.fi.rst -

purified as, g@i{éroggéed’riaﬁn%?gﬁwo@ ae S?—IB]P%O&}% CPﬁﬁequJﬁ%PP@éﬁ%ﬁ, Soi‘%@l&y
ofthe TCR §s jARfhy® afthbybRRRbYht TAR ®l HeSu@ifiel Us h Aidbnb i PERE AeleAf i eLind-
using a Pharmacia Superdex 75 HR colum equilibrated in PBS. A further

100g of the Tokespbate batotsdsalinedPBR) KEb2. Mo KB 1 5hdvl, MaGl 1&eeMapdsi ze
X ust N o EBOPEARNYIAS 0% 95R THIAEES G HRYDN 4 (AR T

anal ysed by integra and t'he areas unaer ding to

the nono di spemgamihaldgbosd0ms bf 8di€ TORMAEREn abhené®) dyide habgadifefaiterd e
identified by conparison with the elutjon position of protein standards of
known nol ecui BlCUbEOgHRE 25 Th dompheir il prtes to asagsa thscohbility of e iF R, itoHirhs a
nmol ecul ar’{yvei ght o of ' : Y% f the
pr esent }(\fjlv\e/e |f(%ér§i a}als‘rad[e?ig)ésrgfégbﬁ1 gﬁgﬁgl\%%vgf% Oﬁgﬁ‘%ﬁpﬁﬁg%%ﬁln?%Qg%%%Roﬁm ow,

the TCRs can bel}ad ®9uphlgtcdl giza erElusiby choatdgiahylele ukiag ulfhangacgonpl ex is
i nsol ubl e, or they may be presented on the surface of an insoluble solid

support. The AUPASE feofunmp eqiilieratediia 8BS s fufmibere] WreaifitheECRe | MGT

system descri i e R or ci.sbhook 001, .LeFr.anc
Cerr anc. - Acadbiep 237 for Pt 88 B e bR PR g B e PR e
has the fol | obéfogr. The sive exclusiGRATIRE arahed enalyisad by istbgrati@sank 1be lateaRasd@pt or

gene; "A"_ indicates a chain gene; Cindjcates constant region, and "*d"
i ndi cat eslal | Begeaks cpmesppnding i taaymene fispersmbaterofinaer eFrcouataresivThg 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 approximately 50 kDa. As stated above, the TCRs of the present

invention 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 numbering 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 o 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 B chain constant domain has the following
notation: 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: TRBC1*0l1l. In this instance, there are two possi bl e constant
region genes "Cl1" and "C2". The transl ated domai n encoded by each allele
can be nemie oap2d75dm 30 t he genetic code of several exons; PChaBORO8M6t hese
are also specified. Am no acids are nunbered according to the exon of the
particular domain in which they are present. WO 03/020763 PCT/ GB02/ 03986
-5 The extracellular portion of native TER consists of two pol ypeptides
(a(3 or 78) each of which has a nenbrane-proxi mal constant donain, and a

menbr ane-di stal variable domaiin (see Figure . Each of ,the,constant and
vari abl e dondhasxtrasellygerortian phpgtye T&%PWS&F%@#WHP&@PSB%?S QQ{'@.SW rfanl e

domai ns cont %- ?y ! tﬁ%apia%mtﬁ(br%-%ﬂ&fnﬁ)ﬁ%%s @2 AnA R PERHBriR-difldl variable

conpl enment ar i etermning regions anti bodies. CDR3 of the TCR
interacts w tdbmbines@sipigingel ) pBeceof the cimstaubidd earthbeBRenainsingludes) an BHact

ith the peptide and the MHC__The .di.versi.t f.T IS ted
Y/V: a somalto i 24@'3&?8&1{&1&@% ndoThe Wﬁ?gggg%fgélﬁ%F%‘t?@) ;@g@g&gﬁﬁ@or@%ﬁ&}ﬁg{ ﬁi (ra]g
(3), and conshanhousdsiSconi Bl iaNg denfilld rophY CCDREASmAREié0I DR by

rearrange regl ons, ereas (3 chains consist of V-D J-C regions.
The extracel lofli@rTCR Mstmots vtnthe peptides paesentedby MBCpask CRBE 11288 2dRtest an

i | obul i i on, . Th oxi_nal i i he ani
he1 s bet weeriHB pratis ERENB ot fiVaD pHECR ReRbaERls gbiduld bl B0 12
residue. The sgﬂfaﬁé Abrah SO BF BRdIVArigIBTY) deeRsiyS(DY, joltfing (7% ané wanstater  of

the constant donmain amno acid residues, extending fromthe 15 nenbrane
proxi mal cystgehee Runctitrel bejrinmiotypeptidasiaee foonad Ay Teasgn et Ve rgedons,

characteri sed by the presence n_ijnmunogl.gbul i n- e fo IS a

si ngl e a 10chavhereashsthatns capsis O%&'ﬁﬁ%@r{eﬁgn%aﬂeﬁxtrﬁ%?%f?n%%ié dggv\lg{n?llats? er ent
(3 constant ' JiRidbuli ke @bl hShembrahBBeaXimal The
di fference b@%\%&ﬁé?wgggxﬁféﬁ%ﬁ# {(?l%mconst z;lnlt g%nai ns i se,ia ragspect of

ani no aci d r esgidtiesnsists 6f (O amnub ¥dsdfetwsanthd tramymesbraRatomain arbieaN, 5K and
37 in exori 1 thereof, and TRBC2*Q1 has 4K _5N.an € eof .
The extent ofMEHRRNGPIO¥HAa -le@ﬁemg){?spi%eel ICSPSt%Igr'rh" h:h%l §g1§b{511§1n§%%1?%\9§r?|§gb| e.

In the pr esen&ftg@%%ﬁtiﬁ&w of tHR@ oflitsit dBRaferhian dcidedi dids pekteiihghftmelen -
residues |located in 25 the constant domains (or parts thereof) of the
respecti Vi chaembrang peoximelesicingdo thedieginning of the joining region, and 1s

characterised by the presence of an immunoglobulin-type fold. There is a single o

-

chain constant domain, known as Cal or TRAC*01, and two different 3 constant
domains, known as CB1 or TRBC1*01 and CB2 or TRBC2*01. The difference
between these different p constant domains is in respect of amino acid residues 4, 5
20 and 37 of exon 1. Thus, TRBC1#01 has 4N, 5K and 37 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 BIAcore 3000™
or BIAcore 2000™ instrument as described in Example 3 herein or in W099/6120
respectively.

30



of the TCR conprise sufficient of the variable domains thereof to be able
tointeract wth its pMHC conpl ex. Such interaction can be neasured using
a Bl Acor ewB@B0Ti463 or Bl Acore 2000TM i nstrument as descri b@dTiGBoEwzaspl € 3
herein or in W99/6120 respectively. 30 WO 03/020763 PCT/ GB02/03986 -6 In
one enbodi nent, the respective chains of the sTCR of the invention al so
conprise the intra-chain disul phide bonds-thereof. The TCR of the present
invention may conprise all of the extracellular constant Ig region of the

respective TCR chains, _ and _pref er_ablg/ .all _of the extracellular domain of
the respecti v Qgmpodiment, the rrspestiyve ghaineoBhaehoR of thegrvsatienlalsp egmprise | n
nati ve TCR there.j i i I TER : H!f;q%grane
pr oxi mal regitt!glﬁéﬁ;)t {)df &%aﬂne&rsglg%iéﬁgf[b ﬁlgdesqgﬁg?%sml n ohgﬁlgﬁ%%gﬁt ﬁ%%fqgloo he
present i nventanprisetaliiod tich esalapdiiudhe chnstaht Is regiin ¢fitks smepectivh TERehpitdeand

achieved by nutating.t approprjate cysteine residyes (am.n cid 4, exon
2 of the de?fﬁﬁefé'ﬂé%]éogﬁ’& G u’é&h&“ﬁ‘éﬁ%@?ﬁf’%@ ;l-@-ellccf‘éfﬂag #8C2* 01
genes respect ndhihe hbxiPaARebRS I AMHVRTEE thhre ¥ a {liﬁvﬁg@%wﬂd Hl?@?ée pective

chains so that the cysteine residues are 'not Inc A prefe sol ubl e
TCR accor di ngeanservedmiembeaneipoexinelysgione sf thaeespectiviewchaias.ahdoreInitokiméi ns

truncated at t C-term nus such . that.ihe stei ne residues ,which formthe
native int erc‘?ﬁﬁ?‘lpﬁ?%I%Wﬁ%n’glgﬁglsﬁﬁ’b“%@@flgéém pesgat. ¢ : ayh ac&’t‘evteﬂg’y _
residue 1, 2;maiatidg tife, ag@rop?i;ate%yst%ir@rresl(ﬁleé eahidl @8idM, eRsd 2 BRthelIR ABY®pICY St €i ne
residues. It is 15 to be noted however that the native inter-chain

di sul phi de bogfesay amangciddaf beth therBRBCHTO0 L and TRBCRHI ganverespastivelahtd t hat

in certaife i ggg@- I . T i h t he, native cysteine
resi due V\ﬁll chnBj?)orems rﬁdeac(g%toi}(&rgﬂfaﬁlg é}%%gfpr? %es%?q%{}éethﬁg%enﬁ“%ﬁ rgs@f/%staé? ne
can be used tmotahdaddd. pppefdred sblubleBCR @R ordiflg Hothe itfentibh Cothpiqes tlid ve TCR
chai ns may be shorter. Because the constant donmains are not directly

i nvol ved i n cetvgetandf ThRidhaing pnsaird ajtle Citepanaes sueh thagthecysieing residues

truncation paoi : -i it S,..of
functionali t?/\%v &tc}&% %gtn?{&%?e@%g%ﬁ#g@%@p&fi ?gé%ie#e eggﬁ{l%dégg'o%uﬁcgtﬁ aﬁ%’ﬁai ns
may be presendesidhah 3,3, 255, 16; &f& Oroed0hesidies N-terinal foathe ovddiadiesidasni g need

not be truncated just prior_to. the
15 to%e njoted 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

truncation point may be altered substantially without loss of functionality.

Alternatively, a larger fragment of the constant domains may be present than is
25  preferred herein, i.e. the constant domains need not be truncated just prior to the
cysteines forming the interchain disulphide bond. For instance, the entire constant
domain except the transmembrane domain (i.e. the extracellular and cytoplasmic
domains) could be included. 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 involved in disulphide bond

formation, or to delete one or more of these residues.



cysteines formng the interchain disul phide bond. For instance, the entire
constant domain except the transnenbrane domain (i.e. the extracellular
and cyt opwasniozo7ézlomai ns) could be included. It may be adPamtGRypensms6i n this
case to nutate one or nore of the cysteine residues formng the interchain
di sul phide bond in the cellular 30 TCR to another am no acid residue which
is not involved in disul phide bond formayion, or to delete one or nore of
t hese residues. WD 03/020763 PCT/ GB02/ 03986 -7 The signal peptide nay be
omtted if the soluble TCRis to be expressed in prokaryotic cells, for
exanpl e E. colTihe signaleeptitie dugde wotittekif e whplpTEBds & beexphesseditour e TCR f or

its ligand binding abil.it and y J.n.sone, circunst ances prevept t
formation of pﬁ‘ﬂ?aﬂﬁ’@ﬁ% %Ifgfs%ﬁa]alé’ﬂegﬁ%,su}cﬁ it dpgh nitsene Wﬁgr@q%&{j@ém a;&rtee at
whi ch the 5 sicg08dr iRgIbhdEBintMmglBIRY S niHNh sbRe MRtwhSarkeRpedvehttie | S

predi cted but not experinental I)l/) det er ni ned. Engi neeri ng the expressed TCR
chai ns such tfbraation®f agurctiogalfselgble TER. dipmost eapeswthexdeayage Etetphich thei no

aci ds | onger or shor.t.er at t ' n L.gni fi cance for
the functi ongfgnfl?/pe(ﬁqu.ls rteﬁié)%gcgﬁ}#nttﬁé {Hgﬂgégggnﬁ%sagg%ﬁ\ﬂ%‘&égﬁo ‘? hgtnsol ubl e TCR
Certain addi tdxpasmuhaithdaemning]. Mighsefihg the dxbfeseyd TR ahaips sichithat Heyseuence
coul d be added. For exanple, a short tag.sequence which can

idin .
purifi cati on aFWs he updRabe;! A orearple, aminacads lﬁ%ﬁ&ioﬂébf’rfqﬁﬂt%ﬁ&ffé‘é@ahot
interfere wt . . foldi 35 ' Vil o0l
ite of the feknHGevShESEhRRRHERY R MR P B8 i BalccgRRe MIAGT
engi neer ed onifthd dodubie TERN Geatlain dddlitédnavthicigarp abtgresent totbe prigohiabpretbimat ur e
protein sequence in order enable initiation of translation..Far from
all residfes ﬁeﬁ‘?ecnﬁ%c‘?)ﬁg g%ﬁé%dd&a%P%nlgP’ ‘*I%@“g%?‘%‘i_ge%ﬁﬁé"_’ LM PG £ of
antigen s pe;dxfri'ﬁ%hﬁdh M TURCHLAR b Ybe adB&S préviddddnatiit §eRthoNdRYe @ith /
mut ati ons ca din this domain without affecting antigen

be 20 introduce

speci ficity ahdcdnmet struntareiang folding of theomtigen bindwiggite of the KPR const ant

domai ns of TCR chains are essential for antigen specificity and

functionality. Thus, a significant nunber of nutations can be "introduced

in this regi orprkpression il £ 667, anfethidhirge ssidpashy betriginee?hl diie theQRidrthiedai n

contains a cysteine residue which is unpaired in the cellular or. native
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, a significant number of mutations cah 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 B chain contains a cysteine residue which is unpaired in 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.

30
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 renmoved or nutated to
another residue to avoid incorrect intrachain or interchain pairing.
Subst i t utworng/oaf76z hi s cystei ne residue for another resideer/dBin/oz98anpl e
serine or alanine, can have a significant positive effect on refolding
efficiencies in vitro. 30 The disul phide bond may be formed by mutating
non-cysteine residues on the respective cBains to cysteine, and causing
the bond to be formed between the nutated WO 03/020763 PCT/ GB02/ 03986 -8

i i dL i i ly 6 A (0.6
e Ll e La L
mu) apart in 14, MatpraferabliGR (B BnpE 85X (©5h ndy&f%.6 t&aﬁfoés?e&iafa}taﬁﬂh% fged can

be formed between cysteine residues introduced in p e native
resi dues. |t i Tpuehesiewed,isach thet aidisulphide Yendcandredormsedettweancystediedues i n

h tant i ' i 0 al t.hou it coul d.be,.between. residues
Lhe, pontant ool LA Rl St DEHI L R theg OBt HEG S 01
i ntroducedst obbad MHeheed]irssiinp it thehORstaRiAniuiB e oBlkiPWoh, ARFugH Aol gxon 1

of TRAC*01 for the TCR a chain and TRBC1*01 or TRBC2¥01 for the TCR fi
chain: TCR a CpRyesn Tesielugs ehie mamhrenenrpxinzal tegion. Jupterned istbes Winery cysTéines48 Ser

TYE 4 Q,359. .Thr. 45 59 0.56Q Ser
15 G u 15 0, 56 Toriodud dtorn e aisdeBfle o d? folleinE Bt R B PB e Ao
Tax TCR (Gar bGRACH! fat the TR urickain 1@ FRBEB4(660FRBCE341 tdtkhe TCR Aéfin:

enbodi ment, the sTCR conprises the whole of the TCR a chain which is
N-term nal of exon 2, residue 4 of TRAC*01 (am’ no acid residues 1-182 of

the a chain accordi ng to [Fhes m Ft al) and the
whol e of the TCR 0 chain 1

Thr 48 Ser 57 0.473

Thr 45 Ser 77 0.533

Tyr 10 Ser 17 0.359

Thr 45 Asp 59 0.560

Ser 15 Glu 15 0.59

10
One sTCR of the present invention is derived from the A6 Tax TCR (Garboczi et al,
Nature, 1996, 384(6605): 134-141). In one embodiment, the sTCR 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 a chain according to the numbering used in

15 Garboczi ef al) and the whole of the TCR  chain which is N-terminal of exon 2,
residue 2 of both TRBC1*01 and TRCB2*01 (amiho acid residues 1-210 of the 8 ‘
chain according to the numbering used in Garboczi ez af). In order to form the
disulphide bond, threonine 48 of exon 1 in TRAC*01 (threonine 158 of the a 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 B chain according to the numbering
used in Garboczi et al) may each be mutated to cysteine. These amino acids are

located in B strand D of the constant domain of o and B TCR chains respectively.

It is to be noted that, in Figures 3a and 3b, residue 1 (according to the numbering used
25  in Garboczi 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.



residue 2 of both TRBC1*01 and TRCB2*01 (ami no acid residues 1-210 of the
(3 <chain according to the nunbering used in Garboczi et al). In order to
form t he waiosikghs de bond, threonine 48 of exon 1 in TRACPOI/GROR/03ISHI ne 158
of the a chain according to the nunbering used in Garboczi et al) and
serine 57 of exon 1 in both 20 TRBC1*01 and TRBC2*01 (serine 172 of the (3
chain according to the nunbering wused in-9%arboczi et al) may each be
nutated to cysteine. These amno acids are located in (3 strand D of the
constant domain of a and O TCR chains respectively. It is to be noted that,
in Figures 3a and 3b, residue 1 (according to the nunbering used 25 in
carboczi et akhwd fatthe el RIRBEHITCAYhiTHEalbl Mk TELAIRNAG G 45! due
is not present in native A6 Tax TCR and, as nentlo S soneti nmes
present when ﬁﬂhmammmpﬁmthnmdsﬁgmdsban@hpﬁﬂﬁﬂneﬁmhﬁmbdmmebfdhnamﬁmems|on

systens. WO 03 0763 . PCT/ 02/ 9 Now that the resi.dues i h

TERs whi ch calibEe ARE 1 BT i L SERE Sy G Brodcs + BHANIG s TR n
di sul phi des bonaimligaé{ﬁe\b%&chﬂﬁ tstufphesd bohhoﬁ?hl%ax?sktﬂésldll@d Egﬁo@ﬁ{erel Whidasbe
able to nutate any TCRin the sanme way to prod uce a soluble formof that

TCR 5 havi ng to lnekvidrtbefodlewing ot mpﬂledespbgm: TCR chmnat@sdentifgt}mﬁandwo
person rrerely nee 9 |0 8 fo in the respective TCR
ha ne 1o i okt ol st i’ el LA IRIOAR a5 PEL Goo i s 1 he
residue for mutation to a cysteine). 10 a Chain Thr 48: DSDVY!l TDKVLDVRSVDFK
(am no acids 39-58 of exon 1 of the TRAC*01 gene) a Chain Thr 45:

QSKDSDVY! {JDKT no ag >R f 15 a
Chai n Tyrl(?lg é{:gllﬂé%gﬁ Q.RDSIJ%%%Kmﬁn aIf: g %@Bﬁ iehgoa-rgﬁa\%% %%le)l
TRAC*01 gene) a Chain Ser 15:1 6RAYYRIARDSS Ke&KSVCLF(am no aci ds 6-25 of

exon 1 20 of the TRAC*01 gene) O Chain Ser 57: NGKEVHSGVI TDPQPLKEQP(am no

acids 48- 67 of exon 1 of the TRBC1*0l & TRBC2*01 genes)
o Chain Thr 45: QSKDSDVYIIDKTVLDMRSM(amino acids 36-55 of exon 1

of the TRAC*01 gene)

15
o Chain Tyr 10: DIQNPDPA VY QLRDSKSSDK (amino acids 1-20 of exon 1 of
the TRAC*01 gene)
o Chain Ser 15: DPAVYQLRD§KSSDKSVCLF(&min0 acids 6-25 of exon 1
20 of the TRAC*01 gene)
B Chain Ser 57: . NGKEVHSGVSTDPQPLKEQP(ammo acids 48- 67 of exon 1
of the TRBC1*01 & TRBC2*01 genes)
25 ([ Chain Ser 77: ALNDSRYALSSRLRVSATFW(amino acids 68- 87 of exon 1
of the TRBC1*01 & TRBC2*01 genes)
B Chain Ser 17: PPEVAVFEPSEAEISHTQKA (amino acids 8- 27 of exon 1 of
‘ the TRBC1*01 & TRBC2*01 genes)
30 '

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



25 0 Chain Ser 77: ALNDSRYALI SRLRVSATFW am no acids 68- 87 of exon 1 of
the TRBC1*01 & TRBC2*01 genes) 0 Chain Ser 17: PPEVAVFEP EAElI SHTQKA(am no
aci ds 8- wooef2wsdn 1 of the TRBCL*01 & TRBC2*01 genes) POTG:Bh@3986Asp 59:
KEVHSGVSTDPQPLKEQPAL( ami no aci ds 50- 69 of exon 1 of the TRBC1*01 &
TRBC2*01 genes gene) WD 03/ 020763 PCT/ GB02/03986 10 Chain G u 15:
VFPPEVAVFPSEAEI SHTQ ami no acids 6- 25 of - Qon 1 of ~ the TRBCL*01 & TRBC2*01
genes) In other species, the TCR chains may not have a regi on which has

100% i dent i t Yg EReih '&ﬁ? 3. abov@ﬁﬁ’@\fﬂlﬁ%@f&H’ﬁ(ﬁ@ﬁ%&&i&!@-'ﬂs dfRxéie 0Bl t

will be able o use rlle above nmotifs ntify the equival ent part of
the TCR a or R chain and hende TRBCi &3l & IERBG21d genedat ed t o cyst ei ne.

Al i gnment techniques may be used in this respect. For exanple, dustalWw
avai | abl e on the European Bioinformatics Institute website

(htt p: /] v et splisR A Blandiatly RS 1HFEH rdghr DAY 1003, fbifysoakove
cha

to a 10 particular in sequenc€ in order to |locate the rel evant part
of the TCR sedoeanetifd dloweventthess of 3kl ipthesenvill bpablg fodie thecabare Brofiis 1§ n

it hun; di | phide-1ink TCRs . | di | phi de-11inked
b3 Tombof - CRMEHY R ARINETT R G0 g CRGO Rt in peadtipé PRI BEL ! b
pi g, goat and,sShean, -(9eilE nAiigxP]gSht mﬁﬁ;ﬁeé Ray 8e Afedsik ki rdspedt NBodétampld,| be

able to determne sites equivalent to the above-described human sites at
whi ch cyst ei n@lustaEWdaresiallaon e EwropeadRiethformatios stitd webstte chai n di sul phi de

bond. For ex | e, the. foll.ow ows the.am no aci f the

mouse Ca and ‘/)éa"ﬁ’lf‘ﬁﬁ @cmﬁ‘%”ﬁnﬁﬂ@%&se (}W%a?el ‘;hg“i‘ﬁ@%%rg’ég?%g muri ne
resi dues geui yak&ir TOR thin 3QuBHEERR ok & itél iR SteBN el evarichartasi iee TORIseqamebe
nmutated to cysteines to forma TCR interchain disul phide bond (where the

rel evant resifnesitaion. shaded): Muse Ca sol ubl e domai n:
PYlI ONPEPAVYQLKDPRSQDSTLCLFTDFDSQ NVPKTMESGTFI TDKTVL DMKAMDS

The present invention includes within its scope human disulphide-linked oy TCRs, as
well as disulphide-linked o 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-chain disulphide bond. For
example, the following shows the amino acid sequences of the mouse Corand CB
soluble domains, together with motifs showing the murine residues equivalent 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: ,
PYIQNPEPAVYQLKDPRSQDSTLCLFTDFDSQINVPKTMESGTFITDKTVLDMKAMDS

25 KSNGAIAWSNQTSFTCQODIFKETNATYPSSDVP

Mouse CB soluble domain:
EDLRNVTPPKVSLFEPSKAEIANKQKATLVCLARGFFPDHVELSWWVNGREVHSGVST

DPQAYKESNYSYCLSSRLRVSATFWHNPRNHFRCQVQFHGLSEEDKWPEGSPKPVTQON
30 ISAEAWGRAD

Murine equivalent of human o Chain Thr 48: ESGTF ITDKIVLDMKAMDSK



25 KSNGAI AWBNQTSFTCQDI FKETNATYPSSDVP Mouse CO sol ubl e domai n:
EDLRNVTPPKVSL FEPSKAEI ANKQKATL VCLARGFFPDHVEL SWAWNGREVHSGVST

DPQAYKESNYB8 Y& B8R RVSATFWHNPRNHFRCQVQFHGL SEEDKWPEGSPKPVTQRCTAIBR 82BAWCRAD
Muri ne equi val ent of human a Chain Thr 48: ESGIFI TDKj VLDVKAMDSK WO

03/ 020763 PCT/ GB02/ 03986 -11 Murine equival ent of human a Chain Thr 45:
KTMESGTFI DKTVLDVKAM Muri ne equi val ent of -hi#man a Chain Tyr 10:

YI QNPEPAVQLKDPRSQDS 5 Muri ne equi val ent of human a Chain Ser 15:
AVYQLKDPRQDSTLCLFTD Murine equi val ent of human (3 Chain Ser 57:
NGREVHSGVTDPQAYKESN 10 Murine equival ent of human R Chain Ser 77:

KESNYSYCL 1 SRL R¥RAER ' HREHANY Nﬂfﬁ%ﬁﬁ ' @ﬁ ;
PPKVSLFEPKAEI ANKQEAem%rreihﬂgf equi chFg%%l o) 4E%n a’r‘“lr?rlt p ]g%:ﬁ(%HSGVST,
PQAYKESNYS 15 Marine equival ent of human (3 Chain G u 15:

VTPPKVSLFPSKAEI ANKQ I n a preferred enbodi ment of the.present invention,
(i) and (ii) ofurinseayirrleathumagmhihaia Tykd0r YHAPERAY A ABREQMS i n of a
first TCR fused to all or part of the 20 constant domain of a second TCR
the first and second TCRs being fromthe sane species and the inter-chain
di sul phi de boMurbeicqgivhRhyEfRuna8S: QLS Seﬂlﬁ:@&WQQMEQBSTEULFQ‘D part of
the constant domain not present in native TCR In one enbodi nent, the

first and second TCRs are hunman. In other words, the disul phide bond-Iinked

constant dongj . I 0n 1 j ri<ad QRR) can be
Fused The oS Rgbis B AR IBER ARt SRRy MR R G O ATRN e v
TCR fromwhich the first TCRis obtained. Such a systemall ows the easy
expression of any functional variable domain on a stagble constant domain
f r amewor k 10 Thwthsauivelegoofdivmandt Chain Sap7 T RESTERY GESERILBAS A We, or

i ndeed the constant 30 domains of any of the mutant a(3 TCRs having a new
i nterchai n di sul phi de bond

Murine equivalent of human  Chain Ser 17: PPKVSLFEPSEKAEIANKQKA

Murine equivalent of human {3 Chain Asp 59: REVHSGVSTQAYKESNYS
15
Murine equivalent of human $ Chain Glu 15: VT PPKVSLFEPSKAEIANKQ

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 a second TCR, the first and second TCRs being from the same
A species and the inter-chain disulphide bond being between residues in said respective
all or part of the constant domain not present in native TCR. In one embodiment, the
first and second TCRs are human. 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 to 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 «ff TCRs having a new interchain disulphide bond

described above, can be used as framework onto which heterologous variable domains



descri bed above, can be used as framework onto which heterol ogous variabl e
domai ns WD 03/ 020763 PCT/ GB02/ 03986 -12 can be fused. It is preferred if

t he fusi owopBOEsH retains as nuch of the conformation ofPfCrlGBoREsMs Ol Ogous
vari abl e domai ns as possible. Therefore, it is preferred that the

het er ol ogous vari abl e domains are linked to the constant dommins at any
poi nt between the introduced cysteine redidues and the N term nus of the
constant domain. For the 5 A6 Tax TCR, the introduced cysteine resi dues on
the a and (3 chains are preferab| ocated at threonine 48 of exon 1 in
TRAC* 01 (t hr e%Hibsdusedg I prefarrqddrl )e/lwaﬁuﬁoaef%@arﬁ@ns gpmMpRRoh é?ﬁ"ﬁﬁatl%’ed in

Gar boczi ﬁﬁmﬁﬂ&@%ggﬁ@v%@ dcgqﬁﬁgs :%s Oﬂoeﬁe nungl%ﬁﬁé*l% spegfaﬁe&f

(serine 172 al n accor ering u 002| et
al) respecti vledtgroloihm@r mbh: dotmaiitss gve ﬁﬁleadrtema donttant dvatanodtagy pemabawﬁer( 3 10

chai n vari abl chnen b t du 48 (15
acclor d;/ngI to &‘ﬁ %ﬁ%ﬁ bneurggéu%)s 3%““5{3 %]e ‘Eﬂ%gt%g ‘?S aé?:rotgﬁi ng to
the nunmber ddongAU%aka t@hae&zaed%gst@ihér Riled Bt & S4B ehh%nsoiregr&e@owr (3

const ant mai NS respéctivel resi ues I'n the constant mal ns”of the

het er ol ogous lacﬂediat(tﬁrefohﬂllems of ex @01 i FRANH0 h(hisdnined 58 bF dehorehin pordisg | N
the A6 Tax TCR can be identified by K sequence honol ogy. The fusion rot ein
i s pref er abl ytodbnsimberinggised i Gebaerd ebpl) anst seripe 57 RéeEino} By TRB&UE

N-termnal to 1 h I below
the sTCR of tﬁlhg%gée Gﬁ@%ﬁge(ﬂﬂheé%%&ﬁagﬁﬁﬁggﬁvgflseggﬁﬁgﬁg%gé fused to,
a moiety at igGabecAler ) i@pBIIEE. THe:fbreliflk 'ﬁld’!‘éﬁed ¥ thel%e@efr@fo%@ﬁk @andPis is
distal fromthe binding domain. I.n one enbodi nent, one or both of the TCR

chai ns halle achaynsvasiahle dosedin gidachment pois aredyebreen r@@ﬂlmﬁSrﬂ@s(lﬁ%amrdzlhg tobe a
noi ety can be_fused. 25

resent | nvenBrii ey SBL A B S 100 WHI A aReSl ilmbsrhp R 8, "

purified or 'G&Ib@éﬁ@tﬁl)@.ﬁ@ﬂﬁtrﬁﬂﬁhnnﬁ@rofﬂié&ﬂm[?coﬁs&aﬁﬂbfmbﬁhsr @dﬂv@@d in a
formwhich is substantially free of other proteins. A plurality of soluble

TCRs of the present invention maybe provided in a multivalent 30 conplex.
Thus, the presgnt inventjon ovides, in.0 aspect l.tivalent T cell
receptor ( TCR? b ’iﬁ’ﬁﬁ(}}l%sﬁ?n tb&]?cgﬁ{a%m?@%gﬁg B?tﬁ?oztf) Oflfl b‘cf‘lndrslj}I btﬂﬂ e T cell
recept or sj8s 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

heterologous 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 chains have a cysteine residue at its C and/or N terminus to which such a

moiety can be fused.

25  Asoluble TCR (which is preferably human) of the present invention may be provided in
substantially 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 multivalent
30 complex. Thus, the present invention provides, in one aspect, a multivalent T cell
receptor (TCR) complex, which comprises a plurality of soluble T cell receptors as

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



descri bed herein. Each of the plurality of soluble TCRs is preferably
identical. WO 03/020763 PCT/ GB02/ 03986 -13 In another aspect, the

i nvent i orwprogweates a nmet hod for detecting MHC peptide comrplra®sg/osdssch

met hod conprises: (i) providing a soluble T cell receptor or a multival ent
T cell receptor 5 conplex as described herein; (ii) contacting the sol uble
T cell receptor or multivalent TCR conplexi3aith the MHC peptide conpl exes;
and (iii) detecting binding of the soluble T cell receptor or mnultival ent
TCR conplex to the MHC peptide conplexes. 10 In the nultival ent conpl ex of
t he present invention, the TCRs may be in the formof nultinmers, and/or

may be presentn fdtRk agis teAh@shtivh phoviddsiaRhéhéd FRYetectiA QMR BERIR. @
| i posonme. 15 In its sinplest form a nultivalent TCR conplex according to

t he i nventi oncubplpxesseiich methedicomprisesf two or three or four or nore T cell
receptor nol ecul es.associ at g 10 oyalently or otherwise |linked) with
one anot her, pref epgbl yg’iﬂ%%d?‘ggi(?‘ﬂ%é? Tcr%ﬁé%ﬁpg’.r%r %&f‘ﬁ%ﬁ?ﬁﬁﬁ?ﬁéﬁe “ecul es
include, bt esm@plBQbs déstiibalhdréln; Nul tival ent attachment nolecul es such as

avidin, streptavidin, neutravidin and extravidin, each of which has 20 four
bi nding sites for BDoti fentagiing thesolhley call sgemioRormnbivaleat TEReonwlexovitied
into multinme 18 0 having a plurality of TCR binding
sites. The nu%ggﬁgfpe%ﬁgécﬁﬁgg%sf é@d inthe nmultinmer will depend upon the
quantity of TCR i n(itipl adétectingbinditgofthasslubly Todell recdptsr orbhgtvtlent TERI t 0
make the nmultiners, andhghgg on.the presence or absence of any ot her

bi oti nyl at ed FRIVRIE e RePHdICImpIEXSter s are dimeric, 25 trimeric or
tetrameri gy TCR conpl exes. Structures which are a good deal |arger than TCR
tetramers nmay be used in tracking or targeting cells expressing specific
VHC- pept i de cbrihk exulti@iet eombley of He mgeseucinued®n, thed GRs minebe mnbe fdrm@fn t o

10min diameter. . Each t di splay. muj tiple TCR 30 nol ecul es at
Sul i i ent i SRR BT o bERIBEE PV R roCA L HEAT R BIAPe EopR o

liposome.

15  Inits simplest form, a multivalent TCR complex according to the invention comprises
a multimer 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, biotinylated 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 biotinylated molecules. Preferred multimers are dimeric,

25  trimeric or tetrameric TCR complexes.

Structures which are a good deal larger than TCR tetramers may be used in tracking or
targeting cells expressing specific MHC-peptide complex. Preferably the structures
are in the range 10nm to 10um 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 simultaneously to two or more MHC-peptide complexes on a cell and

thus increase the avidity of the multimeric binding moiety for the cell.



structure to bind simultaneously to two or nore MHC- peptide conpl exes on a
cell and thus increase the avidity of the multinmeric binding noiety for

t he cel | .wo@3037620763 PCT/ GB02/ 03986 -14 Suitabl e strucraraBoosIsese in
the invention include nmenbrane structures such as |iposones and solid
structures which are preferably particles such as beads, for exanple |atex
beads. Qther structures which may be exterldally coated with T cell 5
receptor nolecules are also suitable. Preferably, the structures are coated
with T cell receptor multimers rather than with individual T cell receptor
nol ecules. In the case of |iposones, the T cell receptor nol ecul es or

mul ti ners thegwnblesayciages fat usadin @ iheentibn Gid\elewh&Ebass Ghichiredsuahial t he
menbrane. Techniques for this are well 10 known to those skilled in the

art. A |abel Wnosamet #hsolidisugiures wnrhpze prefesably pawticles spelpasherds. §o ety, may
be incl uded i i | i.ovent i F
e Include 'e%}él%g}éﬁwe&g)}éﬁ%? Bind SBubOrR cIPlfna% pg gg%ﬁrl%g%oé@&’ %gth'nlg%u or

exanpl e, the or noi ety may be 1n a mxe ecul e
mul ti mer. 5An rexaptqr reoleulesat alao dintabid. tRreferdbly, nid @aichees Be aodtal withdr cell

contai ning three TCR nol ecul.es_and .one_peroxidase nolecule. This could be
achi eved by nfeRSRiey mﬂ&m@aﬁﬁﬂmﬁwﬁﬂwﬁé{uﬁﬁ selhseaptormpelestlent 3:1 1o
generate tetraneric conpl exes, and isolating the desired conplex from any

conpl exes not containing the correct ratio of nolecules. These m xed
mol ecul es  cowltibe casabiliposamgs,dheribicalh técopton motmohikes ot esitimers theted nidydie st eri c

hi ndr ance doe ot, 20 ¢ r.om se .or .do not signifjcantl onprom se. the
desired functaf':f%l S ORe %F%ﬁ?‘%@d?ﬂ@%ﬁ%ge’ﬂ% engfecﬁ‘smlqﬁés %F%??FSV%‘?? es on
t he streptoaviigdicgkmehieeykElledin thekitabl e for m xed tetraners since steric

hi ndrance is not likely to occur. Alternative neans of biotinylating the

TCR may be possible. For exanple, chem cal 25 biotinylation nmay be used.

Al ternative bjeti i e d h h. .certain ani acids in

the biotin ta‘é?%bggéje%tg&eh%gg}eo eLs gﬁ%llgsa %%%c%éﬁ‘ézr%pe%gﬁl&y’ %E%Hh%@lg %&/a N Y

11(10): 1138-AdltivaltieTCR xbmprx s €tk gregenbindentionl Fok exaniply, the Bdebs othvar | ed.

The enzyne requires I\/g-ATgl and | ow ionic strength, althou?h both of these
2 bepopdgd

condi ti ons mEYORY B “i.acmHEfQ mpleqithe Byufimact; &4@‘@“&’ helgmek 2 oni ¢
strength @nd g, ftheie RAREIER G RIIdr BRairitg R TER RYiSiuRlsSnk Snk! pérofidase

nol ecul e ot her t %an avidin or
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 combination 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 is

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  biotinylation may be used. Alternative biotinylation tags may be used, although
certain amino acids in the biotin tag sequence are essential (Schatz, (1993).
Biotechnology N Y 11(10): 1138-43). The mixture used for biotinylation may also be
varied. The enzyme requires Mg-ATP and low ionic strength, although 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



streptavidin to formmnultinmers of the TCR Any nol ecul e which binds biotin
ina multival ent manner woul d be suitable. Alternatively, an entirely

di ff er entwbDionkzges WO 03/ 020763 PCT/ GB02/ 03986 -15 coul d IpeTadBR®S3986 ( such
as poly-histidine tag to chelated nickel ion (Quiagen Product .CGuide 1999,
Chapter 3 "Protein Expression, Purification, Detection and Assay" p. 35-
37). Preferably, the tag is |located towards-the C-term nus of the protein
so as to mnimse the ambunt of steric hindrance in the interaction with

pepti de-MHC 5 conpl exes.. One or both. of the TCR chajns maélzoe | abel | ed with
a det ect abl e fobbe devaseddsuehnas poly-hiptiding tagsie elelated migkeldon Wyiagendiraditdst i c

pur poses. - Thu R i mgﬁﬁ! tide
conpl exes whi- %ﬁld%ﬁga ?ﬁg{&r@l gfelg%égr% gegtﬁ?n t he ﬁ—r({é g&{lgﬁﬁggsm@es
with a TCR or3fu lth:famblycth‘E@Eg xsdoqﬂtmdowardmlnm@dammumﬁthe piotein spsetot | on
which is spe0|f|cfo theM—l e co ex and detecti i ndi ng of

the TCR or rmWIPWéﬁrel %@EES‘{ et Ellﬁ%rﬁ'ﬁttl%’ew%r?ﬁp@&e'ﬁﬁgt etrameric
TCR formeds usj, d"lll%/p*égtl nyI ated heterodiners, fluorescent streptavidin

(comrercially al l abl e) can be used to provide a detectable |abel. A
fluorescentl y | abel l ed tetranmer 15 is suitable for use in FACS anal ysis,

for exanpl e det i r.esent C rr eptide for
whi ch the TorOPE Stk offhe O SRS SRR hn Bpeifed it £ REEaPE T B ek °f ne
present i nvenkhORyATBlY iskRitalat estdsbnbstic RiYpds VES;, ﬂfelﬁxﬁaﬁusﬁ@fdvﬁde@ a method
anti bodies, in particular nonoclonal antibodies. There are g‘lﬁcbh

commerci al | y fov detieetin ssMEK -PeptdRr cappiestvhish naaled %HIESFSPS @sm!aqtlag the
h h
recogni se; g e%%‘i)%% éle&? 3 R é%ﬁﬁ’ln%?ﬂs’lécﬁ} 1@x r{ SRBREHLY ﬂﬂ)f the M€ TCR

(or rrultlvale corrp ereo e pre {1 on may ernatlvely

or addi ti onal inyefttonasisiol lséﬁpedﬁtt\/lfcirhhé BMHC-peptic c@mﬁle;x, @nd détbﬁrngiba@dlhg oked to)
a therapeutic_ 25 agent_which y be, for exar&m a toxic noiety for use
in cell kmiwﬁ TCH ommultimaricole R qomaler iy theJdHLCRaptide semplex; I GHPBERS n or a

cyt oki ne. MeERI 84 ﬁh&{;ﬁsllﬂ%\ﬁotflﬁﬁﬁmh ﬁétefbfdlrhé}@ ﬂﬂfo?%%@ﬁt s'tr@%tgwdirpﬁ@oﬂiﬁ)éraﬁ

enhanced b| nd| ng ca or a conpared to a timeric T cell
receptor het ea\caniabﬂe) can‘lb”mgd tdmomdbtaldmbtable 3R Actturpésesmly-mbeltaddetngndro t he

I nvention 5a ' elS s%{téﬂlg olr%rsé hFAC analys1£ t%)rr é’j}(%l?r}p to (fetetc%1 zrit%%[eh rf)gesenting cells

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 use of TCR-specific antibodies, in particular monoclonal antibodies. There are
20 many commercially available anti-TCR antibodies, such as aF1 and BF1, which

recognise the constant regions of the o and (3 chain, respectively.

The TCR (or multivalent complex thereof) of the present invention may alternatively

or édditionally be associated with (e.g. covalently or otherwise linked to) a therapeutic
25  agent which may be, for example, a toxic moiety for use in cell killing, or an

immunostimulating 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 a non-multimeric 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 further multivalent TCR complexes having such



30 cells presenting particular antigens in vitro or in vivo, and are al so
useful as internediates for the production of further nultivalent TCR
conpl exeswbasiozgesuch WO 03/ 020763 PCT/ GB02/ 03986 -16 us@sT/GBoe/0I8R or

mul tival ent TCR conpl ex nay therefore be provided in a pharmaceutically
acceptable fornulation for use in vivo., '{Ee invention also provides a

nmet hod for delivering a therapeutic agent™to a target cell, 5 which nethod
conprises contacting potential target cells with a TCR or nultivalent TCR
conplex in ac i &1 L oty 580 iald ow

att achnment olfsg%ﬁgﬂé:r&wc?%%r}%lt |1é\:/ﬂ§1?t§$ é%%ﬁ%lt%%}?ﬂ g Hte%)gﬁlgfag%ta cell, said
TCR or nul ti vstaenhceufiGRycoogitebte fremniptiop éarivse & ¥ior. t he MHC- pepti de

conpl exes and having the therapeutic agent associated therewith. 10 In
particular, the soluble TCR or nmultival ent TCR conplex can be used to
deliver therppeuti g A08Roti8ed {18eth8 #r RivéngtethtapaitRugbitita target cell,
particul ar antigen. This uld be useful in many situations and, in
particul ar5, aghichstethadmnsisescontesting poteitial sayesttcellewith @ TR eppliaaleat such

that it would ercise.ts effect . al | y but I it
bi nds to. Th urg(,% GREW, lf‘iaB‘iﬂréqmg twrlthtqg%varmﬂnslglggltscoglﬁ{t?é}l ?an%{t}rgv %rtgalcgrgéﬁ es
linked to T gmhi TCRCGRhAEiSalent TAR bopler S thEGRgearl)) @iEECR e aivliivaldmr

tumour antigens. Many therapeutic agents could be enpl oyed for this use,

for instance TEBicomplenkeingwepadershe MG pertideronmieycs appavangths| e) or

chenot her apeuti c_agents (Gi S~ i .or 20 exanple). To ensure that toxic
effects are e&’@?aBF‘g‘gaa%eﬁt(afsﬁotacmg%é@??%&jl ocation the toxin could be inside a
| i posone ig nked to streptavidin so that the conpound is rel eased slowy.

This will prevent damaging effects during t transport .in the baody and
ensure that Hriarienlanthgselukied G Ay @P%t}é’@g’nh?ggrcompi "f"i‘ﬂbeus?‘ﬂg é% to the

rel evant anti ﬁﬁ%ﬁﬁgﬁmecga%%ﬁ{sit@ theG6¢dtidn of éel?g%i'@s_%nﬁdﬁ 4 pRtiBulkNBHBBE UTHIS wagRNT S

i nclude: snm e cytotoxic agent i.e. conpounds with the ability
to kill rmanmsd isefuldehlany kawdtiogs andyod particwar, ageingh tunagurs.e4 sherppaytiz ggent

dal tons. Suc hcould be delivered such that it would exercise its effect locally but not only on the cell
15  itbinds to. Thus, one particular strategy envisages anti-tumour molecules linked to T

cell receptors or multivalent TCR complexes specific for tumour antigens.

Many therapeutic agents could be employed for this use, for nstance radioactive |
compounds, enzymes (perforin for example) or chemotherapeutic agents (cis-platin for
20  example). To ensure that toxic effects are exercised in the desired location the toxin
could be inside a liposome linked to strepta\./idin 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 to the relevant antigen

presenting cells.

25

Other suitable therapeutic agents include:

. small molecule cytotoxic agents, i.e. compounds with the ability to kill
mammalian 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,



conmpounds coul d al so contain toxic nmetals capable of having a cytotoxic
effect. 30 Furthernore, it is to be understood that these small nol ecul e
cyt ot oxi cwagaeeenl so include pro-drugs, i.e. conpounds PhaAIGRIROIB60r are
converted under physiological conditions to release cytotoxic agents.
Exanpl es of such agents include cis-platin, W 03/020763 PCT/ GB02/ 03986
-17 mayt ansi ne derivatives, rachel mycin, céT1cheaHIC|n docet axel

et oposi de, gentitabi ne, ifosfanide i ri notecan, nelphalan m t oxant r one,
sorfinmer sodiunphotofri

a1 ucur onat o, aur PTG Eertvpfvser TR G 4o BB o A TELBEANE

cytotoxins, i.e.gdhéHaBindsifestarhidedinolcsar, h&ﬂ;ﬂﬁian\]\tnﬁ%xﬁxh@na,mokﬁmw to kill
manmal i an ceIIs Exanples include ricin, diphtheria toxin, pseudqnonas

bacterial exot osadmmmphotafiadkb tameroknidssiepotesary ransitraly glaaironate augisfating) e
i sotopes of ele th the concurrent em ssion of one or
nore of a or R BZQ%ﬁSt%aﬁ&d%%g% Exanpl es 10 incl ude iodine 131,

rheni um 188, iendiu latlde cy¥dtbinsiMeOBrotadhsSorftdgnith) thedof2didh theabilitntokill225 and
astatine 213; prodr such as anti body directed.enzyne pro-drugs

i muno- st i nul ant%mimim anﬁ@iisetﬁxéﬁipiﬂﬁll’é‘ﬂu@%l%l dplsheniatonia, P@é‘é‘éfﬁ%asq’@?@ﬁﬁl es

i ncl ude cyt oki ne 28 ﬁ?ﬂ@ek nes such as IL-8, platelet factor 4,
15 nel anoma gromf}hﬁ&ﬁgnﬂ@\é%arsé pr ot el né etc, antibodies or fragnents

t hereof, conpl enertdiagiutNddsOites mmwe@at@b@omlememtlmmmen@ withltigenei ¢
protein domains, viral / bacteri al protein domains and viral/bacterial

pepti des. Sol ubl eonFERentEMIsHON @homeen MOTERf ¢ O BINastisiesod 1 195S-| BXamRlEHNn may be
l'i nked to 20. e apabl.e ﬁI v a Rk is

al | ows thé%pr odr Blﬁﬂltdén%dl& fg’glm%:’r qgg ?iﬁfnghqt}g on ybg’?m%rﬁ ﬁsﬁpgg%y?e it
is required (i.eactiniureleandystiting 243CR). Exanpl es of suitabl e MHC peptide
targets for the TCR according to the invention |ncI ude but are not
limted to, vital apedrapesudiasintbodyitectedsnz g pe-da the Tax 25 peptide

restricted by fLA Ag, fILG 4R, 955061 AL am%ggmhs%%g&@feﬁh% B LAE

EBV epi t opes, opes T
restricted 1nc1ude cytokines such as IL-2 chemoklnes such as IL-8, platelet 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
include, but are not limited 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-AL restricted
epitope) and other cancer-specific epitopes (e.g. the renal cell carcinoma associated
antigen G250 restricted by HLA-A2); and epitopes associated with autoimmune
disorders, such as rheumatoid 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.



epi tope) and ot her cancer-specific epitopes (e.g. the renal cell carcinom
associ ated antigen G50 restricted by HLA-A2); and epitopes associ ated

wi t h aut oworeanezo76xli sorders, such as rheumatoid arthritis. PENrGBIR03986

di sease-associ ated pMHC targets, 30 suitable for use in the present
invention, are listed in the HLA Factbook (Barclay (Ed) Academ c Press),
and many others are being identified. WO Q3/020763 PCT/ GB02/ 03986 -18 A
mul titude of disease treatnents can potentially be enhanced by | ocali sing
the drug through.the specificity of soluble TCRs., Viral diseases for which

drugs exist, 4 Ipltipdeot dsspse regmienigigan peignidlldisesnhanaed fnlocalising thg digebei ng
rel eased or | rﬂ;;-ledﬁﬁ reiRi ty of infected cells. For cancer,
the locali safﬁ)d#\é?n t 'ga\gll};{gf%?t&?&bé%{T?ukﬁburs or netastasis would enhance the
effect of toxins or imunostinmulants. |In autoininne diseases,

i NMMuNos ressi ve,. dr (ofo] be rel eas S I e | gcal effect
;)ver a Fggge?&irglrﬁéseé%gﬁowsuﬁégmﬁ ﬁ?‘%lei%ﬁgyf M%Vmg@gmene& gofn
i muno- capaci iy dRfs Hehtf reltRic@Ur activhtdd 8 tRE S48 RIdAN Hinfliedlafid Faicgsderon.

the effect of inmminosuppressive drugs could be optimsed in the sane " way.
For vacci ne dibk locehsation frethe aemnityeofinmiogesror cmaidsthsirevdudd ahlianeel therefiebieof

vicinity of antigen presentin | 1s. thus .enhancing the efficacy of the
anti gen, The TEPR ST UBRIOTRUI T8 apoiolring Asreg TP possa e S8 e

sol ubl e TCRs @fuid hereRhSsiadwlyNSMid MBrdTBYal REfettSRdr & RnEBtkithakfanwhied |
activation by _bindi &get_o specific pMHC and thereby inhibiting T cell

activation. Auirgnaiysécching dresesrall inyoing-eagadityced the pitiecat Buthe prevanten on
and/ or tisgsue . I el ]| . le type
i abet o KRBT a8 gstbet it AHRARR Srb el SupcSPRNERE bpuRea i B

rel evant pVHGvayg Fagucdieeddliveryt, liesvadsiae ant?denMediddamedtlised i tae orirdgingfe W t h
the invention wll usually ﬁi suppl i ed as. Fart of a sterile,

phar maceut i caAUEEhPISETHINg Selihthug cRhancigdheaiticocy ofcthe gatigeny Hae matad ¢amal | y
accept abl e cafitd € apphibd o i k&al conposition may be in any. suitable
form (depe?\eglgdng zt%)on tﬁglggglggﬁgﬁ%h%?hod of admnistering it to a
patient). It nmay be provided 25 in unit dosage form wll generally be

provi ded 15" aTl%ees%lu%ije 'IC&Q;[ S 1r3regerr]1 Ve tiotleei‘rngyr l?evds(ejg % modulate T cell activation by

binding to specific pMHC and thereby inhibiting T cell activation. Autoimmune diseases

involving T cell-mediated inflammation and/or tissue damage would be amenable to this
approach, for example type I diabetes. Knowledge of the specific 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, pharmaceutical composition which will normally include a pharmaceutically
acceptable carrier. This pharmaceutical composition may be in any suitable form,
(depending upon the desired method of administering it to a patient). It may be provided
25  inunit dosage form, will generally be provided in a sealed container and may be provided
as part of a kit. Such a kit would normally (although not necessarily) include 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 (including

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



as part of a kit. Such a kit would normally (although not necessarily)
include instructions for use. It may include a plurality of said unit
dosage f owoe®3/03i163 phar maceuti cal conposition nay be adapt @dTiGB02/03986
adm ni stration by any appropriate 30 route, for exanple by the oral

(i ncludi ng buccal or sublingual), rectal, nasal, topical (including
buccal , sublingual or transdermal), vagi nalg-or parenteral (including
subcut aneous, intranuscul ar, intravenous or intradermal) route. Such
conposi tions may WO 03/020763 PCT/ GB02/ 03986 -19 be prepared by any nethod
known in the Renrepsreddisanygrsthod igovanda ithst ast afiphamrcy farexample bicadmiging the

i ngredi ent w i i RI nder..sterile conditions.
Pharnaceutica%ggéﬁ%g%#%%%ﬁéﬁgﬁgg%ggféggdggéﬁgé ﬁ?ﬁﬁ%ﬂ?gypgﬁmﬁay be
presented as 5 discrete units such as capsules or tablets; as powders or

granul es; as sol utions, syrups or  suspensjons (in aqueqQus Or non-aqueous
Iiquids; or aBhaspesnical samRosiongadapted foF orghadnypisiration may begipsentsr @s

exci pi ent s f o: i i Lze
ctar on_or “der s saarymteh SRR ANIER £0RUE S pRTHES: SIS SplR) ¢
exci pi ent s f osuspensens\fib hqueohis orgwhergiees tigpissiloe as edibik Gabensf @rwhipsaoipdse
vegetable oils, waxes, fats, sem 10 lid, or liquid polyo]s etc. For the
preparation o m‘élﬂf’{]f& §W§a%;enﬂ‘°§’§r‘?"ﬁspér ta@%@i%#‘é‘ﬁ‘tg\?ia\%ﬁ? EffPs'hlﬁ?’é’éiL‘G% gﬂt"ﬁ?}cl ude
for exanpl e WalbeEtarchOk YRR SHERESarichRld drR&t Rﬁ&Qf}f@tﬂtQ&e AciRHRPRRSI ONS
oils (e.g. vegetable oils) maybe used to provide oil-in-water ‘or water in
oi | suspensi owss withgoPigglatme eapsilesincluderfoo skanpie segrtrhist @ld, Warest famneder mal
admi ni st rﬂ}i On&l’?ﬂ% Joei pr soint-ted as discrete patches intended to remain in
inti mate cont 3et hﬂﬁdﬁh %?8ernis of the recipient for a prol onged
period of tinme. For exanple, the active ingredient nay-be delivered from

the patch by iontophoresis as general | y described in Pharmaceuti cal

Resear ch, 3( eyordagpreparaiganof spiyBenrend syiups exEpigpis svhidhanay besed inglude fort opi cal
adm nistratio I [ i ggg- . si ons,

| otions, pomdgﬁs, %@ ﬁ%?%@@?g%ggﬁgg;%égﬁﬁ?& spb§§gf£§ ro@%?%ﬁgg'bils. For

i nfections of vdghiableyils)anaybdiesed exprevida biltin-satee st whier inexiangdeasionout h and

skin, the conpositions. are preferabl lied a topical ointnent or
cream Men%%eh‘fl% CPRPERIBS A ‘?’Pé‘%]tfgpgﬁﬁg%i’&af%@upﬁgi‘% Ta# DS rgsepted as
enpl oyed wi t hyigiriBhicRes iRRA®(th RinGai®in iﬁﬁxﬁtgttfes%ﬁtgét%ﬁih%@eﬁ&éﬁrﬁ@&{ﬂl@ééﬁient

Alternatively, the active ingredient may
for a prolonged period of time. For example, the active ingredient may be delivered from

the patch by iontophoresis as generally described in Pharmaceutical Research, 3(6):318
(1986). Pharmaceutical compositions adapted for topical administration may be

20  formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes, gels,
sprays, aerosols 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.
Pharmaceutical 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
administration in the mouth include lozenges, pastilles and mouth washes.

30
Pharmaceutical compositions adapted for rectal administration may be presented as

suppositories or enemas. Pharmaceutical compositions adapted for nasal administration



25 fornmulated in a creamwith an oil-in-water creambase or a water-in-oil
base. Pharmaceutical conpositions adapted for topical admnistration to
the eye. wooBuzgexye drops wherein the active ingredi ent PCI/GH02o8H89ed or
suspended in a suitable carrier, especially an aqueous sol vent.

Phar maceuti cal conpositions adapted for topical admnistration in the
nmout h i ncl ude | ozenges, pastilles and nout2®-washes. 30 Pharnmaceuti cal
conpositions adapted for rectal adm nistration nay be presented as

suppositories or enenmas.. Pharnmaceytical conpositions adapted for nasal
adm ni strati OW?1 7 607632 P‘@/‘Eéb@@%@@wwﬁg hapige @iparticlfesieedpy $xappies g

sol i d 1 nel Udeidng HRGS 80 RO icHAY Withds RAGHEER if ifendbbr BXATR Sueiyl  he

range 20 to 500 mcrons which is admnistered in the nanner in snuf f
is taken, i.tkehy.eryphpidimiakitian thooughthouaghl tebegnfiomla pasiregef the powder

cont ai ner of owde hel d gl. up ta.the nose. Suitable.comositions
wherein the cé‘%&f’g’ﬁe P%{Oafh???fﬁi teiu ?a?)gercto%pgﬂﬁppﬁ\g]gqrg{lﬁgﬁaggerés 48U Cpray or
as nasal d§ opgdminfR&hiisteasAHASD YSraPbr Airasa abdpk| RABALIquEOR or B LbMBorlsHERRAI ent .
Phar maceuti cal conpositions adapted for adm nistration by inhalation

i nclude fine paveingredientsPharppacantical sompositivngagdptedfonaininistiation hydplmdatioh
various types:. i,sed aeroso nebul i zers o

i nsufflators. mlg'ﬁlg? %%gil{}ﬁ?lg gﬁ%%%%%ﬁ‘f r-%rga% a%?lg{f!tq%%y NEG? ﬂﬁ arious fypes of

adm ni strati omefsBed doge piRERESIIt RfbsELS, RBEISRTS B InsuffRIGRE Bharmadeufiégans, gel s,
pastes, foans or spray formul ations. Pharmaceutical conpositions adapted
for parent er afomERARINS pdaptcdor vagwrl alEnipigERiOUINaYRE DIGHEDISE ALPRTEALISS, dANPags,

i nj ectionygol Wi i i ;= QX . fostats
and sol Ut Sa. wheafe gt tes TBn S bRl Rorilhdioly BB Rt bR R LI
bl ood of the fanperediech! admingiretidn inelnde aguasuad nandqueons seytie injsctivh eslutien
suspensi ons which may include suspendjng agents and 15 thi ckeni hg_ agents.
Exci pi ent's mh?”i?ﬁﬂﬁ%ﬁ)%@n@g’_eaﬂmf%&é?ﬁj @%easgb@%&smw golfige PR TRGeE e

al cohol's, pol yphfiatih ¥HRfahHdlyatoEFRh AR Hodd dfhe &&hd&?ﬁ%ﬁgieﬁt; ald'Syueous
conposi tions maébe presented in unit-dose or multi-dose contalners, for

exanpl e seal ean exnsatetilosuspensionswbicimmay rehuiesnspanding agdntsemde- dr i ed

(l'yophilized)  condition. reguicri only the addition of the sterile |iquid
carried, fbe(;r @Cg R R & Sﬁ?’l@%ﬁ %SHE? ha b o’imffté% SWF%’?S l?gu‘ifs%?terzo
E;<t e_rr}aor aneougicéhuls gblyo, S @detiht atbvepadbIs Bl FRSdxampleTaNb QoRpEMRE thalybem
sterile

b

presented in unit-dose or multi-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 liquid 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 pharmaceutical 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 form of a
pharmaceutically acceptable salt), buffers, coating agents or antioxidants. They may also

contain therapeutically active agents in addition to the substance of the present invention.

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
individual to be treated, etc. and a physician will ultimately determine appropriate

dosages to be used. The dosage may be repeated as often as appropriate. If side effects



powders, granules and tablets. The pharnmaceutical conpositions may contain
preserving agents, solubilising agents, stabilising agents, wetting
agents, ewoDlogioti7ey s, sweeteners, colourants, odourants, s&CTaB0253986
(substances. of the present invention nmay thenselves be provided in the
formof a pharmaceutically acceptable salt), buffers, coating agents or
antioxidants. They may also contain ther&jeutically active agents in
addition to the substance of the present invention. Dosages of the
substances of the present invention can vary between wide limts, 30
dependi ng upatfFveier th arosatanfor degBeng T e dgiase Fakbeigdug emag@riqalaw&hdi tion
of the indivjdua] ci®aPsatigated, etc. and a physician will ultimtely
determ ne appropriate osages to be used. The dosage maybe repeated as
often as appropriate. If side effects WO 03/020763 PCT/ GB02/ 03986 -21
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pure form These techni ques are disclosed, for exanple, 'in J. Sanbrook et

al Mol ecul ar @ MeleadurXidnirg2nd Baitioodlald Springigarbir baboratery dress OrOFOPrBus,

(1989). Thus,. i further aspect .ne present i.nvention ovi des. a

nucl e o aci d 1ot el aiebhnfe iR tavenliaf pRERE hucidl A0 pheleRoypRing o

sol ubl e TCR ofeqhiiRe BicdERBta dhBMTtHeBlubY TER SLEE Present iBRARIE BEAEeuyndeher et 0.
Such nucleic acid sequences nmay be obtained by isolating 10 TCR-encodi ng
nucl ei ¢ aci d ¢anemenreni@y theggionddcharigloitaadichseaapines pray Deobiinat iygselaling,

i nsertion,, de i i Ltd : j [ : 3 in
sol ated B r ScRrarodhe SHASL s AAR L col Mot GhELEIAR LplBHEE BT BE |
vector may beinsé¢rtion,pletetivedr sultstitusiohpst cell. Such 15 vectors and suitable
hosts formyet further aspects of the present invention. The invention al so
provi des a nmethod for obtaining a TCR chain, which nethod conprises

i ncubati ng sughl 8,98 hcif fldieciRdahy 6ORMLS1LRADr FRUSLAGNEIRLEIShayLO! the TCR
chain and then purifying the polypeptide. 20 The soluble TCRs of the
present i nvenincomporatad iotetaayavtat abg thexyectos siayrbeiimcospdyaiet entp @rhost cell. Such

15  vectors and suitable hosts form yet further aspects of the present invention.

-

The invention also provides a method for obtaining a TCR chain, which method
comprises incubating such a host cell 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 ir vitro.

Refolding of the TCR chains may take place in vitro 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 a solubilising
agent, for example 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 about SM. 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 guanidine may be used as necessary. Different



such as E. coli as inclusion bodies, and subsequent refolding in vitro.
Ref ol di ng of the TCR chains may take place in vitro under suitable

ref ol di ngwd302016é3 ti ons. In a particular enbodi nent, a TCRCRGBU208486ect
conformation is achieved by refolding solubilised TCR chains in a
refol ding buffer conmprising a solubilising agent, for exanple urea.
Advant ageously, the urea may be present af22a concentration of at |east
O 1Mor at least 1IMor at least 2.5M or about 5M An alternative
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-22 denaturants and, reducj ng. agents maybe used prior to the refolding step
(e.g. urea, JHrVssinGdn FadHesd andQxidissdfore redox coupl es maybe used during
refol ding,5 such as a cystani ne/cysteani ne redox couple, DIT or

( 3- mer capt oet hanol / at nospheri ¢ oxygen, and cysteine in reduced and

oxi di sed f or nigolding leffidéncy nefyf dlsoi leniayreased baltoadiitiomefi eestsiacbtlxy prdteinaddi ti on
of certain other protetjn COo nents, for, exagple ager.one roteins, to
the reéf ol di ngPHHPORERIE. OJFWPH{E APPRONE PEALFES AQ Ble et g mEE BPrYy4dsi ng
protel n t hroUghgink W Bectak el ABPALE drordth ihro A BRRARANES ih Abbamlisan0, et
al. (1999). Nature™Biotechnology "17: 187-191; 10 Altamrano, et al. (1997).
Proc Nat!| AcaminGchapsr@es (84gBiranc36i7d- §P99). Natiee Rattechsbipgy 181 IIIFEOITCR t he
present inventjon. na t ai.ped b Xpr.essian., | e otic cell system
such as iNsec it%’lr?@e%a‘)]’ éggﬁfFE%Q&%%AW‘?‘#%@#M%E%@CN eved by many
different neans. Alternative nodes of ion exchange maybe enpl oyed or ot her
nodes of protein purification my be used such as gel filtration

chr omat ogr aphflterpatarely, splublecHrR thersereaiiayentice matlobtainerdy grpresfifiningal ent TCR
conpl exes of - iL.av [ find use 20 in screening for
agents, such %%ggﬁgfﬁggﬁgﬁgﬁgﬁ 8%%%%%%%?; whi ch have the ability to

inhibit the binding of the TCRto its pMHC conpl ex. Thus, in a further
aspect, t1hSe

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  1n screening for agents, such as small 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 inhibits the
binding of a T cell receptor 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 include the Surface Plasmon
Resonance-based method described in WO 01/22084. Other well-known techniques
that could form the basis of this screening method are Scintillation Proximity Analysis

30 (SPA) and Amplified Luminescent Proximity Assay.



present invention provides a nethod for screening for an agent which
inhibits the binding of a T cell receptor to a peptide- MHC conpl ex,

conpri si ryored2a763 i ng the binding of a soluble T cell re®eptGB203986he
invention with a peptide-MHC conplex in 25 the presence of an agent; and
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nmentioned herein are incorporated to the fullest extent permtted by |aw
Exanples . 15 The invention is further described in the follow ng
exanpl es, - whi ErefereediGeturasiaf eachraspecs @b iwventine aferas dit qash of theather Wcts
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20 Flgure is asc ramo a so uced

i nter-chain difullesuﬂxpéﬁtﬂemhﬁadibyrwaccor dance with the invention; Figures 2a
and 2b show respectively the nucleic acid sequences of the a and P. chains
of a soluble A6 TCR, nutated so as to introduce a cystei ne codon. The
shadi ng 25 i ngigatfs the introduced cysteine codon; Figure 3a shows the A6
TCR a chain ext racellul ar am no acid sequence, including the

15  The invention is further described in the following examples, which do not limit the

scope of the invention in any way.
Reference 1s 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-

sulphide.bond in accordance with the invention;

Figures 2a and 2b show respectively the nucleic acid sequences of the a and B. 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 a chain extracellular amino acid sequence, including the

T4s — C mutation (underlined) used to produce the novel disulphide inter-chain bond,

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

* bond;



T48 -4 C nutation (underlined) used to produce the novel disul phide
inter-chain bond, and Figure 3b shows the A6 TCR (3 chain extracellul ar
am no aciwogggeante, including 30 the S57 -* C nutation (@cdaBo20zdy used
to produce the novel disulphide inter-chain bond; WO 03/020763

PCT/ GB02/ 03986 -24 Figure 4 is a trace obtained after ani on exchange
chromat ogr aphy of soluble A6 TCR, showi ngZ%rotein elution froma POROS
50HQ col um using a 0-500 MM NaCl gradient, as indicated by the dotted

line; 5 Figure:.h -,A. IF - PA massi e-.st ai ned f..fr LONS
From col umn. - Figrs 4 52 HHEUBYIR dRer HIGT A CRREPIRARaBbARAY Rt scliee PRAECR

( Coonassi e- st ghavady paftein klutioh iflofsa POROITSINQBoluth usihgHd QY06 nfM Nl

i ndi cated. Peak 1 clear]y contains mainly non-disul phide |inked 0-chain,
peak 2 cont ai B&diceRapadicadd hydhe deftediline” i nter - chain  di sul phi de i nked,

and the shoulder is due to E.coli contam nants, mxed in with the 10

i nter-chain disul phide |linked sTCR, which are poorly visible on this

r epr oduct i ®n; Figarghi-eA.Rddsciag SDScRA Gt (€lonadsdie-staingd zef-fexctibusfr@n column

chromat ogr aphy of pool ed fractions . frompeak 1 in Figure 5. The protein
elutes as a sh’g‘!"‘ﬁgﬁf gr asJe ﬁ?te‘goﬁr]g%‘éﬁr‘aﬁcﬁ’_@ SIbS_'PtA‘@ &%ﬁ?ﬁﬁr}edlsf Figure
7 is a Bl ACOI @bt BRSEc QMY SurPin Fi?@reapl%infdicateﬁl Wm@gf%ﬁlgbaﬂéiﬁmn%ﬂ&' nked

A6 soluble TCR to HLA-A2-tax conpfex. Insert shows ng response
conpared to oomtlisolphiderinked frbyhia, peakeodontainsdf CRIihsigtqliinelewhich keidtefAGhaial ubl e

TCR, 20 Figure. 8a. sh he . A6 a chai n sequence | ncl uding novel
cysteine resi gﬁgﬁl’h#ﬁﬁgﬁ‘é‘g aflgﬂlerf‘gg}lﬁﬂﬁrrléld@e H’E’éﬂ%Foﬁt%%W@tW%%Wéﬁh ththading
i ndi cat esyd he i @hdnoNsulphits iR i i lefloiRB Rl  ©:
Fi gures 8b anél 8c show t%e1 DI{IA gsggtﬁ%égvcﬂé&{)%kgagr}l}g%giﬂ?:eh%ﬁﬁ%ﬂfeﬁﬁoﬁg&ﬁ 2 TCR
nmutated to include additional cysteine residues to forma non-native

N LGN I T A R A K
sequences of Fogitseak 188 Fadiée 8DThe protein elutes as a single major peak, corresponding to
the heterodimer; |
15
Figure 7 is a BIAcore response curve of the specific binding of disulphide-linked A6
soluble TCR to HLA-A2-tax complex. Insert shows binding response compared to
control 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 a BamH1 resfriction site. Shading indicates the mutations
introduced to form the BamH1 restriction site. Figures 8b and 8c show the DNA
sequence of o and B chain of the JM22 TCR mutated to include additional cysteine
residues to form a non-native disulphide bond;

25 ‘
Figures 95 and 9b show respectively the JM22 TCR o and 3 chain extracellular amino
acid sequences produced from the DNA sequences of Figures 8a and 8b;

Figure 10 is a trace obtained after anion exchange chromatography of soluble
30  disulphide-linked JM22 TCR showing protein elution from a POROS 50HQ column
using a 0-500 mM NaCl gradient, as indicated by the dotted line;



Figure 10 is a trace obtained after ani on exchange chromatography of

sol ubl e 30 di sul phide-linked JM22 TCR showi ng protein elution froma POROS
50HQ col uwp 030%i758) a 0- 500 nM NaCl gradi ent, as indi cat edPoy/GBue/oshstt ed
line; WO 03/020763 PCT/ GB02/03986 -25 Figure | la shows a reducing

SDS- PAGE (Coomassi e-stained) of fractions from colum run in Figure 10, as
indicated and Figure | |Ib shows a non-redu'(,zi ng. SDS- PAGE

(Coomassi e-stained) of fractions fromcolum run in Figure 10, as

i ndicated. Pegkurk 19h 8B6Wya fARtiAL SHSIERGRCRbRLSEtaiBd AT fraxtibid @6mChai n
di sul phide linked. 5 Figure 12 is a trace obtained from size-excl usion

chr omat ogr aphycodimpaul iad'igura d P asrndicatedandpighrell Ibsheyvg anenreducngasSD¥ot ei n
elutes as a si i or peak. oryespondi ng t t he.het er odi F..Yi,eld is
S0% 10 1 gur S AGE CRORERES P ERBGNIAT bt i Bl O, W frigiclht O

di sul phi de- | i nk&ad 1 18R coataits FCR GRetodlittibrAviith istarsphan dBulgidudinkgdr esponse
conpared to control for a single injection of disulphide-Iinked JM2

sol uble TCR Figures 14a and 14b show the DNA sequence of a and (3 chain of

t he NY-ESO 15 t i j L1 o shel '

non- nat i v di LB 48° bantt g B GihBRn R RoEEB LR SRIE

NY- ESO TCR a afiieingeathhimfigt riac @hk ptatein ehneses asingle ey @oge soppespdudiag té r om
t he DNA sequent%e?i of Fi gure‘% 1l4g and |4b 20 Figure 16 is a trace obtained
from ani on excRaAGErGHRGE DY : of soluble NY- ESO di sul phi de-1inked TCR
showi ng protein elution froma PORCS 50HQ col um using a 0-500 mM NaCl
gradient, as indicated by the dotted line; Figure 17 - A Reducing SDS-PAGE
(Coonassi ekst afigart)l3of Af BdAtoremesponsengurod efithe spbificthinding B duanlphits;linksd

i ndi cated. B. = ' SDS- Co Le-stai ned f f ti
col um run i n Prguralg 1R BRI Py Hodg e rerierp b oAt
het er odi mer  whi GgleSnjbaticRof@iialhidl Sl dohMISECRE gur e 18.

Si ze- excl usi on chromat ography of pooled fractions frompeak 1 (A) and 30
peak 2 (B) in figure 17. The protein elutes as a single major peak,

cor respondi ng IE'i%mIeQ T4a Qr?cf Fé{boscﬂliogvetilé DNA sequence of o and B 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 a and P 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  runin Figure 16, as indicated. B. Non-reducing SDS-PAGE (Coomassie-stained) of
fractions from column run 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;



WD 03/ 020763 PCT/ GB02/ 03986 -26 Figure 19 shows a Bl Acore response curve
of the specific binding of disulphide-linked NY-ESO soluble TCR to

HLA- NYESOWOmnptek3 A. peak 1, B. peak 2; Figures 20a and 2Qb/GHv003986
respectively the DNA sequences of the a and R chains of a 5 sol uble NY-ESO
TCR, mutated so as to introduce a novel cysteine codon (indicated by

shadi ng). The sequences include the cysteihge involved in the native

di sul phide inter-chain bond (indicated by the codon in bold); Figures 2la
and 21b show respectively the NY-ESO TCR a and R chain extracellular 10

ami no acid sdijgerd@shgwedidAdorkresponsecubioideespenidedindingofdisedphidedinked

of sol ubl'e - NV ER0 Teeey I ARG OB Koo P8 EL poros sor0.

colum using a 0-500 mM NaCl gradient, as indicated by the dotted line; 15

Figure 23 shows a trace obtained from ani on exchange chronato%raphy of
sol ubl e  NY- HSguecRyandHbdhay resnscidvaly theddNAmequennss fHBRESNE wslofiam

usi ng a 0-. 500 ent s in e dotted 0,Figure
23 Shows 4 ¢ 1IN SO g S LR ARG e SR Sg e yob RGeS e
NY- ESO TCRl Y53 hA@NL ) OTIRY RigBéteeindhide thd dyeidinR ifFIREE iadiEhableUity Splﬁa@g a 0-
500 mM NaCl gradi en? as indicated by the dotted line; Figure 25 shows a
reduci ng SDS-iPEGEh{iThend (silisated By hatioden imbaldsO TCRdy' 13 yS, TCRdyS, and
TCR(3cyS fractions from ani on exchange colum runs in Figures 22- 24
respectively. Lanes 1 and 7 are MN markers, lane 2 is NYESOJsTCRI g4 a-cys
J3 peak (EB/18#e938 and ZItEshdwi &Wﬁ&@ﬂﬁ@ﬂf%@i‘@y{&x Bné B’Q:hiunl@ﬁﬁkcellular
(EB/ 084/ 033), lane 4 is NYESOQdsTCRI g4 cys (EB/084/034), lane 5 is
NYESOds TG g 4enaine peid sexuspsessiagiuced dom (eSO sEQRBYes of Faguresélagnd1b;
NYESOQdSTCRI g4 a-cys (3-cys peak (EB/084/035); WO 03/020763 PCT/ GB02/ 03986
-27 Figure 26 shows a non-reduci ng SDS- PAGE ( Coonassi e-stai ned) of NY-ESO
Figure 22 shows a trace obtained from anion exchange chromatography of soluble

NY-ESO TCRof”® 8%° showing protein elution from a POROS 50HQ column 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 TCRB™® showing protein elution from a POROS 50HQ column 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, TCRa™®, 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 is NYESOdsTCR1g4 a-cys (8 small peak (EB/084/033),
lane 4 is NYESOdsTCR1g4 a. S-cys (EB/084/034), lane 5 is NYESOdsTCR1g4 a-cys
B-cys small peak (EB/084/035), and lane 6 is NYESOdsTCR1g4 a-cys 8-cys peak
(EB/084/035);



TCRd ys fl '":Ys, TCR&YS, and TCR/ YS fractions from ani on exchange col um
runs in Figures 22-24 respectively. Lanes 1 and 7 are MV markers, |ane 2
is NYESGWODERIY43 a-cys (3 peak (EB/084/033); lane 3 is NPERIGRIQBE4 a-cys
f3 small peak (EB/084/033), lane 4 is NYESOdsTCR1g4 a 0O-cys (EB/ 084/034),
lane 5 is NYESOdsTCR1g4 a-cys 0O-cys small peak (EB/084/035), and lane 6 is
NYESQdsTCR1g4 a-cys /3-cys peak (EB/084/032y: Figure 27 is a trace obtained
from si ze excl usi on exchange chromat ography of sol uble NY-ESO TCRacYS 3cyS

showi ng protein el ution of pooled, f [ romFigure 22, The protein
elutes as a silﬁaﬁlrgléksfﬁg S5élgﬂjfe(ﬁlgﬁgei[%hé,a%(qtoan}aﬁ%e-ﬁf@p}gf%gfIHXrES(Q Fi gure
28 is a trace DORETEY, TCREPSIEETERGUELADNE KORANEE Q&F‘%%&%ﬁ?t H}ﬁs%@

ol e ractions from

sol ubl e "NY- ESO TCRAFYS showi ng protein elution of po
Fi gure 22. Theigyeseeid rejpastsladianes i and @ area)l3Y npelais, laerd Bspondi ng to the

chr ot ogr aphy SE> 4 fsREe! S eeP R RE: e BSOS R b ephol ca
fractions fromnfigieR (280s4e3), %@}gﬁ% RY&S8RTCRS g%loci\%gg (%1378&496342?1%5 i of

corresponding to the heterodiner; Figure 30 is a e response curv
the specific BVWBEOdsTERNA &SEs B-CRafndll ptak (ER/984/095)HuAt IalYe 8O conpl ex;

Figure 31 is a_Bl Acore response curve of the specific binding of NY-ES O

TCRd y' to HIAYRFOESER ©Ys S25s PrafuEB/824/035)a Bl Acore response curve of
t he specific binding of NY-ESO TCR/ 3CYS to HLA-NY-ESO conpl ex; Figures 33a
and 33b show respectively the DNA sequences of the a and (3 chains of a
sol ubl e AH- 1. FBgiFER7 isrtratcshtsifedBohQidetkElasiyn exchah QY ErofiRlRIphS of R5IMe

(i ndi cated by 7 CT/ GB02/ 03986 -28 shading). The Seqguences

i ncl ude the cﬁ&oﬁﬁgﬁ%ﬁ(ﬁ&lﬁomﬁgﬁow ¢lyidonypipaobe frctions om KigereA2bond

(i ndicated by i Ta DR 1 . S respectively the
AH1.23 TCR a an?r%t%ﬁ%gt}eﬂaéé%@ 18 g}: ap(%llﬂz’iergla céﬁgsrﬁ%ﬁgmgi‘?gle? %\éa%cﬁ@gg, pr oduced
fromthe DNA sequences of Figures 33a and 33b;

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 TCR*® showing protein elution of pooled fractions from Figure 22. The

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

Figure 30 is a BIAcore response curve of the specific binding of NY-ESO TCRa™*
15 ™ to HLA-NY-ESO complex:

Figure 31 is a BIAcore response curve of the specific binding of NY-ESO TCRof to
HLA-NY-ESO complex; ' '

20 Figure 32 is a BIAcore response curve of the specific binding of NY-ESO TCRB™ to
HLA-NY-ESO complex; '

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



Figure 35 is a trace obtained from ani on exchange chronat ography of sol uble
AH 1.23 TCR show ng protein elution froma POROS 50HQ col unm using a 0-500
nmv  NaCl wyoadiozrtsd as indicated by the dotted |ine; 10 Fi @UT&GER/03%6a
reduci ng SDS- PAGE (10% Bi s-Tris gel, Coonassie-stained) of AH 1.23 TCR
fractions from ani on exchange columm run in Figure 35. Proteins exam ned
are the anion exchange fractions of TCR 1. 23-S-S fromrefold 3. Lane 1 is
MN markers, |ane 2isB4,lane 3isC2, | ane 4isC3,|ane 5i sC4, 1 ane 6isC5, 1 ane
7is Cb, lane § i.s C7, lane 9 is C8, and lane 10 is C9; Figure 37 is a

non- r educi ng dimgEETe srapeces elugde gh cysiesrmedved inthe mitve disulphide inte?3 TCR
fractions fro i d%ﬁf@a'?&i% I iR Figure 35. Proteins exam ned
are the ani onn%%gﬁhgdr?ge frlacti gﬁgég@&%ﬂd S-S fromrefold 3. Lane 1 is
MN markers, lane 2 is B4, lane 3 is C2, lane 4 is C3, lane 5 is C4, lane 6
is C5, lane 7 _is is C7, lLane 9 is C8, and lane 10 is C9; Figure

w 8
38 is a trace %ﬁ?@ggéﬂaﬁ]%}h shoygesnectivaly the AtdivnBeR enashinelesin axsragelilar
| ubl AR 1. 23 ' j [ £ td f
i gure 35, e o e erncft fRoAlel ol e LATA R BRO 3R Ei 5 48078y o
the heterodi mer; Figures 39a and 39b show respectively the DNA and am no

aci d sequence;l:,iof t.he a ch&{n gi a soluble A6 TCR, nutated so as to
i ntroduce a novEiTecydt afec otaiped frampenion gxghange shromagegrapbyzelubitnaHs haded

nucl eoti des i ndpTRLR S indBrbRAHARELRYE QIS0 %%fgﬂﬂ&%nggg)oé(gg&y

underlined am no acid indicates the i ntroduced cyst

PCT/ GB02/ 03986NaClagadicy)yasaindigatad by thedldtied hiney r especti vel y the DNA and ani no
acid sequences of the a chain of a soluble A6 TCR, nutated so as to

i ntroduce 'a novel cysteine at residue 45 in exon 1 of TRAC*01l. The shaded

nucl eoti des i rEdp@@BE it heedubing SHSPAGEAY 6%, BMSRI RE Cooiiefle thNEE

underlined am no acid indicates the i ntroduced cysteine; 5 Fi guresAIZLlli a and
41b show r espécti VeRyfracHanskpm apionsnrhesge eplimpayn énbigeredds. tRreteins exhminedof a

sol ubl e A TCRre fglalditbx8Ruds faBidior 9L R 23 STOYBh RYRE §' Sl i 1R OUE OL
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 37 is a non-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 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;



exon 1 of TRAC*0l1l. The shaded nucl eotides indicate the introduced novel
cysteine codon and the underlined am no acid indicates the introduced
cyst ei ne;wo03B2yus es 42a and 42b show respectively the DNRCarGBoawn39se aci d
sequences of the a chain of a soluble A6 TCR, nutated so as to introduce a
novel cysteine at residue 50 in exon 1 of TRAC*0l1l. The shaded nucl eoti des
i ndicate the introduced novel cysteine codth and the underlined am no acid
i ndi cates the introduced cysteine; 15 Figures 43a and 43b show respectively

t he DNA d ] ihd h f | uble A6 TCR,
mitated oo ac TRUREPEHEDE S ebec) Lt eSNA agé%neg@ acid Spaeness of e of
TRAC*01. The s¢adesk NsRIROMCARSR gt hﬁ:ﬁg@ ab R€inkD Jc% d‘{}g eﬁ‘le a?¥ tle 05 B,

codon and the underlined am no acid I cates the |n e e ne;

Fi gures 44a arxondioisPMWCT®ls Bt shadddnucteetibbélndioateals mtro&a‘ded nseawggt@me of
the U chain d so_as to. introduce a novel

cystei ne at recg)ld ﬁe ‘igie%ﬁﬁeri%gialfmé’f”ﬁ%@fs therairadicad gysieieteot i des
indicate the introduced novel cysteine codon and the underlined am no acid

i ndi cates the introduced cysteine; 25 Figures 45a and 45b show respectively
the DNA and anElﬁUe&éi&ja@e‘Hdve&hewgemeCMMy the mmmandmmlm sl sdrjuendd of 8,0,

mut at ed so as ve tei ne residue 12 in exon 1 of
TRACO1. The <TaRt g‘l arfﬁgﬂ%g Tifived i“?ﬂii’l%aﬁ% ag ‘i?énﬁrchs dooxel cyeigmIc agyesidep £ in
codon and t he gxaderdfiTRedCagm. i t, 30
WD 03/ 020763 PCT/ G802/ 03086 50" %fgguﬂ}glse%%%qﬁ‘%@ﬁe%}gglhﬁg%&r%gélg@t ggtg §

DNA and ani no Qépeardigandatinet amine agid ipfiantes ik intradicebbystede; TCR,  mut at ed
so as to ijptroduce a novel cysteine at residue 22 in exon 1 of TRAC*01.
The shaded nucl eoti des indicate the introduced novel cysteine codon and

the underli nediigurendaaaiddi2brtlow atpsctiigy ih8INOA UAE dmbySAddd Bfjuertes of the o

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 44a and 44b 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 15 in
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 45a and 45b 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 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



Fi gures 47aand 47b 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

cyst ei ne WD mB@%I7dle 52 in exon 1 of TRAC*0l. The shaded maEIGRIRioshss

i ndi cate the introduced novel cysteine codon and the underlined am no acid
i ndi cates the introduced cysteine; 10 Figures 48a and 48b show respectively
the DNA and am no acid sequences of the aj3ochain of a soluble A6 TCR,
nmutated so as to introduce a novel cysteine at residue 43 in exon 1 of
TRAC*01. The shaded nucl eotides indicate the introduced novel cysteine
codon and t heFigméerbi methGndhnw raspcdtivelylthed?Me4. and emiinn acidisrgpencey of BieRe; 15

Fi gures 49a and. 49b shqw r ctively the d i i d f

the o chal n SR IGoRi B ARG CRorRREY a1 Buodnreditf o o RaRinE S RHGEREE ©

cysteine at ré?&)hqttg’ﬁi%@?ﬂol.eﬁfé”shadé%{_fnu-l;ﬁ'ﬁ%&]indi&t@ fEdiageduded abed i sieise
oduce

indicate the intr novel cysteine codon and the underlined am no acid
i ndi cat es t hecddoh noditheathdentised amito 2281 iniligates thedoaodusad sSy#eiBsiow r especti vel y
the DNA and am no acid sequences of the chain of a soluble A6 TCR nutated
so as to introduce a novel cysteine at residue 77 in exon 1 of TRBC2*01.

The shaded nugi'gﬁl%g 1628nd BF SRWEebiRt4 BRAVRAGNAGMEho )18 b&judfices 0B €@ and

t he underlined”am no acid I ndicates the introduced cysteine; 25 Figures 51
a and 51b shovhairesfrestlible Ay TER, riated o aate introdused nogleisielns abFestdys SR n

chain of a soluble tate 0 as..to .intr | - GY. jne at
oai due 17§ noRBcH IRAF et Rted e Rl U Rl oy XSRS

i ntroduced noy&onGy.e kRl ARleriREamidgtid haicard eid inieducedichaciaei d i ndi cat es
the introduced cysteine; 30 WD 03/020763 PCT/ GB02/ 03986 -31 Figures 52a

and 52b shodw respectively the DNA and amino acid sequences of the R chain
15 in exon 1t Grrerreseo 155 el sty O ey Bt RRI AR C 512 5
novel cyst ei Ngyain 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 amino acid sequences of the a.
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 50a and 50b show respectively the DNA and amino acid sequences of the B
chain of a soluble A6 TCR, mutated so as to intfoduce anovel cysteine at residue 77 in
exon 1 of TRBC2*01. The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteing;
25
Figures 51a and 51b show respectively the DNA and amino acid sequences of the
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;
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codon and the underlined am no acid indicates the introduced cysteine; 5

Fi gures 53a and 53b show respectively the DNA and am no aci d sequences of
the (3 cweim/ozf7ea sol uble A6 TCR, nutated so as to intro®CTaRI208086]
cysteine at residue 59 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; 10 Fi gtfles 54a and 54b show respectively
the DNA and am no acid sequences of the R chain of a soluble A6 TCR

mutated so as to introduce a novel cysteine at residue 79 in ex g}e(laq of
TRBC2*01. TheFighmaddda aud fdpsionersspasiyelytiee PNA andianype add S?fB\?%‘FeSé’g ne

codon and the underli ] i.d, 1indi i I-N8;in 15
Fi gures 55a aﬁl?la]%% & §°ﬁ‘§@f %«@ﬁ@%ﬁ% 9‘2?9 rgg ﬁ§%§°g‘%§ alaﬂrgvﬁggg%l agg%:ijcgir?g gsmof
the R chain gforal sptrBUE*6 TieRhadadiaickdtides iadicito thenntrodiwed navel eysibine
cysteine at residue 14 in exaon 1 of TRBC2*01. The shgded nucl eot i des

i ndi cate the redongaddeimisilined apaneiddmdiatrs theingotensd GNP ned ani no acid
i ndi cates the introduced cysteine; 20 Figures 56a and 56b show respectively
the DNA and am no acid sequences of the R chain of a soluble A6 TCR

mut at ed SO as FidurdsH36ad 68b showorspectiyellyehe1DNa arrdesnido eciSequencesxadiibhel  of

TRBC2*01. The shaded nucl eotides indicate the int roduc§d novel %@% eine
codon and t he chainef & selableavfi HoRampiatadfgias 40 BErodpce 3 PRVELENFERERP &y o5

Fi gures 57a and 57b f ' . Gl ABodsded nooaUS R Of
the R chain 81‘0%]7%?%&2 @%pﬁﬁéh\éﬁ@/ﬁc@u@%&gﬂt gqfligntrgduceena ntﬁel
cysteine at resddimdate imderinednniinofcid RE2itGhe Miedsdeddastemac| eot i des

i ndi cate the introduced novel cysteine codon and the underlined am no acid
i ndi cates!®he introduced cysteine; 30 WO 03/020763 PCT/ GB02/ 03986 - 32

Fi gures 58a apg, 280 Shaw sifSRAE Hisyedivelyfic DN anfluafibneidasstnsarmneps of

the a

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 nucleotides 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 §
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 56a and 56b 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 55 in
exon 1 of TRBC2*01. The shaded nucleotides indicate the introduced novel cysteine
codon and the underlined amino acid indicates the introduced cysteine;

25
Figures 57a and 57b show respectively the DNA and amino acid sequences of the
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;
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chain of a soluble A6 TCR, nutated so as to introduce a novel cysteine at
residue 15 in exon 1 of TRBC2*01l. The shaded nucl eoti des indicate the

i nt roduceaonawal7exyst ei ne codon and the underlined am noPatiGBo2nskS6at es
the introduced cysteine; 5 Figures 59-64 are traces obtained from anion
exchange chromat ography of soluble A6 TCR containing a novel disul phide
inter-chain bond between: residues 48 of exan 1 of TRAC*01l and 57 of exon
1 of TRBC2*01; residues 45 of exon 1 of TRAC*01l and 77 of exon 1 of
TRBC2*01; residues 10 of exon 1 of TRAC*0l1l and 17 of exon 1 of 10 TRBC2*01;
resi dues 45 oFiguxesH8h and STRACYOEspentiveldy tid DEMomdlannihio TEHBE2q@hres afeld flues 52
of exon 1 of T .Ugl @n@ 55 exon of TRBC2*01; residues 15 of, e‘Eﬁ(on 1
of TRAC*01 an # selulle Ab BrRoma 2s fo.uodseanqyel eysisme i

el ution from axRORGBTRECESHUMhdihhid ﬁ’hc@eoﬁ@@s M N Ghe ﬂﬁ%@lﬁ&ﬁtnovéﬁgbt@gﬂecat ed
by the dotted line; 15 Figures 65a and 65b are, respectively, cing and
non-r educi ng spivnpadithe Wclsolinged inend acid ndat)atasfthSmtmdlll@dA@S‘t&”ﬁR containing a
novel disulphide inter-chain bond between residues 48 of exon 1 of TRAC:01
and 57 of &xon 1 of TRBC2*0l1, fractions run were collected from anion

exchange col UPThukdd5o-6Y dre @b SbiinetOfrbrh AHI0A x B8R 58 BRkoR R cddiy Jf§§IBEIétA6/e| Y,
reduci ng and non-reduci ng SDS- PAGE (Coomassi e- stal ned) of "sol ubl e A6

cont ai ni ng a A&Retongrining piicrd diswiphideintarehaipbead betwme@rr eyidusisdifes 6&611 b\bf exon
1 of TRAC*01 e ‘ ed
from ani on ex?@%él%ﬁgﬁ??}m PheE guf eél]édem%g%l gur’éOn i@gﬁgﬁ@ é? ‘i?z

respectively, of etbucl astgrlamdzmmrerseﬂmmgfaaﬁ IRAGRA CE&voamss] 6f &bailngd) of
sol ubl e A6 TCR cont a| n| ng a novel disulphide inter-chain bond between

resi dues 19 of RBLEN0L; rgs1dugsdcadexamd of TREGV pnd HO phexer bef TRBEZE ons run
were col | ect eg.sfH, 020 QRng *GOMEEY §UBxd éﬂ Efﬂe%gg A@Qddégg%?s 68a

and 68b are, respectively, reducing and non-reducin
. exon 1 of TRAC*01 and 15 of exon 1 of TRBC2*01, respectlvely, showing protein

elution from a POROS 50 column using a 0-500 mM NaCl gradient, as indicated by
jche 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 run were collected from anion 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 column 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 novel 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 inter-chain



(Coomassi e-stai ned) of soluble A6 TCR containing a novel disul phide
inter-chain WO 03/ 020763 PCT/ GB02/ 03986 -33 bond between residues 45 of
exon 1 ofwORA@®43 and 59 of exon 1 of TRBC2*01, fracti on®CTIGBOAMOBS6

coll ected from ani on exchange colum run in Figure 62; Figures 69a and 69b
are, respectively, reducing and non-reduci ng SDS- PAGE 5 (Coonassi e- st ai ned)
of soluble A6 TCR contai ning a novel disul{3Bide inter-chain bond between
resi dues 52 of exon 1 of TRAC*0l1l and 55 of exon 1 of TRBC2*01, fractions

run were coll from ani on ,exchan un. in Figure 63; Figures
70a and 70b aﬁ%?lg%gtgvpeg%tr?s\ll e§1,4§ Pga’ﬁ%gﬁafg%égnﬁ%%%{%%néséw&,
(Coomassi e- st gtaeeas i vie bbllRtolGrobCRieR Bk HaRkIEh1 T%‘giéipolﬁll'géﬂégﬂhi de

a

inter-chain bond between residues 15 of exon 1 o 15 of exon 1
of TRBC2*01, fractions .run were collected from ani on exchange columm run

in Figure 64; (i 71 4 r bt ai ned. from si ze, excl ysi Qn

chr omat ogr aph yP’f %%ggsg%au%de@kgréfé%%gﬁ%e@o ﬁ(?%gflﬁg r?ﬂg]H(’l?}'B‘iflélFm@i Sﬁ?ﬁ‘gﬁﬁ?e

i nter-chai 6 b@@domedsivesained@sifdukbleds TERGAMIAinSE no@%@ugghi@eﬁﬁtefl 8{1 exon 1
of TRBC2*01, %ho ing protein elution froma Superdex 200 HL ge ]fll tration
col urin. Fracti BH&?%W@W&“%W etexaa kadPR&Gf‘Q)ﬁmiﬁn@fragen 1o ITIRBC240, i n

Fi gure 59; 20 & ' Al omsize excl.usion

chr omat ographﬁg?%sgﬁ%&egé%%le%@%gg%gé %?cﬁxaﬂ%e J%‘%P“B%‘Efﬁ%ﬁ?%@ i nter-chain
bond between residues 45 of exon 1 of TRAC*01 and 77 of exon 1 of

TRBC2*01, show.n ot ei | ution froma Superdex 200 HL gel filtration
col um. Fract }ﬁ"bglrge{){ﬂ‘? %;}Qgéfﬂ’ FeReyehy Bidieing apd s Frdlngias Sglﬂ-ﬁﬁrﬁrﬂ un in

Fi gure 6071025 (EbeiHiQiclstaihsd) D DT e i ' 19 chai

chr omat ogr aph( of solleublle. /2\6 T%%Bl%contg%lgi%ﬂtshgg o@%ﬁ?gﬁémei%%r F]ﬁatn%r -chain
bond bet ween %@E@h@@%ﬂ@sﬂl@%kimf xoofl of TRAE T auddl 510f eabn @08 TRBCH*01,

col urm. Fr act L3RR ReRe RS R Boal o IR 6 FoLkEhEGE F3gRefumm run | n
Figure 61; WO 03/020763 PCT/ GB02/ 03986 ‘
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*01, showing protein elution from a Superdex
200 HL gel filtration column. Fractions run were collected from anion exchange

column run in Figure 59;

20  Figure 72 is a trace obtained from size exclusion chromatography of soluble A6 TCR
containipg a novel disulphide inter-chain bond between residues 45 of exon 1 of
TRAC*01 and 77 of exon 1 of TRBC2*01, showing protein elution from a Superdex
200 HL gel filtration column. 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  column run in Figure 61;



-34 Figure 74 is a trace obtained from size exclusion chromatography of

sol uble A6 TCR containing a novel disulphide inter-chain bond between

resi dues Wb 09f25dbn 1 of TRAC*01 and 59 of exon 1 of TRBERTMR2H5886i Ng
protein elution froma Superdex 200 HL gel filtration colum. Fractions
run were collected from ani on exchange 5 colum run in Figure 62; Figure 75
is a trace obtained from size exclusion chagimat ography of sol uble A6 TCR
cont ai ning a novel disul phide inter-chain bond between residues 52 of exon
1 of TRAC*Olggnd 5} .of exoq)él of . TRBC2*01, showi ng protein elution froma
Super dex 10 20308 géﬁaFP?et‘? PREhrB sizgsxclpsige ehromategphyel solsblel AT TER f rom
ani on exchang ; ¢ ¢ 63 Fi .S 8.t bt ai.ned from
si ze excl usi o%ogﬁ%%?ggﬁgﬁglp@&g% ﬁ@%énﬁ%r%x’g%oﬂﬁ%g?ﬁ %%o%:exﬁ%vg

di sul phi de i ntIRACHRI mdothaf dzen Wed ARBEA G leshobmayrorinslutiornfrorh SpA@eR1 and

15 of exon 1 * .show n rotein elution froma Superdex 200 HL
gel filtrati o%foggﬁgg%ﬂé?%%?oﬁ{@%r cmséu%ﬁ’lei‘ee“(ﬂl]@ﬁe&iﬁ@ﬁ HRPLFXCBAREIFange
col um runsi n cbhewt AmbA Figwélet:i gures 77-80 are Bl Acore response curves

showi ng, respectively, binding of soluble 20 A6 TCR containing a novel
di sul phi de inter-chain bond between: residues 48 of exon 1 of TRAC*0l1 and

57 of exon 1 @f *01, resi.d 45. of exan of TRAC*01 nd 77.0f exon
1 ,o6f TRBC2*0 ;lg“}g?%uaeéa%?%i%m%eﬁ%n Pizg exeliglon gromgiperaphgior é&&ﬁleﬁé B%R
TRBC2*01; and corainiuesnde] afsupkit idteLEhaliRhsHd¥erabsh 29 d0Es £XAMxdn 9ff TRBC2%01
to HLA-M-tax]%Hé:* 25 Figure 81 is a Bl Acore trace show ng non-specific

bi ndi ng of sol Nl 3R ofexpm Aioh TR R *Abwsbpwitigqubishi detiomirem adhvgerdebond
bet id 2_qf 55 0f 1.of TRBC2*01 t
A pon t O and 20 SRR TIEHRD hufim. MENGEE R R e R 18R s hiaisae - 35

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

column run in Figure 64; and

Figures 77-80 are BIAcore 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; |

30



Figure 82 is a Bl Acore response curve show ng binding of soluble A6 TCR
containing a novel disulphide inter-chain bond between residues 15 of exon
1 of TRAGVOD3@mie3 15 of exon 1 of TRBC2*01 to HLA- A2-tax PEHEGB0Z/05SguUr e 83a
is an electron density map around the nodel with 1BD2 sequence (Chain A

Thr 164, Chain B Ser 174). Map contoured at 1.0, 2.0 and 3.0 6. Figure 83b
is an electron density map after refinengjyt with Cys in the two positions
Al64 and B 174. The map is contoured at the sanme o |levels as for Fig 83a;
10 Figure 84 compares the structures of 1BD2 TCR with an NY-ESO TCR of the
present i nvehiguor8y addldichreyespgnseaduavesthoucngibiadingf soloblerA @HGRxontaining

representations; Fi.gures, 85 nd 85b ow t he. am.n Cl equences
reg pectively %POY%S%P%’%%?H%%H%& nﬁ%d %%Wﬁ jrﬁc%?eﬁBP&tq%mgwsltf?‘Hn
recognition si$ efexbne GHTRBO2AR tb SAQOAaRpNEIEE IS highlighted; Figures

86a and 86b show the DNA and am no acid sequences respectively of the
chain of the NY-ESO TCR incorporating the hexa-hisitidine tag. The

hexa- hi si t4 di t .| i ' - 20 Figure 87 .il. tes th l.utjon
of a0l ubl ¢ nv s S B HeAR NS e T e BT sledct B A
recognition seﬂﬂemp@hé“uﬁgrseal??.?%ﬁ&jﬂlﬁm 811.0,9%C RaDee o Hipihre 898 idieh @ 0- 500
nmv NaCl gradient, as indicate %the dotted line; 25 Figure 88 illustrates

the el ution oflegEindsnsityyapgiterreineet aiith Gy in thwotwsl positions Agh#t ded Bé7l and a
hexa-histiding tag ftroma P 50 nion exchange colums using a 0-500
mM NaCl gr adi 2’?\? fl]ggés ?Oﬁ}ﬂué % ebi?“}%?e%@ta%gorﬁ}%g?a’ﬁ gure 89 is a protein

elution profile fromgel filtration chronmatography of pooled 30.fractions

fromthe NY-ESO biotin tagged ani on exchange colum run illustrated by

Fi gure 8710 WF@srao¥ocremapstheaypetors 861BD2F (R yiithenddY {BSQATERotf¢hapresant i on
nt
i

file f L fil ' . hy, ,of led  f A f h
v £SO hexca. nESEr Y FhfanE MR SR AR R P R TP bEE ot o by

NY- ESO- hexa- hi st
Fi gure 88;
Figures 85a and 85b show the DNA and amino acid sequences respectively of the 3
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 a novel
disulphide bond and a biotin recognition sequence from a POROS 50HQ anion
exchange column using 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
columns using a 0-500 mM NaCl 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;



5 Figures 91 a-h are FACS histograns illustrating the staining intensity
produced from 25,000 events for HLA-A2 positive EBV transforned B cell

| i ne (PP WaQlop/oeatéuibated with the followi ng concentrati on®CofGBIYAEBO

pepti de and fluorescent NY-ESO TCR tetranmers respectively: NYESO 0 TCR 5g,
NYESO 10-4M TCR 5g, NYESO 10-5M TCR 5g, NYESO 10"6M TCR 5g, NYESO 0 TCR
10g, NYESO 10-4M TCR 10g, 10 NYESO 10-5M3BER 10g, NYESO 10-6M TCR 10g;
Figure 92 is the DNA sequence of the beta-chain of A6 TCR incorporating the

TRBC1*01 constant region; 15 Figure.93 is L on_.exchange, chx omat ogr aphy
trace of sol ubEIS l_g@?r"t?lﬁc?@rt’é’ r@?ﬁﬁ%‘%éa% OMG]{OIB%R?%BW( °’f%°g’?%‘ﬁ

show ng prot eﬁ&éﬁhy%ﬁnhé msmistﬁﬁmag%dmﬂ@bmg@ cBha@uaM Nacl
gradient, as i ndicated by the dotted line; igure 94 - A Reducing

SDS- PAGE ( Cooiitmstsited by Hignea§8;0f fracti ons fromcolum 20 run in Figure 93,
as indicated. B. Non-reduci ng SDS- PAGE (Coonassi e-stai ned) of fractions
fromcolum run in Figure 93, as indicated.; Figure 95 - Size-exclusion

chr omat ography; afesPehase FABS!Hi QDS ks dlspatke Seistidih@liftensit) prodieakfidm
contains TCR heterodi ner which is inter-chain disul phide |inked; 2 i_gure

F
96 - A. Bl Aco2hO@herents for BLA-AG pepitive EBY Banséirmgd & cedljlsg (BRildd in é@d%@

| uble TCR tQ.HLA lex B Bi nel { f
2" aingl e 1 nj AP oNp GRS rao (R EGC AR RaA PRRSER N BBOIER | Gl
the nucl ei ¢ agh@mRIVGREEVEN: NYBSOW BCRG RSN BSIR] 01N AR SUANYESO 10°M

incorporating the “free' cysteine, WO 03/020763 PCT/ GB02/ 03986 -37 Figure
98 - Anion exThRnyw, DAFESRT OGVERER: Spg, NYESO @TEB. PR NXESCHHY MiTER 1012,

o 5E8 eSS AR g SR AT ERGRETSS, D2 ol o o,

Reduci ng SDS- PAGE (Coonmssi e-stai ned) of fractions fromcolum run in
Figure 98, as indicated. B. Non-reduci ng SDS- PAGE (Coonumssi e-stai ned) of
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 column using a 0-500 mM NaCl gradient, as indicated by the dotted line;

Figure 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 column 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;



fractions fromcolum run in Figure 98, as indicated; 10 Figure 100 -
Si ze- excl usi on chromat ography of pooled fractions frompeak 2 in figure
98. Peak womamnt®@bhs TCR het erodi mer which is inter-chain aC3WBIRioskse! i nked;
Figure 101- A Bl Acore analysis of the specific binding of
di sul phi de-linked A6 soluble TCR incorporating the "free' cysteine to
HLA-Fl u conpl ex. B. Binding 15 response coffjared to control for a single
i njection of disulphide-linked A6 soluble TCR, Figure 102 shows the
nucl eic acid sequence of the nmutated beta chain of the A6 TCR
serjine, residue nmnutated in for the "free' cysteine; 20

i ncorporatin
IFi gurg 103 - gﬁlﬁgﬁﬂfﬁ I8 ARG Ex frefeBiatasrphy oL sglrbisl A6 FER TBRpareiingideat i ng

a “serine resigue Wuictiaflohihd MbtchiGuisd £6: i L0 r ot e
elution froma PO@&S 50'H% co%flﬁrrr(l3 usFﬁ%ﬂg&Bf%‘gﬁ%%ﬁé‘QQMiugﬁgF‘%aébo
i ndi cat ed by tth¥ Nethgddieh) axindR5teBibyuiheddtyd lineA. Reduci ng SDS- PAGE
(Coonassi estained) of fractions fromcolum run in Figure 103, as

i ndi cat ed. 5B. Non-r educi ng SDS- PAGE (Coonmssi e-stained) of fractions from

col umm run in fi ] Ao | + ai T
het er odi mer whi %1%6:92 ﬁ%ﬁﬁglﬁgﬁ%?ggﬁpﬁpﬁgﬁfﬁ !ggéag%fii—i&g%?éeﬂ§%l§%mn
Si ze- excl usi orue Ky Bighredt: apindicstedpB oNewtréduaingi ST PAGI((reatasde-shaidedpof e

103. Peak 1 cqqtalnse T et er odi mer jch.is inter-chain disul phide
| i nked; WO 03%@%@%‘??%%@?@“% aﬁ?’éﬁ%e%i% - A Bl Acore anal ysis
of the specific binding of disulphide-linked A6 soluble TCR incorporating

a serine residye nmutated in for the "free' cysteine to HLA- Flu conpl ex.
B. Bi ndi ng Pesjd#ge 18dmsrectkciusicasiromatogigphwnokpastiderachipus frommpealt 2 5n figure

di sul phi de-1i %e@eﬁgbg%ﬁg?(%@tﬂ%h eéﬁ%&aﬁ&%&ﬁf&a@]@iﬁ&%ﬁljﬂ%gﬁk% sequence

of pYX112; Figure 1 NOWS nuc e Séque

Figure 101 — A. BIAcore analysis of the specific binding of disulphide-linked A6
soluble TCR incorporating 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 fhe 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 theA ‘free’ cysteine showing pfotein elution from a
POROS 50HQ column using a 0-500 mM NaCl gradient, as indicated by the dotted
line;

25
Figure 104 — A. Reducing SDS-PAGE (Coomassie-stained) of fractions from column
run in Figure 103, as indicated. B. Non-reducing SDS-PAGE (Coomassie-stained) of
fractions from column run in Figure 103, as indicated. Peak 2 clearly contains TCR
heterodimer which is inter-chain disulphide 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;



10 Figure 109 shows the DNA and protein sequences of pre-pro mating factor
al pha fused to TCR a chain; Figure 110 shows the DNA and protein sequence
of pre-prwomab2etig f act or al pha fused 15 to TCR (3 chai n; PEITgB0/01988 shows
a Western Bl ot of soluble TCR expressed in S. cerevisiae strain SEY6210.
Lane C contains 60ng of purified soluble NY-ESO TCR as a control. Lanes 1
and2 contain the proteins harvested fromtdyge two separate TCR transformed
20 yeast cultures; Figure 112 shows the nucleic acid sequence of the KpnT
to EcoRl insert of the PpEX172 plasm d. The remainder of the plasmd is
pBlueScript Il KS-; 25 Figure 113 is a schematic diagran1of t he TCR chai ns

for cloning ipto | QVLE US; 14 s C gquence
of di sul phigde{3 reiHFC—Rxcgifg?OFﬁ % %ftlllﬁg?‘aﬁ Vﬁg‘iﬂlg(’?gﬁ? h@gﬁ’t“#‘f)q'lzl%nto
PACAB3 expr esgdighle ICRSHiceipot@infa @iies rkdidushwed Rgorihs e Ic?ﬁelﬁé td HLJE\CR
construct as a BanmH for inserfion into pAcAB3 e(gresm on plasmd; and

03/ 020763 PCTFERORmds0 SBindzyg TFSPQWQ%COII!I@T@HQWQH@Ol bmggheenmtmmé"d gel and

Western Bl 5)]{ pﬁg‘g%ﬂ%% 1{%%1%%%&]% ea-f@( produced di sul phide A6 TCR and t he

| nsect disu the foll ow ng exanpl es, unl ess

ot herwi se stated, the soluble TCR chains 5 produced are truncated
imediately CGtermnal to the cysteine residues which form the native

i nterchai n” di Biguphi Heshgws dhe muelgope sequenqeedpya<1de: pri mers and nut agenesi s
of A6 Tax TCR a and ,8 chains 10 For nutating A6 Tax threonine 48 of exon 1
in TRACCA to cysteine, the followng prinmers were designed (nmutation shown
in | ower case¥Figufe 18 shOks BAGiuakeatitig Feq@diiscCIAYRNR2AT 5' - AT GITC TAG CAC Aca
TTT GIC Tﬁg G 15 For nutating A6 Tax serine 57 of exon 1 in both TRBC1*01
and TRBC2*01 to '

Figure 109 shows the DNA and protein sequences of pre-pro mating factor alpha fused
to TCR « chain;

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

Figure 111 shows a Western Blot of soluble TCR expressed in S. cerevisiae strain
SEY6210. Lane C contains 60ng of purified soluble NY-ESO TCR as a control.
Lanes 1 and 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 insert of the
pEX172 plasmid. The remainder of the plasmid is pBlueScript II 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 ot 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



cysteine, the following prinmers were designed (nutation shown in | ower
case): 5 -C AGT GGG GIC t GC ACA GAC CC 20 5' -GG GIC TGT GCa GAC CCC ACT G
PCR nut agwoesiosn76éExpr essi on pl asm ds cont ai ni ng t he genesPCOGREODO3INEG Tax
TCR a or (3 chain were nmutated using the a-chain prinmers or the a-chain
primers respectively, as follows. 25 100 ng of plasmd was m xed wth 5 gl
10 MM dNTP, 25 | | OXPfu-buffer (Stratagengp, 10 units Pfu pol ynerase
(Stratagene) and the final volune was adjusted to 240 gl with H2O 48 .il

of this mx was squ%e nteg, wth prinmers diluted to give a final

concent rat i on “08"8. Whe Secmassiesiiinedagtd ane W egtsrRiot agging thepaciariailyal
denat urati on Sireducell dRMpRREAIPCRLNITe Ik <906 kL ure was subj ect ed
to 15 30 rou?és of denaturation (aEIBISC, So&ggi(’:sﬁ gdgn&n%a ?ﬁg (55C, 60 sec.),
and elongation (73C, 8 min.) in a Hybaid PCR express PCR nachi ne. The

product was then,di.gested for 5 hours.at 37C with 10 units of Dpnl
restriction e zﬁ%fw%@gﬁwgﬁﬁ’l%?fP @%?%@éﬁSSW@ﬁP%%G -40
10 d of the dipgedicedafeqAfhied imasdiktedNeiiem iR ¢ ; Blje
bacteria and Igr own for 18 hours at 7C.t A s?ﬁ%@ﬁéﬁ@gﬁggﬁgﬁ%ﬁﬁe and
grown over ni ¢htnatiyesntgrchaimiisulphidgianidi | in (16 g/ 1 Bacto- Tryptone, 16 g/ 1
Yeast Extract, 5 g/1 Nad, 2.5 g/1 K2HPO4, 100 ng/l Anpicillin). Plasmd
DNA was purified on a Qagen mni-prep 5 colum according to the
manuf act ur er’ FxaApld LCDeOBS: ofPAmERUISIOMERSRsNVBBAY ht TERY P%d L RHa AR ed

c

sequenci ng at the sequencing facility of part'ment of Bio mstry,
Oxford University. The respective nutated nucleic acid and am no acid

sequences (are - i s._2a and 3a for chain.and Figures 2b
and 3b f orlat he Of g‘%@%‘?%ﬁ%@%’%ﬁ%‘%ﬁ-ﬁ%&éﬂ%?%@lPeqys{émengwéﬂﬂowmg
purification ofineed whleleSightdiintutatidy $enan I@raTae)S contai ning the nutated

a-chain and R-chain respectively were transforned separately into E. coli
strain BL21pLysS, and single anpicillin- resistant col onies were grown at

37C in TYP (ampicchtlal @at008/ gﬁgg %00 15 of 0.4 before inducing

protein expression witj%x Sn%?‘ %{3% were harvested three hours -

post -i nduct i o’ T GERTAG YR iAva TITAr G3C TGT@ es at 4000rpm in a Beckman
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 GAC CC
20  5-GG GTCTGT GCaGAC CCC ACT G

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

25 100 ng of plasmid was mixed with 5 pl 10 mM dNTP, 25 ul 10xPfu-buffer
(Stratagene), 10 units Pfu polymerase (Stratagene) and the final volume was adjusted
to 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 pl final reaction volume. After an initial
denaturation step of 30 seconds at 95°C, the reaction mixture was subjected to 15

30  rounds of denaturation (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).



J-6B. Cell pellets were re-suspended in a buffer containing 50mM Tri s-HCl,
25% (w v) sucrose, 1nmM NaEDTA, 0.1% (w v) NaAzide, 10mM DTT, pH 8.0. After
an over rwgh/otareeze-t haw st ep, re-suspended cells were s@eoiraGRRM3987 1

m nute bursts for a 20 total of around 10 m nutes in a M sonix XL2020

soni cator using a standard 12mm di aneter probe. Inclusion body pellets
were recovered by centrifugation for 30 nygutes at 13000rpmin a Becknman
J2-21 centrifuge. Three detergent washes were then carried out to renove
cell debris and nmenbrane conponents. Each tinme the inclusion body pellet
was honogeni sé@ i of the drgestod rngfibewa¢ GamdrinddsnteCompdtentX 5-Blnt banterialid,

ool ot oq by cBRTPLAAEPER 4 31 CLeX K long e 300i6r DTéw%vag?gg%wﬁéﬁ?ée@?‘za”g
Det er gent _and Tyl aﬂ@%’éﬂhﬂ% %ageasﬁtrgy tofle susrg/ﬂ ‘?éas AL %/bﬁaép bl ?%Lng

buffer: 50MM Tris-H 1 % (W V) |de
Finally, theKeHBOusliOfmgybAimpiciilion ePlilSMldj]éNAl \M&S)plﬁﬁiel&g)ned Qurget mimirutef r ozen

at -70C. laclusion. .30 .body brotein was. uan t at ed b sol u I|S|ng
with 6M guani &7 HEIEECTERE MSIH%% rewllnﬁnéc@ Sfﬂ}’@nﬁ Wat vt
(PerBio). WD @@b&&&&@é«;@ﬁ%@@@%@é@&ﬁmn %M@ryfm)epm%ﬂbf?ﬂw&emls@ 1
gnol e) of each solubilised I nclusion bo chain was thawed from frozen
st ocks, sanpl Oxfegd LBuysgE. becaspeaidve muta i%dmle@ aiid andeminatagid SESlmcoa‘ arg

gyt <o W e PR Bl 2l RIS bR, o O™

containing fully reduced and denatured TCR chai ns was then inj ect ed into 1
litre of the follow ng refolding buffer: 100nM Tris pH 8.5, 400nM

L- Ar gi ni n&0  2&kareme A - mmsmmgldmmdmumfmeon o s8iNeokCRi sed G ut at hi one,
5Murea, 0.2nM PMSF. The solution was left for 24 hrs. The refold was then
di alysed twice, firstly against 10 litres of 100nM urea, secondl y agai nst

10 litres of ThOedpressivn pldils dontsinil tBe Rutateb-BRAIA ah@ BUhdings J% diyal ysis
steps were carried out at 6-8C. sTCR was separated from de tion

products and Wﬁ{fdf"}nﬁfoé@e%ﬁeﬂaé%ﬂb’h’&otﬂ\@lbﬁt@lfyﬁkalplr}’é&ﬂnd smﬁ@alaplpmzz@s 50HQ
ani on exchang%sﬁ%!n{,lgmo @nglle léb\gg %}tn? Tk Rlc\é‘?lm l(ﬂ)pgﬂnﬁ ?o O%(;(%OOMVI

NaCl over 50 colum vo
15  0f0.4 before 1nduc1ng protein expression with 0.5mM IPTG. Cells were harvested

three hours post-induction by centrifugation for 30 minutes at 4000rpm in a Beckman
J-6B. Cell pellets were re-suspended in a buffer containing 50mM Tris-HCI, 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 minute bursts for a

20  total of around 10 minutes in a Milsonix X1.2020 sonicator using a standard 12mm
diameter probe. Inclusion body pellets were recovered by centrifugation for 30
minutes at 13000rpm in a Beckman 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 Triton buffer (50mM Tris-HCI, 0.5%

25 Triton-X100, 200mM NaCl, 10mM NaEDTA, 0.1% (w/v) NaAzide, 2mM DTT, pH

~ 8.0) before being pelleted by centrifugation for 15 minutes at 13000rpm in a Beckman

J2-21. Detergent and salt was then removed by a similar wash in the following buffer:
50mM Tris-HCI, ImM 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-HCI and

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



15 (Pharmacia) as in Figure 4. Peak fractions were stored at 4C and

anal ysed by Coonassie-stained SDS- PAGE (Figure 5) before being pooled and
concent r awed3/02@shal |y, the sTCR was purified and charact @ciraRb240398ng a
Superdex 200HR gel filtration colum (Figure 6) pre-equilibrated in HBS-EP
buffer (10 mM HEPES pH 7.4, 150 mM NaCl, 3.5 mM EDTA, 0.05% noni det p40).
The peak eluting at a 20 rel ative nol ecul agj.wei ght of approximately 50 kDa
was pool ed and concentrated prior to characterisation by Bl Acore surface
pl asnmon resonance anal ysis. Exanple 3 - Bl Acore surface plasnon resonance
char act er i sat iApprainaichy Hmgi(isgl rwoley piesich sclupilisid idblusios bofiy cleaipivas non
resonance bio ensgr Bl.Acor 000TH) was ysed .to, an lhyse t he . binding of a
STCR to its paBricddtoMRECr oS, spples yide fugn mixed snd Bwlﬁ?léﬁ‘é}&tﬁg‘m%i ngl e
PMHC conpl exesshiless sidhetindadiin (NI CARHS-hylod drde dodi %c??ﬁ%e@a\fé,d' n-
coated binding surface in a sem-oriented fashion, alfow ng efficient
testing of tth@M BPAd)ntg eapurg completd ¢hain deendturation pThe guamidipe sodutfomur

di ff t pVHC (. N t .cel | .. mul t : I
nj et fon ot FAAERE L PR Bl B BliCer B EChnS bt i PR Birtoslle )
nol ecul es to Helowing fublaingbueRs 109mMPrie 3HORS B8nRET/- LB02h0 388 ED TR, Such

i mobi | i sed cog}g/l{exes are capabl e of binding both T-cell receptors and the

corecept or CDOBY resiyeed Ghutathions, (hipMeonidipekEhitpthione. P srsiaudRaM RS

Speci fic bingy : TOR 4 e I entrati at st
dogim) . i mpl oo Boon SRR BEMPRCTHENANI o 0k SRR AP, et £
properties of ligFOR @0mMser vwedndly aghiestqOdities af i 0@y wos 1QuaMtidsE 8.6] ¥
simlar iL STCR.i Sf?tf‘?ed e(%)tgh r.in the solyble or immobilised phase. This
is an i npblt ahPHISHRFIBE 2R lag’éﬁﬁtecﬂs“é?é??ax}?? oyt 81°bl e species and al so
suggests that biotinylated pMHC conpl exes are biologically as active as

non- biotinylated conplexes. 10 Biotinylated class | HLA-A2 - peptide
conpl exes wer eTCRsis dephrated fiony degiadativon paduas aml inypuities by deadingribe dialyead

bodi es contai e otnpoea FOReS §d’ff6 bR %}%ﬂaglgg cr:oq;[n?lln and %ﬂl?ing bound protein with a

gradient of 0-500mM NaCI over 50 column volumes using an Akta purifier

15 (Pharmacia) 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 sSTCR was purified and characterised using a Superdex 200HR gel
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

to characterisation by BIAcore surface plasmon resonance analysis.

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

25
A surface plasmon resonance biosensor (BIAcore 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 immobilised 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 célls) simultaneously. Manual injection of HLA complex allows the

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



synthetic peptide, followed by purification and in vitro enzymatic
biotinylation (O Callaghan et al. (1999) Anal. Biochem 266: 9-15).

HLA- heavywohiaiozn7eéms 15 expressed with a C-term nal bioti npCatGBIR/0s®g whi ch
repl aces the transnenbrane and cytoplasnm c domains of the protein in an
appropriate construct. Inclusion body expression levels of -75 ng/litre
bacterial culture were obtained. The HLA lpght- chain or (32-m croglobulin
was al so ‘expressed as inclusion bodies in E.coli froman appropriate
construct, at a level of -500 ng/litre bacterial culture. 20 E. coli cells
were | ysed and inclusion bodi es are purified to approximately 80% purity.

Protein from usi baodi es, was denat ur ed. | i S 0 mv
Tris pH 8.1, é‘fg‘d COTBICW atrﬁ"fap ?f% %‘Eﬁ&%%&@a@éé}%yﬁe x‘éat a
concentrat i on., of.~20 CTHdd, bb@ dTeaNh HBRbAnjéfed/thé tlebl0FhasenBpedifid M

L- Ar gi ni ne- HCl 8 mM Tri’s 25 pH 8.1, 3.7 mMcystam ne, nMcysteam ne, 4

ng/ M pept i debifing of ﬂ“ﬁ)R ﬂsbbtbﬁ)ed elogn atddwiconemtrations (ef lagt éolpﬁliﬂ%)e HQPIYH@n atured

protein into refold, buf vvas al |

conpl et i ord at theEGhois rﬁltatlY"eﬁiéﬁablf ﬁ‘gﬁi’ﬁﬁ%‘gh@ %itorfégg{ yS| s in
10 vol unes of, elgla'iﬁ‘%él ikl B! u%tkatlvEWSIﬁWﬂ%%R%@ u@éd s mrtha\wﬁolaeﬁ essary
to reduce the nic streng the solution sufficiently. The protein

sol ution was. iﬂitaobmsédlﬁraed Thls tswghnlaomarﬁ iwouiedlifor prrBalpetyift of Sloil}bﬂ%ﬁpealﬁﬂ

uae. o1 ut o0 wAHPIE TIEAEH Bl BOOPRECITG P R Ep RIS R R es ot 71 1

eluted at WO Q&IQ%Q%Q%OB%@OZI 03986 -43 approximately 250 mvi NaCI and
peak fractions were collected, a cocktail of protease inhibitors

(Cal bi ochtdy) was added and the fractions were chilled on ice. B| otinylation
tagged HLA coBjtiyksedndass IBUIA-¢Y2 ﬂacphémgmplbmsavemrqfﬂhdw inviggpfiony 5 5 v

NaCl usi ng a Phar ia fast,.d salt

buf f er. g %WB%S%]IIH? P%ﬂnlb?(ﬁ%s i 1n1n§ conlrl g‘fltﬁ{ﬂﬁg ‘?J}mt ?gﬁgq&gre
chilled on ic Halc ﬁ%bﬁ&@@@lﬁ)w&my@u&ﬁrcam&ﬁah Ivzt(oi‘a{zlgwtmnhbmimyhsomdded

Bi otinyl ation rea ents were then added: 1 nM bi ot| 1P buffered to

pH 8), 7.5 mW Iaghasrad ab (4999 Angh BieckerpyS: Priddi Hiléu %88 ik
O Cal | agh(ilgl etexf%rlesse 3389 cA0glnal %io?ﬁpﬁm)n £R8vhieh replaces the transmembrane and

cytoplasmic domains of the protein in an appropriate construct. Inclusion body

expression levels of ~75 mg/litre bacterial culture were obtained. The HLA light-
chain or p2-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-HCI, 50 mM Tris pH'
8.1, 100 mM NaCl, 10 mM DTT, 10 mM EDTA, and was refolded at a concentration
of 30 mg/litre heavy chain, 30 mg/litre 52m into 0.4 M L-Arginine-HCI, 100 mM Tris
25  pH 8.1,3.7 mM cystamine, mM cysteamine, 4 mg/ml 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 least 1 hour.

Buffer was exchanged by dialysis in 10 volumes of 10 mM Tris 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 1.5pum cellulose acetate filter and loaded

onto a POROS 50HQ anion exchange column (8 ml bed volume). Protein was eluted

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



10 15). The m xture was then allowed to incubate at roomtenperature
overnight. Biotinylated HLA conpl exes were purified using gel filtration
chr omat ogweph#20768 Phar naci a Superdex 75 HR 10/ 30 col umm RE3/GB02/03986
pre-equilibrated with filtered PBS and 1 ml 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 ated HLA conpl exes eluted as a sinrgl-e peak at approximately 15 ni.
Fractions containing protein were pooled, chilled on ice, and protease

i nhi bitor cocktail, was added. Protein concentration s determ.ned ysing a
Coonassi e- bi n@PHgxawdety Zgg’ﬁ'g\éﬂ\gfﬂaﬁ?& pﬁﬁlf gﬁ‘&i"é‘s _c‘.i‘fer%‘?‘ﬂ _F"ﬁgh %‘foé%taﬁﬂﬁp&%ﬁﬁ?exes
were  stored fu{h?ﬁfdgs &Eal%i%%n)%ﬁs%ﬁ@d’éﬂ e WaStidIWRE bhifigdloRiceSt andard am ne
coupling 20 nethods. The i1nteractions between A6 Tax sTCR contai ning a

novel inter-chain bond and its |igand/ MHC conplex or an irrel evant
HLA- pept i de c®idtinyaitionnaggel #IpX oduplekesnwvat bufflth exeharged éso e Bl 3. 1ner e

anal ysed on a Bl Acaore 3000TM surf, I 5 ; .(SPR) bi .
SPR oasuras. SHENGUCH e FAERRoa foh R B g QUL T P bR SAmE AR RS ( AU
near a Sensor rilngdy Whdilifich, MEHrbicll- e St 10 WGERh AN BAtcctaR e

used to detect receptor ligand inteeractions and to analyse their affinity
and kinetic peoteaseinhilsifor Thektait (Badbibtlvm)owds| asldeds r Biopinglgtiormtbapents warsithen si ng
t he individual HLA- peptide co S i.h sep t I s _yi.a bi ndi ng
bet vieen ¢ he. BPAS L SRYREO KM 00 SrIraBRAARY | PRPME RO SHHERH haye
been cheni cal &;ﬁq LEG dRoidhe: BAYICARLEHN BT (B28) Qhal BRochbRVEeEED] S.
The assay vvasll%{ﬁég% erelf(gr me‘gi byopassi ng sTCR over She )su(rlfacgs_ of the

di f f er ent 10| owsk eThesminttura veas tisnaaiowket] omincabats atmeamutemperatineoBPRghesponse WO
03/ 020763 PCT/ GB02/03986 -44 in doing so. Initially, the specificity of

the interaction was verified by passing sTCR at a constant flowrate of 5

gl nin-1 over gi¥hyittd BT ANGonsELRREs p@ifRedRaisat] Witkdtioh QR mMARBEradhys neci fic
pepti de- HLA conpl éx, the second coated with 5000 RU of non- specific

pept i de- HLA c&pineacia $ungudes 73 HIRd 8430 coluny) wes prsreguidtoraied with dilisnedi¥BY
constant flow,ra ngd differe rat.i L des
conpl ex were 1J§L()§-tﬁ%gl g%‘ﬂ%@&% %téwtﬁoacr}ﬁ];(?&gﬁﬂ\; S?%?Sgéﬁ%gw%@ﬁgghﬂ%ﬁ%@ e(tl hese
control nMa3surRaiEFBS at OV8 hel/nsidb Bictatydded HOM doneplanas whsedodst andimglel pedkt 1

specific peptide-HLA conpl ex and ) .
P Pep approximatelyr{% 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 HLA complexes were
stored frozen at —20°C. Streptavidin was immobilised by standard amine coupling

20  methods.

The interactions between A6 Tax sTCR containing a novel inter-chain bond and its
ligand/ MHC complex or an irrelevant HLA-peptide combination, the production of
which is described above, were analysed on a BIAcore 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 f2m 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



used to calculate binding affinities expressed as the dissociation
constant, Kd (Price & Dwek, Principles and Problens in Physical Chem stry
for Bi ochwoiosing7¢2a Edition) 10 1979, C arendon Press, OxPera)B02/43986n
Figure 7. The Kd val ue obtained (1.8M is close to that reported for the
interaction between A6 Tax STCR wi t hout the novel di-sul phide bond and
pVHC (0.91 gM - Ding et al, 1999, Inmunity4ll:45-56). 15 Exanple 4 -
Production of soluble JM22 TCR containing a novel disul phide bond. The (3
chain of the soluble A6 TCR prepared in Exanple 1 contains in the native
sequence a Bglit floingser fnitialb thei specifigihaufitny inderaetian weast werifigd by pessing TR aon

site. 20 PCR I rried as detail ed bel ow to introdyce BanH|
restriction S%&éﬂgw&ﬁ@ %ng?ﬁgfrﬁ% ré%(ﬂ'ﬁﬁ?eé; xE GP@%d‘@ ijfO%phe
novel cyst ei NRIY ofigRcifibhRptiGEHUIANGENSIOS &hd £86hd halddomie~2ORS ofasd as a
tenplate for this nmutagenesis. The follow ng priners were used: 25 JBanH2

5' - ATATCCAGAACPEHIppptiiettay amnplex (Fiurer/Ama s Of SBENECTCRAFAT- 3' 30

100 f pl ] i - Q.MM dNTP, .25 | .. Pf u- buf f
(Str 2? age ng) ?%%sq?]nni gmlgf% 5&8\(,)41%%81?%43 3%9(“&21 Elg?sa%véj e pa?ﬂﬁé‘?'%‘Af "lfjor‘i%ﬁqe’%g’%{?rre was
adj usted to 241 fo definb tHeMackgBuld eforfaht® Thewal@s of teRé estRrM adairtheds i Mers

diluted to give a WO 03/ 020763 PCT/ GB02/ 03986 -45 final concentration of
0.2 Min 50 | Wernshbiragtgd {iognthe grlyseobtamed vithspegifie pentideddpAcomataxgndst ep of

30 seconds at i I; ' . L . of
denaturation 81 g%gb C%%ﬁlsagegﬁﬁlhg%ﬁ@éﬁs%ﬁf%%a &ggé @ggcc)% flggﬁé?sé@&ﬁgégfr&ﬁ &
(73C, 8 nin.) DwekaPtiptipled aiRCRrobjgmiscia PhipGBalr@tehiistey fof Beodhedikic2 VW Bditibien

di gest ed ? for Qﬂurs at_37C w tH 10, upits of 1D%Inl0 restriction enzlylge ( New
Engl and Bi 8 aﬂgig’ Fgndop Bess, [x 1oy b@%f’g}g‘g}‘@a%ti on was transformed into
conpetent XL1 -Blue bacteria and

The Kd value 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 f chain of the soluble A6 TCR prepared in Example 1 contains in the native
sequence a BgllI restriction site (AAGCTT) suitable for use as a ligation site.

20
PCR mutagenesis was carried as detailed below to introduce 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:

25
|BamHI |
5’ -ATATCCAGAACCCgGAtCCTGCCGTGTA-3 '

5’ -TACACGGCAGGAaTCcGGGTTCTGGATAT -3

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



grown for 18 hours at 37C. A single colony was picked and grown over night
in5mM TYP + anpicillin (16 g/l Bacto-Tryptone, 16 g/l Yeast Extract, 5
g/ 1 Nad ,wp.03/02q963. K2HPO4, 100 ngy/1 Anpicillin). Plasm dPDRN&GBRs39sarified
on a Qagen mni-prep 10 colum according to the nmanufacturer's
instructions and the sequence was verified by automated sequencing at the
sequencing facility of Departnent of Biochggastry, Oxford University. The
nmut ati ons introduced into the a chain were "silent”, therefore the am no
aci d sequence of this chain remined unchanged fromthat detailed in Figure
3a. The DNA sé&galaeneentigtion RE0.Fudlimd0 pl Shedirenction yblome. iAfteFiaginigal8a. 15 In

order to prodyce.a_sol uble 2 TCR. | rporating a novel di.sul phide bond,
A6 TCR pl as mﬂg%ahggﬁl naé{?ﬁ ?1%3]4\%80%(%5% g?&r‘]@, é@‘?ﬁgﬁd PRIIE 35 ﬁ&B@‘lt?qoto 15
restriction siduds vEdehankigRmh 95°C, S0k}, Q8nealing (310, 69489), Rid BASWRT € used:
20 Ndel 5' - GGAGATATACATATGCAACTACTAGAACAA- 3’ _

5' - TACACGGCAGHATECEmTraraiarat PCR expmestiBICR maghingudBle product was then digested

5' - GGAGATAJ Al e TC-3' - .

5 - oG TAS T A AR TR SEDER! residgtioh snaggne sy Frggang BiolpbR: chai n

constructs wene udbf tak dgststy rddchore vanirie:fdtncl Ghto QoBmpeteRCRL I £R6d bRRS WBHE

performed using the E)ri nmers as shown above, and tenplates containing the
e

JM22 TCR chai gewiriee 1 bwup ebd(76: sA wiaels colostyrwastpidied ding gstvetiowst hightid 5 ml

03/ 020763 PCTLGR02/ 03 | i Ct i , | oned
nto a7 t o bt arPEl s PR RN ok iR SO TRG: ARl o™
inserts were EgHPOL,MO0 oyl Auipiuilin®:dPlRhiAid BRAUeAGIRTied AU BSerBRiApeBc Show

t he DNA S?Oquencle of thg nut ated a and f3 chains

column according to 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 to produce a soluble JM22 TCR incorporating a novel disulphide bond, A6
TCR plasmids containing the o chain BamH1 and B chain BglII restriction sites were

used as templates. The following primers were used:

20 | Ndel |
5’ -GGAGATATACATATGCAACTACTAGAACAA -3

5’ -TACACGGCAGGATCCGGGTTCTGGATATT-3
| BamHI|

25
|Ndel |
5’ -GGAGATATACATATGGTGGATGGTGGAATC-3"

5’ ~CCCAAGCTTAGTCTGCTCTACCCCAGGCCTCGGC-3"

|BglIT|
30

JM22 TCR o 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 JM22 TCR chains. The PCR products were restriction digested with



of the JM22 TCR respectively, and Figures 9a and 9b show the resulting

am no acid 5 sequences. The respective TCR chai ns were expressed,

co-ref ol dwo oaneb7puiri fi ed as described in Exanples 1 and PCTKiRpa10z9840
illustrates the elution of sol uble disul phide-linked JM2 TCR protein
elution froma POROS 50HQ col um using a 0-500 nM NaCl gradient, 10 as

indi cated by the dotted line. Figure 11 sHéws the results of both reducing
SDS- PAGE (Coonmssi e-stai ned) and non-reduci ng SDS- PAGE ( Coonassi e- st ai ned)
gels of fractions fromthe colum run.illustr Fi.gure 10. Peak 1
clearly cont aihhEelevant rosEicHPR giz¥BEes, g pned WtﬂPM%E‘Y?PtﬁﬁfﬁPrﬁfﬁl% li nked.
Figure 12 Shoyfsaiio! $hilsdihiiice 8 melfIamia ikae wertlonsina bphudmael moal ed
fractions frompeak 1 in Figure 10. 15 A Bl Acore anal ysis of the binding of
the JVMR2 TCR fequenvhi@. iaguresly irsidBaoihowathe DiNg sequbeas quﬁ/mmtﬂdéx and Felpite 13a

shows Bl Acore al ys| t he.. i £ bingi f di.sul phi.de-| i JMe2
ol ubl 6 TOR 19 e RVRe T it e B SR el A A i Bda
conmpared tp c&qhg&g&f or a single injection of disulphide-Ilinked JM22 20

soluble TCR The Kd of this disul phide-linked TCR for the HLA-flu conpl ex
was determned to be 7.9 0.51 M Exanple 5 - Production of sol uble NY-ESO

TCR cont ai ni ng, a novel djsu [N L] = ]ﬁﬁ S

i sol ated f ron?kfe wase V%ﬁg% %h@@xs%@er%%@ges&\%d? Sﬁ%&&ﬁ%ﬁ%? i??%&:{aeﬁ%% I eﬂgﬁl ar
Medi ci ne, Uni Bpafpley] afd EXFipuct) 1 (eitlastealéstye tintisnofisolttde Hisu iphite-linkDRIAM22
encodi ng NY-ESO TCR was produced b reat nent of .the ith reverse
transcr !gpt as e?ngcprﬁ‘?incﬁrl‘é‘g?n ﬁf@nﬁrPcW%Q_é 5§ﬁ9ﬁ%ﬁp%umg Egg% ﬁ%@r%ﬁ&éﬁ ng a
novel di Sﬁ p?%é;@dﬂg{é? by ﬂfeﬁdonéﬂinﬂle.angu&ﬂéldP%wtﬁ@ ReutE RachaidanBsml and (3

chai n Bgl ric sites were used as tenplates as described in
Exanpl e 4. TheAGH (Goehmssigstamed sanderoa-redwning S8 FHGR (CeanBsiE GBo)) @sbad
A7 Ndel 5 COAGATATACATATCOACCAGETCACAGAG 2. 10. Pesk 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 BIAcore 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 JM22

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

with reverse transcriptase.

30 In order to produce a soluble NY-ESO TCR incorporating a novel disulphide bond,
A6 TCR plasmids containing the o chain BamHI and B chain BglII restriction sites

were used as templates as described in Example 4. The following primers were used:



51 BanH I INdel | 5 - GGAGATATACATATGGGTGICACTCAGACC-3' 10

5' - CCCAAGCTTAGTCTGCTCTACCCCAGGCCTCGEC -3 | Bglll.l NY-ESO TCR a and

(3- chai n wonsiearet s wer e obtai ned by PCR cloning as foll oRE€T/GHIER398¢act i ons
were perforned using the prinmers as shown above, and tenplates 15
cont ai ning the NY-ESO TCR chains. The PCR products were restriction
digested with the relevant restriction en#/hes, and cloned into pGMI7 to
obtai n expression plasm ds. The sequence of the plasm d inserts were
confirmed by automated DNA sequencing. Figures 14a and 14b show t he DNA
sequence of the nutated a and a chains of the NY-ESO TCR respectively, and
Figures 15a and 15b show t kaergsulting 20 ami no acid sequences. The

respective TCR,chains = ded and purified as described
in Exanples 2 aﬁﬁ@“ﬁ%gﬁﬁﬁ{éﬁiéﬁgg?@@%@%% gl terations in protocol: 25
Denat ur ati on g _satubbecAEBarcetauTetTtbaTaRubrlised TCR /3-chain

i ncl usi on body and 60ng of the solubilised TCR a-chain inclusion body was

thawed from frozen stockk B2 inclusion bodies were diluted to a final
concentration of 5nmg/m in 6M guanidine solution, and DIT (2M stock) was
added to a final concentration of 10nmM The m xture was incubated at 37C
for 30 mn. 30 Refolding of soluble TCRs: 1 L refolding buffer was stirred
vigorously at 5C 3C. Thk%e&dbx coupl e (2-mercaptoet hyl ami ne and cystam ne
(to final conbénGEACARTATAGATABRCEANCIRACICRARCCréspectivel y) were added

approximately 5 mi nutes bef or Lt 63_PCT/ GB02/ 03986 -48 of
t he denat L&ed5TC§C€ﬁ§F%ETi?%g%S%&ggkﬁg\rﬁﬁé\gpﬁgﬁgég owdd to refold for
approxi mately 5 hoursgiztp mnutes with stirring at 5C 3C. Dialysis of
refol ded soluble TCRs: The refolded TCR was di al ysed in Spectrapor 1 4
menbrane (Spectrum Product No. 132670) against 10 L_10 mm Tris pH 8.1 at
5Cf 5 3 C forY-ESOICRousnsl B-phaie ponstriogts yereobtaingd By BCRs¢lenigg as Efllowgs

changed to fr ?’8& r]égctlryr\l/ls 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 pGMT?7 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 czand 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 $-chain inclusion body
and 60mg of the solubilised TCR o-chain inclusion body was thawed from frozen
stocks. The inclusion bodies were diluted to a final concentration of 5Smg/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 {'igorously 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



Tris pH 8.1 (10 L) and dialysis was continued at 5C 3C for another 20-22
hours. Figure 16 illustrates the elution of soluble NY-ESO .

di sul phi dwelospkees TCR protein elution froma POROS 50HQ eclrGBu203486g a
0-500 mM Nadl gradient, as indicated 10 by the dotted |ine. Figure 17
shows the results of both reducing SDS-PAGE (Coomassie-stained) and
non-reduci ng SDS- PAGE ( Coonassi e-stai ned)-48els of fractions fromthe

col um run iIIustrat ed by Figure 16. reﬁkz 1I ang 3 c::early (lzgnt ﬁi n 'SI'ICZRe
het er odi mer h|S|n ain su i de |inke i gure shows -
excl usi on ch %edﬁaﬁ'ﬁ‘f‘fif@ﬁ C‘SGIBFe PR 11?8ﬁ§ﬂ’I€F1@HPW§%T@ refqldforand peak 2 (B)

n 15 Figure ahprocihael ORI b WiBikea it sl & ssaLopeak, correspondi ng
to the heterodimnmer Bl Acore anal ysi s of e binding of the

di sul phi de- | i/piebuisifr¢ided ariuble T@Hﬁ[ffhmﬁold@drTCRdNamdlaly&ddﬁSpédtﬁpdr1 n

f f bi ndi f
i <ut phi de- | PR R R LR R e Bt fweabi b IR al '%baﬂ”p‘i‘% C
Getormned. 1o ba. 84 0 BN o5 Exarmrc b T der Che RO Y e

TCR cont ai ni MgissPth8vle(10di)sud salirés wag eantina¢rbatrs 6ondfC fomdnather 20522 hame of
the two cysteines required to formthe native disul phide inter-chain bond
30 In order to produce a sol uble NY-ESO TCR i n_corporatl ng a novel _

di sul phi de bd?ighraridilhfstrateeﬂsdelﬁth difsolub& Y S0 ARsul, &G I N the

tive disul nt er n _bond, WD Q3/020763 P 02/ 0398 -49
B?als\r% ds conlt%g'? @Wﬁg@&QQHQ%WWQQ @ﬁMWllgradle@IaSlmdmaindm tes

wer & useds NaR e AT R A sy SOwbhBE N0 PriTErS

5' - CCCAAGCT TMWQ’ MY CEEOICREBAASSDBPAGHE (Chdnldssie-stained) 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 protein 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 + 0.84uM.

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 cysteine residues involved in the native disulphide inter-chain bond,



10 I Ndel | 5'-GGAGATATACATATGGGTGICACTCAGACC- 3

5' - CCCAAGCTTAACAGTCTGCTCTACCCCAGECCTCEEC -3 I1Bgl Il 1 15 NY-ESO TCR a and
(3- chai n wonsiearet s wer e obtai ned by PCR cloning as foll oRE€T/GHIER398¢act i ons
were perforned using the priners as shown above, and tenplates containing
t he NY-ESO TCR chai ns. The PCR products wer g restriction digested wth the
rel evant restriction enzynes, and cl oned i Aito pGMIT7 to obtain expression

pl asm ds. The sequence of the plasm d inserts were confirnmed by autonmated
DNA 20 sequen e .of tated
a and 0 chai gﬂs}%ldt&%ﬂ%- égﬂ@a%%%espectl vgl Y, n@%m&‘é&t{?{é@ T%a“;aeﬁedusgg
show t he resulasianfgamamirkas descdbakninante 4. TOhofolldwie Iﬁ*nﬁél’susk&@ud&(r ESO TCR
cont ai ning both a non-native disul phide inter 25 chain bond and the native
di sul phide inter-chain bond, DNA isolated using both of the above priners
was used. To produce sol uhl mid¥Y1ESO TCRs with a non-native disul phide

i nter-chaig band Mtelne residues involved in the
native di sgl p%deﬁ%‘%}l‘%{gﬂrﬁ AL A& 'usi ng one of the above
primers togetsrercauArnden pRi@NdEiRTiddEicddamdranpl e 5 was used. 30
The respective TCR ghaidsgiwere expressed, co-refolded and purified as
described in Exanple 5. WO 03/020763 PCT/ GB02/ 03986 -50 Figures 22-24
illustrate the elution of soluble NY-ESO TCRdFys NYys (i.e. wth non-
native and native cysteines in both chains), TCRdFys (w th non-native
cysteines ipn both chai nsl%gelt e nati ve cysteine in the a chain only), and
TCRI 3cys (Wi t iy noialtve caersicRidiesrdal Eﬁ‘ﬁg?%lsns but the native cysteine
in the O chain only) protein elution 5 rom 50HQ ani on exchange

col ums usi ng ¥ -CBRRGHETINECAGICAHERTACASC CAGadIcTaed by ‘'t he dotted |ine.
Figures 25 and 26 res tively show the results of reducing SDS-PAGE
(Coonassi e-stai ned) an nJ)n-reduci ng SDS- PAGE ( Coonassi e-

15 NY-ESO TCR o 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 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 oz and 8
chains of the NY-ESO TCR respectively, and Figures 21a and 21b show the resulting

amino acid sequences.

To produce a soluble 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.



stained) gels of fractions fromthe NyY-ESO TCRdFys Sys, TCRdFys, and
TCR(3ys colum runs illustrated by Figures 22-24. These clearly indicate
that TCR WO ohe2essddi mers which are inter-chain disul phi depCTrdasdobisee been
formed. Figures 27- 29 are protein elution profiles from gel f||trat|oq
chromat ogr aphy of pooled fractions fromthe NY-ESO TCRd Ys 13 ys, TCRd'ys,
and TCRIYY' anion exchange colum runs il-blstrated by Figures 22-24
respectively. The protein elutes as a single major peak, corresponding to
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5" - TACACCHACH  bfddidtrt Wal A thitdrchain B&fphide linked have been formed. Figures 27-
29 are protein elution profiles from gel filtration chromatography of pooled fractions
from the NY-ESO TCRa™ 8%, TCRo™®, and TCRB™® 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 BlIAcore analysis of sTCR binding to pMHC was carried out as described in
Example 3. Figures 30-32 show BIAcore analysis of the specific binding of NY-ESO
TCRa™ B7°, TCRa™, and TCRB™ respectively to HLA-NYESO complex.

20 TCRo™ " had a K4 0f 18.08 +2.075 uM, TCRo™® had a K4 0f 19.24 + 2.01 uM,
and TCRG™ had a K4 0f 22.5 + 4.0692 M.

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

25
cDNA encoding AH-1.23 TCR was isolated from T cells supplied by Hill Gaston
(Medical School, Addenbrooke’s Hospital, Cambridge) according to known
techniques. cDNA encoding NY-ESO TCR was produced by treatment of the mRNA.
with reverse transcriptase.

30



10 I Ndel 5'-TTGGAATTCACATATGGGECGTCATGCAGAACCCAAGACAC-3"  5' -
CCCAAGCTTAGTCTGCTCTACCCCAGECCTCEEC-3' (Bglllj 15 AH1.23 TCR a and P-chain
const r uctwowanzn7ebt ai ned by PCR cloning as follows. PCR PeaaiBoon39seer e
performed using the prinmers 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 ig1to pGMI7 to obtain expression
pl asm ds. The sequence of the plasmd inserts were confirned by autonated
DNA 20 sequencing. Figures 33a and 33b show t he DNA sequence of the nutated
a and |3 chalnmdefto pralueea solpble AR 123 HER tincpapagatingwnaych tisalphisie horkhd 34b
show the res LN am no_ aci d sequences. +he . .respecti . i re
expressed, c g’iﬂ &gfpgf’fsgﬁgg R S %8%6{2 %sﬁgg%irﬁng & 5}{3{_%10]_5,%1 ﬁéﬁgﬁﬂ%g §VI9| gur e
35 i |l ustrat egelihea Hlaich@dnk 8 dszeribeal i BXEmplelsd ThesfollpRirdeprihdtk @drelésBdpr ot ei n
elution froma POROS 50HQ ani on exchange col um using a 0-500 nM NaCl
gradient, as indicated by the dotted |ine. Figures 36 and 37 show t he
results of5 30 reduci ng SDE- g@i (Coomassi e- st ai ned) and non-reduci ng

SDS. PAGE (C00KRS8:€anatan gg Aﬁékge@gé@ﬁ@émekmhémét3 ons from the
colum run ilTusirate y Figure 35, These gels clearly indicate the
presence of asTCRAORCEGONGCARTCRAGEHTCIGEATATTehai N di sul phi de |inked.
Figure 38 is the elution lp%ojnﬂ e froma Superdex 75 HR gel filtration

col um of pooled fractions FroA1the ani on exchange colum run illustrated
in WD 03/020763 PCT/ GB02/ 03986 -52 Figure 35. The protein elutes as a
singl e major peak, correspondémg to the heterodimer. Exanple 8 -

Producti on of 5soirnbGRARGCACRSATAACACTCAGTCAAGBRECCARSALPRIAE inter-chain 5

bond at alternative pgsitions within i byl in region of the
const ant dona?n"C?ﬁéRFSFpéﬁFHEGg;Sg%FhEﬁﬁggggﬁggégf ied out in order to

i nvestigate whet her |gdirwps possible to formfunctional soluble TCRs which
i ncl ude a novel disul phide bond in the

15 AH-1.23 TCR o 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 pGMT?7 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 zand 8
éliéins 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 elution of soluble AH-1.23 disulphide-linked TCR protein
elution from a POROS 50HQ anion exchange column using a 0-500 mM NaCl
gradient, as indicated by the dotted line. 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 column run illustrated in



TCR i munogl obulin 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 mwoasizges he A6 TCR a-chain, the follow ng prinmer #CRGEI200885 gned
(the nunbers in the primer names refer to the position of the amno acid
residue to be mutated in exon 1 of TRAC*0l1l, nutated residues are shown in
| ower case): 15 T48->C Mutation 5'- CACAGAGAAAtL gTGTGCTAGACAT- 3

5' - ATGTCTAGCACACaTTTGICTGIG 3' 20 Y10-*C Mutation

5' - CCCTGCCGTGIgCCAGCTGAGAG- 3" 5' - CTCTCAGCTGGCACACGECAGEG 3" L12->C

Mut ati on 25 5'HgueP&TAbenmtee abiesssreheinmaiog peak, corresponding to the

5'- GATTTAGAGTG%QWCISTACACGG 3" S15->C Mutation
5' - CAGCTGAGA g CCAGTGAC-3' 30 5' - GTCACTGAATTTACAGICTCTCAGCTG 3" WO

03/ 020763 PCT/ GB02/ 03986 -53- V22--*C Mitation 5' ;
- CAGTGACAAGTCT( gCTACLTATTEAC- 3' &' - GTGAATAGGCACCaAGACTTGICACTG 3' 5
Y43-*C Mut at i %B’P-@Tfm&?m@ﬁ@ﬁ&fdﬁmmi@ng a novel disulphide inter-chain

S AT ISR AN it b S s sometoests
L50-->C Mutati on ‘
The following experiments were carried out in order to investigate whether it was
possible to form functional soluble TCRs which include a novel disulphide bond in the
TCR immunoglobulin 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’-ATGTCTAGCACAcaTTTGTCTGTG-3’

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

L12—C Mutation
25 5-CCGTGTACCAGtgcAGAGACTCTAAATC-3’
5’-GATTTAGAGTCTCTgcaCTGGTACACGG-3’

S15—C Mutation
5’-CAGCTGAGAGACTgTAAATCCAGTGAC-3’
30 5-GTCACTGGATTTAcAGTCTCTCAGCTG-3°



5' - AGACAAAACTGTGE gt GACATGAGGTCT-3" 15 5' - AGACCTCATGICacaCACAGITTTGICT- 3
Mb2-*C Mutation 5' - ACTGTGCTAGAC gt AGGTCTATGGAC- 3'

5' - GTCCATWQAGCIE6R GTCTAGCACAGT- 3" 20 S61->C Mutati on PCT/GB02/03986

5' - CTTCAAGAGCAACE GTGCTGTGECC- 3" 5' - GACCACAGCACaGTITGCTCTTGAAG 3" 25 For
mutating the TCR A6 /3-chain, the follow ng priners were designed (the
nunbers in the primer nanes refer to the 9¥3sition of the amino acid
residue to be nutated in exon 1 of TRBC2*01l. Miutated residues are shown in

| ower case): s%g& tion 30 5 - CAGTGGGGTCt GCACAGACCC- 3
5' - GGGTCTGTGCa °3 WO 03/ 020763 PCT/ GBOZ/ 03986 -54- V13->C
Mit ati on 5' - COGARRTEGAT A GTT ER&ETICA

5' - CTGATGGCTCAAAAC a AGCGACCTCGG 5 F14-SC ot at i on
5' - GGTCGCTGTG: gt%@ﬁ@@A@caAGACmmmcaCACAmco@ 110 S 17->C
Mut ation 5' - GTGTTTGAGCCATgt GAAGCAGAGATC-3' 5

- GATCTCTGCTTCacATGGCTCAAACAC-3'  G55->C Mutation 15

5' - GAGGTGCACAGTHIG CTIAGGARAGAC- 3'  5' - GTCTGTGCTGACaCaACTGTGCACCTC- 3'

5’-GATTCTGATGTGTETATCACAGACAAAT-3’
5-ATTTGTCTGTGATAcACACATCAGAATC-3’

T45—->C Mutation
10 5-CTGATGTGTATATCtgtGACAAAACTGTGC-3’
5’-GCACAGTTTTGTCacaGATATACACATCAG-3°

L50—C Mutation
5’-AGACAAAACTGTGtgtGACATGAGGTCT-3’
15  5-AGACCTCATGTCacaCACAGTTTTGTCT-3’

M52—C Mutation

5 ’-ACTGTGCTAGACtgtAGGTCTATGGAC—3 g

5’-GTCCATAGACCTacaGTCTAGCACAGT-3’
20

S61—>C Mutation

5’>-CTTCAAGAGCAACtGTGCTGTGGCC-3’

5’-GGCCACAGCACaGTTGCTCTTGAAG-3’

25 For mutating the TCR A6 B-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):

S57—-C Mutation
30 5-CAGTGGGGTCtGCACAGACCC-3°
5’-GGGTCTGTGCaGACCCCACTG-3’



D59-->C Mutati on 5' - GGGTCAGCACAt gCCCGCAGCCC- 3" 20

5' - GGECTGECEEcaTGTGCTGACCC- 31 L63->C Mut ation

5' - CCCCCABOORMNYTANCGAGCAGC- 3" 5' - GCTGCTCCT TGCaGGEGECT GCGGGPET/GRYZ/0886 - >C
Miutati on 5 - AGATACGCTCTG GCAGCCGCCT- 3"  5' - AGGCGECTGECaCAGAGCGTATCT-3" 30
R79-->C Mutation 5' - CTCTGAGCAGCt GCCTGAGGGTC- 3" WD 03/ 020763 PCT/ GB02/ 03986
-55 5' - GACCCTCAGGCaGCTCCTCAGAG 3"  E15->C-Mut ation 5'

- GCTGTGITTt gt CCATCAGAA- 3' 5 5' -TTCTGATGGacaAAACACAGC- 3' PCR

nmut agenesi s, a and 0 TCR construct anplification, ligation and plasmd
purification was carried out as described in Exanple 1 using the

appropriate f the above priners in order to produce sol uble
TCRs |ncludlngqggﬁgﬁhkgﬁggsulphide i nter-chain bonds between the follow ng

pai rs of am ng-aCiGsGGTCOR RgtTATHAGTCRTCAR3T n a Primer used Priner used

Thr 48 Ser 57 T48-->C S57-+C Thr 45 /gg 77,745 *C S77->C Ser 61 Ser 57
S61->C S57->C5 QE@W@@F%@@AG%E AL Tyr 10 Ser 17 Y10--C S17->C

Ser 15 Va1§.3 S15->C V13->C Thr 45 Asp 59 T45->C D59->C .

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

10 S17—C Mutation
5. GTGTTTGAGCCATgtGAAGCAGAGATC-3’
5-GATCTCTGCTTCacATGGCTCAAACAC-3’

G55—C Mutation
15 5-GAGGTGCACAGTtGtGTCAGCACAGAC-3’
5.GTCTGTGCTGACaCaACTGTGCACCTC-3’

D59—-C Mutation
5°-GGGTCAGCACAtgCCCGCAGCCC-3’
20 5°-GGGCTGCGGGeaTGTGCTGACCC-3’

L63—C Mutation
5°-CCCGCAGCCCtgCAAGGAGCAGC-3’
5’-GCTGCTCCTTGCaGGGCTGCGGG-3’
25
~ §77->C Mutation
5’-AGATACGCTCTGtGCAGCCGCCT-3’
5’-AGGCGGCTGCaCAGAGCGTATCT-3’

30 R79—C Mutation
5°-CTCTGAGCAGCtGCCTGAGGGTC-3’



Leu 12 Ser 17 L12->C S17->C Ser 61 Arg 79 S61->C R79-*C Leu 12 Phe 14
L12-*C F14->C Val22 Phe 14 V22->C F14->C Met 52 dy 55 Mp2->C Gb5->C Tyr
43 Leu 63w®4H3/020263.63->C Ser 15 G u 15 S15->C E15->C Fi guP€3/GE®2089868 show
the DNA and am no acid sequences of the nutated A6 TCR chains anplified by
t he above priners. The codons encoding the nutated cysteines 15 are

hi ghl i ghted. WD 03/ 020763 PCT/ GB02/ 03986 .56 The respective TCR chai ns
wer e expressed, co-refolded and purified as described in Exanple 5.

Fol  owi ng purification on POROS 50HQ ani on exchange columm, the resulting
prot ei ns wer e5+-GACGCCBDSGRHGROGEGSTCAWREEY to assess whet her any
correctly- refolded soluble TCR had been forned. These gels were al so
assessed to ascertain the 5 presence or absence of any disul phide-Iinked
protein of thgieoir egliafi®hecul ar weight in the purified material. TCRs
under investigation containing the follow ng novel disul phide inter-chain
bonds fail ed 5o-GETGETOETAtRCGCATICRGAARREd protein of the correct nol ecul ar
wei ght using i ac i-al i ystem and these were not further
assessed. £bméCgﬁrﬁaP%@bﬁ%P%géggﬁgégggb?ic or eukaryotic expression systens
are 10 available. TCR a chain TCR R chain Ser 61 Ser 57 Leu 50 Ser 57 Ser

15 Val 13 Leu 12 Ser 17 Ser6l Arg79 Len 12 Pheld Val22 Phe 14
PCR mutagenesis, @ 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 inter-chain bonds between the following pairs of amino acids:

“Thr 48 Ser 57 T48—C S57—C
Thr 45 Ser 77 T455C S77-C
Ser 61 Ser 57 S61-5C S57-C
Leu 50 Ser 57 L50-C S57-C
Tyr 10 Ser 17 Y10-5C S17-C
Ser 15 Val 13 S15-5C V135C
Thr 45 Asp 59 T45—C D59—-C
Leu 12 Ser 17 L12—C S17->C
Ser 61 Arg 79 S61-C R79->C
Leu 12 Phe 14 L125C F14-C
Val 22 Phe 14 V225C F14-C
Met 52 Gly 55 M52-5C G55-C
Tyr 43 Leu 63 Y435C L63—C
Ser 15 Glu 15 S15-5C E15-C

Figures 39 to 58 show the DNA and amino acid sequences of the mutated A6 TCR
chains amplified by the above primers. Thecodons encoding the mutated cysteines
15  arehighlighted.



Tyr 43 Leu 63 Figures 59 to 64 respectively illustrate the elution of

sol ubl e TCRs contai ni ng novel disul phide interchain bonds between the

f ol | ow ngwoagiozhres: Thr 48-Ser 57, Thr 45-Ser 15 77, Tyr PCO/GEH2/03986 Thr
45- Asp 59, Met 52-dy 55 and Ser 15-G u 15 froma POROS 200HQ ani on
exchange col um using a 0-500 mM NaCl gradient, as indicated by the dotted
line. Figures 65 to 70 show the results of.geduci ng SDS- PAGE ( Coonassi e-
stai ned) and non-reduci ng SDS- PAGE (Coomassi e-stai ned) gels respectively of
fractions fromthe colum runs illustrated by Figures 59 to 64. These gels
clearly 20 i ngJi”&ealie@eLCH@e pi-Bdams were erprespes; é@@@fﬂ%@ﬂgﬂﬂl puartified as depdribed éhai n

di sul phide li i : . i rofiles froma Superdex
200 HR gel fi P%)r%‘glﬁlgﬁ' ?g{lﬁﬁn%ékph ﬂ%%%ﬂ“?&‘%@%@@isgglg W%Wﬁcﬁgngfnq%mgﬁ%ange
col urm runs i leswtingpreteingweéicgur e SBS-Rage §dls NG RBILROAE I HBEE, sBAARL3AR6
-57 A BJA core ’ I s'sbo% k&e E}i nd}ng é’f the TCRs to pMHC was carri ed out
as descri bed Iie%‘%géﬁ‘?hﬂée CRinad hpensiopmed. g Phese gelsiverepleo aysassed taksnentain thet i ng

the ability ofybfi@ce BidHsEALD : -%_ ]i ' HLA: t.ax . pVHC

conpl exes. f 5p rThrc%ffs- Sgrﬂ 57fﬁ§%&ﬁgﬁ l%;ﬁo .E(gp%lltaﬁj'ﬁi%iggégéﬁ%ﬂe &a(%véel% of
12.7 M Tyr 10ngespurifiednaieriel KTCRS uBderivestipatithr damihify edoBovdde @bvdid. 9 M
and Ser 15-d u..15 had.a Kd . of 6.3. Met 52-Gy 55 was capabl e of binding
to its native d,1§u§pla§? m?erf 8“1&!]9&9%%11% BPreduss) déggﬁplggq-ﬁglg@prp@m&fgbe e3asH i n
a simlar mannasletidatReight vstloadR BhctetiA st Blessibi i et Lex (see
Figure 81) 10 Exanpl e ggh )2 rggy gr§/§t al | gg?%pﬁ%%%téﬁ@ﬁ%ﬁ%%ﬁ%%?ﬁked
NY-ESO T cel | asesegeh dlowevep alipmpiave prokarbietior- E8Oyblide AR essamplystems Tfee  NY- ESO
dsTCR was gl ongdijage described in Exanple 5, and expressed as follows. 15

The expression p1 asm ds containing the nmutated a-chain and n-chain
respectively were transfornmed separately into E. coli strain BL21 pLysS,

and single anpicillin- resistant—col ere grown at 37C in TYP
(anpicillin 100g/m) mediumto ¢ iy | TGR Brha "i‘f;ﬁduci ng protein
expression with 0.5mM I PTG Cel If al

Leu 50 Ser 57

Ser 15 Val 13

Leu 12 Ser 17

Ser 61 Arg 79

Leu 12 Phe 14

Val 22 Phe 14

Tyr 43 Leu 63

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 column using a 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 illustrated in Figures 59 to 64.



20 hours post-induction by centrifugation for 30 mnutes at 4000rpmin a
Beckman J-6B. Cell pellets were resuspended in |ysis buffer containing
10mM Tri swB@B/opi#68. 1, 10 nM MgCl2, 150 nM NaCl, 2 mM DTTpPCI@B0glogwser ol .
For every 1 L of bacterial culture 100 | of lysozyne (20 ng/m) and 100 Al
of Dnase | (20 Ag/m) were added. After incubation on ice for 30 m nutes,
the bacterial suspension was sonicated in.§725 mnute bursts for a total of
10 minutes using a MIsonix XL2020 sonicator with a standard 12nmm di anet er

probe. Inclusion dy pellets were recovered by centrifugation for 30
m nut es at 136‘68%? Anadyseeidhe indnenf thas RERs ta)dHOIWE) carrighowes dasitibsd wer e

then carried LRI r H,8. %
Tritonex 100, HOoRAPRaGE EEen 2RI Bk B bl e ity S5 v
cell debris apdnﬁechmmﬂem@m@hmdtteﬂm thx PRIHC bempRgédisi on body pel | et

was honogeni sed in Triton wash buffer before being pelleted by
centrifugation for 15 mnutes at 13000rpmin a Beckman J2-21. Detergent

and salt S /

sesh Seapbl e S e e S i i R S TS VAN
1% (W v) Nahad dE, o2 83T Thr 45i Al IYhadta e, maﬂ ATV RnP 96 BRGHP] $had o

soI ubilised in 6 Mguanidine buffer (6 M Guanidi ne-hydrochl oride, 50 Tris

pH 8.1, 100nWf RAGM. MRRPHHYAS weBrenpabTaryf binding theids native “lgetiighaHilguaps and
5 frozen at i on, bodi ua |tatedb sol ubi |jsin W|th 6M
guani di ne- HC?EQ(%O(’JMPe Ouﬁg ttaﬂﬁﬁeﬁcﬁl I%Pgﬂl?lgﬁraifﬁg}%f BitHd TR HeE dreehdhei o) .
Appr oxi mat el yM(NY@s@c&npml(@)amgurggq))zen sol ubi |l i sed al pha chai n was

mxed wth. 30 ng (i.e. 1.2 nole) of frozen solubilised beta chain. The
TCR nixtult® was 10 diluted to a final volume of 18nl with 6 M guani di ne

321;1;'?Lr :??ogéﬁ&rﬁgp%%aﬁl cf%%) c%;mﬁ%fgl %gr@cg&t al r%‘?pr{léd?&q?ﬁf@g@iﬁdgﬁﬂepwr

denat ur ed TCRsmhiicifar thasvi-B80-HL4ald dondpfex) |itre of cold refol ding buffer
(200mMM Tris pH 8.1, 400mM L- Argi ni ne-HC1, 2mM EDTA, 6.6 mM 2-

mer capt hoet hyl am ne, 3.7 mM Cystami ne, 5Murea) with stirring. The sol ution
was 15 |eft f?heﬁTYhEﬁO'daTCRexv%CUlﬂaeﬁ Wbty ! ' Ot ake
pl ace. The refold was then dialyse ag{aﬁﬁngdﬁi%xatrﬁ)qlggt&\oﬁfgx e’gée%ag%?ﬁ‘i‘ﬁs-'m
hours, foltowed by 12 litres of

The expression plasmids containing the mutated o-chain and B-chain respectively
were transformed separately into E.coli strain BL21 pLysS, and single ampicillin-
resistant colonies were grown at 37°C in TYP (ampicillin 100ug/in1) medium to ODggg
of 0.7 before inducing protein expression with 0.5mM IPTG. Cells were harvested 18

20  hours post-induction by centrifugation for 30 minutes at 4000rpm in a Beckman J-6B.
Cell pellets were resuspended in lysis buffer containing 10mM Tris-HCI pH 8.1, 10
mM MgCl, 150 mM NaCl, 2 mM DTT, 10% glycerol. For every 1 L of bacterial
culture 100 pl of lysozyme (20 mg/ml) and 100 ul of Dnase I (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 carried out in Triton wash buffer (50mM Tris-HCI pH 8.1,
0.5% Triton-X100, 100mM NaCJ, 10mM NaEDTA, 0.1% (w/v), 2mM DTT) to

30 remove cell debris and membrane components. Each time, the inclusion body peliet
was homogenised in Triton wash buffer before being pelleted by centrifugation for 15

minutes at 13000rpm in a Beckman J2-21. Detergent and salt was then removed bya



10mM Tris pH 8.1 for 18-20 hours (5C 3C). Spectrapor 1 (Spectrum
Laboratories product no. 132670) dialysis nenbrane that has a nol ecul ar
wei ght cuwoeBi20063 6- 8000kDa was used for this dialysis pProrasm2/oIise

di al ysed protein was filtered through 20 0.45 mpore size filters

(Schl ei cher and Schuell, Ref. nunber, 10 404012) fitted to a Nal gene
filtration unit. The refol ded NY-ESO TCR wgg. separated from degradati on
products and inpurities by | oadi ng the dialysed refold onto a POROS 50HQ
(Applied Bi osystens) anion 25 exchange col utmm using an AKTA purifier

( Amer'sham Bi otséeiar wagh mswsmb t (MOmMsisgiEl 2 §ill 109naiedhGli 1GmN0

| | f 8.1 h
g(r)o'tj 21: nVOTEgE g\(l)a%fr]? ﬁrd:) /é’l(ﬁ)/‘&a]l\?a@ﬁ gaﬁeﬁﬁﬁ) Fﬁiagg’i%ﬁfnclfs%l%%@ Vrmf’\l;CI over

7 col um vol urelbilifedin 6 Magiantiise tilferkd M\aﬁanamaihyaﬁféhmde R Ul

SDS- PAGE usi ng reduci nﬁ and non-reduci g&\é buffer. Peak 30 fl’g.%%l ons
cont ai ni ng t h&-hdPerYiNaehilemM FRI A dP &ﬁe@éﬂﬂ@ﬁéﬂtﬂdﬁ@mﬂm&lﬁisfaﬂéd usi ng

S dexs575 fpd MES.pH 6. 5.
The protetn ROHE) u?.‘%rﬁ%%“@fé’nff’g@é?wg GFtto Y b g Mamdter,
50 kDa was m}w/aﬁﬁ@?dﬁﬁumﬂtﬁm%%ﬁﬂ&d dybDimtind eday GraBRNt rated to 42

nmg/mM in Utrafree centrifugal concentrators (MIlipore, part nunber
UFV2BGCA0) and stored at -80 C. Crystallisation of NY-ESO TCR was perfornmed

by h d 8 8.4
r%/ ma)ng: 295 m&;’e}‘sﬁ&gﬁew (12)6 dZ\%I oll?sdﬂg)zé? \gléél}lﬁ}fhts@cf zﬁf)ﬂ éha W Bl

crystal lisati mthmmhg(l e. w@male;oﬁﬁ@&arsembume@beta@Mﬁﬁarhédr(fzkemﬂ&e was
condi tions_usi ng Crystal Screen buffers (Hanpton Research). Single cubic

crystals (@ fgbtediy a Heplvohmmaant 1311113@1'51‘!@ @%@@Oe boffar audtisateii to 37 &C f;m 3!9 6,

0.2 M ammoni u r r atlo
Crystals of t nﬁg%%fé%l&vxgrc}é Ias 9 rl(](;)lgegﬁe; {déllg Seg"%; °°8Pafff“r‘% yon in
the X-ray beagduoéd mfdaidaameabm& chyins ivaothen mixddiateT fisé af coldidfblaactrgret

0.25m (2.5A t |l ected. and dt
2 98, 6% compl SRR & riile AT Raineuarl SO S BB dr ound 0. 27 ri m

(2.7A), but usablBitéBiyRnHng3.7 il Cystamine, 5SM 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 pm pore size filters (Schleicher and Schuell, Ref. number, 10 404012) fitted to a

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 column using an AKTA purifier (Amersham Biotech). A POROS 50 HQ
column was pre-equilibrated with 10 column volumes of buffer A (10 mM Tris pH
8.1) prior to loading with protein. The bound protein was eluted with a gradient of 0-
500mM NaCI 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 filtration column pre-equilibrated in 25 mM MES pH 6.5. The

protein peak eluting at a relative molecular weight of approximately 50 kDa was



15 (2.5A). The merging R-factor, i.e. the agreenent between nmultiple

measurenments of crystall ographically equivalent reflections, was 10.8%for
all the dwDa3/0Ftws is marginal at the highest resol uti onpPshaBo2/0348e space
group was P21, with cell dinmensions a=4.25 nm (42.5A), b=5.95 run (59.5A),
c=8.17 nm (81.7 A), 13=91.5. The cell dinensions and symetry neant there

were two copies in the cell. The 20 asymetg.ic unit, au or the m nimum
vol une that needs to be studied, has only 1 nolecule, and the other
nol ecule in the cell is generated by the 21 symmetry operation. The

loosi tioning opodlbd condeatrated to A2 hipémbin maﬁeﬁbmnﬂaﬁugalicnnd:etmar_ayxsi(Mﬂltt');bdre,n. As
ong as it is in the osition.in the x-z plane, it can be
transl ated at p%tflﬁlmp‘?‘f@gﬁﬁéﬁﬁ&em%ﬂ?datTFﬁosEi's referred to as a free

parameter, in this 'polar' space group. 25 The PDB data base has only one

entry containing an AB heterodineric TCR, 1BD2. This entry also has
co-ordi nat es 6fystdilésaHpmo€ DYRES Tk wiad performpedrbyl harging dhopt tachniqieRt 1386 TCR

hain B th in NY-ESO. but,chain.A_ h I i ff ] inth
S donai " ahd SRERT A eLATHR PG A R S RO OTARHHL 6 Saringt BRG Sep A/ B 30
model for nol %ﬁbﬁént%mn@&mammm%ﬂ&l vdthl§ Qﬁgﬂe%ti uh@biiel Q4 digéreﬁbom

by extensive overlap with symmetry equival ent nol'ecul es. Using the B chain
al one gave ac@slitians uswigirysal SangendtufigisdHaotptéraResesichhi Singlarcubiclcagsteds(<nvi t h

nas 4% the LI PAPRBRERERTE SRt EECGIOORGR] MNG g REhe 602 M gBpissts

(centre-of - gr audhdty b QerGm@vddd MR Srtdh? dRihARMn, The rotation and
translation operation needed to transformthe starting chain B nodel to

the MR eqld val ent, was applied to chain A The hybrid MR sol ution thus

gener at ed, pagked.we | |, S ,with mnipal clas . .Electr

density nmaps g@ﬁg Sa?ﬁtbe;&'ggg) W#W?‘Tﬁga pued! %Sﬁlfg@gé?q@n%ﬁﬁxf?é’nt to
mat ch the sequemeef Bk DaRebINY SRdEh. B crihiglsdifhtiedt 0nskeh (n3d) many gaps,
specifically m ssing side-chains, that are characteristic of poorly ordered

portions of 1Eselonpdee datysetyvastcollpetedand prpresseddomive noObhetosoaplele ptiofis had
very |ow densibylin@natVhe rsbldnflotardihdRHPhm (JHR) Bu¥ BEBNd AR fim
15  (2.5A). The merging R-factor, i.e. the agreement between multiple measurements of
crystallographically equivalent reflections, was 10.8% for all the data. This is
marginal at the highest resolution shell. The space group was P2;, with cell
dimensions a=4.25 nm (42.54), b=5.95 nm (59.54), c=8.17 nm (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.
This is referred to as a free parameter, in this 'polar' space group.
25
The PDB data base has only one entry containing an A/B heterodimeric TCR, 1BD2.
This entry also has co-ordinates of the HLA-cognate peptide in complex with the
TCR. The TCR chain B was the same in NY-ESQO, but chain A had small differences
in the C-domain and significant differences in the N-domain. Using the 1BD2 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 solution, which did not have significant clashes with neighbours. The



factor is aresidual, i.e. it is the difference between the cal cul ated and
observed anplitudes. 15 As Figures 83a and 83b denonstrate, the input
sequence Wpoai0dBE® do not match up wth the density veryPagldRo2@mWAQgIi Ng
the nodel for Cys at positions 164 in chain A, and 174 in chain B,

foll owed by further refinenent, showed clearly that this sequence
assignnent. is much better fitted to the der®ity. But the differences in
terms of size of the side chain are mninmal, so there was little
perturbation i denS| in that region is

little changed OH:FE Ioﬂﬁg?flﬁlc’r’?ﬁgwsa@f ’at%‘f)é@’tgt perpphig for PQ% pagt the mearggiw TCR
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the nutation poicrtionsededdo frapsfernytheistariingichair Bemodat ® the mdqulmlemgwa@bl e

bel ow. The co t s.sho in F| re .03/ 020763
PCT/ GB02/ 03986 ghlé‘i%%’gnnﬁﬁgﬁ%%{‘%%ﬂlﬁm Foneratid Baciod wsihip dheell
Conpl et e Constwith mGonsd elathet retch r.ms Displacenment 2.831 1.285 1.658

1.098 0.613 Mean Displacenent 2.178 1.001 1.235 0.833 0.546 Max
Di spl acenment 9.885 6.209 6.830 4.490 1.330 (Al units are in A) The short

i ngl e st rand e arifendhnEnf SpEAN AT e OWWﬁggﬁwggwté?oe
di sul phi de 5 mattllte. seéﬁimcdefmhaN&OESOAB@R Bl thelbtatag nhddel R4 Maky&a

chai n at ons. Thesg ]S,sults s‘{&ow t.hat. the introduction of the disul hl de
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S I f bl i shed
ore | o 997 liRtasEn 1 SRRSO AT T,

structure (1BD2) of the di sp
| argel y due t ovae ﬂtfﬁiﬂéh@emdqlt Tb@q;rystaﬂcbgrapfac Reflastof s£the nfddglis S0&#) Theliese
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amplitudes.

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 little 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

1s shown in Figure 84.



formed by a series of (3-sheets which forma characteristic Ig fold. The
RVS deviation for the whole a-chain is particularly |arge because of the
di f f er encwoion/02d763 sequence of the variabl e domai ns bet we®aTtdB924A886 1BD2)
and the NY-ESO TCRs. However; the 15 A6 and NY-ESO TCRs have the sane

vari abl e (3-domain and the RVS deviations for the whole (3-chain show that
the structure of this variable domain is #llso maintained in the TCRwth
the new di sul phide bond. These data therefore indicate that the core
structure of the I BE-ehystatrst re—of the-TCR-—y th
the new di sullph ). X et 1on ol ut CRs
contai ning a ¢ _ _
taggi ng sites.|: uce e 0 .
novel di sul phi dﬁ'nb@’iqqlao@:fhenQS T(BRlpI asﬂdSS cont al.6fhg t Nel.@P&hai r Ogégtttl and
(3 chain Bglll] restrjction sit f wor K desqgry if n
Exanpl e 4. WO |ddearidppiacepgt tabas783086 @gg NY- [ESE TCR (?’@ai n céin%%(rju;ts
wer e obt ai ned |y, PER ¢l.oRtAg a9 gkl | owse 2BER  rleqigdd ons weagn per flar3sed
using the primnmers as shown below. and tenplatesl containilng the NY-ESQO TCR
chai ns. 5 NdefAll invitk5ire BGAGATATACATAT GGGTGTCACTCAGAAC- 3

Rev5' - CCACCGGATCCGTCTGCTCTACCCCAGEC-3" | BanHl I 10 The PCR products were
restriction digested with the relevant restriction enzynes, and cloned

into pGMrv Coﬂﬁ@éﬂah%etéﬂ%eﬂ%kﬁb'tﬁb ﬁﬁg&@gﬁaﬁd fBdin TRAHCACR 1 $ P11 )@ XY essi on
pl asm ds. The sequence of e plasnid inserts were confirned by automated

DNA sequenci siggle Birang @oraﬁlaghB\(\Bl'tQt@ BIGR) gt erermow joined by the élﬁ'all‘l’hld@f t he

SNI;)\I,E\E Ot tlt_e ég@li eng %{1[%%}9 stwhe?e (t:)e{lgt}létgd oﬁ%& 'rr&ﬂl gﬂa’ir?atoﬁﬁd Figure 85D

These results show that the introduction of the disulphide bond has minimal effect on
the local structure of the TCR around the bond. Some larger effects are observed
when comparing the TCR to the published structure (IBD2) 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 a 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-ESO 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 a novel disulphide bond, A6
25  TCR plasmids containing the o chain BamHI and B chain BglII restriction sites were

used as frameworks as described in Example 4.



acid sequence. The a chain construct was produced as described in Exanple
5. The respective TCR chains were expressed, co-refolded and purified as
descri bedwpr3xeanpl e 5. 20 In order to produce a sol ubl e RYTEID2D8MR6
contai ning a non-native disul phide inter- chain bond and a hexa-histidine
tag on the G termnus of the (3 chain, the same prinmers and NY-ESO

tenpl ate were used as above. The PCR prodf2ts were restriction digested
with the relevant restriction enzynmes, and cloned into pGVI7 25 contai ni ng
t he hexa-histidine sequence to obtain expression plasmds.: Figure 86a .
shows the DNA sequence of the O chain of the NY-ESO TCR incorporating the

hexa- hi sti diNpe BRYTCRYLCHAS B6:R0868 weRO¥RtatbEbLY PER dlbdifle a6FdlowaC PAR
sequence: Figure 87 illustrates the elution of soluble -ESO TCR

cont ai ni ng a reavtiehs SBrediesiorpéd venghitagrisreds assbowindelow, red tarplatcberniaEnigence
froma PORCS 0&9 Eg{)gﬂc eﬁchange col um using a 0-500 mM.NaCl gradient, as
i ndi cated by 'He g REAEDS. Figure 88 illustrates the el ution of sol uble
NY- ESO TCR contai ning a novel WO 03/020763 PCT/ GB02/ 03986 -63 di sul phide
bond and the hexa-histidine tag froma POROS 50HQ ani on exchange colums
using a 0-500 nM Nad gradi ent@hd i ndicated by the dotted |ine. Figures 89

and 90 are prwj@in @Atioorarofitessformaetadiadd+ati on chromat ogr aphy of
5 ' pooled fractions fromthe NY-ESO biotin and NY-ESO hexa-histidine
t agged ani on Re&haPRCEHPAFRCETRSCGTI ARG ¢ e By Fi gures 87 and 88

respectively. The prot eilnBa@llt es as a si ngl e maj or peak, corresponding to
the TCR hlé erodi mer. A Bl Acore analysis of STCR binding to pVMHC was carried

The nv- 0 heldd PR orsibe e bufipd fectila el Rt ey Rt GRpach oG end o, M
st ai ni ng usi ngoridduntoasEdAT chatarlidgitic brtinanezaitivh ssghalot & dPraik8PpreIGR
containing a ;Hg:ngihs.djl‘ﬁg lse%ﬂiar(ljc% oif %eeglés(r:llqg iir?selbtg QV%ire c%?’lﬁ-ll:mceRd {I)-g Elﬁt%rrh%{ed%ﬁxar ation
sequencing. Figure 85a shows the DNA sequence of the 8 chain of the NY-ESO TCR
15  incorporating the biotin recognition site, and Figure 85b shows the resulting amino

acid sequence.

The o chain construct was produced as described in Example 5. The respective TCR
chains were expressed, co-refolded and purified as described in EXample 5.

20
In order 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  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 pGMT7

25  containing the hexa-histidine sequence to obtain expression plasmids. Figure 86a

shows the DNA sequence of the 8 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

30 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 elution of soluble NY-ESO TCR containing a novel



The NY-ESO sol ubl e TCRs contai ning a novel disul phide bond and a biotin
recogni ti on sequence prepared as in Exanple 10 were utilised to formthe
sol ubl e ™MRo03p&17sRNMEr s using required for cell staining. PCH/GH20898purified
soluble TCR solution ( 20 0.2 ng/m ) was buffer exchanged into
biotinylation reaction buffer (50 mi\4 Tris pH 8.0, 10 mM Mgd 2) using a
PD-10 colum (Pharnmacia). The eluate (3.5_¢gd) was concentrated to 1 m
using a centricon concentrator (Amcon) with a 10 kDa nol ecul ar wei ght
cut-off. This was nmade up to 10mMw th ATP added from stock (0.1 g/m

adj ust ed to pHisulpbide bandehd the heka-histidink tag frorofa FIROBESHQ ativbexchasgenas t hen

added 25 rot ease i _nhi bit C tall Set, 1,. Cal bi.oc i Qchem cal s ),
suffi ci en'g IOt oc‘gliu{}]éls PR %OM%%&@E% a W%B%éi’ﬁ?ﬁga?%ﬁﬁw 1/ 100t h of
the stock solution as supplied, followed by 1 nmMbiotin (added from 0.2M

stock) and 20 _ tg/m_ enzyne (fromO0.5 ng/nl  stock). The m xture was then
i ncubat ed oveFHEus39and s potaeelation profilssdfesrs gbl Bliration dagmegmapby of r om

t he sol-utign i lcusi Rt ogra 75 .HR 30 cl ounm The

evel of bt ot PRoPARRatS AL AR G ERTEb G AR SR QR R Wit e ion i ze
excl usi on HPL €xdhasgscotmih ethsdBudhatddbyshigheS 0T bnd@b$ edpdctioblyt e Pratihny! at ed
NY- ESO TCR (2nmg/ m ) was incubated with 50ul of streptavidin coated agarose

beads WD 03/ 09%53S penetEneopReecorresronddg ipdhe T6R heteradimerThe beads were
t hen spun down, and 50 | of the unbound sanple was run on a TSK 2000 SW
colum (Tosoohaas) using a 0.5m /mn flowate (200mM Phosphate Buffer pH
7.0) over 30 riBiMces: anbhsiguie$E€RAEndihg tEMBIGOvanydrateodutNY-dESdbed GR Was

det ect ed a_UV spectro . bo 214 nd,.280nm_. The bhi otinyl ated 5
Y- £50 vl r uFFHBBR o115 LSS iARAVICH Befl 20 TR SRS Or et
percentage ofishiRk kppbATCRMAMBK 8f g8 @red by subtracting the peak-area of
the biotinylated protein fromthat of the non-biotinylated protein.

Tetrameri sation of the biotinylated soluble TCR was achi eved usi ng

neut ravi di n- 10 erythrin.conjugate i Bi osci en , The
concentrati on%ﬁ?'ﬁpq%i%gt—i & %flgﬁlgélﬁ*nt?%ﬁ‘g” %%%Z%%WGS @gﬁo@?@g@rgﬁssi e
prot ei n assay ICRic@hikning awdvel disitihide ifferenbmWofd TCR 0. 8 ny/ ny _

neut ravi di n- phycoerthrin conjugate was cal culated to achieve saturation of

the neutrbVidin-PE by biotinylated TCR at a ratio of 1:4.
TCR Tetramer preparation

The NY-ESO soluble TCRs containing 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/ml) 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 ml 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/ml
stock). The mixture was then incubated overnight at room temperature. Excess biotin
was removed from the solution by size exclusion chromatography on a S75 HR

30 cloumn. The level of biotinylation present on the NY-ESO TCR was determined via a
size exclusion HPLC-based method as follows. A 50ul aliquot of the biotinylated N'Y-
ESO TCR (2mg/ml) was incubated with 50ul of streptavidin coated agarose beads



19.51 of a 6.15ng/ mM biotinyl ated NY-ESO sol uble TCR solution in phosphate
15 buffered saline (PBS) was added slowy to 150 | of a Ing/m

neut r avi oWo-B2@6ed ubl e over ice with gentle agitation. 1POTEB020898PBS was
then added to this solution to provide a final NY- ESO TCR tetraner
concentration of 1 ng/m . Staining Protocol 20 Four aliquots of 0.3x106
HLA- A2 positive EBV transfornmed B cell |imt- (PP LCL) in 0.5m of PBS were
i ncubated with varying concentrations (0, 10-4, 10"5 and 10"6 M of HLA-A2
NYESO peptide (SLLMANTQC) for 2 h at 37C. These PP LCL cells were then
washed twi ce (Sigianfos 1hofr. eFhechesds Wers thet wupdawveHRYS)0 klafkkeunhorpd samplesch

of the four aliquots LY keed | d, st.aj ] OL]

o e o PhhPHE! 5 AFSE FhbAP R Uk B ARk R RARRI OGS

neut ravi di n- ppysOREYHHTA pHGE) over YBHemiteS UlRtRekensd éfthebioliaylaldoy-E3Qy of

phycoerythrin | abel | ed te?rarrerl c dsTCR conﬁll exes on ice for 30 m nutes
PH

and washed wi TERBSSletaitd by aldVespagtstacterajdomh 214nm adSORMe dhe Riofipyatedn

anal ysed by FAGSVapt.age. . € ] n ysed
s ng Wi nME D1 SoFe TR E rgRid 26 s S G SEELCR e IR iR V2
9,1 a-h ill usbfBloEnfstith vhogialied besibiaBviantha pealdaiea ofj hrdiatingthtédoprogach of
the sanples prepared as described above. The followng table lists the
percent age of fropbibipt ofitke porsbiglipgated @rei§obser ved for each of the sanples: 5
Sanpl e Positive stained Cells (% O NY-ESO peptide, 5g TCR 0.75 10-4 M
NY- ESO peptide, 5g TCR 84.39 10-5 M NY-ESO peptide, 5g TCR 35.29 10.6
MNY- ESO pept i deirafgrishGbn 6f 88 bidinMitd8S0ybdoTCRevad acllipyed GRn®n@uravitin-4 M
NY- ESO peptide, 10g TCR 88.51 . . ' .
10~ phycoefythrin conjugate (Cambridge Biosciences, 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 ratio of 1:4.
19.5ul 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 Img/ml 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 tétramer concentration of 1 mg/ml.

Staining Protocol

20  Four aliquots of 0.3x10° HLA-A2 positive EBV transformed B cell line (PP LCL) in
0.5m] 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 ug 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 WinMIDI software.



10-5 M NY- ESO peptide, 10g TCR 8.25 10.6 M NY-ESO peptide, 10g TCR 3. 45
These data clearly indicate that the proportion of the cells |abelled by

t he NY- ES®O0 03QR76&t raners i ncreases in a manner corr el at edCraRDO3986
concentration of the peptide (SLLMNTQC) in which they had been incubated.
Therefore, these NY-ESO TCR 10 tetraners are noieties suitable for specific
cell labelling based on the expression of e HLA- A2 NY- ESO conplex. In

t he present exarrpl e, a fluorescent conjugated NY-ESOTCR tetramer has been
used. However jilar levels of cell binding would be expected if this

| abel were § repl aced by a suitable therapeutic noiety. Exanple 12 -
Producti on of Fimlrests 19—}Aﬁu§ff§§3 5 lhhtograﬁﬁ\tbé FACSWapingel@ath gakrated éorepcit of thag
the C) 61 const-ant, region, Al | t he i ous exanpl es describe the
production of S&BP G%P@Pﬁféﬁ?és serbed 'cw@va EWFO;{IGWW ‘Galedistadbe PereTiREeti ng t he
C(32 const ant 763 PCT/ GB02/ 03986 -66
denonstrates Pﬁ%?béggﬂ&l—éggC%@%S%?%ﬁg}??%egﬁﬁe&%%m constant region can
be produc®d successfully. Design of priners for PCR stltchl ng of A6 TCR

CR_canctriiet nf
A

0 Chal n V-dOITHI n tr\ (‘IQ‘I ST \.aullqt B

the foll owing pringrs: were. T ’féd GGACA?AEF el

5' - CCTTGTTCAGGTCCT W"’Qﬁb‘ﬁ T‘t% POR CONSTTT ot L,U 1, the
following primers pwere desi gﬁﬁg—é %ug CACGGTICACAGA GAACAAGEH 3' 5

- CCCAAGCTTAGT CT CCTICTROAGOXEX G pefs#ide; g TER Beta VICR gepstruct and C(31
construct were separa ely anplified using standard PCR technol ogy. They
wer e connected to S%11\/161*1hieTﬁSG)913}vttg:f1‘3aSL$g'll“CBhl ng PCR PB&2%i d

10"® M NY-ESO peptide, 5ug TCR 7.98
0 NY-ESO peptide, 10pg TCR ‘ 0.94
10 M NY-ESO peptide, 10ug TCR 88.51
10> M NY-ESO peptide, 10ug TCR 8.25
10"® M NY-ESO peptide, 10pg TCR 3.45

These data clearly indicate that the proportion of the cells labelled by the NY-ESO

TCR tetramers increases in a manner correlated to the concentration of the peptide

(SLLMWITQC) in which they had 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, similar 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 soluble TCRs with a novel

disulphide bond incorporating the CB2 constant region. The present example



DNA was purified on a Q agen mni-prep colum according to the

manuf acturer's instructions and the sequence was verified by autonated
sequenci rgoaB/o2d1e3 sequenci ng 20 facility of Departnment of PBIrawHe03®ssrYy,
Oxford University. The sequence for A6+C(31 is shown in Figure 92.
Consequently, the A6+C(31 chain was paired to A6 al pha TCR by inter-chain
di sul phi de bond after introducing cysteinggn C domain of both chains. 25
The sol uble TCR was expressed and refol ded as described in Exanple 2.
Purification of refolded soluble TCR sTCR was separated from degradati on
products and demuikiriteethabyolidadCRy indoepatataigtbe €f130ngtaftaegioneandea PORCS
50HQ ani on exchange col unn_and el uti ng bound protein with a gradi ent of

0- 500mM NaCl Roe¢ced GuessPiY-vol umes using an Akta purifier WO 03/ 020763
PCT/ GB02/ 03986 -67 (Pharmacia) as in Figure 93. Peak fractions were stored
at 4C and anal ysed by Coonassi e-stai ned SDS- PAGE (Fi gure 9&1) bef ore being
pool ed and coDegs bfpreders f1 PER kyjichinpef 48 TRR\shqiuV-danedn sm@Béhar act eri sed
using a Superdex 200HR gel filtration colum (Eie%ﬁfe .QQ%e-e ui librated
i n HBS- EP Suf FerPQR consirupimzs BERP-ghain Vidamainy the 9llowan, BOFA° 0. 05%
noni det p40). ,The peak eluting at a relative nol ecul ar wei ght of
approxiatel y SR was pool ed and concentrated prior to characterisation
by Bl Acore surface plasnon resonance anal ysis. A Bl Acore anal ysis of the

bi ndi ng of the disul phide-linked A6 TCR t Cwas 10 carried out as
described in Exefs §ATﬁ%T%T§éA§%%G@%&%¥%C£%aI ysis of the specific
bi ndi ng of di gulphirderfd g@ﬁw(]slqlﬁ hectFbAe-1ts cognate pMHC. The
soluble A6 T \k/:\/l&th a r%?/é;jﬁqL I sul phi de bond i ncorporating the C(31 constant
region hagpa Kd of 2.42 0.55 Mfor its cognate pWMHC. This value is very

simlar to 15 the Kd of 1.8 det Em’ ned for the soluble A6 TCR with a

novel di sul phF%P%ﬁﬁnﬁtmb?%%Matﬂimré 1PWéngC§(r§§er§3'r’?§?§?ﬂgnF ‘gi on as det er ni ned

in Exanple 3. ‘Exanple 13 - Production of soluble A6 TCR with a novel

di sul phi de bond incorporating the "free" cysteine in the 0 chain
5°-.CTCACGGTCACAGAGGACCTGAACAAGG-3’

5" .CCCAAGCTTAGTCTGCTCTACCCCAGGCCTCGGC-3’
15 | :
Beta VTCR construct and CB1 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
instructions and the éequence was verified by automated sequencing at the sequencing
20  facility of Department of Biochemistry, Oxford University. The sequence for
A6+CB1 is shown in Figure 92.

Consequently, the A6+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 a POROS 50HQ anion exchange column and eluting bound protein with a

gradient of 0-500mM NaCI over 50 column volumes using an Akta purifier



20 The / chain constant regions of TCRs include a cysteine residue (residue
75 in exon 1 of TRBC1*01l and TRBC2*01) which is not involved in either

i nt er-chawp 0s/02i763 r a- chai n di sul phi de bond formation. Al IPCOIGROR®3985EVI OUS
exanpl es describe the production of soluble TCRs with a novel disul phide
bond in which this "free" cysteine 25 has been nutated to al anine in order
to avoid the possible formation of any "ir@&ppropriate" disul phide bonds
which could result in a reduced yield of functional TCR The present

exanpl e denonggrates {hat -soluble, T .ncor parati tLhi s,"free" . cysteine
can be pr oduc?&%l%sdﬁgs e%‘?@fﬁ%@%‘%&eﬁg’ﬁﬁé ﬁngﬁnﬂ?’?eﬂﬁ)ﬁ% and
mut agenesi s oCodfabssle-sthidied SBSLP AGEAFi g IRefRe BElAL Pocﬂbdiﬁ!@d\&)n@élﬁﬁdtéh.le 75 1n
exon 1 of TRBC1*0Q01 and TRBC2*01l) to cysteine, the follow n riners were

desi gned ( nut Hinaly thpshaRiwes nugied aedehayactesissd ugmgaSunrrds k gT CTG

AGC AGC CG 5! C T t '

expr essi on and TePECaNRY GRS TPt bied IR i [ AYEAERES v
descri bed $n BExdanfd e\ NaPur3.s hMHmm,@EOS%hOIhid&q)AIS))LImdlIﬁaalgeﬁ;tingﬁmdmls .
separated from_degradation products and inpurities by |oading the dialyse
refol d onto alPERESSEHHeigh c&)@ﬁﬂ&ﬁﬁ%at%lbiﬁgr]ﬁpaaw nsplediang cpdsrtatgd prief n

with a 15 gr @éﬁﬁct&fsa@d&&pﬁfﬂé@%mﬁ\é@gggﬁ?ﬁ ?ésUthcg%ﬂgﬁé using an Akta

purifier (Pharmacia) as 1nFigure 98. P ractions we stored at 4C and
anal ysed by Coonassie-stained SDS- PAGE (Fi gure 99) before being pool ed and

Super dex 20018 B HiatyRa 3 B e el e e dobp il AC ThR wRbi sy
S EP buier ofoi01 B ARSI Exinfle 1 H¥5DaIs B oRARRER offh 5%

noni det p40). The peak eluting at a relative nolecular weight o

appr oxi mat el ys@oiflakindiag opdisnlpbidarimkedAbesatuble EGR i itoeognete pMHC.

The soluble A6 TCR with a novel disulphide bond incorporating the CB1 constant
region had a K4 0f 2.42 £ 0.55 pM for its cognate pMHC. This value is very similar to
15  the K4 0of 1.8 pM determined for the soluble A6 TCR with a novel disulphide bond

incorporating the CB2 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 @ 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” disulphide 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.



characterisation by Bl Acore surface plasnon resonance anal ysis. A Bl Acore
anal ysis of the binding of the disul phide-linked A6 TCR to pMHC was 25
carried owDoas2dexscri bed in Exanple 3. Figure 101 shows Blpar@mBo2asmbysi s of
the specific binding of disulphide-linked A6 soluble TCRto its cognate
pMHC. The soluble A6 TCR with a novel disul phide bond incorporating the
"free" cysteine in the /3 chain had a Kd-68-21.39 3.55 Mfor its cognate
pMHC. 30 WO 03/020763 PCT/ GB02/ 03986 -69 Exanmple 14 - Production of
soluble A6 TCR. wi.th novel disul phi de Qﬁ{kd %?/&erei n “free" cysteine in the
0 chain is mutlEEr ¥ gray g muggeress &KL B 4f#h e denonstrates t hat

sol ubl e TCRS wigk naPRVIIR i hihitifiee GRAShe 78 in Bx) GhTRBE 401 g1 Cystel ne
inthe (3 chain (residue 75 in exon 1 of TRBC1*01 and TRBC2*01) is mutated

to serine can TRBGCLH¢uséystdine, thedolewig phesirgwensfdepighere(nsutatinh showagenesi s
of TCRO chaig For n%}t ating TCR f3-chain al anine that had previously been
substituted fofVthéHative 10 cysteine (residue 75 in exon 1 of TRBC1*01
and TRBC2*@1) to serine, the following priners were designed (nutation

shown in lower case): 5 -T GAC TCC AGA TAC tCT CIG AGC AGC CG 5'-CG GCT
GCT CAG AGa GPATIGACHHRCArANAG STPCRGAECEAHESIS (resulting in a mutated

beta chain as SSM@dTnG i Ag%%@%“é%ﬁ%ﬁ??%‘gnd refol di ng of sol uble

TCR was carried out as describ urification of refol ded
soluble TCR 20 sTCR was separated from degradation products and inpurities

by | oading the dialysed .refold ontq a POROS 50 ani on exchange col um and
el uti ng bound P&Pow¥%ewseaa expessipnpaf apioldipe @f-theg%wlﬂéfﬁR ¥eerarsgd e asmm

vol unes ugpng R Mk s PYLLEker (Pharmacia) as shown in Figure 103. Peak
fractions were store?f’l at 4C and anal ysed by Coomassi e- st ai ned SDS- PAGE

(Figure 104) before being pooled and concentrated. 25 Finally, the sTCR
was purified alpu(;i]clcg%nag}reej[,oilge%ofusbilen,‘gcﬁ: Super dex 200HR gel
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
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 concentrated.
Finally, the sTCR was purified and characterised using a Superdex 200HR gel
filtration column (Figure 100) pre-equilibrated in HBS-EP buffer (10 mM HEPES pH
20 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.

A BlIAcore analysis of the binding of the disulphide-linked A6 TCR to pMHC was
25  carried out as described in Example 3. Figure 101 shows BIAcore analysis of the
specific binding of disulphide-linked A6 soluble TCR to its cognate pMHC.

The soluble A6 TCR with a novel disulphide bond incérporating the “free” cysteine in
the 8 chain had a K4 0f21.39 £ 3.55 uM for its cognate pMHC.
30



filtration colum (Figure 105) pre-equilibrated in HBS-EP buffer (10 nM
HEPES pH 7.4, 150 nM NaCl, 3.5 mM EDTA, 0.05% noni det p40). The peak

el uting awoasnzizet i ve nol ecul ar wei ght of approxi matel y POTkKR2108086 pool ed
and concentrated prior to characterisation by Bl Acore surface pl asnon
resonance analysis. 30 WO 03/020763 PCT/ GB02/ 03986 -70 A Bl Acore anal ysis
of the binding of the disul phide-1inked ABG€R to pVMHC was carried out as
described in Exanple 3. Figure 106 shows Bl Acore analysis of the specific

bi ndi ng of di sul phi de-1 pnked.. A6 sQq I t.o its e . -5 The
solubl e A6 TR R SRR TR il A SRR B LS e 1
the O chain \A(ﬁ@e’r’ruj@giﬁéjintmegeh&mesmaﬁzt@iﬂ&deﬁ;ﬁe_2. 98 0.27 Mfor its cognate
pVMHC. This value is very simlar to the Kd of 1.8 Mdeterm ned for the

soluble A6 TCR with a novel disulphide bond in which the "free" cysteine

in the a chai t t L.an] ] [ .
Bample 15 - QPoaator R e ReEi aG o LR AR d bt AR hodd

di sul phi de5 bavhich tht tfryeasktetein dsst chaiv@edidues7 NY-ek&D1 BERRBCGITO1 @nd hai ns
were fused to _the C-termnus of the pre-pro i n 15 factor al pha
sequence fromk Qﬂbﬁ%‘géteééq%ﬁﬁngicé%b%gﬁcﬁgm@%?qﬂcsd-yeast expr essi on
vectors pYX122 and pYX112 respectively (see Figures 107 and 108). The
following prinmers were designed to PCR anplify pre-pro mating factor al pha
sequence fromIBsigeey pungrsamdstutageneSEYSPCRE (FRabi nson et al . (1991), Mol

Cell Biol. 20_11(12).5 -24) for fusj othe T a chain..,5 -TCT ,.GAA TTC
ATG AGA TTT OFF" éﬁéﬁtl}&%%é%&@?ﬁam@ bl @W‘@élﬁ%&s%s%“%ﬁ%?%&e e TTT
TAT C -3' 185 Th&eihio(deSuhd1P5 B dxBR1S0MVISIEC T3 80 SREBC2H0ER oEahb,fible RIBwWMED
mating factor al pha sequence fromS. cerevisiae strain SEY6210 for fusing

to the TCR (3pohgrhwerestesipey (@uationGhawGIMYer $95eBCT TCA ATT TTT AC- 3’
5' - GTG TCT CGA GIT AGT CTG CTC TAC CCC AGG C- 3'

5°-T GAC TCC AGA TAC tCT CTG AGC AGC CG
5°-CG GCT GCT CAG AGa GTA TCT GGA GTC A
15
PCR mutagenesis (resulting in a mutated beta chain as shown in Figure 102),

expression and refolding of soluble 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 NaCI 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 sTCR was purified and characterised using a Superdex 200HR gel
filtration column (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



30 Yeast DNA was prepared by re-suspending a colony of S. cerevisiae strain
SEY6210 in 30l of 0.25% SDS in water and heating for 3 mnutes at 90C. The
pre-pro maDIBM20A63 03/ 020763 PCT/ GB02/ 03986 -71 factor al poha/GBegusasées for

fusing to the TCR a and (3 chains were generated by PCR anplifing 0.25] of
yeast DNA with the respective priner pairs nentioned above wusing the

foll owi ng PCR conditions. 12.5pnoles of eath priner was mxed with 2001t M
dNTP, 5pl of | Ox Pfu buffer and 1.25units of Pfu pol ynerase (Stratagene)

in a5 final me_of 501. /Aft.er..an ppitial .denaturati st e 30
seconds at 92 cﬂ#‘r‘f TC 8% ﬁlerﬁl qlﬂggkﬁﬁgl‘?@?‘g@é nélﬁedt‘%é ggthBQﬁ/gg&&aS
denat urati on ¢(£4€d odQseeribed HPLII1OG. Figdhe 905 st sBIAchre MaFs@lofagat i on
(72C, 2 min.) in a Hybaid PCR express PCR nmachine. 10 The fol |l ow ng

primers were ehesifigrhdadingopdrulphigelinied A6 sqlohleal CRie Hs eegnpie iMEEd to the
pre-pro mating factor al pha sequence nentioned 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 STheThesdlabie A% PCR REthsa nwebdidelphide ®dnd in Whish angrtfidel cydieind fRhe
chain to be fused to the pre-pro nating factor al pha sequence nenti oned

above. 5' - GGOS¥man aas metetedtorseanchabaKant2 88 WAArMiorits cognate pMIIE. TCT CcGA

GIT AGT CTG TAC CCC AGG.C-3' .The P i.tions, for. amplifyj he, TCR
% and R cha nigeaNiethgerd ST o e ofd s ST R Bg tofPrerRielq X6 1208 il ng
changes: the E)h@vélﬂ{m%@ﬁ& BbREGn Bich tREPhéd WyRginkhe thEGRciRieRes hdta€daabns wer e
the NY-ESO TCR a and (3 chains 25 respectively (as prepared in Exanple 5);

and t he anneabliepigeeefpfermined & BgawleBds 60.1 C. The PCR products were then
used in a;PCR stitching reaction utilising the conplenentary overl appi ng
sequences introduced into the initial PCR products to 30 create a full

| engt h chi mer Egagpee s —T0RnigfMILESD PCR ®brd Behainveomtamigeshae] Msiiphidoe

bond into yeast expression vectors

NY-ESO TCR o and B 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 pYX122 and pYX112 respectively (see Figures 107 and 108).

The following primers were designed to PCR amplify pre-pro mating factor alpha
sequence from S. cerevisiae strain SEY6210 (Robinson ef 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 S. cerevisiae strain SEY6210 for fusing to the TCR f chain.

5/-TCT GAA TTC ATG AGA TTT CCT TCA ATT TTT AC-3’
5'-GTG TCT CGA GTT AGT CTG CTC TAC CCC AGG C-3'
30
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



restriction enzynes EcoR I and Xho | and cloned into either pYX122 or
pYX112 digested with the sane enzynes. The resulting plasm ds were
purified wo oaogizagenTM WO 03/ 020763 PCT/ GB02/ 03986 - 72 mPrirAGBoe03986! um
according to the manufacturer's instructions, and the sequences verified
by automat ed sequencing at the sequencing facility of CGenetics Ltd,
Queensway, New M Iton, Hanpshire, United Kigpgdom Figures 109 and 110 show
the DNA and protein sequences of the cloned chinmeric products. 5 Exanple 16
- Expression of soluble NY-ESO TCR containing a novel disulphide bond in
yeast The yeaspctexgpessiquences fos fisieg toghe ACRi mand pehditRvarcantetRd YIRS

respectively 10 pr dLch(;’d as_de i,bed i.n Exanple 15 were co-transforned

into S. cer eviZqHAHRg M, 0 g@@é@&%w Hig TeeCtBreT BRGIPaEy mEgtienss abpval .

(1998) (Techniwig tHé RloWMd PER coMditidns| 4@5@5{% %)@'éa &ﬂ%hﬁ%@%ﬁﬁé t A e
I'stidi

si ngl e col ony %r oW ng on synthetic dropou agar contai ni ng

an(rtlﬂ Uracil (QAY8 TR, Jukiof t0x Pﬁur@ﬁﬁeyndm%lfrmsmﬁﬂ’ﬁdpolmemé @Mat@bll“l@ﬁﬁlai n
10m SD i ini i.stidine. il T i t
subr cult ur od- 10t B sOLE Ak 88 B84 dehRblation Sep of 45 hetiogch e Rt e

Uracil and gr qustibomidukowissublecB® 30 Reundybi @élﬁtd&@t%nc@ﬁ‘t(‘f,iﬁo%@.g &%&1@
mnutes at 3800rpmin a Heraeus Megafu (Kendro Laboratory Pro écts

e 2.0R
Ltd, Bishop' s 4&Pdr100se6) aPEPbFS‘F"H@W?%& 2uKin. Jeinc HyheisRER rempessnPCRar vest ed.
511 Stratd ear}?ﬁ%ﬁﬁ” (Stratagene) was m xed with the supernatent and kept
rotating in a blo 3 wheel at 4C 20 overnight. The StrataC ean resin was
spun down at 3800rpmin a Heraeus Megafuge 2.0OR and the nedia discarded.

2511 of r 8uci,1n swle buffer (9501 of Laenmli_ sanple buffer (Biorad)
cont ai ni ng 50! hgif‘ﬂ 1Bg PYmpESV 8 dedened tp RER amplifydhei TERex chaimisl eesfubestibed at

95C for 5 m ”%f@e§Wg5§§}§fa%%9'a&%a§%d§§§ei%?l’;t?re 29%\% of the mx was |oaded

on a SDS- PAGE ¢ constan goenledsau ®ace for 1 hour. 25 The
proteins in the gel were transferred to | mmuno-Bl ot PVDF nmenbranes
( Bi 0- Rad) a chain anti body as described in

’ e .
Exanpl e 17 gg%o%rc*g@ggﬁ?{' 5*Egr EE 28%3!84 F6wi F§CchSRgEST TRE-Bri mary anti body

(TCR anti a chlai-grcagdcseecendary Tac GAA CTT TCT GGG CTG GG-37
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.

5’-GGC TGA AGC CGG CGT CAC TCA GAC CCC AAA AT-3’
20 5'-GTG TCT CGA GTT AGT CTG CTC TAC CCC AGG C-3'

- The PCR conditions for amplifying the TCR o and B chains were the same as
mentioned above except for the following changes: the DNA template used for
amplifying the TCR o and B 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 I and cloned into either pYX122 or pYX112

digested with the same enzymes. The resulting plasmids were purified on a Qiagen™



anti bodies were used at 1 in 200 and 1 in 1000 dilutions respectively.
Figure 111 shows a picture of the devel oped nenbrane. The result shows

t hat t herwoiog/oz76dw | evel 30 of TCR secretion by the yeastPCTutBoR/08985nt 0 t he
medi a. WO 03/020763 PCT/ GB02/ 03986 -73 Exanple 17 - Disul phide A6 Tax TCR
a and |3 chain expression in Baculovirus Strategy for cloning The a and 3
chai ns of the disul phide A6 Tax TCR were ghoned from pGMI7 into a 5

pBl ueScri pt KS2- based vector called the pEX172. This vector was designed
for cloning different MHC class Il (3-chains, for insect cell expression,
usi ng the | ead#i-prepamplieme eccording PRBE nGMOfRctuze's Agiucionseandothe SeEEA¢ESon of

di fferent peptide-codi sequences |l inker.regl: F@g, . M ul and
Sall sites tov%’l?lﬁﬂgytaﬁg’%ﬂgﬁde? gHAIcHE e}tghe sfegl(l)eﬁjtcmgfqg‘%lﬁ@o un e{el%?l&ﬁ’e zi pper
sequence. TheQ§aAWRRE N TR Eom BénibéRird iUdiRd Kihgdom. [igpik 16Band pt0 sHowkS-

| ocat ed between the Kpnl and EcoRlI' sites of pBlueScript Il KS-, is shown
in Figure 112theEBYA ah@pioteipseseness oéﬂmlwd?&mwrﬂ %1 insect cells, this
pEX172 was. cut with Agel and Sall to renove the |inker region and M ul
site, and Yhe TCR chai ns go in where the peptide sequence would start. The
TCR sequencespgygi e J6L(Bi€£ks§ibﬁ) of SUEBIZ Nih-ESO & CBsqilairsing e naveltdisliideshand( t hi s
had Agel conpatible sticky 15 ends) and a Sall site at the 3' end. In order
to provide t h&#yerdavage site for the renoval of the DR(3 | eader sequence,
the first three residues of the DR(3 chain (GDT) were preserved. In order
to prevent the Jun Leucine zipper sequence being transcribed, it was
necessary to TRePdakt épidssipn pemidsehoieng the TSR b asidlechaifsmespesitvelivat i ¢ of

this construct, see Figure 113. Once_the TCR?I%E(()ain .are,in this plasmd,

the Bantl 120 prodgeriis dasriod i DHEDiSn & "Eaber BREHO TR 40 s o ALRME Tt or

o as  noMek 8110 LARORBERALEARy SR A1 (BB (Ruchiiem TiRO @R ABS vect of
rgent  prorbters, one"wth

has two dive a BanH Site and one with aqE;gIII
cl oni ng site. (fiperte.tradacg) 1:51H0625)n A sivglagolpaRef@visaan synthefia iePAE TCR

ubci oned | nt SrgesaREtsptBs e i UEED RGeSt B8 R
strategy, the{ghianingoekh MBHESHEh&li4 esitanRg 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 harvested. 5ul StratClean Resin
(Stratagene) was mixed with the supernatent and kept rotating in a blood wheel at 4°C

20  overnight. The StrataClean resin was spun down at 3800rpm in a Heraeus Megafuge
2.0R and the media discarded. 25ul of reducing sample buffer (950ul of Laemmli
sample buffer (Biorad) containing 50pl of 2M DTT) was added to the resin and the
samples heated at 95°C for 5 minutes and then cooled on ice before 20ul of the mix
was loaded on a SDS-PAGE gel at 0.8mA constant Jem? of gel surface for 1 hour.

25  The proteins in the gel were transferred to Immuno-Blot PVDF membranes (Bio-Rad)
and probed with TCR anti o chain antibody as described in Example 17 below except
for the following changes. The primary antibody (TCR anti o. 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.



(honol ogy to the vectors is in uppercase): Aba: F:

- gt agt ccggagacaccggaCAGAAGGAAGTGGAGCAGAAC 30 R

- gt aggtwoasHAGAACTTTCTGEECTGEG AR F: PCT/GB02/03986

- gt agt ccggagacaccggaAACGCTGGTGTCACTCAGA WO 03/ 020763 PCT/ GB02/ 03986 -74
R 5'-gtaggt cgacTAGTCTGCTCTACCCCAGG PCR, cloning and sub-cl oni ng:
Expression plasm ds containing the genes fomr.the disul phide A6 Tax TCR a or
(3 chain 5 were used as tenplates in the follow ng PCR reactions. |00ng of
a plasmd was mxed with 1 | 10nmM dNTP, 511 1 OxPfu-buffer (Stratagene),
1.25 units Pf Exagels fbr Béeiphsia 46 AgefiER o o0hfolainbxrosickia Rucidwei-gs above,
and the final volune was adjusted to 501 with H2O A simlar reaction
m xture was set up for the (3 chain, wusing the 1 plasmd and the pair of
(3 prinmers. ThSd: # 8niwbXt ures were subjected to 10 35 rounds of
denaturation (95C, 60 secmf?, anneal ing (50C, 60 sec.), and elongation
(72C, 8 nmin.) The %m@ﬁ&h@HP@hEﬂpu@hﬂGMamﬁﬁlereHme@ﬁﬁﬂi{ﬂ(ﬂl\/l\mi*mfomen

h
Poes ot Ror iR B et il agbl e S Mgieaiva v 6 Esﬁ%se%”fﬁxyrﬂﬁste o
di gested r eaCtdlgfri:? Wefefont Mlg@tcf“ags ngié E‘?’EXM%“&Q‘%“@%Q% mu‘égg%‘%ﬁé %F%W' th

Agel and Sal | these were 15t I'nto co
bacteri a and gegwncé SpmIBRBOINIH1aen AgEl SHAfOISmﬁEgh@l smlﬁfelsenv\p@nﬂb%@ﬂ from

each of the a and s _and grown over ht in 5 TYP + anpicillin
(16 g/1 Bact o°T#%fB i(’ec?ng “g G 5P ?@éélﬁe@éﬂwlé@@ al sigeq tONéFGe thoDB Bphhins K2 HPO4,

100 ng/ | Anpi Cﬂdnlt bfthe THh ﬁéﬁ@n?e %ﬁér%xfueﬂ%' ﬁee S&nggel(‘fg}%ef??éng 8{}'@ §°Was

colum according to the manu rerts st rUCHl ons "an
verified B9 2®Bémscnatféd|(%elquﬁﬁtbetgfeeﬂ tHelieprd and EosRIgtek 3€pBiveFcrgit IGRREL I X.

The am no aci d amH i ns s.are_shown I n Figures 114 and
115 for the a cHS) ?gi%hg?rﬁ PR \9&9!“9’:‘3 HeR shaips ByiasecBedlssihishi de

A6 Tax TCR ch IEIXIGQFO@E Gk Bh AR PEREISAT
37C with BarrH? restriction enzr%e/rre N%W%E%gmgén Bi o% gl)%naﬁﬁﬂlﬁfﬂ&hgﬁ%n{ arrHI

insert was | i d&feehaingige 1}3#161?83'[11@@@1’@6 seRhanceivogkihstBD Bho$CRewqesices were
cloned from pGMT?7 with a BspEI 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 DR 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, see 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 BgllI cloning site. There is a B gl
site in the A6 TCR B-chain, so the A6 TCR a-~chain was inserted into the B glIl 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):
Abo: F: 5’ -gtagtccggagacaccggaCAGAAGGAAGTGGAGCAGAAC

30 R: 5’ -gtaggtcgacTAGGAACTTTCTGECCTARRE

A6B: F: 5'-gtagtcecggagacaccggaAACGCTGGTCTCACTCAGA



21216P) that had been digested with Bglll enzyne. This was transforned into
conpetent XL1-Blue bacteria and grown for 18 hours at 37C. A single col ony
was pi ckwo oBozrss his pl ate and grown overnight in 5 m TPYPTAGBRRO®SHI | in
and the plasmd 30 DNA was purified as before. This plasm d was then
digested with BanHl and the O chain BanH insert was ligated in,
transformed into conpetent XLI-Blue bacteria WO 03/020763 PCT/ GB02/ 03986
-75 grown overnight, picked to TYP-anpicillin, and grown before

m ni preppi ng as before wusing a Q Agen mni-prep colum. The correct
orientation of botR:t I @taadi(RciTAGTE TEUEICTACONdAGERd by sequenci ng usi ng
the foll owi ng sequencing priners: 5 pAcAB3 a forwards:
5'-gaaattatgcatttgaggatg pAcAB3 (3 forwards: 5'-attaggcctctagagatccg
Transfection, ROH efdriMandeidLesshgn and anal ysis of A6 TCR in insect cells
The expression plasm d containing the a-chain and (3-chain was transfected
into sf9 10 dptessiophlasmidsgpontaBinBihe genesforthe dEuRNE) AGTeox CRo. sep chaifir ee

medi um (Phar m ngen-BD Bi asci ences: . 551411), usjing the Bacul ogal d
transfection quu@ﬁﬁf?ﬁlﬁé@ﬁ 1“5‘%6 %?%@\L}%Réésrﬁa@ﬂ@ol@oﬂwfgd}lamé was

manuf act ur er sg})i?g& ﬁ,ggtlgppml{]ﬁ’ 5§11 lgﬁfﬁ-b%tffgﬁgsgfatt%%%oﬁ?%?ﬁ di um t hese

transfected c een grow ng'rn was ~a Five

cel I's at 1x10@oB@ddraskeBtratag&ry, S0hibE6S tHe Aok Printrt Mova, 41 the! Fhil&bnind@Yys at
27C, |m of this nmediumwas renoved and centrifuged at 13,000RPMin a

Her eus mi cr of @dwstedio 80wiwith HsOt 4 gimilpreactiohimidtine wss sel Op fofthe Bickainnsect A6
di sul phide |inked, T uper nat ant was_run al gpngsi de positive controls of
bacterial A6 #'8& Fﬁa@ﬂﬁf%@o@m 8P BHERetsn ¢ hGAcastign auxiyEss wero sjectest to
Tri s/ gl ycihpe I i o : by

10e 88 hoddd b HELHERHiorHOBOB D) sec.giﬂg?zﬁﬁlgg%q&, %g ggng, gmg E@ﬁg:{rtf‘oﬂ

adding 101 of Reducing sanple buffer (95 1
(Bi 0- Rad: 161{735¢38miB0 in o Hy2rMAIFICR expressRER inachine. BBprbduct Svasithrentdigested

Cooling = o AIRSLSHE ! AR BB PRt LOSE OB 20k, M educed
2 ]9 It g 2 a}n IT(r:\ﬁ tg%gmxggﬁm 0huits oFSAII\NewErefind BibIays). Mhest NRLERA reaclioRs elte! tank
ligated into pEX172 that had been digested with Agel and Sall, and these were
15  transformed into competent X1.1-Blue bacteria and grown for 18 hours at 37°C. A
single colony was picked from each of the o and B preps and grown over night in 5 ml
TYP + ampicillin (16 g/l Bacto-Tryptone, 16 g/l Yeast Extract, 5 g/l NaCl, 2.5 g/l
K,HPOq4, 100 mg/l Ampicillin). Plasmid DNA was purified on a QIAgen mini-prep
column 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 BamHI inserts are shown in Figures 114 and 115 for the o chain and

B chain, respectively.

These o and B 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 BamHI insert was ligated into pAcAB3 vector (Pharmingen-BD Biosciences:
21216P) that had been digested with BglII enzyme. This was transformed into
competent XI1-Blue bacteria and grown for 18 hours at 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,



was stained in 50nl of Coomassie gel stain for 1 hour with gentle agitation
(1.1g Coonmassie powder in 500m of nmethanol stir for 1 hour add 100mi
acetic acwoogmkwe3 up to 1 litre with H2O and stir for 1 heoor/GBeen3dss| ter
through 0.45M filter). The gel 30 was de-stained three tines for 30 mns
with gentle agitation in 50m of de-stain _(as Coomassie gel stain but
omtting the Coonassie powder). WO 03/ 0207683 PCT/ GB02/ 03986 -76 Western

Bl ots were performed by runni ng SDS- PAGE gel s as before but the proteins

were transferred to | ne-.Bl ) | 0= * s her
than staini ig°TVREVEE! ’\Bl?lﬁ?d?é)g?rgé%g?é[&ﬁgl{’%ﬂ ?%T"f"gir&gé%g?‘éﬂpﬁ Pe g-cészbe{f%ret he
size of the gﬁhnga@glég@qaﬁ@gré reolunai) STIRY cdatett eientRiodQ bGihythe neand$ @fbinsof
Tris Base, 0.77g DIT dissolved in 500ms of H2O, 200nm s of nethanol added
then made up weretoofmic! by sehudseg usifigdhe fjiowipesadreRanS R FBepar ed by
soaking in nmethanol for 1 mnute and then in transfer buffer for 2

m nutes. Three filter papers were placed on the anode surface of the

| mo- bl ots a reoL ) ¢de nmenbrane was placed on
10 top foll ADPRLABYS, ORAALIESLdnaadoyait ol dcddedatd

by the gel an hen finally three nore filter papers on the
cat hode si de.pAJdAR3 Bristinedd Ftavesggant dioagdgdiorrg at 0. 8mA constant /cn of
gel surface. After blotting, the nenbrane was bl ocked in 7.5m s of bl ocking
buffer (4 Tris- buffered saline tablets (Sigma: T5030), 3g non-fat .dried

mlk (Signma: 409) .. 30| B ScMelh H20) for 60
mns with gen TIEH T %%{Onﬂ%zrer-%e%ngrgg%gngngs%?\?\ggﬁgglzﬁﬁr eect ierres for 5 mns
Wi th TBS washThuéfiRéssloadlabid tadhiaing, the &abhinTanddnct2in wasltangfectal iBA0HR Wi t h
H20). The nmenbrane was then incubated in rimry antihod .in 50 dilution

of anti TOR acdlydPharpiingss-BIABiessionetsed13MEASEMY Mo AT TR chai n cl one
8A3 (Serotec: Q%%gﬁgxggn—hﬂ) ﬁio@%n%gzﬁg?@éﬁ%i%%ﬁfe BRhlobokGrDRREHNM ki gentl e

agitation. Th ane was washe In TBS™wash buffer. Next, a
secondary ant (Reyingac-BInBioscicndesBRRODEDaY perdhgmanufactuiernipasestions.i HBes>
(Santa Cruz Biotech: Sc-20051) 1lin 10@0 di | u#i oa i]? 7'd§%r:ﬁ of bl ockin
buffer was cénsiaéd? Gur0Pigrofse mediug escdempicEied 6 shaddren SYRefbFahe was
washed as- bef gt £ :3090bE8r MRARREE s 30T P LetlRR) #f dofin? 5TBR il eAfter a 25

15  further 6 days at 27°C, 1ml of this medium was removed and centrifuged at
13,000RPM in a Hereus microfuge for 5 minutes to pellet cell debris.

10u1 of this insect A6 disulphide linked TCR supernatant was run alongside positive
controls of bacterial A6 disulphide linked TCR 5ug and 10pg on a pre-cast 4-20%

20  Tris/glycine gel (Invitrogen: EC60252). Reduced samples were prepared by adding
10u1 of Reducing sample buffer (950ul of Laemmli sample buffer (Bio-Rad: 161-
0737) 50pl of 2M DTT) and heating at 95°C for 5 minutes, cooling at room
temperature for 10 minutes then loading 20pl. Non-reduced samples were prepared by
adding 10ul of Laemmli sample buffer, and loading 20pl.

25
The gel was run at 150 volts for 1 hour in a Novex - Xcell gel tank after which the gel
was stained in 50m] of Coomassie gel stain 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 50ml of de-stain (as

Coomassie gel stain but omitting the Coomassie powder).



The anti body bi ndi ng was detected by Opti-4CN col ournetric detection
(Biorad: 170- 8235) (1.4m Opt-4CN diluent, 12.6m H20, 0.28nl Opti-4CN
subst r at eW0 0Flzn763renbr anes were col oured for 30 m nutes amdTidBR/0%shed in
H20 for 15 mnutes. The nenbranes were dried at roomtenperature, and
scanned i mages were aligned 30 with an image of the coomassi e stained gel
(Figure 116). WO 03/020763 PCT/ GB02/ 03986 -76-77- Results It can be seen from
Figure 116 that both disul phide TCRs are forned as a heterodiner that is
stable in the SDS gel. They both break into the a and (3 chains upon
reduction. The insect disul phide TCR heterodinmer has a slightly higher

mol ecul ar wei gisidrhBloth MRrdpPRRhEd bi hinki ﬁgy-‘i’%gﬁl?’géﬁ 'ILaQQefoPer ‘tglg\.‘lg?;@h%glﬁat i

because of the glycosylation fromthe I nsect t can
thi s i nst ance wehetrins§arsd te &hhwmerBlotd \GOE cianghraneas {BicaRadr 168x016d pratleenthahr ee a

chain can be seen in the ngn-reduced J.a of the anti-a wester blot. 10
These data cl dargs BB RaCRThHER e Derupem s e tp s by Beidh
descri bed gbowgakeRiPithiles bafi @ cléiytzﬁle,nﬁg 19/8¢ 119 Bﬁs‘ék@ﬁi&’%i?dgg‘ S¥RIRATHON Of

sol ubl e TCRs containin novel ~ di sul phi de bonds. WO 03/ 02
PCT/ GB02/ 0398600mipgpf Rh@mip of methanabidsled theairhadeapdpl 600 FAR) HoOhi Tie

conprises (i) [ r f a TCR,a hain, except.the.transpmenbr.ane
domai n thereor,%ldaFn elflfgﬁrlgé‘?afp{)erpaf()égr]}yS8%‘f‘ﬁg¥tfﬁeé'_§?@hf8f ﬂ}mmgeétg PR he

t r ansnmenbr ane ugadfed tufich &5re0hinudie Maide fliter papds tete) plaRaPndREBEJdS BuFace of
functional variable domain and at |east a part of the constant domain of

the TCR chai nhe Igenoaplet mrnakates GhramnasiauNerae) Bisndhomenbemecongiased odormai n
raim T her SroUBgEd o HENER ind Bl BhiPriCehod dut plbol pituRafipdl 8RE. 1 1
extracel | ul ar Thefratmans-blg v men fordfhouhet (TGRAdvaktant /Bm” Af gdIGRfac. ¢l ai med in
claim1l or claim?2, wherein one or both of (i) and (ii)
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 30mls with H,O) for 60 mins with gentle agitation. The
membrane was washed three times for 5 mins with TBS wash buffer (20 TBS tablets,
150pl Tween 20 made up to 300mi with H,O). The membrane was then incubated in
primary antibody 1 in 50 dilution of anti TCR « chain clone 3A8 (Serotec: MCA987)
or anti TCR P chain clone 8A3 (Serotec: MCA988) in 7.5ml blocking buffer for 1
20  hour with gentle agitation. The membrane was washed as before in TBS wash buffer.
Next, a secondary antibody incubation of HRP labelled goat anti-mouse antibody
(Santa Cruz Biotech: Sc-2005) 1 in 1000 dilution 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 H,O with 2 TBS tablets.
25 :
The antibody binding was detected by Opti-4CN colourmetric detection (Biorad: 170-
8235) (1.4m1 Opt-4CN diluent, 12.6ml 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).



conprise all of the extracellular domain of the TCR chain. 15 4. A soluble
a(3-formT cell receptor (sTCR), wherein a coval ent disul phide bond |Iinks
a resi duewofo3potged nmunogl obul i n regi on of the constant do®airrGRIR/0sIse a
chain to a residue of the i mmunoglobulin region of the constant donain of
the (3 chain. 20 5. A STCR as clained in any preceding claim wherein an

i nterchain disul phide bond in native TCRyj.s not present. 6. A STCR as
claimed in claim5, wherein native a and (3 TCR chains are truncated at
the C-term nus such that the cysteine residues which formthe native 25

i nt erchai n diRswlfshi de bond are excluded. 7. A sTCR as clainmed in claim5,

wherei n cysteine,residues whic rmthe. t | Vie~h Nt erchai i.sul_phi bond
are substi tu?t_é@nPB S8 KR 1gué%?%@a@%ﬂ@su&%&#@%%argligﬁmﬁ; SI%I’P egqrg@% ,
wherei n cyst @pf KA AUBS SHRIgD TR BIBreald &td U d. Bﬂ%ﬁr%ﬁﬁhﬁuﬁﬂnsﬂé&lﬁﬂﬁoﬂ.e bond
are substituted to serine or alanine. WO 03/ 020763 PCT/GB02/03986 -79 9. A
STCR as cl ai fibd itsectaiigulphide BdRMgterddiingr hastredlightly Aighenmalaceldr wyighbthakthe

resi due present in native.TCR (3 chain.i s not sent . . STCR .as

Cl i mod | AR EIRRaPI L VR Rrerery Prets SRS EMGentdind o R PRt ot
present in ngiiyq; dabd SePflaBARIsGHARe Bfe IERH @agsarégi%ﬁhbﬁlgb%aﬁﬂh resi dues
whose (3 carbon atons are less than 0.6 nmapart in the native TCR
structure. 1txceds,afiCReas diami caadeisperaimythpnaceduogl lahaofthe ahigoevestérhe

di sul phi de bond which is not present in native TCR is between cysteine
resi dues sub®ttuted for Thr 48 of 10 exon 1 of TRAC*O1l and Ser 57 of exon
1 of TRBC1 *01 or TRBC2*01. 12. A sTCR as clained in any one of clains 1 to
10, wherein the disul phide bond which is not present in native TCRis

bet ween t9st dhase datséldarbsdeaudnstrate that thef tmculdhirusiSpressiomsysterh dspcribRA@bO% and

Ser 77 of exon 1 .of TRBC1*01 or TRBC2*01l. 15 13. S clai.ned in an
one of cl ai ngroY1dss apgad %Hé%?thvettﬂgr%agﬁgiﬁﬁf(}&rgssb%thg S"m%ﬁ&?‘é e s ent yi n
native TCR i soh@idiR@shidyisdn@kne residues substituted for Tyr 10



of exon 1 of TRAC*0l1l and Ser 17 of exon 1 of TRBC1*01 or TRBC2*01. 20 14. A
STCR as clained in any one of clains 1 to 10, wherein the disul phide bond
whi ch i s woto3fpeisent in native TCR i s between cysteine re®CuHGHE208486t i t ut ed
for Thr 45 of exon 1 of TRAC*01 and Asp 59 of exon 1 of TRBC1*01 or
TRBC2*01. 15. A sTCR as clained in any one of clains | to 10, wherein the
di sul phide bond 25 which is not present kg native TCR is between cysteine
resi dues substituted for Ser 15 of exon 1 of TRAC*01l and Ju 15 of exon 1
of TRBC1*01 or TRBC2*01. 16. A sTCR as clainmed in any one of clainms 1, 2
and 5 to 15, @jaahein (i) and (ii) each conprise the functional variable
domain of .a first TCR fused to all or part of the 30 constant domain of a
second TCR, the first and second TCRs being fromthe sanme species. WO

03/ 020763 PCT{ GB02 = ! s (iNalt bApan dfta TOREY i n

t he const ant %Iomaiégagﬁétagéggé%g\%?}@cg?ﬁdﬁﬁ\@?egpNt?;m' nal to the
resi dues whi cdhafrefebhe hansmahbrse dorhain dacoef, ardi G kbt pat bONTCRE dlgin, A
STCR as clained in any preceding claim wherei.n one_ar. bath of .the chains
are deri vt i sexgentithhiransmempsang ,aﬂathﬁmO&‘X}leé@ni(lgén‘&aBrea%’ ARSI Es. 19. A
STCR as claingd iLn _any.pre I: i | I R AR, NS
have a cyst e?ﬁ@cqoé?rﬁealgget&?@ﬁ%ﬁﬁgéﬁa%}?é%@ﬁ%@?ﬁ d\%ﬁl{]bigﬁenggety can be
fused. 10 20. 2y 5 GRkedshycd disuiphide bomhlyetpracanistagt ddmdinyesidwes whichddnelr i si ng
a detectable label. 21. A STCR as clained in any preceding claim

associ at ed V\APWS@HW%(EJQR-C agent. 15 22. A multivalent T cell receptor
(TCR) conplex conprising a plurality of sTCRs as clainmed in any preceding
claim 23. A conplex as claimed in claim?22, conprising_a STCR multimer.

20 24. A ppnpRex aA sTICR assdaimed ¢ claim 23Wh@9iﬂ$mnie§rhg’[thXgl)@¥ldﬂlﬁrcéélpéllseﬁ]éur or
nmore T

of the extracellular constant Ig domain of the TCR chain.

3. A sTCR as claimed in claim 1 or claim 2, wherein one or both of (i) and (ii)

comprise all of the extracellular domain of the TCR chain.

15
4. A soluble ap-form T cell receptor (sSTCR), 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  chain.

20 5. A sTCR as claimed in any preceding claim, wherein an interchain disulphide

bond in native TCR is not present.

6. A sTCR as claimed in claim 5, wherein native o and B TCR chains are
truncated at the C-terminus such that the cysteine residues which form the native

25  interchain disulphide bond are excluded.

7. A sTCR as claimed in claim 5, wherein cysteine residues which form the

native interchain disulphide bond are substituted to another residue.

30 8. A sTCR as claimed in claim 7, wherein cysteine residues which form the

native interchain disulphide bond are substituted to serine or alanine.



cell receptor nolecul es associated with one another, preferably via a

Il i nker nolecule 25. A conplex as clainmed in claim?22, 23 or 24, wherein

t he sTCRsWOr03®T@rR 25 nultiners are present in a lipid bil @¢erGRIr/0z986
attached to a particle. 26. A nethod for detecting MHC peptide conpl exes,
whi ch conprises: (i) providing a soluble TCR as clainmed in any one of
claine 1 to 21 or a multivalent T cell regeptor conplex as clainmed in any
one of clainms 22 to 25; 30 (ii) contacting the soluble TCR or nultival ent
TCR conplex with the MHC peptide conpl exes; and WO 03/ 020763

PCT/ GB02/ 03988 - 8A S(I'QK 3s deted tin any reeadingclaifn, tereso b bhmirtCRyseine

mul tival ent TCR co pti de conpl exes. 27. A pharnmaceuti cal
fornul ati on c@ﬁ‘ﬁf‘? eﬁa’ énga\tt‘,ﬁhjggl\wglcgg goptpr nPone of 5claims 1 to 21,
and/or a multivalent TCR conplex as clainmed in any one of clains 22 to 25,

together with a pharnaceutically acceptable carrier. 28. A nucleic acid
mol ecul e conptl.si ng sT(Reapudrived emamdpracpding claim, (Wlie)eimfheaiiw‘l’pﬁialsondcxkrhiclred

f t { 10 29. A
vacrol Soms Ol issobpsert it Saede g ish sk aS e Ao el S R led A rpiles 30 “ 4
host cel | comhbs%'m&r@oﬁ/ﬁsﬁq%reaéss%ﬂ@‘s%ﬂ%ba%ﬁ&ﬁe&%veﬂr@ﬁémﬁngﬁt hod for

obtaining (i) or (ii) as defined in any on claimse 1 to 21, which
met hod conprises incubating a host cell as clainmed in claim 30 under

condi tions caysi ng ressi.on_ of the tide and the ng t
pol ypept i de. gé Ab‘r?'z?%o et 1 WOPIF%diga‘ﬁmﬂ R B’I‘?é%'.’J @%ﬁ&?g@}ﬁﬁh’ﬁhm ng
(i) and (i) WnRdepresetR ibatvaICR [sWetlctntYsteRB e diRE Substituted for Thr 48 of

10 exon 1 of TRAC*01 and Ser 57 of exon 1 of TRBC1*01 or TRBC2*01.

12. A STCR as claimed in any one of claims 1 to 10, wherein the disulphide bond
which is not present in native TCR is between cysteine residues substituted for Thr 45
of exon 1 of TRAC*01 and Ser 77 of exon 1 of TRBC1*01 or TRBC2*01.

15
13. A sTCR as claimed in any one of claims 1 to 10, 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 TRBC2*01.

20 14, A STCR asclaimed in any one of claims 1 to 10, wherein the disulphide bond
which is not present in native TCR is between cysteine residues substituted for Thr 45
of exon 1 of TRAC*01 and Asp 59 of exon 1 of TRBC1*01 or TRBC2*01.

15. A sTCR as claimed in any one of claims 1 to 10, wherein the disulphide bond
25  which is not present in native 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.

16. A STCR as claimed in any one of claims 1, 2 and 5 to 15, wherein (i) and (ii)
each comprise the functional variable domain of a first TCR fused to all or part of the
30 constant domain of a second TCR, the first and second TCRs being from the same

species.
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17. A sTCR as claimed in claim 16, wherein the constant domains of the second
TCR are truncated N-terminal to the residues which form the non-native interchain

disulphide bond.

18. A sTCR as claimed in any preceding claim, wherein one or both of the chains

are derivatised with, or fused to, a moiety at its C or N terminus.

19. 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. A STCR as claimed in any preceding claim, further comprising a detectable
label.

21. A STCR as claimed in any preceding claim associated with a therapeutic agent.

22. A multivalent T cell receptor (TCR) complex comprising a plurality of sTCRs

as claimed in any preceding claim.
23. A complex as claimed in claim 22, comprising a2 STCR multimer.

24. A complex as claimed in claim 23, comprising two or three or four or more T

cell receptor molecules associated with one another, preferably via a linker molecule

25. A complex as claimed in claim 22, 23 or 24, wherein the sSTCRs or sTCR

multimers are present in a lipid bilayer or are attached to a particle.

26. A method for detecting MHC-peptide complexes, which comprises:

@) providing a soluble TCR as claimed in any one of claims 1 to 21 or a
multivalent T cell receptor complex as claimed in any one of claims 22 to 25;

(i)  contacting the soluble TCR or multivalent TCR complex with the
MHC-peptide complexes; and
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(iif)  detecting binding of the soluble TCR or multivalent TCR complex to
the MHC-peptide complexes.

27. A pharmaceutical formulation comprising a sSTCR as claimed in any one of
claims 1 to 21, and/or a multivalent TCR complex as claimed in any one of claims 22

to 25, together with a pharmaceutically acceptable carrier.

28. A nucleic acid molecule comprising a sequence encoding (i) or (ii) of a sSTCR as

claimed in any one of claims 1 to 21, or a sequence complementary theretp.

29. A vector comprising a nucleic acid molecule as claimed in claim 28.

30. A host cell comprising a vector as claimed in claim 29.

31. A method for obtaining (i) or (ii) as defined in any oﬁe of claims 1 to 21, which
method comprises incubating a host cell as claimed in claim 30 under conditions causing

expression of the peptide and then purifying the polypeptide.

32.  Amethod as claimed in claim 31, further comprising mixing (i) and (ii) under

suitable refolding conditions.



