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5 INTRODUCTION
' The present invention is'generally in the fields of immunology and medicine and refates to
full length recombinant T cell receptor (TCR) V region proteins, expression vectors for producing
commercially useful amounts of recombinant T cell antigen receptor V region proteins, and methods
of using full length recbmbinant T cell receptor V region proteins to diagnose and treat diseases or
10 disorders of the immune system.
BACKGROUND OF THE INVENTION
1.” THETCELL ANTIGEN RECEPTOR
The immune respouse to foreign antigens is divided into humoral immunity, mediated by B
cells, and celtular immunity, mediated by T cells. The receptor molecules used by B cells to
1s recognize antigen are mmunoglobulms which recognize conformational epitopes on globular
~ protein. The antigen receptors on T cells are related to immunoglobulins, but bind processed antigen
molecules in association with self major histocompatibility complex (MHC) molecules (Dembic et
al., 1986, Immunol. Today, 7:308). |
TCR genes, like immunoglobulin genes, consist of coding regions (or gene segments) which
20 rearrange during T cell cntogeny (Chien et al., 1984, Nature, 312:31-35; Hedrick et al., 1984,
Nature, 308:_149-153; Yanagi et al., 1984, Nature, 308:145-149). The human T cell receptor B
chain locus has been extensively studied since the cloning of the first cDNA encoding the B-chain
(Yanagi, Y., et al. 1984, Nature, 308:145-_149; Hedrick et al., 1184, Nature, 308:149-152; Siu et
al., 1984; Cell, 37:393-401). This locus is a gene complex comprising regions encoding known
28 regions o domains of the {§ chain: the variable (V), diversity (D), and joining (J) domains. These
~ coding regions participate in somatic cell rearrangement with a region encoding the constant (C)
domain (Chiel'l et al,, 1984, Nature, 309:322-326). In situ studies identified the location of the
- TCRS locus on chromosome 7 at 7q35 (Isobe et al., 1985, Science, 228:380). By current estimates,
. this oomplex spans more than 600 kb and contains 70 1o 80 variable region segments (Concannon et
' 30 ' al., 1986; Proc. N_atl. Acad. Sci. USA, 83:6598-6602; Tillinghast et al., 1986, Science, 233:879-
© " 883; Kimuraetal, 1987, Eur. J. Imounol., 17:375-383; Lai et al., 1988, Nature, 331:543-546).
These V region gene segments are adjacent to two tandemly organized regions, each of which
includes a D and a C gene segment followed by a cluster of six or seven J region gene segments
. (Tunnacliffe et ., 1985, Nucleic Actds Res., 13:6651-6661); Toyonaga et al., 1985, Proc. Natl.
3s Acad. Sct. USA, 82:8624-8628). Following successful DNA rearrangement of the V, D, and J
coding regions (gene segments), the translated 8 chain polypeptide pairs with a TCR « chain and
canbeexpressedonlhesurfaceoftheTcell (veviewed by Kronenberg et al., 1986, Ann. Rev.
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5 1988, Nature, 317:430-434), whereas there are only approxlmately 10 V3 coding regions (Chien et
 al, 1987, supra). In peripheral blood, two V& coding regions appear to be predominantly
expressed,namely V& 1and V8 2. |
The y TCR gene was identified, first in mice (Saito et al., 1984, Namre 309:757-762;
Kranz et al., 1985, Nature, 313:762-755,; Hayday et al.,, 1985, Cell, 40:259-269) and then in
10 humans (Lefranc et al., 1985, Nature, 316:464-466; Murre et al., 1985, Nature, 316:549-552). The
human y TCR locus appears to consist of between five and ten V, five J and two C coding regions
(Dialynas et al., 1986, Proc. Natl. Acad. Sci. USA, 83:2619).
TCR diversity, and thereby T cell specificity, is derived from several sources (Barth et al.,
1985, Nature, 316:5 17-523 ; Fink et al., 1986, Nature, 321:219-225): the multiplicity of germline -
15 gene segments (Chien et al., 1984, Narure, 309:322-326; Malissen et al., 1984, Cell, 37:1101-
' 1110; Gascoigne et al., 1984, Narture, 310:387-391; Kavaleret al., .1984, Nature, 310:421-423; Siu
et al., 1984, Nature, 311:344-349; Patten et al., 1984, Nature, 312:40-46); combinatorial diversity
through the assembly of different V, D, and J coding regions (Siu et al., 1984, Cell, 37:393-401;
Goverman et al., 1985, Cell, 40:859-867); and junctional flexibility, N-region diversity and the use
20 of either multiple D regions or any of the three translational reading frames for D8 segments. TCR
diversity does not appear to arise from the somatic hypermutation mechanism observed for
immunoglobulins (Barth et al., supra). As a result of these mechanisms, TCRs are generated which
differ in their amino-terminal, or N-terminal, domains (i.c., are constructed from combinations of V,
D, and J coding regions) but are similar elsewhere, inchuding their carboxyl-terminal, or C-terminal
23 domains (which constitute constant teglons of TCRs). Accordingly, an extremely large repertoire of
TCR molecules is gencrated. -
Study of the structure and diversity of the human TCR B-chain variable coding regxons has _
led to the grouping of these coding regions into distinct V region subfamilies (Tillinghast et al.,
' 1986, Science, 233:879-883; Concannon et al., 1986, Proc. Natl. Acad. Sci. USA, 83:6598-6602;
30 | Borst et al.,, 1987, J. Immunol., 139:1952-1959). Each V region subfamily can be characterized by |
a consensus sequence and contains similar coding regions exhibiting greater than about 75%
similarity in the DNA sequence.  For instance, sixteen mouse VB sequences have been categorized
into fourteen different subfamilies by a proposed arbitrary, but simple, numerical nomenclature for
the VP gene segments (see Barth et al., 1985, "The Murine T Cell Receptor Employs a Limited
35 Repentoire of Expressed VB Gene Segmeats", Narure, 316:517-523). According to this
nomenclature, members of the same subfamily share the first digit and differ in second,; therefore the
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2. TCELLS IN AUTOIMMUNITY
T cells play a pivotal role in the differentiation and regulation of effector mechanisms within
the immune system (Paul et ., 1987, Science, 195:1293-1300). The co-recognition of antigen and
major histocompatibility molecules by a T cell must be specific and precisely regulated, since
10 * improper immune regulation fosters autoimmunity. Several laboratories have studied diseases in
which there appears to be improper immune regulation, such as autoimmunity and some forms of
immunodeficiency, and have implicated T cefls in the pathogenesis of such diseases.
Several undesirable immune responses are characterized by a clonal or oligoclonal
expansion of a particular TCR composition as, for example, in conditions of malignancy which have
15 resulted in a T cell leukemia or lymphoma. (See, ¢.g., Jack et al., 1990, Am. J. Pathol., 136:17;
Nitta, et al, 1990, Science, 249:672; and, Yoshino et al., 1991, Int. J. Cancer, 47:654). In T cell
leukc:masorlymphomas, the TCR acts as a unique tumor marker because it is stably rearranged and
presented on the surface of the cell. A particular TCR composition is aiso unphcated in the recipient
of an organ graft whose T lymphocytes have TCRs reactive with the MHC antigens of the donor
20 individual, as for instance the donor of a bone marrow graft ‘ |
Several groups have reported selective TCR V region expression in certain autoimmune
~ situations. For instance, Grunwald et al., have noted a preferential expression of the Va 2.3 gene
product in CD4+ T cells in the bronchoaiveolar lavage when compared to peripheral blood
 lymphocytes of patients with Sarcoidosis (Grunwald, J. et al., 1992, Eur J. Immunol., 22:129). In
28 . Kawasaki disease the preferential expansion of VB2 and VB8 T cells was noted at the onset of
discase (Abe, J., et al., 1992, Proc. Natl. Acad. Sci. USA, 89:4066). .
Rheumatoid arthritis (RA) has been extensively studied in this regard. Several mvesngators
- have noted preferential expansion of certain of T cell subsets, ¢.g., DerSimonian, et al., 1993, J. Exp.
Med., 177:1623 (preferential expansion of Ve 12.1-bearing T cells in CD8+ peripheral blood T
30 lymphocytes); Stamenkovic, et al., 1988, Proc. Natl. Acad. Sci. USA, 85:1179 (synovial membrane-
infiltrating T cells grown in I[L-2 were oligoclonal by Southern blot analysis); Paliard, et al., 1991,
Science, 253:325 (hypothesizing that superantigen-activated VB14 T cells, including autoreactive T
~ cells, expand clonally and migrate to the synovial fluid of RA patients); Howell et al., 1991, Proc.
Natl. Acad. Sci. USA, 88:10921 (noting particularly VB3, 14, and 17 T cell V region gene usage in
35  IL-2R+cells from synovial fluid of RA patients); Uematsu, et al., 1991, Proc. Natl. Acad. Sci. USA,
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- Inflammatory bowel disease has also been extensively studied. Several groups have noted
~ expanded T cell population or preferential TCR V region gene usage, ¢.g., Posnett et al., 1990, J.
5 Clin. Invest., 85:1770; Spencer et al., 1991, J. Clin. Pathol., 44:915; Trejdosiewicz et al., 1991,
Clin. Exp. Immunol., 84:440; Van Kerckhove et al., 1992, J. Exp. Med., 175:57. Still others have
reported preferential TCR V gene usage in Mycobacterium leprae (van Shooten et al., 1992, Proc.
Natl. Acad. Sci. USA, 89:11244; Wang et al., 1993, Proc. Natl. Acad. Sci. USA, 90:188.
Multiple sclerosis (MS)isanau'toix_nmunediseasecharactexiudbycenu'al nervous system
10  mononuclear cell infiltration and demyelination. Although the pathogenesis of MS is unknown, both
genetic and environmental factors have been implicated in the disease process. Major elements of
* the genetic predisposition include an association of disease with particular class I major
histocompatibility complex (MHC) haplotypes (Terasaid et al., 1976, Science, 1933:1245-1247; Ho
et al., 1982, Immunogenetics, 15:509-517: Spielman et al., 1982, Epidemial. Rev., 4:45-65; Francis
15 et al., 1986, Lancet, 1:211; Elian et al., 1987 Disease Markers, 5:89-99 ; Urban et al., 1988, Cell,
54:577-592; Vandenbark, et al., 1989, Nature, 341:541-544; Howell et al., 1989, Science, 246:668-
670).

It has been shown that T cells isolated from the cercbral spinal fluid of patients suffering
from MS utilize  limited set of TCR V region genes. The demonstration of in vivo activated myelin
20 basic protein (MBP)-specific T cells in MS patients implicates MBP-reactive T cells in the
pathogenesis of the disease (Wucherpfennig, K.W., et al., 1990, Science, 248:1016-1019). Studies
" using polymerase chain reaction (PCR) amplification of cDNA with TCR VB primers indicated that
MBP-reactive T cell lines use only a limited number of VB coding regions (Wucherpfennig, K. W.,
et al., 1990, supra (VB17, and to a lesser extent VB12, are frequently used in the recognition of the
25 immumodoeminant region of the human autoantigen MBP); Oksenberg J. R , et al., 1993, Nature,
362:68-70 (rearranged VB5.2 and/or VB5.3 genes were detected in the brains of patients with a
certain HLA phenotype); Kotzin, B. L., 1991, Proc. Natl. Acad. Sci. USA, 88:9161-9165 (a bias for
use of the B chain variable region 5.2/5.3, and 1o a lesser extent VB 6.1, seen among MBP-specific
o clones from patients with MS)). The results of some studies also imply that there is a limited TCR
‘30 Va gene expression in MS brain lesions (Oksenberg, I. R., et al., 1990, Nature, 345:344-346).
3. R TOT TH |
In the past, efforts to selectively alter the T cell population of an individual have focussed
on vaccination with whole live or attenuated T lymphocytes (for a review of this approach see
Cohen, LR ,1986, Immunol. Rev., 94:5-21) or with peptide vaccines based on selecting a specific
3s peptide portion of the TCR V region. These approaches have been based on the current view that
- poténtially pathogenic T cells preferentially utilize a limited set of V coding regions. The approach
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length, and rarely more than 30 amino acids in length. For example a 21 amino acid peptide present

s

Zhang, et al., 1993, Science, 261:1451).

Others have suggested the therapeutic use of TCR peptides based on TCR V region
involvement (Offner, H., 1991, Science, 251:430 (treatment with a peptide based on the TCR VB8
amino acid sequence reduced severity of disease and accelerated recovery in Lewis rats); Hashim,
G.A, etal, 1992, J. Immunol., 149:2803-2809; Offner, H. et al., 1992, J. Immunol., 148:1706-
1711; Offner, H,, et al,, 1991, J. Immunol., 146:4165-417; but see Sun, D., 1992, Cell. Immunol.,
141:200-210). These peptides are generally short peptides, usually between 8-25 amino acids in

on the TCR chain associated with EAE has been used to prevent EAE in Lewis rats (Vandenbark
AA. etal, 1989, Narure, 341:541-544; Vandenbark, A.A., International Patent Publication WO
91/01133; see also, Janeway, C.A., 1989, Nature, 341:482-483). Others have reported that even
shorter peptides of 8 or 11 amino acids, corresponding to portions of the B chain VDJ region or the
Ja region proved effective as vaccines for either preventing or reducing the severity of EAE in a rat

" model (Howell, M. D. et al., 1989, Science, 246:668-671; Howell, M.D. et al., International Patent

20

30

35

Pubhcatlon WO 92/12996).

Pepudes derived from TCR proteins have commonly been chosen as candidates for
sutoimmune therapeutics because of the ease of peptide synthesis and because no method has been
previously available for the production of longer TCR V region proteins in useful quantities and
having significant biological activity. More importantly, the major drawback of small synthetic
peptides is that their use requires apredictibnofthe particular sequence that would be effective in
modulating an immune response. Predictions must be made as to the antigenic or immunogenic
properties of the proposed peptides, as for example their occurrence in the hypervariable or .
complementarity-determining region (CDR) of a V region. Additionally, the size of the proposed
peptide derived from a particular TCR must be calculated to maintain the proper epitope structure to
prime suppressor T cell activity or to elicit release of antibodies directed against the subpopulation
of T cells bearing that particular TCR (to which the peptide corresponds). Such peptide design
requires substantial time and expenmentatlon, and in many instances where human therapies are |
concerned, the necessary experimentation may not be performed, for humane or ethical reasons.

In addition, in order to obtain a specific antigenic response by aregulatory T cell, the
peptide must be bound to an individual’s MHC molecules. These MHC antigens present on target
cells have polymorphic regions wherein specific alleles are associated with particular individuals.
For the most part, the individual will have two haplotypes, meaning that there will be two different
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4. PRODUCTION OF SQLUBLE T CELL ANTIGEN RECEPTOR
* Production of large amounts of soluble TCR proteins by recombinant techniques has been
problematic for several reasons. A major obstacle to overcome in the production of soluble T cell
antigen receptor is the secretion in the absence of the transmembrane region (Traunecker, A. et al.,

10 1989, Immunol. Today, 10:29-32). One investigator was able to show secretion of a full length
monomeric B chain of the murine TCR including the V, D, and J regions followed by a truncated
form of the CB region. The methodology took advantage of the homology between the carboxyl-
terminal end of the immunoglobulin light chain and the sequence around Cys 241 in the TCRB
chain. The resulting construct utilized the chimeric gene encoding the k-chain leader peptide

1s sequence from MPC-11 and a rearranged VDJ exon. The resulting construct was expressed in -
mammalian cells and was detectable in the cell supernatant. The method did not suggest, however, a
means of obtaining a full length V region protein in the absence of extraneous protein sequences,
since secretion was dependant on the presence of the truncated C8 exon (Gasgoigne, N., 1990, J
Biol. Chem., 265(16).9296-9301).

20 : Another group attempted to achieve the expression of a soluble form of the TCR B chain in
biochemically significant quantities by the expression of a recombinant TCR heterodimer anchored
by a phosphatidyl inositol glycan linkage. The method produced small (0.5mg/harvest) amounts of
a full TCR chain which necessitated the cleavage from the surface of the transfected cells by a
phosphiatidy! inositol-specific phospholipase C (Lin, A.Y., 1990, Science, 249:677-679).

28 ~ Others have produced chimeric molecules by shuffling the variable and constant domains of
the murine TCR with the constant region of an immunoglobulin « light chain. The investigators
were able to achicve small amounts of a secreted soluble form of a heterodimeric «8 TCR (Gregonre
C.,etal,, 1991, Proc. Natl. Acad. Sci.USA, 88:8077-8081). Gregoire et al. show a murine chimera

~ consisting of the Ca and Vi genes of the KBS-C2 joined to the C region of the « light chain of the
30 $105 monoclonal antibody. Also shown is a VBCBCx chimera. Both are transfected into a
mammalian B cell myeloma that does not express native immunoglobulin heavy or light chains.
(See _also, Weber, S., et al., 1992, Nature, 356:793-795).
Novotny et al., 1991, Proc. Natl. Acad. Sci. USA, 88:3646-8650, demonstrate a method for
" producing soluble TCRs with antigen-combining propertics. A synthetic oligo linker was cloned
3s onto the C terminus of the VB and the N terminus of the Va region resulting in a single-chain
VBVe. The resultant expression vector encodes the pelB leader followed immediately by in frame
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lacZ promoter and is therefore IPTG-inducible.

Recently, one group has shown the secretion of a small amount of a T cell receptor V region
fused to a carboxyl-terminal poyhistidine "tail". The plasmids contain the pelB leader and are under

5 the control of a chemicﬂly inducible promoter (Ward, E.S., 1991, Scand. J. Immunol., 34:215-220).
The work fails, however, to describe how to obtain a T cell antigen receptor V region protein in the
absence of a fusion partner, or how to obtain commercially useful amounts of the receptor V region.

There is a great need, therefore, for agents and pharmaceutical compositions which have the
properties of specificity for the targeted autoimmune response, predictability in their selection, and

10 convenience and reproducibility of preparation.
F ION
The present invention addresses the above-mentioned problems by providing for the first
time the successful production of a universal agent for treating a given T cell-mediated disease in
| which T cell subsets are implicated. In particular, the invention provides useful quantities of full
15 length TCR V region proteins that may be naturally processed, providing for multiple active
fragments upon in vivo processing, and presented by antigen-presenting cells of each individﬁal,
thereby eliminating the need for *tailor-made” therapeutic agents. Also provided is a class of
recombinant expression vectors for the production of TCR V region proteins in bacteria. The
_ recombinant TCR V region proteins of the instant invention are useful in the treatment, prevention
20 or suppression of an immune-related disorder. In another embodiment, the TCR molecules can be
combined in an admixture with a pharmaceutically acceptable carrier for use as a therapeutic
composition. In another embodiment, the claimed TCR V region proteins are useful to generate
anti-TCR antibodies. Alternatively, the TCR V région proteins can be used diagnosticaHy to
characterize 8 particular immune-related disorder. The TCR V region proteins of the instant
28  invention can be used as diagnostic probes based their ability to bind with autoantibodies. It is an
' advantage of the present invention that the T cell antigen receptor V region proteins are expressed in
the absence of fusion proteins or affinity tails. It is a further advantage of the present invention that
the TCR V region proteins are produced in commercially acceptable amounts that enable the
_ preparation of compositions which are theupeuncally effective in treating T cell-mediated
30 autoimmune disease.

The invention further provides for an expression vector for the production of a pure full
length TCR V region molecule. The expression vectors of the invention include as an essential
clement a coding region for a T cell antigen receptor V region. The TCR coding region of the
invention is any nucleic acid molecule encoding a full length TCR V region protein. In a preferred

s embodiment, the TCR coding region includes the structural coding sequence for the VB5.3 region.
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sequence is u?agg theAm Y Pat gl control of an inducible bacterial promoter. According to the
present invention, the mdtmble bacterial promoter is subject to either chemical or thermal
regulation. Most preferably, the inducible bacterial promoter is subject to thermal induction.

In one embodiment, the exprss:on vector of the instant invention includes a regulatory gene
coding for a protein capable of binding to the promoter and thereby repressing transcription from the
inducible promoter. In a preferred embodiment, the promoter is derived from the E. coli lac operon
and the regulatory gene comprises a functional mutation of the E. coli lacl repressor gene. This
mutant ac] gene (laclts) codes for a temperature-sensitive repressor protein, and utilizing this laclts
gene permits thermal induction of the promoter. In a preferred embodiment, the inducible bacterial
promoter is 8 frc promoter, and the thermal induction is provided by the laclts regulatory gene.

In one embodiment, the regulatory gene is located on a cotransformed vector. In another
embodiment, the regulatory gene is located in the bacterial host cell chromosome. In a preferred
embodiment, the regulatory gene is located in the recombinant expression vector. In a further
preferred embodiment, the transcription direction of the mutant /ac/ gene is in the same orientation
astheTcellanugenreeepmrstrwtm'algenetobeexpmsei

The recombinant expression vectors of the present invention may advantageouslv include a
coding sequence for a leader or signal peptide. Such a leader sequence, fused in frame and 5' to the
TCR Vregion coding region to be expressed, directs the synthesis of a TCR V region protein having
an N-terminal leader peptide which in turn directs secretion of the recombinant protein across the
host cell membrane. Other embodiments of the present invention do not utilize a leader sequence,
and the desired V region product is isolated from the cells, ¢.g., by urea extraction.

lhgmﬂhudaMm&mumﬂwmmmmhmnmmnsmnﬁmmsdﬂwpwwmhwaﬂml
canpnn, in the 5' to 3’ direction: a frc promoter, a ribosome 'binding site, an optional leader
sequence, a coding region for a full length T cell antigen receptor V region,astopcodon,oneor
more transcription terminators, a Jaclts regulatory gene such that the transcription direction is the
samasthatofthecodmgregon for the T cell antxgenreceptorv region, a bacterial origin of
nphanamamdauuumdmcnsmmmwguw

This invention also prowdes methods for producing TCR V region protems at significantly
increased levels than previously reported.

' The present invention provides compositions and methods for treatixig a patient having an
immune-related disorder. Such treatment comprises administering to a subject in need of such
treatment, a composition in accordance with the present invention, in an amount and for a period of
time suitable to regulate said immune disorder. It is an advantage of the present invention that the
composmom of the invention allow for treatment of an'immune related disorder without the need to
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insherapy for ah edoisxhunedisehsesr disgder.dlin aSpecific ainbodiment, the invention relates to -

the use of a full length VBs.3 protein in therapy. In another embodiment, the invention provides for
the use of a full length T cell antigen receptor V region protein in the manufacture of a medicament
for treating an autoimmune disease or disorder. Therefore, in one embodiment, the invention

‘enables the use of a full length VB5.3 protemmthemanufactmeofamedlcammt for the treatment

10

1s

ofmunmmerelaoeddnseaseordlsordersmhasMS
BRIEF DESCRIPTION OF THE FIGURES.

Figure 1. The complete nucleotide sequence [SEQ ID NO. 25 and SEQ ID NO. 26] and
amino acid sequence [SEQ ID NO. 27] of the full length VBS.3 protein of the invention.

Figure 2. Plasmid map of pKTB-VB5.3. This plasmid contains Ptre, the trc promoter; g10,
the g10 leader gene segment from bacteriophage T7; SD1, ribosome binding site 1; MC, a mini-
cistron encoding ribosome binding site 2 (SD2) AAG GAG (see SEQ ID NO. 28 for complete mini-
cistron nucleotide sequence) and the peptide Met Tyr Arg Leu Asn Lys Glu Glu (SEQ ID NO. 29);
STIL the STII leader sequence; VBS.3, the VB3.3 coding region; T1T2, transcription terminators of
the rrnB operon; the /acits gene encoding the temperature-sensitive lac repressor; Ori, the origin of
replication and Tet!, the tetracycline resistance gene.

T D 11 |

The present invention describes recombinant expression vectors and methods for the

efficient production of large quantities of a T cell antigen receptor V region protein and the use

. thereof;, including the diagnosis, treatment, prevention or suppression of immune-related diseases or
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disorders:: :
Asuiesofvem:hubemdevelopedforﬂwprodmﬁmofenhancedlwelsofaﬁﬂl length
TCR V region protein. Additionally, a method is provided for producing commercially useful
amounts of a full length recombinant TCR V region protein using an expression vector of the instant
invention. The methods and expression vectors of the instant invention are unique because they
provide for the production of a full length T cell antigen receptor V region in the absence of
extraneous protein sequences or fusion partners. As detailed in the Background of the Invention,
supra, T cell antigen receptor V regions have, in the past, been produced only as part of a larger
protein, and at very low levels. These extraneous proteins may cause undesirable immunogenicity
when used in vivo, and they are frequently cited by regulatory authorities as impermissible
impurities. Previously purified V region proteins included other regions of the TCR, such as the C
region, fused to the V region. Others constructed expression systems that provided fora TCRV
region as a chimeric protein, ¢.g., 8 V region fused to a portion of an immunoglobulin molecule.
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production of a protein that has commercial utility, for example, in research, diagnostics and
therapeutics, is the manufacture of commercially useful amounts of a protein. The present invention
therefore provides for the production of enhanced levels of TCR V region proteins. The present
invention makes possible the production of V region protein in large amounts, e.g., from 1 and 500
mg/htzr of bacterial culture, or more. Preferably, the production level of the TCR V regxon protein
is at least 100 mg/liter. In a most preferred embodiment, the instant invention provides for the
production of at least 300 mg of Vﬁ protein per liter of bacterial cell culture.

The methods and expression vectors of the instant invention provide for the production of a
TCR V region protein in the absence of extraneous protein sequences. The invention therefore
eliminates several steps associated with obtaining a purified TCR V region protein if prepared
according to the prior art. In one embodiment, the present invention provides for increased
expression of V region proteins by thermal induction, which avoids the necessity of eliminating
chemical inducers, such as IPTG

BecauseTCRVreg:onprotemsmprodwedaccordmgtothemvennonmtheabsmceof
extraneous proteins, the invention provides for simplified production of relatively pure product
The invention eliminates additional processing steps, such as the introduction of enzymes or
che:mcalmgentsmtothcsystuntoobwnapmtemﬁ'eeofmyﬁxsedmn-TCRpepudesegmentsor
affinity tails, Not only are such manipulations likely to reduce the amount of V region product
recovered, they also introduce elements which must be eliminated, i.¢., by additional purification
1. T CELL ANTIGEN RECEPTOR V REGION

The T cell antigen receptor V region protein of the instant invention is any full length T cell
antigen receptor V region. A full length TCR V region protein is encoded by a coding region for a T
cell antigen receptor V region. The TCRYV region coding region is a nucleotide sequence encoding a .
full length T cell antigen receptor V region protein. Within the scope of the present invention, V
region includes the varisble region of the T cell antigen receptor. In its broadest aspects, the
teachings of the present invention may be applied to obtain enhanced expression ofTCRprotems
including the V region and, additionally, al!orpartoftheDandlorJregxons _

" TCR V region protein is produced in the absence of extraneous protein sequences, such as,
for instance, other TCR regions, such as the constant region, the transmembrane region or the
cytoplasmic region. Further, the TCR 'V region protein of the invention is produced in the absence
_of non-TCR fusion partners, such as affinity tails. Furthcr, the TCR V region protein of the
invention is not produced as a part of a larger chimeric protein including portions of other protein
molecules, such as an immmoglobﬁ]in protein.

|
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~region coding region may include the entire coding sequence of such a CDR that spans the V-D
5 juncture, the portion of such a CDR that only resides in the known V region, or none of the sequence
 coding for such a CDR. Furthermore, the full length T cell antigen receptor V region protein of the
present invention can be any of the T cell antigen receptor V regions and is not limited to only VB
regions (i.e., V regions of the TCR p-chain). Therefore, the T cell antigen receptor V region protein
can be a variable region of the ¢ subunit, the § subunit, the & subunit, or the y subunit.

10 In a preferred embodiment, the TCR V region protein of the instant invention is any T cell
antigen receptor V region for which a full le:;gth coding sequence is available. Methods of obtaining
the full length coding sequences of the instant invention are well known in the art. Human V region

“ domain DNA sequences can be isolated in accordance with well known procedures from a variety of
human cells. Preferably, the cells are peripheral blood T lymphocytes.

18 ~ The DNA sequences of the present invention may be prepared in various ways. It is
preferred that the DNA sequences of the T cell antigen receptor V regions be prepared by
polymerase chain reaction (PCR) using DNA sequences coding for the intact TCR as templates. A
human V region can be prepared, for instance, via amplification of cDNA prepared from human
peripheral blood lymphocytes stimulated by an anti-CD3 antibody, following the procedure of Choi

20 et al, 1989, Proc. Natl. Acad. Sci. USA, 86:83941-8945.

In one aspect of the present invention, the coding region for a full length T cell antigen
receptor V region is obtained from any clone containing the full length sequence. For example,
several. TCR V region sequences and cDNA clones containing the full length coding regions are
described in Concannon et al., 1986, Proc. Natl. Acad. Sci. USA, 83:6598-6602.

2s Preferred TCR V region proteins of the instant invention are those implicated in an immune-
related disease or disorder, particularly, e.g., VP 8.1 (Kawasaki disease; see, Abe et al., 1992, Proc. -

' Natl. Acad. Sci. USA, $9:4066), VP 6.1 (leprosy; see, Wang, et al., 1993, Proc. Natl. Acad. Sci.
USA, 90:188), VBS.1 (Lyme diséase; see, Lahesma et al., 1993, J. Immunol., 150:4125), VB5.2, or
VP53, or VP6.1 (multiple sclerosis; see Kotzin, et al., 1991, Proc. Narl, Acad. Sci. USA, 88:9161),

30 VB2.1, 0r VP3.1 (cheumatoid arthritis; see Uematsu, et a., 1991, Proc. Natl. Acad. Sci. USA,
88:8534). (See also, Hafler, D.A. et al., 1988, J. Exp. Med., 167:1313; and Mantgazza R. et.al,
1990, Autoimmunity, 3:431). :

The TCR expressed by a T cell clone in an autoimmune disease or a T cell clone responding
to a particular autoantigen can be identified using TCR-specific antibodies, for exanipl_e polyclonal,

35 monoclonal or chimeric antibodies that are specific for a TCR variable segment, in conjunction with -
an antibody labelling method, including fluorescence microscopy, flow cytometry,

|
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cells in the WOHO6258si s of the disease ( V\ﬂcher pf enm g, KW, et al.
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amplification by PCR (Synha et al., 1988, Science, 239:1026; Saiki et al:,1986, Narure, 324:163),
and specific hybridization with nucleic acid probes for the various TCR gene families, using
hybridization methods well known in the art. The TCR sequence, or a part thereof; can then be
obtained directly from the amplified, rearranged DNA or mRNA.
- Expression of a particular TCR can also be identified by determining the nucleic acid
10 sequence encoding at least part of the TCR, for example, after cloning the TCR V gene, or by
'detenﬁiningtheaminoacidsequeneeofatleastpartofaTCRprotcin. It will be apparent that any
of the abové-mﬁmwd approaches, or additional approaches known to one of skill in the art, will
result in the identification of the TCR expressed on a T cell or clone or line of T cells.
Examples of molecular approaches used to correlate TCR gene expression with disease
1s inchude: . | | |
(1) producing and analyzing cDNA libraries obtained from the disease-related T cells
dMNud&mnmnormmeahpmshwmg&ndmwwtodaunmwﬁwpmamxof
ﬁumaﬂynuﬂordmmmmtTCRgmws
(2)  Southem analysis of disease samples to determine whether specific genetic
20 polymorphism (e.g., RFLPS) or oligoclonal TCR rearrangements exist;
'(3)  analysis of disease samples by cDNA synthesis, PCR amplification, and siot blot
hybridization procedures; and _
) in situ mcleic acid hybridization of TCR probes to T cells without prior culture of
_ ' these cells. .
25 ' mearedTCRVregionproteiminchxdeVBSI VPBS5.2, or VB5.3. Double-stranded
c¢DNA eneodmg VBSs. 3 and the amino acid sequence for V5.3 areshowanlgure 1. (See, SEQ
'~ IDNOS. 25, 26 and 27.)
| ATcellanugenreecptorvregionclonecanbeinb‘oducedimotheexpressionvectorsofme
' instant invention by methods known to those skilled in the art. For example, from a cDNA clone,
30 the V region is PCR synthesized incorporating an initiating ATG at the 5' terminus. Any convenient
restriction site can be synthesized which incorporates an initiating codon and reconstitutes the 5'
coding region of the V region. In a preferred embodiment, the restriction site is an Ncol site. A stop
codon and an appropriate festriction site are engincered at the 3' end of the V region coding sequence
50 that it can be subcloned into the vector. | |
35 - It should be understood that the methodology of the present invention can be used to
prepare full length TCR V regions derived from animal species other than human.
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~Vlerr] gene expresEXRRESSIONVEQTORS | esions
A recombinant expression vector within the scope of the present invention is a plasmid
 which contains exogenous DNA in the form of 8 mucleic acid coding TCR V region to be expressed.
_ The recombinant expression vector of the present invention is introduced into a bacterial host cell
5 for example by transfommtxon, and transformants are isolated and cloned which express the desired
V region protein. _

The present invention concerns expression vectors containing the DNA sequence coding for
the full length TCR V region protein. Preferably, the TCR V region proteins are those T cell antigen
receptor proteins specifically described herein. An expression vector within the scope of the present

10 invention is a plasmid which contains the TCR V region gene to be expressed under the .
~ transcriptional and translational control of regulatory elements, such as for instance the promoter,
. ribosomal binding site and transcription terminator. In addition it contains an origin of replication
_ for stable replication in bacteria. It also preferably includes a gene coding for resistance to an
antibiotic to facilitate selection of plasmid-bearing transformant cells. Expression of the cloned
15 ~ sequence occurs when the expression vector is introduced into an appropriate host cell.
| Eiprssion vectors useful in the present invention are often in the form of plasmids.
Plasmids refer to circular double-stranded DNA sequences which are not integrated in the
chromosome. The expression vectors of the present invention may also include other DNA
_sequences, for example leader or signal sequences which provide for targeting or stability of the
20 expression product, and/or regulatory sequences which allow modulation of gene expression, for
example inmpohsetoa shift intcmperambrachangeincomposiﬁon of the growth medium.
' Themibnveﬂm@ainomammmuolseqmop&ablylhkediodeNA
sequences coding for the TCR V region. The term "operably linked” within the scope of the present
~ invention means that one nucleic acid sequence ,which has a regulatory function for gene expression
25 or encodes a functional protein domain, is covalently linked, either 5' or 3', to a second nucleic acid
sequence encoding a protein, so that the regulatory function is exerted over the second nucleic acid .
sequence or the encoded functional domain will be fused in frame to the protein encoded by the
second nucleic acid. Such regulatory functions for gene expression typically include initiation of
transcription, termination of transcription, and mRNA transcript ﬁrocessing.' Nugcleic acid sequences
30 that exert such regulatory functions over gene expression include promoters of transcription,
transcription terminators, and mRNA processing signals. Functional domains that may be "operably ~
' linked” to another protein include, for example, leader or signal peptides which permit transport of
proteins across cell membranes.
Inonebodunent,thepromotermavbeanymducxblepromowr Inaprefen'ed
3s anbodmengﬁwpmnmmwomthamnguhwdbythepresenceaabsenceofmmmedia
* components. One skilled in the art will recognize that several bacterial promoters subject o the
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sel ecting a specific pept | de portion of the TCR V regi on. These approaches
have been based on the current view that potentially pathogenic T cells
preferentially utilize a limted set of V-téding regions. The approach

devel oped by Cohen uses live or attenuated T cells as a vaccine to treat or
prevent, int epmlafﬂwmumeEMMammmpsmhbﬂmeme(@@mme

cl onbs. of ' di s SRSUBREhofsbr it HlaloiiGR N pteeERER S pfeholed o d STbAN
with his own psopmietisigh asthe oe pttohusf ﬂsqmpmmer"mdlhew-pmw 'Bserqfordmvmdual i zed
therapeutics. WQ%M}N gll'CR v’1%§i§n coﬁﬁ)g% %ije&é'%})hls invention is subject
L] to regulatlon by the presence or absence of xsopropyl-B-D-tluogalactopyranoslde (PTG), a
gratuitous chemical inducer molecule of the lac, tac, and tre promoters. In preferred aspects, the
IPTG-inducible promoter is the lac promoter or the tac promoter. In a more preferred embodiment,
the IPTG-inducible promoter is the r7c promoter (Brosius et al., 1985, J. Biol. Chem., 260:3539-
3541) which is similar to the fac promotor derived by fusing the -10 region of the /ac UVS promoter
10 with the -35 region of the tryptophan operon (de Boer et al., 1983, Proc. Natl. Acad. Sci. USA,
80:21-25; Amann et al., 1983, _Gene, 25:167-178.) The tre promoter is identical to the rac promoter
‘with the exception of a single base pair change in the promoter (Brosius et al., (1985) supra).

In a further embodiment, the expression vector of the instant invention is modified to allow

for the secreted expression of the full length TCR V region protein of the invention by a temperature
1s shift. According to this embodiment, the expression vector allows for the expression of TCR V

regionproteinintheabsuweofchmnicdindwas,whichobvimmcneedtousemchelements as

IPTG and bacterial host strains containing the /ac/ or the lacR genes. Preferred embodiments of the

expression vectors of the instant invention include a regulatory gene which allows for the thermal

induction of protein expression. The regulatory gene sequence most preferably is the laclts gene,
20 which encodes a temperature-sensitive /lac repressor.

In a further preferred embodiment, the lachts gene is located proximal to and downstream of
the transcription terminator, and its transcription direction is the same as that of the V regioncod_ing
sequence. |

In addition, the expression plasmids of this invention preferably contain one or more

28 selectable genetic marker(s). Preferably, the sclectable genetic marker confers resistance to a
antibiotic, such as ampicillin, kanamycin or tetracycline. Most preferably, the selectable marker is
the tetracycline resistance gene.

Additionally, the vector includes a bacterial origin of replication. Ina prefetred
‘embodiment, the origin of replication is derived from pBR322. The expression vector also contains

30 a ribosome binding éite and the transcription temunatots of the rrnB ribosomal RNA operon of E.
coli (Brosius et al., 198), Plasmid, 6:112-118.)

In a preferred embodiment, an expression vector of the instant invention contains as
essential elements in the 5' to 3' direction: a DNA sequence which contains a promoter and an
operator; a DNA sequence which contains a ribosomal binding site for rendering the mRNA of the

3s desired gene capable of binding to ribosomes within the host cell; an ATG initiation codon or a
DNA sequence which is converted into an ATG initiation codon upon insertion of the desired gene

(Cksenberg, J. R, et al., 1990 Nat 3344 346) . 3. APPROACHES TO
T CELL MEDI ATED THERAPY In the past ﬁm HH cebt i vel ' —++ _
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terminate transcription. The vector also contains a DNA sequence which contains an origin of
replication from a bacterial plasmid capable of autonomous replication in the host cell and a DNA
sequence which contains a gene associated with a selectable or identifiable phenotypic trait which is
manifested when the vector is present in the host. The expression vector may optionally include a
signal or leader coding sequence operably linked, i.e., fused in frame, to the 5 end of the nucleic acid
sequemeencodingtthCRViegimsdthattrdnslationoftheleadcrsequame—TCRVregion
sequence results in a leader peptide-TCR V region fusion protein in which the leader peptide at the
amino terminus of the fusion protein directs secretion of the TCR V region protein across a host cell
membrane. In certain preferred embodiments, the expression vector contains a regulatory gene
which allows for the expression of the secreted protein by a temperature shift, |

* Ina more preferred embodiment, the expression vector contains the following essential
elements in $' to 3' direction: The trc promoter which is composed of the -10 region of the Jac UV5
promoterﬁlsedmththe-35regxonofthetryptophanopeton(deBoeretal supra; Amann et al.
(1983) supra);, a strong ribosome binding site; the TCR V region coding reglontobeexprcssed the

'momnsmpﬂontummatorsﬁomthermBnbosamlRNAoperon,theIacItsgenecodmgforthe
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temperature-sensitive /ac repressor; the pBR322 origin of replication; and a tetracycline resistance
gene. An example of such a preferred embodiment, the expression vector pKBi-Vf 5.3 was
deposited under the Budapest Treaty with the American Type Culture Collectlon (ATCC) under
accession no. 69739 on January 6, 1995.

Expression vectors of the invention may contain a leader sequence encoding a signal peptide
operably linked 5' of the TCR V region coding region. On expression, amino-terminal signal
pepudewllldneetsectehonoftheTCRVregwnprotemwosstlwhostcell membrane, into the
periplasm or the culture medium. Oneslnlledmtheartmllrecognmthatmanyleadersequences
may be used in connection with the expression vector of the instant invention. One suitable leader
sequence is the pelB signal sequence from E. carotovora (Lei et al., 1987, J. Bactenology,
169:4379-4383). 'Another suitable leader sequence is the heat stable enterotoxin II (STII) signal
sequence of E. coli (Morioka-Fujimoto et al., 1991, J. Biol. Chem., 266:1728-1732).

In one embodiment, the expression system contains the STII leader sequence, and the coding
region for a V region is PCR synthesized to contain an appropriate restriction site at the 3' end and
an enginecred Mlul site at the 5' end so that it can conveniently link to the M?ul site incorporated into
the 3' end of the STII leader. Therefore, in a further preferred embodiment, the expression vector
comprises in the 5' to the 3' direction: the frc promoter which is composed of the -10 region of the

n
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~occurrence i rsiteithe SEIblesder; theztxding regiorcfontbe endknrtagmlrgoelﬂmt\engmmmw exmressainthé CDR)
of a Vregio %mé%%béd tgr%ako\(s from the rrB operon; the lackts gene coding for the temperature sensitive
. | lac repressor; the pBR322 origin of replication; and a tetracycline resistance gene. In a most
5 preferred embodiment, the expression vector is pKB-Vp35.3.
The expression vectors of the present invention may be constructed using standard
techniques known in the art. (See, ¢.g., Maniatis et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1982).)
~ The present invention additionally concerns host cells containing an expression vector
10 which contains a DNA sequence coding for a full length TCR V region. Additionally, preferred host
cells contain an expression vector comprising one or more control DNA sequences capable of
directingthereplicationmdortheexptssionofaDNAsequémecodingfonﬁ:ulength‘rcell
antigen receptor V region protein. Suitable host cells include prokaryotic host cells; and in preferred
aspects, the prokaryotic host cell is a bacterial host cell, most preferably an E. coli cell. ~ One
1s skilled in the art will understand from the teaching of the instant application that the particular
expression vector used will influence the choice of host strains selected for the production of the fuil
length TCR V region proteins. For instance, in the expression vectors subject to chemical induction
within the scope of the present invention, bacterial host strains which harbor the lacl or lack gene,
which regulate the trc promoter, are especially useful. In expression vectors within the scope of the
20 present invention that contain a regulatory gene such as the /aclts gene, which provides for a
temperature-sensitive repressor, bacterial host strains that do not harbor the wild type lac/ or lacl8
genes are preferred. A particularly preferred host cell is L124. |
' In certain embodiments, the expression vector of the instant invention does not contain a
leader sequence. In certain preferred embodiments the bacterial host strain is . coli BL21, or
25 more preferably a protease deficient E. coli strain, such as SG21163, $G22094, or SG21173.
The expression vectors of the present invention may be introduced into the host cells by
various methods known in the art which may vary depending on the type of cellular host. For
example, calcium chioride treatment or electroporation are commonly utilized for prokaryotic cells.

4

(See, generally, Maniatis, et al. MMMM Cold Spring Harbor
30 Laboratory, Cold Spring Harbor, NY (1982).)

Once the expression vector has been introduced into an appropriate host cell, the host cell
may be cultured under conditions permitting expression of large amounts of TCR V region.
Host cells containing an expression vector which contains a DNA sequence coding for a
TCR V region protein may be identified by any appropriate means. In the following examples, for
35 instance, production of V region protein is detected immunologically using an immunoassay.
Alternatively, the host cell containing the expmsioﬁ vector of the instant invention may be

1
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meani ng t hat tHados call dohtaining the expression vectors of the instant invention can be identified by DNA-
_ DNA hybridization using probes complementary to the TCR V region coding sequence of the vector.
5 _ The DNA sequences of the present invention, expression vectors or DNA molecules may be
determined by various methods known in the art. For example the dideoxy chain termination
method as described in Sanger et al., 1977, Proc. Natl. Acad. Sci. USA., 74:5463-5467.
Following the examples providéd herein and utilizing one or more of the detection methods
 described above, a person skilled in the art may, without undue experimentation, readily select the
10 combinations of expression vectors and host cells that provide optimal expression of TCR V region
| proteins. By combining a particular host strain with a particular expression vector of this mventxon,
it is possible to obtain relatively hlgh level expression of full length T cell Teceptor protein.
Preferably, the level of expression of full length TCR V region protein is at least 300 mg per liter of
culture. Such levels of expression can be obtained, for example, by using a preferred embodiment in
15 which E. coli SG21173 is the bacterial host strain and pKBi-V 5.3 is the expression vector (see
examples, infra). Such combinations of host and expression vectors of this invention permit the
production of significant quantities of full length T cell receptor protein at a lower cost than
~ previously available.
Once expressed, the proteins of the present invention can be purified according to standard
20 procedures of the art, including ammonium sulfate precxpltauon, affinity chromatography, column
chromatography, gel electrophoresis and the like. (See. generally, Scopes R., Protein Purification,
Spnnga-Vedag, NY (1982))
lnaprefamdembodnment,the‘l‘ cell anngen receptor V region is soluble. By this it is
meant that the T cell antigen receptor V region is soluble in an aqueous system. A "soluble” protein
25 is generally characterized by its failure to sediment at room temperature under high G-force
centrifugation (100,000 x g) out of an aqueous buffer. Solubility is particularly important in ._
providing simplicity in purification of the TCR V region protein from the producing cell. Aqueous
buffers used in protein chemistry typically have a buffering compound for maintaining a particular
pH (typically within a physiological range of about pH 5-9), provide a particular ionic strength
30 (typically between about 10 aM.and about 500 mM), and often include a protease inhibitor and a
mild detergent. Examples of standard buffers are phosphate buffered saline, Tris-buffered saline or
any of a number of buffers used in protein isolation. (See, generally, Merhods in Enzymology,
Mahler and Cordes Biological Chemistry (2d Ed.), Harper and Row, New York (1966).)
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vastigaititinal Use and diagno
The TCR V region proteins of the present invention are useful in structural and functional
studies on the T cell antigen receptor (TCR). Besngies serving as substrates or binding domains for
specific forms of TCRs, these proteins may serve as tools for conformational studies, ¢.g., by
approximating the native conformation of various portions of the T cell receptor.

10 B The T cell V region proteins can also be used as diagnostic probes. In one specific
embodiment, the TCR V region proteins of the present invention may be used in determining the
amount or the presence of a certain TCR V region subfamily in a biological sample. One such assay
is described in Rittershaus C.W., International Patent Publication WQ92/08981, entitled |

_ "Therapeutic and Diagnostic Methods Using Tota}l..wkoqte.Surfa.ce Antigens”. As such, the

18 present invention provides methods for diagnosing an immune-related disease, such as multiple
sclerosis (MS), by detecting the specific subset of T cells associated with the disease.

In another embodiment, the present invention can be used in the generation of significant
quantities of T cell antigen receptor V region proteins for use in antibody production. The
 antibodies can be prepared by using any of a number of techniques well known in the art. For

20 producing a monoclonal antibody (MAb), any method which provides for the production of antibody
molecules by continuous cell lines in culture may be used. These methods include, but are not
limited to, the hybridoma techniques originally described by Kohler and Milstein, 1975, Narure,

. 256:495-497); the more recent human B cell hybridoma technique (Kozbor et al., 1983,
Immunology Today, 4:72); the EBV technique (Cole et al., Monoclonal Antibodies and Cancer

25 Therapy, Alan R. Liss, Inc., pp. 77-96 (1985)); and trauma techniques. For a review of antibody
production methods see: Hartlaw, E., et al., Aatibodies: A laboratory Manual, Cold Spring Harbor .
Laboratory Press, Cold Spring Harbor, NY, (1988). ' '

| The TCR Vregion proteins of the invention can be used as diagnostic probes based on their
ability to react with autoantibodies present in a biological sample. ~ |

30 ' . The present invention also contemplates labeled derivatives of the TCR V region proteins

| which can be detected by appropriate monitors, such as scintillation and Geiger counters, or
radiographic film. Such derivatives include, for example '¥1, '*'I, *C, ¥, *H, "**In, M, Tc and the
~ like, for in vitro and in vivo diagnostic purposes.
| B.  Therapeuticuse
38 : As mentioned above, the present invention is useful in the therapy of immune-related
discase. The term "immune-related discase” as used herein refers to a disease in which the immune
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transplantation, graft-versus-host disease, and degenerative nervous system diseases. Autoimmune

S diseases include, but are not limited to, arthritis, such as rheumatoid arthritis, type I diabetes,
juvenile diabetes, multiple sclerosis, autoimmune thyroiditis (Hashimoto's thyroiditis), myasthenia
gravis, systemic lupus erythematosus (SLE), Sjogren's syndrome, Graves disease, Addison's disease,
Goodpasture's syndrome, scleroderma, dermatomyositis, myxedema, polyrﬁyositis, pemicious
anemia, inflammatory bowel disease including Crohn's disease and autoimmune atrophic gastritis,

10 and autoimmune hemolytic anemia. Neoplastic diseases include, but are not limited to,
lymphoproliferative discases such as leukemias, lymphomas, Non-Hodgkin's lymphoma, and
Hodgkin's lymphoma, and cancers such as cancer of the breast, colon, lung, liver, pancreas,
melanoma, renal carcinoma, etc. Infectious diseases include but are not limited to viral infections
caused by viruses such as HIV, HSV, EBV, CMB, Influenza, Hepatitis A, B, or C; fungal infections
15  such as those caused by the yeast genus Candida; parasitic infections such as those caused by
schistosomes, filaria, nematodes, trichinosis or protozoa such as trypanosomes causing sleeping
sickness, plasmodium causing malaria or leishmania causing leishmaniasis; and bacterial infections
such as those caused by mycobacterium, corynebacterium, or staphylococcus. Hypersensitivity
diseases include but are not limited to Type I hypersensitivities such as contact with allergens that
20 lead to allergies, Type I hypersensitivities such as those present in Goodpasture's syndrome, and -
Therapeutic use of the TCR V region proteins of the invention is premised upon the
correlation between a specific immune-related disease and the preferential expression of a particular
T cell antigen receptor V region protein or the expanded usage of a particular sequence encoding a
25 TCR Vregion protein. Though the present invention should not be limited by any particular
scientific theory, the TCR V regions are useful in part because they may be used to regulate the
immune response in an individual. Specifically, where the presence or abnormally high expression
of aparticular V region correlates with particular immune-related disorder, one can treat the
| " individual by neutralizing the T cells carrying that particular V region protein. Further, introduction
30 of the TCR V region protein may affect im:inmosuppmsive functions by stimulating regulatory T
cells which will specifically interact with T cells bearing a targeted V region. It s also likely that the
TCR V region protein may elicit an antibody response that will specifically interact with the targeted
V region on T cells and in turn modulate the immune response. ' '
The full length T cell antigen receptor V region proteins of the instant invention provide
3s distinct advantages in the treatment of an immune related disease. Prior to the instant invention,
therapeutic options for treatment of immune related disease with specific T cell involvement
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corresponding to distinct segments of the T cell antigen receptor V region; (c) nonspecific treatments |
such as steroids or non-steroidal antiQinﬂanunatory agénts. However, none of these afforded the
particular advantage of the present invention. The therapeutic methods of the instant invention have
the distinct advantage over the prior art methods of treating an immune related discase in that the
methods of the present invention target only the particular T cell subset expressing a particular TCR
V region and can be used across a diverse range of affected individuals, since the invention provides
for the elimination of the need to select a particular peptide based on the MHC haplotype ofa
particular individual. The method of the present invention more closely approaches the goal of
modulating only disease-related T cells while sparing or not affecting other T cells in the subject.

~ The invention therefore achieves a greater specificity of therapy across a wider population.

In a preferred embodiment, a full length T cell antigen receptor V region protein may be
used to down-regulate or eliminate a subset of T cells that exhibit a TCR incorporating the same V
region. The T cell antigen receptor V region protein can be used in a therapeutic situation to
modulate the activity of those T cells bearing the targeted V region or to induce unresponsiveness in
the actively responding population of T cells bearing the targeted V region. In this situation the T
cell antigen receptor is used as a therapeutic composition in a subject. _

Specific T cell antigen receptor V region proteins associated with a given disease are
identified using any of a variety of techniques well known in the art. A genetic approach using
patients known to have myasthenia gravis or multiple sclerosis was described by Oksenberg, J.R., et
al., 1989, Proc. Natl. Acad. Sci. USA, 86:988-992.

 The term treatmént in the instant inveation is meant to include the situations of
"prevention,” "suppression” of "treatment” of the disease. "Prevention” involves administration of
theplqucﬁvecomposiﬁcupﬁortotheinducﬁon of the disease. Thus, for example, in the animal
model of expesimental autoimmune encephalomyelitis, EAE, successful administration of a
protective composition prior 1o injection of the encephalitogen that induces the discase resulted in _ .-
"prevention” of the discase. |

*Suppression" involves administration of the composition after the inductive event but prior
to the clinical appearance of the disease. Again, using the EAE example, successful administration
of a protective composition after injection of the encephalitogen, but prior to the appearance of

- neurological symptoms, resuited in "suppression” of the disease.

"Treatment"” involves administration of the protective composition after the appearance of
the disease. In the EAE example, successful administration of a protective composition after

iinjection of encephalitogen and after clinical signs had developed resulted in "treatment” of the

disease.
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L " Animal model systems which can be used to screen the effectiveness of the proteins in
' protecting against or treating the disease are available. Systemic lupus erythematosus (SLE) is
tested in susceptible mice as disclosed by Knight et al., 1978, J.Exp. Med., 147:1653 and Reinersten
 etal, 1978, 299:515. Myasthenia gravis (MG) is tested in SJL/J female mice by inducing the
disease with soluble AChR protein from another species as described in Lindstrom et al., 1988, Adv.
10 Immunol., 42:233-284. Arthritis is induced in a susceptible strain of mice by injection of Type II
collagen as described by Stuart et al., 1984, Ann. Rev. Immunol., 42:233-284. Adjuvant arthritis is
induced in susceptible rats by injection of Mycobacterial heat shock protein as described by Van
. Eden et al., 1988, Nature, 331:171-173. Thyroiditis is induced in mice by administration of
thyroglobulin as described by Maron et al., 1980, 152:1115-1120. Insulin-dependant diabetes
15 mellitus (IDDM) occurs naturally or can be induced in certain strains of mice such as those
described by Kanasawa, et al., (1984). EAE in mice and rats serves as a model for MS in humans.
In this model, the demyelinating disease is induced by administration of myelin basic protein (MBP)
as described by Paterson, P.Y., Textbook of Immunopathology, (Mischer et al., eds.), Grune and
Stratton, New York, pp. 179-213 (1986); McFarlin, D.E. et al., 1973, Science, 179:478-480: and
20 Satoh, J., et al., 1987, JImmunol., 138:179-184. ' - -
~ Of course, the identical proteins may not be effective in humans since they may not
correspond to an appropriate site of the disease-associated human TCR. 1t is to be understood that
modifications of the protein sequence delineated in a particular animal model may be required in
' order to treat subjects belonging to other specics, inciuding humans.
25 4  PHARMACEUTICAL COMPOSITIONS CONTAINING THE
The proteins and compositions of the present invention, or their functional derivatives, are
well suited for the preparation of pharmaceutical compositions. The pharmaceutical compositions of
the invention may be administered to any animal which may experience the beneficial effects of the
30 coinpositions of the invention. Foremost among such animals are humans, although the invention is
not intended to be so limited. |
The pharmaceutical compositions of the present invention may be administered by any
- means tbat achieve their intended purpose. For example, administration may be by parenteral,
' subcutaricous, intravenous, intradermal, intramuscular, intraperitoneal, transdermal, or buccal routes.
35 Alternatively, or concurrently, administration may be by the oral route. The proteins and
pharmaceutical compositions can be administered parenterally by bolus injection or by gradual
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are useful desired. The dose ranges for the administration of the compositions of the present invention are
5 those large enough to produce the desired effect, whereby, for example, an immune response to the
proteins as measured by delayed-type hypersensitivity (DTH) or antibody production, is achieved,
and the immune-related disease is significantly prevented, suppressed, or treated. The doses should
' notbesolargeastocause;dversesideeﬁ‘ecw,suchasmwantedcrossreactions,'generalized

immunosuppression, anaphylactic reactions and the like.

10  Preferred doses for humans range between about 0.001 - 1 mg/kg body weight.

' In addition to proteins of the invention which themselves are pharmacologically active,
pharmaceutical compositions may contain 'su_itable pharmaceutically acceptable carriers comprising
excipients and auxiliaries which facilitate processing of the active compounds into preparations
which can be used pharmaceutically. Preferred compositions include the inclusion of an adjuvant,

15 such as alum, or other adjuvants known in the art. (See, for example, Warren et al., 1986, Ann. Rev.
Immunol., 4:369-388; Chedid, L., 1986, Feder. Proc., 45:2531-2560.)

To enhance delivery or bioactivity, the proteins can be incorporated into liposomes using
methods and compounds known in the art. - '
Preparations which can be administered orally in the form of tablets and capsules,

‘20 preparations which can be administered rectally, such as suppositories, and preparations in the form
of solutions for injection or oral introduction, contain about 0.001 to about 99 percent, preferably
from about 0.01 to sbout 95 percent of active compound(s), together with the excipient.

Suitable excipients are, in particular, fillers such as saccharides, for example lactose or
sucrose, mannitol or sorbitol cellulose preparations and/or calcium phosphates, for example

2s tricalcium phosphate or calcium hydrogen phosphate, as well as binders such as starch paste, using,
for example, maize starch, wheat starch, rice starch, potato starch, gelatin, tragacanth, methyl
cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose, and/or polyvinyl

Other pharmaceutical preparations which can be used orally include push-fit capsules made

30 of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer such as glycerol or
sorbitol. The push-fit capsulés can contain the active compounds in the form of granules which may
be mixed with fillers such as lactose, binders such as starches, and/or lubricants such as talc or
magnesium stearate and, optionally, stabilizers. in_soﬁ capsules, the active compounds are

“preferably dissolved or suspended in suitable liquids, such as fatty oils, or liquid paraffin. In
3s addition, stabilizers may be added. |
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_ supposntorm, which consist of a combination of one or more of the active compounds with a
suppository base. Suitable suppository bases are, for example, natural or synthetic triglycerides, or
paraffin hydrocarbons. In addition, it is also possible to use gelatin rectal capsules which consist of
5 . a combination of the active compounds with a base. Possible base materials include, for example,
 liquid triglycerides, polyethylene glycols, or paraffin hydrocarbons.

Suiiable formulations for parenteral gdminisdation include aqueous solutions of the proteins
in water-soluble form, for example, water-soluble salts. In addition, suspensions of the proteins as
appropriate oil injection suspensions may be administered. Suitable lipophilic solvents or vehl:cles

10 include fatty oils, for example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or
triglycerides. Aqueous injection suspensions containing substances which increase the viscosity of
the suspension include, for example, sodium-carboxymethyl cellulose, sorbitol, and/or dextran.
Optionally, the suspension may also contain stsbilizers.

The proteins are formulated using conventional phanmaceutically acceptable parenteral

1s vehicles for administration by injection. These vehicles are nontoxic and therapeutic, and a number
of formulations are set forth in Remington's Phs jcal Sciences (Martin, E.W., ed.) Mack
Publishing Co. Easton, PA (1990). Nonlimiting examples of excipients are water, saline, Ringer's
solution, dextrose solution and Hank's balanced salt solution. Formulations according to the
invention may also contain minor amounts of additives such as substances that maintain isotonicity,

20 physiological pH, and stability.

The proteins of the invention are preferably formulated in purified form substantially free of
aggregates and other protein materials, preferably at concentrations of about 1.0 ng/ml to 100 |
mg/mk. .

Effective doses of the proteins of this invention for use in preventing, suppressing, or

25 treating an immune-related disease are in the range of about 1 ng to 100 mg/kg body weight. A
prefunddosemgeubetweenabmn 10 ng and 10 mg/kg body weight. Amorepreferreddose
rangebetmabont 100 ng and 1 mg/kg body weight.

_Methodstomcreasetheeffecuvenessofprotemsareldxowninﬂwm These techniques
may be used in conjunction with the proteins of the instant invention.

30 The following examples are offered by way of illustration and not limitation.

Th1s Sheet Has Been Replaced
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tails. It is a further advantag nven —ij\/
region proteins are produced |n?hl9§he&|iﬁs§eﬁ§%%dept ab ér%ﬂﬁf]h‘té}‘t‘\ﬁéftﬁé'nabl e
the preparation of conpositi on;ﬂmumﬂug L mpeut i cally etHEACEDe '
treating T cell-medi ated aut oi e i nvent ion further provides
for an expression vector for the production of a pure ' ieng%TyilT{“@u 08
regi on nol ecul e. The expression vectors of the invention |nclude as

essential elenment a coding region for a T cell antigen receptor V region.

The TCR coding region of the invention is.goy nucleic acid nol ecul e

encoding a full length TCR V region protein. In a preferred enbodi nent, the
TCR codi ng r egxAMPLER| udes the structural coding sequence for the V[err]5 3
region. The expre ﬁ'ﬁ?‘g vect ors described h ‘h@“n prov'leﬁle a neans for the

i nduci bl e expr essi QQF‘W%‘FJ ingkragplss di nent s,

the T cell . angi genGENERM MATERLOE ANDMETHODS equence is under the

transcri pti onal pr onot er. Accordl ng to

5 Escherichia coli GM2929, methylase-neganve, and E. coli LJ24 (lac delet:on) (Rasmussen
' etal, 1991, J. Bacteriology, 173 :6390-6397) were gifts from Dr. Martin Marinus, University of
Massachusetts Medical School, Worcester, MA. E. coli JM109 (Yanisch-Perron ct al., 1985, Gene,
33:103-119) were purchased from Promega Corporation, Madison, WI (USA). BL21 (lon’, ompT-)
(Wood, W.B., 1966, J. Mol. Biol., 16:118-133; Studier and MofTatt, 1986, J. Mol. Biol., 189:113-
10 130) were purchased from Novagen, Madison, WI (USA). $G22094 (low, clp’), SG21163 (lom,
htpr) and $G21173 (lon’, htpr, clp’) were gifts from Dr. Susan Gottesman, National Institutes of
Health, Bethesda, MD (USA). These Gottesman strains have the /ac/ gene deleted. Bacteria were
made competent for transformation by the method of Morrison, 1979, Meth. Enzymology, 68:326-
331) or were purchased (DH5¢) from GibcoBRL, Gaithersburg, MD (USA).
15 pKK233-2 (Amann and Brosius, 1985, Gene, 40:183-190) was purchased from Pharmacia,
Piscataway, NJ (USA). pBR322 (Bolivar et al., 1977, Gene, 2:95-113) was obtained from New
England Biolabs, Beverly, MA (USA). pBluescript I KS+ (Alting-Meés et al., 1992, Meth.
Enzymiology, 216:483-495) was obtained from Stratagene, La Jolla, CA (USA). pDC952
contairiing the argU (dﬁa}’) gene (Lindsey et al., 1989, J. Bacteriology, 171:6197-6205) was a gift
20 from Dr. James R. Walker, University of Texas, Austin, TX. pSE420 (Brosius, 1992, Meth.
Enzymology, 216:469-483) and pKK480-3 (Brosius, (1992) supra) were gifts from Dr. Jirgen
Brosius, Mount Sinai School of Medicine, New York, NY. pUCts (Bukrinsky et al., 1988, Gere,
70:415-417) was obtained from Michail I. Bukrinsky via Jirgen Brosius.
Plasmid constructions were performed by standard procedures (Sambrook et al., Molecular
25 Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring
 Harbor, New York(1989)). DNA restriction and modification enzymes were purchased from New
England Biolabs, unless otherwise stated, and were used according to the manufacturer’s
specifications. Synthetic oligonucleotides were purchased from Operon Technologies, Inc.,
Alameds, CA (USA), unless otherwise indicated. S
30 Oligonucleotides were anncaled together by mixing equimolar concentrations of the
complementary oligonucleotides in 10 mM Tris pHS.0, 5 mM MgCl, and placing in 100°C for 5
min and then cooling slowly to 25°C. Polymerase chain reaction (PCR) was performed (Saiki et al.,
1988, Science, 239:487-491) in a Perkin Elmer Cetus DNA Thermal Cycler, using the GeneAmp
reagent kit (The Perkin-Elmer Corporation, Norwalk, CT (USA)). DNA sequencing employed the
3s dideoxynucleotide chain termination method (Sanget et al., 1977, Proc. Natl. Acad. Sci. USA,



the present invention, the inducible bacterial pronoter is subject to
either chem cal or thermal regulation. Mst preferably, the inducible
bacterial pronoter is subject to thermal induction. In one enbodinent, the
expressi on vect or —ef—the—instant—inventi on i ncludes a f egty GV OEBESN

coding for a protei gﬁ@mag];ggnk%&gd ng to the pronotefy andgktheksehy i
repressing transcri p nduci bl e pronoter. é&;}i“'pr'ef‘grr*ed A
enbodi ment, the pro Im HMHIW fromthe E. coli oper onydnd t..he.'- ' 3
regul at ory gene conprli nal mut ation of the E. coli [ acl _

repressor gene. This mutant | acl gene (laclts) codes for a
tenperature-sensitive repressor protein, a?r§d uti lizing this |aclts gene

b bl o oacREESED e B sdaioif 105 B, bl i RS A St on
is provided txyag‘eﬁtewéraefﬂxehxwuﬁtyawaﬂaﬂene In one embodi ment, the .

regul atory gene is_locajed on a cotr S orrre vector. |In another
enbodi nent, the regul at Ht-dh t he bacterial host cell

chromosone. In a Forchenucallymdwedculm ﬁ'ozznglyccrolstockswereusedtomoadates-zsm
5 2XYT medium (16 g Bacto-Tryptone (Difco 0123), 10 g Bacto-Yeast Extract (Difco 0127), 10 g
- NaCl, pH 7.2-7.4, per liter water) containing 6 ug/ml tetracycline, and allowed to grow overnight at
- 37°C, 280 rpm. Typically, 1/ 100 volumes of the overnight culture were used to inoculate each of
two 125-ml flasks containing 25 ml 2XYT medium plus 6 yg/mi tetracycline. Cultures were grown
at 37°C, 280 rpm until A, was 0.5-1.0 absorbance units, and then induced with 1 mM isopropyl
10 B-D-thiogalactopyranoside (IPTG), and allowed to grow for a further 2 hr.

For thermal induction, cultures were grown at 30°C, 280 rpm until A, was 0.5-1.0
absorbance units. Thereafter, one culture was maintained at 30°C, and the other was induced by
transferring to a water bath at 42°C, and allowed to grow for a further 2 hr. Alternatively, a culture
was induced by growing at 30°C until A, was 0.3-0.6 absorbance units, and thereafter was divided

1s into two aliquots; one was maintained at 30°C, and the other was allowed to grow at 42°C.

To assay for results of induction, duplicate samples equivalent to 1 mi of cells at Ag =10
were removed (¢.g., assumingA,.,,sB 0, then 333 ul culture was removed). The samples were
cenu'lfugedmanﬁppendorfmlcroeenmﬁngeat 14,000 x g, 1 min. thesupematantsd:scarded,and

_ the cell pellets were stored at -20°C.
20 C.  Stability study

Bacteria were streaked to single colonies three successive times and a single colony from the
third plate was used to inoculate 200 ml 2XYT medium containing 6 pg/mi tetracycline. The culture
was grown 10 Ay, = 0.5-1.0 absorbance units, and 60 ml were removed, mixed with 40 mi glycerol
and 1 ml aliquots were distributed into 100 vials to be stored at -80°C. The remainder of the culture

28 was divided into two aliquots; one was incubated uninduced, and the other was induced by IPTG
addition or temperature shift. Both cultures were allowed to grow for a further 2 br. Samples
equivalent to 1 ml culture at A, = 1.0 were remaved prior to and at 2 hr after induction, and
assayed for Ay, absorbance, pH and protem productmn by EIA, acrylamide gel electrophoresis, and
‘Western biotting.

30 Three vmls from the frozen bank were tested in parallel for bacterial growth and protein

~ production. Each vial (1 ml) was used to inoculate 200 mi 2XYT medium plus 6 ug/ml tetracycline,
and incubated to Ay, = 0.5-1.0 absorbance units. Thereafter each culture was divided into two
aliquots, one to be incubated uninduced, the other to be induced chemically or thermally. Samples
~equivalent to 1 ml culture at A,y = 1.0 were removed from both cultures prior to and at 2 hr after
3s induction and assayed as described above. '




preferred enbodi nent, “the r egul atqmésgég{]q‘,s miﬁg“gd |n t he reconbi nant

expression vector. Itn a further ref e*t ranscription
direction of the nmutant | acl gene [
antigen receptor structural gene t

ori enta Oh ag TRET |
The re X@ED l

expression vectors of the present invention may advantageously i:nel ud a' 08 :
codi ng sequence for a |eader or signal peptide. Such & teader se"q-deh T
fused in frame and 5° ta the TCR Vregi on coding region to be expressed

directs the synthesis of a TCRV - 9- glon protein having an N-termnal

| eader peptide which in turn directs secre G-on of the reconbinant protein

across the host cell nenbrane. O her enbodi nents of the present
For the stability study, al-mlahquotwasremovedﬁ'omoneof ﬂxreeparallelcultures

prior to induction, diluted 171000 in 2XYT medium, and 20 ul or 200 ul was inoculated into 200 ml
2XYT medium plus tetracycline, and allowed to grow to Ag, = 0.5-1.0 absorbance units. Thereafter
the culture was divided into two aliquots; one was induced, and both were allowed to grow for a
5 further 2'hr. Samples equivalent to 1 ml culture at A, = 1.0 were removed prior to and at 2 br after
induction and assayed as above. '
D Cell fractionation |
The cells were pelleted by cenmﬁxgauon at 7000 x g, 7 min, and the supernatant (culture
medium) was recentrifuged at 14,000 x g, 5 min prior to electrophoresis. The cell pellet was
10 resuspended in 20% (w/v) sucrose, 0.3 M Tris-HC1 pH 8.0, 1 mM EDTA using 1/5 of initial culture
volume, incubated at 25°C for 15 min, and centrifuged at 6000 x g, 7 min. - The supernatant was
discarded, and protein located in the periplasm was released by osmotic shock (Nossal and Heppel,
1966, J. Biol. Chem., 241:3055-3062) by resuspending in 1/$ original volume cold water, and
incubating at 0°C, 10 min. Following centrifugation at 9000 x g, 10 min, the supernatant was saved
15 (periplasmic fraction); the cell pellet was resuspended in 1X TST (25 mM Tris-HCl pH 8.0, 200
mM NaCl, 1 mM EDTA, 10 ml/liter Tween 20), sonicated, centrifuged at 12,000 x g, 15 min, and
the supernatant was saved (soluble cytosolic fraction).
E.  Polyacrylamide gel electrophoresis
The frozen E. coli cell pellet was resuspended in 70 ul water by vigorous vortexing or by
20 sonication at 0°C (Sonic Dismembrator, Model 301, ARTEK Systems Corporation) three times each
for 5 seconds, at power output 0.4. The disrupted cells were mixed with 70 i 2X loading buffer
(125 mM Tris-HCL, pH 6.8, 4% SDS, 20% glycerol, 10% B-mercaptoethanol, 0.002% Bromophenol
Blue) (Laemmli, 1970, Nature, 227:680-685.) Samples were incubated at 100°C; 5 min.,
. centrifiiged at 14,000 x g, 30 seconds, and 10-15 1 aliquots were loaded onto pre-cast 16% or
2s 10-20% acrylamide Tricine gels (Novex, San Diego, CA (USA)) and run in reservoir buffer
obtained from the same manufacturer. Electrophoresis was at 125 V constan voltage, or 45 mA
constant current, per two gels, for about 2 hr, until the bromophenol blue tracking dye was off the
gels. Markers were prestained low molecular weight protein standards (# SE130024, Integrated
Separation Systems, Natick, MA (USA)) used at 1 l per lane. Gels were stained overnight in 10%
.30 acetic acid, 25% methanol, 0.025% Coomassié Brilliant Blue R.
F.  Westenblotanalysis |
Following separation by SDS-PAGE, proteins were immunodetected (Towbin et al., 1979,
Proc. Natl. Acad. Sci. USA, 76:4350-4354) by electrotransfer to polyvinylidene difluoride (PVDF)
membranes (Immobilon-P, Millipore, Bedford, MA (USA)) using a Semi-Dry electroblotter
35 (Integrated Separation Systems). Proteins were transferred at 10 mA per cm?® membrane for 1-3 hr,

.r-



i nvention do not utilize a Ieader e uence and the desired V region
product is isolated fromthe c een ga ext]r gk SHBET IHASABEEN
preferred enbodi nent, on vectiors okepiyegor esent:
i nvention conprise, in the 5" t a trc ‘promoter, a rlboso
bi nding site, an optional |eader sequence "a codi ny rpmr\* fﬂr e U 08
length T cell antigen receptor V region, a stop codont ®neor ma!re /
transcription term nators, a laclts regul atory gene such that the
transcription direction is the same as that of the coding region for the T
cell antigen receptor V region, a bacteria27-origin of replication, and a
tetracycline resistance gene. This invention also provides nethods for

produci ng TCRand theanenshranes wéreblackedbvemighninfblocking buffer (1XrRBSs2%d dtiehmilks 0.1%an -
previously re ortezﬂ The present invention provides conpositions and

met hods for t b a patient having an i nmmune-rel ated disorder. Such

treat ment conpri seThemnembnangs were washédthe imés) £ min dach indK®BSS0.1% Tween-20, followed

by washing three times, 5 min each in 1X PBS, and then they were submerged in an horseradish
5 peroxidase (HRP)-conjugated monoclonal anti-V 5.3 antibody (13A2-HRP, 0.25 mg/ml) diluted
1:3000 in 1 X PBS, 0.1% Tween-20. Following_ gentle agitation for 2 hr, the membranes were
washed as described above, and the proteins were visualized with the Enhanced Chemiluminescence
assay (Amersham, Arfington Heights, IL (USA)) used according to the manufacturer's instructions.
Film exposure was between 5 seconds and 1 minute. o
10 : G.  Enzyme immunoassay
The frozen cell pellets were resuspended by vigorous vortexing in 20 ul 8 M urea, 50 mM
Tris-HC, pH 8.5, (Marston and Hartley, 1990, Meth. Enzymology, 182:264-276) and V5.3 was
quantified by enzyme immunoassay as follows
Nunc Immuno Maxisorp plates (VWR #62409-002) were coated with. 100 ul/well 4C2 IgG
18 a4 pg/ml in PBS and stored at 4°C overnight. The coating soluuon was discarded, and blocking
' buffer (1% casein hydrolysate in PBS, 0.05% Tween-20) was added at 200 ulwell. The plates were
incubsted at room temperature for 2 hr, 150 rpm, and then washed three times with wash buffer
(PBS, 0.05% Tween-20). Samples (diluted 1/2,000 to 1/32,000) and VB 5.3 standards in blocking
buffer were added at 100 pl/well, and incubated at room temperature for 90 min, 150 rpm. The
.2 0 plates were washed three times with wash buffer, and an HRP-conjugated anti-Vf 5.3 monoclonal |
antibody (13A2-HRP) diluted 1/500 in blocking buffer plus 5% fetal bovine serum was added at
100 pl/well (0.5 ug/mi). The plates were incubated at room temperature for 90 min, 150 rpm,
washed four times, and 100 ul/well O-Phenylenediamine (OPD) substrate was added. After 30 min,
the reaction was terminated by adding 50 ul 2N H,SO, per well. The absorbance was measured at
28 490 nim minus the background absorbance at 650 nm. Blank wells did not contain sample.
| 2. CONSTRUCTION OF PLASMIDS |
EXAMPLE |
| ﬂwsta:ﬁngpointfortheexpressiohofthe'l‘cellmﬁgmreceptbrVngimpminsofthe
30 invention was the construction of a plasmid that contained the proper regulatory clements for

- expression of the T cell antigen receptor V region protein. These elements include the promoter, two
transcription terminators, an origin of replication for stable replication in bacteria. Additionally
because of regulatory concerns associated with the manufacture ofa protem for which one possnble
mdmnonxsthcmwvousemamerapwmmg,agenewd:ngfamwmnccwteuacvclmewas

3s chosen to facilitate selection of plasmid bearing cells. Finally, the starting expression vector
" required a multiple cloning site, strategically engineered to facilitate the cloning of the preferred
1



such treatnent, a conposition in accordance w th the present -m'enf:ee I n
an anount and for aTpiePheotHasBeniReplacsdii t abl e to regul AtEHIS SHEET FASREEN

disorder. It is an a present invention_that REM&CEBosi{i ons
of the invention all t of an imune related di sor der wi.thout
the need to select a particul ar peptide fragnent and gﬂ"t hout tai Iprfmgutﬂnga
particul ar conposition to the particular individual t “Ye treat ed The
invention also relates to the use of a full length T cell antigen receptor

V. region protein in therapy for an autoi m28ne di sease or disorder. In a
speci fic enbodi nment, the invention relates to the use of a full Ieng‘th
V[err]5.3 pr @bahngregwnstolﬂdlemynnoh imtostheexprsssianvecsori The following example descritss the

provi des for the 6&4 h T cell antigen receptor V region
protein in t & #ﬁ&n lausrgne‘”ﬂ-I a medl cament for treating .an autoi mmune -

di sease or disor darhe staitiag pdintifer,the constmietion ofprefiemesiexpression veator avas PW@I’?&(&%S
?rggi gz(rareﬁ{ ?d‘}’y @%ﬁﬁ#h@%ﬁwﬁ%ne réoﬁv%gﬁogggégg%gég‘? qi sor e3?'zs uch
as Ms. s was digested with Ncol, and the resulting $' protruding ends were removed by incubation with mung
bean nuclease at 25°C for 30 min. The plasmid was extracted twice with phenol-chloroform,
precipitated with ethanol in the presence of 2 M ammonium acetate, and resuspended in water.
Following dephosphorylation with bacterial alkaline phosphatase (GibcoBRL) the vector was ligated
to a synthetic Spel linker (#1085, New England Biolabs), and the ligation mix was transformed into
10 DH5e competent cells to yield vector pKK233-2A.
Next, the tetracycline gene was restored as follows: pKK233-2A (4.6 kb) was digested with
EcoR] and Sall yielding two fragments; 279 bp and 4321 bp each. The two fragments were
separated by agarose gel electrophoresis, and the large fragment was purified from agarose using the
Gmeclean Kit (BIO 101, La Jolla, CA (USA)). A 651-bp fragment containing the amino-terminal
15 coding region of the tetracycline gene was excised with EcoRI and Sall from pBR322, and ligated to
the 4321-bp fragment from pKK233-2A. The resulting plasmid pK2B (4.97 kb) conferred
tetracycline resistance on E. coli DH5a cells, andwasﬁ:rthermodlﬁedtodeleteapomanofthe
B-lactamase gene and convert the HindIll site into a Sacll site, as follows:
A DNA segment spanmng the unique Spel site to the 3' terminus of the transcription
20 terminators was PCR-synthesized using pK2B as template. The 5' “sense” primer contained
restriction enzyme recognition sequences for Spel, Pstl and Sacll in the S' to 3' direction, underlined:
5'. TATAATGACTAGTCGCTGCAGCCAACCGCGGCTG -3' [SEQIDNO 1]
The 3' "antisense” primer contained a Scal site, underlined:
5' . GTCCTAGAGTACTGAGCGGATAC - 3' [SEQIDNO 2]
25 1 ng of pK2B DNA template was mixed in a reaction volume containing 10 mM Tris-HCI
' pH 8.3, 50 mM KCl, 1.5 mM MgCl,, 100 pug/ml gelatin, 200 uM each of the d'eoxynucleotides.
(dATP, dCTP, dGTP, dTTP), | uM each of the two primers, and 2.5 units AmpliTaq DNA
polymerase. The final reaction volume was 100 ul, overlaid with 100 ul mineral oil. The DNA was
denatured at 95°C for 2 min, and amplification was achieved with 30 cycles of 1 min at 95°C for
30 denaturation, 1 min at 60°C for annealing, and 1 min at 72°C for primer extension. The amplified
DNA was analyzed on 1% agerose gel run in 40 mM Tris-HCI pH 7.8, S mM NaAcetate, 1 mM
EDTA. | | | |
The resulting 485-bp PCR-synthesized fragment was digested with Spel and Scal, and
ligated to a 4129-bp fragment that was obtained by digestion of pK2B with Spel and chl resulting
3s in a plasmid called pK2C.
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Plasmid pK2C (4.6 kb) was further modified to contain a multiple cloning site. First, pK2C
was digested with Spel and Sacll, and ligated to a double-stranded synthetic oligonucleotide
containing 15 restriction sites. This multiple cloning site (MCS) was formed by annealing

- equimolar concentrations of two complementary synthetic oligonucleotides, 91 and 97 bp long,

respectively, 'having the following sequences:

5' - GGCTCGAGCCTAGGCTGCAGCCCGGGGCGCGCGCGGCCGCAGGCC |
TTTAATTAAGAGCTCCGGACCGCACAATGTGGGCGCGCCCTTAAGA - 3'

[SEQ ID NO 3] | -

5'- CTAGTCTTAAGGGCGCGCCCACATTGTGCGGTCCGGAGCTCTTAA
TTAAAGGCCTGCGGCCGCGCGCGCCCCGGGCTGCAGCCTAGGCTCGAG

CCGC - 3' [SEQ IDNO 4} .

The MCS codes for the following restriction.cnzymes sites: Spel, AN, Ascl, Dralll, Rsr1l, Sacl,
PacI,.Sm!, Notl, BssHlL, Xmal, Pstl, Avril, Xhol, and Sacll. The ligation mix was transformed into
methylase-negative E. coli GM2929. The resulting plasmid pK2D (4.67 kb) was partially
sequenced to ensure the integrity of the in vitro synthesized regions.

Results ‘ .

' The starting plasmid was pKK233-2 which contains the following elements: The trc
promoter (Brosius et al., (1985) supra) which is similar to the fac promoter derived by fusing the -
10 region of the lacUV'5 promoter with the -35 region of the tryptophan promoter (de Boer et al., .
(1983) supra, Amann et al., (1983) supra). The plaslmd also contains a ribosome binding site
followed by a cloning site of three unique restriction enzymes (Ncol, Pstl and Hindlll), followed by
the transcription terminators of the B ribosomal RNA operon of E. coli (Brosius et al., 1981,
Plasmid, 6:112-118). In addition, pKK233-2 contains the B-lactamase gene for ampicillin
resistance, the pBR322 origin of replication, and a small non-functional carboxyl terminal fragment

and am no acid sequence [SEQ I D NO. 27]

ncodi ng ri bosonme bi nding 47 TGAE
mﬁm‘ ete mni-cistron nucl eotide sequence) and the

pKK233-2 was modified in order to destroy the Ncol site, restore the tetracycline resistance - '

gene, delete a segment of the B-lactamase coding region (thus inactivating the gene), and insert a
muitiple cloning site consisting of 15 restriction sites to produce pK2D.

EXAMPLE2 - '

Plasmid pK2D was further modified to incorporate cither the pelB signal sequence from
Erwinia carotovora (Lei et al., 1987, J. Bacteriology, 169:4379-4383) or the heat stable
enterotoxin II (STTI) signal sequence of Escherichia coli (Morioka-Fujimoto et al., 1991, J. Biol.
Chem., 266:1728-1732.) |

Plasmid pK2D (4.67 kb) was engineered to include a ribosome binding site (Shine and
Dalgamo, 1974, Proc. Natl. Acad. Sci. USA, 71:1_342-1346; Shine and Dalgamo, 1975, Nature,
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s two complementary synthetic ohgonucleouds, 103 bp and 95 bp long, respectively, having the
sequence shown below. A silent mutation (lower case letters) was introduced into the pelB
sequence, in order to create an Ncol restriction site, underlined, facilitating the subsequent
subcloning of the VB 5.3 gene sequence. |
5' . CTAGTAAATTCTATTTCAAGGAGACAGTCATAATGAAATACC

10 TATTGCCTACGGCAGCCGCTGGATTGTTATTACTCGCTGCCCAACCA
_ GCcATGGCCGAGCT - 3' [SEQ ID NO 5]

5'- CGGCCATgGCTGGTTGGGCAGCGAGTAATAACAATCCAGCGGCT
GCCGTAGGCAATAGGTATTTCATTATGACTGTCTCCTTGAAATAGA
s ATTTA - 3' [SEQIDNO 6} -

Qmmmn_gin&m
Plasmid pK2D was engmeered to include a ribosome binding site and the heat-stable
_ enterotoxin (STII) signal sequence of E. coli (Morioka-Fujimoto et al., (1991) supra), as follows:
- 20 pK20 was digested with Spel and Dralll located in the MCS, and the vector was ligated to
" two complementary synthetic oligonucleotides, 105 bp and 98 bp long, respectively, having the
sequence shown below. Two silent mutations (lower case letters) were introduced into the STII
sequence, in order to create Miul and Dralll restriction sites , underlined, facilitating the subsequent
subcloning of VB5.3. |
25 - 5'-CTAGTAAATTCTATTTCAAGGAGACAGTCATAATGAAAAAGAA
TATAGCATI‘CCTACTA_GCTTCAATGTTCGTCTTCTCTATI'GCAACTA
ACGCgTACGCaCATT - 3'[SEQIDNO 7] '

5" GtGCGTAcGCGTTAGTTGCAATAGAGAAGACGAACATTGAAGCT
30 AGTAGGAATGCTATATTCTTTTTCATTATGACTGTCTCCTTGAAATA
GAATTTA - 3' [SEQIDNO 8]
EXAMPLE 3 :
The plasmids containing the sngnal sequences from F.xample 2 supra were further modified
35 'tomcludeMOregulatoryelements



absence of extraneous protein sequences or fusion partners. As detailed i'n
t he Background of the Invention ghipsiket Hhs B&h Repdddéd gen r Tﬁfét \—-eg-ons
oo B

have, in the past, been produced : a larg r E@TH‘MSaWéﬁi‘ét
very low | evel s. These extraneous mm mugmmause urldesir ARTIACED

| mmunogeni city when used in vivo, re(':]ue ,'ctIedg (p 08
regul atory authorities as inpermssible inpurities: Pre ously fl/lg V _
region proteins included other regions of the TCR such as the C region,

fused to the V region. Others constructed expression systens that provi ded
for a TCR V region as a chineric protein, -8lg., a V region fused to a
portion of an imunogl obulin nol ecule. The expression vectors and net hods

of the i nst anCoistruction ofpKT-peiBher provide for enhanced |evels of expr eSSI on
e ot odact i on.of - TaBFRBRIAI Yor el odlibluge b uptlot o0l YR5El A
research, di ageiBdeatiardo gieate pREPelBdéd:B ks Thess clementsasibé uwhhwalﬁﬂ!mm«:al |y
usef ul amount g, 0k:oshaBE PF §Hnk'10 (g10), and a mini-cistron, ATG TAT CGA TTA AAT AAG GAG GAA
L] TAA (SEQ ID NO.28), coding for 8 amino acid residues. Insertion of the two regulatory elements
was achieved by digestion of pK2D with Spel and Sacl, followed by ligation of the vector to
synthetic oligonucleotides coding for the g10 sequence, the ribosome binding site, a mini-cistron and
the pelB leader, in the 5' to 3' direction. The oligonucleotides were synthesized as two |
complementary sets of 71-89 mers that could be ligated via complementary 9 bp overhangs between
10 the pairs of oligonucleotides. The two complementary pairs of oligonucleotides were designated
Pair A (oligos JSA + J6A, 89 bp and 76 bp, mpwﬁvely) and Pair B (oligos J5B + J6B, 71 bp and:
76 bp, respectively) having the following sequence: '
I3A .
_ 5’ - CTAGTCCGGAATTGGGCATCGATTAACTTTATTATTAAAAATTAA
1s AGAGGTATATATTAATGTATCGATTAAATAAGGAGGAATAAATA - 3' [SEQIDNO 9]
5 -CTCCTTATTTAATCGATACATTAATATATACCTCTTTAATITTTA
ATAATAAAGTTAATCGATGCCCAATTCCGGA - 3' [SEQ IDNO 10}
15 _
20 '« ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTC
GCTGCCCAACCAGCCATGGCCGAGCT - 3' [SEQIDNO 11]
16B .
~ §' - CGGCCATGGCTGGTTGGGCAGCGAGTAATAACAATCCAGCGGCTG
CCGTAGGCAATAGGTATTTCATTATTTATTC - 3' [SEQIDNO 12}

28
Plasmid pK-STII was further modified to include the same two regulatory elements asin
PKT-pelB, thus creating pKT-STII (4.8 kb). pK2D was digested with Spel and Dralll, and the
vector was ligated to synthetic oligonucleotides coding for the g10 sequence, the ribosome bmdmg
30 ~ site, a mini-Cistron and the STII leader, in the §' to 3' direction. Theohgonucleondeswere
synthesized as two complemehmy sets of 73-89 mers that could be ligated via complementary 9 bp
overhangs between the pairs of oligonucleotides. The two complementary pairs of oligonucleotides
were designated Pair A (oligos JSA + J6A, 89 bp and 76 bp, respectively) and Pair B (oligos J5C +
J6C, 73 bp and 79 bp, respectively) having the following sequence: '
3$



1]

The present invention therefore provid prow des for the groduct-Jf—en»ef -enhaneetd—

| evel s of TCR V region proteins. tion nﬁkés’“bta%rﬁl‘é:%‘h
production of V region protein i n f r om BEEIAEEROQ
ng/liter of bacterial culture, or Iy, the productlon Ievel of

the TCR V region protein is at |east 100 mg/liter. . P p?SeI/S
enbodi ment, the instant invention provides for the pr ct'ron 0 east

300 nmg of V[err] protein per liter of bacterial cell culture. The mnethods

and expression vectors of the instant inv?’f}tion provi de for the production
of a TCR V region protein in the absence 0OIextraneous protein sequences.

The invention,herefore elimnates several steps associated with obtaining
a purified T region protein if prepared according to the prior art. In
one enbodi mens' ; CTAGTECECGANT TGGGOATCOATTAACTIHATIATTAAAAATTAA

AGAGGTATATATTAATGTATCGATTAAATAAGGAGGAATAAATA - 3' [SEQ IDNO 9]
16A o
s 5. CTCCTTATTTAATCGATACATTAATATATACCTCTTTAATTTTTA
ATAATAAAGTTAATCGATGCCCAATTCCGGA - 3' [SEQ ID NO 10]
I5C | |
5'- ATGAAAAAGAATATAGCATTCCTACTAGCTTCAATGTTCGTCTT
CTCTATTGCAACTAACGCGTACGCACATT - 3' [SEQ IDNO 13]
10 l6C - _ '
5' - GTGCGTACGCGTTAGTTGCAATAGAGAAGACGAACATTGAAGC
TAGTAGGAATGCTATATTcmTTCATTATTTATTC -3' [SEQIDNO 14}
E LE 4
£ pK- BS
1s The next step in the expression of the T cell antigen receptor VB 5.3 protein was the
incorporation of the VB 5.3 seqtmcemtotheplasmlds containing the sngnal sequences as described
in Example 2 supra.
_ The complete nucleotide sequence of VB5.3 was generated as follows: the DNA sequence
of VBS.3 clone 12A1 was originally published by Leiden et al. (1986, Proc. Natl. Acad. Sci. USA,
20 83:4456-4460) and later partially corrected (Leiden et al., 1986, Molec. Cel! Biol., 6:3207-3214).
This cione 12A 1 was missing nucleotides coding for the N-terminal four amino acid residues; and in
addition, the deduced N-terminal amino acid residues of clone 12A1 were incorrect. The N-terminal
amino acid sequence of V5.3 (HPB-ALL) was published by Jones et al., 1985, Science, 227:311-
314) without specifying the N-terminal first amino acid residue, which was later determined to be
28 . Glycine (Jeff Leiden, unpublished). Using the above sequence information, the complete V5.3 was
reconstructed by recombinant DNA techniques. The resulting plasmid (pBB-V P 5.3) was the source .-
of the V5.3 sequence for the following cxamples. The full length nucleotide sequence coding for
V5.3 and the predicted amino acid sequence have been published more recently by Plaza et al.
(1991, J. Immunol., 147:4360-4365). (See, also, Figure 1; SEQ ID NOS..25, 26 and 27 herein.)
30 V5.3 was PCR-synthesized using pBB- V5.3 (6.2 kb) as template. The 5' “sense”
primer contained an Ncol restriction enzyme site, underlined:
5'- TAATTAGCCATGGCCGGCGTAACCCAATCTCCG - 3' [SEQ ID NO 1]
The 3' "antisense” primer was complementary to a region downstream of a Pst site in the vector:
'5'- CCAGTGCCAAGCTTGCATGCC - 3' [SEQ ID NO 16] |
3s The resulting V5.3 fragment was blunt-ended using the Klenow fragment of DNA polymerase I,
and ligated into the dephosphorylated EcoRV site of pBluescript I KS+ to yield' plésmid pBL-pelB-

|



-11- increased expression of V region proteins by thermal induction whi ch

avoi ds the necessity Tiis Shkdt HasBetni Replaesdeni cal i nducegs Jm,..

Because TCR V region p duced accordin ftI'BStg E@grﬁ i'on{in
t he absence of extrane$ l he invention plouide LACE Sirphit i ed
production of relatively pure product

processi ng steps, such as the int roduct;rg(ra] vagﬂtziyﬁgfbmsxagd/e@g@&ab 8

into the systemto obtain a protein free of any fused non-TCR peptide -~
segnents or affinity tails. Not only are such manipulations likely to
reduce the anount of V region product recaygred, they al so introduce

el ements which nust be elinmnated, i.e., by additional purification steps.

1. T CELL Np313GThe RPGHHRdseirwas dxcisedBY digestion with Ncol and Psl, purified from agarose, and
ligated inté the Ncol and Pst sites of pK-pelB, yielding plasmid pK-pelB- VB 5.3 (5 kb).
onstruction of pK-STI-VBS.3, | -
VP5.3 was PCR-synthesized using pBB- VB 5.3 (6.2 kb) as template. The 5' "sense"
S  primer contained an MTul restriction enzyme site, underlined: ' |
5- GAAATTAACQQQTACGCAGGCGTAACCCAATCTC -3' [SEQIDNO 17]
The 3' "antisense” primer was complementary to a region downstream of a Ps site in the vector:
5'- CCAGTGCCAAGCTTGCATGCC - 3' [SEQIDNO 18]
The resulting VB 5.3 fragment was blunt-ended using the Klenow fragment of DNA polymerase [,
10 and ligated into the dephosphorylated EcoRV site of pBluescript I KS+ to yield plasmid pBL-STII-
VP5.3. The VPS5.3 insert was excised by digestion with MIul and Pstl, purified from agarose, and
ligated into the M7ul and Pstl sites opr-ST_II, yielding plasmid pK-STII- VB5.3 (5 kb).

Results :
V5.3 fused to the pelB or the STII leaders was expressed in E. coli JM109 (TABLE 1).
1s Induction was for 2 br. and V5.3 yields were measured by EIA. '
TABLE 1
SION ATION OF V§5.3
pK-pelB-VB5.3 , pK-STII-VB5.3

20 .

Compartment 0 mM IPTG' | mM IPTG ' OmMIPTG ImMIPTG

Supernatant O pug/ml 1.3 pg/mi 0.5 pg/mi 2.2 pg/mi
28 - - |

Periplasm 09 46 N.D. 55

Cytosol 9.9  Off scale [1:40] 20 Offscale[1:40]
30 | |

Both leaders were functional, although most of the expressed protein was localized
intracellularly.
EXAMPLE §
3s This Example details the plasmids containing the leader sequence and the two regulatory
elements (g10 and mini-cistron) as well as the VB 5.3 sequence.
Construction of pKT-png-VBS 3
Plasmid pKT-pelB-VBS 3 was constructed by excision of the VP 5.3 insert from
pK-pelB-V 5.3 using Ncol and Pstl, and ligation into the Ncol and Psd sites of pKT-pelB.
40 '



The T cell antigen receptor V region protein of the instant invention.is

cany full length T cell afhi FtHaeB,@ Replaced r egi on. A ftIr’I"Tengt h TCRuV
region protein is encoded @g gion for a T! cell anthgen receptor
V region. The TCRV regi on |s a nucl eot de~sequence-encodl ng a
full length T cell antigen receptor region protein. Wthin the scope of

the present invention, V region includes the variable @ V_l,("‘
ROFUS. F2.L00%L3

antigen receptor. In its broadest aspects, the teachin

i nvention may be applied to obtain enhanced expression of TCR prote| ns
including the V region and, additionally, ﬁ}l or part of the D and/or J
regions. TCR V region pr.otei n is produced™M the absence of extraneous

protein sequenﬁesE éucl} @'ﬁﬂ Mst ance, other TCR regions, such as the
constant regi ot region or the cytoplasmc region.
Further, the TCR V PlagnidpKDSTINAS. Dbastsinlariysonstiuciad by eccqsibmduﬁe\dp's B irsére
absence of non OB 1T VFS. Pkl hih ana PHE gl B ook o 5 SyRensil®

All subsequent plasmid constructs utilized the STII signal sequence. Therefore, where

5 the signal sequence is not specified, it is understood that the STII sequence was utilized.
pKT-VBS:3 |

Plasmid pK-STI-VP5.3 (Example 4) was modified to include two regulatory elements
upstream of the STII leader, to create pKT-VB5.3. These elements are the translational enhancer

10 from the bacteriophage T7 gene 10 (g10), and a mini-cistron coding for 8 amino acid residues.
Both clements have been demonstrated to enhance translational efficiency of several genes
(Schoneret al,, 1984 Proc. Natl. Acad. Sci USA, 81:5403-5407, Schoner et al., 1986, Proc.
Natl. Acad. Sci. USA, 83:8506-8510; Olins et al., 1988, Gene, 73:227-235; Olins and
Rangwala, 1989, J. Biol. Chem., 264:16973-16976). |

15 pKT-VPS.3 provided up to 8-fold higher protein yiclds than pK-STII-VS.3 (Example
4) in E. coli JM109 under conditions of IPTG induction. The EIA values reported here are
approximations, due to the lack of a pure VB5.3 standard at this time. pKT-VB5.3 was shown
to be stable in E. coli IM109. '

EXAMPLE 6

20 - Construction of pKTB-VB5.3, : _

A further modification to pKT-VB5.3 (Example 5) for secreted expression involved
elimination of the IPTG requirement for induction. The existence of a Jaclts gene coding for
temperature-sensitive lac repressor (Bukrinsky et al., 1988, Gene, 70:415-417) makes it possible
to control gene expression from the trc promoter by elevating the temperature from 30°C to

25 42°C. This would obviate the need to use IPTG or bacterial strains harboring the lacl or lacR
genes.

The lachs gene was excised from pUCts by EcoRI digestion. The 1.7 kb fragment
containing the entire lachts-coding region and its associated regulatory elements, flanked by
vector sequence, was blunt-énded with Klenow, and ligated into the dephosphorylated Scal site,

30 located downstream of the rmB operon in pKT-VBS.3, yielding plasmid pKTB-VBS.3 (6.8 kb)..
The orientation of the lachts gene was determined by restriction mapping. | .

The laclts gene was inserted in either orientation downstream of the 7rnB transcription
terminators in pKT-Vp 3.3 to create plasmid pKTB-V5.3 (Fig. 2). This was expressed in E.

35 ‘coli L124 (lacl deletion) and the protein was analyzed by Coomassie Blue staining on acnlannde

gels (Laemmli, (1970) supra) and by Western blot (Towbin et al., (1979) supra). One
i



the invention is not produced-as—a—part—of—atarger chi neric pr ot ei n

i ncluding portions of other hoteln nnlecules such as an i nmunogl obul i n
protein. Recognizing that the AR HEEE & odi ng s QUEET®IAS BEEN
conplenentarity-determ ning reg aTc I reﬁemA@EDs V region
may actually span the known ju the V € P-codrng-Tegrons (as

in the case of the CDR3 of V[err]5.3), as used hereln g
regi-on coding region may include the entire coding segméug)f 93?)@%08
that spans the V-D juncture, the portion of such a CDR that only resides in

the known V region, or none of the sequencgscoding for such a CDR |
Furthernore, the full length T cell antigen receptor V region protein of

the present inyankiHeR offidVabs R (]trﬁfsc& M@Aﬂlm@ﬂéﬁg%p‘x@ﬁ&gtcﬂﬁﬁ\{eguﬁafﬂns

and is not limted to onI%/ V[err] regions (1.e., regi ons of
[err]-chain). higherdffor3yield than the reuerse ogiertatioBn r ecept or V regi on protein can

be a variable regi O'ThPEu&d%EvﬁiS@rbLnﬂbmhom%&%ﬂohl St Yeliots wdte [€rr]
subunit, or th ilezluofrl:nslt!er#ed to Immobilon-P membranes, and visualized by Coomassie Blue staining. The
5 band was excised and subjected to NH,-terminal amino acid sequencing (Matsudaira, 1987, J.
Biol. Chem., 262:10035-10038) to yield a total of 10 amino acid residues. These matched

precisely the sequence of the N-terminal 10 amino acid residues of the processed V5.3, i.e. no

leader sequence was detected. -
~ This plasmid was also expressed by thermal induction in three different bacterial strains, |
10 each of which contains increasing levels of endogenous lac repressor, i.e., LJ24<DH5 a2 <JM109.
Supernatants from induced cultures were assayed for VP 5.3 expression by EIA (Table2)
TABLE 2 '
KTB-VB5.3 E 1 D BACTE )
Cells were induced for 2 hr., and V5.3 vields (j1g/ml) were measured in culture supernatants.
15
Plasmi Regulati . coli ' j uced
pKTB-VB5.3  laclts IM109(acl) 42°C ND. 0.5
20 pKTB-VB5.3  lachs DHSe (lac)  42°C N.D. 5.0
pKTB-VBS.3 lachks  LI24(Alach)  42°C N.D. 5.2
pKT-VB5.3 lach M109 2mMIPTG 0 0.9
25 '
pKT " lacR IM109 42°C N.D. 0

The data agree with Western blot observations and predicted results, i.c., the highest
30 expression level was achieved in LI24 (Alacl) and the lowest in IM109 (lacP). The
| . comparatively low amounts of V§5.3 measured in the culture supernatants follow
from the fact that E. coli does not ordinarily secrete proteins into the medium. As
shown in Table 1, the bulk of the expressed VP5.3 is retained in the periplasm.

DNA sequencing of the laclts gene,
3s The entire codmg sequence of the temperature-inducible laclts gene plus the

upstream 80 nucleotides including the ptomoter were sequenced and compared to the
published sequence of the IPTG-inducible Jac/ gene (Farabaugh, 1978, Nature,
274:765-769). The promoter region was identical to that of the lac/, and not lacF,
" gene (CalosM. P, 1978', Nature, 274:762-765). The Jaclts gene sequence showed an
40 open reading frame of 1080 rucleotides encoding 360 amino acids, and differed from
|



-12- In a preferred enbodi ment, the—+GR-V region protein of the instant

I nvention is any T cell antlgen rece or V region for Wmch a ful], lédngth
codi ng sequence i s avai 1ﬂa=b$ *ﬁ obt ai ni ng t he' flftlg{,LA@ﬂgt h cqdi ng
sequences of the |nstant _ mell known i la. -
regi on domai n DNA sequen _ ated in accorpfme'xzvit I CM'U
procedures froma variety o hurran cells. Preferably, ‘the cel {?Qreo(e 8
peri pheral blood T | ynphocyt es. The DNA sequences of the present invention
may be prepared in various ways. It is preferred that the DNA sequences of
the T cell antigen receptor V reg| ons be p¥&epared by

the lac/ gene at nucleotide #559 (with reference to first nucleotide of the start codon),
which changed from G to A, causing amino acid residue #187 to change from Glycine
(GGC) to Serine (AGC). This change in a single amino acid resldue imparts thermal
sensitivity to the lac repressor protein.

- - Inaddition, the published sequence of the /ac/ gene (Farabaugh, (1978) supra)
as well as the sequence appearing in Genebank (locus ECOLAC) contains an error at
position #857. nucleotide #857 should be T instead of C, which would make residue
#286 code for Leucine (TTA) instead of Seriné (TCA). The C-T transition introduces
a Hpal site at the 3' end of the lacl gene that was shown previously by restriction

10 mapping (Brosius, 1992, Meth. Enzymol., 216:469-483). It should be noted that in
Farabaugh, (1978) supra, the same codon (TCA) is erroneously reported as encoding
Leucine instead of Serine.

EXAMPLE 7
Construction of pKTB.
15 Plasmid pKTB-V 5.3 (6.7 kb) was digested with Sa/l and Ps¢l, and the 5.42 kb
fragment was purified from agarose using the Geneclean Kit (BIO 101). Plasmid pKT-STII (4.8
kb) was digested with Sall and Pstl, and the 1.15 kb fragment was similarly purified, and ligated
to the 5.42 kb fragment, yielding plasmid pKTB (6.56 kb).
EXAMPLE 8 | -
20 ion of pKB-VBS, |
This plasmid is identical to pKTB-V 5.3 minus the two regulatory elements, i.e., the
810 translational enbancer and the mini-cistron. Plasmid pKTB (6.56 kb) was digested with Sail
and Perk, and the large fragment (5.4 kb) was purified from agarose using the Geneclean Kit
(BIO 101). Plasmid pK-VBS..B (4.9 kb) was digested with Sall and Pss1, and the 1.3-kb
2s fragment was similarly purified, and ligated to the 5.4-kb &agment’, yielding plasmid pKB-
VP53 (6.7kb). |
Results
pKB-Vfi5.3
As discussed above, the addmon of two regulatory elements i.e., the g10 gene segment
30 - and the mini-cistron, appeared to enhance V5.3 yield under conditions of IPTG induction. We
' wished to remove these two elements from the pKTB-V B 5.3 vector, and reexamine VB 5.3 vield
under conditions of thermal induction. A comparison of pPKTB-V$5.3 and pKB-V$5.3 by
acrylamide electrophoresis and Western blotting showed that V5.3 yield was unaffected by the
removal of these two elements. EIA measurements of whole cell urea extracts showed that
35 . pKB-V 5.3 produced more protein than pKTB-V 5.3 when expressed in E. coli LJ24.



pol ymerase chain reaction (PCR) using DNA sequences_coding for the intact
TCR as tenplates. A human V[err] region can be pregared,sHBBT HASSBEEN ¢, Vi a
anplification of cDNA prepared from human peri pher dl bl omdprilagRThOCY!t ds

stinul ated by an-ant+—€B3—antibody, fol |l owi ng t he procedure o‘r chol et al.
1989, Proc. Natl. gﬁ BedtdPplac®®: 8941-8945. In o t@
present invention, hee ccr R n for a full Iengt bbLI gﬁ 0408
receptor Vregionis m“ﬁﬂlrany clone containing the full Iength

- sequence. For exanpl V regi on sequences and cDNA cl ones
c-ont aining the full | engt h codi ng regi ons -4¥e descri bed i n Concannon et

al ., 1986, Proc. Natl. Acad Sci. USA, 83:6598-6602. Preferred TCR V region
proteins of the instant invention are th&ABLEAplicated in an inmmune-rel ated
di sease or disorder, p3aisipg 0 ‘ § sease; see,
Abe et al., 1992, Pr oc. \ 56), :
(l eprosy; see, \Wang, et al., 1993 Pr oc Natl Acad SCI USA 90: 188)
Verr]5.d (LynPlasBidise: see, Lahesnn efGAP094 199??21363I mu$feA 1173

pKTB-~-VR5.3 90 80 20 30
+ leader .
+ gl0/MC

10 pKB-VA5.3 110 50 © 40 20
+ leader
- glo/MC

" pKTBi-VA5.3 6 100 100 : 100
18 - leader :
+ glo/MC

pKBi-VA5.3 10, 170 130 390
: -~ leader -
20 ~g10/MC

Induction period: 2 hr at 42°C. .

Culture volume: 25 mi
28 Leader: STII

gl0: T7 gene 10

MC: Mini-cistron

Samples: whole cell urea extracts

VP 5.3 yields (mg/liter), based on umts/ml approxxmatxons asmeasured by EIA. 1 mgVpB53is
30 approximately equivalent to 1 x 107 units

Plasmid pKB-V 5.3 was demonstrated to be stable for fermentation.
EXAMPLE 9
Construction of pKB
as Plasmid pKTB (6.56 kb) was digested with Sa/l and Pstl, and the large fragment (5.4
kb) was purified from agarose using the Geneclean Kit (BIO 101)." Plasmid pK-STII (4.75 kb)
was digested with Sa/l and Psl, and the 1.1-kb fragment was similarly purified, and ligated to
the 5.4-kb fragment, yielding plasmid pKB (6.5 kb)
EXAMPLE 10
40 Construction of pKTBi. _ -
This plasmid is identical to pKTB minus the STII signal sequence. pKTB (6.56 kb) was
digested with Spel and Xmal, and ligated to a double-stranded synthetic oligonucleotide coding
for the g10 translational enhancer, a ribosome binding site, and a mini-cistron containing a
second ribosome binding site. Restriction sites for Ncol, Dralll, Rsril and Xmal were designed
45 in the 3' end. The two complementary oligonucleotides had the following sequences:



150: 4125), V[err]5.2, or Merrl5 .3, or V[err]6.1 (nultiple sclerosis; see
Kotzin, et-al., 1991, Proc Natl Acad Sci. USA, § 13&6%]?949%@\51 or

V[err]3 1 (rheunmatoid arthr?] cct eenReplaced ot | £OC. tI '
Acad. Sci. USA, 88:8534). (S r, DA '
Med., 167:1313; and Mantgazz 1990, Aut oi muni ty, 3: 431) ﬁe

TCR expressed by a T cell clone in an autoi nmune di man agsré
responding to a particular autoantigen can be ident d"um n specific
anti bodi es, for exanple polyclonal, nonoclonal or chineric anti bodi es t hat
are specific for a TCR vari abl e segnent, -3g2 conjunction with an antibody

I abel I'i ng net hod, i ncl udi ng fl uorescence m croscopy, flow cytonetry,

| mmunocyt oche CAERAACEMA TTATTTIAAANATTASUCh anti bodi es
have been desgcnr ?ﬁ‘hsﬂf A(;UTCR err] and/ or [err T chain V regions
(see, for exaMGéGquTérTMTﬁMQTAﬁMW A‘@&)‘\éﬁ §6758) .
Alternativel ymeaeAeMrerrGeamec@hcm[gs@moqbpne can be probed directly,

or after

S 5 CCGGGC_GGACCGCACAATGTGCCATGGTI'TATTCCTCCTTATTTA
ATCGATACATTAATATATACCTCTTTAATTTTTAATAATAAAGTTA
ATCGATGCCCAATTCCGGA - 3' [SEQ ID NO 20]

EXAMPLE 11
10 onstruction of i _
This plasmid is identical to pKB minus the STII signal sequence. pKTB (6.56 kb) was
 digested with Spel and Dralll, and ligated to a double-stranded synthetic oligonucleotide
" containing a ribosome binding site, and Ncol and Dralll sites designed in the 3' end. The two
complementary oligonucleotides had the following sequences:
1s 5- CTAGTAAATTATATTTAAAGGAGGAATAAACCATGGCACATT -3' [SEQIDNO
21]

'8 - GTGCCATGGTTTATTCCTCCTTTAAATATAATTTA - 3' [SEQIDNO 22]

20  EXAMPLE L
This plasmid is identical to pKTB-VB5.3 minus the STII signal sequence. pKTBi (6.4

kb) was digested with Xmal and Ncol and ligated to PCR-synthesized V5.3 using
pKTB-V5.3 as template. The 5' "sense” primer contained an Ncol restriction enzyme site,

2s underlined: |

| 5' - TATAGTCCATGGGCGTAACC - 3' [SEQ IDNO 23}
The 3' "antisensc" primer contained an Xmal site, underlined:

5. AACTTCCCGGGTTATCATTAGCTGC - 3' {SEQ ID NO 24}

30 Results
pKTBi-VBS. 3
In parallel with the above work, the STII leader was removed from the expression
plasmid. Since most of the expressed V5.3 is retained intracellularly (also see below), it was
expected that scale-up of this construct might yield a heterogeneous population of VB5.3
3s molecules, i.., plus and minus leader, which would compiicate subsequent purification of the
" processed VBS.3. Therefore, the STII leader was removed to create pKTBi-Vp5.3 for



alrrpl hglsgat |Ngn by P?(,:2R4( %n)ha et—al——1988Scrence, 239:1026; Saiki et
ture, 3 an [;Mpeli, zation with nucleic id

probes for the various TCR gene R h&s v h&g- us r'[gqmyhﬂimmat&u&ﬁ

nmet hods well known in the art. T B éﬂﬂmﬂg -or & par tREPROLCEDBT |

then be obtained directly fromth# earranged DNA o

Expression of a particular TCR can also be identifi @&&'&eter‘-}ml r]g@lﬂ,en

nucl ei c acid sequence encoding at |east part of the TCR for exarrpl e, after.

cloning the TCR V gene, or by determning the am no acid sequence of at

least part of a TCR protein. It will be apggarent that any of the
above- nenti oned approaches, or additional approaches known to one of skill

in the intracellular expression. The expressed V5.3 is expected to contain an N-terminal methionine,

although this amino acid might be removed by endogenous methionine aminopeptidases
(Ben-Bassat et al., 1987, J. Bacten'o(ogy, 169:751-757; Baneyx and Georgiou, "Expression of
Proteolytically Sensitive Polypeptides in Escherichia coli”, in Stability of Pr

5 Ph ticals, Part A; Chemical and Physical Pathways of Protein Degradation (Tim J. Ahern
and Mark C. Manning, eds.), Plenum Press, New York, pp. 69-108 (1992)), as observed for

~ pKBi-Vp5.3 (below). |
pKTBi-Vp 5.3 was completed, but it failed to express significant levels of proteixi inE
_ coli LJ24 (see Table 3, supra). The entire V5.3 insert was sequenced and determined to be
10 unambiguously correct. Plasmid DNA isolated post-induction and analyzed by restriction

digestion appeared to be unaltered. One possible explanation for the apparent failure of the LJ24
strain containing pKTBi-VB 5.3 to e@mé.signiﬁcant levels of VB 5.3 protein is that the absence
of a leader peptide destabilizes intracellular VP 5.3 protein, and leads to its rapid proteolysis.

Therefore, pKTBi-V B 5.3 was transformed into the protease-deficient strains SG22094

1$s (lon’, clp’), and BL21 (lonr, ompT-) which gave decreasing yields in the order of
$G22904>BL21. The effect of different induction temperatures on vield was also examined, and
for both strains 42°C was optimal. In addition, there was no significant increase in production
between 2 and 5 hr. . o
pKTBi-VB5.3 was expressed in two additional protease-deficient strains: SG21163
20 (lon’, htpr) and SG21173 (lon’, htpr, clp’). The results are summanmd in Table 3 (supra).

It should be noted that strains LJ24, $G22094, SG21163 and SG21174 do not produce
endogmuslacrepressorbecauseﬂxelac]genensdeletedmallofﬂ:eses&mns Thus, the wild
Wpelacrepmsordoesmtmterferew:ththethamaluldmmnofﬂietmpmmoter The
foregoing examples show that V5.3 constucts without a signal peptide can be readily expressed

25 in protease deficient hosts, resulting in production of significant amounts of V5.3 protein.
| \MPLE13 |
This plasmid is identical to pKTBi-VB 5.3 minus the g10 element and the mini-cistron
_ (SEQ ID NO. 28). Plasmid pKBi (6.43 kb) was digested with Ncol and Sall, and a 970 bp
o fragment was purified from agarose. pKTBi-Vf35.3 (6.75 kb) was digested with Ncol and Sall
and the 5.68 kb fragment was similarly purified, and ligated to the 970 bp fragment, yielding
plasmid pKBi-VP 5.3 (6.64 kb). " '
Results
pKBi-VA5.3 |
3s This leaderless VB 5.3 construct minus the two regulatory elements was successfully
| expressed in protease-deficient strains; our observations are similar to those for pKTBi-Vp5.3.
|



art, will result in the identification of the TCR expressed on a T cell or
clone-or line of T cells. Exanples of nplecular approa )

correl ate TCR gene expression with disease include: (1 I}?ﬁ% 01 ILQS BEE\&
anal yzing cDNA |libraries obtained fromthe disease-r
fromone or nore subjects having the disease, to det
frequently used or 'dom nant' TCR genes; (2) Sout hern anal ysi s of

di sease sanples to determ ne whet her specific genetic pol ynorphism(e.g.,
RFLPs) or oligoclonal TCR rearrangenents eig.st; (3) anal ysis of disease
sanpl es by cDNA synthesis, PCR anplification, and slot blot hybridization

procedures; PpS.3 ks &bkge&m\b@adamam srohydardeﬁblaua;uae@ SG2 MER(mrMaes to T
cells wit hOUt anrdIS%rZI f7%| ({oltjxr lef\tplpfclpt hesemufl ts are summarized in Table 3. pKBi-Vp5.3
consistently produced more protein than pKTBi-VB5.3 in all strains tested (Table 3). N-terminal
sequencing of the expressed protein showed that the first 17 amino acid residues matched the
s expected VP 5.3 sequence, and the terminal methionine residue was absent. The plasmid was
also demonstrated to be stable.
The present mventloms not meant to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to those described
_ herein will become apparent to those skilled in the art from the foregoing description and the
10 accompanying figures. Such modification are intended to fall within the scope of the appended
claims. Various publications are incorporated by reference in their entirety.

This Sheet Has Been Replaced
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Vlerr]5.3 are shown in Figure D NOS. 25, 26 and REPHDACEDI cel

antigen receptor. V region cIo duced |nt ]
vectors of the instant |nvent|on by met hods knovR gse%ap]l) M@@ﬁs
art. For exanple, froma cDNA clone, the V reglon |s P synt hesi ze
i ncorporating an initiating ATG at the 5 term nus. Any conveni ent
restriction site can be synthesized whiggyd ncorporates an initiating codon
and reconstitutes the 5 coding region of the Vregion. In a preferred
enbodi nendgaiBcE eaisTERGON Ssite is an Ncol site. A stop codon and an
approprlate restriction site are engineered at the 3' end of the V region
codi ng seguUEEENERAL! DINFORMATAONBe subcloned into the vector. It should be
understood that the nethodol ogy of the present invention can be used to
ﬁrepare full (bngPhLICENV:TegbmmsSééehwcé.fmmneunnnl speci es ot her than
uman.

Preferred TCR V region protejns | d]8 1, V[err]5f2. or Merrls 3.
Doubl e- stranded cDNA encodi ng'y m the am no acijdTBISEHERT & ASOBEEN

(li)TITLE OF INVENTION:T Cell Antigen Receptor V Region
Proteins and Methods of Preparation Thereof

(iii)NUMBER OF SEQUENCES:29

(lv)CORRESPONDENCE ADDRESS:
(A)ADDRESSEE:T Cell Sciences, Inc.
(B)STREET:115 Fourth Avenue
(C)CITY:Needham
(D) STATE:Massachusetts
(E) COUNTRY:United States of America
(F)2IP:02194-2725

(v) COMPUTER READABLE FORM: .
(A)MEDIUM TYPE:Diskette, 3.50 inch, 1.44Mb storage
(B) COMPUTER: IBM PC Compatible
(C) OPERATING SYSTEM:MS-DOS
(D) SOFTWARE: WordPerfect 6.0

(vi) CURRENT APPLICATION DATA:
' (A)APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
'(A)APPLICATION NUMBER:08/181, 492
(B) FILING DATE:1l3-January-1994

(viii) ATTORNEY/AGENT INFORMATION:
(A)NAME:YANKWICH, Leon R
(B) REGISTRATION NUMBER:30,237
 (C)REFERENCE/DOCKET NUMBER TCS-203-PCT(94,664~A)

(ix)TELECOHMUNICATION INFORMATION:
: (A) TELEPHONE:617-345-9100
(B) TELEFAX: 617-345-9111

(2) INFORMATION FOR SEQ ID NO: 1:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY :linear

(ii) MOLECULE TYPE:other nucleic ac1d
(A) DESCRIPTION: synthetlc ollgonucleotide

(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:



2. EXPRESSI ON VECTORS A reconbi nant expression vector. Wi thin the scope
of the present invention is a plasm d whjich contains exg
formof a nucleic aci dcoding—TFERV region to be expresg HﬂsfﬁgEféEGHW¥ﬁh+t
expression vector of theyRERSAR BLAREALEPN i S i ntroduced int oREPLACED) 4
bacterial host cell for e I sformation, and transfornants ~&

| sol ated and cl oned whi chﬂmrlﬂlgmulkﬂﬂem red V regi cﬁ ,,otel n g h ,pé

i nventi on concerns expres ontaining the DNA sequence codlng

for the full length TCR V region protein. Preferably, the TCR V region
proteins are those T cel

-42-

(ix) FEATURE:

(A)NAME:
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
TATAATGACT AGTCGCTGCA GCCAACCGCG GCTG ' 34
(2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:23 base pairs
(B) TYPE:nucleic acid
{C) STRANDEDNESS:single
(D) TOPOLOGY :linear

(1i)MOLECULE TYPE:other nucléic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:

(iv)ANTI-SENSE;

(ix) FEATURE:

(A)NAME:
(B) LOCATION:

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
GTCCTAGAGT ACTGAGCGGA TAC . 23.
{2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 91 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
{D) TOPOLOGY:linear

(1i)MOLECULE TYPE:other nucleic acid
- (A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:
(iv)ANTI-SENSE:
(ix) FEATURE:
(A) NAME :
(B) LOCATION:
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
GGCTCGAGCC TAGGCTGCAG CCCGGGGCGC GCGCGGCCGC AGGCCTTTAA 50
TTAAGAGCTC CGGACCGCAC AATGTGGGCG CGCCCTTAAG A a1
(2) INFORMATION FOR SEQ ID NO: 4:

(1) SEQUENCE CHARACTERISTICS:
' |



antigen receptor proteins specifically described herein. An expression
vector within the scope of the present invention is a plagm-d..which.
contains the TCR V region genengmbaHﬁMnhe gekqunder the 1rHﬁ§éﬁLptr6n$ELN
and transl ational control of re such as|for iRELARER th
pronoter, ribosomal binding si t mﬂﬂiﬂmgt ion teP@TALOr. adgmlcpm
It contains an origin of replica e replication’in acterla It
al so preferably includes a gene coding for resistance to an antibiotic to
facilitate selection of plasm d-bearing transformant cells. Expression of

t he cl oned sequence occurs when the expression vector is introduced into an
appropriate host cell. Expression vectors useful in the present invention
are often in the formof plasmds. Plasm,Js refer to circular
doubl e- stranded DNA sequences which are'ﬁ t integrated in the chronosone.

The expression vec A EH‘Q?!&E@S ) %nventlon may al so i nclude other DNA
sequences, for exap i gﬁkgg {ei¥ asfignal sequences which provide for

targeting or stab|k¢;5@ggkgg SS:single
(D) TOPOLOGY:linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
(A)YNAME:
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
CTAGTCTTAA GGGCGCGCCC ACATTGTGCG GTCCGGAGCT CTTAATTAAA 50
GGCCTGCGGC CGCGCGCGCC CCGGGCTGCA GCCTAGGCTC GAGCCGC 97
(2) INFORMATION FOR SEQ ID NO: S:
(i) SEQUENCE CHARACTERISTICS:
-(A)LENGTH:103 base pairs
(BYTYPE:nucleic acid
(C) STRANDEDNESS:single
(D)TOPOLOGY linear

(ii)MOLECULE TYPE other nuclelc acid
(A) DESCRIPTION:synthetic oligonucleotide

{1ii)HYPOTHETICAL:
“(iv)ANTI-SENSE:
(ix) FEATURE:
{A)NAME:
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

CTAGTAAATT CTATTTCAAG GAGACAGTCA TAATGAAATA CCTATTGCCT 50
ACGGCAGCCG CTGGATTGTT ATTACTCGCT GCCCAACCAG CCATGGCCGA 100
GCT 103

(2) INFORMATION FOR SEQ ID NO: 6:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 95 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY :linear

(ii)MOLECULE TYPE:other nucleic acid



ain

expressi on product, and/or regula_gLy,sequenees whi ch al | ow nodul ati on of
gene expression, for exanple in response to Shlft i q ? :

change in conposition of the @n&ﬁh&qﬁ e expr =%“§ﬁ

one or nore control sequences ” to the IDNA—s& CES

for the TCR V region.. The term ed" wi th 4he~sc tﬁer
present invention neans that one nucI e| C aC| d sequenc® S'which h s?zjo 08
regul atory function for gene expression or encodes a functi onal - protein -
domain, is covalently linked, either 5 or 3, to a second nucleic acid .
sequence encoding a protein, so that the regulatory function is exerted

over the second nucleic acid sequence or the encoded functional domain wll
be fused in frame to the protein encoded by t he second nucl eic acid. Such
regul atory functions for gene expression typically include initiation of
transcription, termnation of transcrlptﬂﬁh and nmRNA transcri pt

processi ng. Nucl ei é# ces.th e ul atory functions

over gene expressi gﬁ?ﬁﬁ R[Q}S’QE%‘@ erDnttie’r gi%fgﬁ %ﬁé‘gﬁ%ﬁt@gn tra%scrl ption

term nators, apd ;7dPoRiMmGeast Ny signals.
(iv)ANTI-SENSE:

(ix) FEATURE:
(A) NAME:
(B) LOCATION:

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
CGGCCATGGC TGGTTGGGCA GCGAGTAATA ACAAICCAGC GGCTGCCGTA 50
GGCAATAGGT ATTTCATTAT GACTGTCTCC TTGAAATAGA ATTTA _ 85
(2) INFORMATION FOR SEQ ID NO: 7:°
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:105 base pairs
(B) TYPE:nucleic acid .
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(11)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:

(A) NAME :

(B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

_CTAGTAAAIT CTATTTCAAG GAGACAGTCA TAATGAAAAA GAATATAGCA 50
TTCCTACTAG CTTCAAIGTT CGTCTTCTCT ATTGCAACTA ACGCGTACGC 100
ACATT 105

(2) INFORMATION FOR SEQ ID NOE 8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:98 base pairs
(B)TYPE:nucleic acid
(C) STRANDEDNESS:single -
(D) TOPOLOGY :linear

(1i)MOLECULE TYPE:other nucleic aczd
(A) DESCRIPTION: synthetxc oligonucleotide

(1ii) HYPOTHETICAL:

(iv)ANTI-SENSE:



ked" to another protein

Functional donai ns that
i ncl ude, for exanple, IeadfmsgﬁﬂgmggﬁﬁR fidgl des which p sport of
proteins across cell nenbra odi nent, the pkgﬁﬁigﬂﬂﬁthbeﬁam

i nduci bl e promoter. In a pr Hl HNEHENMEE t he pro | REBpACEhat i
regul ated by the presence o taln ne GO0 gfg )
skilled in the art will recognize that several bac |aI prgﬁgﬁe4 3&

to the control of the presence or absence of certain nmedia conponents can
be used in connection with the expression vectors of the instant invention.

It is preferred that the pronoter be a strong -15- bacterial pronoter
such as the lac pronoter, the tac pronoter, and the trc pronoter.

Ther ef or e,

-45-
' (ix) FEATURE:
(A) NAME:
(B) LOCATION:
(i) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
GTGCGTACGC GTTAGTTGCA ATAGAGAAGA CGAACATTGA AGCTAGTAGG 50
AATGCTATAT TCTTTTTCAT TATGACTGTC TCCTTGAAAT AGAATTTA 98
(2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:89 base pairs
(B) TYPE:nucleic acid

(C) STRANDEDNESS:single
(D) TOPOLOGY :linear

(1i)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
(A) NAME:
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
CTAGTCCGGA ATTGGGCATC GATTAACTTT AITAITAAAA ATTAAAGAGG 50
TATATATTAA TGTATCGATT AAATAAGGAG GAATAAATA 89
(2) INFORMATION FOR SEQ ID NO: 10:
' (i) SEQUENCE CHARACTERISTICS:
(A)LENGTH:76 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(1i)MOLECULE TYPE:other nucleic acid
: (A) DESCRIPTION:synthetic oligonucleotide

{1ii)HYPOTHETICAL:
(iv)ANTI-SENSE:
(ix) FEATURE:
(A) NAME ¢
{(8) LOCATION:
- {(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

CTCCTTATTT AATCGATACA TTAATATATA CCTCTTTAAT TTTTAATAAT .50



I n one enbodi-rrent a pronoter for a TCR V region coding sequence in a
vector of this |nvent|on | S subjeet—toeregutation by theﬁpresence OF e
absence of isopropyl-[err]-D %mrﬁ%ggﬁﬂ&&ﬂ de (| PTRB)S sacigr atuvﬁohsl

chemi cal inducer nolecule of:th trc pro tersR‘EPLﬁ(«BPefprr d
rl“lml c.pronoter or the tac

aspects, the | PTG inducible pro

pronoter. In a nore preferred e | PTG i B enngr\n
.the trc pronoter (Brosius et al., 1985, J Biol. ChemrpeggJ"%gg)gDéll‘} whi ch?
is simlar to the tac pronotor derived by fusing the -10 region of the |ac
W5 pronoter with the -35 region of the tryptophan operon (de Boer et al.,
1983, Proc. Natl. Acad. Sci. USA, 80:21-25; Amann et al., 1983, Cene,
25:167-178.) The trc pronoter is identical to the tac pronoter with the
exception of a single base pair change i he pronoter (Brosius et al.

(1985) supra) In a further embodi nent, e expression vector of the

I nst ant qﬁs¥%gggr qﬂg EAE? Iom/for t secreted expression of t he
full Iengt region pro the invention by a
(2) INFORMATION FOR SEQ ID NO: 11:
(i) SEQUENCE CHARACTERISTICS}
(A)LENGTH:71 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(1i)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

(A) NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:
ATGAAATACC TATTGCCTAC GGCAGCCGCT GGATTGTTAT TACTCGCTGC 50
CCAACCAGCC ATGGCCGAGC T 71
(2) INFORMATION FOR SEQ ID NO: 12:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:76 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY :linear

(i1)MOLECULE TYPE:other nucleic acid
: (A)DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:

{(iv)ANTI-SENSE:

(ix) FEATURE:

(A)NAME:
(B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQlID NO: 12:
CGGCCATGGC TGGTTGGGCA GCGAGTAATA ACAATCCAGC GGCTGCCGTA 50
GGCAATAGGT ATTTCATTAT TTATTC 76
(2) INFORMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:

(AJLENGTH:73 base pairs

(B)TYPE:nucleic acid
(C) STRANDEDNESS:single



tenperature shift. According to this enbodinent, the jfpression vect or

allows for the expression of TCR V region proteln i n tHeraPSHReeHRE 5
chemical inducers, which obviates the need to use sucht el eMEHEpEAGED | E%%

bacterial host strains containing the lacl or the |aclTerri—genes:
Preferred enbodlnents of the expression vectors of RS | ant. Lnventd on

i ncl ude a regﬂ'hlaﬁh# BweRmincesh allows for the ther EWEE‘Ectb)E ;o’fﬁ;ﬂ&&&i
expr essi on. ﬂl“ ne sequence nost preferably is the laclts

and

gene, which en ture-sensitive lac repressor. In a further
preferred enbodlne aclts gene is |located proximal to and downstream
of the transcrlptlon termnator, and its transcription direction is the '
sanme as that of the V region coding sequence. |In addition, the expression

pl asm ds of this invention preferably contain one or nore sel ectable
genetic marker(s). Preferably, the sel ectébl e genetic marker confers

resistance to a (D) TOPOLOGY :1inear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

(A) NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
ATGAAARAGA ATATAGCATT CCTACTAGCT TCAATGTTCG TCTTCTCTAT 50
TGCAACTAAC GCGTACGCAC ATT 73
(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:79 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY:linear

(1ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

{(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

(A)NAME :
(B) LOCATION:

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
GTGCGTACGC GTTAGTTGCA ATAGAGAAGA CGAACATTGA AGCTAGTAGG 50
AATGCTATAT TCTTTTTCAT TATTTATTC 79
(2) INFORMATION FOR SEQ ID NO: 15:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:33 base pairs
(B)TYPE:nucleic acid
(C) STRANDEDNESS:single
(D)TOPOLOGX:linear

" (11)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:

(iv)ANTI-SENSE:



antibiotic, such as anpicillin, kanamycin or tetracycline. Mst preferably,
the selectable marker is the tetracycline resistance Lt

the vector includes a bacterial origin of replication.] THISaSSHEEST B BHE
enbodi ment, the origin of repjication is derived from pBR32REPEHNEED

expression vector al so cont airfsSketHabR&e Repiebdi ng si

trgnscrrptron term nators of t K% mal g c‘ééﬂfs géol/r 0408
(Brosius et al., 1981, Plasm: j]ﬂ"”ﬂﬂ“ﬂ‘gﬂ ﬂl n a preferred enbodi nent, an
expression vector of the inst ontains as essential el enents
in the 5 to 3 direction: a DNA sequence which contains a pronoter and an
operator; a DNA sequence which contains a ribosomal binding site for
renderi ng the mRNA of t he desired gene capable of binding to ribosones

w thin the host cell; an ATG initiation ggdon

{(ix) FEATURE:
(A)NAME:
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: -
TAATTAGCCA TGGCCGGCGT AACCCAATCT CCG 33
(Z)INFORMATION FOR SEQ ID NO: 1l6:

(1) SEQUENCE CHARACTERISTICS:

(A)LENGTH:21 base pairs
(B)TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY : 1linear

(ii)MOLECULE TYPE:other nucléic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:

(iv)ANTI-SENSE:

(ix) FEATURE:

(A)NAME:
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1l6:
CCAGTGCCAA GCTTGCATGC € . 21
(2) INFORMATION FOR SEQ ID NO: 17:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:34 base pairs

" (B)TYPE:nucleic acid
{C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:
{(iv) ANTI-SENSE:
(1x) FEATURE
(A)NAME:
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:
GAAATTAACG CGTACGCAGG CGTAACCCAA TCTC 34
(2) INFORMATION FOR SEQ ID NO: 18:

(i)SEQUENCE CHARACTERISTICS:
' (A)LENGTH:21 base pairs
(B)TYPE:nucleic acid



-16- or a DNA sequence which is converted into an ATG initiation codon upon
I nsertion of the desired gene into the vector; a restricg+en
insertion of the desired gene in frame with the ATG init} é??%ﬁ“%%b @ggFL

mul tiple C|O__ﬂg_SLLe—GQHPa%ﬁrﬂg several restriction sitps_forREEA

i nsertion of the appr gne or coding region t pr 2040
ﬁ“ ?"cgtheTcell antigen rfmﬁwe? Znto be8

nucl ei ¢ aci d §

expressed; "and n.term nator which serves to efficiently

term nate tran vector al so contains a DNA sequence which
contains an ori'gin of repllcatlon froma bacterial plasmd capable of

aut ononous replication-in the host cell and a DNA sequence which contains a
gene associated with a selectable or identifiable phenotypic trait which is
mani f ested when the vector is present ingphe host. The expression vector

may optionally include a signal or |eader codlng sequence operably

(C)STRANDEDNESS:single
(D) TOPOLOGY :linear

(11)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:

(iv)ANTI-SENSE:

(ix) FEATURE:

(A)NAME:
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:
CCAGTGCCAAR GCTTGCATGC C 21
{2) INFORMATION FOR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:110 base pairs
(R)TYPE:nucleic acid

(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(ii)MOLECULE TYPE:other nucleic acid _
(A) DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:
{iv)ANTI-SENSE:
(ix) FEATURE:
(R)NAME:
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: '
CTAGTCCGGA ATTGGGCATC GATTAACTTT ATTATTAAAA ATTAAAGAGG 50

TATATAETAA TGTATCGAIT AAATAAGGAG GAATAAACCA TGGCACATTG 100
TGCGGTCCGC 110
(2) INFORMATION FOR SEQ ID NO: 20:
(i)SEQUENCE CHARACTERISTICS:
{A) LENGTH:110 base pairs
(B)TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

{ii)MOLECULE TYPE:other nucleic acid
" (A)DESCRIPTION:synthetic oligonucleotide

(1iii)HYPOTHETICAL:

(iv) ANTI-SENSE:



linked, i.e., fused in frane——fo~fﬁ‘”5f’€ﬁa—6~'the nucl Z—gc1d ‘sequence-—
encodi ng the TCR V region so Ttﬁ@,eéﬁarmérdiepWOf t he | e%a]? rérice- TR v
regi on sequence results in a m&ﬂ‘}' TCR V regi ein |[n
whi ch the | eader peptide at th s of the |

directs secretion of the TCRV m otel n across ng c&g @tgéhgs
In certain preferred enbodi nents, the expression vector contains a

regul atory gene which allows for the expression of the secreted protein by
a tenperature shift. In a nore preferred enbodi nent, ‘the expression vector
contains the follow ng essential elenents in 5 to 3" direction: The trc
pronmoter which is conposed of the -10 region of the |ac -UV5 pronoter fused
-with the -35 region of the tryptophan ogﬁion (de Boer et al., supra; Amann
et al. (1983) supra); a strong ribosone nding site; the TCR V region
codi ng region g%%ﬁgnggpyessed ‘the two transcription termnators fromthe

f|| P,

rrnB ri bosoma NAnPRRM®N, the laclts gene coding for the
t enper at ur e- sensi t(sygotmEIONepr essor; the pBR322 origin of replication; and

a
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:

CCGGGCGGAC CGCACAATGT GCCATGGTTT ATTCCTCCTT ATTTAATCGA 50
TACATTAATA TATACCTCTT TAATTTTTAA TAATAAAGTT AATCGATGCC 100
CAATTCCGGA 110

(2) INFORMATION FOR SEQ ID NO: 21:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:42 base pairs
(B)TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(11)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:

(iv) ANTI~-SENSE:

(ix) FEATURE:

(A)NAME:
(B) LOCATION:

(x1)SEQUENCE DESCRIPTION‘ SEQ ID NO: 21:
CTAGTAAATT ATATTTAAAG GAGGAATAAA CCATGGCACA TT 42
(2)INFOR$AEION FOR SEQ ID NO: 22:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:35 base pairs
{B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(1i)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonuclectide

(iii)HYPQTHETICAL:'
(iv)ANTI~-SENSE:
{ix) FEATURE:
{A)NAME:
 (B)LOCATION:
{x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 22:

GTGCCATGGT TTATTCCTCC TTTAAATATA ATTTA 35



tetracycl I ne resi siance qene An exarrpl e of ‘such a pref drigl &l L'Upu‘
the expression vector pKBi-V[err]5. 3 was deposited under theEBHg' ' %
Treaty with the AnmerThisSheef] -
69739 on January 6, m, ﬂgtgm&n vectors of the invention may contain a

| eader sequence encodi eptide operably Ii ge T

regi on coding region. exp , am no-term nal réﬁr/ue'pt é \M%\i 00
direct secretion of the TCR V region protein across the host cell nenbrane,
into the periplasmor the culture nedium One skilled in the art wll

recogni ze that many | eader sequences nmay be used in connection with the
expression vector of the instant invention. One suitable | eader.sequence is

DY
Aﬁf

9sBecRkplate€ Col | ection (ATCC) “treder—ace seei.0n_no.

t he pel B signal sequence fromE. carotovora (Lei et al., 1987, J.
Bacteriol ogy, 169:4379-4383). Another sujshable | eader sequence is the heat
stable enterotoxin Il (STIl) signal sequence of E. coli (Morioka-Fujinoto

et al ., 1994y nForBaPlon GdRMsEQ AP NGT 283 1732) .
{1) SEQUENCE CHARACTERISTICS:
(A)LENGTH:20 base pairs
(B)TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(11 }MOLECULE TYPE:other nucleic acid
(A)DESCRIPTION:synthetic oligonucleotide

(1iii) HYPOTHETICAL:
(iv)ANTI-SENSE:
(ix) FEATURE:
(A)NAME:
(B) LOCATION:

'(xi)SEQUENCE DESCRIPTION: SEQ ID NO: 23:
TATAGTCCAT GGGCGTAACC 20 |
{2) INFORMATION FOR SEQ ID NO: 24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:25 base pairs
(B} TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HXPOTHETICAL:

(iv)ANTI~SENSE:

(ix) FEATURE:

(A)NAME:
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:
AACTTCCCGG GTTATCATTA GCTGC 25
(2)INFORMATION FOR SEQ ID NO: 25:

(i) SEQUENCE CHARACTERISTICS:
(A)LENGTH:276 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear
(i1i)MOLECULE TYPE:cDNA

(1ii)HYPOTHETICAL:



-17- I n one enbodi nent, the expre55|on systen1conta|ns t ST tead
sequence, and the codlng—regron—%ﬁr—a—ﬁLfeg1on I s PCR syn H@%#%l
contain an appropriate re [ t:he 3" end and
Mul site at the 5 end S?JSSH&{QQB%A l:p‘lctnvenl ently PCHLID t@sSWL(D i

I ncorporated into the 3 enﬁwjm&mim l]l eader. Therefore, in a turther
preferred enbodi nent, the e conprises inthe 5 to the 3
direction: the trc pronmoter which is conposed of the -10 region of the |ac
UV5 pronoter fused with the -35 region of the tryptophan operon; a strong
ri bosome binding site; the STIl |eader; the coding region for the T cel

antigen receptor V regi-on to be expressed; the transcription term nators
fromthe rrnB operon; the laclts gene .52. :

(iv) ANTI-SENSE:
(ix) FEATURE:

(A) NAME:

(B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 25:

GGC GTA ACC CAA TCT CCG ACT CAC CTG ATC AAA ACG AGA 39

GGA CAG CAC GTG ACT CTG AGA TGC TCT CCT ATC TCT GGG 78

CAC AAG AGT GTG TCC TGG TAC CAA CAG GIC CTG GGT CAG 117
GGG CCC CAG TTT ATC TTT CAG TAT TAT GAG AAA GAA GAG 156
AGA GGA AGA GGA AAC TTC CCT GAT CGA TTC TCA GCT CGC 195
CAG TTC CCT AAC TAT AGC TCT GAG CTG AAT GTG AAC GCC 234
TTG TTG CTG GGG GAC TCG GCC CTG TAT CTC TGT GCC AGC 273
aGe 276

(2) INFORMATION FOR SEQ ID NO: 26:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:276 base pairs
(B)TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:1linear
(ii)MOLECULE TYPE:cDNA
(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:
{ix) FEATURE:
(A)NAME:
(B) LOCATION:

(xi)SEQUENCE DESCRIPTION: SEQ ID NO: 26:

CCG CAT TGG GTT AGA GGC TGA GTG GAC TAG TTT TGC TCT 39
- CCT GTC GTG CAC TGA GAC TCT ACG AGA GGA TAG AGA CCC 78
GTG TTC TCA CAC AGG ACC ATG GTT GTC CAG GAC CCA GIC 117
cce GGG GiC-AAA TAG AAA GTC ATA ATA CTé TTT CTT CTC 158
TCT CCT TCT CCT TTG AAG GGA CTA GCT AAG AGT CGA GCG . 195
GIC AAG GGA TTG ATA TCG AGA CTC GAC TTA CAC TTG CGG 234

AAC AAC GAC CCC CTG AGC CGG GAC ATA GAG ACA CGG TCG 273



coding for the tenperature sensftfvé'faéifepressor the pB
replication; and a tetracycline resi stance gene. In a nost}

enbodi nent, the expression Wbtﬂuﬂfiﬂgﬁﬁthmﬁda r]s. 3.

22 origin of

of the present invention my usi ng st

inthe art. (See, e.g., Nhnl Iecular d : y
Manual Col d Spring Harbor Laboratory I ng Harbor, NY.(1982).) The
present invention additionally concerns host ceIIs cont ai ni ng an expression
vector which contains a DNA sequence coding for a full length TCR V region.

Addi tionally, preferred host cells contain an expression vector conprising
one or nore control DNA sequences capable of directing the replication and

or the expression of a DNA sequence codigg,. for a full length T cell antigen
receptor V region protein. Suitable host cells include prokaryotic host
cells; and i nppgeferred. aspgects, the prokaryotic host cell is a bacterial
host cell, nost preferably an E. coli cell.

(2) INFORMATION FOR SEQ ID NO: 27:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:92 amino acids
(B) TYPE:amino acid
(D) TOPOLOGY:linear

(11)MOLECULE TYPE:protein
{iii)HYPOTHETICAL:
(iv) ANTI-SENSE:

(ix) FEATURE:
(A)NAME:
(B) LOCATION:

(Xxi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: -

Gly val Thr Gln Ser Pro Thr His Leu Ile Lys Thr Arg Gly Gln
1 ' 5 ' ~ 10 15
His Val Thr Leu Arg Cys Ser Pro Ile Ser Gly Hls Lys Ser Val

20 .. 25 30
Ser Trp Tyr Gln Gln Val Leu Gly Gln Gly Pro Gln Phe Ile Phe
_ .35 40 45
Gln Tyr Tyr Glu Lys Glu Glu Arg Gly Arg Gly Asn Phe Pro Asp
50 55 60
Arg Phe Ser Ala Arg Gln Phe Pro Asn Tyr Ser Ser Glu Leu Asn
65 - 170 15
Val Asn Ala Leu Leu Leu Gly Asp Ser Ala Leu Tyr Leu Cys Ala
: 80 85 80
Ser Ser :
92

(2)INFORHAIION—?OR SEQ ID NO: 28:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:27 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY :linear
{ii)MOLECULE TYPE:cDNA
(iii)HYEOTHETICAL:
~ {iv)ANTI-SENSE:
(ix) FEATURE:
(A) NAME:
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:

ATG TAT CGA TTA AAT AAG GAG GAA TAA .27



One skilled in the art will understand fromthe teaching of_the instant
application that the particul ar expression vector used w || 7ty ng@PQ,\ '
choice of host strains selected for the production of the full I;@ﬁgt\éri L
region proteins. For instance, in the expression vect\cpct-le,ﬁh' lfﬁ
chem cal induction within the scope of the present inJewt'ish, b J
host strains which harbor the lacl or lacl[err] gene, which regul ate the

trc pronoter, are especially useful. In expression vectors within the scope
of the present invention that contain a regulatory gene such as the laclts
gene, which provides for a tenperature-sensitive repressor, bacterial host
strains that do not harbor the wild type lacl or lacl[err] genes are-
preferred. A particularly preferred host_cell is LJ24. In certain

enbodi nents, the expression vector of t % nst ant i nvention does not

contain a | eader_sequen | r{ai referred enbodi nents the bacteri al
host str ai ¢ EFEE %ﬁ% #22 gf’ %‘r g’ggreferabl y a protease deficient E

coli strain, SUCEr@fneEldnfhoreedPRS: or S&1173.

(A)LENGTH:8 amino acids
(B)TYPE:amino acid
(D) TOPOLOGY : linear

- (1i)MOLECULE TYPE:peptide
(iii) HYPOTHETICAL:
(iv)ANTI-SENSE:

(ix) FEATURE:

" (A)NAME:
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:

Met Tyr Arg Leu Asn Lys Glu Glu
1 A 5 8

" This Sheet Has Been Replaced
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The expression vectors of the present, i nvention may be |ntMﬂﬁﬂﬁEdihnEaﬁ£he
host cells by various nethods known in the art which nmay|vary RERAGEDNg on
the type of cellular host. For exanple, calciumchloride treatnent or

el ectroporation are commonly utlmﬂef*H@rBe M ot| C 95 /Osgel-r na
generally, Maniatis, et al., Mle¢ A Laboratory Nhnual Col d

Spri ng Harbor Laboratory Cold Sp (1982).) Once the

expressi on vector has been introduced 1nto an appropriate host cell, the

host cell may be cultured under conditions permtting expression of |arge
amounts of TCR V region. Host cells containing an expression vector which
contai ns a DNA sequence coding for a

-55.

- We claim:

I, Amethod for producing a recombinant full length T cell antigen receptor V region protein
which comprises;

a) transforming a competent bacterial host cell with & recombinant expression vector comprising
a region coding for a full length T cell antigen receptor V region protein, and an inducible bacterial
promoter; |

b) mducmg the inducible bacterial promoter in the transformed bacterial host cell of step a, and,

¢) recovering the recombinant full length T cell antigen receptor V region protein.

2. Themethod of claim 1 wherein the inducible bacterial promoter is selected from the
group consisting of chemically regulated promoters and thermally regulated promoters.

3. The method of claim 2 wherein the expression vector further comprises a regulatory gene
sequence selected from the group consisting of the /ac/ gene or the lacl® gene.

4. The m_ethod'of claim 2 wherein the expression vector includes the /aclts gene.

5. Themcthodofclaim4wha=inthelaclfsgen§isinﬂwsameoﬁentationasthecoding
regionforTéeumtigenreceptorVrégionprqtein

6. mmﬂhodofclaimlwhaeinthébacteﬁalpromotorisselecwd&omthegonp
consisting of a lac promoter, a tac promoter, and a frc promoter.

7. The method 6f claim 6 wherein the recombinant expression vector further comprises a
leader sequence. '

8.  The method of claim 7 wherein the leader sequence is selected from the group consisting
of heat stable enterotoxin STII leader from Escherichia coli and a pelB leader from Erwinia carotovora.

9. ' The method of claim 8 wherein the recombinant expression vector further éomprises a
leader sequence derived from the STII leader sequence of E. coli and the competent bacterial host cell is a

cell which does not harbor the lacl or lacl® gene. |
' | O R




TCR V regi on—mﬁr‘mﬁ—‘b‘e*rdentlfled by any appropri ate. neans. Lot
f ol | owi ng exafmggngem;s(yeeﬂmta@éace production of V regi pTHE SHEEHAS BEEN
g an i munoassay. Al terna i vel \REPLABEBost ¢

det ected i mmun E

cont ai ni ng theI Hnmm tor of the instant inve Ry

by assessing t nscrl ption of TCR V reglon &Iﬂ %fﬁp% Gg
TCR- specific V region r_rRNA transcripts in the host cell (e. g by Northern
bl ot analysis). In yet another nethod, the host cell containi ng t he
expression vectors of the instant invention can be identified by DNA- DNA
hybri di zat i or]mmﬂmumﬁﬂul‘ MI ementary to the TCR V region coding
sequence of t sequences of the present invention,

expressi on vect or's d&r BNA’ ol ecul es may -§6- det er mi ned by various net hods
known in the art. For exanple the dideoxy chain termination nmethod as

described in SarogerTﬁémahodof&ﬁnih?&)wEreixcthebhtehalhéﬁt&damﬁcalprotdd&%ﬁcxaﬁsﬁ&ﬁ&
5467.

11.  The method according to claim 10, wherein the protease deficient strain is selected from
- the group consisting of SG22094, $G21163, and SG21173.

12.  The method according to claim 1, wherein the expression vector further comprises the
g10 and the mini-cistron sequence (SEQ ID NO. 28) regulatory elements.

13..  The method of clairh 1 wherein the recombinant expression vector further comprises;
a) a tre promotor as the inducible bacterial promoter;

b) a ribosomal binding site;

¢) - atranscription terminator;

d) a laclts regulatory gene sequence;

e) a pBR322 origin of replication, and;

) a tetracycline resistance gene.

14. Themethod of claim 13 wherein the recombinant expression vector is selected from the
group consisting of pKTBi-VB5.3, and pKBi-VBS.3.

15.  The method of claim 13 wherein the recombinant expression vector further comprises a
. leader sequence. |

16. The method of claim 15 wherein the recombinant expression vector is selected from the
group consisting of pK-VBS.3, pKT-VBS5.3, pKTB-VB5.3, and pKBfVBS.3.

17.  An expression vector comprising a inducible bacterial promoter under the control of a
laclts gene, wherein said laclts gene controls the expression of a region encoding a full length T cell
~ antigen receptor V region protein.

18.  The expression vector of claim 17 wherein the inducible bacterial promoter is selected
from the group consisting of a /ac promoter, a tac promoter; and a frc promoter.

~ 19.  The expression vector of claim 17 wherein the inducible bacterial promoter is the tr¢
promoter. '



Fol | ow ng the—e*-an@#eé_—ér—évi—d'éé—he?ei n and utilizing one or nore of the
det ection rreth ﬁee?ﬁﬁs'é%en éﬁimée a person skilled in the art may, w thout

undue experi nen HIEIH Sel ect the conbi nati ons of expression -
vectors and  host Iﬂ] vi de optimal express V. re
proteins. By co []l E ular host strain witw'rg;rtl I5r/?jb!§08
expression vector of this invention, it is possible to obtain relatively

hi gh | evel expression of full length T cell receptor protein. Preferably,

t he | evel of expr ession of full length TCR V region protein i Least 300

ng per liter vel s of -expression can be obt iTh%I SHEBT HAS BEEN
exanpl e, by u5| g“g n Em\l “Frbodi ment in which E. coli SG2[L173 iREPLAEED
bacteri al host ran Bi~V[err]5. 35|7§ t he expression vector (see

exanpl es, infra). Such conbl nati ons of host and expression vectors of this

col | receptor  pSt orte et ABPir chiod ) i ibndlufiirisds ot ulior ) 20011 T
expressed, the proteins of the present invention can be purified according
to - 21, Anexpression vector which comprises in 5' to 3' direction;

a) a trc promotor;

b) a ribosomal binding site;

c) a region encoding a full length T cell antigen receptor V region protein;

d) . atranscription terminator;

e) a lachts regulatory gene sequence;

f)  apBR322 origin of replication, and;

g) a tetracycline resistance gene.

22. A bacterial cell transformed with the expression vector according to claim 17.

_ '23.  The expression vector of claim 17 wherein said vector is selected from the group
consisting of pK-STII-VBS.3, pKT-V85.3, pKTB-VB5.3, pKTBi-VB5.3, and pKBi-VBS.3.

24. A full length T cell antigen receptor V region protein produced by the method of claim
13. '

25. A pharmaceutical eompositiﬁn-which comprises a full length T cell antigen receptor V
region protein. - '

26. 'l'he phﬁmaceutical composition of claim 25 wherein the T cell antigen receptor V region
protein is the VBS.3 protein and has the formula: amino acid 1 to 92 of amino acid SequenceIDNo. 27. -
27. A method for treating an immune related disorder comprising administering to a subject
in need of such treatment a pharmaceutical composition comprising a full length T cell antigen receptor V
region protein.

28.  The method according to claim 27 wherein the immune related disorder is multiple

~ sclerosis.

29.  The method of claim 28 wherein the full length T cell antigen receptor V region protein is
the VB5.3 and has the formula: amino acid 1 to 92 of amino acid Sequence ID No. 27.




- — ——-

st andard procedures of t he art, including amoni um sul fate precipitation,
affinity chromatography, colum chromatography, gel electrophoresis and the
| i ke. (See. generally, Scopes, R, Protein Purification Spri nger Ver

(1982).) In a preferred enbodinent, the T cell antigePG'Fp gr#|s$8-
soluble. By this it is nmeant that the T ceII antigen receptor V reg| on IS

sol ubl e in an aqueous system A "sol.uble" protein is general
characterized by its failure to sedinent at roomtenperatur '
-19- force centrifugation (100,000 x g) out of an aqueous byffer. REPLACED
Solubility is particularly inportant in providing sinplicity in
purification of the TCR V region protein fromthe producing cell.

30. A substantially pure T cell antigen receptor VB 5.3 protein having the formula: amino
acids 1-92 of amino acid Sequence ID No. 27.

31.  The use of a substantially pure T cell antigen receptor V region protein in the
manufacture of a medicament for treatment of an immune-related discase.

33. A transformed bacterial cell which produces at least 300 milligrams of full length
recombinant T cell antigen receptor V@ protein per liter of cell culture.

33. A method of diagnosing an immune disorder comprising using a recombinant full length
T cell antigen receptaVregxonprotemtodeteum a biological sampleﬁun a patient the presence of a
particular subpopulatxon of T cells associated with an immune disorder or the presence of autoantibodies
recognizing the particular V region protein.

I
¢t Has Been Replaced
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Aqueous buffers used in protein chemistry typicaltly have a buffering
conmpound for maintaining a particular pH (typi:cally within a physiol ogical
range of about pH 5-9), provide a particular ionic strength (typically

bet ween about 10 mM and about’ 500 nM), and often incl ot

inhibitor and a m|d detergent. Exanples of standard m@m gﬁhé@&“ 08
buffered saline, -Tris-buffered saline or any of a nunber of buffers used in
protein isolation. (See, generally, Mthods in Enzynol ogy; Mhler and
Cordes Biological Chemstry (2d Ed.), Harper and Row, Ne
USE OF T CELL ANTI GEN RECEPTOR V REA ON PROTEI NS The presgent
provides for the first tine the neans for efficiently and “ecORON.E
produci ng di agnostically, therapeuticallssgand investigationally usef ul”
guantities of a TCR V region protein that is not a fusion protein or |inked
to an extraneous. sequence, such as an AHSTRAIQTY tail.

The present invention relates to the production of full length T cell antigen receptor V
region proteins. The invention provides for methods of expressing the proteins as well as expression
vectors for enhanced production of full length T cell antigen receptor V region proteins. The invention
further provides for the V5.3 region protein. The proteins of the invention have uses in the diagnosis
and therapy of immune-related disorders.

‘This'Sheet Has Been Replaced
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A I nvestigational Use and diagnosti c use The TCR V region proteins of
the present invention are useful in structural and functional studies on
éhe T ce}l antige?_re?eptor gTCR). Besi.des serving as substrates or binding
omai ns for specific forms of TCRs, these proteins naynsesve a I
conformational studies, e.g., by approximating the ndt Vve- confaﬁa?@ng’fos
various portions of the T cell receptor. The T cell V region groteins can
al so be used as diagnostic probes. In one specific embodinent
region proteins of the present invention may be used in deter
amount or the presence of a certain TCR V region subfamly in o+64
sanple. One such assay is described in RI rshaus C. W, International
~Patent Publication W02/08981, entitled "AHerapeutic and Di agnosti c Met hods
Usi ng Total Leukocyte Surface AntlgenFlgmsesluch the present invention
provi des nethods for diagnosing an i mune-rel ated di sease, such as nultiple

1 GGC GTA ACC CAA TCT CCG ACT CAC CTG ATC ARA ACG AGA GGA .CAG
CCG CAT TGG GTT AGA GGC TGA CTG GAC TAG TTT TGC TCT CCT GTC
1 Gly Val Thr Gln Ser Pro Thr His Leu Ile Lys Thr Arg Gly Gln

46 CAC GTG ACT CTG AGA TGC TCT CCT ATC TCT GGG CAC AAG AGT GTG
GTG CAC TGA GAC TCT ACG AGA GGA TAG AGA CCC GIG TTC TCA CAC
16 His Val Thr Leu Arg Cys Ser Pro Ile Ser Gly His Lys Ser Val

91 TCC TGG TAC CAA CAG GTC CTG GGT CAG GGG CCC CAG TTT ATC TTIT
AGG ACC ATG GTT GTC CAG GAC CCA GTC CCC GGG GTC AAA TAG AAA
31 Ser Trp Tyr Gln Gln Val Leu Gly Gln Gly Pro Gln Phe Ile Phe

136 CAG TAT TAT GAG AAA GAA GAG AGA GGA AGA GGA AAC TTC CCT GAT
GTC ATA ATA CTC TTT CTT CTC TCT CCT TCT CCT TTG AAG GGA CTA
46 Gln Tyr Tyr Glu Lys Glu Glu Arg Gly Arg. Gly Asn Phe Pro Asp

181 CGA TTC TCA GCT CGC CAG TTC CCT AAC TAT AGC TCT GAG CTG AAT
GCT AAG AGT CGA GCG GTC AAG GGA TTG ATA TCG AGA CTC GAC TTA
61 Arg Phe Ser Ala Arg Gln Phe Pro Asn Tyr Ser Ser Glu Leu Asn

226 GTG AAC GCC TTG TTG CTG GGG GAC TCG GCC CTG TAT CTC TGT Gee
CAC TTG CGG AAC AAC GAC CCC CTG AGC CGG GAC ATA GAG ACA CGG
‘76 Val Asn Ala Leu Leu Leu Gly Asp Ser Ala Leu Tyr Leu Cys Ala

271 AGC AGC [SEQ ID NO. 25]
TCG TCG (SEQ ID NO. 26]
91 Ser Ser - {SEQ ID NO. 27]

This Sheet Has Been Rep
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sclerosis (M5), by detecting the specific subset of T cells associated with
the di seagse. In another enbodi ment, the present invention can be used in
the generation of significant quantities of T cell antigen receptor V
region proteins for use in antibody production. The anti bodi es can be
prepared by using any of a nunber of techniques we PN |

produci ng a nonocl onal anti body (MAb), any nethod vapgnmrovaish?fga
production of antibody nol ecul es by continuous cell lines in culture my be
used. These nethods include, but are not limted to, the hybridona

techni ques originally described by Kohler and M stein, (19375, —Natu

256: 495-497); the nore recent human B cell hybridoma tec mﬂﬁj 5§®§Q§PE§F

al ., 1983, |mmunol ogy Today, 4:72); the EBV techni que (Cple etR
Monocl onal Anti bodi es and Cancer
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: . . 1!"}" NYY
- 20- erapy, Alan R Li'ss, nc.. pp. 77-96 (1Q«§5€)° 5amd tro}Sr L thﬁﬁ

For ms/SheeNHaa‘Been%qp y profiusis onzERHAS BEENep wblp'™ aw, H ,| et al .,

Ant i bod| ry Manpal , REPUAGPPI ng Har bor Labor atjrly MESEP 186 d
Spri ng *m

used as

88) The TCR Vregion proteins of the jnvention can be
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- The present invention is generally in the fields of immunology and medicine and relates
to full length recombinant T cell receptor (TCR) V region proteins, expression vectors for -
producing commercially useful amounts of recombinant T cell antigen receptor V region
proteins, and methods of ﬁsing full length recombinant T cell receptor V region proteins to

diagnose and treat diseases or disorders of the immune system.

BACKGROUND OF THE INVENTION
1. THE T CELI, ANTIGEN RECEPTOR

The immune response to foreign ahﬁgens is divided into humoral immunity, mediated
by B cells, and cellular immunity, mediated by T cells. The receptor molecules used by B cells
to recognize antigen are immunoglobulins which recognize conformational epitopes on globular
protein. The antigen receptors- on T cells are related to immunoglobulins, but bind processed
antigen molecules in association with self major histocompatibility complex (MHC) molecules
(Dembic et al., 1986, Immunol. Today, 7:308).

TCR genes, like immunoglobulin genes, consisf of coding regions (or gene segments)
which rearrange during T cell ontogeny (Chien et al., 1984, Nature, 312:31-35; Hedrick et al.,
1984, Nature, 308:149-153; Yanagi et al., 1984, Narture, 308:145-149). The human T cell
receptor B chain locus has been extensively studied since the cloning of the first cDNA encoding
the B-chain (Yanagi, Y., et al. 1984, Nature, 308:145-149; Hedrick et al., 1184, Nature, 308:149-
152; Siu et al., 1984, Cell, 37:393-401). This locus is a gene complex comprising regions
encoding known regions or domains of the B chain: the variable (V), diversity (D), and joining
(J) domains. These coding regions participate in somatic cell rearrangement with a region
encoding the constant (C) domain (Chien- et al., 1984, Nature, 309:322-326). In situ studies

* identified the location of the TCRB locus on chromosome 7 at 7q35 (Isobe et al., 1985, Science,
228:580). By current estimates, this complex spans more than 600 kb and contains 70 to 80
variable region segments (Concannon et al., 1986, Proc. Natl. Acad. Sci. USA, 83:6598-6602;
Tillinghast et al., 1986, Science, 233:879-883; Kimura et al., 1987, Eur. J. Immunol., 17:375-
383; Lai et al., 1988, Nature, 331:543-546). These V région gene segments are adjacent to two
tandemly organized regions, each of which includes a D and a C gene segment followed by a
cluster of six or seven J region gene segments (Tunnacliffe et al., 1985, Nucleic Acids Res.,
13:6651-6661); Toyonaga et al., 1985, Proc. Natl. Acad. Sci. USA, 82:8624-8628). Following

successful DNA rearrangement of the V, D, and J coding regions (gene segments), the translated
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coding regions (Chien et al., 1987, supra). In peripheral blood, two V& coding regions appear to
be predominantly expressed, namely, V5 1 and V3 2.

The ¥ TCR gene was identified, first in mice (Saito et al., 1984, Nature, 309:757-762;
Kranz et al., 1985, Nature, 313:762-755; Hayday et al., 1985, Cell, 40:259-269) and then in
humans (Lefranc et al., 1985, Nature, 316:464-466; Murre et al., 1985, Nature, 316:549-552).
The human y TCR locus appears to consist of between five and ten V, five J and two C coding
regions (Dialynas et al., 1986, Proc. Natl. Acad. Sci. USA, 83:2619).

TCR diversity, and thereby T cell specificity, is derived from several sources (Barth et
al., 1985, Nature, 316:517-523; Fink et al., 1986, Nature, 321:219-225): the multiplicity of

' germline gene ségments (Chien et al., 1984, Nature, 309:322-326; Malissen et al., 1984, Cell,
37:1101-1110; Gascoigne et al., 1984, Nature, 310:387-391; Kavaler et al., 1984, Nature,
310:421-423; Siu et al., 1984, Nature, 311:344-349; Patten et al., 1984, Nature, 312:40-46);
combinatorial diversity through the assembly of different V, D, and J coding regions (Siu et al.,
1984, Cell, 37:393-401; Goverman et al., 1985, Cell, 40:859-867); and junctional flexibility, N-
region diversity and the use of either multiple D regions or any of the three translational reading
frames for DB segments. TCR diversity does not appear to arise from the somatic
hypermutation mechanism observed for immunoglobulins (Barth et al., supra). As aresult of
these mechanisms, TCRs are generated which differ in their amino-terminal, or N-terminal,
domains (i.e., are constructed from combinations of V, D, and J coding regions) but are similar
elsewhere, including their carboxyl-terminal, or C-terminal domains (which constitute constant
: regions of TCRs). Accordingly, an extremely large repertoire of TCR molecules is generated.

Study of the structure and diversity of the human TCR 8-chain variable coding regions
has led to the grouping of these coding regions into distinct V region subfamilies (Tillinghast et
al., 1986, Science, 233:879-883; Concannon et al., 1986, Proc. Natl. Acad. Sci. US4, 83:6598-
6602; Borst et al., 1987, J. Immunol., 139:1952-1959). Each V region subfamily can be
characterized by a consensus sequence and contains similar coding regions exhibiting greater
than about 75% similarity in the DNA sequence. For instance, sixteen mouse VB sequences

have been categorized into fourteen different subfamilies by a proposed arbitrary, but simple,
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101:149; and Robinson, M.A., 1991, J. Immunol., 146:4392).
2. TCELLS IN AUTOI TY

T cells play a pivotal role in the differentiation and regulation of effector mechanisms
within the immune system (Paul et al., 1987, Science, 195:1293-1300). The co-recognition of
antigen and major histocompatibility molecules by a T cell must be specific and precisely
regulated, since improper immune regulation fosters autoimmunity. Several laboratories have
studied diseases in which there appears to be improper immune regulation, such as
autoimmﬁnity and some forms of immunodeficiency, and have implicated T cells in the
pathogenesis of such diseases.

Several undesirable immune responses are characterized by a clonal or oligoclonal
expansion of a particular TCR composition as, for example, in conditions of malignancy which
have resulted in a T cell leukemia or lymphoma. (See, e.g., Jack et al., 1990, Am. J. Pathol.,
136:17; Nitta, et al, 1990, Science, 249:672; and, Yoshino et al., 1991, Int. J. Cancer, 47:654).
In T cell leukémias or lymphomas, the TCR acts as a unique tumor marker because it is stably
rearranged and presented on the surface of the cell. A particular TCR composition is also
implicated in the recipient of an organ graft whose T lymphocytes have TCRs reactive with the
MHC antigens of the donor individual, as for instance the donor of a bone marrow graft.

Several groups have re;;orted selective TCR V region expression in certain autoimmune
situations. For instance, Grunwald et al., have noted a preferential expression of the V2.3 gene
product in CD4+ T cells in the bronchoalveolar lavage when compared to peripheral blood

| lymphocytes of patients with Sarcoidosis (Grunwald, J. et al., 1992, Eur J. Immunol., 22:129).
In Kawasaki disease the preferential expansion of VB2 and VB8 T cells was noted at the onset of |
disease (Abe, J., et al., 1992, Proc. Natl. Acad. Sci. USA, 89:4066).

-.Rheumatoid arthritis (RA) has been extensively studied in this regard. Several
investigétors have noted preferential expansion of certain of T cell subsets, e.g., DerSimonian, et
al., 1993, J. Exp. Med., 177:1623 (preferential expansion of Ve12.1-bearing T cells in CD3+
peripheral blood T lymphocytes); Stamenkovic, et al., 1988, Proc. Natl. Acad. Sci. US4,

85:1179 (syriovial membrane-infiltrating T cells grown in IL-2 were oligoclonal by Southern
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Inflammatory bowel disease has also been extensively studied. Several groups have

-21- partl’ﬂus%\ﬂetﬁ ﬁEﬁl‘g‘ﬁ V reg| on protein- &EMM%&EET

noted expanded T cell population or preferential TCR V region gene usage, €.g., Posnett et al.,
1990, J. Clin. Invest., 85:1770; Spencer et al., 1991, J. Clin. Pathol., 44:915; Trejdosiewicz et
al., 1991, Clin. Exp. Immunol., 84:440; Van Kerckhove et al., 1992, J. Exp. Med., 175:57. Still
others have reported preferential TCR V gene usage in Mycobacterium leprae (van Shooten et
al., 1992, Proc. Natl. Acad. Sci. USA, 89:11244; Wang et al., 1993, Proc. Natl. Acad. Sci. US4,
90:188. |

Multiple sclerosis (MS) is an autoimmune disease characterized by central nervous
system mononuclear cell infiltration and demyelination. Although the pathogenesis of MS is
unknown, both genetic and environmental factors have been implicated in the disease process.
Major elements of the genetic predisposition include an association of disease with particular
class IT major histocompatibility complex (MHC) haplotypes (Terasaid et al., 1976, Science,
1933:1245-1247; Ho et al., 1982, Imunogenétics, 15:509-517: Spielman et al., 1982,

 Epidemial. Rev., 4:45-65; Francis et al., 1986, Lancet, 1:211; Elian et al., 1987, Disease
Markers, 5:89-99 ; Urban et al., 1988, Cell, 54:577-592; Vandenbark, et al., 1989, Nature,
341:541-544; Howell et al., 1989, Science, 246:668-670).

It has been shown that T cells isolated from the cerebral spinal fluid of patients suffering
from MS utilize a limited set of TCR V region genes. The demonstration of in vivo activated
myelin basic protein (MBP)-specific T cells in MS patients implicates MBP-reactive T cells in
the pathogenesis of the disease (Wucherpfennig, K.W., et al., 1990, Science, 248:1016-1019).
Studies using polymerase chain reaction (PCR) amplification of c¢DNA with TCR VB primers
indicated that MBP-reactive T cell lines use only a limited number of VB coding regions
(Wucherpfennig, K. W., et al., 1990, supra (VB17, and to a lesser extent VB12, are frequently
used in the recognition of the immunodominant region of the human autoantigen MBP);
Oksenberg J. R., et al., 1993, Nature, 362:68-70 (rearranged VB5.2 and/or VB5.3 genes were
detected in the brains of patients with a certain HLA phenotype); Kotzin, B. L., 1991, Proc.
Natl. Acad. Sci. USA; 88:9161-9165 (a bias for use of the 3 chain variable region 5.2/5.3, and to

a lesser extent VB 6.1, seen among MBP-specific clones from patients with MS)). The results of
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the current view that potentially pathogenic T cells preferentially utilize a limited set of V
coding regions. The approach developed by Cohen uses live or attenuated T cells as a vaccine
to treat or prevent, inter alia, experimental autoimmune encephalomyelitis (EAE). However,
this approach is limited because it depends on the isolation if clones of disease-specific T cells:
it is necessary to treat each patient with his own expanded cells, thus requiring "tailor-made" or
individualized therapeutics. (See, Zhang, et al., 1993, Science, 261:1451).

Others have suggested the therapeutic use of TCR peptides based on TCR V region
involvement (Offner, H., 1991, Science, 251:430 (treatment with a peptide based on the TCR
VB8 amino acid sequence reduced severity of disease and accelerated recovery in Lewis rats);
Hashim, G.A., et al., 1992, J. Immunol., 149:2803-2809; Offner, H. et al., 1992, J. Immunol.,
148:1706-1711; Offner, H., et al., 1991, J. Immunol., 146:4165-417; but see Sun, D., 1992, Cell.
Immunol., 141:200-210). These peptides are generally short peptides, usually between 8-25
amino acids in length, and rarely more than 30 amino acids in length. For example a 21 amino
acid peptide present on the TCR chain associated with EAE has been used to prevent EAE in
Lewis rats (Vandenbark A.A. et al., 1989, Nature, 341:541-544; Vandenbark, A.A.,
International Pateﬂt Publication WO 91/01133; see also, Janeway, C.A., 1989, Nature, 341:482-
483). Others have reported that even shorter peptides of 8 or 11 amino acids, corresponding to
portions of the B chain VDJ region or the Jo region proved effective as vaccines for either
preventing or reducing the severity of EAE in a rat model (Howell, M.D. et al., 1989, Science,
246:668-671; Howell, M.D. et al., International Patent Publication WO 92/12996).

' Peptides derived from TCR proteins have commonly been chosen as candidates for
autoimmune therapeutics because of the ease of peptide synthesis and because no method has
been previously available for the production of longer TCR V region proteins in useful
quantities and having significant biological activity. More importantly, the major drawback of
small synthetic peptides is that their use requires a prediction of the particular sequence that
would be effective in modulating an immune response. Predictions must be made as to the
antigenic or immunogenic properties of the proposed peptides, as for example their occurrence

in the hypervariable or complementarity-determining region (CDR) of a V region. Additionally,
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target cells have polymorphic regions wherein specific alleles are associated with particular
individuals. For the most part, the individual will have two haplotypes, meaning that there will
be two different alleles of a particular MHC antigen from the same locus. Not all peptides will
have the capacity to bind to MHC antigens, nor will all MHC antigens bind to any single
peptide, since there are multiple MHC antigens for each haplotype. Therefore, the suitability of
such a peptide approach to T cell-mediated therapeutics must be determined on the haplotype of
each individual, requiring tailoring of peptides to the individual patient. |

4. PRODUCTION OF SOLUBLE T CELL ANTIGEN RECEPTOR

Production of large amounts of soluble TCR proteins by recombinant techniques has
been problemati.c for several reasons. A major obstacle to overcome in the production of
soluble T cell antigen receptor is the secretion in the absence of the transmembrane region
(Traunecker, A. et al., 1989, Immunol. Today, 10:29-32). One investigator was able to show
secretion of a full length monomeric B chain of the murine TCR including the V, D, andJ
regions followed by a truncated form of the CB region. The methodology took advantage of the
homology between the carboxyl-terminal end of the immunoglobulin light chain and the
sequence around Cys 241 in the TCR B chain. The resulting construct utilized the chimeric gene
encoding the k-chain leader peptide sequence from MPC-11 and a rearranged VDJ exon. The
resulting construct was expressed in mammalian cells and was detectable in the cell supernatant.
The method did not suggest, however, a means of obtaining a full length V region protein in the

| ébsence of extraneous protein sequences, since secretion was dependant on the presence of the
truncated Cfi exon (Gasgoigne, N., 1990, J. Biol. Chem., 265(16):9296-9301).

Another group attempted to achieve the expression of a soluble form of the TCR f chain
in biochemically significant quantities by the expression of a recombinant TCR heterodimer
anchored by a phosphatidyl inositol glycan linkage. The method produced small
(0.5mg/harvest) amounts of a full TCR chain which necessitated the cleavage from the surface
of the transfected cells by a phosphatidyl inositol-specific phospholipase C (Lin, A.Y., 1990,
Science, 249:677-679).



Specific T celThis eér \% req| on prote| ns assom at
di sease are |de ny of a [V ey ar e _
the art. Agene i hg 122

gravis or nultiple scler03|s was descr
1989, Proc. Natl. Acad. Sci. USA, 86:988-992. The tern1treatnent

' nstant i nvent ion @tﬁer@’ﬁ%pr&&ﬁcéd@ﬁd‘l&ﬁ: xﬂ(n@cui%kby'ﬁ{dfﬁiﬂé tl{éfvanﬁfl
"suppression” or “"treatnent” of the disease. "Prevention" involves

adm ni st r at i clemainspfithe prusing TCRethabarwstantiresionfiag immynagiebulin g lightichpinofhe he
di sease. Thug,,df éatﬁA@gﬂglaﬁl’e tb &hiek}? srﬁéﬁ Munmqg becPlted ORI RN bE] hetdtddinkdidrune

encephal onyel 1 ti's successtu mni stration
ol TCR (Gregoire, C., et al., 1991, Proc. Natl. Acad. Sci.USA, 88:8077-8081). Gregoire et al.

show a murine chimera consisting of the Ca and V& genes of the KB5-C2 joined to the C region

|nthe

of the x light chain of the S105 monoclonal antibody. Also shown is a VBCBCxk chimera. Both
are transfected into a mammalian B cell myeloma that does not express native immunoglobulin
heavy or light chains. (See also, Wéber, S., et al., 1992, Nature, 356:793-795).

Novotny et al., 1991, Proc. Natl. Acad. Sci. USA, 88:8646-8650, demonstrate a method
for producing soluble TCRs with antigen-combining properties. A synthetic oligo linker was
cloned onto the C terminus of the VB and the N terminus of the Vi region resulting in a single-
chain VBVe. The resultant expression vector encodes the pelB leader followed immediately by
in frame VB, the linker, and the Vo segments. The expression of this construct is under the
control of the lacZ promoter and is therefore IPTG-inducible. '

Recently, one group has shown the secretion of a small amount of a T cell receptor V
region fused to a carboxyl-terminal poyhistidine "tail". The plasmids contain the pelB leader
and are under the control of a chemically inducible promoter (Ward, E.S., 1991, Scand. J.
Immunol., 34:215-220). The work fails, however, to describe how to obtain a T cell antigen
receptor V region protein in the aBsence of a fusion partner, or how to obtain commercially

- useful amounts of the receptor V region.

There is a great need, therefore, for dgents and pharmaceutical compositions which have

the properties of specificity for the targeted autoimmune response, predictability in their !
selection, and convenience and reproducibility of preparation.
SUMMARY OF THE INVENTION _

The present invention addresses the above-mentioned problems by providing for the

first time the successful production of a universal agent for treating a given T cell-mediated
disease in which T cell subsets are implicated. In particular, the invention provides useful
quantities of full length TCR V region proteins that may be naturally proceésed, providing for
multiple active fragments upon in vivo processing, and presented by antigen-presenting cells of
each individual, thereby eliminating the need for "tailor-made" therapeutic agents. Also
provided is a class of recombinant expression vectors for the production of TCR V region
proteins in bacteria. The recombinant TCR V region proteins of the instant invention are useful
in the treatment, prevention or suppression of an immune-related disorder. In another
embodiment, the TCR molecules can be combined in an admixture with a pharmaceutically

acceptable carrier for use as a therapeutic composition. In another embodiment, the claimed
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produced in commercially acceptable amounts that enable the preparation of compositions
which are therapeutically effective in treating T cell-mediated autoimmune disease.

The invention further provides for an expression vector for the production of a pure full
length TCR V region molecule. The expression vectors of the invention include as an essential
element a coding region for a T cell antigen receptor V region. The TCR coding region of the
invention is any nucleic acid molecule encoding a full length TCR V region protein. Ina
preferred embodiment, the TCR coding region includes the structural coding sequence for the
VB5.3 region. .

The expression vectors described herein provide a means for the inducible expression of
TCR V region proteins. In preferred embodiments, the T cell antigen receptor V region coding
sequence is under the transcriptional control of an inducible bacterial promoter. According to
the present invention, the inducible bacterial promoter is subject to either chemical or thermal
regulation. Most preferably, the inducible bacterial promoter is subject to thermal induction.

In one embodiment, the expression vector of the instant invention includes a regulatory
gene coding for a protein capable of binding to the promoter and thereby repressing
transcription from the inducible promoter. In a preferred embodiment, the promoter is derived
from the E. coli lac operon and the regulatory gene comprises a functional mutation of the E.
coli lacI repressor gene. This mutant Jacl gene (laclts) codes for a temperature-sensitive
repressor protein, and utilizing this Jaclts gene permits thermal induction of the promoter. In a
preferred embodiment, the inducible bacterial promoter is a frc promoter, and the thermal
induction is provided by the laclts regulatory gene.

In one embodiment, the regulatory gene is located on a cotransformed vector. In
another embodiment, the regulatory gene is located in the bacterial host cell chromosome. Ina
preferred embodiment, the regulatory gene is located in the recombinant expression vector. Ina
further preferred embodiment, the transcription direction of the mutant Jac! gene is in the same
orientation as the T cell antigen receptor structural gene to be expressed.

The recombinant expression vectors of the present invention may advantageously
include a coding sequence for a leader or signal peptide. Such a leader sequence, fused in frame

and 5' to the TCR Vregion coding region to be expressed, directs the synthesis of a TCR V
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more transcription terminators, a Jaclts regulatory gene such that the transcription direction is
the same as that of the coding region for the T cell antigen receptor V region, a bacterial origin
of replication, and a tetracycline resistance gene.

This invention also provides methods for producing TCR V region proteins at
significantly increased levels than previously reported.

The present invention provides compositions and methods for treating a patient having
an immune-related disorder. Such treatment comprises administering to a subject in need of
such treatment, a composition in accordance with the present invention, in an amount and for a
period of time suitable to regulate said immune disorder. It is an advantage of the present
invention that the compositions of the invention allow for treatment of an immune related
disorder without the need to select a particular peptide fragment and without tailoring the
particulaf composition to the particular individual to be treated.

The invention also relates to the use of a full length T cell antigen receptor V region
protein in therapy for an autoimmune disease or disorder.- In a specific embodiment, the
invention relates to the use of a full length V85.3 protein in therapy. In another embodiment,’
the invention provides for the use of a full length T cell antigen receptor V region protein in the
manufacture of a medicament for treating an autoimmune disease or disorder. Therefore, in one
embodiment, the invention enables the use of a full length VB5.3 protein in the manufacture of a
medicament for the treatment of an immune related disease or disorder such as MS.

BRIEF DESCRIPTION OF THE FIGURES _
- Figure 1. The complete nucleotide sequence [SEQ ID NO. 25 and SEQ ID NO. 26] and
amino acid sequence [SEQ ID NO. 27] of the full length VB5.3 protein of the invention.

Figure 2. Plasmid map of pKTB-VB5.3. This plasmid contains Ptrc, the frc promoter;
g10, the g10 leader gene segment from bacteriophage T7; SD1, ribosome binding site 1; MC, a
‘mini-cistron encoding ribosome binding site 2 (SD2) AAG GAG (see SEQ ID NO. 28 for
complete mini-cistron nucleotide sequence) and the peptide Met Tyr Arg Leu Asn Lys Glu Glu
(SEQ ID NO. 29); STIL, the STII leader sequence; VB5.3, the VB5.3 coding region; T1T2,
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is to be under st oodhe present invention describes recombinant expression vectors and methods for the

efficient production of large quantities of a T cell antigen receptor V region protein and the use
thereof, including the diagnosis, treatment, prevention or suppression of immune-related
diseases or disorders.

A series of vectors has been developed for the production of enhanced levels of a full
length TCR V region protein. Additionally, a method is provided for producing commercially
useful amounts of a full length recombinant TCR V region protein using an expression vector of
the instant invention. The methods and expression vectors of the instant invention are unique
because they provide for the production of a full length T cell antigen receptor V region in the
absence of extraneous protein sequences or fusion partners. As detailed in the Background of

the Invention, supra, T cell antigen receptor V regions have, in the past, been produced only as
part of a larger protein, and at very low levels. These extraneous proteins may cause undesirable
immunogenicity when used in vivo, and they are frequently cited by regulatory authorities as
impermissible impurities. Previously purified V region proteins included other regions of the
TCR, such as the C region, fused to the V region. Others constructed expression systems that
provided for a TCR V region as a chimeric protein, e.g., a V region fused to a portion of an
immunoglobulin molecule.

The expression vectors and methods of the instant invention further provide for
enhanced levels of expression of a T cell antigen receptor V region protein. A primary
consideration in the production of a protein that has commercial utility, for examp!é, in research,
diagnostics and therapeutics, is the manufacture of commercially useful amounts of a protein.
The present invention therefore provides for the production of enhanced levels of TCR V region
proteins. The present invention makes possible the production of V region protein in large
amounts, e.g., from 1 and 500 mgy/liter of bacterial culture, or more. Preferably, the production
level of the TCR V region protein is at least 100 mg/liter. In a most preferred embodiment, the
instant invention provides for the production of at least 300 mg of VP protein per liter of
bacterial cell culture. ,

The methods and expression vectors of the instant invention provide for the production
of a TCR V region protein in thé absence of extraneous protein sequences. The invention
therefore eliminates several steps associated with obtaining a purified TCR V region protein if

prepared according to the prior art. In one embodiment, the present invention provides for
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buccal enzymes or chemical reagents into the system to obtain a protein free of any fused non-TCR

peptide segments or affinity tails. Not only are such manipulations likely to reduce the amount
of V region product recovered, they also introduce elements which must be eliminated, i.e., by
additional purification steps.

L. T CELL ANTIGEN RECEPTOR V REGION

The T cell antigen receptor V region protein of the instant invention is any full length T
cell antigen receptor V region. A full length TCR V region protein is encoded by a coding
region for a T cell antigen receptor V region. The TCRYV region coding region is a nucleotide
sequence encoding a full length T cell antigen receptor V region protein. Within the scope of
the present invention, V region includes the variable region of the T cell antigen receptor. In its
broadest aspects, the teachings of the present invention may be applied to obtain enhanced
expression of TCR proteins including the V region and, additionally, all or part of the D and/or J
regions. . '

~ TCRV region protein is produced in the absence of extraneous protein sequences, such
aé, for instance, other TCR regions, such as the constant region, the transmembrane region or the
cytoplasmic region. Further, the TCR V region protein of the invention is producéd in the
absence of non-TCR fusion partners, such as affinity tails. Further, the TCR \ region protein of
the invention is not produced as a part of a larger chimeric protein including portions of other
proteirx molecules, such as an immunoglobulin protein.

Recognizing that the DNA sequence encoding one of the complementarity-determining
regions (CDRs) of a T cell receptor’s V region may actually span the known juncture between
the V and D coding regions (as in the case of the CDR3 of Vf 5.3), as used herein, a "full

* length" V region coding region may include the entire coding sequence of such a CDR that
spans the V-D _]uncture, the portion of such a CDR that only resides in the known V region, or
none of the sequence coding for such a CDR. Furthermore, the full length T cell antigen
receptor V region protein of the present invention can be any of the T cell antigen receptor V
regions and is not limited to only VP regions (i.e., V regions of the TCR B-chain). Therefore,
the T cell antigen receptor V region protein can be a variable region of the o subunit, the p

subunit, the & subunit, or the ¥ subunit.
[ —
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The DNA sequences of the present invention may be prepared in various ways. It is
preferred that the DNA sequences of the T cell antigen receptor V regions be prepared by
polymerase chain reaction (PCR) using DNA sequences coding for the intact TCR as templates.
A human Vp region ean be prepared, for instance, via amplification of cDNA prepared from
human peripheral blood lymphocytes stimulated by an anti-CD3 antibody, following the
procedure of Choi et al., 1989, Proc. Natl. Acad. Sci. USA, 86:8941-8945.

In one aspect of the present invention, the coding region for a full length T cell antigen
receptor V region is obtained from any clone containing the full length sequence. For example,
several TCR V region sequences and cDNA clones containing the full length coding regions are
described in Concannon et al., 1986, Proc. Natl. Acad. Sci. USA, 83:6598-6602.

Preferred TCR V region proteins of the instant invention are those implicated in an
immune-related disease or disorder, particularly, e.g., Vp 8.1 (Kawasaki disease; see, Abe et al.,
1992, Proc. Natl. Acad. Sci. USA, 89:4066), VB 6.1 (leprosy; see, Wang, et al., 1993, Proc. Natl.
Acad. Sci. USA, 90:188), VB5.1 (Lyme disease; see, Lahesma et al., 1993, J. Immunol.,
150:4125), VB5.2, or V5.3, or VB6.1 (multiple sclerosis; see Kotzin, et al., 1991, Proc. Natl.

. Acad. Sci. US4, 88:9161), VP2.1, or VB3.1 (rheumatoid arthritis; see Uematsu, et al., 1991, '
Proc. Natl. Acad. Sci. USA, 88:8534). (See also, Hafler, D.A. et al., 1988, J. Exp. Med.,
167:1313; and Mantgazza R. et. al., 1990, Autoimmunity, 3:431).

The TCR expressed by a T cell clone in an autoimmune disease or a T cell clone
responding to a particular autoantigen can be identified using TCR-specific antibodies, for
example polyclonal, monoclonal or chimeric antibodies that are specific for a TCR variable
eegment, in conjunction with an antibody labelling method, including fluorescence microscopy,
flow cytometry, immunocytochemistry, or other techniques known in the art. Such antibodies
have been described for a number of TCR & and/or B chain V regions (see, for example,
International Patent Publication WO 90/06758).

Alternatively, the DNA or mRNA of the T cell clone can be probed directly, or after
amplification by PCR (Synha et al., 1988, Science, 239:1026; Saiki et al.,1986, Nature,

324:163), and specific hybridization with nucleic acid probes for the various TCR gene families,
_——————_/’———
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sequence encodmg at least part of the TCR, for example, after cloning the TCR V gene, or by

determining the amino acid sequence of at least part of a TCR protein. It will be apparent that

any of the above-mentioned approaches, or additional apprdaches known to one of skill in the

art, will result in the identification of the TCR expressed on a T cell or clone or line of T cells.

Examples of molecular approaches used to correlate TCR gene expression with disease

include:

(1) producing and analyzing cDNA libraries obtained from the disease-related T

. cells obtained from one or more subjects having the disease, to determine the

presence of frequently used or 'dominant' TCR genes;

@) Southern analysis of disease samples to determine whether specific genetic

polymorphism (e.g., RFLPs) or oligoclonal TCR rearrangements exist;

3 analysis of disease samples by cDNA synthesis, PCR amplification, and slot

blot hybridization procedures; and

@ in situ nucleic acid hybridization of TCR probes to T cells without prior culture

of these cells.

Preferred TCR V region proteins include V8.1, Vp5.2, or VB5.3.
cDNA encoding V5.3 and the amino acid sequence for VB5.3 are shown
SEQ ID NOS. 25, 26 and 27.)

Double-stranded
in Figure 1. (See,

A T cell antigen receptor V region clone can be introduced into the expression vectors

~ of the instant invention by methods known to those skilled in the art. For example, from a

cDNA clone, the V region is PCR synthesized incorporating an initiating ATG at the §'

terminus. Any convenient restriction site can be synthesized which incorporates an initiating

codon and reconstitutes the 5' coding region of the V region. In a preferred embodiment, the

restriction site is an Ncol site. A stop codon and an appropriate restriction

site are engineered at

the 3' end of the V region coding sequence so that it can be subcloned into the vector.

It should be understood that the methodology of the present invention can be used to

prepare full length TCR V regions derived from animal species other than human.

2. EXPRESSION VECTORS

A recombinant expression vector within the scope of the present invention is a plasmid

which contains exogenous DNA in the form of a nucleic acid coding TCR V region to be

expressed. The recombinant expression vector of the present invention is introduced into a
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of the present invention is a plasmid which contains the TCR V region gene to be expressed

under the transcriptional and translational control of regulatory elements, such as for instance
the promoter, ribosomal binding site and transcription terminator. In addition it contains an
origin of replication for stable replication in bacteria. It also preferably includes a gene coding
for resistance to an antibiotic to facilitate selection of plasmid-bearing transformant cells.
Expression of the cloned sequence occurs when the expression vector is introduced into an
appropriate host cell.

Expression vectors useful in the present invention are often in the form of plasmids.
Plasmids refer to circular double-stranded DNA sequences which are not integrated in the

. chromosome. The expression vectors of the present invention may also include other DNA
sequences, for example leader or signal sequences which provide for targeting or stability of the
expression product, and/or regulatory sequences which allow modulation of gene expression, for
example in response to a shift in temperature or a change in compééition of the growth medium. -

The expression vectors contain one or more control sequences operably linked to the
DNA sequences coding for the TCR V region. The term "operably linked" within the scope of
the present invention means that one nucleic acid sequence ,which has a regulatory function for
gene expression or encodes a functional protein domain, is covalently linked, either 5' or 3', to a
second nucleic acid sequence encoding a protein, so that the regulatory function is exerted over
the second nucleic acid sequence or the encoded functional domain will be fused in frame to the
protein encoded by the second nucleic acid. Such regulatory functions for gene expression
typically include initiation of transcription, termination of transcription, and mRNA transcript
processing. Nucleic acid sequences that exert such regulatory functions over gene expression
include promoters of transcription, transcription terminators, and mRNA processing signals.
Functional domains that may be "operably linked" to another protein include, for example,
leader or signal peptides which permit transport of proteins across cell membranes.

In one embodiment, the promoter may be any inducible promoter. In a preferred
embodiment, the promoter is one that is regulated by the presence or absence of certain media
components. One skilled in the art will recognize that several bacterial promoters subject to the
control of the presence or absence of certain media components can be used in connection with

the expression vectors of the instant invention. It is preferred that the promoter be a strong
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derived by fusing the -10 region of the Jac UV5 promoter with the -35 region of the tryptophan
operon (de Boer et al., 1983, Proc. Natl. Acad. Sci. US4, 80:21-25; Amann et al., 1983, Gere,

25:167-178.) The trc promoter is identical to the fac promoter with the exception of a single

base pair change in the promoter (Brosius et al., (1985) supra).

In a further embodiment, the expression vector of the instant invention is modified to

allow for the secreted expression of the full length TCR V region protein of the invention by a

temperature shift. According to this embodiment, the expression vector allows for the
' expreséion of TCR V region protein in the absence of chemical inducers, which obviates the

need to use such elements as IPTG and bacterial host strains containing the JacI or the lac/?

genes. Preferred embodiments of the expression vectors of the instant invention include a

regulatory gene which allows for the thermal induction of protein expression. The regulatory

gene sequence most preferably is the Jaclts gene, which encodes a temperature-sensitive lac

repressor. _ _ _
In a further preferred embodiment, the Jaclts gene is located proximal to and
downstream of the transcription terminator, and its transcription direction is the same as that of
the V region coding sequence.

In addition, the expression plasmids of this invention preferably contain one or more
selectable genetic marker(s). Preferably, the selectable genetic marker confers resistance to a
antibiotic, such as ampicillin, kanamycin or tetracycline. Most preferably, the selectable marker
is the tetracycline resistance gene.

Additionally, the vector includes a bacterial origin of replication. In a preferred
embodiment, the origin of replication is derived from pBR322. The expression vector also
contains a ribosome binding site and the transcription terminators of the 7nB ribosomal RNA
operon of E. coli (Brosius et al., 1981, Plasmid, 6:112-118.)

In a preferred embodiment, an expression vector of the instant invention contains as
essential elements in the 5' to 3' direction: a DNA sequence which contains a promoter and an
operator; a DNA sequence which contaiﬁs a ribosomal binding site for rendéring the mRNA of

the desired gene capable of binding to ribosomes within the host cell; an ATG initiation codon
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replication in the host cell and a DNA sequence which contains a gene associated with a
selectable or identifiable phenotypic trait which is manifested when the vector is present in the
host. The expression vector may optionally include a signal or leader coding sequence operably
linked, i.e., fused in frame, to fhe 5' end of the nucleic acid sequence encoding the TCR V region
so that translation of the leader sequence-TCR V'region sequence results in a leader peptide-
TCR V region fusion protein in which the leader peptide at the amino terminus of the fusion
protein directs secretion of the TCR V region protein across a host cell membrane. In certain
preferred embodiments, the expression vector contains a regulatory gene which allows for the
expression of the secreted 'protein by a temperature shift. .

In a more preferréd embodiment, the expression vector contains the following essential
elements in 5' to 3' direction: The #rc promoter which is composed of the -10 region of the lac
UVSI promoter fused with the -35 region of the tryptophan operon (de Boer et al., supra; Amann
et al. (1983) supra); a strong ribosome binding site; the TCR V region coding regioh to be
expressed; the two transcription terminators from the rrzB ribosomal RNA operon; the laclts

. gene coding for the temperature-sensitive Jac repressor; the pBR322 origin of replication; and a
tetracycline resistance gene. An example of such a preferred embodiment, the expression vector
pKBi-Vf5.3 was deposited under the Budapest Treaty with the American Type Culture
Collection (ATCC) under accession no. 69739 on January 6, 1995.

Expression vectors of the invention may contain a leader sequence encoding a signal
peptide operably linked 5' of the TCRV region coding region. On expression, amino-terminal

'. signal peptide will direct secretion of the TCR V region protein across the host cell membrane,
into the periplasm or the culture medium. One skilled in the art will recognize that many leader
i sequences may be used in connection with the expression vector of the instant invention. One
suitable leader sequence is the pelB signal sequence from E. carotovora (Leietal., 1987, J.
Bacteriology, 169:4379-43 83). Another suitable leader sequence is the heat stable enterotoxin II
(STII) signal sequence of E. coli (Morioka-Fujimoto et al., 1991, J. Biol. Chem., 266:1728-
1732). '
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mcorpora d into the 3' end of the STI leader Therefore, in a further preferred embodiment,

the expression vector comprises in the 5' to the 3' direction: the frc promoter which is composed
of the -10 region of the lac UV5 promoter fused with the -35 region of the tryptophan operon; a
strong ribosome binding site; the STII leader; the coding region for the T cell antigen receptor V
region to be expressed; the transcription terminators from the r#nB operon; the laclts gene
coding for the temperature sensitive lac repressor; the pBR322 origin of replication; and a
tetracycline resistance gene. In a most preferred embodiment, the expression vector is pKB-
VpBs.3. _

The expression vectors of the present invention may be constructed using standard
techniques known in the art. (See, e.g., Maniatis et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1982).)

; The present invenﬁon additionally concerns host cells containing an expression vector
which contains a DNA sequence coding for a full length TCR V region. Additionally, preferred
host cells contain an expression vector comprising one or more control DNA sequences capable
of directing the replication and or the expression of a DNA sequence coding for a full length T
cell antigen receptor V region protein. Suitable host cells include prokaryotic host cells; and in
preferred aspects, the prokaryotic host cell is a bacterial host cell, most preferably an E. coli cell.

One skilled in the art will understand from the teaching of the instant application that
the particular expression vector used will influence the choice of host strains selected for the *
production of the full length TCR V region proteins. For instance, in the expression vectors
subject to chemical induction within the scope of the present invention, bacterial host strains
which harbor the lac! or lacI* gene, which regulate the frc promoter, are especially useful. In
expression vectors within the scope of the present invention that contain a regulatory gene such
as the laclts gene, which provides for a temperature-sensitive repressor, bacterial host strains

~ that do not harbor the wild type lacl or lacP® genes are preferred. A particularly preferred host
cell is LJ24.

In certain embodiments, the expression vector of the instant invention does not contain a
leader sequence. In certain preferred embodiments the bacterial host strain is E. -coIi BL21, or
more preferably a protease deficient E. coli strain, such as 8G21163, $G22094, or SG21173.

The expression vectors of the present invention may be introduced into the host cells by
various methods known in the art which may vary depending on the type of cellular host. For

) example, calcium chloride treatment or electroporation are commonly utilized for prokaryotic
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TCR V region protein may be identified by any appropriate means. In the following examples,
for instance, production of V region protein is detected immunologically using an immunoassay.
Alternatively, the host cell containing the expression vector of the instant invention may be
identified by assessing the level of transcription of TCR V region DNA by measuring TCR-~
specific V region mRNA transcripts in the host cell (e.g., by Northern blot analysis). In yet
another method, the host cell conta%ning the expression vectors of the instant invention can be
identified by DNA-DNA hybridization using probes complementary to the TCR V region coding
sequence of the vector.

The DNA sequences of the present invention, expression vectors or DNA molecules

- may be determined by various methods known in the art. For example the dideoxy chain
termination method as described in Sanger et al., 1977, Proc. Natl. Acad. Sci. USA., 74:5463-
5467.

Following the examples provided herein and utilizing one or more of the detection
methods described above, a person skilled in the art may, without undue experimentation,
readily select the combinations of expression vectors and host cells that provide optimal
expression of TCR V region proteins. By combining a particular host strain with a particular
expression vector of this invention, it is possible to obtain relatively high level expression of full
length T cell receptor protein. Preferably, the level of expression of full length TCR V region
protein is at least 300 mg per liter of culture. Such levels of expression can be obtained, for

) example, by using a preferred embodiment in which E. coli SG21173 is the bacterial host strain
and pKBi-V5.3 is the expression vector (see examples, infra). Such combinations of host and
expression vectors of this invention permit the production of significant quantities of full length

Teell receptor protein at a lower cost than previously available.

Once expressed, the proteins of the present invention can be purified according to
standard procedures of the art, including ammonium sulfate precipitation, affinity
chromatography, column chromatograpﬁy, gel electrophoresis and the like. (See. generally,
Scopes, R., Protein Purification, Springer-Verlag, NY (1982).)

In a preferred embodiment, the T cell antigen receptor V region is soluble. By this it is
meant that the T cell antigen receptor V region is soluble in an aqueous system. A "so]txblé"

protein is generally characterized by its failure to sediment at room temperature under high G-
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New York (1966).)
3. USE OF T CELL ANTIGEN RECEPTOR V REGION PROTEINS

The present invention provides for the first time the means for efficiently and
economically producing diagnostically, therapeutically and investigationally useful quantities of
a TCR V region protein that is not a fiision protein or linked to an extraneous sequence, such as
an affinity tail. '

) A, Investigational use and diagnostic use

The TCR V region proteins of the present invention are useful in structural and
functional studies on the T cell antigen receptor (TCR). Besides serving as substrates or binding
domains for specific forms of TCRs, these proteins may serve as tools for conformational
studies, e.g., by approximating the native conformation of various portions of the T cell
receptor.

* The T cell V region proteins can also be Esed as diagnostic probes. In one specific
embodiment, the TCR V region proteins of the present invention may be used in determining the
amount or the presence of a certain TCR V region subfamily in a biological sample. One such
assay is described in Rittershaus C.W., International Patent Publication W092/08981, entitled
"Therapeutic and Diagnostic Methods Using Total Leukocyte Surface Antigens”. As such, the
present invention provides methods for diagnosing an immune-related disease, such as multiple
sclerosis (MS), by detecting the specific subset of T cells associated with the disease.

' In another embodiment, the present invention can be used in the generation of
significant quantities of T cell antigen receptor V region proteins for use in antibody production.
The antibodies can be prepared by using any of a number of techniques well known in the art.
For producing a monoclonal antibody (MADb), any method which provides for the production of
antibody molecules by continuous cell lines in culture may be used. These methods include, but
are not limited to, the hybridoma techniques originally described by Kohler and Milstein, 1975,
Nature, 256:495-497); the more recent human B cell hybridoma technique (Kozbor et al., 1983,

Immunology Today, 4:72); the EBV technique (Cole et al,, clonal Antibodies and Cancer
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The TCR Vregion proteins of the invention can be used as diagnostic probes based on

their ability to react with autoantibodies present in a biological sample.

The present invention also contemplates labeled derivatives of the TCR V region
proteins which can be detected by appropriate monitors, such as scintillation and Geiger
counters, or radiographic film. Such derivatives include, for example %I, **'I, “C, *S, °H, '"In,
%M, Tc and the like, for in vitro and in vivo diagnostic purposes.

B. Therapeutic use

As mentioned above, the present invention is useful in the therapy of immune-related
disease. The term "immune-related disease” as used herein refers to a disease in which the
immune system is involved in the pathogenesis of the disease, or in which appropriate
stimulation of the immune system can result in protection from the disease. Relevant diseases
include, but are not limited to, autoimmune diseases, neoplastic diseases, infectious diseases,
hypersensitivity, transplantation, graﬂ-versus-hosf disease, and degenerative nervous system
diseases. Autoimmune diseases include, but are not limited to, arthritis, such as rheumatoid
arthritis, type I diabetes, juvenile diabetes, multiple sclerosis, autoimmune thyroiditis
(Hashimoto's thyroiditis), myasthenia gravis, systemic lupus erythematosus (SLE), Sjogren's
syndrome, Graves disease, Addison's disease, Goodpasture's syndrome, scleroderma,
dermatomyositis, myxedema, polymyositis, perhicious anemia, inflammatory bowel disease
including Crohn's disease and autoimmune atrophic gastritis, and autoimmune hemolytic
anemia. Neoplastic diseases include, but are not limited to, lymphoproliferative diseases such as
leukemias, lymphomas, Non-Hodgkin's lymphoma, and Hodgkin's lymphoma, and cancers such
as cancer of the breast, colon, lung, liver, pancreas, melanoma, renal carcinoma, efc. Infectious
diseases include but are not limited to viral infections caused by viruses such as HIV, HSV,
EBV, CMB, Influenza, Hepatitis A, B, or C; fungal infections such as those caused by the yeast

- genus Candida; parasitic infections such as those caused by schistosomes, filaria, nematodes,
trichinosis or protozoa such as trypanosomes causing sleeping sickness, plasmodium causing
malaria or leishmania causing leishmaniasis; and bacterial infections such as those caused by
mycobacterium, corynebacterfum; or staphylococcus. Hypersensitivity diseases include but are
not limited to Type I hypersensitivities such as contact with allergens that lead to allergies, Type
IT hypersensitivities such as those present in Goodpasture's syndrome, and myasthenia gravis.

Therapeutic use of the TCR V region proteins of the invention is premised upon the

correlation between a specific immune-related disease and the preferential expression of a

This Sheet Has Been Rep laced




-

manuf acturer's specifications. Synthetic | 1.eGf (e
from Qperon Technol ogies, Inc., XI anmed ”ﬁé sg@@pgﬁe e
i ndi cated. 4 i gonucl eoti des were annea
concentrations of the conplenentary oligomicleotides in 1
mM MgC [err] and placing in 100[err]C for 5 mn and then

25[err] C. Pol | .
1985, Sci enc@ GG ed Bl Sabldr Yot byt ‘"@{W"%ﬁﬁ@ ‘ffi“.“““'a?u o

usi ng the Gemegwprercncagingta TGR V(rdgien protei (Thpyghethe pxeaiepbm&(mﬂeﬁsh%@r'\faéwhm@

USA
gret hZ)Zj (Sang%?g}e{f&%%r %%g& bhﬂﬁgtqiﬁ)icﬁ dg& &%&%@ﬁﬁ%&bﬂ%& gg{?‘f) usi ng

t he Sequenasasddtd re(ghna& tthumh&rrespaxhsp irCineindivisina, Sﬁ!dlf(cal‘l%)“)hereAh&? presensei atal

reagents were, of t est avaid-abl e.
of cell cult PR m#@% h'§ "E,sé' f AR %’ﬁf&lé!?f Yol cggelatfsr g%ﬁm@@gﬁnﬁwg%ﬁ%ﬁ "
were used to disarter bad éhn'\‘_treaﬁhmndmdual by neutralizing the T cells carrying that particular V region

protein. Further, introduction of the TCR V region protein may affect immunosuppressive
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fuﬁctions by stimulating regulatory T cells which will specifically interact with T cells bearing a
targeted V region. It is also likely that the TCR V region protein may elicit an antibody
response that will specifically interact with the targeted V region on T cells and in turn modulate
the immune response.

. The full length T cell antigen receptor V region proteins of the instant invention provide
distinct advantages in the treatment of an immune related disease. Prior to the instant inventioh,
therapeutic options for treatment of immune related disease with specific T cell involvement
included: (a) no treatment with possible spontaneous resolution; (b) treatment with peptides
corresponding to distinct segments of the'T cell antigen receptor V region; (c) nonspecific
treatments such as steroids or non-steroidal anti-inflammatory agents. However, none of these
afforded the particular advantage of the present invention. The therapeutic methods of the
instant invention have the distinct advantage over the prior art methods of treating an immune
related disease in that the methods of the present invention target only the particular T cell
subset expressing a particular TCR V region and can be used across a diverse range of affected
individuals, since the invention provides for the elimination of the need to select a particular -
peptide based on the MHC haplotype of a particular individual. The method of the present
invention more closely approaches the goal of modulating only disease-related T cells while
sparing or not affecting other T cells in the subject. The invention therefore achieves a greater
specificity of therapy across a wider population.

In a preferred embodiment, a full length T cell antigen receptor V region protein may be '
" used to down-regulate or eliminate a subset of T cells that exhibit a TCR incorporating the same
V region. The T cell antigen receptor V region protein can be used in a therapeutic situation to
modulate the activity of those T cells bearing the targeted V region or to induce
unresponsiveness in the actively responding population-of T cells bearing the targeted V region.
In this situation the T cell antigen receptor is used as a therapeutic composition in a subject.
Specific T cell antigen receptor V region proteins associated with a given disease are

identified using any of a variety of techniques well known in the art. A genetic approach using
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resulted in "prevention" of the disease.

"Suppression” involves administration of the composition after the inductive event but
prior to the clinical appearance of the disease. Again, using the EAE example, successful
administration of a protective composition after injection of the encephalitogen but prior to the
appearance of neurological symptoms, resulted in "suppression” of the disease.

"Treatment" involves administration of the protective composition after the appearance
of the disease. In the EAE example, successful administration of a protective composition after
injection of encephalitogen and after clinical signs had developed resulted in "treatment” of the
disease.

For measuring preventative, suppressive or therapeutic benefit of the TCR V region
protein of the present invention, certain clinical outcomes are measured. In particular, alteration
of proliferative response of lymphocytes in vitro can be measured. Assays for measuring the
therapeutic benefit of the particular V region protein are known in the art.

Animal model systems which can be used to screen the effectiveness of the proteins in
protecting against or treating the disease are available. Systemic lupus erythematosus (SLE) is
tested in susceptible mice as disclosed by Knight et al., 1978, J. Exp. _Med., 147:1653 and
Reinersten et al., 1978, 299:515. Myasthenia gravis (MG) is tested in SJL/J female mice by
inducing the disease with soluble AChR protein from another species as described in Lindstrom
et al., 1988, Adv. Immunol., 42:233-284. Arthritis is induced in a susceptible strain of mice by |
injection of Type II collagen as described by Stuart et al., 1984, Ann. Rev. Immunol., 42:233-

| 284. Adjuvant arthritis is induced in susceptible rats by injection of Mycobacterial heat shock
protein as described by Van Eden et al., 1988, Nature, 331:171-173. Thyroiditis is induced in
mice by administration of thyroglobulin as described by Maron et al., 1986, 152:1115-1120.
Insulin-dependant diabetes mellitus (IDDM) occurs naturally or can be induced in certain strains
of mice such as those described by Kanasawa, et al., (1984). EAE in mice and rats serves as a

model for MS in humans. In this model, the demyelinating disease is induced by administration
of myelin basic protein (MBP) as described by Paterson, P.Y ., Text ok of Immunopathology,
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correspond to an appropriate site of the disease-associated human TCR. It is to be understood

that modifications of the protein sequence delineated in a particular animal model may be
required in order to treat subjects belonging to other species, including humans.

4. HARMACEUTICA TI IN
T CELL AN N TORV N

The proteins and compositions of the present invention, or their functional derivatives,
are well suited for the preparation of pharmaceutical compositions. The pharmaceutical
compositions of the invention may be administered to any animal which may experience the
beneficial effects of the compositions of the invention. Foremost among such animals are
humans, although the invention is not intended to be so limited.

The pharmaceutical compositions of the present invention may be administered by any
means that achieve their intended purpose. For example, administration may be by parenteral,
subcutaneous, intravenous, intradermal, intramuscular, intraperitoneal, transdermal, or buccal
routes. Alternatively, or concurrently, administration may be by the oral route. The proteins
and pharmaceutical compositions can be administered. parenterally by bolus injection or by
gradual perfusion over time. _

The dosage administered will be dependent upon the age, sex, health, and weight of the
recipient, kind of concurrent treatment, if any, frequency of treatment, and the nature of the
effect desired. The dose ranges for the administration of the composiﬁons of the present
invention are those large enough to produce the desired effect, whereby, for example, an
immune response to the proteins as measured by delayed-type hypersensitivity (DTH) or
antibody production, is achieved, and the immune-related disease is significantly prevented,
suppressed, or treated. The doses should not be so large as to cause adverse side effects, such as
unwanted cross reactions, generalized immunosuppression, anaphylactic reactions and the like.

Preferred doses for humans range between about 0.001 - 1 mg/kg body weight.

In addition to proteins of the invention which themselves are pharmacologically active,
pharmaceutical compositions may contain suitable pharmaceutically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Preferred compositions include the inclusion
of an adjuvant, such as alum, or other adjuvants known in the art. (Seé, for example, Warren et
al., 1986, Ann. Rev. Immunol., 4:369-388; Chedid, L., 1986, Feder. Proc., 45:2531-2560.)

To enhance delivery or bioactivity, the proteins can be incorporated into liposomes

using methods and compounds known in the art. _ _
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sucrose, mannitol or sorbitol cellulose preparations and/or calcium phosphates, for example

tricalcium phosphate or calcium hydrogen phosphate, as well as binders such as starch paste,
using, for example, maize starch, wheat starch, rice starch, potato starch, gelatin, tragacanth,
methyl cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose, and/or
polyvinyl pyrrolidone.

Other pharmaceutical preparations which can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer such as
glycerol or sorbitol. The push-fit capsules can contain the active compounds in the form of
granules which may be mixed with fillers such as lactose, binders such as starches, and/or
lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the .
active compounds are preferably dissolved or suspended in suitable liquids, such as fatty oils, or
liquid paraffin. In addition, stabilizers may be added.

Possible pharmaceutical preparations which can be used rectally include, for example,
suppositories, which consist of a combination of one or more of the active compounds with a
suppository base. Suitable suppository bases are, for example, natural or synthetic triglycerides,
or paraffin hydrocarbons. In addition, it is also possible to use gelatin rectal capsules which *
consist of a combination of the active compounds with a base. Possible Ease materials include,
for example, liquid triglycerides, polyethylene glycols, or paraffin hydrocarbons.

Suitable formulations for parenteral administration include aqueous solutions of the
proteins in water-soluble form, for example, water-soluble salts. In addition, suspensions of the
proteins as appropriate oil injection suspensions may be administered. Suitable lipophilic

| solvents or vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid esters, for
example, ethy! oleate or triglycerides. Aqueous injection suspensions containing substances
which increase the viscosity of the suspenéion include, for example, sodium carboxymethyl
cellulose, sorbitol, and/or dextran. Optibnally, the suspension may also contain stabilizers.

The proteins are formulated using conventional pharmaceutically acceptable parenteral
vehicles for administration by injection. These vehicles are nontoxic and therapeutic, and a
number of formulations are set forth in Remington's Pharmaceutic Sgience (Martin, EW.,

ed.) Mack Publishing Co. Easton, PA (1990). Nonlimiting examples of excipients are water,
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Effective doses of the proteins of this invention for use in preventing, suppressing, or
treating an immune-related disease are in the range of about 1 ng to 100 mg/kg body weight. A
preferred dose range is between about 10 ng and 10 mg/kg body weight. A more preferred dose
range between about 100 ng and 1 mg/kg body weight.
Methods to increase the effectiveness of proteins are known in the art. These techniques
" may be used in conjunction with the proteins o_f the instant invention.

The following examples are offered by way of illustration and not limitation.

XAMPLES
The following general techniques are used throughout the following Examples.
1. ENERAL MATE S METHODS.

A. Bacteria, plasmids, and general methods
Escherichia coli GM2929, methylase-negative, and E. coli LJ24 (lac deletion)

(Rasmussen et al., 1991, J. Bacteriology, 173:6390-6397) were gifts from Dr. Martin Marinus,
University of Massachusetts Medical School, Worcester, MA. E. coli IM109 (Yanisch-Perron
et al., 1985, Gene, 33:103-119) were purchased from Promega Corporation, Madison, WI
(USA). BL2! (lon, ompT") (Wood, W.B., 1966, J. Mol. Biol., 16:118-133; Studier and Moffatt, '
. 1986, J. Mol. Biol., 189:113-130) were purchased from Novagen, Madison, WI (USA).
S$G22094 (lon, clp?), SG21163 (lon, htpr’) and SG21173 (lom,, htpr, clp’) were gifts from Dr.
Susan Gottesman, National Institutes of Health, Bethesda, MD (USA). These Gottesman strains
have the JacI gene deleted. Bacteria were made competent for transformation by the method of
Morrison, 1979, Meth, Enzymology, 68:326-331) or were purchased (DH5¢) from GibcoBRL,
Gaithersburg, MD (USA).
pKK233-2 (Amann and Brosius, 1985, Gene, 40:183-190) was purchased from
Pharmacia, Piscataway, NJ (USA). pBR322 (Bolivar et al., 1977, Gene, 2:95-1 13) was obtained
from New England Biolabs, Beverly, MA (USA). pBluescript Il KS+ (Alting-Mees et al.,
1992, Meth. Enzymology, 216:483-495) was obtained from Stratagene, La Jolla, CA (USA);
pDC952 containing the argU (dna¥) gene (Lindsey et al., 1989, J. Bacteriology, 171:6197-
6205) was a gift from Dr. James R. Walker, University of Texas, Ausﬁn, TX. pSE420 (Brosius,
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Plasmid constructions were performed by standard procedures (Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York(1989)). DNA restriction and modification enzymes were
purchased from New England Biolabs, unless otherwise stated, and were used according to the
manufacturer's specifications. Synthetic oligonucleotides were purchased from Operon
Technologies, Inc., Alameda, CA (USA), unless otherwise indicated.

Oligonucleotides were annealed together by mixing equimolar concentrations of the
complementary oligonucleotides in 10 mM Tris pH8.0, 5 mM MgCl, and placing in 100°C for 5
min and then cooling slowly to 25°C. Polymerase chain reaction (PCR) was performed (Saiki et
al., 1988, Science, 239:487-491) in a Perkin Elmer Cetus DNA Thermal Cycler, using the
GeneAmp reagent kit (The Perkin-Elmer Corporation, Norwalk, CT (USA)). DNA sequencing
employed the dideoxynucleofide chain termination method (Sanger et al., 1977, Proc. Natl.
Acad. Sci. US4, 74:5463-5467) using the Sequenase kit (U.S. Biochemical, Cleveland, OH
(USA)). All chemical reagents were of the highest purity available.

B. Growth and induction of cell cultures

For chemically induced cultures, frozen glycerol stocks were used to inoculate 5-25 ml-
2XYT medium (16 g Bacto-Tryptone (Difco 0123), 10 g Bacto-Yeast Extract (Difco 0127), 10 g
NaCl, pH 7.2-7.4, per liter water) containing 6 pg/ml tetracycline, and allowed to grow
overnight at 37°C, 280 rpm. Typically, 1/100 volumes of the overnight culture were used to *
inoculate each of two 125-ml flasks containing 25 ml 2XYT medium plus 6 pg/ml tetracycline.
Cultures were grown at 37°C, 280 rpm until A, was 0.5-1.0 absorbance units, and then induced
with 1 mM isopropyl B-D-thiogalactopyranoside (IPTG), and allowed to grow for a further 2 hr.

For thermal induction, culturés were grown at 30°C, 280 rpm until A, was 0.5-1.0

absorbance units. Thereafter, one culture was maintained at 30°C, and the other was induced by

 transferring to a water bath at 42°C, and allowed to grow for a further 2 hr. Alternatively, a

culture was induced by growing at 30°C until A, was 0.3-0.6 absorbance units, and thereafter
was divided into two aliquots; one was maintained at 30°C, and the other was allowed to grow at
42°C.

To assay for results of induction, duplicate samples equivalent to 1 ml of cells at Ag, =
1.0 were removed (e.g., assuming A, = 3.0, then 333 pl culture was removed). The samples

were centrifuged in an Eppendorf microcentrifuge at 14,000 x g, 1 min., the supernatants

discarded, and the cell pellets were stored at ~20°C,
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stored at -80°C. The remainder of the culture was divided into two aliquots; one was incubated
uninduced, and the other was induced by IPTG addition or temperature shift. Both cultures were
allowed to grow for a further 2 hr. Samples equivalent to 1 ml culture at A, = 1.0 were
removed prior to and at 2 hr after induction, and assayed for Asg, absorbance, pH, and protein
production by EIA, acrylamide gel electrophoresis, and Western blotting.

Three vials from the frozen bank were tested in parallel for bacterial growth and protein
production. Each vial (1 ml) was used to inoculate 200 m! 2XYT medium plus 6 pg/ml
tetracycline, and incubated to A, = 0.5-1.0 absorbance units. Thereafter each culture was
divided into two aliquots, one to be incubated uninduced, the other to be induced chemically or
thermally. Samples equivalent to 1 ml culture at Ay, = 1.0 were removed from bot'h cultures
prior to and at 2 hr after induction and assayed as described above.

For the stability study, a 1-ml aliquot was removed from one of the three parallel
cultures prior to induction, diluted 1/1000 in 2XYT medium, and 20 ul or 200 pl was inoculated
into 200 m1 2XYT medium plus tetracycline, and allowed to grow to Ay, = 0.5-1.0 absorbance
unifs. Thereafter the culture was divided into two aliquots; one was induced, and both were
a]iowed to grow for a further 2 hr. Samples equivalent to 1 ml culture at Agg, = 1.0 were
removed prior to and at 2 hr after induction and assayed as above.

D. Cell fractionation
The cells were pelleted by centrifugation at 7000 x g, 7 min, and the supernatant (culture

medium) was recentrifuged at 14,000 x g, 5 min prior to electrophoresis. The cell pellet was
resuspended in 20% (w/v) sucrose, 0.3 M Tris-HCI pH 8.0, 1 mM EDTA using 1/5 of initial
'. culture volume, incubated at 25°C for 15 min, and centrifuged at 6000 x g, 7 min. The

supernatant was discarded, and protein located in the periplasm was released by osmotic shock
(Nossal and Heppel, 1966, J. Biol. Chem., 241:3055-3062) by resuspending in 1/5 original
volume cold water, and incubating at 0°C, 10 min. Following centrifugation at 9000 x g, 10
min, the supernatant was saved (periplasmic fraction); the cell pellet was resuspended in 1X
TST 25 mM Tris-HC_l pH 8.0, 200 mM NaCl, 1 mM EDTA, 10 ml/liter Tween 20), sonicated,

centrifuged at 12,000 x g, 15 min, and the supernatant was saved (soluble cytosolic fraction).
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100°C, 5 min., centrifuged at 14,000 x g, 30 seconds, and 10-15 pl aliquots were loaded onto
pre-cast 16% or 10-20% acrylamide Tricine gels (Novex, San Diego, CA (USA)) and run in
reservoir buffer obtained fro.m the same manufacturer. Electrophoresis was at 125 V constant
voltage, or 45 mA constant current, per two gels, for about 2 hr, until the bromophenol blue
tracking dye was off the gels. Markers were prestained low molecular weight protein standards
(# SE130024, Integrated Separation Syétems, Natick, MA (USA)) used at 1 pl per lane. Gels
were stained overnight in 10% acetic acid, 25% methanol, 0.025% Coomassie Brilliant Blue R.

F. Western blot analysis |

Following separation by SDS-PAGE, proteins were immunodetected (Towbin et al.,
1979, Proc. Natl. Acad. Sci. USA, 76:4350-4354) by electrotransfer to polyvinylidene difluoride
(PVDF) membranes (Immobilon-P, Millipore, Bedford, MA (USA)) using a Semi-Dry |
electroblotter (Integrated Separation Systems). Proteins were transferred at 10 mA per cm?
membrane for 1-3 hr, and the membranes were blocked overnight in blocking buffer (1X PBS,
2% dried milk, 0.1% Tween-20).

The membranes were washed three times, 5 min each in 1X PBS, 0.1% Tween-20,
followed by washing three times, 5 min each in 1X PBS, and then they were submerged in an’
horseradish peroxidase (HRP)-conjugated monoclonal anti-VP5.3 antibody (13A2-HRP, 0.25
mg/ml) diluted 1:3000 in 1 X PBS, 0.1% Tween-20. Following gentle agitation for 2 hr, the
membranes were washed as described above, and the proteins were visualized with the
Enhanced Chemiluminescence assay (Amersham, Arlington Heights, IL (USA)) used according
io the manufacturer's instructions. Film exposure was between 5 seconds and 1 minute.

G. - Enzyme immunoassay

The frozen cell pellets were resuspended by vigorous vortexing in 20 pl 8 M urea, 50
mM Tris-HCI, pH 8.5, (Marston and Hartley, 1990, Meth. Enzymology, 182:264-276) and V5.3
was quantified by enzyme immunoassay as follows: '

Nunc-Immuno Maxisorp plates (VWR #62409-002) were coated wi_th 100 pliwell 4C2

-IgG at 4 pg/ml in PBS, and stored at 4°C overnight. The coating solution was discarded, and

blocking buffer (1% casein hydrolysate in PBS, 0.05% Tween-20) was added at 200 pl/well.

The plates were incubated at room temperature for 2 hr, 150 rpm, and then washed three times
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anti-VB5.3 monoclonal antibody (13A2-HRP) diluted 1/500 in blocking buffer plus 5% fetal
bovine serum was added at 100 pl/well (0.5 ug/ml). The plates were incubated at room
temperature for 90 min, 150 rpm, washed four times, and 100 pl/well O-Phenylenediamine
(OPD) substrate was added. After 30 min, the reaction was terminated by adding 50 pl 2N
H,SO, per well. The absorbance was measured at 490 nm minus the background absorbance at
650 nm. Blank wells did not contain sample.

2. CONSTRUCTION OF PLASMIDS
EXAMPLE

Construction of pK2D

The starting point for the expression of the T cell antigen receptor V region proteins of
the invention was the construction of a plasmid that contained the proper regulatory elements for
expression of the T cell antigen receptor V region protein. These elements include the promoter,
two transcription terminators, an origin of replication for stable replication in bacteria.
Additionally because of regulatory concerns associated with the manufacture of a protein for
‘which one possible indication is the & vivo use in a therapeutic setting, a gene coding for
resistance to tetracycline was chosen to facilitate selection of plasmid bearing cells. Finally, the
starting expression vector required a multiple cloning site, strategically engineered to facilitate
the cloning of the preferred coding regions of the invention into the expression vector. The
foilowing example describes the unique starting plasmid of the invention.

The starting point for the construction of preferred expression vector was pKK233-2
(4.6 kb), described infra. The Ncol restriction site was converted to a Spel site as follows:
pKK233-2 was digested with Ncol, and the resulting 5' protruding ends were removed by
incubation with mung bean nuclease at 25°C for 30 min. The plasmid was extracted twice with
phenol-chloroform, precipitated with ethanol in the presence of 2 M ammonium ecetate, and

| resuspended in'water. Following dephosphorylation with bacterial alkaline phosphatase

(GibcoBRL) the vector was ligated to a synthetic Spel linker (#1085, New England Biolabs),
and the ligation mix was transformed into DH5e competent cells to yield vector pKK233-2A.

Next, the tetracycline gene was restored as follows: pKK233-2A (4.6 kb) was digested
with EcoRI and Sall yielding two fragments, 279 bp and 4321 bp each. The two fragments were
separated by agarose gel electrophoresis, and the large fragment was purified from agarose
using the Geneclean Kit (BIO 101, La Jolla, CA (USA)). A 651-bp fragment containing the

amino-terminal coding region of the tetracycline gene was excised with EcoRI and Sall from
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terminators was PCR-synthesized using pK2B as template. The 5' "sense" primer contained

restriction enzyme recognition sequences for Spel, PsfI and Sacll in the 5' to 3' direction,
underlined:

5'- TATAATGACTAGTCGCTGCAGCCAACCGCGGCTG -3' [SEQ ID NO 1]

The 3' "antisense" primer contained a Scal site, underlined:

5'- GTCCTAGAGTACTGAGCGGATAC - 3' [SEQ ID NO 2]

1 ng of pK2B DNA template was mixed in a reaction volume containing 10 mM
Tris-HCI pH 8.3, 50 mM KCl, 1.5 mM MgCl,, 100 pg/ml gelatin, 200 uM each of the
deoxynucleotides (dATP, dCTP, dGTP, dTTP), 1 pM each of the two primers, and 2.5 units
AmpliTaq DNA polymerase. The final reaction volume was 100 pl, overlaid with 100 pl
mineral oil. The DNA was denatured at 95°C for 2 min, and amplification was achieved with 30
cycles of 1 min at 95°C for denaturation, 1 min at 60°C for annealing, and 1 min at 72°C for
primer extension. The amplified DNA was analyzed on 1% agarose gel run in 40 mM Tris-HC1
pH 7.8, 5 mM NaAcetate, ] mM EDTA.

The resulting 485-bp PCR-synthesized fragment was digested with Spel and Scal, and

| ligated to a 4129-bp fragment that was obtained by digestion of pK2B with Spel and Scal
resulting in a plasmid called pK2C.

Plasmid pK2C (4.6 kb) was further modified to contain a multiple cloning site. First,
pK2C was digested with Spel and Sacll, and ligated to a double-stranded synthetic
oligonucleotide containing 15 restriction sites. This multiple cloning site (MCS) was formed by
annealing equimolar concentrations of two complementary synthetic oligonucleotides, 91 and 97
bp long, respectively, having the following sequences:

- §' - GGCTCGAGCCTAGGCTGCAGCCCGGGGCGCGCGCGGCCGCAGGCC
TTTAATTAAGAGCTCCGGACCGCACAATGTGGGCGCGCCCTTAAGA -3
[SEQ IDNO3]

CTAGTCTTAAGGGCGCGCCCACATTGTGCGGTCCGGAGCTCTTAA

'I'I‘AAAGGCCTGCGGCCGCGCGCGCCCCGGGCTGCAGCCTAGGCTCGAG
CCGC - 3' [SEQ ID NO 4] |
The MCS codes for the following restriction enzymes sites: Spel, Af1I, AscI, Dralll, Rsr1l,
Sacl, Pacl, Stul, No#l, BssHI1, Xmal, Pst1, Avrll, Xhol, and Sacll. The iigat_ioh mix was
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fol |l ows: etal, (1983) supra, Amann et al., (1983) supra). The plasmid also contains ang(?some %{ndﬁlg

site followed by a cloning site of three unique restriction enzymes (Ncol, Pst and HindIlI),
followed by the transcription terminators of the rrnB ribosomal RNA operon of E. coli (Brosius
et al., 1981, Plasmid, 6:112-118). In addition, pKK233-2 contains the B-lactamase gene for
ampicillin resistance, the pBR322 origin of replication, and a small non-functional carboxyl
terminal fragment from the tetracycline resistance gene.

pKK233-2 was modified in order to destroy the Ncol site, restore the tetracycline
resistance gene, delete a segment of the B-lactamase coding region (thus inactivating the gene),
and insert a multiple cloning site consisting of 15 restriction sites to produce pK2D.

EXAMPLE 2 :

Plasmid pK2D was further modified to incorporate either the pelB signal sequence from
Erwinia carotovora (Lei et al., 1987, J. Bacteriology, 169:4379-4383) or the heat stable
enterotoxin II (STII) signal sequence of Escherichia coli (Morioka-Fujimoto et al., 1991, J. Biol.
Chem., 266:1728-1732.) '

Construction of pK-pelB.

Plasmid pK2D (4.67 kb) was engineered to include a ribosome binding site (Shine and
Dalgarno, 1974, Proc. Natl, Acad. Sci. USA, 71:1342-1346; Shine and Dalgarno, 1975, Nature,
254:34-38; Steitz and Jakes, 1975, Proc. Natl. Acad. Sci. USA, 72:4734-4738) and the pelB
signal sequence from E. carotovora (Lei et al., (1987) supra) to create plasmid pK-pelB (4.74°
kb), as follows: '

pK2D was digested with Spel and Sacl located in the MCS, and the vector was ligated

'. to two complementary synthetic oligonucleotides, 103 bp and 95 bp long, respectively, having
the sequence shown below. A silent mutation (lower case letters) was introduced into the pelB
sequence, in order to create an Ncol restriction site, underlined, facilitating the subsequent
subcloning of the V5.3 gene sequence.

5'- CTAGTAAATTCTATTTCAAGGAGACAGTCATAATGAAATACC
TATTGCCTACGGCAGCCGCTGGATTGTTATTACTCGCTGCCCAACCA
" GCcATGGCCGAGCT - 3' [SEQID NO 5] '

- —
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as follows: 3- was digested with EcoRl and Sall yieldin

t wo fragmnt% :ﬁﬁsé(ﬁg?%@% bp each. The two fragnents were sgparat eg by
agarose gel electrophoresis, and the |arge fragnent was purified from

agar ose usi ng_ t he Genﬁﬁhgﬁﬁ Kit. (BIO 101, La Jolla, CA (USA)). A 651-bp
fragment cont 2 -term nal coding region of the tetracycline
gene was exci sed WidshidpKdR was\éhgimatrtd forifdTude a ribosome binding site and the heat-stable

enterotoxin (STII) signal sequence of E. coli (Morioka-Fujimoto et al., (1991) supra), as

follows:

pK2D was digested with Spel and Dralll located in the MCS, and the vector was ligated
to two complementary synthetic oligonucleotides, 105 bp and 98 bp long, respectively, having
the sequence shown below. Two silent mutations (lower case letters) were introduced into the
STII sequence, in order to create Mful and Dralll restriction sites , underlined, facilitating the
subsequent subcloning of V[5.3.
5' - CTAGTAAATTCTATTTCAAGGAGACAGTCATAATGAAAAAGAA
TATAGCATTCCTACTAGCTTCAATGTTCGTCTTCTCTATTGCAACTA
ACGCgTACGCaCATT - 3' [SEQIDNO 7]

5' - GtGCGTAcGCGTTAGTTGCAATAGAGAAGACGAACATTGAAGCT
AGTAGGAATGCTATATTCTTTTTCATTATGACTGTCTCCTTGAAATA
GAATTTA - 3' [SEQID NO 8]

EXAMPLE 3

The plasmids containing the signal sequences from Example 2 supra were further
modified to include two regulatory elements.
Construction of pKT-pelB,

Plasmid pK-pelB was further modified to include two regulatory elements upstream of
the pelB leader, to create pKT-pelB (4.8 kb). These elements are the translational enhancer

"~ from the bacteriophage T7 géne 10 (g10), and a mini-cistron, ATG TAT CGA TTA AAT AAG

GAG GAA TAA (SEQ ID NO.28), coding for 8 amino acid residues. Insertion of the two
regulatory elements was achieved by digestion of pK2D with Spel and Sacl, fc:)l.lowed by
ligation of the vector to synthetic oligonucleotides coding for the g10 sequence, the ribosome
binding site, 2 mini-cistron and the pelB leader, in the 5' to 3' direction. The oligonucleotides
were synthesized as two complementary sets of 71-89 mers that could be ligated via
complementary 9 bp overhangs between the pairs of oligonucleotides. The two complementary

- pairs of oligonucleotides were designated Pair A (oligos JSA + J6A, 89 bp and 76 bp,
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-30- bBR322, and ligated to the 432}-bp-fragnent from pkKK233-3A.. The
resulting plasm d pK2B (4.97 kb) coif”é"%ééfﬁﬁ'éﬁm-mwi he resi stan?gﬁpﬁg 6
coli DH5[err] cells, and was furthel_nondi#5RR4CED delefe a p rﬁion of 't e9
[err]-lactamase gene and convert the H ndhkl site Tmmto a Sa¢l Fstte—as— |
foll ows: A DNA segnent spanning the unique Spel site to the}3 termnus of

the transcri pispRiivdlP anl Pak BI(8ligd8 $SHTSE Y bp &Rl 766D, HSpedtivelihbviag :
The 5' "sense" prinmer contained restriction enzynme recognition sequences
for Spel, PsfIUeE Sacll in the 5 to 3' direction, underlined: 5 - _
TATAATGACTA GCAGCCAACCCCTG -3'" [SEQ ID NO 1] The 3' "antisense" primer -

contai ned a Scal site, underlined:
5'- CTAGTCCGGAATTGGGCATCGATTAACTTTATTATTAAAAATTAA

AGAGGTATATATTAATGTATCGATTAAATAAGGAGGAATAAATA - 3' [SEQID NO 9]
J6A

5'- CTCCTTATTTAATCGATACATTAATATATACCTCTTTAATTTTTA
ATAATAAAGTTAATCGATGCCCAATTCCGGA - 3' [SEQID NO 10]

I5B

5' - ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTC
GCTGCCCAACCAGCCATGGCCGAGCT - 3' [SEQIDNO 11]

J6B

5' - CGGCCATGGCTGGTTGGGCAGCGAGTAATAACAATCCAGCGGCTG
CCGTAGGCAATAGGTATTTCATTATTITATTC - 3' [SEQ ID NO 12]

e S

-~

Construction of pKT-STII. _
Plasmid pK-STII was further modified to include the same two regulatory elements as

in pKT-pelB, thus creating pKT-STII (4.8 kb). pK2D was digested with Spel and Dralll, and
the vector was ligated to synthetic oligonucleotides coding for the g10 sequence, the ribosome
binding site, a mini-cistron and the STII leader, in the 5' to 3' direction. The oligonucleotiﬂes
were synthesized as two complementarylsets of 73-89 mers that could be ligated via
complementary 9 bp overhangs between the pairs of oligonucleotides. The two complementary -
pairs of oligonucleotides were designated i’air A (oligos JSA + J6A, 89 bp and 76 bp,
respectively) and Pair B (oligos J5C + J6C, 73 bp and 79 bp, respectively) having the following
) sequence: |
ISA
5' - CTAGTCCGGAATTGGGCATCGATTAACTTTATTATTAAAAATTAA
'. AGAGGTATATATTAATGTATCGATTAAATAAGGAGGAATAAATA - 3' [SEQIDNO 9]
16A
'5' - CTCCTTATTTAATCGATACATTAATATATACCTCTITAATTTITA
ATAATAAAGTTAATCGATGCCCAATTCCGGA - 3' [SEQID NO 10]
J5C
5'- ATGAAAAAGAATATAGCATTCCTACTAGCTTCAATGTTCGTCTT
CTCTATTGCAACTAACGCGTACGCACATT - 3' [SEQ ID NO 13]

. This Sheeét Has Been Replaced.
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5 - GTCCTAGATPAE‘EWMWB [SEQ ID NO 2] 1 ng of pK2H ME&T&M

mxed in a rea ont aining 10 mv| Tr| s-HCl pH 8.]13,§ 50 KCI—T715
nmM Mgd [err], gelatlr o pof thel 47
deoxynucl eot i d P, dGIP, Hﬁéf;;é%‘%r@% #ach qf |the t%\%P 199

primers, and 2.5 units ArrpllTaq i nal |r

was 100 [err]s. Ggééf}ﬁ‘ﬂbﬂi q’Lﬁ?}l ﬁ{fAéA@ARﬁ%G&bﬁﬁB?‘ was denatured

at 95[err]C for I'on was achi eve 30 cycresof—%
mn at 95[er rT]A@TAﬁGﬂéﬁﬁCﬁAa‘WHﬁﬂTTﬁﬂATEATBD@H@}& [SEQ BnNedW] ng, and 1
mn at 72[err]C fw extension. The anmplified DNA was anal yzed on 1%
agarose gel run i I’IS HCl pH 7.8, 5 mM NaAcetate, 1 nM EDTA. The
resulting 48" . fragment was digested with Spel and Scal,

andllgatedtoa4IJfl to of pK2B

and ligated (o 2 4iztchbet H’ga‘g? RibreskiPREEHET o bl festptor VT roh v of

incorporation of the V5.3 sequence into the plasmids containing the signal sequences as

described in Example 2 supra.

The complete nucleotide sequence of VB5.3 was generated as follows: the DNA
sequence of VP5.3 clone 12A1 was originally published by Leiden et al. (1986, Proc. Natl.
Acad. Sci. USA, 83:4456-4460) and later partially corrected (Leiden et al., 1986, Molec. Cell
Biol., 6:3207-3214). This clone 12A1 was missing nucleotides coding for the N-terminal four
amino acid residues; and in addition, the deduced N-terminal amino acid residues of clone
12A1 were incorrect. The N-terminal amino acid sequence of VB5.3 (HPB-ALL) was
published by Jones et al., 1985, Science, 227:311-314) without specifying the N-terminal first
amino acid residue, which was later determined to be Glycine (Jeff Leiden, unpublished). Using
the above sequence information, the complete VB5.3 was reconstructed by recombinant DNA -
techniques. The resulting plasmid (pBB-VP5.3) was the source of the V5.3 sequence for the
following examples. The full length nucleotide sequence coding for VB5.3 and the predicted
amino acid seqtience have been published more recently by Plaza et al. (1991, J. Immur}ol.,
147:4360-4365). (See, also, Figure 1; SEQ ID NOS. 25, 26 and 27 herein.)

VP5.3 was PCR-synthesized using pBB- VB5.3 (6.2 kb) as template. The 5' "sense"
primer contained an Ncol restriction enzyme site, underlined: '
5'- TAATTAGCCATGGCCGGCGTAACCCAATCTCCG - 3' [SEQ ID NO 15]

The 3' "antisense" primer was complementary to a region downstream of a PsA site in the
vector:
5'- CCAGTGCCAAGCTTGCATGCC - 3' [SEQID NO 16]
The resulting V5.3 fragment was blunt-ended using the Klenow fragment of DNA polymerase
I, and Iigafed into the dephosphorylated EcoRV site of pBluescript II KS+ to yield plasmid-
pBL-pelB- VB5.3. The VP5.3 insert was excised by digestion with Ncol and Pstl, purified from
agarose, and ligated into the Ncol and Psi sites of pK-pelB, yielding plasmid pK-pelB- VB5.3
(5 kb).

on ion of pK-STII-VB5

VP5.3 was PCR-synthesized using pBB- VB5.3 (6.2 kb) as template. The 5' "sense"
primer contained an Mul restriction enzyme site, underlined:

5'- GAAATTAACGCGTACGCAGGCGTAACCCAATCTC - 3' [SEQIDNO 17]




Plasm d pK2C (4.6 kb) was further i k8et g,s‘gqmbﬂl _
site. First, pK2C was digested with pelgmﬂcﬁgcl
doubl e-stranded synthetic oligonuckeottde LUHLdIHIng

bp | (C)Z?B%\ %gﬁeﬁﬁe" b Whs cBfipikmbit t@ﬂr%ﬁﬂ%ﬂﬁﬁﬁmm%fa?st Site-firthe—

TTTAATTAAGA@@WGEGGACCGCACAATGT GGGCGCGCCCTTAAGA -3' [SEQ ID NO 3] 5 -

TTAAAGGCCT CG Cl:8]CCGC 3" [SEQ ID NO 4] The
MCS codes f qrhetrék&ltihglvm ﬁl@grﬁeasws bhirnit-ended nzipg the Kdenowsfragaysat of DA polymerage] |
Dralll, Rsr III and ligated into the dephosphorylated EcoRV site of pBluescript I KS+ to yield plasmid
pBL-STII- VB5.3. The VP5.3 insert was excised by digestion with MJul and Psd, purified from
agarose, and ligated into the MIul and Pst sites of pK-STII, yielding plasmid pK-STII- VP5.3 (5
kb).
Resuits
) VP5.3 fused to the pelB or the STII leaders was expressed in E. coli IM109 (TABLE

1). Induction was for 2 hr. and VP5.3 yields were measured by EIA.

TABLE 1 ,
EXPRE ND AR’ (6) VB5
pK-pelB-VB5.3 pK-STII-V55.3
Compartment 0 mM IPTG 1 mMIPTG 0 mM IPTG 1 mMIPTG
Supernatant 0 pg/ml 1.3 pg/ml ' 0.5 pg/ml 2.2 pg/ml
Periplasm 0.9 4.6 N.D. 5.5
Cytosol 9.9 Off scale [1:40] 2.0 Off scale [1:40]

Both leaders were functional, although most of the expressed protein was localized
intracellularly.

EXAMPLE 5

This Example details the plasmids containing the leader sequence and the two
regulatory elements (g10 and mini-cistron) as well as the V5.3 sequence.
Construction of pKT-pelB-VB5.3 _

Plasmid pKT-pelB-Vf5.3 was constructed by excision of the V5.3 insert from
pK-pelB-VB5.3 using Neol and Pstl, and ligation into the NcaI. and Ps/] sites of pKT-pelB.
anmg. ction of pKT-STII-VB5.3

" Plasmid pKT-STII-VP5.3 was similarly constructed by excision of the V5.3 insert

from pK-STII-VB5.3 using Mlul and Psf, and ligation into the Mlul and Psi sites of

pKT-STIL
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Results
pKT-VB5.3

Plasmid pK-STII-VB5.3 (Example 4) was modified to include two regulatory
elements upstream of the STII leader, to create pKT-VP5.3. These elements are the
translational enhancer from the bacteriophage T7 gene 10 (g10), and a mini-cistron coding
for 8 amino acid residues. Both elements have been demonstrated to enhance translational
efficiency of several genes (Schoner et al., 1984, Proc. Natl. Acad. Sci. USA, 81:5403-5407,
Schoner et al., 1986, Proc. Natl. Acad. Sci. USA, 83:8506-8510; Olins et él., 1988, Gene,
73:227-235; Olins and Rangwala, 1989, J. Biol. Chem., 264:16973-16976).

pKT-VP5.3 provided up to 8-fold higher protein yields than pK-STII-V(5.3
(Example 4) in E. coli IM109 under conditions of IPTG induction. The EIA values reported
here are approximations, due to the lack of a pure V5.3 standard at this time. pKT-Vp5.3
was shown to be stable in E. coli IM109.

. EXAMPLE
Construction of pKTB-VB5.3.

A further modification to pKT-VB5.3 (Example 5) for secreted expression involved
elimination of the IPTG requirement for induction. The existence of a laclts gene coding for
temperature-sensitive Jac repressor (Bukrinsky et al., 1988, Gene, 70:415-417) makes it
possible to control gene expression from the #rc promoter by elevating the terﬁperature from
30°C to 42°C. This would obviate the need to use IPTG or bacterial strains harboring the
lacl or lach genes. '

The laclts gene was excised from pUCts by EcoRI digestion. The 1.7 kb fragment
containing the entire laclts-coding region and its associated regulatory e'lements, flanked by
vector sequence, was blunt-ended with Klenow, and ligated into the dephosphorylated Scal
éite, located downstream of the rrnB operon in pKT-Vp5.3, yielding plasmid pKTB-V[5.3
(6.8 kb). The orientation of the laclts gene was determined by restriction mapping.
Results

The laclts gene was inserted in either orientation downstream of the r7nB
transcription terminators in pKT-VB5.3 to create plasmid pKTB-VP5.3 (Fig. 2). This was
expressed in E. coli LY24 (lacl deletion) and the protein was analyzed by Coomassie Blue

staining on acrylamide gels (Laemmli, (1970) supra) and by Western blot (Towbin et al.,
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was nodified in order to destroy the Ncol 'site, restore the tetracycline
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i nactivating the Q%Q}Jutamﬁﬁﬁdhh oﬁtaméﬁ ?rbﬂleﬁtrfété)&f*t&ﬁl celldigr &sﬂé\@’wﬁ ing of 15

restriction sites to produce pK2 E 2 Plasm d pK2D was further
modified to i wtpgtﬂptmsfmecbtptlmmobﬂw premBramngll vxsxehﬁsélbuélopmmealw stdining.
carotovwora (L heat
stable enter oﬁlcl)lglg;n %Yas(e é?eﬁ and QUbﬁe%Féﬁg(ggng?g'g%g %??e ﬁg""%?@"g{s“& rg’
(Mori oka- Fuj i rtGS’DJeBzoaChemMﬂooﬂS 10838) to yield a total of 10 amino acid residues. These

matched precisely the sequence of the N-terminal 10 amino acid residues of the processed

V5.3, i.e. no leader sequence was detected.
This plasmid was also expressed by thermal induction in three different bacterial
strains, each of which contains increasing levels of endogenous lac repressor, i.e.,
LJ24<DH5¢<JM109. Supernatants from induced cultures were assayed for V5.3
expression by EIA (Table2)
TABLE 2
pKTB-VB5.3 EXPRESSION IN DIFFERENT BACTERIAL STRAINS

Cells were induced for 2 hr., and VP5.3 yields (ug/ml) were measured in culture supernatants.

Plasmid Regulation _E. coli Host Induction ninduced Induced
pKTB-Vf5.3 lachs JM109 (lacIy)  42°C N.D. 0.5
pKTB-Vf5.3 lachs DH5a (lacl) 42°C N.D. 5.0
pKTB-VB5.3  laclts L;724 (Alacl) 42°C N.D. 52
pKT-Vp5.3 lacP JM109 2mMIPTG 0 0.9 .
pKT lach JM109 42°C N.D. 0

The data agree with Western blot observations and predicted results, i.e., the highest
expression level was achieved in LJ24 (Alacl) and the lowest in JM109 (lacl). The
comparatively low amounts of VP5.3 measured in the culture supernatants follow
from the fact that E. coli does not ordinarily secrete proteins into the medium. As

shown in Table 1, the bulk of the expressed V5.3 is retained in the periplasm.
DNA sequencing of the laclts gene,

The entire coding sequenceibf the temperature-inducible laclts gene plus the
upstream 80 nucleotides including the promoter were sequenced and compared to the
published sequence of the IPTG-inducible /acI gene (Farabaugh, 1978, Nature,
274:765-769). The promoter region was identical to that of the Jacl, and not lacF,
gene (Calos M. P., 1978, Nature, 274:762-765). The laclts gene sequence showed an
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In addition, the published sequence of the lac! gene (Farabaugh, (1978) supra)
as well as the sequence appearing in Genebank (10cu§ ECOLAC) contains an error at
position #857: nucleotide #857 should be T instead of C, which would make residue
#286 code for Leucine (TTA) instead of Serine (TCA). The C-T transition introduces
a Hpal site at the 3' end of the lacl gene that was shown previously by restriction
mapping (Brosius, 1992, Meth. Enzyrﬁol., 216:469-483). It should be noted that in
Farabaugh, (1978) supra, the same codon (TCA) is erroneously reported as encoding

Leucine instead of Serine.
EXAMPLE 7

Construction of pKTB.
Plasmid pKTB-V[5.3 (6.7 kb) was digested with Sa/I and Psd, and the 5.42 kb -

fragment was purified from agarose using the Geneclean Kit (BIO 101). Plasmid pKT-STII
(4.8 kb) was digested with Sall and Ps7l, and the 1.15 kb fragment was similarly purified,
and ligated to the 5.42 kb fragment, yielding plasmid pKTB (6.56 kb).

EXAMPLE 8 ’

Construction of pKB-V5.3.

This plasmid is identical to pKTB-VP5.3 minus the two regulatory elements, i.e., the
g10 translational enhancer and the mini-cistron. Plasmid pKTB (6.56 kb) was digested with
Sall and Pstl, and the large fragment (5.4 kb) was purified from agarose using the Geneclean
Kit (BIO 101). Plasmid pK-VP5.3 (4.9 kb) was digested with Sa/l and Ps/, and the 1.3-kb
fragment was similarly purified, and ligated to the 5.4-kb fragment, yielding plasmid pKB-
VP53 (6.7 kb).

Results
pKB-VB5.3

As discussed above, the additien of two regulatory elements, i.e., the g10 gene
segment and the mini-cistron, appeared to enhance V5.3 yield under conditions of IPTG
inducfion. We wished to remove these two elements from the pKTB-Vf5.3 vector, and
reexamine V5.3 yield under conditions of thermal induction. A comparison of

pKTB-VP5.3 and pKB-Vp5.3 by acrylamide electrophoresis and Western blotting showed



REPLACEMENT SHEET

5' - CTAGTAAREfoehier i’t’.tie;-; RGACAGT CATAAT GAAATACC :
TATTGCCTACGGIHIIERNHCHEAR AT T ATTACT CGC CBUSANEER 1 f -3 [SEQ ID
5] -32- i MIOAIIEGT TCOCAGORAGT ATPRGARPOCACO 17'SEP 1996
GCCGTAGGCAATAGGTATTCATTATGACTGTCTCCTT(:AAA‘I}@GA ATTA - 3' [SEQ[I.D NO 6]

Construction of pK-STII. Plasnm d pK2D was engi neered to I n¢l ude a ri1bosome
bi nding site @Rtvphe yReAkasthaRlcfd by the removal of these two elements.

whole cell urea extracts showed that pKB-Vp5.3 produced more protein than pKTB-VB5.3

when expressed in E. coli LJ24.

TABLE 3
PRESSI R TE
Plasmid LJ24 SG22054 SG21163 SG21173
PKTB-VB5. 3 90 80 20 30
+ leader .
+ g1o0/MC
PKB-V35.3 110 50 40 20
+ leader
- gio/MC
PKTB1i-VR5.3 6 100 100 100
- leader
+ g10/MC
pKBi-VR5.3 10 170 130 390
- leader '

-g10/MC

Induction period: 2 hr at 42°C
Culture volume: 25 ml
Leader: STII
g10: T7 gene 10
) MC: Mini-cistron _
Samples: whole cell urea extracts
VP5.3 yields (mg/liter), based on units/ml approximations, as measured by EIA. 1 mg VB5.3
is approximately equivalent to 1 x 107 units.

Plasmid pKB-Vf5.3 was demonstrated to be stable for fermentation.
EXAMPLE 9

Construction of pKB _
Plasmid pKTB (6.56 kb) was digested with Sa/l and Ps/l, and the large fragment (5.4

kb) was purified from agarose using the Geneclean Kit (BIO 101)'. Plasmid pK-STII (4.75
kb) was digested with Sa/l and Ps/l, and the 1.1-kb fragment was éimilarly purified, and
ligated.to the 5.4-kb fragment, yielding plasmid pKB (6.5 kb). |

EXAMPLE 10

Construction of pKTBi,
This plasmid is identical to pKTB minus the STII signal sequence. pKTB (6.56 kb)

was digested with Spel and Xmal, and ligated to a double-stranded synthetic oligonucleotide



enterotoxin (STIl1) signal sequence of "'rmslsi,({:(:mmscximd:# Torr
(1991) supra), as follows: pK2D was di gest edruwitdr=8pel a by
in the MCS, and the vector was ligated” WO CONpl enent al

ol i gonucl eoti des, 105 bp and 98 bp | ong, respectively, hayi
‘'shown below. Two silent nutations (lower cgse letters) we

the STIl sequence, in order to create Mul and Dralll resf

T AAATT T Ak S E 0 AR SRR, SHERLACbAGing bire b

TATAGCATTCCTAGCTHEBHE@ASKED TiGDaE bl ERART. GAnETion sicefedTaaradtisRy Il and Xn{aBEQ

AGTAGGANT GCT AT P P! R EACE AU o1 oh el hd th following

AGTAGGAATCCT.

sequences:

5'- CTAGTCCGGAATTGGGCATCGATTAACTTTATTATTAAAAATTA
AAGAGGTATATATTAATGTATCGATTAAATAAGGAGGAATAAACC
ATGGCACATTGTGCGGTCCGC - 3' [SEQID NO 19] '

5' - CCGGGCGGACCGCACAATGTGCCATGGTTTATTCCTCCTTATTITA
ATCGATACATTAATATATACCTCTTTAATTTTTAATAATAAAGTTA
ATCGATGCCCAATTCCGGA - 3' [SEQIDNO 20]

EXAMPLE 1
Constructio KBi

This plasmid is identical to pKB minus the STII signal sequence. pKTB (6.56 kb)
was digested with Spel and Dralll, and ligated to a double-stranded synthetic oligonucleotide
containing a ribosome binding site, and Neol and Dralll sites designed in the 3' end. The
two complementary oligonucleotides had the following sequences:
5' - CTAGTAAATTATATTTAAAGGAGGAATAAACCATGGCACATT - 3' [SEQID NO
21] '

5'- GTGCCATGGTTTATTCCTCCTTTAAATATAATTTA - 3' [SEQ ID NO 22]

EXAMPLE 12

Construction of pKTBi-VB5.3
This plasmid is identical to pK TB-VB5.3 minus the STII signal sequence. pKTBi

(6.4 kb) was digested with Xmal and Ncol and ligated to PCR-synthesized VP5.3 using
pKTB-V[5.3 as template. The 5' "sense" primer contained an Ncol restriction enzyme site;
underlined: _

5'- TATAGTCCATGGGCGTAACC - 3' [SEQ ID NO 23]

The 3' "antisense" primer contained an Xmal site, underlined:

5'- AACTTCCCGGGTTATCATTAGCTGC - 3' [SEQ ID NO 24]

- This Sheet Has Beéen Replaced
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GAATTA - 3" [SEQ I D NO 8] EXAMPLE The-plasti-gs—centari ng
sequences from Exanpl e 2 supra were ‘f Eiﬁ‘tsl‘fé’wf#g fF%Fgl R AN
regul atory el ements. Construction oflpKI- REF aswi-d pK- pel B was furt‘ﬁ"é"r ;

nodified to include two regul atory el emant,ﬁ_ upstream of tfh pfll;BSEE@agl%
create pKT-pel B (4.8 kb). These el enents are the transl ati gnal enhancer
fromthe bact gL ,pphage T7 gene 10 (gl O, and a mni-cistgon,
TTA AAT AAG C%%@A TAA (SEQ I D NO 28), coding for 8 am acid residues.

I I’lSﬁI’t i on of OIMﬁﬁ_ﬁ;egul atory elements was achi eved ky digestion of pKzU’
w th Spel and Sacl

ol i gonucl eoti des c{)"o‘I a?Jlfeth[hEXbNe h%g‘ﬁ%%t%iegﬁ%%ﬂ%é’%‘%aﬁ %&hggséﬂm

m ni -ci stron plﬁdniﬂhslnpeinBstloéMexpressed VP£3 &' rethinedintraiietialatly (also sddlaelow), it
ollgonucleotldes

as expected that scale-up of this construct might yield a heterogeneous population of
VP5.3 molecules, i.e., plus and minus leader, which would complicate subsequent
purification of the processed VP5.3. Therefore, the STII leader was removed to create
pKTBi-Vp5.3 for intracellular expression. The expressed V5.3 is expected to contain an
N-terminal methionine, although this amino acid might be removed by endogenous
methionine aminopeptidases (Ben-Bassat et al., 1987, J. Bacteriology, 169:751-757; Baneyx
and Georgiou, "Expression of Proteolytically Sensitive Polypeptides in Escherichia coli", in
Stability of Protein Pharmaceuticals, Part A: Chemical and Physical Pathways of Protein
Degradation (Tim J. Ahern and Mark C. Manning, eds.), Plenum Press, New York, pp. 69-
108 (1992)), as observed for pKBi-Vp5.3 (below).

pKTBi-VP5.3 was completed, but it failed to express significant levels of protein in
E. coli LJ24 (see Table 3, supra). The entire V5.3 insert was sequenced and determined to
be unambiguously correct. Plasmid DNA isolated post-induction and analyzed by restriction
digestion appeared to be unaltered. One possible explanation for the apparent failure of the |
)24 strain containing pKTBi-VP5.3 to express significant levels of VB5.3 protein is that the
absence of a leader peptide destabilizes intracellular VB5.3 protein, and leads to its rapid
proteolysis.

Therefore, pKTBi-VP5.3 was transformed into the protease-deficient strains ‘
S$G22094 (lon, clp?), and BL21 (lon, ompT-) which gave decreasing yields in the order of
SG22904>BL21. The effect of different induction temperatures on yield was also examined,
and for both strains 42°C was optimal. In addition, there was no significant increase-in
production between 2 and § hr.

pKTBi-VP5.3 was expressed in two additional protease-deficient strains: SG21163
(lom, htpr’) and SG21173 (lon;, htpr,, clp?). The results are summarized in fable 3 (supra).

It should be noted that strains L.J24, SG22094, SG21163 and SG21174 do not
produce endogenous /ac repressor because the Jacl gene is deleted in all of these strains.
Thus, the wild type /ac repressor does not interfere with the thermal induction of the #rc
promoter. The foregoing examples show that V5.3 constucts without a signal peptide can

be readily expressed in protease deficient hosts, resulting in production of significant

amounts of V5.3 protein.

: Tlus Sheet Has Been Rep laced:
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}Nere synt hesi zed as two conpl enentary sets of 71-89 ners that could be
i gated via conplementary 9 bp over hangs—between-the paijr

ol i gonucl eoti des. The two conpl enent ar y 1&f PEEBE B 6l‘»|agohu]c P&@LAEEMEM SHEET
desi gnated Pair A (oligos J5A + J6A, 8b _hp. dHd-76EBp, i]-33- respectivelly
and Pair B (oligos J5B + J6B, 71 bp and 76 bp, respectivgly) qv%
foll ow ng sequence: 15A 5' - CTAGICCGGAATTGGGCATCGATTAACTTTATTATT.
AGAGGTATATATTAATGTATCGATTAAATAAGGAGGAATAAATA -3 [ SEQ | DING-41 -

"EXAMPLE 13
Construction of pKBi-V35.3

This plasmid is identical to pKTBi-VB5.3 minus the g10 element and the mini-
cistron (SEQ ID NO. 28). Plasmid pKBi (6.43 kb) was digested with Ncol and Sall, and a
970 bp fragment was purified from agarose. pKTBi-VP5.3 (6.75 kb) was digested with Ncol
and Sall and the 5.68 kb fragment was similarly purified, and ligated to fhe 970 bp fragment,
yielding plasmid pKBi-V5.3 (6.64 kb).

Results
pKBi-VB5.3

This leaderless VB5.3 construct minus the two regulatory elements was successfully
expressed in protease-deficient strains; our observations are similar to those for pKTBi-
VP5.3. pKBi-VB5.3 was expressed in two additional protease-deficient strains: SG21163
(lon’, htpr’) and SG21173 (lon;, htpr, clp?). The results are summarized in Table 3.
pKBi-VP5.3 consistently produced more protein than pKTBi-V5.3 in all strains tested
(Table 3). N-terminal sequencing of the expressed protein showed that the first 17 amino
acid residues matched the expected VB5.3 sequence, and the terminal methionine residue
was absent. The plasmid was also demonstrated to be stable.

The present invention is not meant to be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the invention in addition to
those described herein will become apparent to those skilled in the art from the foregoing
description and the accompanying figures. Such modif_ication. are intended to fall within the

scope of the appended claims. Various publications are incorporated by reference in their

entirety.
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J6A 5' - CTCCTTATTTAATCGATACATTAATATATACCTCTTTAATTTTTA
ATAATAAAGTTAATCGATGCCCAATTCCGGA - 3" [ SEQ-+HB-NO-L0L 158 A -
ATGAAATACCTATTGCCTACGECAGCCGCTGGATTGT! 8 :
-3'" [SEQ ID NO 11] 5' - CGECCATGCCTGGITG S AATEE
CCGTAGGCAATAGGTATTTCATTATTTATTC - 3 [SEQ ID NO 12] Cons chhtfgggéw
pKT-STII. Plasm d pK-STlIl was further ngk ?Qo
regul atory elenents as in pKT-pel B, thus creating pKT-S|
was diges gﬁ é%?ﬁ wand Dralll, and the vector was
ol i gonucl eoti des codi ng for the glO sequence, the ribose

(1) GENERAL INFORMATION: -

(A S kh\

)

(i) APPLICANT:T Cell Sciences, Inc

(i1) TITLE OF INVENTION:T Cell Antigen Receptor V Region Proteins
and Methods of Preparation Thereof

(11i) NUMBER OF SEQUENCES:29

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE:T Cell Sciences, Inc.
(B) STREET:1515 Fourth Avenue
(C) CITY:Needham
(D) STATE :Massachusetts
(E) COUNTRY :United States of America
(F)Z2IP:02194-2725

(v) COMPUTER READABLE FORM: '
{(A)MEDIUM TYPE:Diskette, 3.50 inch, 1.44Mb storage
(B) COMPUTER:IBM PC Compatible
(C) OPERATING SYSTEM:MS-DOS
(D) SOFTWARE :WordPerfect 6.0

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER:08/181,492
(B) FILING DATE:13-January-1994

(viii) ATTORNEY/AGENT INFORMATION:
(A)NAME : YANKWICH, Leon R
(B) REGISTRATION NUMBER:30,237
(C) REFERENCE/DOCKET NUMBER:TCS-203-PCT(94,664-A)

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE:617-345-9100
(B) TELEFAX:617-345-9111

(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:34 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single

D) TOPOLOGY : linear :
(D) * This Sheet Has Been Replaced




binding site, a mni-cistron and the STII | eader, in the 5 to 3

di t The ol i gonucl eoti des ; : t wo _conplemests 3
i rection. g »‘é@ 125 = @4§HV

of 73-89 ners that could be |igate gs
patTs of

ﬁfﬁéct LY

ol i gonucl eoti des were desi gnated Palr A (ollgos J5A + J4A| 8
respectively) and Pair B (oligos J5C + 144 73 bp and 79
having the foll owi ng sequence: 5'- _

CTAGT CCCGAAT T GROMOIHGNL. EARCHR 1AdHAT habAd TA d

AGAGCTATATATTAATGT ¢xl @@éﬁi&éﬁd&é%‘ﬁ@ﬁéﬁ%ﬁﬁaé&&&é D
CTCCTTATTTAATCGATACATTAATATATACCTCTTTAATTTTA

ATAATAAAGT TAATCGATETORRATIERGEA -3 [SEQ ID NO 10] 5' -
ATGAAAAAGAATATAGCAT TCCTACTAGCTTCAATGTTCGTCTT

(iv) ANTI-SENSE:

{ix) FEATURE:
(A) NAME :
(B) LOCATION:

(ki) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
TATAATGACT AGTCGCTGCA GCCAACCGCG GCTG 34
(2) INFORMATION FOR SEQ ID NO: 2:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:23 base pairs
(B} TYPE:nucleic acid
(C) STRANDEDNESS :single
{D) TOPOLOGY : linear

(i1)MOLECULE TYPE:other nucleic acid .
(A) DESCRIPTION:synthetic oligonucleotide

(11i)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
(A)NAME :
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
GTCCTAGAGT ACTGAGCGGA TAC 23
1(2)INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:91 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY:linear

(11)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:
_ This Sheet Has Been Replac
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CTCTATTGCAACTAACGCGTACGCACATT -3

[ SEQ I D NO 13]

-34- 5 -

GTGCGTACGCGTTAGTTGCAATAGAGAAGACGAACATTGAAGC

TAGTAGGAATGCTATATTCTTTTCATTATTAATTC -
Construction of pK-pelB-V[err]5.3. Th

e nexkgﬁungu nthe

cell antigen receptor V[err]5.3 prote

described in Exanple 2 supra.
(iv) ANTI-SENSE:

Vlerr]5.3 sequence into the plasm ds coo4sining the S|g%ar'sequences asii

(ix) FEATURE:
(A) NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

GGCTCGAGCC TAGGCTGCAG CCCGGGGCGC GCGCGGCCGC

E%dhh& I§ .ihé

\.

AGGCCTTTAA 50

TTAAGAGCTC CGGACCGCAC AATGTGGGCG CGCCCTTAAG A 91

(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:97 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY :linear

(1i)MOLECULE TYPE:other nucleic acid

(A) DESCRIPTION:synthetic oligonucleotide

(11ii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:

(A)NAME:
(B) LOCATION:

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

CTAGTCTTAA GGGCGCGCCC ACATTGTGCG GTCCGGAGCT CTTAATTAAA 50

GGCCTGCGGC CGCGCGCGCC CCGGGCTGCA GCCTAGGCTC GAGCCGC 97

(2) INFORMATION FOR SEQ ID NO: 5:

(i)SEQUENCE CHARACTERISTICS:
(A) LENGTH:103 base pairs
(B) TYPE:nucleic acid
(C)STRANDEDNESS:Single
(D) TOPOLOGY : linear

(ii)MOLECULE TYPE:other nucleic acid

(A)DESCRIPTION:synthetic oligonucleotide

(11ii) HYPOTHETICAL:

(iv) ANTI-SENSE:

cet Has Been Replaced
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The conpl ete nucl eoti de sequence of V[err]5.3 was generated as follows: the
DNA sequence of V[err]5.3 clone 12A1 was originally published by Leiden._ et..,
al. (1986, Proc. Natl. Acad. Sci. USA, 83:4456-4460) and | ayAdal AN
corrected (Leiden et al., 1986, Mlec. Cell Biol.. 6.3 07-31§£%P$§hit EMEL&
12A1 was m ssing nucl eotides coding fon AshsuseT eAsBAEAN {f odr jam no aci d
residues; and in addition, the deduced N-t &BFLAGED ani ng adi d r &5 SR 9%
clone 12A1 were incorrect. The N—ternTn —am no acld sequednde of V[jerr]5.
(HPB- ALL) was published by Jones et al. 61985, Sci ence, 227:311-314)

wi t hout specifying the NNterminal first amno acid residug,_which was .lates
det er mi ned t otigR FERT RFe (Jeff Leiden, unpublished). Using the above
sequence i nf or mat i'BMAY B conplete V[err]5 3 was reconstructed by

reconmbi nant DNA téEHE N:The resulting plasmid (pBB-V[err]5.3) was the
source of the V[err]5.3 sequence for the follow ng exanples. The ful

| engt h nucl eot%¥idEEQ %@aPﬁﬁoﬂorSEq éPr¥8: $:and the predicted am no

aci d sequence have been published nore recently by Plaza et al. (1991, J.
| nunol . , CTAGTAAATT CTATTTCAAG GAGACAGTCA TAATGAAATA CCTATTGCCT

ACGGCAGCCG CTGGATTGTT ATTACTCGCT GCCCAACCAG CCATGGCCGA 100
GCT 103
(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:95 base pairs
(B) TYPE:nucleic acid
{C) STRANDEDNESS : single
(D) TOPOLOGY :linear

(i1)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
{(A)NAME: '
{B) LOCATION:
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
CGGCCATGGC TCGTTGGGCA GCGAGTAATA ACAATCCAGC GGCTGCCGTA 50
GGCAATAGGT ATTTCATTAT GACTGTCTCC TTGAAATAGA ATTTA 95
l(2)INFORMATION FOR SEQ ID NO: 7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:105 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY:linear

(ii)MOLECULE TYPE:other nucleic acid .
(A) DESCRIPTION:synthetic oligonucleotide

{1iii)HYPOTHETICAL:
This Sheet Has Been Replaced
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147:4360-4365). (See, also, Figure 1; SEQ ID NOCS. 25, 26 and 27 herein.)
V[err]5.3 was PCR-synt hesi zed using pBB- V[err]5.3. (6.2 kb)

The 5'

underlined: 5'-
"antisense" priner was conpl enentary ta@ 28
5 - CCAGTGCCAAGCTTGCATG‘E
V[err]5.3 fragnment was bl unt-ended using
and Ilgated |nto t he dephos
pBl uescri pt I + to vield plasmd pBL-pel B- V[err]5.3. Th

éﬁ¥g %% Ny&st and Pst'l, purified from agar ose€,

in the vector:
pol ymer ase |,

i nsert was ex

"sense" prinmer contai ned an Ncol
TAATTAGCCATGGCCGECGTAACCCAATCTCCG -3 [ SEQ |

restriction enzyne s

ion with Ncol

horyl at ed EcoRV si

D 16] [thel 7 859 Bpgg
DNA

15 QVEEEN Fam
+N£%§§§%ovr+w1£;Tent
4

as _tenpl ate.

REPLACEMENT SHEET

bf fa Pstl site

0
te of
[err]35.3

and |igated |nto the hbol and Pstl sites of:pK-peIB, yi el ding plasm d
pK- pel B- V[ er i}8) §E§?VEHQ

(B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

CTAGTAAATT CTATTTCAAG GAGACAGTCA TAATGAAAAA GAATATAGCA

TTCCTACTAG CTTCAATGTT CGTCTTCTCT ATTGCAACTA ACGCGTACGC

ACATT 105
(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 98 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : 1linear

(ii)MOLECULE TYPE:other nucleic acid
(A)DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:

(A)NAME:
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

GTGCGTACGC GTTAGTTGCA ATAGAGAAGA CGAACATTGA AGCTAGTAGG

(2) INFORMATION FOR SEQ ID NO: 9:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:89 base pairs
(B) TYPE:nucleic acid
{C) STRANDEDNESS :single
{D) TOPOLOGY : Linear

&AATGCTATAT TCTTTTTCAT TATGACTGTC TCCTTGABRAT AGAATTTA

50

100

50

928

(ii)MOLECULE TYPE:other nucleic acid-
(A)DESCRIPTION:synthetic oligonucleotide

-'fhis- Sheet Has Been Replaced
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Construction of pK-STII-V[err]5. 3. V[err]5 3 was PCR- synt hesi zed usi ng pBB—
Vierr]5.3 (6.2 kb) as tenplate. The 5 "sense" prinmer cont g

restriction enzyme site, underlined: 5 - GAAATTAACGCGACGCAREH
- 3 [SEQ ID NO 17] -35- The 3' "antisense" priner was
a region downstreamof a Pstl site iinTHISeSHBETtHNS prern | CCAG
- 3 [SEQ ID NO 18] The resulting VUerr]SREPmmagnEnt has
t he Kl enow fragnent of DNA pol ynerase 43 '

(11ii) HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

{A) NAME :
(B) LOCATION:

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
CTAGTCCGGA ATTGGGCATC GATTAACTTT ATTATTAAAA ATTAAAGAGG 50
TATATATTAA TGTATCGATT AAATAAGGAG GAATAAATA 89
(2) INFORMATION FOR SEQ ID NO: 10:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:76 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(1i)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic ollgonucleotlde

(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
(A) NAME :
(B) LOCATION:
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
CTCCTTATTT AATCGATACA TTAATATATA CCTCTTTAAT TTTTAATAAT 50
" AAAGTTAATC GATGCCCAAT TCCGGA 76
(2) INFORMATION FOR SEQ ID NO: 11:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:71 base pairs

(B) TYPE:nucleic acid
(C) STRANDEDNESS: single This Sheet Has Been Replaced.

(D) TOPOLOGY : linear ||"|;"|“| Iu “I

(1i)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide



I, and ligated into the dephosphoryl ated EcoRV site of pBluescript Il KS+
to yield plasmd pBL-STII- V[err]5.3. The V[err]5.3 insert was exci sed by

digestion with Mul and Pstl, purified from agarose, and |7
Mul and Pstl sites of pK—STII Vi e
Results V[err]5.3 fused to the pel B BHStH d
coli JMLO9 (TABLE 1). Induction was for &EWCEQM \[ &
measured by EIA. TABLE 1 EXPRESSI ON AND ARTMENTATI ON
pK-pel B-V[err]5.3 “PK-STII-V[err]5.3

| PTG 0 MMIPTG 1 nMIPT
[err]g/n &l%¥g§%%¥¥ﬁ%m 0.5 [err]g/m’

ed “’r’r.L :J““H"f

Super nat ant 0

[err]g/m (iv) ANTI-SENSE:

(ix) FEATURE:

(A) NAME :
(B) LOCATION:

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 11:
ATGAAATACC TATTGCCTAC GGCAGCCGCT GGATTGTTAT TACTCGCTGC
CCAACCAGCC ATGGCCGAGC T 71
(2) INFORMATION FOR SEQ ID NO: 12:.

(1) SEQUENCE CHARACTERISTICS:

(A)LENGTH:76 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS :single
(D) TOPOLOGY :linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1iii)HYPOTHETICAL:
{(iv) ANTI-SENSE:
(ix) FEATURE:
(A)NAME:
{(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:
CGGCCATGGC TGGTTGEGECA GCGAGTAATA ACAATCCAGC GGCTGCCGTA
‘GGCAATAGGT ATTTCATTAT TTATTC 76
{(2) INFORMATION FOR SEQ ID NO: 13:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:73 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single

(D) TOPOLOGY : linear

(1i)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

2.2

50

50

-
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Peri pl asm 0.9 4.6
Cyt osol 9.9 Of scal
scale [1:40] Both | eaders were functi
protein was | ocalized intracellularly!

e [1:40]

N. D

5 5

fed-—-at-t-hevgh-

Pﬂn

anF

pl asm ds containing the | eader sequen

o]
(g10 and mni-cistron) as well as the V[err]5.3 sequence. Constftggﬁoi?%f
pKT-pel B-V[err] 5.3 Plasm d pKT-pel B-V[err]5.3 was construdt

of the V[err]5.3 insert from pK- pel B- V[ ef :
ligation into,the Ncol and Pstl sites of pKT-pel B. Construttiomoef

15. 3 using Ncol

2
i ‘EXAI\/PLE 5 Y] % e REP@@WEWSSHEET

Gel.dllo trre

y_excision

and Pstl, and

pKT- STl I - V[ er #}Bl’ﬁ‘fﬁo%ﬁﬁ-"a%kr STII-V[err]5.3 was simlarly constructed by

exci si on of the V[ e rr 5 3 |nsert

(iv)

(ix) FEATURE:
(A) NAME : _
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

ATGAAAAAGA ATATAGCATT CCTACTAGCT TCAATGTTCG TCTTCTCTAT

TGCAACTAAC GCGTACGCAC ATT

73

(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:79 base pairs

(B) TYPE:nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY :linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(11ii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:

{A) NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

GTGCGTACGC GTTAGTTGCA ATAGAGAAGA CGAACATTGA AGCTAGTAGG

‘AATGCTATAT TCTTTTTCAT TATTTATTC

(2) INFORMATION FOR SEQ ID NO: 15:

(i)SEQUENCE CHARACTERISTICSQ
(A) LENGTH:33 base pairs

(B) TYPE:nucleic acid
(C) STRANDEDNESS :single
(D) TOPOLOGY:linear

(11)MOLECULE TYPE:other nucleic acid

79

50

50

(A) DESCRIPTION:synthetic oligonucleotide

- This Sheet Has Been Replaced




frompK-STIl1-V[err]5.3 using Mul and Pstl,

and ligation into the Mul and

Pstl sites of pKT-STII. -36- Al subsequent plasmd constructs utilized

the STIIl signal sequence. Therefore, where the signa

specified, it is understood that the SIll_sequence was
pKT-V[err]5.3 Plasm d pK-STII-V]err] S FH(SEER] @A BEEW

two regul atory

REPLACED

-5+

(iii) HYPOTHETICAL:
(iv)ANTI-SENSE:
(ix) FEATURE:
(A)NAME :
{B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

TAATTAGCCA TGGCCGGCGT AACCCAATCT CCG 33

(2) INFORMATION FOR SEQ ID NO: 16: -

(i) SEQUENCE CHARACTERISTICS:
(A)LENGTH:21 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY :linear

(11)MOLECULE TYPE:other nucleic acid
(A)DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:
{(iv) ANTI-SENSE:
(ix) FEATURE:

(A) NAME :

(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

CCAGTGCCAA GCTTGCATGC C 21

(2) INFORMATION FOR SEQ ID NO: 17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:34 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY:linear

(ii) MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

. This Sheet Has Been Replaced
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el ements upstream of the STIl |eader, to create pKT-V[err]5. 3. These
el enents are the transl ational enhancer fromthe bacteri
(gl0), and a mni-cistron coding for T -~ BOLgiiemant
have been denonstrated to enhance transﬁgﬁé‘iﬂ?%@igg}%r = =remes
(Schoner et al., 1984, Proc. Natl. Acdé—Sei 5403 Ei .? 5%@3%8
al., 1986, Proc. Natl. Acad. Sci. USA, 81.8506- 8510 ai ZI

Gene, 73:227-235; Ains and Rangwal a, 1989, J. Biol. Chefn |
264:16973-16976) . @haMEerr]5.3 provided up to 8-fold higher pr otein y| el d¢

than pK-STII-V]errify13cakxgerl e 4) in E coli JM09 under~ecomntit++ons—et—
| PTG i nducti on. The El A val ues reported here are approximations, due to the

| ack of apur t KT- V[err]53vvas shown to
be stable in d}#@ﬁ&ﬁé%ﬁgﬁ %%t%glté Hgfl %ﬂ of pKTB-V[err]35. 3.

GARATTAACG CGTACGCAGG CGTAACCCAA TCTC 34

(2) INFORMATION FOR SEQ ID NO: 18:

(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH:21 base pairs
(B)TYPE:nucleic acid
(C) STRANDEDNESS :single
(D) TOPOLOGY :linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

(A) NAME :
{B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 18:
CCAGTGCCAA GCTTGCATGC C 21
{(2) INFORMATION FOR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:110 base pairs
(B) TYPE:nucleic acid

(C) STRANDEDNESS:single
(D) TOPOLOGY:linear

(1ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:

(A)NAME:
(B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 19: Sheet Has Been Replaced
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A further nodification to pKT-Vierr]5.3 (Exanple 5) for secr
i nvolved elimnation of the I PTG requilf, on.
of a laclts gene coding for tenperatur¢-"HERSHEEVEASREENepr es
et al., 1988, Gene, 70:415-417) nakes it posBREMIAEEZDo conir ol
expression fromthe trc pronoter by elevating the tenperatur
to 42[err]C. This woul d obvi ate the need #o use | PTG or bact
harboring the lacl or lacl genes. The Iaé

el PR A

--«.

REPLACEHET SHEET,

-
3

Ene

P exi stence

h
of (‘Buistingioy
g

brj al

> oM 30T ErTTCT

strains

acl ts-
ctor

Ts gene was excised frompUCts by

codi ng

sequence,

Site. | ocAPaATAEIA eaat Gty MihanBBE ot lR FORORERER, Ul €l o

pl asm d pKTB- %err 5.3 (6.8 kb). The orientation of the laclts gene was

det er ni nedCe6FETE

(2) INFORMATION FOR SEQ ID NO: 20:

iction ma ng. Results

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:110 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : linear

(1i) MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:

(A)NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:
CCGGGCGGAC CGCACAATGT GCCATGGTTT ATTCCTCCTT ATTTAATCGA
TACATTAATA-TATACCTCTT TAATTTTTAA TAATAAAGTT AATCGATGCC
CAATTCCGGA 110
{(2) INFORMATION FOR SEQ ID NO: 21:

(i) SEQUENCE CHARACTERISTICS:

(A)LENGTH:42 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single

(D) TOPOLOGY : linear

(1ii)MOLECULE TYPE:other nucleic ‘acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:

[

{ix) FEATURE:
(a) . heet Has Been Replaced
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The laclts gene was inserted in either orientation downstr f faqut .?rggBET
transcription termnators in pKT-V[err]5.3 to create plasm I
(Fig. 2). This was expressed in E. cqli LJ24 (lacl_deletio ang t he
protein was anal yzed by Coonassie Bl berms sipingagmrass il anijdd gdilSEP 1994

(Laenm i, (1970) supra) and by Westefn bl aterLAowbi n et al . -37- (1979)
supra). One orientation of the laclts géne (T on |rect|on towara-

the Amp' region) clearly resulted in higher V[err]5.3 yiel ¢&~+han-the
reverse orientation The putative V[err[573 band obtai ned fromextracts of
total cellular 2 Iectrotfansterred to I mmobil on-P nenbranes, and
vi sual i zed by Cbo S|e ue st ai ni ng.

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 21:
CTAGTAAATT ATATTTAAAG GAGGAATAAA CCATGGCACA TT 42
(2) INFORMATION FOR SEQ ID NO: 22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:35 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : linear

(1i) MOLECULE TYPE:other nucleic acid
(A)DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

(A) NAME :
(B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 22:
GTGCCATGGT TTATTCCTCC TTTAAATATA ATTTA 35
(2) INFORMATION FOR SEQ ID NO: 23:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:20 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:
(iv) ANTI-SENSE:

(ix) FEATURE:
(A) NAME:

B)LOCATION:
(B) This Sheet Has Been Replaced
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The band was—exetsed—and—subjected to NH err]-term nal am no acid
sequenci ng (hat sudatt Been R9Gdced J- Bi ol . Chem, 262: 10035-30038)..ta yield a

total of 10 a ues. el y 95 o E R h@ﬁ‘ YOT
the N-term nammml H{lgﬂlﬂ resi du  STHIS SHEET&\&C%%I ed V[ ?fj%ggj“ E vl SE[ ET

| eader sequenc Thi s plasn1ﬂﬁmﬂs -al.se.expre séd ﬁﬁﬁﬁﬁgrnal
I nduction in three different bacterial s%ialns each of
i ncreasing |l evels of endogenous |ac repressor, i.e., LJ24 R[err]<Nﬂ09.

Supernatan tures werg assayed for V[err]5.3 expression by}
El A (Tabl & ?Aér%‘%nﬁt‘l g;g%ﬁw rr] 5. 3 SSI ON | N DI FFERENF—BASFERFAL

STRAI NS Cel;s wer e i nhduced and V[err]5.3 yields ([err]Jg/mM) were
measur ed iR E@F?%Hﬁ?lgupg?%aﬁ%9u¥? N@ra%ﬁ1d Regul ation E.coli Host

| nducti on Uni nduced | nduced
. (i) SEQUENCE CHARACTERISTICS

(A)LENGTH:25 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY : linear

(ii) MOLECULE TYPE:other nucleic acid
(A)DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
(A) NAME :
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:
AACTTCCCGG GTTATCATTA GCTGC 25
(2) INFORMATION FOR SEQ ID NO: 25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:276 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : linear
(ii)MOLECULE TYPE:cDNA
(iii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
(A) NAME :
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:
GGC GTA ACC CAA TCT CCG ACT CAC CTG ATC AAA ACG AGA 39

GGA CAG CAC GTG ACT CTG AGA TGC TCT CCT ATC TCT GGG 78

CAC BAAG AGT GTG TCC TGG TAC CAA CAG GTC CTG GGT CAG 117



KTB-V[err]5.3 aclts JMLO9 (lacl[err]) 42[err] C

I
pKTB-V[err]5.3 -laclts DH5[err] (lacl) .
pKTB-V[err]5.3 | aclts LJ24 ([err]lacl) 42CH D
5.3 | acl [err] , JMLQ9 . 2m\g | )T97S%€*§%

pKT lacl[err] J V@S SHEET HAS BEBAR| err]f
he data agree with Wstern bl ot lobser RERLAGED and Ppredi
e., the highest expression |evel was ag Teved 1n LJ24 (err]lacl) and th

| owest in JMLO9 (lacl[err]). The conparattvely | ow amounts ol Vvierris—s

' f t f act at E. coli_ does
ot o i nari | SEGCEEE &R TARCARE AL %%ﬁé*ﬁg@%%?s@& P‘g%lh Tabie 1, e
' t ai in the cytopl asm
coquenci ng. of ABRCSHE AR SEhI BAC A% KR eRF e Al &€ the 195

tenperature-inducible |laclts enecpl us the

t ool t o
A% LI =~ o) '

5
0
2 pKT-V[err]
9
T

p
0
5
5
0
0
[

CAG TTC CCT AAC T AGC TCT GAG CTG AAT GTG AAC GCC 234
TTG TTG CTG GGG GAC TCG GCC CTG TAT CTC TGT GCC AGC 273
AGC 276

(2) INFORMATION FOR SEQ ID NO: 26:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:276 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
{D) TOPOLOGY : 1inear
(ii)MOLECULE TYPE:CcDNA
(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
(A) NAME:
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: '

CCG CAT TGG GTT AGA GGC TGA GTG GAC TAG TTT TGC TCT 39

CCT GTC GTG CAC TGA GAC TCT ACG AGA GGA TAG AGA CCC 78
GTG TTC TCA CAC AGG ACC ATG GTT GTC CAG GAC CCA GTC 117
CCC GGG GTC AAA TAG AAA GTC ATA ATA CTC TTT CTT CTC _ 156
TCT CCT TéT CCT TTG AAG GGA CTA GCT AAG AGT CGA GCG 195
GTC AAG GGA TTG ATA TCG AGA CTC GAC TTA CAC TTG CGG 234
AAC AAC GAC CCé CTG AGC CGG GAC ATA GAG ACA CGG TCG 273
TCG 276

(2) INFORMATION FOR SEQ ID NO: 27:

This Sheet Has Been Replaced

(i) SEQUENCE CHARACTERISTICS:




upstream 80 nucl eotides including the pronoter were sequenced and conpar ed

to the published sequence of the | PTG i nducible |acl gen
Nat ure, 274:765-769).
| acl, and not

lacl[err],

| aclts gene sequence showed an

nucl eoti des encodi ng 360 am no aci ds;—atrd

gene (Cal os

The pronoter region

was identical {f

-38¥h§§§§§f§§§ﬁ )

= I /.

nucl eotide #559 (with reference to first
whi ch changed from G to A, causing an1né

G ycine (G0 to %g &QEEQQQEL aIQ&S change in a 5|ngle;

I nparts thernal

{D) TOPOLOGY : linear

(ii) MOLECULE TYPE:protein

(1ii)HYPOTHETICAL:

(iv)ANTI-SENSE:

(ix) FEATURE:

{xi) SEQUENCE DESCRIPTION:

(A) NAME :
(B) LOCATION:

Gly Val Thr Gln Ser Pro

1
His

Ser
Gln
Arg
Val

Ser

Vai
Trp
Tyr

Phe

5

Thr Leu Arg Cys
20

Tyr Gln Gln Val
35

Tyr Glu Lys Glu Glu Arg Gly

50
Ser Ala Arg Gln
65

Asn Ala Leu Leu Leu

Ser
92

80

Thr His Leu
Ser Pro Ile

Leu Gly Gln

Phe Pro Asn

Gly Asp Ser

(2) INFORMATION FOR SEQ ID NO: 28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:27 base pairs
(B) TYPE:nucleic acid
{C) STRANDEDNESS :single
(D) TOPOLOGY :linear

(i1)MOLECULE TYPE :cDNA

(111)HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:

(A) NAME :
{B) LOCATION:

urrroerooT™

ucleotlde of
acid residue

SEQ ID NO: 27:

Ile Lys Thr Arg Gly
10
Ser Gly His Lys Ser
25
Gly Pro Gln Phe Ile
40
Arg Gly Asn Phe Pro
55
Tyr Ser Ser Glu Leu
70
Ala Leu Tyr Leu Cys
85

. arabaugh

1978,

Gln
15
Val
30
Phe
45
Asp
60
Asn
75
Ala
90

This Sheet Has Been Replaced
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sensitivity to the lac repressor protein. In addition, -‘afn
sequence of the |acl gene (Farabaugh £8) supra) as wel f
appearing in Genebank (Ilocus ECOLAC THISI HEBBH{L\Q BREROF at |

code for Leucine (TTA) instead of Ser| ne (TCAThe~¢C& T tc'
introduces a Hpal site at the 3' end of the lacl gene thatitu
previously by restriction mapping (Brosids, 1992, Meth. Enzynol .,
216:469-483). It should be noted that i Farabaugh (1978) supra, the sane

codon (TCA) n LeRO ng Leuci ng,i nstead of Serine.
EXAVPLE 7 ConstG‘raﬁ'(E:\?lgc%yo'I}flx ﬁ?@ %?asm -V[err]5. 3§Z6. 7 kb) was

di gest ed m ﬁE%MTf&Q l-Po%I ISEQagg ﬁ&e 2@ 42 kb

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:8 amino acids
{B) TYPE:amino acid
(D) TOPOLOGY : linear
(ii)MOLECULE TYPE:peptide
(iii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
(A)NAME:
(B) LOCATION:
{x1) SEQUENCE DESCRIPTION: SEQ ID NO: 29:

Met Tyr Arg Leu Asn Lys Glu Glu
1 5 8

is Sheet Has Been Replaced




fragnent was purified fromagarose using the Geneclean Kit (BlIO 101).
Plasm d- pKT- STIT (4.8 kb) Wwas digested with Sall and Pstl and the 1.15 kb

f ragnment V\Hﬁssabdmhsagekﬁ/k lkdaf i ed, a _

yi el di ng pI 6 kb). EXAVEEESEECoNS ructuPn _.{:&E?g
This pl asm ' to_ pKTB- V{ er 1 ] REBLAT Rds—the! two |regul at ory
el enents, i. ansl ati onal enhancer and the i i - €7s3TdAI9S

Plasm d pKTB (6 56 kb) was di gested vvithSOQSaII and Pstl, iand the | arge
fragment (5.4 kb) was purified from agardse using the Cﬁfeclean Kit (Bl
101). Plasm d pK-V[err]5.3 (4.9 kb) was digested with Sall_and Pst]. and
the 1.3-kb fragnment was simlarly purified, and ligated to the 5.4-kb
fragnent , weictlii ng plasm d pKB- V[err]5.3 (6.7 kb). Results

I A method for producing a recombinant full length T cell antigen receptor V region
protein which comprises;

a) transforming a competent bacterial host cell with a recombinant expression vector
comprising a region coding for a full length T cell antigen receptor V region protein, and an inducible
bacterial promoter;

b) inducing the inducible bacterial promoter in the transformed bacterial host cell of step a,
and;

c) recovering the recombinant full length T cell antigen receptor V region protéin.

2. The method of claim 1 wherein the inducible bacterial promoter is selected from the

group consisting of chemically regulated promoters and thermally regulated promoters.

3. The method of claim 2 wherein the expression vector further comprises a regulatory

gene sequence selected from the group consisting of the lacI gene or the lac® gene.
4. The method of claim 2 wherein the expression vector includes the Jaclts gene.

5. The method of claim 4 wherein the Jaclts gene is in the same orientation as the coding

region for T cell antigen receptor V region protein.

6. The method of claim 1 wherein the bacterial promotor is selected from the group

consisting of a lac promoter, a fac promoter, and a frc promoter.

7. The method of claim 6 wherein the recombinant expression vector further comprises a -
leader sequence.
8. The method of claim 7 wherein the leader sequence is selected from the group

consisting of heat stable enterotoxin STII leader from Escherichia coli and a pelB leader from

Erwinia carotovora.

* ¢ L M 5 % -



PKB- V[ er r | 5-3—As—discussed—above, the addition of two r

i.e., the glfaenen3euiPib,add the mni-cistron,
V{err]5.3 yiel @i i ons of | PTG inductis
these two ele MIH ﬂuﬂlm LpKTB— VIertioss

yi el d under c ermal i

and pKB-V[err]5.3 by acrylam de ele
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-39- that V[err]5.3 yield was unaffected6 oy the renpval} of these two

el ements. ElA neasurenents of whole cel [TUrea extracts showed that
pKB-MVerr]5.3 9! Odl’ﬁ)g %e'ﬂPoﬁ of Elgliomt f\livﬂerctsipl e rgégxl;x _in\aﬂlte innlegs;ign vector further comprises a
leader sequence derived from the STII leader sequence of E. coli and the competent bacterial host

cell is a cell which does not harbor the lacI or lacP gene.
10.  The method of claim 9 wherein the bacterial host strain is a protease deficient strain.

11.  The method according to claim 10, wherein the protease deficient strain is selected

from the group consisting of SG22094, SG21 163, and SG21173.

12.  The method accordihg to claim 1, wherein the expression vector further cémprises the

g10 and the mini-cistron sequence (SEQ ID NO. 28) regulatory elements.

13.  The method of claim 1 wherein the recombinant expression vector furthexj comprises;
a) a {rc promotor as the inducible bacterial prombter;

b) a ribosomal binding site;

c) a transcription terminator;

d) a laclts regulatory gene sequence;

€) a pBR322 origin of replication, and;

f) a tetracycline resistance gene.

14.  The method of claim 13 wherein the recombinant expression vector is selected from

the group consisting of pKTBi-VB5.3, and pKBi-VBS.3.

15.  The method of claim 13 wherein the recombinant expression vector further comprises

. a leader sequence.

16.  The method of claim 15 wherein the recombinant expression vector is selected from

the group consisting of pK-VB5.3, pKT-VBS.3, pKTB-VB5.3, and pKB-VB5.3.

17.  An expression vector comprising a inducible bacterial promofer under the control of a
laclts gene, wherein said Jaclts gene controls the expression of a region encoding a full length T cell

antigen receptor V region protein.

00T IIIszIIlIsI-‘Il L]



2 1 NI

when expressed in E_coli—+324. TABLE 3 EXPRESSI ON OF

DI FFERENT BACTERI AL ST NS Pl asmid Ly2a | REPLACERENTOSHEET
S&®1163 N er 1 1B TR o 90 | 80
20 \m E 910/ MC [pKB- VEEET, S3BEEN | $5%ep 996 | |59
40 g10/ MC 3
100 100 100 - | eader

-61-

18.  The expression vector of claim 17 wherein the inducible bacterial promoter is selected

from the group consisting of a /ac promoter, a fac promoter, and a frc promoter.

19.  The expression vector of claim 17 wherein the inducible bacterial promoter is the #rc

promoter.
20.  The expression vector of claim 19 which further comprises a leader sequence.

21. ° An expression vector which comprises in 5' to 3' directioh;

a) a trc promotor;

b) a ribosomal binding site;

c) a region encoding a full length T cell antigen receptor V region protein;
d) a transcription terminafor; '

e) a laclts regulatory gene sequence;

f) a pBR322 origin of replication, and;

g) a tetracycline resistance gene.

22. A bacterial cell transformed with the expression vector according to claim 17.

23.  The expression vector of claim 17 wherein said vector is selected from the group
consisting of pK-STII-VB5.3, pKT-V85.3, pKTB-V#5.3, pKTBi-V#5.3, and pKBi-V35.3.

24. Afulllength T cell antigen receptor V region protein produced by the method of

claim 13.

25. A pharmaceutical composition which comprises a full length T cell antigen receptor V

region protein.

26. The pharmaceutlcal composition of claim 25 wherein the T cell antlgen receptor V
reglon protein is the VBS 3 protein and has the formula: amino acid 1 to 92 of amino acid Sequence

ID No. 27.

{0



.+ gl10/MC pKBi -V[err]5.3 ' 10 .  AAOBEEN 130

390 - |eader -gl O M Induction period T§I%§HEE{}A5@EB err]. E; el gY] Qﬂ.*"\/bl\&»‘j&,’l
m Leader: STII glQ T7 gene 10 MC : es;?" Wmﬂ e-cetrtgr
extracts V[err]5.3 yields (ng/liter), based on unlts/rﬁ 4app ga@éq ,
measured by EIA. 1 ng V[err]5.3 is approxi mately equi anI ent’ o1 er
units.

-62-

27. A method for treating an immune related disorder comprising administering to a
subject in need of such treatment a pharmaceutical composition comprising a full length T cell

antigen receptor V region protein.

28.  The method according to claim 27 wherein the immune related disorder is multiple

sclerosis.

29.  The method of claim 28 wherein the full length T cell antigen receptor V region

protein is the VB5.3 and has the formula: amino acid 1 to 92 of amino acid Sequence ID No. 27.

30. A substantially pure T cell antigen receptor V5.3 protein having the formula: amino
acids 1-92 of amino acid Sequence ID No. 27.

31.  The use of a substantially pure T cell antigen receptor V region protein in the

manufacture of a medicament for treatment of an immune-related disease.

32. A transformed bacterial cell which produces at least 300.milligrams of full length |

recombinant T cell antigen receptor VP protein per liter of cell culture.

33. A method of diagnosing an immune disorder comprising using a recombinant full ;

length T cell antigen receptor V region protein to detect in a biological sample from a patient the

‘presence of a partiéular subpopulation of T cells associated with an immune disorder or the presence

of autoantibodies recognizing the particular V region protein.

Sheet Has Been Replaced
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and Pstl, and the large fragnment (5.4]kb '§E"ﬁ@wsf3 ]
the Geneclean Kit (BIO 101). Plasm d pr—SHAEPLACES Kkb)
Sall and Pstl, and the 1.1-kb fragmentéidas simlarry
to the 5.4-kb fragnment, yielding plasmd pKB (6.5 kb). E
Construction of pKTBi. This plasmd is identical to pKTE nii &
si gnal sequence. pKTB (6.56 kb) was digested with Spel apgd Xmal, and
ligated to a doubp ec@iy AMPLCEN RBCEPEOR| V IRBEEOR OPROSEINS AND

METHODS OF PREPARATION THEREOF
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ABSTRACT

The present invention relates to the production of full length T cell antigen receptor V
region proteins. The invention provides for methods of expressing the proteins as well as expression
vectors for enhanced production of full length T cell antigen receptor V region proteins. The
invention fuﬂhgr provides for the V[5.3 region protein. The proteins of the invention have uses in

the diagnosis and therapy of immune-related disorders.

FIGURE 2.
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-40- coding for the gl O translational enhgreers &i S —®inding site,
and a mni-cistron containing a second ri JoSoRe N9 s ; Restriction
sites for Ncol, Dralll, Rsrll and Xmal were.des?d 5 thed3' end. The two

conpl ement ary ol i gonucl eoti des had the followi ng sequ
CTAGTCCGGAATTGGGCATCGATTAACTTTATTATTAAAAATTA -

[SEQ I D NO 19] 5'- CCGGGECGGACCGCACAATGTIGCCATGGTTTATT
ATCGATACATTAATATATACCTCTTTAATTTTTAATAATAAAGTITA

Figure 1

1 GGC GTA ACC CAA TCT CCG ACT CAC CTG ATC AAA ACG AGA GGA CAG
CCG CAT TGG GTT AGA GGC TGA CTG GAC TAG TTT TGC TCT CCT GTC
1 @Gly Val Thr Gln Ser Pro Thr His Leu Ile Lys Thr Arg Gly Gln

46 CAC GTG ACT CTG AGA TGC TCT CCT ATC TCT GGG CAC AAG AGT GTG
GTG CAC TGA GAC TCT ACG AGA GGA TAG AGA CCC GTG TTC TCA CAC
16 His Val Thr Leu Axrg Cys Ser Pro Ile Ser Gly His Lys Ser Val

91 TCC TGG TAC CAA CAG GTC CTG GGT CAG GGG CCC CAG TTT ATC TTT
. AGG ACC ATG GTT GTC CAG GAC CCA GTC CCC GGG GTC AAA TAG AAA
31 Ser Trp Tyr Gln Gln Val Leu Gly Gln Gly Pro Gln Phe Ile Phe

136 CAG TAT TAT GAG AAA GAA GAG AGA GGA AGA GGA AAC TTC CCT GAT
GTC ATA ATA CTC TTT CTT CTC TCT CCT TCT CCT TTG AAG GGA CTA
46 Gln Tyr Tyr Glu Lys Glu Glu Arg Gly Arg Gly Asn Phe Pro Asp

181 CGA TTC TCA GCT CGC CAG TTC CCT AAC TAT AGC TCT GAG CTG AAT
GCT ARG AGT CGA GCG GTC AAG GGA TTG ATA TCG AGA CTC GAC TTA
61 Arg Phe Ser Ala Arg Gln Phe Pro Asn Tyr Ser Ser Glu Leu Asn

226 GTG AAC GCC TTG TTG CTG GGG GAC TCG GCC CTG TAT CTC TGT GCC
CAC TTG CGGE AAC AAC GAC CCC CTG AGC CGG GAC ATA GAG ACA CGG
76 Val Asn Ala Leu Leu Leu Gly Asp Ser Ala Leu Tyr Leu Cys Ala’

271 AGC AGC [SEQ ID NO. 25]

' TCG TCG [SEQ ID NO. 26]

91. Ser Ser [SEQ ID NO. 27]
This Sheet Has Been Rep
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' THIS SHEET HAS BEEN
ATCGATGCCCAATTCCGGA -3' [SEQ I D NO 20] EXAMIE 11 gemisiOepcti onjof pKBi This
plasmid is identical to pKB mnus the STIlI sTgnal sequence. pKIB (6.56 kb)
was digested with Spel and Dralll, and ligated to a doubl e-stranded
synt hetic oligonucl eotide containing a ribosone bindi ng__,s_u.,e_,....and-Ne-el-mqnd
Dralll sites designed in the 3 end. The two conpl enenfgamn A des
had the foll owi ng sequences: 5'- CTAGTAAATTATATTTAAAGH AFAAA AGATT
-3'" [SEQ ID NO 21] 5 - GTGCCATGGTTTATTCCTCCTTTAAATATA?AT TA% M{(@EQ O NO
22] EXAMPLE 12 Construction of pKTBi-V[err]5.3 St
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. ’T\hh} it
Thi s plasmd‘ls |dernt|CaI to pKTB-V[err]53 m nus e D %{MC |
PKTBi (6.4 kb) was digested with Xmal and Ncol and 4 gmp] ” ej’{ 23
PCR-synt hesi zed V[err]5.3 using pKTB-V[err]5.3 as ’te;rrp?. e'=
primer contained an Ncol restriction enzynme site, ;un;de 1§ ndcé JQ'LS’F!?esﬂ W_j
TATAGTCCATGGEECGTAACC- 3" [SEQ I D NO 23] The 3' " ant i‘'sgjnsle--prt mer-cantjaijned
an Xnal site,underlined: &' - AACT TATCATTAM_ : 24]

Results pKTBi -V[err]5.3.
T CELL ANTIGEN RECEPTOR V REGION PROTEINS AND

METHODS OF PREPARATION THEREOF

‘-9
: n
‘m
O
U

INTRODUCTION

The present invention is generally in the fields of immunology and medicine and relates
to full length recombinant T cell receptor (TCR) V region proteins, expression vectors for
producing commercially useful amounts of re;ombinant T cell antigen receptor V region
proteins, and methods of using full length recombinant T cell receptor V region proteins to

diagnose and treat diseases or disorders of the immune system.

BACKGROUND OF THE INVENTION
I THE T CELL ANTIGEN RECEPTOR

The immune response to foreign antigens is divided into humoral immunity, mediated
by B cells, and cellular immunity, mediated by T cells. The receptor molecules used by B cells
to recognize antigen are immunoglobulins which recognize conformational epitopes on globular
protein. The antigen receptors on T cells are related to immunoglobulins, but bind processed
antigen molecules in association with self major histocompatibility complex (MHC) molecules
(Dembic et al., 1986, Immunol. Today, 7:308).

TCR genes, like immunoglobulin genes, consist of coding regions (or gene segments)
which rearrange during T cell ontogeny (Chien et al., 1984, Nature, 312:31-35; Hedrick et al.,
1984, Nature, 308:149-153; Yanagi et al., 1984, Nature, 308:145-149). The human T cell
receptor B chain locus has been extensively studied since the cloning of the first cDNA encoding
the B-chain (Yanagi, Y., et al. 1984, Nature, 308:145-149; Hedrick et al., 1184, Nature, 308:149-
152; Siu et al., 1984, Cell, 37:393-401). This locus is a gene complex comprising regions
'éncoding known regions or domé.ins of the B chain: the variable (V), diversity (D), and joining
() domains. These coding regions participate in somatic cell rearrangement with a region
encoding the constant (C) domain (Chien et al., 1984, Nature, 309:322-326). In situ studies
identified the location of the TCRB locus on chromosome 7 at 7q35 (Isobe et al., 1985, Science, .
228:580). By current estimates, this complex spans more than 600 kb and contains 70 to 80
variable region segments (Concannon et al., 1986, Proc. Natl. Acad. Sci. USA, 83:6598-6602;
Tillinghast et al., 1986, Science, 233:879-883; Kimura et al., 1987, Eur. J. Immunol., 17:375-
383; Lai et al., 1988, Nature, 331:543-546). These V region gene segments are adjacent to two
tandemly organized regions, each of which includes a D and a C gene segment followed by a
cluster of six or seven J region gene segments (Tunnacliffe et al., 1985, Nucleic Acids Res.,
13:6651-6661); Toyonaga et al., 1985, Proc. Natl. Acad. Sci. USA, 82:8624-.8628). Following

successful DNA rearrangement of the V, D, and J coding regions (gene segments), the translated
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In parallel wth the above work, the STII |eader was r
expression plasmd. Since nost of the expressed V[err]
intracellularly (also see below), it was expected that
construct mght yield a heterogeneous popul ati on of V[
i.e., plus and nminus |eader, which would _gonplicate su ;
of the processed V[err]5.3. Therefore, the STII |eader was renoved to

create pKTBigchig iewdél}'éegﬂdé Pirs Wit 2% 8L & Wb arf¥ch S§ a&&sedm%ﬁesqué Teell

Mlerr]5.3 is exp to contain an N-termnal nethionine, although this

anmino aci d fieyRvedly Keonenbews ebgl..d Aso domdtey. Immunolo 4i538-58 M nopept i dases
(Ben-Bassat et alrpe TéR%andd loﬁ@%&%@kﬂ{) 86/ anoth@Pon’ ﬁﬁnaﬁ@ﬁmnﬁ@&ﬁé’ 4. 4R 5

Geor gi ou, "Expression of Proteolytica Sensitive Pol ypeptides in
Escheri chi aceding regionsarsiogated ¢rttnyelnfmtmncslaee¢ genPlieoustRabiangrayana et aba988,Proc.

Chem cal h and

Verk G NandAlTtceiRl U BENE a3 10, Chithigk B, 9867, ARl SR 922 B Uigh e 41,20

observed f ol9§8<Busuxs, 63 I $27-63 1}j. ble [sesfimated that there are a minimum of 45-50 Ve coding
regions (Becker et al., 1985, Nature, 317:430-434), whereas there are only approximately 10 V&

coding regions (Chien et al., 1987, supra). In peripheral blood, two V8 coding regions appear to
be predominantly expressed, namely, V& 1 and V& 2.

The y TCR gene was identified, first in mice (Saito et al., 1984, Nature, 309:757-762;
Kranz et al., 1985, Nature, 313:762-755; Hayday et al., 1985, Cell, 40:259-269) and then in
humans (Lefran_c et al., 1985, Nature, 316:464-466; Murre et al., 1985, Nature, 316:549-552).
The human y TCR locus appears to consist of between five and ten V, five J and two C coding
regions (Dialynas et al., 1986, Proc. Natl. Acad. Sci. USA, 83:2619). -

TCR diversity, and thereby T cell specificity, is derived from several sources (Barth et
al., 1985, Nature, 316:517-523; Fink et al., 1986, Nature, 321:219-225): the multiplicity of .

’ germline gene segments (Chien et al., 1984, Nature, 309:322-326; Malissen et al., 1984, Cell,
37:1101-1110; Gascoigne et al., 1984, Nature, 310:387-391; Kavaler et al., 1984, Nature,
310:421-423; Siu et al., 1984, Nature, 311:344-349; Patten et al., 1984, Nature, 3 _12:40-46);
combinatorial diversity through the assembl); of different V, D, and J coding regions (Siu et al.,
1984, Cell, 37:393-401; Goverman et al., 1985, Cell, 40:859-867); and junctional flexibility, N-
region diversity and the use of either multiple D regions or any of the three translational reading
frames for DB segments. TCR div.ersity does not appear to arise from the somatic

‘ hypennutatxon mechanism observed for inmunoglobulins (Barth et al., supra). Asa result of
these mechamsms, TCRs are generated which differ in their amino-terminal, or N-terminal,
domains (i.e., are constructed from combinations of V, D, and J coding regions) but are similar
elsewhere, including their carboxyl-terminal, or C-terminal domains (which constitute constant

- regions of TCRs). Accordingly, an extremely large repertoire of TCR molecules is generated.

Study of the structure and diversity of the human TCR B-chain variable coding regions
has led to the grouping of these coding regions into distinct V region subfamilies (Tillinghast et
al., 1986, Science, 233:879-883; Concannon et al., 1986, Proc. Natl. Acad. Sci. USA, 83:6598-
6602; Borst et al., 1987, J. Immunol., 139:1952-1959). Each V region subfamily can be
characterized by a consensus sequence and contains similar codihg regions exhibiting greater
than about 75% similarity in the DNA sequence. For instance, sixteen mouse VB sequences

have been categorized into fourteen different subfamilies by a proposed arbitrary, but simple,

rr]5.3 nol ecul es,j




pKTBi - V[ err] 5. 3 was conpleted, but it failed to expres REPbACENHW SHEﬂs

of proteinin E coli LJ24 (see Tabl e 3, supra). The emfti
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i sol ated post-induction and anal yzed by restriction digepti %H-péé?red t
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strain containing pKTBi-V[err]5.3 to express signific
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intracel | ul ar V[err]53prote|n and Is to its rapid proteolysis.
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approximately 60 functxonal VB coding regions have been grouped into at least 24 families

(Toyonaga and Mak, 1988, Ann. Rev. Immunol., 5:585; Wilson et al., 1988, Immunol. Rev.,
101:149; and Robinson, M.A., 1991, J. Immunol., 146:4392).
2. L. I TY

T cells play a pivotal role in the differentiation and regulation of effector mechanisms

within the immune system (Paul et al., 1987, Science, 195:1293-1300). The co-recognition of

antigen and major histocompatibility molecules by a T cell must be specific and precisely
regulated, since improper immune regulation fosters autoimmunity. Several laboratories have
studied diseases in which there appears to be improper immune regulation, such as
autoimmﬁnity and some forms of immunodeficiency, and have implicated T cells in the
pathogenesis of such diseases.

Several undesirable immune responses are characterized by a clonal or oligoclonal
expansion of a particular TCR composition as, for example, in conditions of malignancy which
have resulted in a T cell leukemia or lymphoma. (See, e.g., Jack et al., 1990, 4m. J. Pathol.,
136:17; Nitta, et al, 1990, Science, 249:672; and, Yoshino et al., 1991, Inz. J. Cancer, 47:654).
In T cell leukemias or lymphomas, the TCR acts as a unique tumor marker because it is stably
rearranged and presented on the surface of the cell. A particular TCR composition is also
implicated in the recipient of an organ graft whose T lymphocytes have TCRs reactive with the
MHC antigens of the donor individual, as for instance the donor of a bone marrow graft.

‘Several groups have reported selective TCR V region expressmn in certain autoimmune
situations. For instance, Grunwald et al., have noted a preferential expression of the V2.3 gene
product in CD4+ T cells in the bronchoalveolar lavage when compared to peripheral blood

.- lymphocytes of patients with Sarcoidosis (Grunwald, J. et al., 1992, Eur J. Immunol., 22:129).

ch
h

In Kawasaki disease the preferential expansion of VB2 and V88 T cells was noted at the onset of .

disease (Abe, J., et al., 1992, Proc. Natl. Acad. Sci, USA, 89:4066).

Rheumatoid arthritis (RA) has been extensively studied in this regard. Several
investigators have noted preferential expansion of certain of T cell subsets, e.g., DerSimonian, et
al,, 1993, J. Exp. Med., 177:1623 (preferential expansion of Ve12.1-bearing T cells in CD8+
peripheral blood T lymphocytes); Stamenkovic, et al., 1988, Proc. Natl. Acad. Sci. USA,

85:1179 (synovial membrane-infiltrating T cells grown in IL-2 were oligoclonal by Southern
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pPKTBi -V[err]5.3 was expressed in tw additional protease{dé@ﬁ

SG&1163 (lon[err], htpr) and S&1173 (lon, htpr, cl p[err]’);.‘l;h}e resiufts -are
summari zed in Table 3 (supra). It should be noted that strainsily24,.,, ;=
S&22094, S&1163 and S&1173 do not produce endogenous Ladwggp(essor’j
because the lacl gene is deleted in all of4.t hese stralnﬁ. Thus,""the-wild
type lac repressor does not interfere with the thermal i"nduction of the tfc

promoter . Thelof kiais) Palishk 8N, 095158k 133:328 @ bdfesBir R sk PlndIRv s -
signal peptide can be r eadl |y expr essed Tn profease ficient sts,
resul ting i nYProbierls: iasluding aitereactive B nellsaenpant clonafly widumighas © the synevial fluid of
-42- RA patients); Howell et al., 1991, Proc. Natl. Acad. Sci, USA, 88:10921 (noting particularly
VB3, 14, and 17 T cell V region gene usage in IL-2R+ cells from synovial fluid of RA patients);
Uematsu, et al., 1991, Proc. Natl. Acad. Sci. USA, 88:8534 (oligoclonal T cell V region gene
usage in synovial fluid T cells of a single RA individual); International Patent Publication WO
90/06758 (implicating VB3, 9, and 10 in RA).

Inflammatory bowel disease has also been extensively studied. Several groups have
noted expanded T cell population or preferential TCR V region gene usage, e.g., Posnett et al.,
1990, J. Clin. Invest., 85:1770; Spencer et al., 1991, J. Clin. Pathol., 44:915; Trejdosiewicz et
al,, 1991, Clin. Exp. Immunol., 84:440; Van Kerckhove et al., 1992, J. Exp. Med., 175:57. Still
others have reported preferential TCR V gene usage in Mycobacterium leprae (van Shooten et
al., 1992, Proc. Natl. Acad. Sci. USA, 89:11244; Wang et al., 1993, Proc. Natl. Acad. Sci, USA,
90:188. .

Multiple sclerosis (MS) is an autoimmune disease characterized by central nervous
system mononuclear cell infiltration and demyelination. Although the pathogenesis of MS is
unknown, both genetic and environmental factors have been implicated in the disease process.
Major elements of the genetic predisposition include an association of disease with particular
class IT major histocompatibility complex (MHC) haplotypes (Terasaid et al., 1976, Science,
1933:1245-1247; Ho et al., 1982, Immunogenétz‘cs, 15:509-517: Spielman et al., 1982,
Epidemial. Rev., 4:45-65; Francis et al., 1986, Lancet, 1:211; Elian et al., 1987, Disease
Markers, 5:89-99 ; Urban et a‘l., 1988, Cell, 54:577-592; Vandenbark, et al., 1989, Nature,
341:541-544; Howell et al., 1989, Science, 246:668-670).

It has been shown that T cells isolated from the cerebral spinal fluid of patients suffering
from NiS utilize a limited set of TCR V region genes. The demonstration of in vivo activated
myelin basic protein (MBP)-specific T cells in MS patients implicates MBP-reactive T cells in
the pathogenesis of the disease (Wucherpfennig, K.W., et al., 1990, Science, 248:1016-1019).
Studies using polymerase chain reaction (PCR) amplification of c¢DNA with TCR VB primers
indicated that MBP-reactive T cell lines use only a limited number of VB coding regions
(Wucherpfennig, K. W., et al., 1990, supra (VB817, and to a lesser extent VB12, are frequently
used in the recognition of the immunodominant region of the human autoantigen MBP);
Oksenberg J. R., et al., 1993, Nature, 362:68-70 (rearranged VB5.2 and/or VB5.3 genes were
detected in the brains of patients with a certain HLA phenotype); Kotzin, B. L., 1991, Proc.
Natl. Acad. Sci. USA, 88:9161-9165 (a bias for use of the 8 chain variable region 5.2/5.3, and to
a lesser extent VB 6.1, seen among MBP-specific clones from patienits with MS)). The results of



EXAMPLE 13 Construction of pKBi-VB5.3 This plasmd is i #EEP} A‘@ﬂ,f@ T QTYLFT

pPKTBi -V[err]5.3 mnus the glO elenent and the nmini- cist{r p'rr“ QEQ“. b '!.\ .
28). Plasmid pKBi (6.43 kb) was digested with Ncol and pa g P bp
fragnent was purified fromagarose. pKTBi-V[err]5.3 (6.)5 kb'}) ; st €
with Ncol and Sall and the 5.68 kb fragnest was simlar y._.pJ.LL_l_.fJ___Gd a
ligated to the 970 bp fragnment, yielding plasmd pKBi-\Vferr]5. 3 (6. 64 Kkb)].
Resul t s pKBisokfeatudie5also iﬁ{pl;Sthhﬁﬁﬁe rslaaﬁﬁnteu[m V& géhe@RpreésicAC VB -Hibi-téshms L0 |

egul at or ts ressed in protease-deficient
;t ?;I ns; guréogﬁ?g?rgﬁbﬁ%a af@ﬁslv‘m"lea?“st@ t3ﬁ6ke for pKTBi- V[err]5.3.

pKBI - V[ err] 3.3 3t ease-defici ent strains:
S&21163

In the past, efforts to selectively alter the T cell population of an individual have
focussed on vaccination with whole live or attenuated T lymphocytes (for a review of this
approach see Cohen, LR.,1986, Immunol. Rev., 94:5-21) or with peptide vaccines based on
selecting a specific peptide portion of the TCR V region. These approaches have been based on
the current view that potentially pathogenic T cells preferentially utilize a limited set of V
coding regions. The approach developed by Cohen uses live or attenﬁated T cells as a vaccine
to treat or prevent, inter alia, experimental autoimmune encephalomyelitis (EAE). However,

- this approach is limited because it dépends on the isolation if clones of disease-specific T cells:
it is necessary to treat each patient with his own expanded cells, thus requiring "tailor-made" or
individualized therapeutics. (See, Zhang, et al., 1993, Science, 261:1451). .

Others have suggested the therapeutic use of TCR peptides based on TCR V region
involvement (Offner, H., 1991, Science, 251:430 (treatment with a peptide based on the TCR
VB8 amino acid sequence reduced severity of disease and accelerated recovery in Lewis rats);
Hashim, G.A., et al,, 1992, J. Immunol., 149:2803-2809; Offner, H. et al., 1992, J. Immunol.,
148:1706-1711; Offner, H., et al,, 1991, J. Immunol., 146:4165-417; but see Sun, D., 1992, Cell.
Immunol., 141:200-210). These peptides are generally short peptides, usually between 8-25
amino acids in length, and rarely more than 30 amino acids in length. For example a 21 amino
acid peptide present on the TCR chain associated with EAE has been used to prevent EAE in
Lewis rats (Vandenbark A.A. etal., 1989, Nature, 341:541-544; Vandenbark, A.A.,
International Pateﬁt Publication WO 91/01133; see also, Janeway, C.A., 1989, Nature, 341:482-
483). Others have reported that even shorter peptides of 8 or 11 amino acids, corresponding to
.portioné of the B chain VDJ region or the J& region proved effective as vaccines for eithier
preventing or reducing the severity of EAE in a rat model (Howell, M.D. et al., 1989, Science,
246:668-671; Howell, M.D. et al., International Patent Publication WO 92/12996).

Peptides derived from TCR proteins have commonly been chosen as candidates for
autoimmune therapeutics because of the ease of peptide synthesis and because no method has
been previously available for the production of longer TCR V region proteins in useful |
quantities and having significant biological activity. More importantly, the major drawback of
small synthetic peptides is that their use requires a prediction of the particular sequence that
would be effective in modulating an immune response. Predictions must be made as to the
antigenic or immunogenic properties of the proposed peptides, as for example their occurrence

in the hypervariable or complementarity-determining region (CDR) of a V region. Additionally,
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(lon[err], htpr) and S&1173 (lon[err], htpr, clp[err]). o esu{.sray s
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In addition, in order to obtain a specific antigenic response by a regulatory T cell, the
peptide must be bound to an individual's MHC molecules. These MHC antigens present on
target cells have polymorphic regions wherein specific alleles are associated with particular
individuals. For the most part, the individual will have two haplotypes, meaning that there will
be two different alleles of a particular MHC antigen from the same locus. Not all peptides will
have the capacity to bind to MHC antigens, nor will all MHC antigens bind to any single
peptide, since there are multiple MHC antigens for each haplotype. Therefore, the suitability of
such a peptide approach to T cell-mediated therapeutics must be determined on the haplotype of
each individual, requiring tailoring of peptides to the individual patient.

4, PRODUCTION OF SOLUBLE T CELL ANTIGEN RECEPTOR

Production of large amounts of soluble TCR proteins by recombinant techniques has
been problematic for several reasons. A major obstacle to overcome in the production of
soluble T cell antigen receptor is the secretion in the absence of the transmembrane region
(Traunecker, A. et al.,, 1989, Immunol. Today, 10:29-32). One investigator was able to show
secretion of a full length monomeric 8 chain of the murine TCR including the V, D, andJ
regions followed by a truncated form of the CB region. The methodology took advantage of the
homolog_y between the carboxyl-terminal end of the immunoglobulin light chain and the

. Sequence around Cys 241 in the TCR B chain. The resulting construct utilized the chimeric gene
encddiné the k-chain leader peptide sequence from MPC-11 and a rearranged VDJ exon. The
resulting construct was expressed in mammalian cells and was detectable in the cell supernatant.
The method did not suggest, however, a means of obtaining a full length V region protein in the
absence of extraneous protein sequences, since secretion was dependant on the presence of the
truncated CB exon (Gasgoigne, N., 1990, J. Biol. Chem., 265(16):9296-9301).

Another group attempted to achieve the expression of a soluble form of the TCR 8 chain
in biochemically significant quantities by the expression of a recombinant TCR heterodimer
anchored by a phosphatidyl inositol glycan linkage. The method produced small
(0.5mg/harvest) amounts of a full TCR chain which necessitated the cleavage from the surface
of the transfected cells by a phosphatidyl inositol-specific phospholipase C (Lin, A.Y., 1990,
Science, 249:677-679). '
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o Others have produced chimeric molecules by shuffling the variable and constant
domains of the murine TCR with the constant region of an immunoglobulin x light chain. The
investigators were able to achieve small amounts of a secreted soluble form of a heterodimeric
aB TCR (Gregoire, C., et al., 1991, Proc. Natl. Acad. Sci. US4, 88:8077-8081). Gregoire et al.
show a murine chimera consisting of the Ce: and Ve genes of the KB5-C2 joined to the C region
of the x light chain of the $105 monoclonal antibody. Also shown is a VBCBCx chimera. Both
are transfected into a mammalian B cell myeloma that does not express native immunoglobulin
heavy or light chains. (See also, We;ber, S., etal,, 1992, Nature, 356:793-795).

Novotny et al., 1991, Proc. Natl. Acad. Sci. USA; 88:8646-8650, demonstrate a method
for producing soluble TCRs with antigen-combining properties. A synthetic oligo linker was
cloned onto the C terminus of the VB and the N terminus of the Ve region resulting in a single-
chain VBVa. The resultant expression vector encodes the pelB leader followed immediately by
in frame VB, the linker, and the Va segments. The expression of this construct is under the
control of the lacZ promoter and is therefore IPTG-inducible.

Recently, one group has shown the secretion of a small amount of a T cell receptor V
region fused to a carboxyl-terminal poyhistidine “tail". The plasmids contain the pelB leader
and are under the control of a chemically inducible promoter (Ward, E.S., 1991, Scand. J.
Immunol., 34:215-220). The work fails, however, to describe how to obtain a T cell antigen
receptor V region protein in the absence of a fusion partner, or how to obtain commercially

- useful amounts of the receptor V region.

There is a great need, therefore, for agents and pharmaceutical compositions which have

the properties of specificity for the targeted autoimmune response, predictability in their '
‘selection, and convenience and reproducibility of preparation.
SUMMARY OQF THE INVENTION
- “The present invention addresses the above-mentioned problems by providing for the
first time the successful production of a universal agent for treating a given T cell-mediated
disease in which T cell subsets are implicated. In particular, the invention provides useful
quantities of full length TCR V region proteins that may be naturally proceésed, providing for .
multiple active fragments upon in vivo processing, and presented by antigen-presenting celis of
each individual, thereby eliminating the need for "tailor-made” therapeutic agents. Also
provided is a class of recombinant expression vectors for the production of TCR V region
proteins in bacteria. The recombinant TCR V region proteins of the instant invention are useful
in the treatment, prevention or suppression of an immune-related disorder. In another
embodiment, the TCR molecules can be combined in an admixture with a pharmaceutically

acceptable carrier for use as a therapeutic composition. In another embodiment, the claimed
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TCR V region proteins are useful to generate anti-TCR antibodies. Alternatively, the TCR V
‘region proteins can be used diagnostically to characterize a particular immune-related disorder.
The TCR V region proteins of the instant invention can be used as diagnostic probes based their
ability to bind with autoantibodies. It is an advantage of the present invention that the T cell
antigen receptor V region proteins are expressed in the absence of fusion proteins or affinity
tails. It is a further advantage of the present invention that the TCR V region proteins are
produced in commercially acceptable amounts that enable the preparation of compositions
which are therapeutically effective in treating T cell-mediated autoimmune disease.

The invention further provides for an expression 'vector for the production of a pure full
length TCR V region molecule. The expression vectors of the invention include as an essential
element a coding region for a T cell antigen receptor V region. The TCR coding region of the
invention is any nucleic acid molecule encoding a full length TCR V region protein. Ina
preferred embodiment, the TCR coding region includes the structural coding sequence for the
VB5.3 region. '

The expression vectors described herein provide a means for the inducible expression of
TCR V region proteins. In preferred embodiments, the T cell antigen receptor V region coding
sequence is under the transcriptional control of an inducible bacterial promoter. According to
the present invention, the inducible bacterial promoter is subject to either chemical or thermal
regulation. Most preferably, the inducible bacterial promoter is subject to thermal induction.

In one embodiment, the expression vector of the instant invention includes a regulatory
gene coding for a protein capable of binding to the promoter and thereby repressing
transcription from the inducible promoter. In a preferred embodiment, the promoter is derived
from the E. coli lac operon and the regulafory gene comprises a functional mutation of the E.
coli lacI repressor gene. This mutant lacl gene (lat;'Its) codes for a temperafure-sensitive
}epressbr protein, and utilizing this /aclts gene permits thermal induction of the promoter. Ina
preferred embodiment, the inducible bacterial promoter is a frc promoter, and the thermal
induction is provided by the laclts regulatory gene.

In one embodiment, the regulatory gene is located on a cotransformed vector. In
another embodiment, the regulatory gene is located in the bacterial host cell chromosome. Ina
preferred embodiment, the regulatory gene is located in the recombinant expression vector. In a
further preferred embodiment, the transcription direction of the mutant lac! gene is in the same
orientation as the T cell antigén receptor structural gene to be expressed.

The recombinant expression vectors of the present invention may advantageously
include a coding sequence for a leader or signal peptide. Such a leader sequence, fused in frame

and 5' to the TCR Vregion coding region to be expressed, directs the synthesis of a TCR V
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reglon protein having an N-terminal leader peptide which in turn directs secretion of the’

[

recombmant protein across the host cell membrane. Other embodiments of the present
invention do not utilize a leader sequence, and the desired V region product is isolated from the
cells, e.g., by urea extraction. '

In a preferred embodiment, the recombinant expression vectors of the present invention
comprise, in the 5' to 3' direction: a frc promoter, a ribosome binding site, an optional leader
sequence, a coding region for a full length T cell antigen receptor V region, a stop codon, one or
more transcription terminators, a laclts regulatory gene such that the transcription direction is
the same as that of the coding region for the T cell antigen receptor V region, a bacterial origin
of replication, and a tetracycline resistance gene.

This invention also provides methods for producing TCR V region prdteins at
significantly increased levels than previously reported.

The present invention provides compositions and methods for treating a patient having
an immune-related disorder. Such treatment comprises .administering to a subject in need of
such treatment, a composition in accordance with the present invention, in an amount and fora
period of time suitable to regulate said immune disorder. It is an advantage of the present
invention that the compositions of the inventioﬁ allow for treatment of an immune related

 disorder without the need to select a particular peptide fragment and without tailoring the
particular composition to the particular individual to be treated.

The invention also relates to the use of a full length T cell antigen receptor V region
prétein in therapy for an autoimmune disease or disorder. Ina specific embodiment, the
invention relates to the use of a full length VB5.3 protein in therapy. In another embodiment,’
the invention provides for the use of a full length T cell antigen receptor V regioxi protein in the
manufacture of a medicament for treating an autoimmune disease or disorder. Therefore, in one
embodlment, the invention enables the use of a full length V85.3 protein in the manufacture of a
medicament for the treatment of an immune related disease or disorder such as MS.

BRIEF DESCRIPTION OF THE FIGURES _

Figure 1. The complete nucleotide sequence [SEQ ID NO. 25 and SEQ ID NO. 26] and -
amino acid sequence [SEQ ID NO. 27] of the full length VB5.3 protein of the invention.

Figure 2. Plasmid map of pKTB-V£5.3. This plasmid contains Ptrc, the frc promoter;
g10, the g10 leader gene segment from bacteriophage T7; SD1, ribosome binding site 1; MC, a
mini-cistron encoding ribosome binding site 2 (SD2) AAG GAG (see SEQ ID NO. 28 for
complete mini-cistron nucleotide sequehce) and the peptide Met Tyr Arg Leu Asn Lys Glu Glu
(SEQ ID NO. 29); STII, the STII leader sequence; VB5.3, the VB5.3 coding region; T1T2,
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transcription terminators of the rrn8 operon; the laclts gene encoding the temperature=sensitive-~—-
'lac. repressor; Ori, the origin of replication and Tet", the tetracycline resistance gene.
DETAILED DESCRIPTION OF THE INVENTION

The present invention describes recombinant expression vectors and methods for the
efficient production of large quantities of a T cell antigen receptor V region protein and the use
thereof, including the diagnosis, treatment, prevention or suppression of immune-related
diseases or disorders.

A series of vectors has been developed for the production of enhanced levels of a full
length TCR V region protein. Additionally, a method is provided for producing commercially
useful amounts of a full length recombinant TCR V region protein using an expression vector of
the instant invention. The methods and expression' vectors of the instant invention are unique
because they provide for the production of a full length T cell antigen receptor V region in the
absence of extraneous protein sequences or fusion partners. As detailed in the Background of
the Invention, supra, T cell antigen receptor V regions have, in the past, been produced only as
part of a larger protein, and at very low levels. These extraneous proteins may cause undesirable
immunogenicity when used in vivo, and they are frequently cited by regulatory authorities as
impermissible impurities. Previously purified V region prbteins included other regions of the
TCR, such as the C region, fused to the V region. Others constructed expression systems that
provided for a TCR V region as a chimeric protein, e.g., 2 V region fused to a portion of an
immunoglobulin molecule.

The expression vectors and methods of the instant invention further provide for
enhanced levels of expression of a T cell antigen receptor V region protein. A primary
consideration in the production of a protéin that has commercial utility, for examplé, in research,
diagnostics and therapeutics, is the manufacture of commercially useful amounts of a protein.
'The pwgent invention therefore'provides for the production of enhanced levels of TCR V region
proteins. The present invention makes possible the production of V region protein in large
amounts, e.g., from 1 and 500 mg/liter of bacterial culture, or more. Preferably, the production
level of the TCR V region protein is at least 100 mg/liter. In a most preferred embodiment, the
instant invention provides for the production of at least 300 mg of VP protein per liter of
bacterial cell culture. -

The methods and expression vectors of the instant invention provide for the production
of a TCR V region protein in thé absence of extraneous protein sequences. The invention
therefore eliminates several steps associated with obtaining a purified TCR V region protein if

prepared according to the prior art. In one embodiment, the present invention provides for
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'increased expression of V region proteins by thermal induction, which avoids the nécess:ty of
eliminating chemical inducers, such as IPTG.

Because TCR V region proteins are produced according to the invention in the absence
of extraneous proteins, the invention provides for simplified production of relatively pure
product. The invention eliminates addiﬁonal processing steps, such aé the introduction of
enzymes or chemical reagents into the system to obtain a protein free of any fused non-TCR
peptide segments or affinity tails. Not only are such manipulations likely to reduce the amount
of V.region product recovered, they also introduce elements which must be eliminated, i.e., by
additional purification steps.

L T CELL ANTIGEN RECEPTOR V REGION

The T cell antigen receptor V region protein of the instant invention is any full length T
cell antigen receptor V region. A full length TCR V region protein is encoded by a coding
region for a T cell antigen receptor V region. The TCRYV region coding region is a nucleotide
sequénce encoding a full length T cell antigen receptor V region protein. Within the scope of
the present invention, V region includes the variable region of the T cell antigen receptor. In its
broadest aspects, the teachings of the present invention may be applied to obtain enhanced
expression of TCR proteins including the V region and, additionally, all or part of the D and/or J
regions. _ '

TCR V region protein is produced in the absence of extraneous protein sequences, such
a§, for instance, other TCR regions, such as the constant region, the transmembrane region or the
cytoplasmic region. Further, the TCR V region protein of the invention is produced in the
absence of non-TCR fusion partners, such as affinity tails. Further, the TCR V region protein of
the invention is not produced as a part of a larger chimeric protein including portions of other
protein molecules, such as an immunoglobulin protein.

' . Recognizing that the DNA sequence encoding one of the complementarity-determining
regions (CDRs) of a T cell receptor's V region may actually span the known juncture between
the V and D coding regions (as in the case of the CDR3 of VP 5.3), as used herein, a "full
length" V region coding region may include the entire coding sequence of such a CDR that
spans the V-D juncture, the portion of such a CDR that only resides .in the known V region, or
none of the sequence coding for such a CDR. F urtiiermore, the full length T cell antigen
receptor V region protein of the present invention can be any of the T cell antigen receptor V
regions and is not limited to only V{ regions (i.e., V regions of the TCR B-chain). Therefore,
the T cell antigen receptor V region protein can be a variable region of the & subunit, the f

subunit, the & subunit, or the y subunit.



(i1)MOLECULE TYPE: ot her nucleic acid (A) DESCRI PTI ON: syrﬁ hét‘l T
ol i gonucl eotide (iii)HYPOTHETI CAL: (iv) ANTI-SENSE: (iXx)i F:EAT»URE’ A). NAI\/E

(B) LOCATI ON: (xi)SEQUENCE DESCRI PTI ON: SEQ ID NGO 2: GTCCTAGAGT ACTGAGCGGA
TAC 23 (2) I NFORVATION FOR SEQ ID NO 3: (i) SEQJEN SRR
CHARACTERI STI CS: (A) LENGTH: 91 base pairs 12- .

In a preferred embodiment, the TCR V region protein of the inéstant invention is any T
cell antigen receptor V region for which a full length coding sequence is available. Methods of
obtaining the full length coding sequences of the instant invention are well known in the art.
Human V region domain DNA sequences can be isolated in accordance with well known
procedures from a variety of human cells. Preferably, the cells are peripheral blood T
lymphocytes. '

The DNA sequences of the present invention may be prepared in various ways. It is
preferred that the DNA sequences of the T cell antigen receptor V regions be prepared by
polymerase chain reaction (PCR) using DNA sequences coding for the intact TCR as templates.
A human V region can be prepared, for instance, via amplification of cDNA prepared from
human peripheral blood lymphocytes stimulated by an-anti-CD3 antibody, following the
procedure of Choi et al., 1989, Proc. Natl. Acad. Sci. USA, 86:8941-8945.

In one aspect of the present invention, the coding region for a full length T cell antigen
receptor V region is obtained from any clone containing the full length sequence. For example,
several TCR V region sequences and cDNA clones containing the full length coding regions are
described in Concannon et al., 1986, Proc. Natl. Acad. Sci. USA, 83:6598-6602. _

Preferred TCR V region proteins of the instant invention are those implicated in an
immune-related disease or disorder, particularly, e.g., VB 8.1 (Kawasaki disease; see, Abe et al.,
1992, Proc. Natl. Acad. Sci. USA, 89:4066), VB 6.1 (leprosy; see, Wang, et al., 1993, Proc. Natl.
Acad. Sci. USA, 90:188), VB5.1 (Lyme disease; see, Lahesma et al., 1993, J. Immunol.,
150:4125), VB5.2, or VB5.3, or VP6.1 (multiple sclerosis; see Kotzin, et al., 1991, Proc. Natl,
Acad. Sci. USA, 88:9161), VB2.1, or VP3.1 (rtheumatoid arthritis; see Uematsu, et al., 1991,

- Proc. Natl. Acad. Sci. USA, 88:8534). (See also, Hafler, D.A. et al., 1988, J. Exp. Med.,
167 1313; and Mantgazza R. et. al., 1990, Autoimmunity, 3:431).

The TCR expressed by a T cell clone in an autoimmune disease or a T cell clone
responding to a particular autoantigen can be identified using TCR-specific antibodies, for
example polyclonal, monoclonal or chimeric antibodies that are specific for a TCR variable
segment, in conjunction with an antibody labelling method, including fluorescence microscopy,
flow cytometry, immunocytochemistry, or other techniques known in the art. Such antibodies
have been described for a number of TCR « and/or B chain V regions (see, for example,
International Patent Publication WO 90/06758).

Alternatively, the DNA or mRNA of the T cell clone can be probed directly, or after
amplification by PCR (Synha et al., 1988, Science, 239:1026; Saiki et al.,198_6, Nature,
324:163), and specific hybridization with nucleic acid probes for the various TCR gene families,
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usmg hybridization methods well known in the art. The TCR sequem‘:e, ora part thereof can “
then be obtained directly from the amplified, rearranged DNA or mRNA.

Expression of a particular TCR can also be identified by determining the nucleic acid
sequence encoding at least part of the TCR, for example, after cloning the TCR V gene, or by
determining the amino acid sequence of at least part of a TCR protein. It will be apparent that
any of the above-mentioned approaches, or additional approaches known to one of skill in tpe
art, will result in the identification of the TCR expressed on a T cell or clone or line of T cells.

Examples of molecular approaches used to correlate TCR gene expression with disease
include: . |
(1) producing and analyzing cDNA libraries obtained from the disease-related T

cells obtained from one or more subjects having the disease, to determine the

presence of frequently used or 'dominant’' TCR genes;

(¢4 Southern analysis of disease samples to determine whether specific genetic
polymorphism (e.g., RFLPs) or oligoclonal TCR rearrangements exist;
3 analysis of disease samples by cDNA synthesis, PCR amplification, and slot

blot hybridization procedures; and
C)) in situ nucleic acid hybridization of TCR probes to T cells without prior culture

of these cells.

* Preferred TCR V region proteins include VBS.1, VP5.2, or VB5.3. Double-stranded
cDNA encoding VP5.3 and the amino acid sequence for V5.3 are shown in Figure 1. (See,
SEQ ID NOS. 25, 26 and 27.)

AT cell antigen receptor V region clone can be introduced into the expression vectors

. of the instant invention by methbds known to those skilled in the art. For example, from a
cDNA clone, the V region is PCR synthesized incorporating an mmatmg ATG atthe &'
termmus Any convenient restnctlon site can be synthesized which incorporates an mmatmg
codon and reconstitutes the 5° coding region of the V region. In a preferred embodiment, the
restriction site is an Ncol site. A stop codon and an appropriate restriction site are engineered at
the 3' end of the V region coding sequence so that it can be subcloned into the vector.

It should be understood that the methodology of the present invention can be used to
prepare full length TCR V regions derived from animal species other than human.

2. EXPRESSION VECTORS -

A recombinant expression vector within the scope of the present invention is a plasmid

which contains exogenous DNA in the form of a nucleic acid coding TCR V region to be

expressed. The recombinant expression vector of the present invention is introduced into a
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bacterial host cell for example by transformation, and transformants are isolated and cloned

which express the desired V region protein.

The present invention concerns expression vectors containing the DNA sequence coding
for the full length TCR V region protein. Preferably, the TCR V region proteins are those T cell
antigen receptor proteins sﬁeciﬁcally described herein. An expression vector within the scope
of the present invention is a plasmid which contains the TCR V region gene to be expressed
under the transcriptional and translational control of regulatory elements, such as for instance
the promoter, ribosomal binding site and transcription terminator. In addition it contains an
origin of replication for stable replication in bacteria. It also preferably includes a gene coding
for resistance to an antibiotic to facilitate selection of plasmid-bearing transformant cells.
Expression of the cloned sequence occurs when the expression vector is introduced into an

- appropriate host cell.

Expression vectors useful in the presént invention are often in the form of plasmids.

Plasmids refer to circular double-stranded DNA sequences which are not integrated in the

- chromosome. The expression vectors of the present invention may also include other DNA
sequences, for example leader or signal sequences which provide for targeting or stability of the
expression product, and/or regulatory sequences which allow modulation of gene expression, for
example in response to a shift in temperature or a change in composition of the growth medium.

* The expression vectors contain one or more control sequences operably linked to the

DNA sequences coding for the TCR V region. The term "operably linked" within the scope of
the present invention means that one nucleic acid sequence ,which has a regulatory function for
gene expression or encodes a functional protein domain, is covalently linked, either 5' or 3', to a

- second nucleic acid sequence edcoding a protein, so that the regulatory function is exerted over

_ the second nucleic acid sequence or the encoded functional domain will be fused in frame to the
proteln encoded by the second nucleic acid. Such regulatory functions for gene expression
typically include initiation of transcription, termination of transcription, and mRNA transcript
processing. Nucleic acid sequences that exert such regulatory functions over gene expression
include promoters of transcription, transcription terminators, and mRNA processing signals.
Functional domains that may be "operably linked'; to another protein include, for example,
leader or signal peptides which permit transport of proteins across cell membranes.

In one embodiment, the promoter may be any inducible promoter. In a preferred
embodiment, the promoter is one that is regulated by the presence or absence of certain media
components. One skilled in the art Will recoghize that several bacterial promoters subject to the
control of the presence or absence of certain media components can be used in connection with

the expression vectors of the instant invention. It is preferred that the promoter be a strong



IT

(e

i iy .

(A) DESCRI PTI ON: synt heti c ol i gonucl eotide (iii)HYPOTHETI QA (TV) ann -;‘.{fglr:
(i x) FEATURE: (A)NAME: (B) LOCATI ON:. (xi) SEQUENCE DESCRI PTI q\lé ii é% j
4. CTAGICTTAA GGGCGCGCCC ACATTGIGCG GICCGGAGCT CTTAATTAAA
GGCCTGCEEC CGCGCECECC CCGGEGECTGCA GCCTAGECTC GAGCCGC
(2) | NFORMATI ON FOR SEQ ID NO 5: (i) SEQENCE CHARACTERI STI cs.
(A) LENGTH: 103 base pairs :

bacterial promoter such as the Jac promoter, the fac promoter, and the tr¢ promoter. Therefore,

in one embodinient, a promoter for a TCR V region coding sequence in a vector of this

invention is subject to regulation by the presence or absence of isopropy!-8-D-

thiogalactopyranoside (IPT G), a gratuitous chemical inducer molecule of the Jac, tac, and trc
promoters. In preferred aspects, the IPTG-inducible promoter is the lac promoter or the tac
promoter. In a more preferred embodiment, the IPTG-inducible promoter is the frc promoter

(Brosius et al., 1985, J. Biol. Chem., 260:3539-3541) which is similar to the zac promotor

derived by fusing the -10 region of the Jac UV'5 promoter with the -35 region of the tryptophan

operon (de Boer et al., 1983, Proc. Natl. Acad. Sci. US4, 80:21-25; Amann et al., 1983, Gene,

25:167-178.) The #rc promoter is identical to the fac promoter with the exception of a single

base pair change in the promoter (Brosius et al., (1985) supra).

In a further embodiment, the expression vector of the instant invention is modified to

allow for the secreted expression of the full length TCR V region protein of the invention by a

temperature shift. According to this embodiment, the expression vector allows for the
) expression of TCR V region protein in the absence of chemical inducers, which obviates the

need to use such elements as IPTG and bacterial host strains containing the /ac/ or the /acP

genes. Preferred embodiments of the expression vectors of the instant invention include a

regulatory gene which allows for the thermal induction of protein expression. The regulatory

gene sequence most preferably is the laclts gene, which encodes a temperature-sensitive lac

Tepressor. _

In a further preferred embodiment, the Zaclts gene is located proximal to and
downstream of the transcription terminator, and its transcription direction is the same as that of
the V region coding sequence. :

In addition, the expression plasmids of this invention preferably contain one or more
‘selectal;le genetic marker(s). Preferably, the selectable genetic marker confers resistance to a
antibiotic, such as ampicillin, kanamycin or tetracycline. Most preferably, the selectable marker
is the tetracycline resistance gene.

Additionally, the vector includes a bacterial origin of replication. In a preferred
embodiment, the origin of replication is derived from pBR322. The expression vector also
contains a ribosome binding site and the tfénséription terminators of the r#nB ribosomal RNA
operon of E. coli (Brosius et al., 1981, Plasmid, 6:112-118.)

In a preferred embodiment, an expression vector of the instant invention contains as
essential elements in the 5' to 3' direction: a DNA sequence which contains 5 promoter and an
operator; a DNA sequence which contains a ribosomal binding site for rendering the mRNA of

the desired gene capable of binding to ribosomes within the host cell; an ATG initiation codon
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or a DNA sequence which is converted into an ATG initiation codon u';pon insertionof the. ... . .}
.desired gene into the vector; a restriction site for the insertion of the desired gene in frame with
the ATG initiation codon or a multiple cloning site containing several restriction sites for the
insertion of the appropriate gene or coding region to be expressed; a nucleic acid sequence
encoding the T cell antigen receptor V region to be expressed; and a transcription terminator
which serves to efficiently terminate transcription. The vector also contains a DNA sequence
which contains an origin of replication from a bacterial plasmid capable of autonomous
replication in ti:e host cell and a DNA sequence which contains a gene associated with a
selectable or identifiable phenotypic trait which is manifested when the vector is present in the
host. The expression vector may optionally include a signal or leader coding sequence operably
linked, i.e., fused in frame, to the 5' end of the nucleic acid sequence encoding the TCR V region
so that translation of the leader sequence-TCR V region sequence results in a leader peptide-
TCRV region fusion protein in which the leader peptide at the amino terminus of the fusion
protein directs secretion of the TCR V region protein across a host cell membrane. In certain
preferred embodiments, the expression vector contains a regulatory gene which allows for the
expression of the secreted protein by a temperature shift. _

In a more preferred embodiment, the expression vector contains the following essential
elements in 5' to 3' direction: The #r¢ promoter which is composed of the -10 region of the lac
UVS promoter fused with the -35 region of the tryptophan operon (de Boer et al., supra; Amann
et al. (1983) supra); a strong ribosome binding site; the TCR V region coding region to be

-expressed; the two transcription terminators from the 7B ribosomal RNA operon; the laclts
gene coding for the temperature-sensitive /ac repressor; the pBR322 origin of replication; and a
tetracycline resistance gene. An example of such a preferred embodiment, the expression vector
pKBx-VBS .3 was deposited under the Budapest Treaty with the American Type Culture
Collectxon (ATCC) under accession no. 69739 on January 6, 1995.

Expression vectors of the invention may contain a leader sequence encoding a signal
peptide operably linked 5' of the TCR V region coding region. On expression, amino-terminal
signal peptide will direct secretion of the TCR V region protein across the host cell membrane,
into the periplasm or the culture medium. One skilled in the art will recognize that many leader
sequences may be used in connection with the expression vector of the instant invention. One
suitable leader sequence is the pelB signal sequence from Z. carotovora (Lei et al.,, 1987, J.
Bacteriology, 169:4379-43 83). Another suitable leader sequence is the heat stable enterotoxin II
(STII) signal sequence of E coli (Morioka-Fujimoto et al., 1991, J. Biol, Chem., 266:1728-

1732).



(A) NAME: (B) LOCATION: (xi)SEQUENCE DESCRI PTI ON: SEQ | DE‘NO --_.,-::._.-__‘_T1;
CTATTTCAAG GAGACAGTCA TAATGAAATA CCTATTGCCT 50 ACGGCAGCCG P
CTGGATTGIT ATTACTCGCT GCCCAACCAG CCATGGCCGA 100 :GCT; .1 oy 103
(2) I NFORVATION FOR SEQ I D NO 6: (i) SEQUENCE CHARACTERI STI cs:” (Aj LENGTH 95
base pairs (B)TYPE: nucl eic acid (C) STRANDERNESS: si ngl e (D) TGPGL@GY*—-Hﬁeej
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In one embodiment, the expression system contains the STII leader sequence, and the

codmg region for a V region is PCR synthesized to contain an appropriate restriction site at the
3'end and an engineered M7ul site at the 5' end so that it can conveniently link to the Mul site
incorporated into the 3' end of the STII leader. Therefore, in a further preferred embodiment,
the expression vector comprises in the 5' to the 3' direction: the trc promoter which is composed
of the -10 region of the lac UV5 promoter fused with the -35 region of the tryptophan operdn; a
strong ribosome binding site; the STII leader; the coding region for the T cell antigen receptor V
region to be expressed; the transcription terminators from the 7#1B operon; the laclts gene
coding for the temperature sensitive Jac repressor; the pBR322 origin of replication; and a
tetracycline resistance gene. In a most preferred embodiment, the expression vector is pKB-
VPs.3. .

The expréssion vectors of the present invention may be constructed using standard
techniques known in the art. (See, e.g., Maniatis et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1982).)

The present invention additionally concerns host cells containing an expression vector
which contains a DNA sequence coding for a full length TCR V region. Additionally, preferred
host cells contain an expression vector comprising one or more control DNA sequences capable
of directing the replication and or the expression of a DNA sequence coding for a full length T
cell antigen receptor V region protein. Suitable host cells include prokaryotic host cells; and in
preferred aspects, the prokaryotic host cell is a bacterial fxost cell, most preferably an E. coli cell.

One skilled in the art will understand from the teaching of the instant application that
the particular expression vector used will influence the choice of host strains selected for the *
producﬁon of the full length TCR V region proteins. For instance, in the expression vectors
subject to chemical induction within the scope of the present invention, bacterial host strains
which harbor the lacl or lacR gene, which regulate the frc promoter, are especially useful. In
expression vectors within the scope of the present invention that contain a regulatory gene such
as the laclts gene, which provides for a temperature-sensitive repressor, bacterial host strains
that do not harbor the wild type lacl or lacP genes are preferred. A particularly preferred host o
cell is LJ24.

In certain embodiments, the expression vector of the instant invention does not contain a
leader sequence. In certain preferred embodiments the bacterial host strain is E. coli BL21, or
more preferably a protease deficient E. coli strain, such as SG21163, SG22094, or SG21173.

The expression vectors of the present invention may be introduced into the host cells by
various methods known in the art which may vary depending on the type of cellular host. For

- example, calcium chloride treatment or electroporation are commonly utilized for prokaryotic



(ii)MOLECULE TYPE: ot her nucleic acid (A) DESCRI PTI ON: synlt‘ﬁ,é:ﬂ_d{{} 3’ NT SHFE
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ol i gonucl eotide (iii) HYPOTHETI CAL: (i Vv)ANTI-SENSE: (iXx) {FEAFORE—FAFNAME:
(B) LOCATION: (xi)SEQUENCE DESCRI PTION:. SEQ I D NGO 6: CGCCGAT ;I'”CIBQI;IQSGC?CA
GCGAGTAATA ACAATCCAGC GGCTGCCGTA 50 GGCAATAGGT |ATITTCH TY)

GACTGTCTCC TTGAAATAGA ATTTA 95_1(82) | NFORVATI ON HORLSEQ. LD .NQ. 7]

(i) SEQUENCE CHARACTERI STI CS:

gells. (See, generally, Maniatis, et al., Molecular Cloning: A Laboratory | Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY (1982).)

Once the expression vector has been introduced into an appropriate host cell, the host
cell may be cultured under conditions permitting expression of large amounts of TCR V region.

Host cells containing an expression vector which contains a DNA sequence coding for a
TCR V region protein may be identified by any appropriate means. In the following examples,
for instance, production of V region protein is detected immunologically using an immunoassay.
Alternatively, the host cell containing the expression vector of the instant invention may be
identified by assessing the level of transcription of TCR V region DNA by measuring TCR-
specific V region mRNA transcripts in the host cell (e.g., by Northern blot analysis). In yet
another method, the host cell containing the expression vector§ of the instant invention can be
identified by DNA-DNA hybridization using probes complementary to the TCR V region coding
sequence of the vector.

The DNA sequences of the present invention, expression vectors or DNA molecules

-may be determined by various methods known in the art. For example the dideoxy chain
termination method as described in Sanger et al., 1977, Proc. Natl. Acad. Sci. USA., 74:5463-
5467. ,

Following the examples provided herein and utilizing one or more of the detection
methods described above, a person skilled in the art may, without undue experimentaﬁon,
readily select the combinations of expression vectors and host cells that provide optimal
expression of TCR V region proteins. By combining a particular host strain with a particular
expression vector of this invention, it is possible to obtain relatively high level expression of full
length T cell receptor protein. Preferably, the level of expression of full length TCR V region
protein fs at least 300 mg per liter of culture. Such levels of expression can be obtained, for
example, by using a preferred embodiment in which E. coli SG21173 is the bacterial host strain
and pKBi-VP5.3 is the expression vector (see examples, infra). Such combinations of host and
éxpression vectors of this invention permit the production of significant quantities of full length
T cell receptor protein at a lower cost than previously available.

Once expressed, the proteins of the present invention can be purified according to
standard procedures of the art, including ammonium sulfate precipitation, affinity
chromatogfaphy, column chromatography, gel electrophoresis and the like. (See. generally,
Scopes, R., Protein Purification, Springer-Verlag, NY (1982).)

In a preferred embodiment, the T cell antigen receptor V region is soluble. By this it is
meant that the T cell antigen receptor V region is soluble in an aqueous system. A "soluble"

protein is generally characterized by its failure to sediment at room temperature under high G-
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force centrifugation (100,000 x g) out of an aqueous buffer. Solubility is pafticularly important

in providing simplicity in purification of the TCR V region protein from the producing cell.
Aqueous buffers used in protein chemistry typically have a buffering compound for maintaining
a particular pH (typically within a physiological range of about pH 5-9), provide a particular
ionic strength (typically between about 10 mM and about 500 mM), and often include a protease
inhibitor and a mild detergent. Examples of standard buffers are phosphate buffered saline,
Tris-buffered saline or any of a number of buffers used in protein isolation. (See, generally,
Methods in Enzymology, Mahler and Cordes Biological Chemistry (2d Ed.), Harper and Row,
New York (1966).)
3. A E \' N

The present invention provides for the first time the means for efficiently and
economically producing diagnostically, therapeutically and investigationally useful quantities of
a TCR V region protein that is not a fusion protein or linked to an extraneous sequence, such as
an affinity tail.

B A. Investigati e and di stic us

The TCR V region proteins of the present invention are useful in structural and
functional studies on the T cell antigen receptor (TCR). Besides serving as substrates or binding
domains for specific forms of TCRs, these proteins may serve as tools for conformational
studiés, e.g., by approximating the native conformation of various portions of the T cell
receptor. | |

The T cell V region proteins can also be used as diagnostic probes. In one specific
embodiment, the TCR V region proteins of the present invention may be used in determining the
amount or the presence of a certain TCR V region subfamily in a biological sample. One such |
assay i§ described in Rittershaus C.W., International Patent Publication W092/08981, entitled
“Therapeutic and Diagnostic Methods Using Total Leukocyte Surface Antigens". As such, the
present invention provides methods for diagnosing an immune-related disease, such as multiple
sclerosis (MS), by detecting the specific subset of T cells associated with the disease.

In another embodiment, the present invention can be used in the generation of ‘

- significant quantities of T cell antigen receptor V region proteins for use in antibody production.
The antibodies can be prepared by using any of a number of techniques well known in the art.
For producing a monoclonal antibody (MAb), any method which provides for the production of
antibody molecules by continuous cell lines in culture may be used. These methods include, but
are not limited to, the hybridoma techniques originally described by Kohler and Milstéin, 1975,
Nature, 256:495-497); the more recent human B cell hybridoma technique (Kozbor et al., 1983,

Immunology Today, 4:72); the EBV technique (Cole et al., Monoclonal Antibodies and Cancer



(i x) FEATURE: (A)NAME: (B) LOCATION: (xi)SEQUENCE DESCRI PTL.ON... SEQ_._I.D NO. ..
7: CTAGTAAATT CTATTTCAAG GAGACAGICA TAATGAAAAA GAATATAGCA | 5 i BQ; o

TTCCTACTAG CTTCAATGTIT CGTCTTCTCT ATTGCAACTA ACGCGTACGC -
105 (2) I NFORVATI ON FOR SEQ I D NG 8: (i) SEQUENCE CHARACTERI; STI CSL L
(A) LENGTH: 98 base pairs (B) TYPE: nucleic aghd (O STRANDEDNESS sit ng1 e o

Therapy, Alan R. Liss, Inc., pp. 77-96 (1985)); and trauma techniques. Fdr a review of antibody o
productlon methods see: Hartlaw, E., et al., Antibodies: A laboratory Manual, Cold Sprmg
Harbor Laboratory Press, Cold Spring Harbor, NY (1988).

The TCR Vregion proteins of the invention can be used as diagnostic probes based on

. their ability to react with autoantibodies present in a biological sample.

The present invention also contemplates labeled derivatives of the TCR V region
proteins which can be detected by appropriate monitors, such as scintillation and Geiger
counters, or radiographic film. Such derivatives include, for example %I, BI[, 4C, 35§, 3H, 12y,
%M, Tc and the like, for in vitro and in vivo diagnostic purposes.

B. Therapeutic use

As mentioned above, the present invention is useful in the therapy of immune-related
disease. The term "immune-related disease” as used herein refers to a disease in which the

. immune system is involved in the pathogenesis of the disease, or in which appropriate
stimulation of the inmune system can result in protection from the disease. Relevant diseases
include, but are not limited to, autoimmune diseases, neoplastic diseases, infectious diseases,
hypersensitivity, transplantation, graﬂ-versus—hos;‘. disease, and degenerative nervous system
diseases. Autoimmune diseases include, but are not limited to, arthritis, such as rheumatoid
arthritis, type I diabetes, juvenile diabetes, multiple sclerosis, autoimmune thyroiditis
(Hashimoto's thyroiditis), myasthenia gravis, systemic lupus erythematosus (SLE), Sjdgren's
syndrome, Graves disease, Addison's disease, Goodpasture's syndrome, scleroderma,
dermatomyositis, myxedema, polymyositis, pernicious anemia, inflammatory bowel disease
including Crohn's disease and autoimmune atrophic gastritis, and autoimmune hemolytic
anemia. Neoplastic diseases include, but are not limited to, lymphoproliferative diseases such as
_leukexqias, lymphomas, Non-Hodgkin's lymphoma, and Hodgkin's lymphoma, and cancers such
as cancer of the breast, colon, lung,. liver, pancreas, melanoma, renal carcinoma, etc. Infectious
diseases include but are not limited to viral infections caused by viruses such as HIV, HSV,
EBV, CMB, Influenza, Hepatitis A, B, or C; fungal infections such as those caused by the yeast
genus Candida; parasitic infections such as those caused by schistosomes, filaria, nematodes,
trichinosis or protozoa such as trypanosomes causing sleeping sickness, plasmodium causing
malaria or leishmania causing leishmaniasis; and bacterial infections such as those caused by
mycobacterium, corynebacteﬁum, or staphylococcus. Hypersensitivity diseases include but are
not limited to Type I hypersensitivities such as contact with allergens that lead to allergies, Type
IT hypersensitivities such as those present in Goodpasture's syndrome, and myasthenia gravis, -

Therapeutic use of the TCR V region proteins of the invention is premised upon the

correlation between a specific immune-related disease and the preferential expression of a



(D) TOPOLOGY: | i near (ii)MOLECULE TYPE: ot her nucleic acid

(A) DESCRI PTI ON: synt hetic oligonucleotide (iii) HYPOTHETHCAL:
ANTI - SENSE: (i x) FEATURE: (A) NAVE: (B)LOCATION: (xi)SEQIEN
SEQ ID NO 8: GIGCGTACGC GITAGITGCA ATAGAGAAGA CGAACATT
50 AATGCTATAT TCTTTTTCAT TATGACTGIC TCCTLGAAAT AGAATTTA
(2) I NFORVATI ON FOR SEQ I D NGO 9: |

particular T cell antigen receptor V region protein or the expanded usage of a particular

sequence encoding a TCR V region protein. Though the present invention"should i"ib:t"'t:n.a"li‘ti'\i’ié"cl“""”"'j
by any particular scientific theory, the TCR V regions are useful in part because they may be

used to regulate the immune response in an individual. Specifically, where the presence or
abnormally high expression of a particular V region correlates with particular inmune-related
disorder, one can treat the individual by neutralizing the T cells carrying that particular V region
protein. Further, introduction of the TCR V region protein may affect immunosuppressive
functions by stimulating regulatory T cells which will specifically interact with T cells bearing a
targéted V region. It is also likely that the TCR V region protein may elicit an antibody

response that will specifically interact with the targeted V region on T cells and in turn modulate
the immune response. '

. The full length T cell antigen receptor V region proteins of the instant invention provide
distinct advantages in the treatment of an immune related disease. Prior to the instant inventioh,
therapeutic options for treatment of immune related disease with specific T cell involvement
included: (a) no treatment with possible spontaneous resolution; (b) treatment with peptides
corresponding to distinct segments of the T cell antigen receptor V region; (c) nonspecific
treatments such as steroids or non-steroidal anti-inflammatory agents. However, none of these
afforded the particular advantage of the present invention. The therapeutic methods of the
instant invention have the distinct advantage over the prior art methods of treating an immune
related disease in that the methods of the present invention target only the particular T cell
subset expressing a particular TCR V region and can be used across a diverse range of affected
individuals, since the invention provides for the elimination of the need to selecta particular -
peptide based on the MHC haplotype of a particular individual. The method of the present
invention more closely approaches the goal of modulating only disease-related T cells while
sparing or not affecting other T cells in the subject. The invention therefore achieves a greater
specificity of therapy across a wider populﬁtion. _

In a preferred embodiment, a full length T cell antigen receptor V region protein may be
used to down-regulate or eliminate a subset of T cells that exhibit a TCR incorporating the same"
V region. Thé T cell antigen receptor V region protein can be used in a therapeutic situation to
modulate the activity of those T cells bearing the targeted V region or to induce
unresponsiveness in the actively responding population of T cells bearing the targeted V region.

In this situation the T cell antigen receptor is used as a therapeutic composition in a subject.

Specific T cell antigen receptor V region proteins associated with a given disease are

identified using any of a variety of techniques well known in the art. A genetic approach using
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IR., etal., 1989, Proc. Natl. Acad. Sci. USA, 86:988:992.

The term treatment in the instant invention is meant to include the situations of
"prevention," "suppression" or "treatment" of the disease. "Prevention" involves administration
of the protecfive composition prior to the induction of the disease. Thus, for example, in the
animal model of experimental autoimmune encephalomyelitis, EAE, successful administration
of a protective composition prior to injection of the encephalitogen that induces the disease
resulted in "prevention” of the disease.

“Suppression" involves administration of the composition after the inductive event but
prior to the clinical appearance of the disease. Again, using the EAE example, successful
administration of a protective composition after injection of the éncephalitogen, but prior to the
appearance of neurological symptoms, resulted in "suppfession" of the disease.

“Treatment" involves administration of the protective composition after the appearance
of the disease. In the EAE example, successful administration of a protective composition after
injection of encephalitogen and after clinical signs had developed resulted in "treatment" of the
disease.

For measuring preventative, suppressive or therapeutic benefit of the TCR V region
protein of the present invention, certain clinical outcomes are measured. In particular, alteration
of broliferative‘ response of lymphocytes in vitro can be measured. Assays for measuring the
therapeutic benefit of the particular V region protein are known in the art.

Animal model systems which can be used to screen the effectiveness of the proteins in
protecting against or treating the disease are available. Systemic lupus erythematosus (SLE) is
tested in susceptible mice as disclosed by Knight et al., 1978, J. Exp. Med., 147:1653 and
Reinersten et al., 1978, 299:515. Myasthenia gravis (MG) is tested in SJL/J female mice by
inducing the disease with soluble AChR protein from another species as described in Lindstrom
etal.,, 1988, Adv. Immunol., 42:233-284. Arthritis is induced in a susceptible strain of mice by .
injection of Type II collagen as described by Stuart et al., 1984, Ann. Rev. Immunol., 42:233-
284. Adjuvant arthritis is induced in susceptible rats by injection of Mycobacterial heat shock
protein as described by Van Eden et al., 1988, Nature, 331:171-173. Thyroiditis is induced in
mice by administration of thyroglobulin as described by Maron et al., 1986, 152:1115-1120.
Insulin-dependant diabetes mellitus (IDDM) occurs naturally or can be induced in certain strains
of mice such as those described by Kanasawa, et al., (1984). EAE in mice and rats serves as a

model for MS in humans. In this model, the demyelinating disease is induced by administration

of myelin basic protein (MBP) as described by Paterson, P.Y., Textbook of Immunopathology,




(1 v) ANTI - SENSE: (i x) FEATURE: (A) NAVE: (B) LOCATION: (xi 199/ EWET

DESCRI PTI ON: SEQ I D NO 9: CTAGICCGCGA ATTGGGCATC GATTAAQK AL

ATTAAAGAGG
89 (2) I NFORVATI ON FOR SEQ ID NO 10: (i) SEQUENCE CHARACTERI B6! (H:. 1997
(A) LENGTH: 76 base pairs (B) TYPE: nucleic agid (C) STRANDE %SS single

50 TATATATTAA TGTATCGATT AAATAAGGAG TAAATA

(Mischer et al., eds.), Grune and Stratton, New York, pp. 179-213 (1986); McFarlin, D.E. et al, |
1973, Science, 179:478-480: and Satoh, J., et al., 1987, J.Immunol., 138:179-184. -

Of course, the identical proteins may not be effective in humans since they may not
correspond to an appropriate site of the disease-associated human TCR. It is to be understood
that modifications of the protein sequenée delineated in a particular animal model may be

required in order to treat subjects belonging to other species, including humans.

4. PHARMACEUTICAL COMPOSITIONS CONTAINING THE
T CELL ANTIGEN RECEPTOR V REGION

The proteins and compositions of the present invention, or their functional derivatives,
are well suited for the preparation of pharmaceutical compositions. The pharmaceutical
compositions of the invention may be administered to any animal which may experience the
beneficial effects of the compositions of the invention. Foremost among such animals are
humans, although the invention is not intended to be so limited.

The pharmaceutical compositions of the present invention may be administered by any
means that achieve théir intended purpose. For example, administration may be by parenteral,
subcutaneous, intravenous, intradermal, intramuscular, intraperitoneal, transdermal, or buccal
routes. Alternatively, or concurrently, administration may be by the oral route. The proteins
- and pharmaceutical compositions can be administered.parenterally by bolus injection or by
gradual perfusion over time.

The dosage administered will be dependent upon the age, sex, health, and welght of the
recipient, kind of concurrent treatment, if any, frequency of treatment, and the nature of the
effect desired. The dose ranges for the administration of the compositions of the present
invention are those large enough to produce the desired effect, whereby, for example, an
immune response to the proteins as measured by. delayed-type hypersensitivity (DTH) or
antibody production, is achieved, and the immune-related disease is significantly prevented,
suppressed, or treated. The doses should not be so large as to cause adverse side effects, such as
unwanted cross reactions, generalized immunosuppression, anaphylactic reactions and the like.

Preferred doses for humans range between about 0.001 - 1 mg/kg body weight.

In addition to proteins of the invention which themselves are pharmacologically active,'
pharmaceutical compositions may contain suitable pharmaceutically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Preferred compositions include the inclusion
of an adjuvant, such as alum, or other adjuvants known in the art. (See, for example, Warren et
al., 1986, Ann. Rev. Immunol., 4:369-388; Chedid, L., 1986, Feder. Proc., 45:2531-2560.)

To enhance delivery or bioactivity, the proteins can be incorporated into liposomes

using methods and compounds known in the art.




(A) DESCRI PTI ON: synt hetic oligonucleotide (iii) HYPOTHETI CAL*
(1 v) ANTI - SENSE: (i x) FEATURE: (A)NAVE: (B) LOCATION:. (xi) EQJENCE
DESCRI PTION: SEQ I D NO 10: CTCCTTATTT AATCGATACA TTAATATATA CCICT TLARY7
TTTTAATAAT 50 AAAGITAATC GATGCCC%\T TCCGGA P76
(2) I NFORVATI ON FOR SEQ I D NO  11: P '

Preparations which can be administered orally in the form of tablezts-and*capsules;

(D) TOPOLOGY: | i near (ii)MOLECULE TYPE: ot her nucleic acid Oémm‘ Al SUTE

preparations which can be administered rectally, such as suppositories, and preparations in the
form of solutions for injection or oral introduction, contain about 0.001 to about 99 percent,
preferably from about 0.01 to about 95 percent of active compound(s), together with the
excipient. -

Suitable excipients are, in particular, fillers such as saccharides, for example lactose or
sucrose, mannitol or sorbitol cellulose preparations and/or calcium phosphates, for example
tricalcium phosphate or calcium hydrogen phosphate, as well as binders such as starch paste,
using, for example, maize starch, wheat starch, rice starch, potato starch, gelatin, tragacanth,
methyl cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose, and/or
polyvinyl pyrrolidone.

Other pharmaceutical preparations which can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer such as
glycerol or sorbitol. The push-fit capsules can contain the active compounds in the form of
granules which may be mixed with fillers such as lactose, binders such as starches, and/or
lubricants. such as talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the
active compounds are preferably dissolved or suspended in suitable liquids, such as fatty oils, or
liquid paraffin. In addition, stabilizers may be added.

. Possible pharmaceutical preparations which can be used rectally include, for example,
suppositories, which consist of a combination of one or more of the active compounds with a
suppository base. Suitable suppository bases are, for example, natural or synthetic triglycerides,
or paraffin hydrocarbons. In addition, it is also possible to use gelatin rectal capsules which *
consist of a combination of the active compounds with a base. Possible base materials include,

~ for example, liquid triglycerides, polyethylene glycols, or paraffin hydrocarbons.

Suitable formulations for parenteral administration include aqueous solutions of the
proteins in water-soluble form, for example, watef-_so]uble salts. In addition, suspensions of the
proteins as appropriate oil injection suspensions may be administered. Suitable lipophilic
solvents or vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid esters, for -
example, ethyl oleate or triglycerides. Aqueous injection suspensions containing substances
which increase the viscosity of the suspeﬁ;ion include, for example, sodium carboxymethyl
cellulose, sorbitol, and/or dextran. Optionally, the suspension may also contain stabilizers.

The proteins are formulated using conventional pharmaceutically acceptable parenteral
vehicles for administration by injection. These vehicles are nontoxic and therapeutic, and a

number of formulations are set forth in Remington's Pharmaceutical Sciences (Martin, E.W.,

ed.) Mack Publishing Co. Easton, PA (1990). Nonlimiting examples of excipients are water,
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saline, Ringer's solution, dextrose solution and Hank's balanced salt solufif: Fotmulatiots————
acéording to the invention may also contain minor amounts of additives such as substances that
maintain isotonicity, physiological pH, and stability.

The proteins of the invention are preferably formulated in purified form substantially
free of aggregates and other protein matérials, preferably at concentrations of about 1.0 ng/ml to
100 mg/ml.

Effective doses of the proteins of this invention for use in preventing, suppressing, or
treating an immune-related disease are in the range of about 1 ng to 100 mg/kg body weight. A
preferred dose range is between about 10 ng and 10 mg/kg body weight. A more preferred dose
range between about 100 ng and 1 mg/kg body weight. '

Methods to increase the effectiveness of proteins are known in the art. These techniques
may be used in conjunction with the proteins of the instant invention.

The following examples are offered by way of illustration and not limitation.

EXAMPLES

The following general techniques are used throughout the following Examples.
L. GENERAL MATERIALS AND METHODS.
A cteria, plasmid eneral meth
Escherichia coli GM2929, methylase-negative, and E. coli LI24 (lac deletion)
(Rasmussen et al., 1991, J. Bacteriology, 173:6390-6397) were gifts from Dr. Martin Marinus,
University of Massachusetts Medical School, Worcester, MA. E, coli IM109 (Yanisch-Perron
etal,, 1985, Gene, 33:103-119) were purchased from Promega Corporation, Madison, WI *
(USA). BL21 (lon’, ompT) (Wood, W.B., 1966, J. Mol. Biol., 16:118-133; Studier and Moffatt,
. 1986, J. Mol. Biol., 189:113-130) were purchased from Novagen, Madison, WI (USA).
§G22094 (lon;, clp’), SG21163 (lon’, htpr’) and SG21173 (lon, htpr, clp’) were gifts from Dr.
Susan Gottesman, National Institutes of Health, Bethesda, MD (USA). These Gottesman strains
have the lac/ gene deleted. Bacteria were made competent for transformation by the method of
Morrison, 1979, Meth. Enzymology, 68:326-331) or were purchased (DHS5«) from GibcoBRL, -
Gaithersburg, MD (USA).
| pKK233-2 (Amann and Brosius, 1985, Gene, 40:183-190) was purchased from
Pharmacia, Piscataway, NJ (USA). pBR.;522 (Bolivar et al., 1977, Gene, 2:95-1 13) was obtain'ed
from New England Biolabs, Beverly, MA (USA). pBluescript Il KS+ (Alting-Mees et al.,
1992, Meth. Enzymology, 216:483-495) was obtained from Stratagene, La Jolla, CA (USA).
pDC952 containing the argU (dna¥) gene (Lindsey et al., 1989, J. Bacteriology, 171:6197-
6205) was a gift from Dr. James R. Walker, University of Texas, Austin, TX. PSE420 (Brosius,



(iv) ANTI-SENSE: (ix) FEATURE: (A)NAME: (B) LOCATION: (xi 1S
DESCRI PTION: SEQ I D NO 11: ATGAAATACC TATTGCCTAC GGCAGCHE VT TSHEET
TACTCGCTGC 50 CCAACCAGCC ATGGCCGAGC T 71(2) INFU?IVRTT‘F]\I
FOR SEQ ID NGO 12: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH| 761 gang Red7 S
(B) TYPE: nucl ei ¢ aci d (C) STRANDEDNESS: si n_%l6_e

1992, Meth. Enzymology, 216:469-483) and pKK480-3 (Brosius, (1992)'stpra)-weregifts from |
Dr. Jiirgen Brosius, Mount Sinai School of Medicine, New York, NY. pUCts (Bukrinsky et al.,
1988, Gene, 70:415-417) was obtai.ned from Michail I. Bukrinsky via Jiirgen Brosius.

Plasmid constructions were performed by standard procedures (Sambrook et al.,
Mg@;xjg_ﬂg[mlg;_mmmmml, Second Edition, Cold Spring Harbor Laboratory
Presé, Cold Spring Harbor, New York(1989)). DNA restriction and modification enzymes were
purchased from New England Biolabs, unless otherwise stated, and were used according to the
manufacturer's specifications. Synthetic oligonucleotides were purchased from Operon
Technologies, Inc., Alameda, CA (USA), unless otherwise indicated.

Oligonucleotides were annealed together by mixing equimolar c.oncentrations of the
complementary oligonucleotides in 10 mM Tris pH8.0, 5 mM MgCl, and placing in 100°C for 5
min and then cooling slowly to 25°C. Polymerase chain reaction (PCR) was performed (Saiki et
al., 1988, Science, 239:487-491) in a Perkin Elmer Cetus DNA Thermal Cycler, using the
GeneAmp reagent kit (The Perkin-Elmer Corporation, Norwalk, CT (USA)). DNA sequencing
employed the dideoxynucleotide chain termination method (Sanger et al., 1977, Proc. Natl.
Acad. Sci. USA, 74:5463-5467) using the Sequenase kit (U.S. Biochemical, Cleveland, OH
(USA)). All chemical reagents were of the highest purity available.

B. rowth and inducti ell cultur

For chemically induced cultures, frozen glycerol stocks were used to inoculate 5-25 ml
2XYT medium (16 g Bacto-Tryptone (Difco 0123), 10 g i3acto—Yeast Extract (Difco 0127), 10 g
NaCl, pH 7.2-7 .4, pér liter water) containing 6 pg/ml tetracycline, and allowed to grow
overnight at 37°C, 280 rpm.. Typically, 1/100 volumes of the overnight culture were used to *
inoculate each of two 125-ml! flasks containing 25 ml 2XYT medium plus 6 pg/ml tetracycliﬁe.
Cultures were grown at 37°C, 280 rpm until A, was 0.5-1.0 absorbance units, and then induced
with 1 mM isopropyl B-D-thiogalactopyranoside (IPTG), and allowed to grow for a further 2 hr.

For thermal induction, cultures were grown at 30°C, 280 rpm until A4, was 0.5- 1.0
absorbance units. Thereafter, one culture was maintained at 30°C, and the other was induced by
transferring to a water bath at 42°C, and allowed to grow for a further 2 hr. Alternatively, a
culture was induced by growing at 30°C until Az, was 0.3-0.6 absorbance units, and thereafter
was divided into two aliquots; one was maintained at 30°C, and the other was allowed to grow at _
42°C, '

To assay for results of induction, duplicate samples equivalent to 1 ml of cells at Asgy =
1.0 were removed (e.g., assuming A,z = 3.0, then 333 pl culture was removed). The samples
were centrifuged in an Eppendorf microcentrifuge at 14,000 x g, 1 min., the supernatants

discarded, and the cell pellets were stored at -20°C.
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C.  Stability study

Bacteria were streaked to single colonies three successive times and a single colony
from the third plate was used to inoculate 200 ml 2XYT medium containing 6 pg/ml
tetracycline. The culture was grown to Asg_o = 0.5-1.0 absorbance units, and 60 m| were
removed, mixed with 40 ml glycerol and 1 ml aliquots were distributed into 100 vials to be
stored at -80°C. The remainder of the culture was divided into two aliquots; one was incubated
uninduced, and the other was induced by IPTG addition or temperature shift. Both cultures were
allowed to grow for a further 2 hr. Samples equivalent to 1 m! culture at A, = 1.0 were
removed prior to and at 2 hr after induction, and assayed for A, absorbance, pH, and protein
production by EIA, acrylamide gel eleétrophoresis, and Western blotting.

Three vials from the frozen bank were tested in parallel for bacterial growth and protein
production. Each vial (1 ml) was used to inoculate 200 ml 2XYT medium plus 6 pg/ml
tetracycline, and incubated to A, = 0.5-1.0 absorbance units. Thereafter each culture was
divided into two aliquots, one to be incubated uninduced, the other to be induced chemically or
thermally. Samples equivalent to 1 m] culture at A, = 1.0 were removed from bot.h cultures
prior to and at 2 hr after induction and assayed as described above.

For the stability study, a 1-ml aliquot was removed from one of the three parallel
cultures prior to induction, diluted 1/1000 in 2XYT medium, and 20 pl or 200 ul was inoculated
into 200 mi 2XYT medium plus tetracycline, and allowed to grow to A = 0.5-1.0 absorbance
units. Thereafter the culture was divided into two aliquots; one was induced, and both were
aliowed to grow for a further 2 hr. Samples equivalent to 1 mi culture at A, = 1.0 were
removed prior to and at 2 hr after induction and assayed as above.

D. e cti

The cells were pelleted by centrifugation at 7000 x g, 7 min, and the supernatant (culture
medium) was recentrifuged at 14,000 x g, 5 min prior to electrophoresis. The cell pellet was
resuspénded in 20% (w/v) sucrose, 0.3 M Tris-HCI pH 8.0, 1 mM EDTA using 1/5 of initial
culture volume, incubated at 25°C for 15 min, and centrifuged at 6000 x g, 7 min. The
supernatant was discarded, and protein located in the periplasm was released by osmotic shock
(Nossal and Heppel, 1966, J. Biol. Chem., 241:3055-3062) by resuspending in 1/5 original
volume cold water, and incubating at 0°C, 10 min. Following centrifugation at 9000 x g, 10
min, the supernatant was saved (periplasmic fraction); the cell pellet was resuspended in 1X
TST (25 mM Tris-HCI pH 8.0, 200 mM NaCl, 1 mM EDTA, 10 ml/liter Tween 20), sonicated,

centrifuged at 12,000 x g, 15 min, and the supernatant was saved (soluble cytosolic fraction).
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E. Polyacrylamide gel electrophoresis

The frozen E. coli cell pellet was resuspended in 70 ul water by vigorous vortexing or
by sonication at 0°C (Sonic Dismembrator, Model 301, ARTEK Systems Corporation) three
times each for 5 seconds, at power output 0.4. The disrupted cells were mixed with 70 ul 2X
loading buffer (125 mM Tris-HC|, pH 6:8, 4% SDS, 20% glycerol, 10% B-mercaptoethanol,
0.002% Bromophenol Blue) (Laemmli, 1970, Nature, 227:680-685.) Samples were incubated at
100°C, 5 min., centrifuged at 14,000 x g, 30 seconds, and 10-15 pl aliquots were loaded onto
pre-cast 16% or 10-20% acrylamide Tricine gels (Novex, San Diego, CA (USA)) and run in
reservd_ir buffer obtained from the same manufacturer. Electrophoresis was at 125 V constant
voltage, or 45 mA constant current, per two gels, for about 2 hr, until the bromophenol blue
tracking dye was off the gels. Markers were prestained low molecular weight protein standards
(# SE130024, Integrated Separation Syétems, Natick, MA (USA)) used at 1 pl per lane. Gels
were stained overnight in 10% acetic acid, 25% methanol, 0.025% Coomassie Brilliant Blue R.

F. Western blot analysis |

Following separation by SDS-PAGE, proteins were immunodetected (Towbin et al.,
1979, Proc. Natl. Acad. Sci. US4, 76:4350-4354) by electrotransfer to polyvinylidene difluoride
(PVDF) membranes (Immobilon-P, Millipore, Bedford, MA (USA)) using a2 Semi-Dry '
electroblotter (Intégrated Separation Systems). Proteins were transferred at 10 mA per cm?
membrane for 1-3 hr, and the membranes were blocked overnight in blocking buffer (1X PBS,
2% dried milk, 0.1% Tween-20).

The membranes were washed three times, 5 min each in 1X PBS, 0.1% Tween-20,
followed by washing three times, 5 min each in 1X PBS, and then they were submerged in an’
horseradish peroxidase (HRP)-conjugated monoclonal anti-Vp5.3 antibody (13A2-HRP, 0.25
.mg/mlz diluted 1:3000 in 1 X PBS, 0.1% Tween-20. Following gentle ﬁgitation for 2 hr, the
membranes were washed as described above, and the proteins were visualized with the
Enhanced Chemiluminescence assay (Amersham, Arlington Heights, IL (USA)) used according
.to the manufacturer's instructions. Film exposure was between 5 seconds and 1 minute.

G. nzyme im assa’

The frozen cell pellets were resuspended by vigorous vortexing in 20 ul 8 M urea, 50
mM Tris-HCI, pH 8.5, (Marston and Hartléy, '1990, Meth. Enzymology, 182:264-276) and VB5.3
was quantified by enzyme immunoassay as follows:

Nunc-Immuno Maxisorp plates (VWR #62409-002) were coated with 100 pl/well 4C2
IgG at 4 pg/ml in PBS, and stored at 4°C overnight. The coating solution was discarded, and
blocking bqffer (1% casein hydrolysate in PBS, 0.05% Tween-20) was added at 200 pl/well.

The plates were incubated at room temperature for 2 hr, 150 rpm, and then washed three times
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standards in blocking buffer were added at 100 ul/well, and incubated at room temperature for
90 min, 150 rpm. The plates were washed three times with wash buffer, and an HRP-conjugated
anti-Vf5.3 nionoclonal antibody (13A2-HRP) diluted 1/500 in blocking buffer plus 5% fetal
bovine serum was added at 100 pl/well (0.5 ug/ml). The plates were incubated at room
temperature for 90 min, 150 rpm, washed four times, and 100 pl/well O-Phenylenediamine
(OPD) substrate was added. After 30 min, the reaction was terminated by adding 50 pl 2N
H,SO, per well. The absorbance was measured at 490 nm minus the background absorbance at

650 nm. Blank wells did not contain sample.

2. CONSTRUCTION OF PLASMIDS

EXAMPLE 1

truction of

The starting point for the expression of the T cell antigen receptor V region proteins of
the invention was the construction of a plasmid that contained the proper regulatory elements for
expression of the T cell antigen receptor V region protein. These elements include the promoter,
two transcription terminators, an origin of replication for stable replication in bacteria.
Additionally because of regulatory concerns associated with the manufacture of a protein for
.which one possible indication is the in vivo use in a therapeutic setting, a gene coding for
resistance to tetracycline was chosen to facilitate seledtion of plasmid bearing cells. Finally, the
starting expression vector required a multiple cloning site, strategically engineered to facilitate
the cloning of the preferred coding regions of the invention into the expression vector. The
foilowing example describes the unique starting plasmid of the invention.

The starting point for the construction of preferred expression vector was pKK233-2
(4.6 kb), described infra. The Ncol restriction site was converted to a Spel site as follows:
pKK233-2 was digested with Ncol, and the resulting 5' protruding ends were removed by
incubation with mung bean nuclease at 25°C for 30 min. The plasmid was extracted twice with
phenol-chloroform, precipitated with ethanol in the presence of 2 M ammonium 5cetate, and
resuspended in water. Following dephosphorylation with bacterial alkaline phosphatase
(GibcoBRL) the vector was ligated to a synthetic Spel linker (#1085, New England Biolabs),
and the ligation mix was transformed into DH5¢ competent cells to yield vector pKK233-2A.

Next, the tetracycline gene was restored as follows: pKK233-2A (4.6 kb) was digested
with EcoRl and Sall yielding two fragments, 279 bp and 4321 bp each. The two fragments were
separated by agarose gel electrophoresis, and the large fragment was purified from agarose
using the Geneclean Kit (BIO 101, La Jolla, CA (USA)). A 651-bp fragment containing the

amino-terminal coding region of the tetracycline gene 'was excised with EcoRI and Sail from
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bBR322, and ligated to the 4321-bp fragment from pKK233-2A. The resulting plasmid pK2B
(4.97 kb) conferred tetracycline resistance on E, coli DHS« cells, and was further modified to
delete a portion of the B-lactamase gene and convert the Hindlll site into a Sacll site, as follows:

A DNA segment spanning the unique Spel site to the 3' terminus of the transcription
terminators was PCR-synthesized using pK2B as template. The 5' "sense" primer contained
restriction enzyme recognition sequences for Spel, Psf and Sacll in the 5' to 3' direction,
underlined:

5'- TATAATGACTAGTCGCTGCAGCCAACCGCGGCTG -3' [SEQ ID NO 1]
The 3' "antisense" primer contained a Scal site, underlined:
5'- GTCCTAGAGTACTGAGCGGATAC - 3' [SEQ ID NO 2]

1 ng of pK2B DNA template was mixed in a reaction volume containing 10 mM
Tris-HCI pH 8.3, 50 mM KCl, 1.5 mM MgCl,, 100 pg/ml gelatin, 200 pM each of the.
deoxynucleotides (dATP, dCTP, dGTP, dTTP), 1 uM each of the two primers, and 2.5 units
AmpliTaq DNA polymerase. The final reaction volume was 100 pl, overlaid with 100 pl
mineral oil. The DNA was denatured at 95°C for 2 min, and'amplification was achieved with 30
cycles of 1 min at 95°C for denaturation, 1 min at 60°C for annealing, and 1 min at 72°C for
primer extension. The amplified DNA was analyzed on 1% agarose gel run in 40 mM Tris-HCI
pH 7.8, 5 mM NaAcetate, ] mM EDTA.

The resulting 485-bp PCR-synthesized fragment was digested with Spel and Scal, and
ligated to a 4129-bp fragment that was obtained by digestion of pK2B with Spel and Scal
resulting in a plasmid called pK2C.

Plasmid pK2C (4.6 kb) was further modified to contain a multiple cloning site. First,
pK2C was digested with Spel and Sacll, and ligated to a double-stranded synthetic |
oligonutleotide containing 15 restriction sites. This multiple cloning site (MCS) was formed by

. annealing equimolar concentrations of two complementary synthetic oligonucleotides, 91 and 97
bp long, respectively, having the following sequences: ,
5' - GGCTCGAGCCTAGGCTGCAGCCCGGGGCGCGCGCGGCCGCAGGCC
TITAATTAAGAGCTCCGGACCGCACAATGTGGGCGCGCCCTTAAGA - 3'
[SEQIDNO3] - |
5' - CTAGTCTTAAGGGCGCGCCCACATTGTGCGGTCCGGAGCTCTTAA
TTAAAGGCCTGCGGCCGCGCGCGCCCCGGGCTGCAGCCTAGGCTCGAG
CCGC - 3'[SEQIDNO 4] _
The MCS codes for the following restriction enzymes sites: Spel, Afill, Ascl, Dralll, Rsrll,
Sacl, Pacl, Stul, Notl, BssHII, Xmal, Pstl, Avrll, Xhol, and Sacll. The ligation mix was
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transformed into methylase-negative E. coli GM2929. The resulting plasmid pK2D (4.67 kb)
was partially sequenced to ensure the integrity of the in vitro synthesized regions.
Results

The starting plasmid was pKK233-2 which contains the following elements: The trc
promoter (Brosius et al., (1985) supra) which is similar to the tac promoter derived by fusing
the -10 region of the JacUVS promoter with the -35 region of the tryptophan proinoter (de Boer
et al., (1983) supra; Amann et al., (1983) supra). The plasmid also contains a ribosome binding
site followed by a cloning site of three unique restriction enzymes (Ncol, Pstl and Hindlll),
followed by the transcription terminators of the #nB ribosomal RNA operon of E. coli (Brosius
etal, 1981, Plasmid, 6:112-118). In addition, pKK233-2 contains the B8-lactamase gene for
ampicillin resistance, the pBR322 origin of replication, and a small non-functional carboxyl
terminal fragment from the tetracycline resistance gene.

pKX233-2 was modified in order to destroy the Ncol site, restore the tetracycline
resistance gene, delete a segment of the B-lactamase coding region (thus inactivating the gene),
and insert a multiple cloning site consisﬁng of 15 restriction sites to produce pK2D.

EXAMPLE 2

Plasmid pK2D was further modified to incorporate either the pelB signal sequence from
Erwinia carotovora (Lei et al., 1987, J. Bacteriology, 169:4379-4383) or the heat stable
enterotoxin II (STII) signal sequence of Escherichia coli (Morioka-Fujimoto et al., 1991, J. Biol.
Chem., 266:1728-1732.)

Construction of pK-pelB,

Plasmid pK2D (4.67 kb) was engineered to include a ribosome binding site (Shine and
Dalgarno, 1974, Proc. Natl. Acad. Sci. USA, 71:1342-1346; Shine and Dalgarno, 1975, Nature,
254:34-38; Steitz and Jakes, 1975, Proc. Natl. Acad. Sci. USA, 72:4734-4738) and the pelB
signal sequence from E. carotovora (Lei et al., (1987) -Supra) to create plasmid pK-pelB (4.74
kb), as follows: |

pK2D was digested with Spel and Sacl located in the MCS, and the vector was ligated
to two complementary synthetic oligonucleotides, 103 bp and 95 bp long, respectively, having =
the sequence shown below. A silent mutation (lower case letters) was introduced into the pelB
sequence, in order to create an Ncol restrictioﬁ site, underlined, facilitating the subsequent
subcloning of the VB5.3 gene sequence.

5' - CTAGTAAATTCTATTTCAAGGAGACAGTCATAATGAAATACC
TATTGCCTACGGCAGCCGCTGGATTGTTATTACTCGCTGCCCAACCA

" GCcATGGCCGAGCT - 3' [SEQ ID NO 5]

S

Y
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5'- CGGCCATgGCTGGTTGGGCAGCGAGTAATAACAATCCAGCGGCT

GCCGTAGGCAATAGGTATTTCATTATGACTGTCTCCTTGAAATAGA
ATTTA - 3' [SEQ ID NO 6]

truction of pK-

Plasmid pK2D was engineered to include a ribosome binding site and the heat-stable
enterotoxin (STII) signal sequence of E. coli (Morioka-Fujimoto et al., (1991) supra), as
follows: '

pK2D was digested with Spel and Dralll located in the MCS, and the vector was ligated
to two complementary synthetic oligonucleotides, 105 bp and 98 bp long, respectively, having
the sequence shown below. Two silent mutations (lower case letters) were introduced into the
STII sequence, in order to create Mlul and Dralll restriction sites , underlined, facilitating the

_subsequent subcloning of VB5.3.
5'- CTAGTAAATTCTATITCAAGGAGACAGTCATAATGAAAAAGAA
TATAGCATTCCTACTAGCTTCAATGTTCGTCTTCTCTATTGCAACTA

ACGCITACGCaCATT - 3' [SEQIDNO 7]

5' - GtGCGTAcGCGTTAGTTGCAATAGAGAAGACGAACATTGAAGCT
AGTAGGAATGCTATATTCTTTTTCATTATGACTGTCTCCTTGAAATA
GAATTTA - 3' [SEQID NO 8]

EXAMPLE3 _

The plasmids containing the signal sequences from Example 2 supra were further
modified to include two regulatory elements. '
Construction of pKT-pelB,

) ‘Plasmid pK-pelB was further modified to include two regulatory elements up'élream of
the pélB leader, to create pKT-pelB (4.8 kb). These elements are the translational enhancer
from the bacteriophage T7 géne 10 (g10), and a mini-cistron, ATG TAT CGA TTA AAT AAG -
GAG GAA TAA (SEQ ID NO.28), coding for 8 amino acid residues. Insertion of the two
regulatory elements was achieved by digestioh of pK2D with Spel and Sacl, followed by
ligation of the vector to lsynthetic oligonucleotides coding for the g10 sequence, the ribosome
binding site, a mini-cistron and the pelB leader, in the 5' to 3' direction. The oligonucleotides
were synthesized as two complementary sets of 71-89 mers that could be ligated via
complementary 9 bp overhangs between the pairs of oligonucleotides. The two complementary

pairs of oligonucleotides were designated Pair A (oligos J5A + J6A, 89 bp and 76 bp,



(D) TOPOLOGY: | i near (ii)MOLECULE TYPE: ot her nucleic acid

(A) DESCRI PTI ON: synt hetic oligonucleotide (iii) HYPOTHETI ﬂm(;l Mo}y s QIIILT
ANTI - SENSE: (i x) FEATURE: (A) NAME: (B) LOCATION: (xi) SEQUENCE iESEE%I F:’I’Ld\l
SEQ ID NO 16: CCAGIGCCAA GCTTGCATGC C 21 (2)1 NFb? TI ON FOR SEQ
ID NG 17: (i) SEQUENCE CHARACTERI STI CS: 35, I SN T LT

' :

respectively) and Pair B (oligos JSB + J6B, 71 bp and 76 bp, respectively) havmg the following

sequence:
LA |

5'- CTAGTCCGGAATTGGGCATCGATTAACTTTATTATTAAAAATTAA
AGAGGTATATATTAATGTATCGATTAAATAAGGAGGAATAAATA - 3' [SEQIDNO 9]
J6A _

5' - CTCCTTATTTAATCGATACATTAATATATACCTCTTTAATTTTTA
ATAATAAAGTTAATCGATGCCCAATTCCGGA - 3' [SEQID NO 10]

;]

5' - ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTC
GCTGCCCAACCAGCCATGGCCGAGCT - 3' [SEQIDNO 11]

6B
5' - CGGCCATGGCTGGTTGGGCAGCGAGTAATAACAATCCAGCGGCTG

CCGTAGGCAATAGGTATTTCATTATTTATTC - 3' [SEQID NO 12]

_ y
Plasmid pK-STII was further modified to include the same two regulatory elements as
in pKT-pelB, thus creating pKT-STII (4.8 kb). pK2D was digested with Spel and Dralll, and
the vector was ligated to synthetic oligonucleotides coding for the g10 sequence, the ribosome
binding site, a mini-cistron and the STII leader, in the 5' to 3' direction. The oligonucleotides
were synthesized as two complementary sets of 73-89 mers that could be ligated via
complementary 9 bp overhangs between the pairs of oligonucleotides. The two complémenta’ry
pairs of oligonucleotides were designated i’air A (oligos J5A + J6A, 89 bp and 76 bp,
~ respectively) and Pair B (oligos J5C + J6C, 73 bp and 79 bp, respectively) having the following
- sequence: '
I5A
5'- CTAGTCCGGAATTGGGCATCGATTAACTTITATTATTAAAAATTAA

" AGAGGTATATATTAATGTATCGATTAAATAAGGAGGAATAAATA -3'[SEQIDNO9] .

I6A
5'- CTCCTT. AT'I'TAATCGATACATTAATATATAC_CTC’I'ITAATTITTA

ATAATAAAGTTAATCGATGCCCAATTCCGGA - 3' [SEQIDNO 10]
55 .

© 5'- ATGAAAAAGAATATAGCATTCCTACTAGCTTCAATGTTCGTCTT
CTCTATTGCAACTAACGCGTACGCACATT - 3' [SEQIDNO 13]

16C
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5'- GTGCGTACGCGTTAGTTGCAATAGAGAAGACGAACATTGAAGC

b svwmine, a0 s g s e

TAGTAGGAATGCTATATTCTTTTTCATTATITATIC - 3 [SEQIDNO 14]

EXAMPLE4

ti -pelB-V|

The next step in the expression of the T cell antigen receptor VB5.3 protein was the
incorporation of the V5.3 sequence into the plasmids containing the signal sequences as
described in Example 2 supra. |

The complete nucleotide sequence of VP5.3 was generated as follows: the DNA
seqdence of V5.3 clone 12A1 was originally published by Leiden et al. (1986, Proc. Natl.
Acad. Sci. US4, 83:4456-4460) and later partially corrected (Leiden et al., 1986, Molec. Cell
Biol,, 6:3207-3214). This clone 12A1 was nﬁssing nucleotides coding for the N-terminal four
amino acid residues; and in addition, the deduced N-terminal amino acid residues of clone
12A1 were incorrect. The N-terminal amino acid sequence of Vf5.3 (HPB-ALL) was
published by Jones et al., 1985, Science, 227:311-314) without specifying the N-terminal first
amino acid residue, which was later determined to be Glycine (Jeff Leiden, unpublished). Using
the above sequence information, the complete V5.3 was reconstructed by recombinant DNA '
| techniques. The resulting plasmid (pBB-V5.3) was the source of the V5.3 sequence for the
following examples. The full length nucleotide sequence coding for VB5.3 and the predicted
amino acid sequence have been published more recently by Plaza et al. (1991, J. Immunol.,
147:4360-4365). (See, also, Figure 1; SEQ ID NOS. 25, 26 and 27 herein.)

| V5.3 was PCR-synthesized using pBB- VB5.3 (6.2 kb) as template. The 5' "sense"

primer contained an Ncol restriction enzyme site, underlined: '
5'- TAATTAGCCATGGCCGGCGTAACCCAATCTCCG - 3' [SEQ ID NO 15]
The 3' "antisense" primer was complementary to a region downstream of a Psi site in the
vector: '
5' - CCAGTGCCAAGCTTGCATGCC - 3' [SEQID NO 16] .
The resulting VP5.3 fragment was blunt-ended using the Klenow fragment of DNA polymerase
I, and ligated into the dephosphorylated EcoRV site of pBluescript II KS+ to yield plasmid
pBL-pelB- VB5.3. The VP5.3 insert was excised by digestion with Ncol and Psi, purified from
agarose, and ligated into the Ncol and PstI- sités of pK-pelB, yielding plasmid pK-pelB- V5.3
(5 kb).
Construction of pK-STII-VB5.3,

VB5.3 was PCR-synthesized using pBB- V5.3 (6.2 kb) as template. The 5' "sense"

primer contained an Myl restriction enzyme site, underlined:
5'- GAAATTAACGCGTACGCAGGCGTAACCCAATCTC - 3' [SEQIDNO 17]
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L

3

The 3' "antisense" primer was complementary to a region downstream ofla Pstl site in the

vector
5'- CCAGTGCCAAGCTTGCATGCC - 3' [SEQID NO 18]
The resulting VB5.3 fragment was blunt-ended using the Klenow fragment of DNA polymerase
1, and ligated into the dephosphorylated ;EcoRV site of pBluescript IT KS+ to yield plasmid
pBL-STHI- VB5.3. The VP5.3 insert was excised by digestion with MIul and Psl, purified from
agarose, and ligated into the MIuI and Ps/ sites of pK-STII, yielding plasmid pK-STII- V[SS.3 &)
kb). .
Results

) VB5.3 fused to the pelB or the STII leaders was expressed in E. coli IM109 (TABLE
1). Induction was for 2 hr. and V5.3 yields were measured by EIA.

TABLE 1
EXPRESSION AND COMPARTMENTATION OF V5.3
pK-pelB-VB5.3 pK-STII-VB5.3
Compartment 0 mMIPTG 1 mMIPTG 0 mM IPTG I mM IPTG
Supernatant 0 pg/ml 13 pg/ml © 0Spgml 22 pgml
Periplasm 0.9 4.6 N.D. 5.5
Cytosol 9.9 Off scale [1:40] 2.0 Off scale [1:40]

Both leaders were functional, although most of the expressed protein was localized
" intracellularly.

EXAMPLE 5

This Example details the plasmids containing the leader sequence and the two
regulatory elements (g10 and mini-cistron) as well as the VP5.3 sequence.

cti -pelB-VBS.

Plasmid pKT-pelB-VB5.3 was constructed by excision of the VB5.3 insert from
pK-pelB-VB5.3 using Neol and Psf, and ligation into the Neol and Pst sites of pKT-pelB.
Construction of pKT-STII-VB5.3

Plasmid pKT-STII-VP5.3 was similarly constructed by excision of the VPB5.3 insert
from pK-STII-VB5.3 using Mlul and Pstl, and ligation into the MZul and Ps/ sites of
pKT-STIL '



(A) DESCRI PTION: synthetic oligonucleotide (iii) HYPOTHETICAL: . ... ... . .
(i v) ANTI - SENSE: (i x) FEATURE: (A) NAME: (B)LOCATION: (xi )fSEQJENGE

DESCRI PTI ON: SEQ I D NO 18: CCAGIGCCAA GCTTGCATCC C e 21
(2) I NFORVATI ON FOR SEQ I D NO 19: (i) SEQUENCE CHARACTERI STI CS ey
(A) LENGTH: 110 base pairs (B) TYPE: nucl eic ?6(:' d :

-All subsequent plasmid constructs utilized the STII signal seqﬁence ‘Therefore,
where the signal sequence is not specified, it is understood that the STII sequence was e
utilized.

Results
-V

Plasmid pK-STII-V(5.3 (Example 4) was modified to include two regulatory
elements upstream of the STII leader, to create pKT-VB5.3. These elements are the
translational enhancer from the bacteriophage T7 gene 10 (g10), and a mini-cistron coding
for 8 amino acid residues. Both elements have been demonstrated to enhance translational
efficiency of several genes (Schoner et al., 1984, Proc. Natl, Acad. Sci. USA, 81:5403-5407,
Schoner et al., 1986, Proc. Natl. Acad. Sci. USA, 83:8506-8510; Olins et al., 1988, Gene,
73:227-235; Olins and Rangwala, 1989, J. Biol. Chem., 264:16973-16976).

pKT-Vp5.3 provided up to 8-fold higher protein yields than pK-STII-Vp5.3
(Example 4) in E. coli IM109 under conditions of IPTG induction. The EIA values reported
here are approximations, due to the lack of a pure VP5.3 standard at this time. pKT-Vp5.3
was shown to be stable in E. coli IM109.

 EXAMPLE 6
nstructio VB

A further modification to pKT-VB5.3 (Example 5) for secreted expression involved
elimination of the IPTG requirement for induction. Thé existence of a laclts gene coding for
temperature-sensitive Jac repressor (Bukrinsky et al., 1988, Gene, 70:415-417) makes it
possible to control gene expression from the #rc promoter by elevating the temperature from
30°C to 42°C. This would obviate the need to use IPTG or bacterial strains harbormg the

_“lacl or lacP genes.

The lackts gene was excised from pUCts by EcoRI digestion. The 1.7 kb fragment
containing the entire laclts-coding region and its associated regulatory elements, flanked by
vector sequence, was blunt-ended with Klenow, and ligated into the dephosphorylated Scal
site, located downstream of the rrnB operon in pKT-Vf5.3, yielding plasmid pKTB-Vf5.3
(6.8 kb). The orientation of the laclts gene was determined by restriction mapping.
Results | |

_ The laclts gene was inserted in either orientation downstream of the r7nB
transcription terminators in pKT-Vf5.3 to create plasmid pKTB-Vf5.3 (Fig. 2). This was
expressed in E. coli LI24 (lacl deletion) and the protein was analyzed by Coomassie Blue

staining on acrylamide gels (Laemmli, (1970) supra) and by Western blot (Towbin et al.,



(C) STRANDEDNESS: si.ngl e
aci d (A) DESCRI PTI ar =S
(i v) ANTI - SENSE: (|J
DESCRI PTI O\: - SEQ

TOPOLOGY: linear (ii)MOLECULE TPE: ofher AUCKETE
e Replacedy onycl eotide (iii) HYPOTHETHCAL:
'| NAVE: (B) LOCATI ON: (X|)SECUENCE
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. (1979) supra). One orientation of the laclts gene (transcription direct%:'ﬁ“‘fé“v%”i’d%e Amp*
région) clearly resulted in higher VBS.B yield than the reverse orientation. '
The putative VB5.3 band obtained from extracts of total cellular pellets was
" electrotransferred to Immobilon-P membranes, and visualized by Coomassie Blue staining.
) The band was excised and subjected to NH,-terminal amino acid sequencing (Matsudaira,
1987, J. Biol. Chem., 262:10035-10038) to yield a total of 10 amino acid residues. These
matched precisely the sequence of the N-terminal 10 amino acid residues of the processed
VP53, i.e. no leader sequence was detected.
| This plasmid was also expressed by thermal induction in three different bacterial
strains, each of which contains increasing levels of endogenous lac repressor, i.e.,
LJ24<DH5e<JM109. Supernatants from induced cultures Were assayed for VB5.3
expression by EIA (Table2)
TABLE 2
pKIB-VB5.3 EXPRESSION IN DIFFERENT BACTERIAL STRAINS

Cells were induced for 2 hr., and VP5.3 yields (ug/ml) were measured in culture supernatants.

lasmid egulation i Host Inducti ninduce Induce
pKTB-VB5.3  lachs JM109 (lacI9)  42°C N.D. 0.5
pKTB-Vp5.3 lachts DH5« (lacl) 42°C N.D. 5.0
pKTB-VB5.3  lachts LJ 24 (Alacl) 42°C N.D. 5.2
pKT-Vf5.3 dacl IM109 2mMIPTG O 0.9 .
pKT - lacR JM109 42°C N.D. _ ]

The data agree with Western blot observations and predicted results, i.e., the highest
expression level was achieved in LJ24 (Alacl) and the lowest in IM109 (fac®). The
comparatively low amounts of VB5.3 measured in the culture supernatants follow
from the fact that E. coli does not ordinarily secrete proteins into the medium. As”
shown in Table 1, the bulk of the expressed V5.3 is retained in the periplasm.

. DNA sequencing of the lac/is gene.

The entire coding sequence of the temperature-inducible /aclts gene plus the
upstream 80 nucleotides including the promoter were sequenced and compared to the
published sequence of the IPTG-inducible lac! gene (Farabaugh, 1978, Nature,
274:765-769). The promoter region was identical to that of the /ac/, and not lach,
gene (Calos M. P., 1978, Nature, 274:762-765). The laclts gene sequence showed an



N 3
_53- CTAGTCCGGA ATTGGGCATC GATTAACTTT ATTATTAAAA ATTAAA&%ACEMENT SHBET
TATATATTAA TGTATCGATT AAATAAGGAG GAATAAACCA TGGCACATTG | i 100
TGCGGTCCGEC 110 (2) I NFORVATION FOR SEQ ID NO 2 f(I’DéSﬁQJW
CHARACTERI STI CS: (A) LENGTH: 110 base pairs (B) TYPE: nucl &i iE?ci d
( ©) STRANDEDNESS: si ngl e (D) TOPOLOGY: | i neags(i I ) MOLECULE FY other—Tuctel ¢
aci d et

. open reading frame of 1080 nucleotides encoding 360 amino acids, and differed from
the lacl gehe at nucleotide #559 (with reference to first nucleotide of the start codon),
which changed from G to A, causing amino acid residue #187 to change from Glycine
(GGC) to Serine (AGC). This change in a single amino acid residue imparts thermal
sensitivity to the lac repressor protein. |

In addition, the published sequence of the /ac/ gene (Farabaugh, (1978) supra)
as well as the sequence appearing in Genebank (locus ECOLAC) contains an error at
po'sition #857: nucleotide #857 should be T instead of C, which would make residue
#286 code for Leucine (TTA) instead of Serine (TCA). The C-T transition introduces
a Hpadl site at the 3' end of the Jac] gene that was shown previously by restriction
mapping (Brosius, 1992, Meth Enzyrr;ol., 216:469-483). It should be noted that in
Farabaugh, (1978) supra, the same codon (TCA) is erroneously reported as encoding

Leucine instead of Serine.
EXAMPLE 7

Construction of pKTB,
Plasmid pKTB-Vp5.3 (6.7 kb) was digested with Sall and Ps/I, and the 5.42 kb '

fragment was purified from agarose using the Geneclean Kit (BIO 101). Plasmid pKT-STII
(4.8 kb) was digested with Sall and Psil, and the 1.15 kb fragment was similarly purified,
and ligated to the 5.42 kb fragment, yielding plasmid pKTB (6.56 kb).

EXAMPLE 8 '

ction -V

This plasmid is identical to pKTB-VB5.3 minus the two regulatory elements, i.e., the

. g10 translational enhancer and the mini-cistron. Plasmid pKTB (6.56 kb) was digested with
Sall and Pst], and the large fragment (5.4 kb) was purified from agarose using the Geneclean
Kit (BIO 101). Plasmid pK-VP5.3 (4.9 kb) was digested with Sall and Pstl, and the 1.3-kb
fragment was similarly purified, and ligated to the 5.4-kb fragment, yielding plasmid pKB-
VB5.3 (6.7 kb).
Results
pKB-VB53
' As discussed above, the addition of two regulatory elements, i.e., the gl0 gene

segment and the mini-cistron, appeared to enhance V5.3 yield under conditions of IPTG
inducfion. We wished to remove these two elements from the pKTB-V5.3 vector, and
reexamine V5.3 yield under conditions of thermal induction. A comparison of

pKTB-VpB5.3 and pKB-Vp5.3 by acrylamide electrophoresis and Western blotting showed




(A) DESCRI PTI ON: synt hetic ol i gonucl eotide (iii) HYPOTHETIEX

ANTI - SENSE: (i x) FEATURE: (A)NAME: (B) LOCATI ON: (xi) SEQYE B@W SHE HEER
SEQ I D NO 20: CCGGGCGGAC CGCACAATGT GCCATGGTTT ATTCCTCETT ATTTAATCGA
50 TACATTAATA TATACCTCTT TAATTTTTAA TAATAAAGIT AATCGATC .36 é@g
CAATTCCGGA 110 (2) | NFORVATI ON FOR SEQ ID NO. 2fL: | (i gé‘&l

CHARACTERI STI Cs: _
_ that V5.3 yield was unaffected by the removal of these two eleme’rl,b-—-EiA-measuLQMSL
whole cell urea extracts showed that pKB-Vp5.3 produced more protein than pKTB-Vp5.3

when expressed in E. coli LJ24.

TABLE 3
EXBEESSKniQElﬁiJiNlHEEERENIIHMIUEHAL&HBAHNS'

Plasmid LJ24 5G22094 SG21163 $G21173
PKTB-V85.3 20 8O 20 30

+ leader : :

+ glo/MC
pPKB-V85.3 110 - 50 ' 40 20

+ leader

- glo/MC
PKTBi-VR5.3 - 6 100 100 100

- leader

+ glo/MC
pKBi-VR5.3 10 170 130 390

- leader

~-g10/MC

Induction period: 2 hr at 42°C
Culture volume: 25 ml
Leader: STII
gl0: T7 gene 10
- MC: Mini-cistron
Samples: whole cell urea extracts '
VBS 3 yields (mg/liter), based on units/ml approximations, as measured by EIA. 1 mg VB5.3
- is approximately equivalent to 1 x 107 units.

Plasmid pKB-V{5.3 was demonstrated to be stable for fermentation.

EXAMPLE 9
Construction of pKB

Plasmid pKTB (6.56 kb) was digested with Sall and Psfl, and the large fragment (5.4 .
kb) was purified from agarose using the Geneclean Kit (BIO 101) Plasmid pK-STII (4.75
kb) was digested with Sa/l and Ps, and the 1.1-kb fragment was sumlarly purified, and
ligated to the 5.4-kb fragment, yielding plasmid pKB (6.5 kb).

EXAMPLE 10
c ion of pKTBi

This plasmid is identical to pKTB minus the STII signal sequence. PKTB (6.56 kb)
was digested with SpeI' and Ximal, and ligated toa double-strandqd synthetic oligonucleotide




(A)LENGTH: 42 base pairs (B)TYPE: nucl eic acid (C) STRANFGE Q%gﬁs‘gm-‘glgﬂfﬁ
TOPOLOGY: |inear (ii)MOLECULE TYPE: other nucleic aci diAtdzibaatlnts Vi
(A) DESCRI PTI ON: synt hetic ol igonucleotide (iii) HYPOTHET‘ CAL: .

(i v) ANTI - SENSE: (i x) FEATURE: (A) NAME: I 16 Jul 997

-40-

) cbding for the g10 translational enhancer, a ribosome binding site, and a mini-cistron
containing a second ribosome binding site. Restriction sites for Ncol, Dralll, RsrII and Xmal
were designed in the 3' end. The two complementary oligonucleotides had the following
sequences:

5' - CTAGTCCGGAATTGGGCATCGATTAACTTITATTATTAAAAATTA
AAGAGGTATATATTAATGTATCGATTAAATAAGGAGGAATAAACC
ATGGCACATTGTGCGGTCCGC - 3' [SEQIDNO 19]

5'- CCGGGCGGACCGCACAATGTGCCATGGTTITATTCCTCCTTATITA
ATCGATACATTAATATATACCTCTTTAATTTTTAATAATAAAGTTA
ATCGATGCCCAATTCCGGA - 3' [SEQ ID NO 20]

' EXAMPLE 11
This plasmid is identical to pKB minus the STII signal sequence. pKTB (6.56 kb)
was digested with Spel and Dralll, and ligated to a double-stranded synthetic oligonucleotide
containing a ribosome binding site, and Ncol and Dralll sites designed in the 3' end. The
two complementary oligonucleotides had the following sequences:
5'- CTAGTAAATTATATTTAAAGGAGGAATAAACCATGGCACATT - 3' [SEQIDNO
21] '

§' - GTGCCATGGTTTATTCCTCCTTTAAATATAATTTA - 3' [SEQID NO 22]

" EXAMPLE 12

. ion of pKTBi-VBS.3
This plasmid is identical to pKTB-VB5.3 minus the STII signal sequence. pKTBi

(6.4 kb) was digested with Xmal and Neol and ligated to PCR-synthesized VB5.3 using
pKTB-Vp5.3 as template. The 5' "sense” primer contained an Ncol restriction enzyme site;
underlined: '
5'- TATAGTCCATGGGCGTAACC - 3' [SEQ ID NO 23]
The 3' "antisense" primer contained an Xinal site, underlined:
5'- AACTTCCCGGGTTATCATTAGCTGC - 3! [SEQ ID NO 24]



-54- (B) LOCATION; . ' ENCE DESCRI PTI ON: SEQ I D NO 21: CTAGTAAATT

ATATTTAAAG GAGGAA il qdr 42 (2) 1 I D
NO 22: (i) SEQUENGHN S [l Cs: (A) LENGTH: 35 bg *iv.mi gfﬁ]
(B) TYPE: nucl ei ¢ aci|ilillf " ESS:single (D) TOPQL GBY: T near
(i1)MOLECULE TYPE: ot her nucleic acid 41- 116 JUL 1997
. Results
pKIBi-VB5.3

In parallel with the above work, the STII leader was removed from the expression
plasmid. Since most of the expressed V5.3 is retained intracellularly (also see below), it
was expected that scale-up of this construct might yield a heterogeneous population of
VP5.3 molecules, i.e., plus and minus leader, which would complicate subsequent
purification of the processed V[B5.3. Therefore, the STII leader was removed to create
pKTBi-Vp5.3 for intracellular expression. The expressed VP5.3 is expected to contain an
N-terminal methionine, although this amino acid might be removed by.endogenous
methionine aminopeptidases (Ben-Bassat et al., 1987, J. Bacteriology, 169:751-757; Baneyx

and Georgiou, "Expression of Proteolytically Sensitive Polypeptides in Escherichia coli", in

Degradation (Tim J. Ahern and Mark C. Manning, eds.), Plenum Press, New York, pp. 69-
108 (1992)), as observed for pKBi-VB5.3 (below).
pKTBi-VB5.3 was completed, but it failed to express significant levels of protein in
E. coli LJ24 (see Table 3, supra). The entire VP5.3 insert was sequenced and determined to
be unambiguously correct. Plasmid DNA isolated post-induction and analyzed by restriction
digestion appeared to be unaltered. One possible explanation for the apparent failure of the
- LJ24 strain containing pKTBi-V5.3 to express significant levels of VP5.3 protein is that the
absence of a leader peptide destabilizes intracellular VB5.3 protein, and leads to its rapid
proteolysis. .
Therefore, pKTBi-VP5.3 was transformed into the protease-deficient strains
SG22094 (lon‘, clp’), and BL21 (lon’, ompT") which gave decreasing yields in the order of
) _'SGZZ904>BL21 . The effect of different induction temperatures on yield was also examined,
and for both strains 42°C was optimal. In addition, there was no significant increase-in
production between 2 and 5 hr. |
pKTBi-V[5.3 was expressed in two additional protease-deficient strains: SG21163
(lom, htpr) and SG21173 (lom, htpr, clp’). The results are summarized in Table 3 (supra).
It should be noted that strains L1124, SG22094, SG21163 and SG21174 do not
produce endogenous /ac repressor because the lacI gene is deleted in all of these strains.
Thus, the wild type /ac repressor does not interfere with the thermal induction of the #rc
promoter. The foregoing examples show that VB5.3 constucts without a signal peptide can
be readily expréssed in protease deficient hosts, resulting in production of significant

amounts of V5.3 protein.



(A) DESCRI PTI ON: synthetic oligonucleotide (iii) HYPOTHETI CAL:
(i V) ANTI - SENSE: (i x) FEATURE: (A) NAME: (B) LOCATION: (Xif}SEQUENCE -.-...... ..
DESCRI PTION: SEQ I D NO 22: GTGCCATGGT TTATTCCTCC TTTAAALATA:ATTT/
35 (2) I NFORMATI ON FOR-SEQ ID NGO 23: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 20 base pairs (B) TYPE: nucleic acid g T
-42- .
EXAMPLE 13
. ion of pKBi-VB5.3

This plasmid is identical to pKTBi-V5.3 minus the g10 element and the mini-
cistron (SEQ ID NO. 28). Plasmid pKBi (6.43 kb) was digested with Ncol and Sall, and a
970 bp fragment was purified from agarose. pKTBi-VP5.3 (6.75 kb) was digested with Ncol
and Sall and the 5.68 kb fragment was similarly purified, and ligated to the 970 bp fragment,
yielding plasmid pKBi-Vp5.3 (6.64 kb).
Results

-pKBi-VB5.3

This leaderless VB5.3 construct minus the two regulatory elements was successfully
expressed in protease-deficient strains; our observations are similar to those for pKTBi-
VPB5.3. pKBi-VP5.3 was expressed in two additional protease-deficient strains: 5G21163
(lon’, htpr) and SG21173 (lon,, htpr,, clp?). The results are summarized in Table 3.
pKBi-Vf5.3 consistently produced more protein than pKTBi-V5.3 in all strains tested

-_ (Table 3). N-terminal sequencing of the expressed protein showed that the first 17 amino

acid residues matched the expected VB5.3 sequence, and the terminal methionine residue
was absent. The plasmid was also demonstrated to be stable.

The present invention is not meant to be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the invention in addition to

 those described herein will become apparent to those skilled in the art from the foregoing

description and the accorhpanying figures. Such modification are intended to fall within the
scope of the appended claims. Various publications are incorporated by reference in their

entirety.



acid (A) DESCRI PTI ON: synthetic oligonucleotide (iii) HYPOFEETI-CAL
ANTI - SENSE: (i x) FEATURE: (A)NAME: (B) LOCATION: (xi) SE@JEN@E
SEQ ID NO 23: -

e e 48200 5
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SEQUENCE LISTING
(1) GENERAL INFORMATION:
(i) APPLICANT:T Cell Sciences, Inc

(ii)TITLE OF INVENTION:T Cell Antigen Receptor V Region Proteins
and Methods of Preparation Thereof

(iii) NUMBER OF SEQUENCES:29

(iv) CORRESPONDENCE ADDRESS:
(A)ADDRESSEE:T Cell. Sciences, Inc.
{(B) STREET:1515 Fourth Avenue
{C) CITY :Needham
(D) STATE :Massachusetts
(E) COUNTRY:United States of America
(F)ZIP:02194-2725

{v) COMPUTER READABLE FORM:
(A)MEDIUM TYPE:Diskette, 3.50 inch, 1.44Mb storage
(B) COMPUTER:IBM PC Compatible
(C) OPERATING SYSTEM:MS-DOS
(D) SOFTWARE : WordPerfect 6.0

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A)APPLICATION NUMBER:08/181,492
(B) FILING DATE:13-January-1994
(viii) ATTORNEY/AGENT INFORMATION:
(A)NAME : YANKWICH, Leon R
(B) REGISTRATION NUMBER:30,237
(C) REFERENCE/DOCKET NUMBER:TCS-203-PCT(94,664-3)

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE :617~345-9100
(B) TELEFAX:617-345-9111"

(2) INFORMATION FOR SEQ ID NO: 1:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:34 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
{D) TOPOLOGY: linear



-55- TATAGTCCAT GGGCGTAACC 20 (2) I NFORVATI ON-EQR_SEQ ID hK) 24:
(i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 25 base pairs; ('E):f @E c-H
(C) STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (||)NCLE | She o
acid (A) DESCRI PTI ON: synt hetic oligonucleotide (iii) HY OTHET! CAL:
_ 16 JUL 1997
-44- ; 5

(1i)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(111i)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:

(A) NAME :

{B) LOCATION:

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
TATAATGACT AGTCGCTGCA GCCAACCGCG GCTG 34
(2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:23 base pairs
(B) TYPE:nucleic acid
{C) STRANDEDNESS : single
(D) TOPOLOGY :linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii)HYPOTHETICAL:
(iv)ANTI-SENSE:
{ix) FEATURE:
(A)NAME :
(B)LOCATION
(x1)SEQUENCE DESCRIPTION: SEQ ID NO: 2:
‘GTCCTAGAGT ACTGAGCGGA TAC 23
(2)INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A)LENGTH: 91 base pairs -
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : linear

(ii)MOLECULE TYPE:other nucleic acid
(A)DESCRIPTION:synthetic oligonucleotide

(1ii)HYPOTHETICAL:



(i v) ANTI - SENSE: (i x) FEATURE: (A)NAMVE: (B) LOCATI ON:

(xi ) SEQUENCE

DESCRI PTION:  SEQ I D NO 24: AACTTCCCGG GITATCATTA GCTGC 25
(2) | NFORVATI ON FOR SEQ I D NO 25: (i) SEQUENCE CHARACTERI STI CS

(A) LENGTH: 276 base pairs (B) TYPE: nucleic acid (C) ST
"TOPOLOGY: |inear

-45-
(iv) ANTI-SENSE:

(ix) FEATURE:
(A) NAME :
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

RAPLACEMERT SHEET

16 JUL 1997

D)

GGCTCGAGCC TAGGCTGCAG CCCGGGGCGC GCGCGGCCGC AGGCCTTTAA 50

TTAAGAGCTC CGGACCGCAC AATGTGGGCG CGCCCTTAAG A
(2) INFORMATION FOR SEQ ID NO: 4:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:97 base pairs
{(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY :linear

(ii)MOLECULE TYPE:other nucleic acid

91

(A) DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE :

(A) NAME :

(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

CTAGTCTTAA GGGCGCGCCC ACATTGTGCG GTCCGGAGCT CTTAATTAAR S0

GGBCCTGCGGC CEGCGCGCGCC CCGGGCTGCA GCCTAGGCTC GAGCCGC 97

"(2) INFORMATION FOR SEQ ID NO: 5:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:103 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single -
(D) TOPOLOGY:linear

(1i)MOLECULE TYPE:other nucleic acid

(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:

(iv) ANTI-SENSE:



(ii)MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: (iv)ANTI-SENSE: (ix) FEATURE:
(A) NAME: (B) LOCATION. (xi ) SEQUENCE DESCRI PTION SEQ I D NO 25: GGC GTA ACC
CAA TCT CCG ACT CAC CTG ATC AAA ACG AGA 39 GO CAG CAC BT AT
CTG AGA TGC TCT CCT ATC TCT GGG 78 CAC AAG ABLIGHGIID
CAA CAG GTC CTG GGT CAG 117

;
4
P

(ix) FEATURE:
(A) NAME :
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

CTAGTAAATT CTATTTCAAG GAGACAGTCA TAATGAAATA CCTATTGCCT 50

ACGGCAGCCG CTGGATTGTT ATTACTCGCT GCCCAACCAG CCATGGCCGA 100
GCT 103

(2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:95 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii)HYPOTHETICAL:
{(iv) ANTI-SENSE:
{ix) FEATURE: .
(A) NAME ; . ‘
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
CGGCCATGGC TGGTTGGGCA GCGAGTAATA ACAATCCAGC GGCTGCCGTA 50
GGCAATAGGT ATTTCATTAT GACTGTCTCC TTGAAATAGA ATTTA 95
{2) INFORMATION FOR'SEQ ID NO: 7:
{i) SEQUENCE CHARACTERISTICS;A
(A) LENGTH:105 base pairs.
{B) TYPE:nucleic acid
(C) STRANDEDNESS : single °
(D)} TOPOLOGY : linear

(ii) MOLECULE TYPE:other nucleic acid .
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:



-56- GGG CCC CAG TTT ATC TTT CAG TAT TAT GAG AAA GAA GAG 156 AGA
GGA AGA GGA AAC TTC CCT GAT CGA TTC TCA GCT CGC 195 CAG TTC CCT
- AAC TAT AGC TCT GAG CTG AAT GIG AAC GCC 234 TIG TTG CTG GGG GAC

TCG GCC CTG TAT CTC TGI GCC AGC 273 AGC g@
(2) I NFORVATI ON FOR SEQ I D NO 26: (i) SEQUENCE CHARACTHRI
(A) LENGTH: 276 base pairs (B) TYPE: nucl ei ¢ aci d ( C) STRANDEI

-47- | L

(iv) ANTI-SENSE: -
(ix) FEATURE:
(A) NAME :
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
CTAGTAAAIT CTATTTCAAG GAGACAGTCA TAATGAAAAA GAATATAGCA
TTCCTACTAG CTTCAATGTT CGTCTTCTCT ATTGCAACTA ACGCGTACGC
ACATT 105
(2)INFQRMAIION FOR SEQ ID NO: 8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:98 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS :single
(D) TOPOLOGY :linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

(A) NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
GTGCGTACGC GTTAGTTGCA ATAGAGAAGA CGAACATTGA AGCTAGTAGG
AATGCTATAT'TCTTTTTCAT TATGACTGTC'TCCTTGAAAT AGAAITTA
(2) INFORMATION FOR SEQ ID NO: 9;

{i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:89 base pairs
(B)TYPE:nucleic acid
(C) STRANDEDNESS : single
{D) TOPOLOGY :linear

(11)MOLECULE TYPE:other nucleic acid -
(A)DESCRIPTION:synthetic oligonucleotide

98

50

100

50



(D) TOPOLOGY: | i near (ii)MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL:
(i v) ANTI - SENSE: (i x) FEATURE: (A)NAME: (B) LOCATI ON: (xi) SEQUENCE

DESCRI PTION: SEQ I D NO. 26: CCG CAT TGG GIT AGA GGC TGA GIG GAC TAG TTT TGC -
TCT 39 OCT GIC GIG CAC TGA GAC TCT ACG AGA GGA-FAG-AGA-GCC— -

78 GIG TTC TCA CAC AGG ACC ATG GIT GIC CAG GAC CCA GIC [REFIACTYINMT S
GGG GTC AAA TAG AAA GTC ATA ATA CTC TTT CTT CTC 56

-48-

(1ii)HYPOTHETICAL: ' L ——
(iv) ANTI-SENSE:
(ix) FEATURE:
- (A)NAME:
{B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
CTAGTCCGGA ATTGGGCATC GATTAACTTT AETAT?AAAA ATTAAAGAGG 50
TATATATTAA TGTATCGATT AAATAAGGAG GAATAAATA 89
(2) INFORMATION FOR SEQ ID NO: 10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:76 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS :single
(D) TOPOLOGY:linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii)HYPOTHETICAL:

{iv) ANTI-SENSE:

(ix) FEATURE:

(A)NAME :
‘(B)LOCAIION:

{x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
CTCCTTATTT AATCGATACA TTAATATATA CCTCTTTAAT TTTTAATAAT 50
AAAGTTAATC GATGCCCAAT TCCGGA 76
(2) INFORMATION FOR SEQ ID NO: 1;;,

(i) SEQUENCE CHARACTERISTICS:

() LENGTH:71 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
{D) TOPOLOGY :linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide



TCT OCT TCT CCT TTG AAG GGA CTA GCT AAG AGT CGA GCG
GGA TTG ATA TCG AGA CTC GAC TTA CAC TTG CGG

CTG AGC CGG GAC ATA GAG ACA CGG TCG 273 TCG [prm ArTIAT®T CHER
(2) | NFORVATI ON FOR SEQ I D NO. 27: (i) SEQUENCE CHARACTEF |?%¥LA§E}“@§6TE}« N

am no acids -57- (B)TYPE: ami no acid

-49-

(iii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
(A)NAME :
(B) LOCATION:

(xi)SEQUENCE DESCRIPTION: SEQ ID NO: 1i:

195 GIC AAG
234 AAC AAC GAC CCC

16 JUL 1997

ATGAAATACC TATTGCCTAC GGCAGCCGCT GGATTGTTAT TACTCGCTGC 50

CCAACCAGCC ATGGCCGAGC T 71
(2) INFORMATION FOR SEQ ID NO: 12:.

(i) SEQUENCE CHARACTERISTICS:
(A}LENGTH:76 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : linear

(1i)MOLECULE TYPE:other nucleic acid

(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:
(iv)ANTI-SENSE:
(ix) FEATURE:
(A)NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

‘CGGCCATGGC TGGTTGGGCA GCGAGTAATA ACAATCCAGC GGCTGCCGTA 50

GGCAATAGGT ATTTCATTA$ TTATTC 76
(2) INFORMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:73 base pairs
{B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : Llinear

(ii)MOLECULE TYPE:other nucleic acid-

(A) DESCRIPTION:synthetic oligonucleotide



(D) TOPOLOGY: I i near (ii) MOLECULE TYPE: protein (iii)HYPOTHETI CAL:
(1 v) ANTI - SENSE: (i x) FEATURE: (A) NAVE: (B) LOCATI ON: (xi) SEQUENCE
DESCRI PTION:. SEQ I D NO 27: CJy Val Thr G@n Ser Pro Thr_H's Leu Ile Lys Thr

Arg Ay dn 1 10
Val Thr Leu Arg Cys Ser Pro IIe Ser Ay H's Lys Ser V
25 - 30 :
-50-
(1ii) HYPOTHETICAL: i

(iv)ANTI-SENSE:
(ix) FEATURE:
(A) NAME :
(B) LOCATION:
(xi)SEQUENCE DESCRIPTION: SEQ ID NO: 13:

ATGAAAAAGA ATATAGCATT CCTACTAGCT TCAATGITCG TCTTCICTAT 50
TGCAACTAAC GCGTACGCAC ATT ‘73
(2) INFORMATION FOR SEQ ID NO: 14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:79 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS :single
(D) TOPOLOGY: linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE:
{A) NAME :
(B) LOCATION:
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
GTGCGTACGC GTTAGTTGCA ATAGAGAAGA CGAACATTGA AGCTAGTAGG 50
AATGCTATAT TCTTTTTCAT TATTTATTC 79
(2) INFORMATION FOR SEQ ID NO: 15;
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:33 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY : 1inear

(1i)MOLECULE TYPE:other nucleic acid ° )
(A) DESCRIPTION:synthetic oligonucleotide .



Ser Trp Tyr An dn Val Leu Ay Adn dy Pro Gn Phe IIe Phe
40 45 An Tyr Tyr Au Lys Gu Au Arg Ay
Pro Asp 50 55 60 Arg P

Phe Pro Asn Tyr Ser Ser Qu Leu Asn 65 7

75 Val Asn Ala Leu Leu Leu Ay Asp Ser Ala Leu Tyr Leu Cyg$ 4

85 90 Ser Ser 92 (2)| NFORVATI ON FOR SEQ|! [

35

Arg Gly Asn Phe

S

a 80
D N6 AR 1997

(1) SEQUENCE CHARACTERI STI CsS: 51

(iii)HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

{A) NAME :
(B) LOCATION:

(xi)SEQUENCE DESCRIPTION: SEQ ID NO: 15:
TAATTAGCCA TGGCCGGCGT AACCCAATCT CCG _ 33
(2) INFORMATION FOR SEQ ID NO: 16:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:21 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS :single
(D) TOPOLOGY :1linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:

{ix) FEATURE:

(A)NAME :
(B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 16:
CCAGTGCCAA GCTTGCATGC C 21
(2) INFORMATION FOR SEQ ID NO: 17:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:34 base pairs
(B) TYPE:nucleic acid

(C) STRANDEDNESS : single
(D) TOPOLOGY : linear )

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:
(ix) FEATURE:




(A) LENGTH: 27 base pairs (B) TYPE: nucleic acid (C)STRANDEDNESS:sithe
(D) TOPOLOGY: | i near (ii)MOLECULE TYPE: cDNA (iii) HYPORHEFGAL s
(i V) ANTI - SENSE: (ix) FEATURE: (A)NAMVE: (B) LOCATI ONIEFRi J-SERUENCET

DESCRI PTI ON: SEQ I D NO 28: '

[P R ot p o b - e

n

! €nn
P
¢

(A)NAME:
. (B) LOCATION:

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:
GAAATTAACG CGTACGCAGG CGTAACCCAA TCTC 34
(é)INFORMATION FOR SEQ ID NO: 18:

{1i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:21 base pairs
(B) TYPE:nucleic acid
{C) STRANDEDNESS :single
(D) TOPOLOGY :linear

(1i)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

(A)NAME :
{B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 18:
CCAGTGCCAA GCTTGCATGC C 21
(2) INFORMATION FOR SEQ ID NO: 19:

ﬁi)SEQUENCE CHARACTERISTICS:

* (A)LENGTH:110 base pairs
(B) TYPE:nucleic acid
{C) STRANDEDNESS :single

~ (D) TOPOLOGY: linear

(ii)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:
(iv)ANTI-SENSE:
{ix) FEATURE:

(A) NAME :

(B) LOCATION:

(xi)SEQUENCE DESCRIPTION: SEQ ID NO: 19:



-58- ATG TAT CGA TTA AAT AAG GAG GAA TAA 27 (2) 1 NFORMATI ON FOR
SEQ ID NGO 29: (i) SEQUENCE CHARACTERI STICS: ( A) LENGEH-S S i C ey
(B) TYPE: amino acid (D) TOPOLOGY: |inear (ii) NCLECULégﬁaggﬁga wﬁdgﬁgﬁi%)
HYPOTHETI CAL: (i v) ANTI - SENSE: | ; P

]

16 JUL 957 |
i

{
|
t
l
|

. -53-
CTAGTCCGGA ATTGGGCATC GATTAACTTT ATTATTAAAA ATTAARAGAGG 50

TATATATTAA TGTATCGATT AAATAAGGAG GAATAAACCA TGGCACATTG 100
TGCGGTCCGC 110
(2)INFQRMATION FOR SEQ ID NO: 20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:110 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS :single
{D) TOPOLOGY:linear

(ii) MOLECULE TYPE:other nucleic acid
(A)DESCRIPTION:synthetic oligonucleotide

(1ii) HYPOTHETICAL:
(iv) ANTI-SENSE:
- {ix) FEATURE:

(A) NAME :

(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:

CCGGGCGGAC.CGCACAATGT GCCATGGTTIT ATTCCTCCTT ATTTAATCGA 50
TACATTAATA TATACCTCTT TAATTTTTAA TAATAAAGTT AATCGATGCC 100
CAATTCCGGA 110

(2) INFORMATION FOR SEQ ID NO: 21:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:42 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY : linear

(11)MOLECULE TYPE:other nucleic ‘acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:
(iv)ANTI-SENSE:

{ix) FEATURE :
(A) NAME :



(ix) FEATURE: (A)NAME: (B) LOCATION: (xi)SEQUENCE DESCRI PTI ON: SEQ I'D NO
29: Met Tyr Arg Leu Asn Lys Qu GQu 5 8 - 59 - = i
A method for producing a reconbinant full length T cel gt & SN
regi on m%@h :

16 JUL 97

-54-
{B) LOCATION: S
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:
CTAGTAAATT ATATTTAAAG GAGGAATAAA CCATGGCACA TT 42
(2) INFORMATION FOR SEQ ID NO: 22:
(i’SEQUENCE CHARACTERISTICS:
(A) LENGTH:35 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
{D) TOPOLOGY : 1inear

~ (11)MOLECULE TYPE:other nucleic acid
(A) DESCRIPTION:synthetic oligonucleotide

(iii)HYPOTHETICAL:

(iv) ANTI~-SENSE:

(ix) FEATURE:

(A)NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22:
GTGCCATGGT TTATTCCTCC TTTAAATATA ATTTA 35
(2) INFORMATION FOR SEQ ID NO: 23:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:20 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY:linear

(1i)MOLECULE TYPE:other nucleic acid
(A)DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL: )
(iv) ANTI-SENSE:
(ix) FEATURE:

(A) NAME :

(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID.NO: 23:



protein free of extraneous protein sequences which conpr

ises: a)

vector conprising a region coding for a full length T ¢
V region protein, and an inducible bacterial promoter; &
I nduci bl e bacterial pronoter in the transforned bacteria
a, and; c) recovering the reconbinant full length T cel
region protein free of extraneous protein sequences. 2.

transformng a conpetent bacterial host cell with a recesbirent T ESSLAN
REF ‘;rﬁgﬁﬁrggé br
£ Ig
| o

i
thost, cel lygof $tep
ntigen receptgr {V

~fret-hot—of

claim 1 wherein the inducible bacteriat3%ronmpter is seldcted fromthe grodp

consisting of chemcally regul ated pronoters and thernal

ty-Tegurated

pr onot er BATABTREATEEREETAACE| ai m 2 whdt ein the expression vector further -
conprises a regul atory gene sequence selected fromthe group consisting of

t he | acl (ZINFORMAGIONCFPRIIEQ gONNO: a2 t he | aclts gene.
claim3 wherein the laclts gene is in the sanme orientati
' (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:25 base pairs

(B) TYPE:nucleic acid

(C) STRANDEDNESS:8ingle

(D) TOPOLOGY : linear

(ii)MOLECULE TYPE:other nucleic acid
(2) DESCRIPTION:synthetic oligonucleotide

(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:

(ix) FEATURE:

(2) NAME :
{B) LOCATION:

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 24:
AACTTCCCGG GTTATCATTA GCTGC 25
(Z)INFORMATION FOR SEQ ID NO: 25:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:276 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS:single
(D) TOPOLOGY :linear
" (1ii)MOLECULE TYPE:cDNA
. (1ii)HYPOTHETICAL:
(iv) ANTI-SENSE:
(ix) FEATURE :
(A) NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:

GGC GTA ACC CAA TCT CCG ACT CAC CTG ATC AAA ACG

GGA CAG CAC GTG ACT CTG AGA TGC TCT CCT ATC TCT

CAC AAG AGT GTG TCC TGG TAC CAA CAG GTC CTG GGT

4. The net hod of
on as the coding

AGA 39 .
GGG 78

CAG - 117



‘region for T cell antigen receptor V region protein. 5., The pethod of

claiml wherein the bacterial pronotor is selected from TARA] -
consisting of a lac pronoter, a tac pronoter, and a trc ggg%gc%w*bg S'}M1e
met hod of claim5 wherein the bacterial host strain is roj ease-defi c| ept
strain. 7. The nethod of claim5 wherein the reconbi hant -eRpHls 39%h
vector further conprises a | eader sequence. 8. The thod of claim?7
wherein the | eader sequence is selected fromthe group fonsisting of héat
stabl e enterotoxin STII| |eader from Eschertchia coli and—a—pelB-leader frjom
Erwi ni a carotovora. 9. The net hod of36l ai m 8 wherein the reconbi nant

expression vector further conprises a | eader sequence derived fromthe STII

| eader sequedife C§C EAGCBIT ANGd TTReCAD A FAT GHEtANA SAAhGAE cel |l is aS56

AGA GGA AGA GGA AAC TTC CCT GAT CGA TTC TCA GCT CGC 195
CAG TTC CCT AAC TAT AGC TCT GAG CTG AAT GTG AAC GCC 234
TTG TTG CTG GGG GAC TCG GCC CTG TAT CTC TGT GCC AGC 273
‘age 276

(2) INFORMATION' FOR SEQ ID NO: 26:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:276 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY :linear
(1i)MOLECULE TYPE:cDNA
(iii)HYPOTHETICAL:
(iv) ANTI-SENSE:
{ix) FEATURE:
(A) NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: :

CCG CAT TGG GTIT AGA GGC TGA GTG GAC TAG TT'f TGC TCT 39
. CCT GTC GTG CAC TGA GAC TCT ACG AGA GGA TAG AGA CCC 78
. GTG TTC TCA CAC AGG ACC ATG GTT, GTC CAG GAC CCA GTC 117
CCC GGG GTC AAA TAG AAA GTC ATA ATA CTC TTT CIT CTC 156
TCT CCT TéT CCT TTG AAG GGA CTA GCT AAG AGT CGA GCG . 195
GTC AAG GGA TTG ATA TCG AGAH-CT.C GAC TTA CAC TIG CGG 234
AAC AAC GAC CCé CTG AGC CG'G. GAC .ATA GAG ACA CGé TCG 273
TCG 276 | |

(2) INFORMATION FOR SEQ ID NO: 27:

(i) SEQUENCE CHARACTERISTICS:
(A)LENGTH:92 amino acids



cell which does not harbor the lacl or lacl[err]
claim9 wherein the bacterial host strainis ap

11. The net hod according to claim 10, wherein the prot'
strain is selected fromthe group consisting of S&1163
The met hod according to claim1, wherein the expression

conprises the gl0 and the mni-cistron sequence

el enents. 13. The nethod of claim1 wherein th

vector further conprises; a) a trc pronotor a

pronoter; b) a ribosomal binding si e c)

d) a laclts regylatory gene sequence;
YPE:amino acid

{D) TOPOLOGY :1linear
(11)MOLECULE TYPE:protein
{(iii)HYPOTHETICAL:

{iv) ANTI-SENSE:
(ix) FEATURE:
(A)NAME: -
{B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:

Gly Val Thr Gln Ser Pro Thr His Leu Ile Lys

1

5 ' 10

His Val Thr Leu Arg Cys Ser Pro Ile Ser Gly

20 25

Ser Trp Tyr Gln Gln Val Leu Gly Gln Gly Pro

35 40

Gln Tyr Tyr Glu Lys Glu Glu Arg Gly Arg Gly

50 55

Arg Phe Ser Ala Arg Gln Phe Pro Asn Tyr Ser

65 70

Val Asn Ala Leu Leu Leu Gly Asp Ser Ala Leu

Ser Ser

80 _ 85

92

(2) INFORMATION FOR SEQ ID NO: 28:

" (1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:27 base pairs
(B) TYPE:nucleic acid
(C) STRANDEDNESS :single
(D) TOPOLOGY :linear
(ii)MOLECULE TYPE:cDNA
(1iii)HYPOTHETICAL:
(iv)ANTI-SENSE:
{ix) FEATURE:
(A) NAME :
(B) LOCATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:

gene. :
r ot ease -

(SEQ | D NO.
e reconbj nant expression

s the inducrbte-bacreriar
a transcription term nator;

Thr Arg Gly Gln
1S

His Lys Ser Val
30

Gln Phe Ile Phe
45

Asn Phe Pro Asp
60

Ser Glu Leu Asn
' 75

Tyr Leu ch Ala
20



e) a pBR322 origin of replication, and; f) a tetracycline resistance -
gene. 14. The nmet hod of claim 13 wherein the reconbi i

vector is selected fromthe group consisting of pKTBi - ]@p} . AT ‘F% AEHTSHEE
pKBi -V[err]5.3. 15. The met hod of claim 13 wherein the’ eeea%iﬁggt T‘

expression vector further conprises a | eader sequence. [16] Tgﬁkgﬁ&BOd gf
claim 15 wherein the reconbi nant expression vector is s | ecildy ¥ he
group consisting of pK-STII-V[err]5.3, pKT-V[err]5.3, p -V[err]5.3. dnd.

pKB-V[err]5.3. 17. An expression vector conprising a fnducible bacteri gl
pronot er under the control of a laclts-58ene, wherein sat
controls the expression of a region encoding a full length T cell antigen

receptor V A3 SAT (FGH ATA MAT MG GAG CAAJTMA T cell an®7gen receptor V
region protein is expressed free of extraneous protein sequences.
(2) INFORMATION FOR SEQ ID NO: 29:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH:8 amino acids
(B)TYPE:amino acid
(D) TOPOLOGY : linear

{1i)MOLECULE TYPE:peptide

(iii)HYPOTHETICAL:

{iv) ANTI-SENSE:

(ix) FEATURE :

(A) NAME :
(B) LOCATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:

Met Tyr Arg Leu Asn Lys Glu Glu
1 5 8



18. The expression vector of claim17 wherein the jnducible bact

pronoter is selected fromthe group .consisting of a*b&@ pr@hgigfﬁiagﬂlc
pronoter, and a trc pronoter. -61- 19. The expreas+eﬁnveefer~of gl ai m
18 which further conprises a | eader sequence. THe pr.ess ector

TEWE 9 o
b) a ribosomal binding site; c¢) region encoding a full lengtih{T

of claim 17 which conprises in a 5 to 3 dlrectlon(1E

cel | antigen receptor V region protein; d) a transcription t er mi natjor ,

We claim: :
L A method for producing a recombinant full length T cell antigen receptor V region
protein free of extraneous protein sequences which comprises:

a) transforming a competent bacterial host cell with a recombinant expression vector comprising
a region coding for a full length T cell antigen receptor V region protein, and an inducible bacterial
pfomotcf;

b) inducing the inducible bacterial promoter in the transformed bacterial host cell of step 2, and;

¢) recovering the recombinant full length T cell antigen receptor V region protein free of _

. extraneous protein sequences.

2, Themethodofchhniwhcmmmeinduciblcbactedalpmmoterisselecwd&omthe
group consisting of chemically regulated promoters and thermally regulated promoters.

3 The method of claim 2 wherein the expression vector further comprises a regulatory gene

' sequence selected from the group consisting of the /acl gene, the JacP gene, and the laclts gene.

4'. The method of claim 3 wherein the laclts gene is in the same orientation as the coding
region for T cell antigen receptor V region protein.

S. The method of claim 1 wherein the bacterial promotor is selected from the group

consisting of a lac promoter, a tac promoter, and a trc promoter.

6. The method of claim 5 wherein the bacterial host strain is a protease-deficient strain.

7. The method of claim 5 wherein the recombinant expression vector further comprises a
leader sequence.
8. The method of claim 7 wherein the leader sequence is sclected from the group consisting

- of heat stable enterotoxin STII leader from Escherichia coli and a pelB leader from Erwinia carotovora.

9. The method of claim 8 wherein the recombinanf; expression vector further comprises a

leader sequence derived from the STII leader sequence of E. coli and the competent bacterial host cell is a

AT




e) a laclts regul atory gene sequence; f) a pBR323—ef+gt-a—ef .
replication, and; Q) a tetracycline resistance gene. REPLKCEP?ENT SHEET
expression vector of claim 17 wherein said vector is sel ec‘T‘e‘d“f"rﬁﬁ‘r’t‘ﬁe‘”"

group consisting of pK-STII-V[err]5.3, pKT-V[err]5.3, ph
pKTBi -V[err]5.3, and pKBi -VB5. 3. 22. A bacterial cell

thé expression vector according to cl_aiﬁl__?. 23. The t
bacterial cell according to claim?22 whith produces at |

fantBoled™?
r ansformed .
east 300 mlli grafm

]

protermper—titer

of full length. reconbinant, T cell tigen receptor V[er

of cell cu‘feﬁﬁﬂﬁﬁ‘fﬁggmiﬂrq‘%ldfa“féﬂcﬁ]ﬁ‘g length T cell antigen receptor V
A pharmaceuti cal
conposi tion vvhilcoh cogprises a full length T cell antigen rece&oetor V regi on

region protein produced by the nethod of claim13. 25.

protein.

e method of claim 9 wherein the bacterial host strain is a protease

ficient strain,

11.  The method according to claim 10, wherein the protease deficient strain is selected from

the group consisting of SG21163 and SG21173.

12, The method according to claim 1, wherein the expression vector further comprises the

810 and the mini-cistron sequence (SEQ ID NO. 28) regulatory elements.

13. The method of claim 1 wherein the recombinant expression vector further c&mpriscs;

a) a tre promotor as the inducible bacterial promoter;
b) aribosomal binding site;

c) a transcription terminator; -

d) a laclts regulatory gene sequence;

e) a pBR322 arigin of replication, and:

b)) a tetracycline resistance gene.

14, The method of claim 13 wherein the recombinant expression vector is selected from the

group consisting of pKTBi-VB5.3, and pKBi-VB5.3.

15.  The method of claim 13 wherein the recombinant expression vector further comprises a

leader sequence.

16. The method of claim 15 wherein the recombinant expression vector is selected from the
- group consisting of pK-STII-YBSJ, pKT-VB5.3, pKTB-VB5.3, and pKB-VB5.3.

17. Anexpression vector comprising a inducible bacterial promoter under the control of a -
laclts gene, wherein said laclts gene controls the expression of a region encoding a full length T cell

antigen receptor V region protein which full length: T cell antigen receptor V region protein is expressed

free of extraneous protein sequences.

18. The expression vector of claim 17 wherein the inducible bacterial promoter is selected

from the group cbnsisting of a lac promoter, a tac promoter, and a trc promoter.

A



26. The pharnaceutical conposition of claim25 wherelgj FhE(H: '-g’if
receptor V region proteinis the Vlerr]5.3 protein and‘hasmt-he 'for-m:rT--a* ;
amno acid 1 to 92 of am no acid Sequence |ID No. 27. 2 d?ﬁo
treating an i mmune rel ated di sorder conprising adm ni sl} EF'I ng lg 14 PCl
I n need of such treatnent a pharnaceuti cal corrp05|t|onf0(hm1u.31.ng_a.__tu |
|l ength T cell antigen receptor V region Erotel n. -6 28. The rret hod
according to claim27 wherein the |m’rung rel ated di sor oSt ;

scl erosi s.

.

 19.  The expression vector of claim 18 which further comprises a leader sequence.

20.  The expression vector of claim 17 which comprises in a 5* to 3' direction;

a) a tre promotor; '

b) a ribosomal binding site;

c) a region encoding a full length T cell antigen receptor V region protein; -

d) - atranscription terminator; B
‘e) . alaclts regulatory gene sequence;

f) a pBR322 origin of replication, and;

g) 3 tetracycline resistance gene.

21. The expression vector of claim 17 wherein said vector is selected from the group
consisting of pK-STI-VBS.3, pKT-V85.3, pKTB-VB5.3, pKTBi-V85.3, and pKBi-VB5.3.

22.  Abacterial cell transformed with thie expression vector according to claim 17,

23. - The transformed bacterial cell .according to claim 22 which produces at least 300
milligrams of full length recombinant T cell antigen receptor VP protein per liter of cell culture.

24, An isolatgd full length T ceIl antigen receptor V region protein produced by the method
~ of claim 13.

- 25. A pharmaceutical composition' which comprises a full length T cell antigen receptor V
'region protein,

26. The pharmaceutical composition of claim 25 wherein the T cell antigen receptor V
region protem is the VB5.3 protein and has the formula: amino acid 1 to 92 of amino acid Sequence ID
No. 27.

27. A method for treating an immune related disorder comprising administering to a subject
in need of such treatment a pharmaceutical composition comprisfng a full length T cell antigen receptor V
region protein.

(A A A



29. The met hod of claim 28 wherein the full length T cell antigen
receptor V region proteinis the V[err]5.3 and has the fornmula: am.no I d
1 to 92 of amino acid Sequence ID No. 27. 30. An i sdl F a7
cell antigen receptor V[err]5.3 protein having the for 2 -
1-92 of am no acid Sequence ID No. 27. 31. The use of ja substantial ljy
pure T cell antigen receptor V region prqotein in the uf 4& 4k BP7a

medi canent for treatment of an i mune”r 8Fafed di sease. 2. An_i sol atleq
full length T cell antigen receptor V region protein gccording to. claimj24
or claim30 for use in therapy. 33. An isolated fullllength T cell

antigen recept \% | ' C ' Lo claim?24 or, claim 30,for use
in the di agnos?g' of ﬁgﬁh%ﬂn?fﬁ{lcg&&g?tgt% @g& ?{gg‘g%"éﬂ“’é’ﬂ'.““"" ‘"ﬁ‘g{'ﬁ’ 31’““§fp$fgnosi ng
an i nmune seléresis. der conpri sing using a reconbinant full length T cell :
antigen receptor V region protein to.detect in a biological sanple froma
patient the presence of a

29, The method of claim 28 wherein the full length T cell antigen receptor V region protein
is the V5.3 and has the formula: amino acid 1 to 92 of amino acid Sequence ID No. 27.

30 - An isolated full length T cell antigen receptor V5.3 protein having the formula: amino
. acids 1-92 of amino acid Sequence ID No. 27.

3. Theuseofa substantiﬁlly pure T cell antigen receptor V region protein in the
manufacture of a medicament for treatment of an immune-related disease.

32.  Anisolated full length T cell antigen receptor V region protein according to claim 24 or
claim 30 for use in therapy.

33.  Anisolated full length T cell antigen receptor V region protein according to claim 24 or

claim 30 for use in the diagnosis of an immune-related disease.

34. . Amethod of diaghosing an immune disorder comprising using a recombinant full length
T cell antigen receptor V region protein to detect in a biological sample from a patient the presence of a

particular subpopulation of T cells associated \;Iith an immune disorder or the presence of autoantibodies
recognizing the particular V region protein.

I il | ]
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particul ar subpopul ation of T cells associated with an inmmune djisorder._or.
the presence of autoantibodies recognizing the particul mhggﬁmﬁ“@&%fpr
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T CELL ANTIGEN RECEPTOR V REGION PROTEINS AND
METHODS OF PREPARATION THEREOF

ABSTRACT

The present invention relates to the production of full length T cell antigen receptor V
region préteins. The invention provides for methods of expressing the proteins as well as expression
vectors for enhanced production of full length T cell antigen receptor V region proteins. The
invention further provides for the VP5.3 region protein. The proteins of the invention have uses in

the diagnosis and therapy of immune-related disorders.

FIGURE 2.
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- Figure 1

1 GGC GTA ACC CAA TCT CCG ACT CAC CTG ATC AAA ACG AGA GGA CAG
CCG CAT TGG GTT AGA GGC TGA CTG GAC TAG TTT TGC TCT CCT GTC

1 Gly Val Thr Gln Ser Pro Thr His Leu Ile Lys Thr Arg Gly Gln
46 CAC GIG ACT CTG AGA TGC TCT CCT ATC TCT GGG CAC AAG AGT GTG
GTG CAC TGA GAC TCT ACG AGA GGA TAG AGA CCC GTG TTC TCA CAC

16 His Val Thr Leu Arg Cys Ser Pro Ile Ser Gly His Lys Ser Val
91 .TCC TGG TAC CAA CAG GTC CTG GGT CAG GGG CCC CAG TTT ATC TTT
. AGG ACC ATG GTT GTC CAG GAC CCA GTC CCC GGG GTC AAA TAG AAA
31 Ser Trp Tyr Gln Gln Val Leu Gly Gln Gly Pro Gln Phe Ile Phe
136 CAG TAT TAT GAG AAA GAA GAG AGA GGA AGA GGA AAC TTC CCT GAT
GTC ATA ATA CTC TTT CTT CTC TCT CCT TCT CCT TTG AAG GGA CTA

46 Gln Tyr Tyr Glu Lys Glu Glu Arg Gly Arg Gly Asn Phe Pro Asp
181 CGA TTC TCA GCT CGC CAG TTC CCT AAC TAT AGC TCT GAG CTIG AAT
GCT AAG AGT CGA GCG GTC AAG GGA TTG ATA TCG AGA CTC GAC TTA

61 Arg Phe Ser Ala Arg Gln Phe Pro Asn Tyr Ser Ser Glu Leu Asn
226 GTG AAC GCC TTG TTG CTG GGG GAC TCG GCC CTG TAT CTC TGT GCC
CAC TTG CGG AAC AAC GAC CCC CTG AGC CGG GAC ATA GAG ACA CGG
Cys Ala’

76 Val Asn'Ala Leu Leu Leu Gly Asp Ser Ala Leu Tyr Leu

271 . AGC AGC [SEQ ID NO. 25]
'_ . TCG TCG [SEQ ID NO. 26]
91 Ser Ser (SEQ ID NO. 27]
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. Others have produced chimeric molecules by shuffling the variable L.nd.r-oaslaww—
domains of the murine TCR with the constant region of an xmmunoglobulm x light chain. The
investigators were able to achieve small amounts of a secreted soluble form of a heteradimeric
afl TCR (Gregoire, C., et al., 1991, Proc. Natl. Acad. Sci.USA, 88:8077-8081). Gregotre et al.
show a murine chimera consisting of the Ce and Ve genes of the KB5-C2 joined to the C region
of the x light chain of the S105 monoclonal antibody. Also shown is a VBCBCx chimera. Both
are transfected into 2 mammalian B cell myeloma that does not express native immunoglobulin
heavy or light chains. (See also, Wéber, S., et al.,, 1992, Nature, 356:793-795).

Novomy etal, 1991, Proc. Natl. Acad. Sci; USA, 88:8646-8650, demonstrate a method
for producing soluble TCRs with antigen-combining properties. A synthetic oligo linker was
cloned onto the C terminus of the VB and the N terminus of the Ve region resultifxg in a single-

chain VBVe. The resultant expression vector encodes the pelB leader followed immediately by

. .in frame V8, the linker, and the V& segments. The expression of this construct is under the

control of the lacZ promoter and is therefore IPTG-inducible.

Recently, one group has shown the secretion of a small amount of a T cell receptor V
region fused to 2 carboxyl-terminal polyhistidine "tail". The plasmids contain the pelB leader
and are under the controi of a chemiéally inducible promoter (Ward, E.S., 1991, Scand. J.
Immunol., 34:215-220). The work fails, however, to describe how to obtain a T cell antigen
receptor V region protein in the absence of a fusion partner, or Bow 10 obtain commercially |
useful amounts of the receptor V region.

There is a great need, therefore, for agents and pharmaceutical compositions which have
the properties of specificity for the_taréeted auioimmune response, predictability in their
selection, and convenience and reproducibility of preparation.
SUMMARY OF THE INVENTION
' The present invention addresses the above-mentioned problems by providing for the-
first time the successful production of a universal agent for treating a given T cell-mediated
disease in which T cell subsets are implicated. In particular, the invention provides useful -
quantities of full length TCR V region proteins that may be naturally processed, providing for
multiple active fragments upon in vivo processing, and presented by antigen-presenting cells of
each individual, thereby eliminating the need for "tailor-made” therapeutic agents. Also
provided is a class of recombinant expression vectors for fhe production of TCR V region
proteins in bacteria. The recombinant TCR V region proteins of the instant invention are useful
in the treatment, prevention or suppression of an immune-related disorder. In another
embodiment, the TCR molecules can be combined in an admixture with a pharmaceutically

acceptable carrier for use as a therapeutic composition. In another embodiment, the claimed



A3

&

| REPLACEMENT SHEET

26 JUN 1599

237-

(1979) supra). One orientation of the /aclts gene (transcription direction toward the Amp*
region) clearly resulted in higher VB5.3 yield than the reverse orientation.

The putative V3.3 band obtained from extracts of total cellular pellets was
electrotransferred to [mmobilon-P membranes, and visualized by Coomassie Blue staining.
The band was excised and subjected to NH;-terminal amino acid sequencing (Matsudaira,
1987, J. Biol. Chem., 262:10035-10038) to vield a total of 10 amino acid residues. These
matched precisely the sequence of the N-terminal 10 amino acid residues of the processed
VB5.3, i.e. no leader sequence was detected.

This plasmid was also expressed by thermal induction in three different bacterial
strains, each of which contains increasing levels of endogenous /ac repressor, i.e.,
LJ24<DH5e<IM109. Supernatants from induced cultures were assayed for V§5.3
- expression by EIA (Table2)

TABLE 2

-V

Cells were induced for 2 hr., and V5.3 yields (pg/ml) were measured in culture supernatants.

egulation _E coli Host nduction Ini ~ c
pKIB-VB53  laclts IM109 (lacl®)  42°C N.D. 0.5
PKTB-VB53  lackts = DHS5e (lacl) 42°C N.D. 5.0
pKTB-VB53  lachs LJ24 (Alacl) 42°C N.D. 52
pKT-Vps.3 dacR IMI109 2mMIPTG 0 0.9
pKT lacR IM109 42°C N.D. 0

The data agree with Western blot observations and predicted resuits, i.e., the highest
expression level was achieved in LJ24 (Alacl) and the lowest in IM109 (lacF). The
comparatively low amounts of V(5.3 measured in the culture supernatants follow
from the fact that . coli does not ordinarily secrete proteins into the medium. As
shown in Table 1, the bulk of the expressed VB5.3 is retained in the cytoplasm.
DNA sequencing of the lacits gene,

The entire coding sequence of the temperature-inducible /ac/ts gene plus the
upstream 80 nucleotides including the promoter were sequenced and compared to the
published sequence of the IPTG-inducible /ac/ gene (Farabaugh, 1978, Nature,
274:765-769). The promoter regibn was identical to that of the /ac/, and not lach,
gene (Calos M. P., 1978, Nature, 274:762-765). The laclts gene sequence showed an
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Results
pKTRBI-VB3.3
In parallel with the above work, the STII leader was removed from the expression
plasmid. Since most of the expressed VB5.3 is retained intracellularly (also see below), it
was expected that scale-up of this construct might vield a heterogeneous population of
V5.3 molecules, i.e., plus and minus leader, which would complicate subsequent
purification of the processed VP5.3. Therefore, the STII leader was removed to create
pKTBi-VB5.3 for intracellular expression. The expressed V5.3 is expected to contain an
N-terminal methionine, although this amino acid might be removed by endogenous
methionine aminopeptidases (Ben-Bassat et al., 1987, J.. Bacreriology, 169:751-757; Baneyx

and Georgiou, "Expression of Proteolytically Sensitive Polypeptides in Escherichia coli", in

Degradation (Tim J. Ahern and Mark C. Manning, eds.), Plenum Press, New York, pp. 69-
108 (1992)), as observed for pKBi-V{5.3 (below).

" pKTBi-V5.3 was completed, but it failed to express significant levels of protein in
E. coli1LJ24 (see Table 3, supra). The entire VB5.3 insert was sequenced and determined to
be unambiguously correct. Plasmid DNA isolated post-induction and analyzed by restriction
digestion appeared to be unaltered. One possible explanation for the apparent failure of the
LJ24 strain containing pKTBi-Vp5.3 to express significant levels of V5.3 protein is that the
absence of a leader peptide destabilizes intracellular VB5.3 protein, and leads to its rapid
proteolysis.

Therefore, pKTBi-V5.3 was transformed into the protease-deficient strains

SG22094 (lom’, clp’), and BL21 (lon’, ompT") which gave decreasing yields in the order of

. 8G22904>BL21. The effect of different induction temperatures on yield was also examined,

and for both strains 42°C was optimal. In addltxon there was no significant increase-in
productxon between 2 and § hr.

PKTBIi-VP5.3 was expressed in two additional protease-deficient strains: SG21163
(lom’, htpr?) and SG21173 (lon, htpr, clp”). The results are summarized in Table 3 (supra).

It should be noted that strains LJ24, SG22094, SG21163 and SG21173 do not
produce endogenous lac repressor because the lacl gene is deleted in all of these strains.
Thus, the wild type /ac repressor does not interfere with the thermal induction of the trc
promoter. The foregoing examples show that V5.3 constucts without a signal peptide can
be readily expressed in protease deficient hosts, resulting in production of significant

amounts of V5.3 protein.



