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SINGLE CHAIN CLASS I MAJOR 
HISTOCOMPATIBILITY COMPLEXES 

[0001] This is a Continuation-In-Part ofU.S. patent appli 
cation Ser. No. 09/534,966, ?led Mar. 27, 2000. 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0002] The present invention relates to methods of gener 
ating a functional mammalian single chain MHC class I com 
plex in prokaryotic expression systems and a functional 
human single chain MHC class I complex in eukaryotic or 
prokaryotic expression systems, Which complexes are 
capable of presenting speci?c antigenic peptides restricted to 
class I MHC and recognizable by speci?c CTL clones or 
CD+8 T-cells. The present invention further relates to a 
method of generating a functional mammalian single chain 
MHC class I-peptide complex in eukaryotic, or preferably 
prokaryotic expression systems, to nucleic acid constructs 
encoding said single chain MHC class I complexes and to a 
novel human single chain MHC class I polypeptide. 
[0003] The major histocompatibility complex (MHC) is a 
complex of antigens encoded by a group of linked loci, Which 
are collectively termed H-2 in the mouse and HLA in humans. 
The tWo principal classes of the MHC antigens, class I and 
class II, each comprise a set of cell surface glycoproteins 
Which play a role in determining tissue type and transplant 
compatibility. In transplantation reactions, cytotoxic T-cells 
(CTLs) respond mainly against foreign class I glycoproteins, 
While helper T-cells respond mainly against foreign class II 
glycoproteins. 
[0004] Major histocompatibility complex (MHC) class I 
molecules are expressed on the surface of nearly all cells. 
These molecules function in presenting peptides Which are 
mainly derived from endogenously synthesiZed proteins to 
CD8+ T cells via an interaction With the 0t[3 T-cell receptor 
[1-4]. The class I MUC molecule is a heterodimer composed 
of a 46-kDa heavy chain Which is non-covalently associated 
With the 12-kDa light chain [3-2 microglobulin. Class I MHC 
restricted peptides, Which are typically 8-10-amino acid 
long, bind to the heavy chain (x1 -0t2 groove via tWo or three 
anchor residues that interact With corresponding binding 
pockets in the MHC molecule. The [3-2 microglobulin chain 
plays an important role in MHC class I intracellular transport, 
peptide binding, and conformational stability [5]. For most 
class I molecules, the formation of a heterodimer consisting 
of the MHC class I heavy chain, peptide (self or antigenic) 
and [3-2 microglobulin is required forbiosynthetic maturation 
and cell-surface expression [5]. 
[0005] Research studies performed on peptide binding to 
class I MHC molecules enable to de?ne speci?c MHC motifs 
functional in displaying peptides derived from viral or tumor 
antigens that are potentially immunogenic and might elicit 
speci?c response from cytotoxic T lymphocytes (CTLs) 
[6,7]. 
[0006] The realiZation that CTLs have an important role in 
the control of many diseases, including chronic viral diseases, 
such as AIDS, and cancer have lead to an increased need to 
produce su?icient amounts of stable class I MHC complexes 
for functional and structural studies. 
[0007] Soluble MHC molecules bound to various peptides 
are a valuable tool for the study of disease-related immune 
responses, for characterizing MHC-T-cell receptor (TCR) 
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interactions [6], for structural studies [4], and more recently 
for direct visualiZation of antigen-speci?c T cells [8]. These 
molecules can be also used to activate speci?c CTLs in vitro 
as Well as to study their phenotypic characteristics. 

[0008] In recent years, various approaches have been used 
in attempts to develop an in vitro protocol for the induction of 
cytotoxic T cell responses against viral and tumor antigens 
[9-10]. To effectively activate T-cells, a high density of MHC 
peptide complexes on the surface of the antigen presenting 
cells must be utiliZed [7-10]. Thus, a desirable approach for 
in-vitro T-cell activation Would be to use soluble MHC-pep 
tide complexes. 
[0009] To overcome the loW a?inity binding of TCRs to 
soluble MHC molecules and as such to provide ef?cient 
T-cell activation, multimeriZation of the MHC-peptide com 
plexes must be effected. 

[0010] Soluble MHC multimers posses a higher avidity for 
T-cells since they provide multi-point binding of TCRs With 
their MHC-peptide ligands. As such, multimeric forms (tet 
ramers) of MHC-peptide complexes have been the center of 
much interest recently, because they can be used for direct 
phenotypic characteriZation of T cell responses in normal as 
Well as pathological conditions, thus, providing insight into 
the pathopysiology and mechanisms of various diseases. 

[0011] HoWever, such studies require a reproducible 
method for producing large amounts of soluble and func 
tional multimeric MHC-peptide complexes. Thus, attempts 
Were made to produce recombinant MHC class I and class II 
complexes [1 l-23] Which are soluble and Which can be pro 
duced in large quantities. 
[0012] Early studies utiliZing recombinant techniques, 
separately expressed the heavy chain and [3-2 microglobulin 
components of the MHC complex in E. Coli and subsequently 
refolded them in-vitro in the presence of an antigenic peptide 
[1 1]. 
[0013] More recently, recombinant MHC complexes Were 
expressed in eukaryotic expression systems and secreted 
therefrom in the form of a single polypeptide Which included 
the heavy chain covalently linked to the [3-2 microglobulin 
chain thus forming a stable and functional MHC complex 
Which can be subsequently bound to a peptide of interest 
[12-15,19,21-23]. The expression of functional MHC com 
plexes in eukaryotic cells suffers from several inherent limi 
tations. Since the expressed polypeptides form a functional 
MHC complex they bind peptides endogenously derived 
from the cells utiliZed for expression and as such the puri?ed 
MHC complex must be subjected to a peptide exchange step 
folloWing puri?cation [13]. In addition, the production yields 
of these single-chain MHC-peptide complexes Was limited, 
typically reaching levels of several hundred micrograms per 
liter of culture supernatant. 
[0014] The present invention provides a novel approach for 
the production of unprecedented large amounts of soluble, 
stable and functional MHC-peptide complex by utiliZing high 
level bacterial expression of a single-chain MHC class I 
polypeptide or co-expression of the single chain MHC class I 
polypeptide and an MHC class I restricted antigenic peptide 
folloWed by in-vitro reconstitution of the scMHC class I-pep 
tide complex via redox-shuf?ing and refolding in the pres 
ence of the antigenic peptide. 
[0015] The present invention further provides a novel 
human single chain MHC class I polypeptide Which is func 
tional and Which can therefore be utiliZed in either the mono 
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meric or preferably the multimeric form to present MHC 
class I restricted antigenic peptides to CTL clones or to CD8+ 
T-cells from various sources. 

SUMMARY OF THE INVENTION 

[0016] According to one aspect of the present invention 
there is provided a nucleic acid construct comprising a ?rst 
nucleic acid sequence including a ?rst polynucleotide encod 
ing a functional human [3-microglobulin, being translation 
ally fused upstream of a second polynucleotide encoding a 
functional human MHC class I heavy chain. 
[0017] According to further features in preferred embodi 
ments of the invention described beloW, the nucleic acid con 
struct further comprising a second nucleic acid sequence 
encoding an antigenic peptide, the antigenic peptide being 
capable of binding a human MHC class I complex. 
[0018] According to still further features in the described 
preferred embodiments the second polynucleotide encodes 0t 
1-3 domains of the human MHC class I heavy chain. 
[0019] According to another aspect of the present invention 
there is provided a nucleic acid construct comprising (a) a ?rst 
nucleic acid sequence including (i) a ?rst polynucleotide 
encoding a functional mammalian [3-2 microglobulin; and (ii) 
a second polynucleotide encoding a functional mammalian 
MHC class I heavy chain, the second polynucleotide being 
translationally fused doWnstream of the ?rst polynucleotide; 
and (b) a cis acting regulatory sequence being selected 
capable for directing expression of the ?rst nucleic acid 
sequence in bacteria. 
[0020] According to still further features in the described 
preferred embodiments the cis acting regulatory sequence is 
selected from the group consisting of a bacterial derived cis 
acting regulatory sequence and a phage derived cis acting 
regulatory sequence. 
[0021] According to still another aspect of the present 
invention there is provided a transformed cell comprising any 
of the nucleic acid constructs described herein. The cell can 
be a eukaryotic cell, such as, for example, a mammalian cell, 
an insect cell, a plant cell, a yeast cell and a protoZoa cell, or 
alternatively, the cell can be a bacterial cell. 

[0022] According to still another aspect of the present 
invention there is provided a host cell being co-transformed 
With (a) a ?rst expression construct including a ?rst poly 
nucleotide encoding a functional mammalian [3-2 microglo 
bulin, being translationally fused upstream of a second poly 
nucleotide encoding a functional MHC class I heavy chain; 
and (b) a second expression construct including a third poly 
nucleotide encoding an antigenic peptide, Wherein When the 
?rst, second and third polynucleotides are co-expressed in the 
host cell, an MHC class I-antigenic peptide complex is 
formed. 
[0023] According to still further features in the described 
preferred embodiments the ?rst nucleic acid sequence further 
includes an in-frame linker polynucleotide encoding a linker 
peptide interposed betWeen the ?rst and the second poly 
nucleotides. 
[0024] According to still further features in the described 
preferred embodiments the ?rst nucleic acid sequence further 
includes an in-frame tag sequence encoding a peptide capable 
of being enZymatically modi?ed to include a binding entity. 
[0025] According to still further features in the described 
preferred embodiments the linker peptide is as set forth in 
SEQ ID NOzlO. 
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[0026] According to still further features in the described 
preferred embodiments the nucleic acid construct further 
comprising a ?rst cis acting regulatory sequence for regulat 
ing expression of the ?rst nucleic acid sequence. 
[0027] According to still further features in the described 
preferred embodiments the nucleic acid construct further 
comprising a second cis acting regulatory sequence for regu 
lating expression of the second nucleic acid sequence. 
[0028] According to still further features in the described 
preferred embodiments the cis acting regulatory sequence is 
functional in a bacterial host. 

[0029] According to still another aspect of the present 
invention there is provided a recombinant polypeptide com 
prising an amino acid sequence including a functional human 
[3-2 micro globulin directly or indirectly covalently linked to a 
functional human MHC class I heavy chain. 
[0030] According to still further features in the described 
preferred embodiments the recombinant polypeptide further 
comprising a linker peptide being interposed betWeen the 
functional human [3-2 microglobulin and the functional 
human MHC class I heavy chain. Preferably, the recombinant 
polypeptide comprising an amino acid sequence as set forth 
in SEQ ID N015 
[0031] According to yet another aspect of the present 
invention there is provided a preparation of bacterial derived 
inclusion bodies comprising over 30 percent by Weight of a 
recombinant polypeptide including an amino acid sequence 
including a functional mammalian [3-2 micro globulin directly 
or indirectly covalently linked to a functional mammalian 
MHC class I heavy chain. 
[0032] According to an additional aspect of the present 
invention there is provided a method of producing a func 
tional MHC class I molecule comprising the steps of (a) 
expressing, in bacteria, a single chain MHC class I polypep 
tide including a functional mammalian [3-2 microglobulin 
amino acid sequence directly or indirectly covalently linked 
to a functional mammalian MHC class I heavy chain amino 
acid sequence; and (b) isolating the single chain MHC class I 
polypeptide. 
[0033] According to still further features in the described 
preferred embodiments the method further comprising the 
step of (c) refolding the single chain MHC class I polypeptide 
in presence of an antigenic peptide capable of binding the 
single chain MHC class I polypeptide, to thereby generate an 
MHC class I-antigenic peptide complex. 
[0034] According to still further features in the described 
preferred embodiments the method further comprising the 
step of (d) isolating the MHC class I-antigenic peptide com 
plex via siZe exclusion chromatography. 
[0035] According to still further features in the described 
preferred embodiments the antigenic peptide is co-expressed 
along With the single chain MHC class I polypeptide in the 
bacteria. 
[0036] According to still further features in the described 
preferred embodiments step (a) is effected such that the single 
chain MHC class I polypeptide forms inclusion bodies in the 
bacteria. 
[0037] According to still further features in the described 
preferred embodiments the antigenic peptide and the single 
chain MHC class I polypeptide form inclusion bodies in the 
bacteria. 
[0038] According to still further features in the described 
preferred embodiments the step of isolating the polypeptide 
further includes the steps of (i) denaturing the inclusion bod 
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ies so as to release protein molecules therefrom; and (ii) 
renaturing the protein molecules. 
[0039] According to still further features in the described 
preferred embodiments the step of renaturing the protein 
molecules is effected in the presence of an antigenic peptide 
capable of binding the single chain MHC class I polypeptide. 
[0040] According to still further features in the described 
preferred embodiments the antigenic peptide is co-expressed 
along With the single chain MHC class I polypeptide in the 
bacteria. 
[0041] According to still further features in the described 
preferred embodiments the mammalian [3-2 microglobulin 
amino acid sequence is a human [3-2 microglobulin amino 
acid sequence and further Wherein the mammalian MHC 
class I heavy chain amino acid sequence is a human MHC 
class I heavy chain amino acid sequence. 
[0042] According to still another aspect of the present 
invention, there is provided a multimeric MHC class I com 
plex comprising a plurality of recombinant polypeptide 
monomers each including a functional human [3-2 microglo 
bulin directly or indirectly covalently linked to a functional 
human MHC class I heavy chain. 
[0043] According to still further features in the described 
preferred embodiments the plurality of recombinant polypep 
tide monomers are linked to a common substrate. 

[0044] According to yet another aspect of the present 
invention there is provided a chimeric polypeptide compris 
ing an antigenic peptide being capable of binding a human 
MHC class I, a functional human [3-2 microglobulin and a 
functional human MHC class I heavy chain. 
[0045] According to still further features in the described 
preferred embodiments the chimeric polypeptide further 
comprising a linker peptide being interposed betWeen the 
functional human [3-2 microglobulin and the functional 
human MHC class I heavy chain. 
[0046] According to still further features in the described 
preferred embodiments the chimeric polypeptide further 
comprising a linker peptide being interposed betWeen the 
antigenic peptide and the functional human [3-2 microglobu 
lin. 
[0047] According to still another aspect of the present 
invention there is provided a nucleic acid construct compris 
ing a nucleic acid sequence encoding a chimeric polypeptide 
including an antigenic peptide being capable of binding a 
human MHC class I, a functional human [3-2 microglobulin 
and a functional human MHC class I heavy chain. 
[0048] According to still further features in the described 
preferred embodiments the chimeric polypeptide further 
includes a linker peptide interposed betWeen the antigenic 
peptide and the functional human [3-2 microglobulin. 
[0049] According to still further features in the described 
preferred embodiments the chimeric polypeptide further 
includes a linker peptide interposed betWeen the functional 
human [3-2 microglobulin and the functional human MHC 
class I heavy chain. 
[0050] According to still further features in the described 
preferred embodiments the linker peptide is as set forth in 
SEQ ID NOzlO. 
[0051] According to still further features in the described 
preferred embodiments the chimeric polypeptide further 
includes a peptide capable of being enZymatically modi?ed to 
include a binding entity. 
[0052] According to still further features in the described 
preferred embodiments the nucleic acid construct further 
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comprising a cis acting regulatory sequence for regulating 
expression of the nucleic acid sequence. 
[0053] According to still further features in the described 
preferred embodiments the cis acting regulatory sequence is 
functional in a bacterial host. 

[0054] According to still further features in the described 
preferred embodiments there is provided a transformed cell 
comprising the nucleic acid construct described above. 
[0055] The present invention successfully addresses the 
shortcomings of the presently knoWn con?gurations by pro 
viding a method of generating large quantities of pure single 
chain MHC class I polypeptides Which can be utiliZed in 
monomeric or multimeric form to present antigenic peptides 
to CTL clones. The present invention further addresses the 
shortcomings of the presently knoWn con?gurations by pro 
viding, for the ?rst time, a human single chain MHC class I 
polypeptide functional in both monomeric and multimeric 
form in presenting antigenic peptides to CTL clones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings. 
With speci?c reference noW to the draWings in detail, it is 
stressed that the particulars shoWn are by Way of example and 
for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are presented 
in the cause of providing What is believed to be the most 
use?ll and readily understood description of the principles 
and conceptual aspects of the invention. In this regard, no 
attempt is made to shoW structural details of the invention in 
more detail than is necessary for a fundamental understand 
ing of the invention, the description taken With the draWings 
making apparent to those skilled in the art hoW the several 
forms of the invention may be embodied in practice. 

[0057] 
[0058] FIG. 1 illustrates the various expression cassettes of 
the present invention Which Were cloned into a bacterial 
expression vector. [32-M-human [3-2 microglobulin, HLA 
A2ihuman MHC class I heavy chain, BirAia sequence 
encoding a peptide including a biotin protein ligase-Bir A 
enZyme recognition sequence. 
[0059] FIGS. 211-!) are SDS page gels depicting the analysis 
of the expression products of the various constructs of FIG. 1. 
The [3-2 microglobulin, HLA-A2, and the scMHC polypep 
tides Were expressed in E. Coli BL2l cells and the polypep 
tides accumulated as insoluble inclusion bodies. Inclusion 
bodies Were puri?ed and analyZed by reduced SDS-PAGE 
electrophoresis on 10% gels. [3-2ihuman [3-2 microglobu 
lin, HLA-A2ihuman MHC class I heavy, S.C. [32-A2i 
human scMHC class I and SC. [32-A2-BirA human scMHC 
BirA. ArroWs indicate molecular siZe markers. In all cases, 
the recombinant polypeptide expressed comprised >90% of 
total inclusion body protein. 
[0060] FIGS. 3a-c are SDS-PAGE gels depicting the analy 
sis of refolded puri?ed single-chain MHC-peptide com 
plexes. scMHC-peptide complexes Were generated by refold 
ing of puri?ed solubiliZed inclusion bodies in the presence of 
antigenic peptides as described in the Examples section. The 
refolded complexes Were further puri?ed by siZe-exclusion 
chromatography and fractions Were analyZed by non-reduced 
SDS-PAGE on 10% gels. depicted are representative frac 
tions of the scMHC complexed With the G9-209-2M (FIG. 

In the draWings: 
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3a) and G9-280-9V (FIG. 3b) gplOO-derived peptides and the 
scMHC-BirA-complexed With the G9-280-9V peptide (FIG. 
30). 
[0061] FIG. 4 is a CD spectra analysis ofa refolded single 
chain MHC-peptide complex collected and analyzed as 
described in the Examples section beloW. 

[0062] FIGS. 511-!) are graphs depicting antibody analysis 
of single-chain MHC-peptide complexes. Binding of confor 
mation-speci?c antibodies to refolded and puri?ed scMHC 
peptide complexes Was performed by a capture double sand 
Wich ELISA assay as further described in the Examples 
section. Anti-HLA-A2 speci?c mAb BB7.2 antibody Was 
used to capture the soluble scMHC-peptide complex and the 
biotinylated mAb W6/32 speci?c for fully assembled, pep 
tide-containing HLA-A2 Was used for detection (FIG. 5a). 
The reaction Was developed using streptavidin-peroxidase 
conjugate. Speci?c recognition of the single-chain MHC 
BirA-peptide complex by the W6/32 antibody Was also deter 
mined for biotinylated or unbiotinylated complexes that Were 
immobilized to streptavidin-coated magnetic beads (FIG. 
5b). 
[0063] FIGS. 6a-c depict mass spectroscopy analysis of 
single-chain MHC-peptide complexes. The scMHC-209 
complex Was resolved by HPLC on a C-8 hydrophobic col 
umn, and eluted With a linear gradient of acetonitrile in TFA, 
The sample Was microsprayed directly from the HPLC col 
umn into an electrospray ion trap (ESI) mass spectrometer 
(LCQ) and analyzed in the positive ion mode. FIG. 6a depicts 
mass spectrometry analysis of elutedpeptides, Wherein FIGS. 
6b-c depict mass estimation of the proteins. 

[0064] FIGS. 7a-c are graphs depicting the biological activ 
ity of single-chain MHC-peptide complexes as determined by 
measuring the release of IFNg from speci?c CTL clones. 
FIG. 7a depicts the ability of various scMHC-peptide com 
plexes coated onto microtiter plates to activate the G9-209 
2M speci?c CTL clone R6Cl2. Spontaneous release (Spont) 
Was determined by incubation of CTLs in Wells that Were not 
coated With the various complexes. FIG. 7b depicts the role of 
peptide speci?city in CTL activation. scMHC tetramers com 
plexed With the G9-209-2M peptide Were generated as 
described in the Examples section. The soluble tetramers 
Were incubated With the 209-speci?c CTL clone R6Cl2 or 
With the Mart-l-speci?c clone JB2F4 as indicated. Sponta 
neous IFNg release Was determined by incubating the CTL 
clones With the unbiotinylated scMHC-peptide complex 
(Which does not support tetramer formation). FIG. 70 depicts 
the dependency of CTLs activation on tetramer formation. 
The 209-speci?c CTL clone R6Cl2 Was incubated With vari 
ous biotinylated or unbiotinylated scMHC-BirA-peptide 
complexes and streptavidin. Spontaneous release Was deter 
mined by incubating CTLs With the scMHC-209 complex 
Which does not contain the BirA tag. 

[0065] FIGS. 8a-e are microscopic images of microtiter 
plate Wells containing the G9-209-2Mispeci?c CTL clone 
R6C l 2 incubated With biotinylated and thus tetramer forming 
scMHC-BirA-209 complexes or unbiotinylated scMHC 
BirA-209 complexes Which are incapable of forming tetram 
ers and Which served as controls. Cell agglutination Was 
peptide speci?c and dependent on the concentration of the 
scMHC-BirA-209 tetramer (FIG. 8b). As the concentration of 
tetramers increased, increased cell agglutination (rosette for 
mation) Was observed (FIG. 8c-e). CTLs incubated With unbi 
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otinylated scMHC-BirA-209 complexes and streptavidin did 
not exhibit any morphological appearance indicating of cell 
agglutination (FIG. 8a). 
[0066] FIGS. 911-!) are FACS analysis images of CTL 
clones speci?c for the MART-l peptide 27-35 incubated With 
either scMHC-BirA/MART-l PE-labeled tetramers (FIG. 9a) 
or With scMHC-BirA/TAX PE-labeled tetramers (FIG. 9b) 
and co-stained With FITC-labeled anti CD8 antibody. Spe 
ci?c staining of high avidity CTLs Was observed only When 
using the speci?c and functional MART-l peptide-containing 
scMHC tetramer. 
[0067] FIGS. 1011-19 are FACS analysis images ofa hetero 
geneous population of T-cells from an HLA-A2 transgenic 
mice immunized With the TAX peptide. FIG. 10a is the FACS 
image of T-cells from non-immunized mice stained With 
scMHC-BirA/TAX tetramer and FIG. 10b is the FACS image 
of T-cells from TAX-immunized mice stained With the tet 
ramers. Both preparations Were also double stained With anti 
CD8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0068] The present invention is of methods of generating a 
functional mammalian single chain MHC class I complex in 
prokaryotic expression systems and a functional human 
single chain MHC class I complex in eukaryotic or prokary 
otic expression systems, Which complexes are capable of 
presenting speci?c antigenic peptides restricted to speci?c 
CTL clones. The present invention is further of a method of 
generating a functional mammalian single chain MHC class 
I-peptide complex in eukaryotic, or preferably prokaryotic 
expression systems. The present invention is also of nucleic 
acid constructs encoding said single chain MIC class I com 
plexes and of a novel human single chain MHC class I 
polypeptide. 
[0069] The principles and operation of the present inven 
tion may be better understood With reference to the accom 
panying descriptions. 
[0070] Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of the components set forth in the folloWing 
description or illustrated in the draWings described in the 
Examples section. The invention is capable of other embodi 
ments or of being practiced or carried out in various Ways. 
Also, it is to be understood that the phraseology and termi 
nology employed herein is for the purpose of description and 
should not be regarded as limiting. 
[0071] Soluble class I MHC-peptide complexes are invalu 
able reagents for characterizing immune responses involving 
CTLs, for measuring the a?inity of MHC-TCR interactions, 
and for visualization of antigen-speci?c T cells. 
[0072] One of the limitations in generating and using 
recombinant MHC-peptide complexes is a relatively loW pro 
duction e?iciency. Most of the present studies utilize produc 
tion methods that are based on transfection of cells With MHC 
constructs Which express and secrete either scMHC or com 
plexed MHC to the cell culture medium [12-23]. These com 
plexes contain peptides from endogenously-expressed pro 
teins Which have to be subsequently exchanged With the 
desired peptide to be displayed in the complex [13]. 
[0073] Alternative methods for e?iciently producing 
recombinant MHC-peptide complexes is by expression of the 
heavy chain and [3-2 microglobulin separately in E. Coli. 
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followed by co-refolding in vitro in the presence of antigenic 
peptide [8, 11]. Although such methods present some advan 
tages as compared to the eukaryotic methods described 
above, the quantity and purity of the MHC complex produced 
thereby still fall Well beloW of that required for various stud 
ies. 

[0074] While reducing the present invention to practice, it 
Was uncovered that recombinant single chain (sc) MHC-pep 
tide complexes produced in E. Coli constitute an e?icient neW 
Way for the generation of unprecedented large amounts (e.g., 
grams) of highly puri?ed and functional MHC-peptide com 
plexes, as Well as MHC-peptide tetramers. 
[0075] As is further described in the Examples section that 
folloWs human scMHC-peptide complexes generated from E. 
Coli inclusion bodies by in vitro refolding in the presence of 
antigenic peptides are highly pure and functional. 
[0076] Thus, according to one aspect of the present inven 
tion there is provided a nucleic acid construct Which includes 
a ?rst nucleic acid sequence including a ?rst polynucleotide 
encoding a functional human [3-2 microglobulin translation 
ally fused upstream of a second polynucleotide encoding a 
functional human MHC class I heavy chain. 
[0077] As used herein the term “functional” When used in 
reference to the [3-2 microglobulin and heavy chain polypep 
tides regions of a single chain MHC class I complex refers to 
any portion of each Which is capable of contributing to the 
assembly of a functional single chain MHC class I complex 
(i.e., capable of binding and presenting to CTLs speci?c 
antigenic peptides When complexed). 
[0078] Preferably, the ?rst polynucleotide encodes the 
entire [3-2 microglobulin polypeptide While the second poly 
nucleotide encodes the otl -3 domains of the heavy chain. 
[0079] The phrases “translationally fused” and “in frame” 
are interchangeably used herein to refer to polynucleotides 
Which are covalently linked to form a single continuous open 
reading frame spanning the length of the coding sequences of 
the linked polynucleotides. Such polynucleotides can be 
covalently linked directly or preferably indirectly through a 
spacer or linker region. 
[0080] Thus, according to a preferred embodiment of the 
present invention, the nucleic acid sequence further includes 
an in-frame linker polynucleotide. This linker polynucleotide 
encodes a linker peptide and is interposed betWeen the ?rst 
and said second polynucleotides. 
[0081] The linker peptide is selected of an amino acid 
sequence Which is inherently ?exible, such that the polypep 
tides encoded by the ?rst and said second polynucleotides 
independently and natively fold folloWing expression 
thereof, thus facilitating the formation of a functional single 
chain (sc) human MHC class I complex. 
[0082] According to another preferred embodiment of the 
present invention the linker peptide is as set forth in SEQ ID 
NO: 10. 
[0083] Thus, the ?rst nucleic acid sequence of this aspect of 
the present invention, encodes a functional human single 
chain MHC class I polypeptide. Preferably, the ?rst nucleic 
acid sequence is as set forth in SEQ ID NO: 4. 
[0084] According to another preferred embodiment of the 
present invention, the ?rst nucleic acid sequence further 
includes an in-frame tag sequence (such as that set forth in 
SEQ ID NO:20) Which encodes a peptide capable of being 
enZymatically modi?ed to include a binding entity. As is 
further described in the Examples section that folloWs, the 
binding entity, Which can be, for example, biotin, can be 
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utiliZed by the present invention to assemble a plurality of 
scMHC class I polypeptides into multimers, by providing a 
ligand, such as avidin or streptavidin Which serves as a com 
mon attachment entity for the scMHC class I polypeptides. 
MHC class I multimers are particularly advantageous for 
peptide mediated CTL activation as is further described in the 
Examples section Which folloWs. 
[0085] According to another preferred embodiment of the 
present invention the nucleic acid construct further includes a 
?rst cis acting regulatory sequence. The cis acting regulatory 
sequence can include a promoter sequence and additional 
transcriptional or a translational enhancer sequences all of 
Which serve for facilitating the expression of the nucleic acid 
sequence When introduced into a host cell. Speci?c examples 
of promoters are described hereinbeloW in context of various 
eukaryotic and prokaryotic expression systems and in the 
Examples section Which folloWs. 
[0086] Thus, the nucleic acid construct of this aspect of the 
present invention is capable of expressing in a host cell, a 
recombinant human single chain MHC class I polypeptide 
Which includes the functional human [3-2 microglobulin and 
the functional human MHC class I heavy chain and a linker 
peptide interposed therebetWeen. Preferably, the expressible 
recombinant polypeptide is as set forth in SEQ ID N015 
[0087] According to another preferred embodiment of the 
present invention, the nucleic acid construct also includes a 
second nucleic acid sequence encoding an antigenic peptide. 
The antigenic peptide is selected such that it is capable of 
binding a human MHC class I complex. As is further 
described in the Examples section Which folloWs, various 
CTL speci?c antigenic peptides can be encoded by the second 
nucleic acid sequence, including but not limited to cancer cell 
derived antigenic peptides, virally derived antigenic peptides 
and the like. 
[0088] Preferably the second nucleic acid sequence is 
translationally fused upstream of the ?rst nucleic acid 
sequence, such that the nucleic acid construct according to 
this aspect of the present invention encodes a single chimeric 
amino acid sequence (chimeric polypeptide) Which includes 
the antigenic peptide fused upstream of the functional human 
[3-2 microglobulin Which is in turn fused upstream of the 
functional human MHC class I heavy chain. The antigenic 
peptide can be fused directly to the functional human [3-2 
microglobulin or it can be fused thereto through a linker 
peptide in a manner similar to that described hereinabove 
With respect to the [3-2 microglobulin-MHC class I heavy 
chain fusion. 
[0089] It Will be appreciated that the above described con 
?guration of the nucleic acid construct of this aspect of the 
present invention is particularly advantageous since, a single 
construct enables the expression of a single chimeric 
polypeptide Which includes all three components necessary 
for presenting speci?c antigenic peptides restricted to speci?c 
CTL clones, thus substantially simplifying the expression/ 
puri?cation and folding process. 
[0090] In addition, the nucleic acid construct described 
above ensures that the expression product alWays includes a 
correct ratio of components of the chimeric polypeptide (1:1: 
1), thus traversing limitations resultant from separately 
expressing each component. 
[0091] Alternatively, the nucleic acid construct includes a 
second cis acting regulatory sequence Which serves for 
expressing the second nucleic acid sequence When introduced 
into a host cell. 
































