
15 MAY 2006  WO 03/048306 PCT/US02/36856 POLYCISTRONIC EXPRESSION OF
ANTIBODIES RELATED APPLICATION [0001] This application relates to and claims
priority to provisional patent  application 60/331,481 filed on November 16,
2001, and provisional application  60/400,687, filed on August 5, 2002, both
incorporated by reference in their  entirety herein. Additionally, this
application claims priority to PCT/US02/02373  and PCT/US02/02374 both filed
January 29, 2002. FIELD OF THE INVENTION [0002] The present invention
relates to a novel polycistronic expression  system and methods for
producing antibodies in eukaryotic cells using this  expression system. More
specifically, the invention relates to a eukaryotic  polycistronic
expression system in which antibody heavy and light chain genes  are
transcribed from the same promoter, and, preferably, the antibody heavy  and
light chain genes are separated by one or more internal ribosome entry
sites (IRES's). BACKGROUND OF THE INVENTION [0003] Methods for expressing
genes of choice in recombinant host cells  utilizing polycistronic
expression vectors are well known. Historically,  polycistronic expression
vectors incorporating a desired product gene sequence  at the 5' end of a
transcribed region and a 3' selectable marker gene sequence  have been
employed. Such vectors display inefficient translation of the 3'  selectable
gene, while preferentially translating the desired gene sequence at  the 5'
end of the polycistronic mRNA. Recombinant host cells expressing high
levels of the desired gene product are obtained via a single step method
comprising culturing initial transfectants in a selectable medium. A
drawback of  such vectors is the unpredictable influence an upstream reading
frame may  exert on translation of the selectable marker sequence. See
Kaufman, Meth.  Enzymol., 185:487 (1990). 1 15 MAY 2006 WO 03/048306
PCT[US02/36856 [0004] For example, U.S. Patent No. 4,713,339, issued to
Levinson et al.  (assigned on its face to Genentech, Inc.) discloses a
polycistronic expression  system capable of producing a gene product of
interest in eukaryotic host cells.  In the system patented by Levinson et
al., the gene sequence of the second  cistron encodes a protein that
provides for the detection of transfectants or  



transformants that express a desired gene of interest encoded by the first
cistron. Certain growth conditions induce amplified expression of the
detector  gene in a host cell, which thereby enhances the expression of
associated  sequences encoding the desired gene contained on the
polycistronic  transcription unit. In particular, Levinson constructed
vectors containing a  polycistron in which a sequence encoding hepatitis
B-surface antigen was  positioned upstream of a sequence encoding the
screening marker  dihydrofolate reductase. Due to the polycistronic
arrangement of the Levinson  vectors, unequal expression of the downstream
marker gene sequence of the  second cistron occurs in comparison to the
expression of the first cistron  sequence. [0005] Additionally,
polycistronic expression systems have been used to  express multichain
polypeptides. For example, polycistronic expression of  multichain
polypeptides is reported in US Patent No. 6,060,273 to Dirks et al.;  US
Patent No. 6,033670 to Bublot; US Patent No. 6,096,505 to Selby et al.; US
Patent No. 6,143,520 to Marasco et al.; US Patent No. 6,153,199 to Audonnet
et al.; and US Patent No. 6,156,558 to Johnston et al. [0006] Investigators
have determined that levels of the second gene in the  polycistron are
improved by the incorporation of an internal ribosome entry site  (IRES)
between the genes in the polycistron. IRES elements, first identified in
picomaviruses, mediate the initiation of translation by directly recruiting
and  binding ribosomes to a message, bypassing the 7-methyl guanosine-cap
involved in typical ribosome scanning. The presence of an IRES sequence can
increase the level of cap-independent translation of a desired protein.
Early  publications descriptively refer to IRES sequences as "translation
enhancers".  For example, cardioviral RNA "translation enhancers" are
described in U.S. 2 15 MAY 2006 WO 03/048306 PCT/US02/36856 Patent No.
4,937,190 to Palmenberg, et at and U.S. Patent No. 5,770,428 to
Boris-Lawrie. (0007] Some IRES containing reporter cistrons have been
patented, such as  the XIAP IRES (US Patent Nos. 6,171,821 and 6,159,709 to
Komeluk). One  IRES sequence having known use in polycistronic expression
vectors is that of  herpes virus; other viruses may be used as well (See US
Patent 6,193,980).  Komeluk discloses bicistronic vectors constructed by
inserting p-galactosidase  and chloramphenicol acetyltransferase reporter
sequences into a plasmid  having a CMV promoter, such that the two cistrons
are separated by a 100 bp  



intercistronic linker region containing an IRES sequence. The first cistron,
encoding p-galactosidase, was translated via a conventional cap-dependent
mechanism. The second cistron, encoding chloramphenicol acetyltransferase,
was translated only when the preceding linker region contained the IRES
site.  Thus, Komeluk showed that IRES sequences can mediate the translation
of a  second open reading frame in bicistronic mRNA constructs designed to
measure cellular responses to stress. However, only marker sequences were
utilized in the second cistron, as the state of the art recognized the
inefficiency  associated with expression of second sequences in bicistronic
arrangements.  [0008] Additionally, the co-expression of amplifiable markers
using  polycistronic expression systems have been described. For example, WO
92/17566 discloses a method of co-transfecting host cells with an intron-
modified selectable gene and a gene encoding a protein of interest. The
intron- modified gene is generated via insertion of an intron into the
transcribed region  of a selectable gene such that the intron is correctly
spliced from the mRNA with  reduced efficiency. Inefficient splicing of this
nature results in low amounts of  selectable marker protein being produced
from the intron-modified selectable  gene in comparison with unmodified
selectable gene sequences. While  reduced amounts of selectable gene are
produced concurrently with the protein  of interest, this model does not
employ a transcriptional linkage between the  selectable gene sequences and
the desired gene sequence of interest, as the  two sequences are driven by
separate promoters. 3 15 MAY 2006 WO 03/048306 PCTIUS02/36856 [0009]
Antibody production using a dicistronic expression vector has been
disclosed, employing vectors exhibiting transcriptional linkage between
dihydrofolate reductase (DHFR) and a nucleotide sequence encoding a desired
antibody product. See U.S. Patent No. 5,561,053 to Crowley. The method of
Crowley utilizes DNA constructs having a single promoter to drive expression
of  a selectable marker sequence and a single sequence encoding a protein of
interest. The heavy chain of the desired antibody was inserted downstream of
a  selectable gene, DHFR, which was placed within an intron at the 5' end of
the  DNA construct. The intron was positioned between the cytomegalovirus
immediate early promoter (CMV) and the sequence encoding the antibody  heavy
chain. The light chain of the antibody was placed into a second vector
constructed to place the light chain sequence under control of the SV40
promoter/enhancer and the selectable hygromycin B resistance gene sequence  



driven by the CMV promoter/enhancer and SV40 poly-A. Vectors containing the
light and heavy chain sequences were linearized and co-transfected into host
cells for expression and subsequent disulfide linkage between light and
heavy  chains. Thus, in order to obtain a complete antibody structure
according to  Crowley, two vectors must be constructed for separate
expression of the heavy  and light chain components of the antibody. This
method is inefficient due to  the use of multiple vectors. [0010] The method
of Crowley exemplifies the limitations on multiple subunit  protein
expression imposed by the positional effect associated with traditional
polycistronic expression systems. The imbalance of expression between the 5'
and 3' genes in a polycistron reduces the efficiency with which commercial
scale  production of multichain proteins or similar products of interest can
be generated.  [0011] U.S. Patent No. 6,060,273 to Dirks discloses
multicistronic expression  units that allow equimolar expression of genes
located in corresponding  cistrons. According to Dirks, bicistronic
expression vectors may be configured  for expressing two genes of interest,
such as PDGF-A and PDGF-B, with the  assistance of an IRES. IRES-dependent
translation in the bicistronic expression  vectors is aided by a Xenopus
laevis 5'UTR p-globin sequence that enhances 4 15 MAY 2006 WO 03/048306
PCTIUS02/36856 expression of the second cistron such that equimolar
expression of cistrons 1  and 2 is achieved. The bicistronic vectors may be
arranged to as follows:  promoter-first cistron-IRES-p-globin
sequence-second cistron. [0012] While the teachings of Dirks suggest a
method of overcoming the  inefficiency associated with polycistronic
expression of some multichain protein  subunits, the teachings are not
considered by those skilled in the art to be a  satisfactory solution to the
unpredictability of downstream cistron expression.  Mizuguchi et at
(IRES-dependent second gene expression is significantly lower  than
cap-dependent first gene expression in a bicistronic vector. Mol. Therapy,
1(4): 376-382 (April, 2000)) investigated the efficiency of IRES-dependent
second gene expression in comparison with cap-dependent first gene
expression in vitro in several cultured cell lines as well as in vivo in
mouse liver.  IRES-dependent second gene expression ranged from 6 to 100% of
first gene  expression, depending upon which cell types and reporter genes
were used in  vector constructs. In addition, the selection of which gene
was positioned first in  the bicistronic vectors affected the expression of
gene positioned downstream.  



[0013] Moreover, Borman et al. noted that the efficiency of IRESes to drive
cap-independent translation of a second cistronic sequence was greatly
affected  by the type of cell chosen as the expression host. (Comparison of
picomaviral  IRES-driven internal initiation of translation in cultured cell
of different origins.  Nucleic Acids Res. 25(5): 925-932 (1997)). Dramatic
variations in activity were  noted for individual IRES elements of vectors
transfected into different cell lines.  [0014] These concerns with the
unpredictabilityof downstream translation of  sequences in polycistronic
expression systems are particularly pertinent to the  efficient production
of antibodies, as the ratio of light chain to heavy chain  expression is key
to ensuring proper antibody folding and secretion. In this  regard, Horwitz
and coworkers concluded that because some antibody light  chains are
naturally poorly secreted, the co-expression and proper association  of
light and heavy chains is important to the efficient secretion of at least
some  whole antibodies. (Chimeric immunoglobulin light chains are secreted
at  different levels: influence of framework-1 amino acids. Mol. Immun.
31(9): 683- 699 (1994)). 5 15 MAY 2006 WO 03/048306 PCTIUS02/36856 [0015]
Interestingly, Kolb et al. reported inefficient expression of the second
cistronic gene in the following genomic DNA dicistronic expression vector:
CMV  promoter-antibody light chain gene sequence-IRES-antibody heavy chain
sequence-polyadenation signal (Expression of a recombinant monoclonal
antibody from a bicistronic mRNA. Hybridoma, 16(5): 421-426 (1997)). Western
blotting indicated a substantial amount of light chain was produced by this
construct following transfection into murine myeloma cells, but heavy chain
protein was barely detectable. The investigators specifically designed this
dicistronic expression construct to inefficiently express the heavy chain
due to  concerns about host cell toxicity induced by unpaired heavy chains.
Complete,  functional antibodies were detected in the supernatant of these
cells only after  column purification, suggesting this IRES vector/cell
combination is a poor  model for producing antibodies of choice on a
commercially useful scale. [0016] To the best of the inventors' knowledge,
an effective means for  producing functional multichain proteins, such as
antibodies, using a single  polycistronic expression system suitable for
commercial production schemes,  has heretofore been unreported in the
literature. Thus, a need exists for an  efficient means of producing
commercially acceptable amounts of antibodies in  recombinant host cell
systems, in which a single construct may be utilized for  



expression of two or more desired protein products, such as the light and
heavy  chains of a desired antibody. SUMMARY OF THE INVENTION [0017] The
invention pertains to the expression of functional (antigen-binding)
antibodies at adequate levels of expression via a polycistronic expression
system in a eukaryotic host cell. [0018] More specifically, the invention
relates to the expression of functional  antibody molecules in eukaryotic
cells, preferably mammalian cells, fungal or  yeast cells and still more
preferably (Chinese Hamster Ovary) CHO cells, using  a polycistronic
expression system. [0019] An aspect of this preferred embodiment of the
invention is the  expression of functional antibodies in mammalian cells
using a polycistronic 6 15 MAY 2006 WO 03/048306 PCT[US02/36856 expression
system comprising a eukaryotic promoter operably linked to at least  one
antibody light chain coding sequence and at least one antibody heavy chain
coding sequence, wherein such antibody coding sequences are separated by at
least one IRES. In this expression system, the gene that is 3' -most of the
promoter has at its 3' terminus a poly A sequence, the other coding
sequences  in the polycistron lack a poly A sequence, and each gene is
preceded by a start  codon and ends with a stop codon. [0020] Another
embodiment of the invention provides a polycistronic  expression unit
comprising in the 5' to 3' direction the CMV promoter operably  linked to an
antibody light chain coding sequence that is flanked by a start and a  stop
codon, followed by one or more antibody heavy chain coding sequences.  Each
heavy chain coding sequence is also flanked by a start and a stop codon.
Each pair of heavy chain coding sequences is separated by at least one IRES,
preferably that of a cardiovirus, such as human encephalomyocarditis virus
or  poliovirus. The DNA sequence encoding the antibody light chain is
preferably  expressed at a ratio ranging between 10:1 and 1:2 relative to
the expression of  the DNA sequence encoding the antibody heavy chain. More
preferably, the  antibody light chain will be expressed at ratios relatively
balanced with respect  to the heavy chain, i.e., from about 5/1 to 1/1 and
still more preferably about 3/1  to 1/1, and still more preferably about
1.5/1 to 1/1. [0021] Another embodiment of the invention is a eukaryotic
cell line, such as a  CHO cell line, that secretes an antibody, wherein
expression of said antibody is  via a polycistron as described herein. In
one aspect of the invention the  



polycistron comprises in the 5' to 3' orientation following the CMV
promoter: a  secreting signal; an antibody light chain coding sequence which
comprises a  start and a stop codon, but which does not comprise a poly A
sequence; an  IRES preferably selected from the group consisting of a
cardiovirus, poliovirus  and a herpes virus; at least one antibody heavy
chain coding sequence each  operably linked to a secreting signal sequence;
and 3' of each heavy chain  coding sequence an IRES, preferably selected
from the group consisting of a  cardiovirus, poliovirus and a herpes virus,
IRES, and a poly A sequence  contained at the 3' end of the gene located at
the 3' end of the polycistron. 7 15 MAY 2006 WO 03/048306 PCT/US02/36856
Preferably, a eukaryotic cell containing the polycistron will secrete about
5-100  picograms of functional antibody per cell, per day. Preferably, at
least 1-5  picograms of antibody are secreted per cell, per day over at
least a continuous  3-4 day period. In preferred embodiments, the eukaryotic
cell is a CHO cell or a  yeast cell, e.g., Pichia. [0022] Another embodiment
of the invention is a culture of mammalian or  yeast cells comprising a
polycistronic expression system capable of producing  functional antibodies.
Vectors containing polycistronic sequences according to  the invention may
be introduced into the mammalian or yeast cells. During cell  culturing,
desired exogenous DNA sequences may be introduced to target  mammalian or
yeast cells, such that exogenous DNA is inserted into the  genome of the
mammalian or yeast cell via homologous recombination.  Depending upon the
sequences employed, functional antibodies may be  recovered from the biomass
of the cell culture or from the cell culture medium.  Methods of integrating
genes at specific sites in eukaryotic, e.g., mammalian  cells via homologous
recombination and vectors suitable for such recombinant  processes are
disclosed in U.S. Patent Nos. 5,998,144, 5,830,698, and  6,413,777 the
entire contents of which are incorporated herein by reference.  [0023] Yet
another embodiment is a method of producing a functional  antibody
comprising culturing eukaryotic cells, preferably mammalian or yeast  cells
containing a polycistronic expression system that expresses antibody light
and heavy chain sequences, and recovering functional antibodies from the
cell  culture. The functional antibodies may be produced in batch fed cell
cultures at  levels suitable for therapeutic use under conditions optimized
for maximal  commercial output. For example, CHO cells grown in batch fed
cultures in  which glucose levels are continuously controlled can produce
recombinant  



protein for at least 12 days or more. See, for example, U.S. Patent
6,180,401  for a discussion relating to the output of recombinant protein by
cells grown in  batch fed cultures. 8 15 MAY 2006 WO 03/048306
PCT/US02/36856 BRIEF DESCRIPTION OF THE FIGURES [0024) The invention is
further illustrated in the Figures discussed herein,  wherein: [0025] Figure
1 depicts a schematic drawing of a polycistronic expression  construct
encoding HuCC49, a humanized anti-TAG72 antibody; [0026) Figure 2 depicts a
schematic of the NEOSPLA vector and the situs of  the IRES between light and
heavy chain sequences; [0027] Figure 3 depicts a schematic of the NEOSPLA
vector in which  immunoglobulin light and heavy chain gene sequences are
located in  independent transcriptional cassettes; [0028] Figure 4 is a
Southern blot of polycistronic HuCC49 G418-resistant cell  isolates 22E6 and
22B6 probed with HuCC49 heavy chain; [0029] Figure 5 is a Southern blot of
polycistronic HuCC49 G418-resistant cell  isolates 25A2 and 22H10 probed
with HuCC49 heavy chain and [0030] Figure 6 shows the sequence of expression
construct HuCC49 which  is a humanized antibody that binds TAG 72. [0031]
Figure 7 schematically depicts construction of a polycistronic  expression
construct according to the invention. "L" indicates a leader  sequence VL
indicates DNA encoding an antibody variable light chain and VH  indicates
DNA encoding antibody variable heavy chain. [0032] Figure 8 depicts a
plasmid, PCEMPTY A4, used to construct a  polycistronic vector according to
the invention. [0033] Figure 9 contains the nucleic acid sequence of PCEMPTY
A4 plasmid.  [0034] Figure 10 depicts a plasmid, PCEMPTY B, used to
construct a  polycistronic vector according to invention. [0035] Figure 11
contains the nucleic acid sequence of the plasmid  PCEMPTY B. [0036] Figure
12 depicts a polycistronic vector according to the invention,  Polycis 2
which expresses HuCC49 Gly/Ser. [0037] Figure 13 contains the nucleic acid
sequence of HuCC49 Gly/Ser  contained in Polycis 2 vector. 9 



15 MAY 2006 WO 03/048306 PCT[US02/36856 DETAILED DESCRIPTION OF THE
EMBODIMENTS [0038] Prior to providing a detailed description of preferred
embodiments, the  following definitions are provided. [0039] "IRES" or an
internal ribosome entry site, means a region of a nucleic  acid molecule
e.g., an mRNA molecule, that allows internal ribosome  entry/binding
sufficient to initiate translation in an assay for cap-independent
translation, such as the bicistronic reporter assay described in U.S. Patent
6,715,821. The presence of an IRES within a mRNA molecule allows cap-
independent translation of a linked protein-encoding sequence that otherwise
would not be translated. IRES's were first identified in picornaviruses, and
are  considered the paradigm for cap-independent translation. The 5' UTRS of
all  picomaviruses are long and mediate translational initiation by directly
recruiting  and binding ribosomes, thereby circumventing the initial
cap-binding step.  [0040] IRES elements are frequently found in viral mRNAS,
and are rarely  found in non-viral mRNA5. To date, the non-viral mRNAS shown
to contain  functional IRES elements in their respective 5' UTRS include
those encoding  immunoglobulin heavy chain binding protein (BIP) (Macejak,
D.J. et al., Nature  353:90-94 (1991)); Drosophila Antennapedia (Oh, S.K. et
al., Genes Dev.  6:1643-53 (1992)); and Ultrabithoran (Ye, X. et al., Mol.
Cell. Biol. 17:1714-21  (1997)); fibroblast growth factor 2 (Vagner et al.,
Mol. Cell. Biol. 15:35-47  (1915); initiation factor (Gan et al., J. Biol.
Chem. 273:5006-12 (1992)); protein- oncogene c-myc (Nambru et al., J. Biol.
Chem. 272:32061-6 (1995)); Stonely M.  Oncogene 16:423-8 (1998)); Vascular
endothelial growth factor (VEGF) (Stein  J. et al., Mol. Cell. Biol.
18:3112-9 (1998)). Cellular IRES elements have no  obvious sequence or
structural similarity to IRES sequences or to each other  and therefore are
identified using translational assays. Another known IRES is  the XIAP IRES
disclosed in U.S. Patent 6,171,821, incorporated by reference in  its
entirety herein. [0041] "Cap-dependent translation" means that 7-guano,
7-methylguanosine  cap must be present at the 5' end of an mRNA molecule in
order to initiate  translation of the mRNA into a protein. 10 15 MAY 2006 WO
03/048306 PCT[US02/36856 (0042] "Cap-independent translation" means that a
7-methylguanosine cap is  not required for translation of the mRNA molecule.
Cap-independent translation  



mechanisms include ribosome re-initiation, ribosome shunting, and internal
ribosome binding. [0043] "Cistron" means a "coding sequence" or sequence of
nucleic acid that  encodes a single protein or polypeptide. [0044] "Reporter
cistron" means a segment of nucleic acid that encodes a  detectable gene
product; which may be expressed under the translation control  of an IRES.
[0045] "Reporter gene" means any gene or translatable nucleic acid sequence
that encodes a product whose expression is detectable and/or quantifiable by
immunological, chemical, biochemical or biological assays. A reporter gene
may have e.g., one of the following attributes: fluorescence (e.g., green
fluorescent protein), toxicity (e.g., ricin) enzymatic activity (e.g.,
lacz/beta- galactoidase, luciferase, chloramphenicol transferase), and an
ability to be  bound by a second molecule (e.g., biotin or a detectable
labeled antibody).  [0046] "Promoter" means a minimal sequence sufficient to
direct transcription,  preferably in a eukaryotic cell. Specifically,
included are promoter elements that  are sufficient to render
promoter-dependent gene expression controllable in a  cell type-specific,
tissue-specific, or temporal-specific manner, or inducible by  external
signals or agents, such elements may be located in the 5' or 3' or intron
sequence regions of a particular gene. Preferred promoters for use in the
invention include viral, mammalian and yeast promoters that provide for high
levels of expression, e.g., mammalian CMV promoter, yeast alcohol oxidase,
phosphoglycerokinase promoter, lactose inducible promoters, galactosidase
promoter, adeno-associated viral promoter, baculovirus promoter, poxvirus
promoter, retroviral promoters, adenovirus promoters, SV40 promoter HMG
'hydroxymethylglutarylcoenzyne A) promoter, TK (thymidine kinase) promoter,
7.5K or H5R poxvirus promoters, adenovirus type 2 MPC late promoter, alpha-
antrypsin promoter, factor IX promoter, immunoglobulin promoter, CFTR
surfactant promoter, albumin promoter and transferrin promoter. 11 15 MAY
2006 WO 03/048306 PCT/US02136856 [0047] "Expression vector" means a DNA
construct containing at least one  promoter operably linked to a downstream
gene, cistron or RNA coding region.  Herein, the promoter may be operably
linked to one or more genes or cistrons  each preceded by a start and
followed by a stop codon. Transfection of the  expression vector into a
recipient cells, i.e., eukaryotic cell, e.g., mammalian  cell, fungal cell,
yeast cell, allows the cell to express RNA encoded by the  



expression vector. Expression vectors include e.g., genetically engineered
plasmids or viruses. [0048] "Transformation" or "transfection" refers to
introduction of a  polycistronic vector or construct into suitable
eukaryotic cells for expression of  genes therein. [0049] "Eukarvotic cells"
refers to any eukaryotic cell which produces or  expresses genes of interest
using the polycistronic expression system of the  invention. This includes
by way of example mammalian cells such as CHO,  myeloma, BHK, immune cells,
insect cells, avian cells, amphibian cells, e.g.,  frog oocytes, fungal and
yeast cells. Yeast useful for expression include by way  of example
Saccharomyces, Schizosaccharomyces, Hansenula, Candida,  Torulopsis,
Yarrowia, Pichia, et al. Particularly preferred yeast for expression
include methylotrophic yeast strains, e.g., Pichia pastoris, Hansenula,
polymorpha, Pichia guillermordii, Pichia methanolica, Pichia inositovera, et
al.  (See e.g., U.S. Patent 4,812,405, 4,818,700, 4,929,555, 5,736,383,
5,955,349,  5,888,768, and 6,258,559). These and other patents further
describe  promoters, terminators, enhancers, signals sequences, and other
regulatory  sequences useful for facilitating heterologus gene expression in
yeast, e.g.,  antibody genes as in the present invention. [0050] As is
apparent from the instant specification, genetic sequences useful  for
producing the antibodies using the polycistronic expression system of the
present invention may be obtained from a number of different sources. For
example, a variety of human antibody genes are available in the form of
publicly  accessible deposits. Many sequences of antibodies and
antibody-encoding genes  have been published and suitable antibody genes can
be synthesized from these  sequences much as described herein.
Alternatively, antibody-producing cell lines 12 15 MAY 2006 WO 03/048306
PCT/US02/36856 may be selected and cultured using techniques well known to
the skilled artisan.  Such techniques are described in a variety of
laboratory manuals and primary  publications. In this respect, techniques
suitable for use in the invention as  described below are described in
Current Protocols in Immunology, Coligan et al.,  Eds., Green Publishing
Associates and Wiley-Interscience, John Wiley and Sons,  New York (1991)
which is herein incorporated by reference in its entirety, including
supplements. [0051] It will further be appreciated that the scope of this
invention further  encompasses all alleles, variants and mutations of the
DNA sequences described  



herein. [0052] As is well known, antibody-encoding RNA may be isolated from
the  original antibody-producing hybridoma cells or from other transformed
cells by  standard techniques, such as guanidinium isothiocyanate extraction
and  precipitation followed by centrifugation or chromatography. Where
desirable,  mRNA may be isolated from total RNA by standard techniques such
as  chromatography on oligodT cellulose. Techniques suitable for these
purposes  are familiar in the art and are described in the foregoing
references. [0053] cDNAs that encode the light and the heavy chains of the
antibody may  be made, either simultaneously or separately, using reverse
transcriptase and  DNA polymerase in accordance with well known methods. It
may be initiated by  consensus constant region primers or by more specific
primers based on the  published heavy and light chain DNA and amino acid
sequences. As discussed  above, PCR also may be used to isolate DNA clones
encoding the antibody light  and heavy chains. In this case libraries may be
screened by consensus primers  or larger homologous probes, such as mouse
constant region probes. [0054] DNA encoding light and heavy chains may be
isolated, typically in the  form of plasmid DNA, from the cells as described
herein, restriction mapped and  sequenced in accordance with standard, well
known techniques set forth in  detail in the foregoing references relating
to recombinant DNA techniques. Of  course, the DNA may be modified according
to the present invention at any  point during the isolation process or
subsequent analysis. 13 15 MAY 2006 WO 03/048306 PCTIUS02/36856 [0055] While
the inventive compositions and methods are suitable for any  antibody, or
indeed any multichain protein, preferred antibody sequences are  disclosed
herein. Oligonucleotide synthesis techniques compatible with this  aspect of
the invention are well known to the skilled artisan and may be carried  out
using any of several commercially available automated synthesizers. In
addition, DNA sequences encoding several types of heavy and light chains set
forth herein can be obtained through the services of commercial DNA vendors.
The genetic material obtained using any of the foregoing methods may then be
altered or modified to provide antibodies compatible with the present
invention  and the desired use of such antibodies. [0056] A variety of
different types of antibodies may be expressed according  to the instant
invention. As used herein "antibody" and "antibodies" refers to  assemblies
which have significant known specific immunoreactive activity to an  



antigen (e.g. a tumor associated antigen), comprising light and heavy
chains,  with or without covalent linkage between them and thus include
single chain  antibodies, and the like. "Modified antibodies" according to
the present  invention are held to mean immunoglobulins, antibodies, or
immunoreactive  fragments or recombinants thereof, in which at least a
fraction of one or more of  the constant region domains has been deleted or
otherwise altered so as to  provide desired biochemical characteristics such
as the ability to non-covalently  dimerize, increased tumor localization or
modified serum half-life when  compared with a whole, unaltered antibody of
approximately the same (scAb)  immunogenicity. For the purposes of the
instant application, immunoreactive  single chain antibody constructs having
altered or omitted constant region  domains may be considered to be modified
antibodies. As discussed above,  preferred modified antibodies or domain
deleted antibodies expressed using the  polycistronic system of the present
invention may have at least a portion of one  of the constant domains
deleted. More preferably, one entire domain of the  constant region of the
modified antibody will be deleted and even more  preferably the entire C,.,2
domain will be deleted. [0057] Basic immunoglobulin structures (e.g.,
antibodies and the like) in  vertebrate systems are relatively well
understood. As will be discussed in more 14 15 MAY 2006 WO 03/048306
PCT/US02/36856 detail below, the generic term "immunoglobulin" comprises
five distinct classes  of antibody that can be distinguished biochemically.
While all five classes are  dearly within the scope of the present
invention, the following discussion will  generally be directed to the class
of IgG molecules. With regard to IgG,  immunoglobulins comprise two
identical light polypeptide chains of molecular  weight approximately 23,000
Daltons, and two identical heavy chains of  molecular weight 53,000-70,000.
The four chains are joined by disulfide bonds  in a "Y" configuration
wherein the light chains bracket the heavy chains starting  at the mouth of
the "Y" and continuing through the variable region. The dimeric  assemblies
disclosed herein may be likened to two associated Ys (1-141-4) SO  there
will be four binding sites. Hence the term "tetravalent" antibodies. [0058]
More specifically, both the light and heavy chains are divided into  regions
of structural and functional homology. The terms "constant" and  "variable"
are used functionally. In this regard, it will be appreciated that the
variable domains of both the light (VL) and heavy (VH) chains determine
antigen  recognition and specificity. Conversely, the constant domains of
the light chain  



(Ci) and the heavy chain (CH1, CH2 or CH3) confer important biological
properties such as secretion, transplacental mobility, Fc receptor binding,
complement binding, and the like. By convention the numbering of the
constant  region domains increases as they become more distal from the
antigen binding  site or amino-terminus of the antibody. Thus, the CH3 and
CL domains actually  comprise the carboxy-terminus of the heavy and light
chains respectively. [0059] Light chains are classified as either kappa or
lambda (x, A). Each  heavy chain class may be bound with either a kappa or
lambda light chain. In  general, the light and heavy chains are covalently
bonded to each other, and the  "tail" portions of the two heavy chains are
bonded to each other by covalent  disulfide linkages when the
immunoglobulins are generated either by  hybridomas, B cells or genetically
engineered host cells. In the heavy chain, the  amino acid sequences run
from an N-terminus at the forked ends of the Y  configuration to the
C-terminus at the bottom of each chain. At the N-terminus  is a variable
region and at the C-terminus is a constant region. Those skilled in  the art
will appreciate that heavy chains are classified as gamma, mu, alpha, 15 15
MAY 2006 WO 03/048306 PCTIUS02/36856 delta, or epsilon, (y, , a, 5, s) with
some subclasses among them. It is the  nature of this chain that determines
the "class" of the antibody as IgA, IgD, IgE  IgG, or IgM. The
immunoglobulin subclasses (isotypes) e.g. IgG1, IgG2, IgG3,  IgG4, IgA1,
etc. are well characterized and are known to confer functional
specialization. Modified versions of each of these classes and isotypes are
readily discernable to the skilled artisan in view of the instant disclosure
and,  accordingly, are within the purview of the instant invention. [0060]
As indicated above, the variable region allows the antibody to  selectively
recognize and specifically bind epitopes on immunoreactive  antigens. That
is, the VL domain and VH domain of an antibody combine to form  the variable
region that defines a three dimensional antigen binding site. This
quaternary antibody structure provides for an antigen binding site present
at the  end of each arm of the Y. More specifically, the antigen binding
site is defined  by three complementary determining regions (CDRs) on each
of the VH and VL  chains. [0061] The six CDRs present on each monomeric
antibody (H2L2) are short,  non-contiguous sequences of amino acids that are
specifically positioned to  form the antigen binding site as the antibody
assumes its three dimensional  configuration in an aqueous environment. The
remainder of the heavy and light  



variable domains show less inter-molecular variability in amino acid
sequence  and are termed the framework regions. The framework regions
largely adopt a  p-sheet conformation and the CDRs form loops connecting,
and in some cases  forming part of, the j3-sheet structure. Thus, these
framework regions act to  form a scaffold that provides for positioning the
six CDRs in correct orientation  by inter-chain, non-covalent interactions.
In any event, the antigen binding site  formed by the positioned CDRs
defines a surface complementary to the epitope  on the immunoreactive
antigen. This complementary surface promotes the non- covalent binding of
the antibody to the immunoreactive antigen epitope. [0062] For the purposes
of the present invention, it should be appreciated that  antibodies
expressed using the subject polycistronic expression system may  comprise
any type of variable region that provides for the association of the
antibody with the selected antigen. In this regard, the variable region may
16 15 MAY 2006 WO 03/048306 PCT/US02/36856 comprise or be derived from any
type of mammal that can be induced to mount  a humoral response and generate
immunoglobulins against the desired antigen.  As such, the variable region
of the modified antibodies may be, for example, of  human, murine, non-human
primate (e.g. cynomolgus monkeys, macaques,  etc.) or lupine origin. In
particularly preferred embodiments both the variable  and constant regions
of compatible modified antibodies are human. In other  selected embodiments
the variable regions of compatible antibodies (usually  derived from a
non-human source) may be engineered or specifically tailored to  improve the
binding properties or reduce the immunogenicity of the molecule.  In this
respect, variable regions useful in the present invention may be  humanized
or otherwise altered through the inclusion of imported DNA or amino  acid
sequences. [0063] For the purposes of the instant application the term
"humanized  antibody" shall mean an antibody derived from a non-human
antibody, typically  a murine antibody, that retains or substantially
retains the antigen-binding  properties of the parent antibody, but which is
less immunogenic in humans.  This may be achieved by various methods,
including (a) grafting the entire non- human variable domains onto human
constant regions to generate chimeric  antibodies; (b) grafting at least a
part of one or more of the non-human  complementarity determining regions
(CDRs) into a human framework and  constant regions with or without
retention of critical framework residues; or (c)  transplanting the entire
non-human variable domains, but "cloaking" them with a  



human-like section by replacement of surface residues. Such methods are
disclosed in Morrison etal., Proc. Natl. Aced. Sci. 81: 6851-5 (1984);
Morrison  et at, Adv. lmmunol. 44: 65-92 (1988); Verhoeyen et at, Science
239: 1534- 1536 (1988); Padlan, Molec. Immun. 28: 489-498 (1991); Padlan,
Molec.  lmmun. 31: 169-217 (1994), and U.S. Pat. Nos. 5,585,089, 5,693,761
and  5,693,762 all of which are hereby incorporated by reference in their
entirety.  [0064] Those skilled in the art will appreciate that the
technique set forth in  option (a) above will produce "classic" chimeric
antibodies. In the context of the  present application the term "chimeric
antibodies" will be held to mean any  antibody wherein the immunoreactive
region or site is obtained or derived from 17 15 MAY 2006 WO 03/048306
PCT/US02/36856 a first species and the constant region (which may be intact,
partial or modified  in accordance with the instant invention) is obtained
from a second species. In  preferred embodiments the antigen binding region
or site will be from a non- human source (e.g. mouse) and the constant
region is human. While the  immunogenic specificity of the variable region
is not generally affected by its  source, a human constant region is less
likely to elicit an immune response from  a human subject than would the
constant region from a non-human source.  Certain chimeric antibodies may be
generated by first immunizing monkeys with  a desired antigen, isolating
antibodies raised to the antigen and substituting the  constant region of
the heavy and light chains with a constant region (e.g.,  human) having
desired function (e.g., human effector function, or the like).  Such
."Primatized(r)" antibodies and methods of making same are further
described in U.S. Patent No. 5,658,570, incorporated herein by this
reference in  its entirety. [0065] Preferably, variable domains in both the
heavy and light chains of  chimeric antibodies are altered by at least
partial replacement of one or more  CDRs and, if necessary, by partial
framework region replacement and sequence  changing. Although the CDRs may
be derived from an antibody of the same  class or even subclass as the
antibody from which the framework regions are  derived, it is envisaged that
the CDRs will be derived from an antibody of  different class and preferably
from an antibody from a different species. It must  be emphasized that it
may not be necessary to replace all of the CDRs with the  complete CDRs from
the donor variable region to transfer the antigen binding  capacity of one
variable domain to another. Rather, it may only be necessary to  transfer
those residues that are necessary to maintain the activity of the antigen  



binding site. Given the explanations set forth in U. S. Pat. Nos. 5,585,089,
5,693,761 and 5,693,762, it will be well within the competence of those
skilled in  the art, either by carrying out routine experimentation or by
trial and error testing  to obtain a functional antibody with reduced
immunogenicity. [0066] Alterations to the variable region notwithstanding,
those skilled in the  art will appreciate that modified antibodies
compatible with the instant invention  will comprise antibodies, or
immunoreactive fragments thereof, in which at least 18 15 MAY 2006 WO
03/048306 PCTIUS02/36856 a fraction of one or more of the constant region
domains has been deleted or  otherwise altered so as to provide desired
biochemical characteristics such as  increased tumor localization or
modified (e.g., reduced) serum half-life when  compared with an antibody of
approximately the same immunogenicity  comprising a native or unaltered
constant region. In preferred embodiments,  the constant region of the
antibodies expressed using the subject polycistronic  vectors will comprise
a human constant region. Modifications to the constant  region compatible
with the instant invention comprise additions, deletions or  substitutions
of one or more amino acids in one or more domains. That is, the  modified
antibodies disclosed herein may comprise alterations or modfications  to one
or more of the three heavy chain constant domains (CH1, CH2 or CH3)  and/or
to the light chain constant domain (CO. As will be discussed in more  detail
below and shown in the examples, certain embodiments of the invention
comprise expression of antibodies having modified constant regions wherein
one or more domains are partially or entirely deleted ("domain deleted
antibodies"). In especially preferred embodiments compatible modified
antibodies will comprise domain deleted constructs or variants wherein the
entire CH2 domain has been removed (LCH2 constructs). For other preferred
embodiments a short amino acid spacer may be substituted for the deleted
domain to provide flexibility and freedom of movement for the variable
region.  [0067] As previously indicated, the subunit structures and three
dimensional  configuration of the constant regions of the various
immunoglobulin classes are  well known. For example, the CH2 domain of a
human IgG Fc region usually  extends from about residue 231 to residue 340
using conventional numbering  schemes. The CH2 domain is unique in that it
is not closely paired with another  domain. Rather, two N-linked branched
carbohydrate chains are interposed  between the two CH2 domains of an intact
native IgG molecule. It is also well  documented that the CH3 domain extends
from the CH2 domain to the C- 



terminal of the IgG molecule and comprises approximately 108 residues while
the hinge region of an IgG molecule joins the CH2 domain with the CH1
domain.  This hinge region encompasses on the order of 25 residues and is
flexible, 19 15 MAY 2006 WO 03/048306 PCT/US02/36856 thereby allowing the
two N-terminal antigen binding regions to move  independently. [0068]
Besides their configuration, it is known in the art that the constant
region mediates several effector functions. For example, binding of the C1
component of complement to antibodies activates the complement system.
Activation of complement is important in the opsonisation and lysis of cell
pathogens. The activation of complement also stimulates the inflammatory
response and may also be involved in autoimmune hypersensitivity. Further,
antibodies bind to cells via the Fc region, with a Fc receptor site on the
antibody  Fc region binding to a Fc receptor (FcR) on a cell. There are a
number of Fc  receptors which are specific for different classes of
antibody, including IgG  (gamma receptors), IgE (eta receptors), IgA (alpha
receptors) and IgM (mu  receptors). Binding of antibody to Fc receptors on
cell surfaces triggers a  number of important and diverse biological
responses including engulfment and  destruction of antibody-coated
particles, clearance of immune complexes, lysis  of antibody-coated target
cells by killer cells (called antibody-dependent cell- mediated
cytotoxicity, or ADCC), release of inflammatory mediators, placental
transfer and control of immunoglobulin production. Although various Fc
receptors and receptor sites have been studied to a certain extent, there is
still  much which is unknown about their location, structure and
functioning. [0069] As discussed above, modification of the constant region
by some of the  methods described herein allows the disclosed modified
antibodies to  spontaneously assemble or associate into stable antibodies.
Moreover, while  not limiting the scope of the present invention, it is
believed that antibodies  comprising constant regions modified as described
herein provide for altered  effector functions that, in turn, affect the
biological profile of the administered  antibody. For example, the deletion
or inactivation (through point mutations or  other means) of a constant
region domain may reduce Fc receptor binding of  the circulating modified
antibody thereby increasing tumor localization. In other  cases it may be
that constant region modifications consistent with the instant  invention
moderate compliment binding and thus reduce the serum half life and
nonspecific association of a conjugated cytotoxin. Yet other modifications
of the 



20 15 MAY 2006 WO 03/048306 PCTIUS02/36856 constant region may be used to
eliminate disulfide linkages or oligosaccharide  moities that allow for
enhanced localization due to increased antigen specificity  or antibody
flexibility. More generally, those skilled in the art will realize that
antibodies modified as described herein may exert a number of subtle effects
that may or may not be readily appreciated. However the resulting
physiological  profile, bioavailability and other biochemical effects of the
modifications, such as  tumor localization and serum half-life, may easily
be measured and quantified  using well known immunological techniques
without undue experimentation.  [0070] Similarly, modifications to the
constant region in accordance with the  instant invention may easily be made
using well known biochemical or molecular engineering techniques well within
the purview of the skilled artisan.  In this respect the examples appended
hereto provide various constructs having  constant regions modified in
accordance with the present invention. More  specifically, the exemplified
constructs comprise chimeric and humanized  antibodies having human constant
regions that have been engineered to delete  the CH2 domain. Those skilled
in the art will appreciate that such constructs are  particularly preferred
due to the regulatory properties of the CH2 domain on the  catabolic rate of
the antibody. [0071] ACH2 domain deleted antibodies set forth in
PCT/US02/02373 and  PCT/US02/02374, both filed on January 29, 2002 and
incorporated by reference  in its entirety herein, are derived from the
chimeric C2B8 antibody which is  immunospecific for the CD20 pan B cell
antigen and a humanized CC49  antibody which is specific for the TAG 72
antigen. As discussed in more detail  below, both domain deleted constructs
were derived from a proprietary vector  (IDEC Pharmaceuticals, San Diego)
encoding an IgG, human constant domain.  Essentially, the vector was
engineered to delete the CH2 domain and provide a  modified vector
expressing a domain deleted IgG, constant region. Genes  encoding the murine
variable region of the C2B8 antibody or the variable region  of the
humanized CC49 antibody were then inserted in the modified vector and
cloned. When expressed in transformed cells, these vectors provided
huCC49.ACH2 or C2B8.ACH2 respectively. As illustrated below, these 21 15 MAY
2006 WO 03/048306 PCT/US02/36856 constructs exhibited a number of properties
that make them particularly  



attractive candidates for monomeric subunits. [0072] It will be noted that
the foregoing exemplary constructs were  engineered to fuse the CH3 domain
directly to the hinge region of the respective  modified antibodies. In
other constructs it may be desirable to provide a peptide  spacer between
the hinge region and the modified CH2 and/or CH3 domains.  For example,
compatible constructs could be expressed wherein the CH2  domain has been
deleted and the remaining CH3 domain (modified or  unmodified) is joined to
the hinge region with a 5 - 20 amino acid spacer. Such  a spacer may be
added, for instance, to ensure that the regulatory elements of  the constant
domain remain free and accessible or that the hinge region  remains
flexible. However, it should be noted that amino acid spacers may, in  some
cases, prove to be immunogenic or inhibit the desired dimerization of the
monomeric subunits. For example, a domain deleted CC49 construct having a
short amino acid spacer GGSSGGGGSG (Seq. ID No. 1) substituted for the CH2
domain (CC49.ACH2 [gly/ser]) is used as a control in the examples because
it does not assemble spontaneously into a dimeric form. Accordingly, any
spacer compatible with the instant invention will be relatively
non-immunogenic  and not inhibit the non-covalent association of the
modified antibodies. [0073] Besides the deletion of whole constant region
domains, it will be  appreciated that polycistronic antibody constructs of
the present invention may be  provided by the partial deletion or
substitution of a few or even a single amino acid  as long as it permits the
desired non-covalent association between the monomeric  subunits. For
example, the mutation of a single amino acid in selected areas of  the CH2
domain may be enough to substantially reduce Fc binding and thereby
increase tumor localization. Similarly, it may be desirable to simply delete
that part  of one or more constant region domains that control the effector
function (e.g.  complement CLQ binding) to be modulated. Such partial
deletions of the constant  regions may improve selected characteristics of
the antibody (serum half-life) while  leaving other desirable functions
associated with the subject constant region  domain intact. Moreover, as
alluded to above, the constant regions of the  disclosed antibodies may be
modified through the mutation or substitution of one 22 15 MAY 2006 WO
03/048306 PCTIUS02/36856 or more amino acids that enhances the profile of
the resulting construct. In this  respect it may be possible to disrupt the
activity provided by a conserved binding  site (e.g. Fc binding) while
substantially maintaining the configuration and  immunogenic profile of the
modified antibody. Yet other preferred embodiments  



may comprise the addition of one or more amino acids to the constant region
to  enhance desirable characteristics such as effector function or provide
for more  cytotoxin or carbohydrate attachment. In such embodiments it may
be desirable  to insert or replicate specific sequences derived from
selected constant region  domains. (0074] Following manipulation of the
isolated genetic material to provide  antibodies and modified antibodies
genes as set forth above, the genes are then  inserted in a polycistronic
expression vector according to the invention for  introduction into host
cells that may be used to produce the desired quantity of  antibody.
Constructive of such constructs is described in detail infra. [0075] The
term "vector" or "expression vector" is used herein for the purposes  of the
specification and claims, to mean vectors used in accordance with the
present invention as a vehicle for introducing into and expressing a desired
gene  in a cell. As known to those skilled in the art, such vectors may
easily be selected  from the group consisting of plasmids, phages, viruses
and retroviruses. In  general, vectors compatible with the instant invention
will comprise a selection  marker, appropriate restriction sites to
facilitate cloning of the desired gene and the  ability to enter and/or
replicate in eukaryotic or prokaryotic cells. [0076] For the purposes of
this invention, numerous polycistronic expression  vector systems may be
employed. For example, polycistronic vector may  contain DNA elements which
are derived from animal viruses such as bovine  papillomavirus virus,
polyoma virus, adenovirus, vaccinia virus, baculovirus,  retroviruses (RSV,
MMTV or MOMLV) or SV40 virus. Additionally, cells which  have integrated the
polycistronic construct DNA into their chromosomes may be  selected by
introducing one or more markers which allow selection of  transfected host
cells. The marker may provide for prototrophy to an  auxotrophic host,
biocide resistance (e.g., antibiotics) or resistance to heavy  metals such
as copper. The selectable marker gene can either be directly 23 15 MAY 2006
WO 03/048306 PCTIUS02/36856 linked to the DNA sequences to be expressed, or
introduced into the same cell  by cotransformation. Additional elements may
also be needed for optimal  synthesis of mRNA. These elements may include
splice signals, as well as  transcriptional promoters, enhancers, and
termination signals. [0077] In preferred embodiments the instant invention
will express antibodies,  including modified antibodies, using the subject
novel polycistronic expression  systems. In these novel expression systems,
multiple gene products of interest  



such as heavy and light chains of antibodies may be produced from a single
polycistronic construct. These systems advantageously use an internal
ribosome entry site (IRES) to provide relatively high levels of modified
antibodies in eukaryotic host cells. Compatible IRES sequences are disclosed
in U.S.P.N. 6,193,980 which is also incorporated herein in its entirety.
Those  skilled in the art will appreciate that such expression systems may
be used to  effectively produce the full range of modified antibodies
disclosed in the instant  application. [0078] More generally, once the
vector or DNA sequence encoding the  monomeric subunit (e.g., modified
antibody) has been prepared, the expression  vector may be introduced into
an appropriate host cell. That is, the host cells  may be transformed.
Introduction of the plasmid into the host cell can be  accomplished by
various techniques well known to those of skill in the art.  These include,
but are not limited to, transfection (including electrophoresis and
electroporation), protoplast fusion, calcium phosphate precipitation, cell
fusion  with enveloped DNA, microinjection, and infection with intact virus.
See,  Ridgway, A. A. G. "Mammalian Expression Vectors" Chapter 24.2, pp.
470-472  Vectors, Rodriguez and Denhardt, Eds. (Butterworths, Boston, Mass.
1988).  Most preferably, plasmid introduction into the host is via
electroporation. The  transformed cells are grown under conditions
appropriate to the production of  the light chains and heavy chains, and
assayed for heavy and/or light chain  protein synthesis. Exemplary assay
techniques for identifying and quantifying  gene products of interest
include enzyme-linked immunosorbent assay (ELISA),  radioimmunoassay (RIA),
or fluorescence-activated cell sorter analysis (FAGS),  immunohistochemistry
and the like. 24 15 MAY 2006 WO 03/048306 PCT/US02/36856 [0079] As used
herein, the term "transformation" shall be used in a broad  sense to refer
to any introduction of DNA into a recipient host cell that changes  the
genotype and consequently results in a change in the recipient cell. [0080]
As used herein, "host cells" refers to cells that have been transformed
with vectors constructed using recombinant DNA techniques and encoding at
least one heterologous gene. As defined herein, antibodies or modifications
thereof produced by a host cell that is, by virtue of this transformation,
recombinant. In descriptions of processes for isolation of antibodies from
recombinant hosts, the terms "cell" and "cell culture" are used
interchangeably  to denote the source of antibody unless it is clearly
specified otherwise. In other  



words, recovery of antibody from the "cells" may mean from spun down whole
cells, or from the cell culture containing both the medium and the suspended
cells. [0081] The host cell line used for protein expression is most
preferably of  mammalian origin; those skilled in the art can readily
determine particular host  cell lines which are best suited for expression
of the desired gene product.  Exemplary host cell lines include, but are not
limited to, DG44 and DUXB11  (Chinese Hamster Ovary lines, DHFR minus), HELA
(human cervical  carcinoma), CVI (monkey kidney line), COS (a derivative of
CVI with SV40 T  antigen), R1610 (Chinese hamster fibroblast) BALBC/3T3
(mouse fibroblast),  HAK (hamster kidney line), SP2/0 (mouse myeloma),
P3.times.63-Ag3.653  (mouse myeloma), BFA-1c1BPT (bovine endothelial cells),
RAJI (human  lymphocyte) and 293 (human kidney). CHO cells are particularly
preferred.  Host cell lines are typically available from commercial
services, the American  Tissue Culture Collection or from published
literature. [0082] In vitro production allows scale-up to give large amounts
of the desired  polypeptide produced using the polycistronic expression
system, preferably an  antibody. Techniques for eukaryotic, e.g., mammalian
and yeast cell cultivation  under tissue culture conditions are known in the
art and include homogeneous  suspension culture, e.g. in an airlift reactor
or in a continuous stirrer reactor, or  immobilized or entrapped cell
culture, e.g. in hollow fibers, microcapsules, on  agarose microbeads or
ceramic cartridges. For isolation and recovery of the 25 15 MAY 2006 WO
03/048306 PCT/US02/36856 antibodies, the immunoglobulins in the culture
supernatants may first be  concentrated, e.g. by precipitation with ammonium
sulphate, dialysis against  hygroscopic material such as PEG, filtration
through selective membranes, or  the like. If necessary and/or desired, the
concentrated solutions of multivalent  antibodies are purified by the
customary chromatography methods, for example  gel filtration, ion-exchange
chromatography, chromatography over DEAE- cellulose or (immuno-)affinity
chromatography. [0083) Disclosed herein is a novel expression system for
producing multiple  gene products of interest from a single polycistronic
construct. Unlike previously  known polycistronic constructs, the inventive
expression system produces  sufficient levels of desired genes in both the
first and subsequent cistrons to be  commercially useful. This is
surprising, as heretofore, gene sequences located  after the first cistron
in a polycistronic expression system have been expressed  



at very low levels in comparison with gene sequences expressed in the first
cistron. Accordingly, previous polycistronic expression systems were
generally  limited to expressing a marker sequence in a second cistron, not
a gene  sequence of interest. Alternatively, the second cistronic gene was
inefficiently  expressed, thereby precluding the production of detectable
translation products  from genes contained in each cistron. By contrast, the
polycistronic construct  according to the invention may contain two, three
or more cistrons, each  encoding a gene of interest, if so desired. [0084]
The present invention, in its preferred embodiment, expresses  antibodies,
which may be modified as described herein, and further includes  dimeric
antibodies, using a polycistronic expression system, wherein two or  more
antibody genes are expressed off the same eukaryotic promoter, wherein  such
antibody genes are separated by one or more. IRES's. Particularly, as
discussed previously, the invention includes the expression of
domain-deleted  antibodies and other modified antibodies as described in
PCT/US02/02373 and  PCT/US02/02374, each filed on January 29, 2002, and
incorporated by  reference in its entirety herein. The eukaryotic cells used
for expression will  preferably be mammalian or yeast cells, most preferably
CHO cells and other  cells that can be efficiently cultured for high level
protein production. As noted 26 15 MAY 2006 WO 03/048306 PCTIUS02136856
above, the obtaining or cloning of antibody heavy and light chain genes for
incorporation into polycistronic expression systems according to the
invention is  well within the purview of ordinary skill. As noted, such
antibody genes may  encode mature heavy or light chain antibody genes, e.g.,
murine, rabbit, human,  hamster, etc., or these heavy and/or light chain
genes may be modified, e.g., by  chimerization, humanization, domain
deletion or site-specific mutagenesis.  [0085] The invention further
contemplates the expression of any heavy chain  and light chain sequence
which when expressed using the polycistronic  expression system of the
invention, associate to produce a functional antibody,  i.e., one that
specifically binds to a target antigen, e.g., a tumor associated  antigen.
[0086] As discussed, the copy number of the heavy and light chain genes in
the polycistronic construct may be selected such that the preferred ratio of
lighttheavy chain are obtained, e.g., the light chain is expressed at levels
which  typically range from 10/1, more preferably 5/1, and still more
preferably about  3/1 to 1/1 relative to the heavy chain. 



[0087] In the preferred embodiment, the expression system produces
antibodies in eukaryotic cells, preferably mammalian cells such as Chinese
hamster ovary (CHO) cells, baby hamster kidney (BHK) cells, fibroblast cell
lines and myeloma cells. For example, CHO cells are employed as hosts for an
expression system comprising a polycistron comprising, in the 5' to 3'
orientation, at least the following sequences: a eukaryotic promoter
sequence  that is functional in the particular eukaryotic cell used for
expression such as  CMV, SV40 early or actin promoter sequences, preferably
CMV; a DNA  sequence encoding an antibody light chain and, preferably at its
5' end, a  eukaryotic secretory leader sequence; an internal ribosome entry
site (IRES),  preferably that of a cardiovirus, poliovirus or herpes virus,
positioned to follow  the antibody light chain sequence; at least one DNA
sequence encoding an  antibody heavy chain, each heavy chain sequence
preferably being preceded  by a eukaryotic secreting leader sequence, and
flanked by a 5' start and a 3'  stop codon, wherein some or all DNA's
encoding an antibody heavy chain are  separated from subsequent heavy chain
sequences by an IRES, and wherein 27 15 MAY 2006 WO 03/048306 PCTIUS02/36856
the ultimate antibody heavy chain coding sequence comprises a poly A
sequence at its 3' terminus. A suitable locale of the IRES site between
heavy  and light chain sequences is exemplified within the NEOSPLA vector of
Figure  2. [0088] As noted herein, the eukaryotic cell preferably comprises
a mammalian  cell and more preferably a CHO cell. In a preferred embodiment,
the promoter  is the CMV promoter, and the IRES is derived from a
cardiovirus such as  Encephalomyocarditis virus, Mengo virus,
Mous-Elberfiell virus, MM virus, and  Columbia SK virus, most preferably
human encephalomyocarditis virus  (hEMCV). [0089] The inventive polycistron
preferably comprises an antibody light chain  encoding sequence and one or
two antibody heavy chain coding sequences.  However, polycistron constructs
according to the invention may include 3 or 4  gene sequences or cistrons,
for example, one light chain and two or more heavy  chains, are
contemplated. Additionally, the subject polycistron will preferably
comprise a poly A sequence, preferably that of the bovine growth hormone
(bGH) gene. The polycistron system optionally may be used in loci targeting
by  homologous recombination. [0090] In this embodiment, the polycistronic
construct will comprise  



sequences that facilitate homologus recombination at a targeted site, e.g.,
gene  that is inactivated after recombination. [0091] Ina preferred
embodiment the inventive polycistron comprises one or  two copies of the
heavy chain coding sequence dependent upon the  stoichiometry of expression
of the particular antibody heavy and light chain  genes. In this regard, it
is well known that in polycistronic expression systems,  the second gene is
typically expressed at lesser efficiency than the first gene.  Accordingly,
in one embodiment, the inventive polycistron, in which the first  cistron
encodes an antibody light chain, may encompass a second cistron  encoding
two or more heavy chain coding sequences, if deemed necessary, to
facilitate sufficient expression of the heavy chain relative to the light
chain. In  general, it is preferred that the heavy chain be expressed at
levels which are at  least equivalent to levels observed with
non-polycistronic co-expression of the 28 15 MAY 2006 WO 03/048306
PCT/US02/36856 heavy and light chains when expressed in the same eukaryotic
cell using a non- polycistronic expression system. [0092] It is permissible,
and in fact desirable, that more of the antibody light  chain is expressed
relative to the antibody heavy chain, as this is analogous to  what occurs
in endogenous antibody producing cells. Disparate expression  levels exist
because the light chain is instrumental in directing the appropriate
assembly of the antibody heavy and light chains, and excessive unpaired
heavy  chain is thought to induce cell toxicity. The light chain is also
critical in directing  folding of the assembled antibody heavy and light
chains to produce a functional  (antigen-binding) antibody in the
endoplasmic reticulum. Preferably, the  antibody light chain will be
expressed from about 10/1 to 1/1 relative to the  antibody heavy chain.
[0093] However, levels of the heavy chain must not be de minimus, and
should be present in sufficient ratios with respect to light chains to
enable the  generation of functional, secretable antibodies in commercially
acceptable  levels. Thus, it is undesirable for the heavy chain expression
to be too low  relative to the light chain, as underexpression results in
inadequate yields of  functional antibodies. For purposes of industrial
utility, inadequate yields of  functional antibodies render an expression
system commercially non-viable, and  makes the recovery of complete antibody
molecules from batch cultures difficult  to achieve. Generally, functional
antibody is recovered from cultured cells at an  amount ranging from about
5-100 picograms per cell, per day, however greater  



levels of expression may be achieved. For example, cultured cells may
secrete  at least 1-5 picograms of functional antibody per cell each day, or
at least 3-10  mg/L for at least 3-4 days. [0094] With respect to the above,
it is generally unpredictable whether a given  polycistronic expression
system will result in adequate levels of antibody  production relative to
other expression systems. This unpredictability arises  because, in some
instances, the second desired gene in the polycistronic  complex may be
expressed at very low levels relative to the first gene.  Therefore,
preferred embodiments of polycistronic vectors should provide a ratio  of
antibody light chain expression to antibody heavy chain expression within
the 29 15 MAY 2006 WO 03/048306 PCTIUS02/36856 range of about 10:1 to about
1:1. More preferably, the ratio of light chain to  heavy chain gene
expression is from about 3:1 to about 1.5:1. [0095] Initial IRES constructs
were created to contain an antibody light chain  sequence in the first
cistron, followed by two IRES-antibody CH2 domain  deleted heavy chain
sequence pairings, thereby ensuring sufficient heavy chain  protein
production to enable suitable levels of antibody to be produced and
secreted from host cells. [0096] The inventive polycistronic vectors enable
the requisite levels of heavy  and light chain expression to be achieved by
selection of appropriate heavy  chain antibody sequences, by selection of an
efficient IRES, such as that of  hEMCV, or by the incorporation of multiple
copies of the antibody heavy chain  genes. Still further, the DNA
corresponding to the 5' end of the heavy chain  gene may be modified by site
specific mutagenesis in a manner whereby the  coding structure remains
unaltered around the ATG codon, typically the first 10  codons, but which
modification results in altered expression of the heavy chain  coding
sequence relative to an unmodified heavy chain gene. [0097] The heavy chain
yield using the subject polycistronic expression  system will typically be
less than the light chain yield, as is the typical  expression relationship
in an endogenous antibody producing cell. The light  chain yield to heavy
chain yield ratio will be sufficient to enable protein secretion  and
folding. The ratio of the light chain to heavy chain expression may be
varied by, for example, increasing the number of IRES-linked downstream gene
sequences following the light chain sequence of the first cistron. A
particular  IRES and expression cell combination may be selected to
optimally increase the  amount of second cistron expression in a system. 



[0098] An antibody that is expressed according to the subject expression
system may be specific to any desired antigen. Preferably, the antibody will
be  a functional antibody that elicits a therapeutic effect, such as an
antibody useful  for treating an autoimmune, inflammatory, infectious,
allergic or neoplastic  disease. The antibody may be combined with other
therapeutic agents for  synergistic effects. For example, the antibody may
be combined with a  radioactive source for use as a cancer chemotherapeutic
agent. 30 15 MAY 2006 WO 03/048306 PCT/US02/36856 [0100] In general,
antibodies expressed according to the present invention  may be used in any
one of a number of conjugated (i.e. an immunoconjugate) or  unconjugated
forms. In particular, the antibodies of the present invention may  be
conjugated to cytotoxins such as radioisotopes, therapeutic agents,
cytostatic agents, biological toxins or prodrugs. Alternatively, the
antibodies of  the instant invention may be used in a nonconjugated or naked
form to harness  a subject's natural defense mechanisms to eliminate
malignant cells. In  particularly preferred embodiments, the antibodies
produced according to the  expression system of the present invention may be
modified, such as by  conjugation to radioisotopes. Examples of
radioisotopes useful according to the  invention include 901', 1251, 1311,
1231, "'In, 105Rh, 153Sm, 67Cu, 67Ga, 166 Ho, 177Lu, 186Re and 188Re, using
anyone of a number of well known chelators or direct  labeling. Conjugated
and unconjugated antibodies may be used together in the  same therapeutic
regimen, e.g., as used in the currently approved therapeutic  regimen
employing Zevalin for the treatment of certain non-Hodgkin's  lymphomas.
[0101] In other embodiments, the antibodies of the invention may be included
in compositions that comprise modified antibodies coupled to drugs, prodrugs
or  biological response modifiers such as methotrexate, adriamycine, and
lymphokines such as interferon. Still other embodiments of the present
invention comprise the use of modified antibodies conjugated to specific
biotoxins such as ricin or diptheria toxin. In yet other embodiments the
modified  antibodies may be complexed with other immunologically active
ligands (e.g.  antibodies or fragments thereof) wherein the resulting
molecule binds to both a  neoplastic cell and an effector cell such as a T
cell. The selection of which  conjugated and/or unconjugated modified
antibody to use will depend of the  type and stage of cancer, use of adjunct
treatment (e.g., chemotherapy or  external radiation) and patient condition.
It will be appreciated that one skilled in  



the art could readily make such a selection in view of the teachings herein.
(0102] As used herein, "a cytotoxin or cytotoxic agent" means any agent that
is detrimental to the growth and/or proliferation of cells and which may act
to  reduce, inhibit or destroy a cell or malignancy when exposed thereto. 31
15 MAY 2006 WO 03/048306 PCTIUS02/36856 Exemplary cytotoxins include, but
are not limited to, radionuclides, biotoxins,  enzymatically active toxins,
cytostatic or cytotoxic therapeutic agents, prodrugs,  immunologically
active ligands and biological response modifiers such as  cytokines. As will
be discussed in more detail below, radionuclide cytotoxins are  particularly
preferred for use in the instant invention. However, any cytotoxin  that
acts to retard or slow the growth of immunoreactive cells or malignant cells
or to eliminate these cells and which may be associated with the
polycistronic  derived functional antibodies disclosed herein is within the
scope of the present  invention. [0103] It will be appreciated that, in
previous studies, anti-tumor antibodies  labeled with the above-noted
isotopes have been used successfully to destroy  cells in solid tumors as
well as lymphomas/leukemias in animal models, and in  humans. The
radionuclides act by producing ionizing radiation which causes  multiple
strand breaks in nuclear DNA, leading to cell death. The isotopes used  to
produce therapeutic conjugates typically produce high energy a- or 0-
particles which have a short path length. Such radionuclides kill cells to
which  they are in close proximity, for example neoplastic cells to which
the conjugate  has attached or has entered. They have little or no effect on
non-localized cells.  Radionuclides are essentially non-immunogenic. [0104]
With respect to the use of radiolabeled conjugates in conjunction with  the
present invention, the modified antibodies may be directly labeled (such as
through iodination) or may be labeled indirectly through the use of a
chelating  agent. As used herein, the phrases "indirect labeling" and
"indirect labeling  approach" both mean that a chelating agent is covalently
attached to an  antibody and at least one radionuclide is associated with
the chelating agent.  Such chelating agents are typically referred to as
bifunctional chelating agents  as they bind both the polypeptide and the
radioisotope. Particularly preferred  chelating agents include 1
-isothiocyanatobenzyl-3-methyldiothelene  triaminepentaacetic acid
("MX-DTPA") and cyclohexyl diethylenetriamine  pentaacetic acid ("CHX-DTPA")
derivatives. Other chelating agents comprise  P-DOTA and EDTA derivatives.
Particularly suitable radionuclides for indirect  



labeling include "'In and 9DY. 32 15 MAY 2006 WO 03/048306 PCT/US02/36856
[0105] As used herein, the phrases "direct labeling" and "direct labeling
approach" both mean that a radionuclide is covalently attached directly to a
antibody (typically via an amino acid residue). More specifically, these
linking  technologies include random labeling and site-directed labeling. In
the latter  case, the labeling is directed.at specific sites on the
antibody, such as the N- linked sugar residues present only on the Fc
portion of the conjugates. Direct  labeling may result in multi-meric
antibodies linked by the labels. Various direct  labeling techniques and
protocols are compatible with the instant invention. For  example,
Technetium-99m labelled tetravalent antibodies may be prepared by  ligand
exchange processes, by reducing pertechnate (TcO4) with stannous ion
solution, chelating the reduced technetium onto a Sephadex column and
applying the antibodies to this column, or by batch labeling techniques,
e.g. by  incubating pertechnate, a reducing agent such as SnCl2, a buffer
solution such  as a sodium-potassium phthalate-solution, and the antibodies.
In any event,  preferred radionuclides for directly labeling antibodies are
well known in the art  and a particularly preferred radionuclide for direct
labeling is 1311 which can be  covalently attached via tyrosine residues.
Modified antibodies according to the  invention may be derived, for example,
with radioactive sodium or potassium  iodide and a chemical oxidizing agent,
such as sodium hypochlorite, chloramine  T or the like, or an enzymatic
oxidizing agent, such as lactoperoxidase, glucose  oxidase and glucose.
However, for the purposes of the present invention, the  indirect labeling
approach is generally favored. [0106] Patents relating to chelators and
chelator conjugates are known in the  art. For instance, U.S. Patent No.
4,831,175 of Gansow is directed to  polysubstituted
diethylenetriaminepentaacetic acid chelates and protein  conjugates
containing the same, and methods for their preparation. U.S. Patent  Nos.
5,099,069, 5,246,692, 5,286,850, 5,434,287 and 5,124,471 of Gansow  also
relate to polysubstituted DTPA chelates. These patents are incorporated
herein in their entirety. Other examples of compatible metal chelators are
ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepentaacetic acid
(DPTA), 1,4,8,11-tetraazatetradecane, 1,4,8,11-tetraazatetradecane-1,4,8,11-
tetraacetic acid, 1-oxa-4,7,12,15-tetraazaheptadecane-4,7,12,15-tetraacetic
33 15 MAY 2006 



WO 03/048306 PCTIUS02136856 acid, or the like. Cyclohexyl-DTPA or CHX-DTPA
is particularly preferred and is  exemplified extensively below. Still other
compatible chelators, including those  yet to be discovered, may easily be
discerned by a skilled artisan and are  clearly within the scope of the
present invention. (0107] Compatible chelators, including the specific
bifunctional chelator used  to facilitate chelation in co-pending
application Serial Nos. 08/475,813,  081475,815 and 081478,967, are
preferably selected to provide high affinity for  trivalent metals, exhibit
increased tumor-to-non-tumor ratios and decreased  bone uptake as well as
greater in vivo retention of radionuclide at target sites,  i.e., B-cell
lymphoma tumor sites. However, other bifunctional chelators that  may or may
not possess all of these characteristics are known in the art and  may also
be beneficial in tumor therapy. [0108] It will also be appreciated that, in
accordance with the teachings  herein, modified antibodies may be conjugated
to different radiolabels for  diagnostic and therapeutic purposes.
Radiolabeled therapeutic conjugates for  diagnostic "imaging" of tumors
before administration of therapeutic antibody  may be prepared. "ln2B8"
conjugate comprises a murine monoclonal antibody,  2B8, (rituximab) specific
to human CD20 antigen, that is attached to "'In via a  bifunctional
chelator, i.e., MX-DTPA, which comprises a 1:1 mixture of 1-
isothiocyanatobenzyl-3-methyl-DTPA and 1-methyl-3-isothiocyanatobenzyl-
DTPA. "'In is particularly preferred as a diagnostic radionuclide because
between about 1 to about 10 mCi can be safely administered without
detectable  toxicity; and the imaging data is generally predictive of
subsequent 90Y-labeled  antibody distribution. Most imaging studies utilize
about 5 mCi "'In-labeled  antibody, because this dose is both safe and has
increased imaging efficiency  compared with lower doses, with optimal
imaging occurring at three to six days  after antibody administration. See,
for example, Murray, J. Nuc. Med. 26: 3328  (1985) and Carraguillo et at, J.
Nuc. Med. 26: 67 (1985). [0109] As indicated above, a variety of
radionuclides are applicable to the  present invention and those skilled in
the art are credited with the ability to readily  determine which
radionuclide is most appropriate under various circumstances.  For example,
1311 is a well known radionuclide used for targeted immunotherapy. 34 15 MAY
2006 WO 03/048306 PCT/US02/36856 However, the clinical usefulness of 1311
can be limited by several factors including:  eight-day physical half-life;
dehalogenation of iodinated antibody both in the blood  



and at tumor sites; and emission characteristics (e.g., large gamma
component)  which can be suboptimal for localized dose deposition in a
tumor. With the advent  of superior chelating agents, the opportunity for
attaching metal chelating groups  to proteins has increased the
opportunities to utilize other radionuclides such as  1t1 In and 90Y. 90Y
provides several benefits for utilization in  radioimmunotherapeutic
applications: the 64 hour half-life of 90Y is long enough to  allow antibody
accumulation by tumor and, unlike e.g., 1311, 90Y is a pure beta  emitter of
high energy with no accompanying gamma irradiation in its decay, with a
range in tissue of 100 to 1,000 cell diameters. Furthermore, the minimal
amount  of penetrating radiation allows for outpatient administration of
90Y-labeled  antibodies. Additionally, internalization of labeled antibody
is not required for cell  killing, and the local emission of ionizing
radiation should be lethal for adjacent  tumor cells lacking the target
antigen. [0110] Effective single treatment dosages (i.e., therapeutically
effective  amounts) of 90Y-labeled modified antibodies range from between
about 5 and  about 75 mCi, more preferably between about 10 and about 40
mCi. Effective  single treatment non-marrow ablative dosages of 1311-labeled
antibodies range  from between about 5 and about 70 mCi, more preferably
between about 5 and  about 40 mCi. Effective single treatment ablative
dosages (i.e., may require  autologous bone marrow transplantation) of
1311-labeled antibodies range from  between about 30 and about 600 mCi, more
preferably between about 50 and  less than about 500 mCi. In conjunction
with a chimeric antibody, owing to the  longer circulating half life
vis-A-vis murine antibodies, an effective single  treatment non-marrow
ablative dosages of iodine-131 labeled chimeric  antibodies range from
between about 5 and about 40 mCi, more preferably less  than about 30 mCi.
[0112] While a great deal of clinical experience has been gained with 1311
and  90Y, other radiolabels are known in the art and have been used for
similar  therapeutic purposes. Still other radioisotopes are used for
imaging. For  example, additional radioisotopes which are compatible with
the scope of the 35 15 MAY 2006  WO 03/048306 PCTIOS02/36856 instant
invention include, but are not limited to, 1231, 1251, 32P 57Co, 54Cu, 67Cu,
7713r 81Rb 81Kr, 67Sr, 113in 127`,5 129C.S 1321, 1971-1g 203Pb 2068i 177Lu
186Re  212Pb, 212Bi 47Sc 105Rh, 109Pd, '53Sm, 188Re, 199Au, 225Ac, 21'At,
and 213Bi. In  this respect alpha, gamma and beta emitters are all
compatible with the instant  invention. Further, in view of this disclosure
it is submitted that one skilled in the  



art could readily determine which radionuclides are compatible with a
selected  course of treatment without undue experimentation. To this end,
additional  radionuclides which have already been used in clinical diagnosis
include 1251,  1231, 99Tc, 43K, 52 Fe, 67Ga, 68Ga, as well as "'In.
Antibodies have also been  labeled with a variety of radionuclides for
potential use in targeted  immunotherapy. Peirersz et al. Immunol. Cell
Biol. 65: 111-125 (1987). These  radionuclides include 188Re and 186Re as
well as 199Au and 67Cu to a lesser  extent. U.S. Patent No. 5,460,785
provides additional data regarding such  radioisotopes and is incorporated
herein by reference. [0113] In addition to radionuclides, the functional
antibodies of the present  invention may be conjugated to, or associated
with, any one of a number of  biological response modifiers, pharmaceutical
agents, toxins or immunologically  active ligands. Those skilled in the art
will appreciate that these non-radioactive  conjugates may be assembled
using a variety of techniques depending on the  selected cytotoxin. For
example, conjugates with biotin are prepared e.g. by  reacting the dimeric
antibodies with an activated ester of biotin such as the  biotin
N-hydroxysuccinimide ester. Similarly, conjugates with a fluorescent  marker
may be prepared in the presence of a coupling agent, e.g. those listed
above, or by reaction with an isothiocyanate, preferably fluorescein-
isothiocyanate. Conjugates of the tetravalent antibodies of the invention
with  cytostatictcytotoxic substances and metal chelates are prepared in an
analogous manner. [0114] Preferred agents for use in the present invention
are cytotoxic drugs,  particularly those which are used for cancer therapy.
Such drugs include, in  general, cytostatic agents, alkylating agents,
antimetabolites, anti-proliferative  agents, tubulin binding agents,
hormones and hormone antagonists, and the  like. Exemplary cytostatics that
are compatible with the present invention 36 15 NMY 2006 WO 03/048306
PCTIUS02/36856 include alkylating substances, such as mechlorethamine,
triethylenephosphoramide, cyclophosphamide, ifosfamide, chlorambucil,
busuffan, melphalan or triaziquone, also nitrosourea compounds, such as
carmustine, lomustine, or semustine. Other preferred classes of cytotoxic
agents include, for example, the anthracycline family of drugs, the vinca
alkaloid  family of drugs, the mitomycins, the bleomycins, the cytotoxic
nucleosides, the  pteridine family of drugs, diynenes, and the
podophyllotoxins. Particularly useful  members of those classes include, for
example, adriamycine, carminomycin,  



daunorubicin (daunomycin), doxorubicin, aminopterin, methotrexate,
methopterin, mithramycin, streptonigrin, dichloromethotrexate, mitomycin C,
aGtinomycin-D,porfiromycin, 5-fluorouracil, floxuddine, ftorafur,6-
mercaptopurine,cytarabine, cytosine arabinoside, podophyllotoxin,or
podophyllotoxinderivatives such as etoposide or etoposide phosphate,
melphalan, vinblastine, vincristine, leurosidine, vindesine, leurosine and
the like.  Still other cytotoxins that are compatible with the teachings
herein include taxol,  taxane, cytochalasin B, gramicidin D, ethidiurn
bromide, emetine, tenoposide,  colchicin, dihydroxy anthracin dione,
mitoxantrone, procaine, tetracaine,  lidocaine, propranolol, and puromycin
and analogs or homologs thereof. Also  included as suitable cytotoxins are
maytansinoids. Hormones and hormone  antagonists, such as corticosteroids,
e.g. prednisone, progestins, e.g.  hydroxyprogesterone or medroprogesterone,
estrogens, e.g. diethylstilbestrol,  antiestrogens, e.g. tarnoxifen,
androgens, e.g. testosterone, and aromatase  inhibitors, e.g.
aminogluthetimide are also compatible with the teachings herein.  As noted
previously, one skilled in the art may make chemical modifications to  the
desired compound in order to make reactions of that compound more
convenient for purposes of preparing conjugates of the invention. [01151 One
example of particu lady preferred cytotoxins comprise members or
derivatives of the enediyne family of anti-tumor antibiotics, including
calicheamicin, esperamicins or dynemicins. These toxins are extremely potent
and act by cleaving nuclear DNA, leading to cell death. Unlike protein
toxins  which can be cleaved in vivo to give many inactive but immunogenic
polypeptide fragments, toxins such as calicheamicin, esperamicins and other
37 15 MAY 2006 WO 03/048306 PCTIUS02/36856 enediynes are small molecules
which are essentially non-immunogenic. These  non-peptide toxins are
chemically-linked to the dimers or tetramers by  techniques which have been
previously used to label monoclonal antibodies and  other molecules. These
linking technologies include site-specific linkage via the  N-linked sugar
residues present only on the Fc portion of the constructs. Such
site-directed linking methods have the advantage of reducing the possible
effects of linkage on the binding properties of the constructs. [0116] As
previously alluded to, compatible cytotoxins may comprise a prodrug.  As
used herein, the term "prodrug" refers to a precursor or derivative form of
a  pharmaceutically active substance that is less cytotoxic to tumor cells
compared to  the parent drug and is capable of being enzymatically activated
or converted into  



the more active parent form. Prodrugs compatible with the invention include,
but  are not limited to, phosphate-containing prodrugs,
thiophosphate-containing  prodrugs, sulfate containing prodrugs, peptide
containing prodrugs, p-lactam- containing prodrugs, optionally substituted
phenoxyacetamide-containing prodrugs  or optionally substituted
phenylacetamide-containing prodrugs, 5-fluorocytosine  and other
5-fluorouridine prodrugs that can be converted to the more active  cytotoxic
free drug. Further examples of cytotoxic drugs that can be derivatized  into
a prodrug form for use in the present invention comprise those
chemotherapeutic agents described above. [0117] Among other cytotoxins, it
will be appreciated that antibodies can also be  associated with a biotoxin
such as ricin subunit A, abrin, diptheria toxin, botulinum,  cyanginosins,
saxitoxin, shigatoxin, tetanus, tetrodotoxin, trichothecene,  verrucologen
or a toxic enzyme. Preferably, such constructs will be made using  genetic
engineering techniques that allow for direct expression of the antibody-
toxin construct. Other biological response modifiers that may be associated
with  the modified antibodies of the present invention comprise cytokines
such as  lymphokines and interferons. In view of the instant disclosure it
is submitted that  one skilled in the art could readily form such constructs
using conventional  techniques. [0118] Another class of compatible
cytotoxins that may be used in conjunction  with the disclosed antibodies
are radiosensitizing drugs that may be effectively 38 15 MAY 2006 WO
03/048306 PCT/US02/36856 directed to tumor or immunoreactive cells. Such
drugs enhance the sensitivity to  ionizing radiation, thereby increasing the
efficacy of radiotherapy. An antibody  conjugate internalized by the tumor
cell would deliver the radiosensitizer nearer  the nucleus where
radiosensitization would be maximal. The unbound  radiosensitizer linked
modified antibodies would be cleared quickly from the blood,  localizing the
remaining radiosensitization agent in the target tumor and providing
minimal uptake in normal tissues. After rapid clearance from the blood,
adjunct  radiotherapy would be administered in one of three ways: 1)
external beam  radiation directed specifically to the tumor, 2)
radioactivity directly implanted in the  tumor or 3) systemic
radioimmunotherapy with the same targeting antibody. A  potentially
attractive variation of this approach would be the attachment of a
therapeutic radioisotope to the radiosensitized immunoconjugate, thereby
providing the convenience of administering to the patient a single drug.
[0119] Whether or not the disclosed functional antibodies are used in a  



conjugated or unconjugated form, it will be appreciated that a major
advantage  of the present invention is the ability to use these antibody
constructs in  myelosuppressed patients, especially those who are
undergoing, or have  undergone, adjunct therapies such as radiotherapy or
chemotherapy. That is,  the beneficial delivery profile (i.e. relatively
short serum dwell time, high binding  affinity and enhanced localization) of
the dimeric antibodies makes them  particularly useful for treating patients
that have reduced red marrow reserves  and are sensitive to myelotoxicity.
In this regard, the unique delivery profile of  the functional antibodies
make them very effective for the administration of  radiolabeled conjugates
to myelosuppressed cancer patients. As such, the  modified antibodies are
useful in a conjugated or unconjugated form in patients  that have
previously undergone adjunct therapies such as external beam  radiation or
chemotherapy. [0120] The functional antibodies produced according to the
invention may  bind to a tumor specific or tumor-associated antigen, an
antigen expressed on  specific cell types such as T cells or B cells, a
viral antigen, a bacterial antigen,  or to a parasite. Suitable antigens
include TAG-72, CD4, CD11, CD19, CD20,  CD22, CD23, CD37, CD40, CD45, CD80,
CD86 and CD154. In a preferred 39 15 MAY 2006 WO 03/048306 PCT/US02/36856
embodiment of the invention, the antibody will bind to an antigen expressed
by a  T cell or B cell, such as CD4, CD19, CD20, CD22, CD23, CD40, CD80, and
CD154. In another preferred embodiment, the antibody is directed to a cancer
antigen such as CEA, prostate specific antigen, HER-2 (erbB2), a tumor
adhesive molecule, etc. The antibody of choice may be a human, humanized or
chimeric antibody. In particular, the antibody may be a human, humanized or
chimeric antibody specific to CD20 or TAG-72. CD20 is an antigen expressed
by B cells that has been targeted for treatment of B cell disorders such as
B cell  lymphomas and leukemias. Rituxan(r) is a chimeric anti-CD20 antibody
that has  been approved by the FDA for treatment of non-Hodgkin's lymphoma.
[0121] Tag-72 is an antigen that is known to be overexpressed by numerous
human cancers including digestive cancers (gastric, colorectal, pancreatic),
and  reproductive organ associated cancers (prostate, ovarian, breast) as
well as  other cancers including e.g., head and neck cancers and lymph node
metastases. (See e.g., Galietta et al., Oncol. Rep. 9(1): 135-40 (2002);
Meredith  et al., Cancer Biother. Radiopharm 16(4): 303-15 (2001); Karan et
al., Oncol.  Rep. 8(5): 1123-26 (2001); Allende et al., Int. J. Biol. Marker
15(2): 1997-99  



(2000) and Altimissi et al., HNO 38'10): 364-66 (1998), all incorporated by
reference in their entirety). Anti-TAG-72 antibodies have been reported to
possess therapeutic efficacy in treating such cancers. [0122] The DNA
sequences encoding the antibody light chain and heavy  chain(s) may comprise
an intact or modified variable region and constant region.  The constant
region is preferably human. The variable regions may be of  primate origin
or of rodent origin, and may be humanized. Primate variable  regions may be
of human origin. Rodent variable regions may be, for example,  of rat or
mouse (murine) origin. As noted, domain deleted constant regions are  within
the scope of the present invention. [0123] Antigens that are
characteristically over-expressed by specific cancer  types are well known
in the art. Preferred embodiments embrace the  expression of antibodies that
recognize CD22 or CD20. In the most preferred  embodiment, the antibody will
specifically bind CD22. Even more preferably,  the antibody will comprise
heavy and light chains of the antibody rituximab 40 15 MAY 2006 WO 03/048306
PCT/US02/36856 (RITUXAN(r), [DEC Pharmaceuticals, San Diego, CA, USA), as
discussed in, for  example, U.S. Patent Nos. 5,736,137; 5,776,456; and
5,843,439. Examples of  suitable antibodies for use in the invention are
disclosed in U.S. Patent No.  6,136,310 to Hanna et al. (CD4); U.S. Patent
No. 6,011,138 to Reff (CD23);  U.S. Patent No. 6,113,898 to Anderson (CD80);
and U.S. Patent No. 6,001,358  to Black (CD54). The entire contents of these
patents are hereby incorporated  herein by reference. [0124] Although the
invention has been illustrated utilizing antibodies, the  invention is
suitable for expressing any multichain proteins that would not  compromise
the viability of their mammalian cell hosts. The ratio of the gene  products
of the first and successive cistrons may be varied by increasing the  number
of subunits following the first cistron. Thus, for example, two or more
cistrons, each encoding the same desired gene product, may be incorporated
into a multicistronic expression vector in order to enhance the absolute
amount  of peptide produced by the desired gene. However, each successive
cistron  following the first cistron may encode distinct products, if
desired. [0125] The invention will be further illustrated by the following
non-limiting  Examples. EXAMPLE I [0126] A polycistronic DNA expression
vector was constructed according to  



the invention, expressing the heavy and light chains of humanized anti-TAG72
antibody, which is denoted as HuCC49. A. Expression Vector Construction
[0127] The expression construct, depicted in Figure 1, comprises the mouse
beta-globulin major promoter (beta), situated within the construct so as to
drive  the expression of sequences encoding the neomycin phosphotransferase
gene.  The neomycin phosphotransferase gene, which is of bacterial origin,
is composed of two exons, N1 and N2, and contains an artificial intron.
Methods  of intronic insertion of selectable markers designed to enhance
gene product  expression in expression vectors systems are disclosed in, for
example, U.S. 41 15 MAY 2006 WO 03/048306 PCTIUS02/36856 Patent No.
5,648,267, U.S. Patent No. 5,733,779, U.S. Patent No. 6,017,733,  and U.S.
Patent No. 6,159,730, all to Reff. The entire contents of each of these
patents are hereby incorporated herein by reference. The antibody selected
is  known in the art for its suitability for treating solid tumors. A high
level of tissue  penetration is required in order to affect solid tumor
cells, and therefore the  antibody should have a relatively longer half-life
within serum than is seen with  Fab fragments. The domain deleted construct
used in this example contains the  human gamma 1 heavy chain constant domain
in which most of the CH2  domain has been deleted, with the exception of the
first nine amino acids of  CH2 following the hinge region. [0128] As shown
in Figure 1, following the first exon of the neomycin  phosphotransferase
expression cassette (Ni) and within the intron of the  neomycin
phosphotransferase gene is located a Simian virus SV40 origin of
replication (SVO), which facilitates replication of the expression construct
(vector) in COS cells following transient transfection. Thereafter is
located an  expression cassette for the gene sequences of interest, which in
this case are  immunoglobulin coding regions. First in the cassette is the
human  cytomegalovirus promoter (CMV), which drives expression of the
polycistronic  immunoglobulin (Ig) message. The Ig message in this construct
encodes the  humanized anti-TAG-72 antibody (denoted HuCC49), which is
sequentially  composed of (in the order presented): the light chain leader
(L)/HuCC49 light  chain variable (VL)lhuman kappa constant (Kappa)/IRES from
the  encephalomyocarditis virus (IRES)/synthetic heavy chain leader
(L)/HuCC49  heavy chain variable (VHyhuman gamma 1 CH2 domain deleted
constant  region (CH2 link G1 DeICH2). The Ig message is followed by the
bovine growth  



hormone polyadenylation signal (BGH). Thereafter is situated an expression
cassette for a dihydrofolate reductase coding region, in which the mouse
beta- globin major promoter (Beta) drives expression of the murine
dihydrofolate  reductase gene (DHFR). The DHFR sequence is followed by a
bovine growth  hormone polyadenylation signal (BGH). 42 15 MAY 2006 WO
03/048306 PCT/U502/36856 (0129] Following the neomycin intron is the second
exon of the neomycin  expression cassette (N2), which, in turn, is followed
by the SV40 early  polyadenylation signal (SV). [0130] The vector also
contains sequences required for replication in bacteria,  including the
colE1 origin of replication and the beta-lactamase gene to confer
ampicillin resistance (Amp). [0131] The EMCV is commercially available, and
was obtained from ATCC  (VR-129B Encephalomyocarditis strain: EMC (TC
adapted)). The viral particles  were disrupted and subjected to methods
known in the art for isolating single  stranded viral RNA. A specific cDNA
was generated to the IRES region within  the viral genome. PCR (polymerase
chain reaction) amplification of that cDNA  was performed in order to
amplify the DNA, as well as to add 5' and 3' ends  suitable for insertion
between the light and heavy chain Ig coding domains. No  polyadenylation
signal was placed after the light chain immediately prior to the  IRES. The
ATG trinucleotide at position 834-836 (Genbank accession number  NC-001479)
was used as the start codon for the synthetic heavy chain leader  sequence.
[0132] Because the literature indicates that translation of the open reading
frame downstream of the IRES would be less efficient than the upstream open
reading frame (translation initiated by 5' CAP), restriction sites were
introduced  such that the IRES and heavy chain sequences could be duplicated
within the  vector. Mun I and Bgl II sites were introduced downstream of the
BamH I site.  Following digestion with EcoR I and BamH I, the fragment
containing the IRES  and heavy chain gene sequence could be easily inserted
into the Mun I and Bgl  II sites. The resultant construct would then
contain: CMV-light chain-IRES- heavy chain-IRES-heavy chain. The addition of
the second heavy chain was  made in order to compensate for any inefficiency
associated with internal  ribosome entry. B. CHO Cell Expression [0133] A
plasmid containing the expression vector expressing one heavy  



chain utilizing an SV40 enhancer was transfected into CHO cells using both a
43 15 MAY 2006 WO 03/048306 PCT/US02/36856 transient transfection protocol
as well as a protocol designed to yield stable  transfected cell lines
having high expression capability. These transfections  were performed in
parallel with conventional expression constructs containing  independent
light and heavy chain cassettes (CMV-Light-BGH) (CMV-Heavy- BGH).
Experimental results indicate that no apparent difference in expression
levels arose, meaning no reduction in heavy chain translation as a result of
inefficient IRES function was detected. Accordingly, an embodiment of the
inventive polycistronic construct is expected to express other gene
sequences  of interest contained in first and subsequent cistrons in
satisfactory amounts as  well. Experiments have shown that these constructs
express the downstream  heavy chain gene in the bicistronic construct at
levels equivalent to those  obtained using conventional non-polycistronic
expression systems, as  discussed herein below. EXAMPLE 2 A. Generation of
G418 Resistant Cell Lines [0134] The polycistronic expression construct in
this example encodes the  modified humanized antibody with specificity to
the human TAG 72 protein.  This antibody comprised of humanized murine
variable domains (both light and  heavy), the human kappa light chain
constant domain and the human gammal  heavy chain constant region with a
specific deletion of the CH2 domain. This  expression construct is referred
to as "HuCC49 CH2 Linker in N5KIRESGI DeICH2", a map of which is depicted in
Figure 3, and the sequence  of which is set forth in Figure 6. HuCC49 CH2
Linker in N5KIRESGI DeICH2  was transfected into the CHO-DG44 parent cell
line. Transfections were  performed using 0.5, 1.0, 2.0 or 4.0 ug linearized
DNA per 4 x 106 CHO cells  per 96 well plate. Dominant selection of stably
transfected cells was  accomplished via the expression construct encoded
neomycin resistance  marker and media (CHO-S-SFM II + HT) containing G418.
[0135] Viable wells were identified, expanded to small scale (120 ml)
spinner  culture and cellular productivity assessed by ELISA assay. A
variety of G418  resistant cell isolates were obtained producing easily
detectable secreted  antibody. Four in particular, 22B6, 22E6, 22H10 and
25A2 were determined to 44 15 MAY 2006 



WO 03/048306 PCTIUS02/36856 be producing 3-10 mg/L in 3-4 days, or 1-5
picogram/cell/day (pod). Southern  blot analysis, as shown in Figures 4 and
5, was performed and it was observed  that each of these four cell lines
possess expression construct integrated at a  single site within each cell
line- The lanes labeled "M" contained size markers.  Chinese hamster ovary
cell nucleic acid served as a negative control, and was  run in the lanes
labeled "CHO". Sample 14H9CD was a NEOSPLA construction. B. ELISA Assay
Ascertaining Ratio of Light to Heavy Chain  [0136] In parallel to generation
of these cell lines, a NEOSPLA expression  construct of the same antibody
was constructed and transfected. HuCC49 CH2  Linker in N5KG1 DeICH2, shown
in Figure 3, encodes the immunoglobulin light  and heavy chain genes on
independent transcriptional cassettes, translation of  each mediated by 5'
CAP translational initiation complexes. A particular G418  resistant cell
line isolated by transfection of this expression construct was  termed 14H9.
Analysis of culture supernatants from 14H9 and the polycistronic  isolate
22B6 was performed to examine the relative ratios of secreted light chain
and heavy chain. Analysis was performed by ELISA by capturing and detecting
with either light or heavy chain specific secondary antibodies. Results of
duplicate samples are displayed in Table 1, the data being expressed as mg/L
compared to an immunoglobulin standard. Total light chain measured (KK) is
compared to total assembled antibody measured (-pc in the ratio column.
TABLE I ConstructRatio TieCell lineKKKK/ POLYCISTRONIC5F720.62.27.12.9
5F78.40.972.53.4 NEOSPLA14H979.56.933.62.4 14H956.06.723.92.3 [0137] The
cell line 14H9 is an unusually high producing G418 cell line as a  result of
a high gene copy number. Of interest here are the roughly equivalent
relative ratios of free or assembled immunoglobulin light and heavy chains.
This  data demonstrates that, surprisingly, expression of immunoglobulin
heavy chain 45 15 MAY 2006 WO 03/048306 PCT/US02/36856 within the
Polycistronic expression system, placed after the IRES, is not
significantly reduced as compared to the NEOSPLA system. The observation
that the KK/yx ratios are greater than one is not unexpected and are likely
a  



result of permissive cellular secretion of free light chain. Therefore, in
this  Polycistronic expression system, IRES driven heavy chain protein
production  appears to be very efficient. C. Further ELISA Assays Comparing
Expressed Ratio of Light to  Heavy Chain [0138] Analysis of culture
supernatants from a variety of cell lines generated  by either the NEOSPLA
or Polycistronic expression systems was later  performed to examine the
relative ratios of secreted light chain and heavy chain.  Analysis was
performed by ELISA by capturing and detecting with either light or  heavy
chain specific secondary antibodies. Results of duplicate samples are
displayed here and are expressed as mg/L compared to an immunoglobulin
standard. [0139] The ELISA is performed by coating with a 96 well
micro-titre plate with  a "capture" antibody, followed by binding of cell
culture supernatant, followed by  "detection" via binding of a secondary
antibody conjugated to HRPO (horseradish peroxidase), followed by
colorometric quantification. KK indicates capture by goat anti-human kappa :
detection by goat anti-human kappa-HRPO  yy indicates capture by goat
anti-human IgG detection by goat anti-human IgG-HRPO yx indicates capture by
goat anti-human IgG : detection by goat anti-human kappa-HRPO  y y indicates
capture by goat anti-human kappa : detection by goat anti-human IgG-HRPO
TABLE 2 KKYYYKKYKm Kx/YY K ANTI-CD23 8B94.44.33.63.61.21.0NEOSPLA
8B9-5AI210.75.06.07.21.82.1NEOSPLA
8B9-5A12-50FI55.935.943.350.41.31.6NEOSPLA 889-5A12-50F1-
97.469.577.893.51.31.4NEOSPLA 500G8 - . ITUCC49 NO Iffl LINKER 46 15 MAY
2006 WO 03/048306 



PCTIUS02/36856 12E94.64.13.53.31.31.1NEOSPLA
12E9-5E821.611.511.510.11.91.9NEOSPLA
12E9-5E8-50C968.325.927.722.92.52.6NEOSPLA  ANTI-CD23
5F84.23.33.13.01.41.3POLYCISTRONIC  IIUCC49 GLY/SER  LINKER
3C114.33.93.62.51.21.1POLYCISTRONIC
3C11-5B1221.010.611.19.21.92.0POLYCISTRONIC
3C11-5B12-50B598.349.155.746.41.82.0POLYCISTRONIC  HUCC49 CH2  LINKER
25A2-50A521.812.412.310.61.81.8POLYCISTRONIC
25A2-5B3-50A596.945.046.545.52.12.2POLYCISTRONIC 25A2-5B3-50A5- 180. 111.
105. 102. 1.71.6POLYCISTRONIC 500F60000 [0140] This data further
demonstrates that, surprisingly, expression of  immunoglobulin heavy chain
within the polycistronic expression system, placed  after the IRES, is not
significantly reduced as compared to the NEOSPLA  system. The observation
that the KK/yy ratios are greater than one is likely a  result of permissive
cellular secretion of free light chain. Therefore, in this  polycistronic
expression system IRES driven heavy chain protein production  appears to be
very efficient. EXAMPLE 3 A. Increases in Expression via Genomic
Amplification  [0141] Both NEOSPLA and Polycistronic expression systems
contain an  expression cassette encoding the murine DHFR gene. As the parent
CHO- 



DG44 cell line used for expression is completely deficient in DHFR enzymatic
activity (double deletion), amplification of the integrated target gene
(murine  DHFR) is possible by growth selection in media containing
methotrexate (MTX).  During this amplification, the directly linked
immunoglobulin genes are  concomitantly amplified. Thus it is possible to
isolate cell lines producing  elevated amounts of immunoglobulin. Our first
round selection of G418  resistant cell lines is performed in 5 nM MTX.
Highest level producers (as 47 15 MAY 2006 WO 03/048306 PCT/US02/36856
determined by ELISA) are identified and then subjected to two subsequent
rounds of amplification with increasing concentrations of MTX (50 nM then
500  nM). [0142] Following three successive rounds of amplification in MTX,
500 nM  resistant cell lines can be identified. For the Polycistronic cell
lineage derived  from the G418 resistant cell line 25A2 the expression
levels at each step for  various isolates are listed below. For comparison
purposes, listed below are  expression levels for an irrelevant antibody
(anti-CD23) expressed using the  NEOSPLA expression system. This antibody is
Primatized(r) antibody bearing  primate-derived light and heavy chain
variable domains, human kappa light  chain constant region and the complete
human gamma 1 heavy chain (including  the CH2 domain) region. [0143] A
comparison of production levels of the Polycistronic System and the  NEOSPLA
system grown in controlled bioreactors is also included. Duplicate  runs in
bioreactors are represented for each system, Polycistronic and NEOSPLA.
TABLE 3  Polycistronic Expression System HoCC49 CH2 Linker in
NSIQRESG1DeICH2 MediaCell time G41825A2 5 nM MTX25A2-5B3 50 nM
MTX25A2-5B3-50A5 500 nM MTX25A2-5B3-50A5-500D8 500 nM MTX25A2-5B3-50A5-500F2
500 nM MTX25A2-5B3-50A5-500F6 In bioreactors 



500 nM MTX25A2-5B3-50A5-500F6 15 days 25A2-5B3-50A5-500F6 500 nM MTX 15 days
Mg/Lpcddoubling  4.52.030 hrs 16.611.532 45.620.335 78.026.842 84.227.540
89.925.135 729.028.6Growth over 701.028.2Growth over NEOSPLA Expression
System 48 15 MAY 2006 WO 03/048306 Anti-CD23 P5E8N-SHL in N5KG1
PCT/US02/36856 MediaCellp2ddoublin time G4188B914.94.533 5 nM
MTX8B9-5A1211.06.540 50 nM MTX8B9-5A12-50F156.122.035 500 nM
MTX8B9-5A12-50F1-500G853.528.644 In bioreactors 500 nM
MTX8B9-5A12-50F1-500G8927.029.1Growth over 12 days
8B9-5A12-50F1-500G8680.029.1Growth over 500 rim MTX 12 days [0144) As can be
seen from Table 3 above, expression levels at each stage of  selection
(G418, 5, 50 or 500 nM MTX) are comparable between the  Polycistronic and
NEOSPLA expression systems. Also, production levels from  controlled
bioreactor growth conditions appear comparable. Therefore, in this  system,
placing the immunoglobulin heavy chain under translational control of  



the EMCV IRES downstream of the light chain leads to effective
immunoglobulin  production. EXAMPLE 4 Method For Generation of Expression
Construct  [0145] A general method for the generation of polycistronic
expression  construct according to the invention is described herein. In
this methodology  the final expression construct is generated by insertion
of a DNA fragment  encoding the genes of interest (i.e. immunolgobulin light
and heavy chains) in a  single cloning step. The DNA fragment may be
generated by use of  conventional recombinant DNA technologies including
oligo synthesis and  ligation, overlapping PCR, complete DNA synthesis, or a
combination of any of  these methodologies as described previously. [0146]
Figure 7 contains a schematic outline summarizing the steps utilized to
generate a vector suitable for expression of an immunolgobulin (e.g.,
HuCC49)  in mammalian cells. This methodology demonstrates the use of
overlapping  PCR to generate a DNA fragment encoding both light and heavy
chain variable  domains. This fragment is then cloned in a single step into
a single insertion 49 15 MAY 2006 WO 03/048306 PCT/US02/36856 site of a
desired vector DNA to generate the final immunoglobulin expression
construct. However, while this is preferred, other methods are also be used,
e.g., the respective heavy and light chain genes alternatively may be
inserted at  different insertion sites in the vector construct. Also, the
number of light and  heavy chain genes in the polycistronic construct may be
varied. [0147] As disclosed, the immunolgobulin light chain variable domain
is  isolated or cloned from a suitable source (i.e. hybridoma, B-cell,
plasmid clone)  and cloned into a suitable vector such as PCEMPTY A4
containing the light  chain leader (which may or may not be retained
depending on situation), light  chain constant domain, IRES sequence, and a
heavy chain leader sequence.  Also, a heavy chain variable domain is
isolated and cloned into the same empty  vector (not containing the light
chain variable domain). Initially having the light  and heavy chain variable
domains contained in separate vectors is desirable as  it allows subsequent
nucleotide modifications tor one gene variable region  without potentially
impacting the other variable region. [0148] The two separate vectors
containing the light and heavy chain variable  domains serve as DNA
templates for independent cognate PCR amplification  reactions. Design of
the 5' and 3' PCR primers are such that there is a  



nucleotide sequence in common between the two resulting PCR products. This
common sequence then allows an overlapping region for a subsequent PCR
amplification step. The product of this ultimate PCR amplification step then
encodes the light chain leader/light chain variable/constant/IRES/synthetic
heavy leader/heavy variable domains or fragment thereof, e.g., domain
deleted  fragments. Figure 7 illustrates one example wherein a single DNA
sequence  comprising light and heavy chains separated by an IRES is inserted
into a single  restriction site on a vector. [0149] By the judicious design
of the above 5' and 3' PCR primers, flanking  restriction endonuclease
cleavage sites such as Nhe I are included. These Nhe  I or other restriction
sites then allow cloning of the DNA fragment into a suitable  vector such as
PCEMPTY B which contains all other elements for efficient  expression the
immunoglobulin in mammalian cells. The final vector (e.g., 50 15 MAY 2006 WO
03/048306 PCT/US02/36856 HuCC49 Gly/Ser in Polycis2) is then transfected
into the desired cells to  produce the gene product of interest e.g.,
(immunoglobulin). EXAMPLE 5 Increases in Expression via Genomic
Amplification [0150] HuCC49 in N5KIRESGIDeICH2 also contains an expression
cassette  encoding the murine DHFR gene. As the parent CHO-DG44 cell line is
completely deficient in DHFR enzymatic activity (double deletion),
amplification  of the integrated target gene (murine DHFR) is possible by
growth selection in  media containing methotrexate (MTX). During this
amplification, the directly  linked HuCC49 immunoglobulin genes are
concomitantly amplified. Thus it is  possible to isolate cell lines
producing elevated amounts of immunoglobulin.  First round selection of G418
resistant cell lines was performed in 5 nM MTX.  Highest level producers (as
determined by ELISA) were identified and then  subjected to two subsequent
rounds of amplification with increasing  concentrations of MTX (50 nM then
500 nM). [0151] Following three successive rounds of amplification in MTX,
three 500  nM resistant cell lines were identified. For the cell lineage
derived from the  G418 resistant cell line 25A2, the expression levels at
each step are listed in  Table 4. For comparison purposes, Table 5 shows
expression levels for an  irrelevant antibody (anti-CD23) expressed using
the NEOSPLA expression  system. This antibody is Primatized(r) antibody
bearing primate-derived light  and heavy chain variable domains, human kappa
light chain constant region  



and the complete human gammal heavy chain (including the CH2 domain)
region. 51 15 MAY 2006 WO 03/048306 PCT/US02/36856 TABLE 4: Polycistronic
Expression System HuCC49 CH2 Linker in N5KIRESG1DeICH2 MediaCellmg/L
pcdDoubling Time  G41825A24.52.030 hrs 5 nM MTX25A2-5B316.611.532 50 nM
MTX25A2-5B3-50A545.620.335 500 nM MTX25A2-5B3-50A5-500D878.026.842 500 nM
MTX25A2-5B3-50A5-500F284.227.540 500 nM MTX25A2-583-50A5-500F689.925.135
TABLE 5: NEOSPLA Expression System Anti-CD23 P5E8N-SHL in N5KGI
MediaCellmg/L pcdDoubling Time G4188B914.94.533 hrs 5 nM
MTX8B9-5A1211.06.540 50 nM MTX8B9-5A12-50F156.122.035 500 nM
MTX8B9-5A12-5OF1-500G853.528.644 [0152] As can be seen in Tables 4 and 5
above, expression levels at each  stage of selection (G418, 5, 50 or 500 nM
MTX) are comparable between the  Polycistronic and NEOSPLA expression
systems. Therefore, in this system,  placing the immunoglobulin heavy chain
under translational control of the EMCV  IRES downstream of the light chain
leads to effective immunoglobulin  production. [0153] While the invention
has been described in connection with specific  embodiments and examples
thereof, it will be understood by those of average  skill in the art that
the invention as disclosed is capable of further obvious  modifications.
This disclosure is intended to embrace such obvious departures  from the
preferred embodiments that fall within known or customary practices in  the
art and may be applied to the essential features set forth hereinabove, as
well as to the scope of the appended claims. 52 15 MAY 2006 WO 03/045306
PCT/US02/36556 



WHAT IS CLAIMED IS: 1 A polycistronic vector for expressing functional
antibodies in  eukaryotic host cells which vector comprises a polycistronic
transcription system comprising the following elements operably  linked in
the 5' to 3' orientation: (i) a promoter operable in a eukaryotic cell; (ii)
a first cistron comprising a first DNA sequence encoding  an antibody light
chain which optionally comprises at its 5'  terminus a signal peptide coding
sequence operable in  eukaryotic cells wherein said first DNA sequence does
not  comprise at its 3' end a poly A sequence and wherein said  first DNA
sequence comprises a 5' start codon and a 3'  terminal stop codon; (iii) an
internal ribosome entry site (IRES) obtained from a  member selected from
the group consisting of a  cardiovirus, a herpes virus and a poliovirus; and
(iv) at least a second cistron comprising the following  elements: (a) a
second DNA sequence encoding an  antibody heavy chain, wherein said second
DNA optionally  comprises at its 5' terminus a signal peptide coding
sequence operable in eukaryotic cells and wherein said  second DNA sequence
comprises a poly A sequence at  its 3' terminus only if the DNA sequence is
the 3' most  coding sequence in the polycistron, and further comprises  a
start and stop codon at the 5' and 3' termini, respectively  of said second
DNA sequence; wherein the first DNA sequence is expressed at a ratio ranging
between 10:1 and 1:1 with respect to the second DNA sequence  in a
eukaryotic host cell containing the polycistronic vector. 53 15 MAY 2006 WO
03/048306 PCT/US02/36856 2. The polycistronic vector of claim 1, wherein the
first and second  DNA sequences encoding respectively antibody heavy and
light  chain constant regions which are of primate origin. 3. The
polycistronic vector of claim 2, wherein said primate is  human. 4. The
polycistronic vector of claim 1, wherein first and second DNA  



sequences encode respectively antibody heavy and light chain  variable
regions which are of primate origin. 5. The polycistronic vector of claim 4,
wherein said primate is  human. 6. The polycistronic vector of claim 5,
wherein the heavy and light  chain variable regions are humanized. 7. The
polycistronic vector of claim 1, wherein the first and second  DNA sequences
encode respectively antibody heavy and light  chain constant regions which
are of rodent origin. 8. The polycistronic vector of claim 7, wherein said
rodent is mouse. 9. The polycistronic vector of claim 1, wherein the first
and second  DNA sequences encode respectively antibody heavy and light
chain variable regions which are of rodent origin. 10. The polycistronic
vector of claim 9, wherein the DNA sequences  encoding antibody heavy and
light chain variable regions are of  mouse origin. 54 15 MAY 2006 WO 0 310
48 3 0 6 PCT/US02136856 11. The polycistronic vector of claim 1, wherein the
eukaryotic  promoter is a mammalian promoter or viral promoter. 12. The
polycistronic vector of claim 11, wherein the promoter is a  CMV promoter.
13. The polycistronic vector of claim 1, wherein the IRES is obtained  from
a cardiovirus. 14. The polycistronic vector of claim 13, wherein the
cardiovirus is  human encephalomyocarditis virus. 15. The polycistronic
vector of claim 1, wherein the functional  antibodies expressed by the
polycistronic vector specifically bind  to a tumor associated antigen, an
antigen expressed on a B cell  or an antigen expressed on a T cell. 16. The
polycistronic vector of claim 15, wherein the functional  antibodies
expressed by the polycistronic vector specifically bind  to an antigen
selected from the group consisting of TAG-72, CD4,  CD11, CD19, CD20, CD22,
CD23, CD37, CD40, CD45, CD80,  CD86 and CD154. 17. The polycistronic vector
of claim 16, wherein the antigen is TAG- 72. 



18. The polycistronic vector of claim 16, wherein the functional  antibody
is a human, humanized Primatized or chimeric antibody  specific to TAG-72.
19. The polycistronic vector of claim 15, wherein the antibody is  rituximab
or ibritumomab. 55 15 MAY 2006 WO 03/048306 PCTIUS02/36856 20. The
polycistronic vector of claim 1, wherein DNA sequence  encoding the antibody
light chain is expressed at a ratio ranging  between 3:1 and 1:1 with
respect to the antibody heavy chain. 21. A eukaryotic cell comprising a
polycistronic vector according to  any one of claims 1-20, wherein the
eukaryotic cell secretes  about 5 to about 100 picograms of functional
antibody per day. 22. The eukaryotic cell of claim 21, wherein the
eukaryotic cell is a  mammalian cell or yeast cell. 23. The mammalian cell
of claim 22, wherein the mammalian cell is a  member selected from the group
consisting of baby hamster  kidney cell, fibroblast cell, myeloma cell, and
Chinese Hamster  Ovary cells (CHO cells). 24. The mammalian cell of claim 23
which is a CHO cell. 25. The yeast cell of claim 23 wherein said yeast cell
is selected from  the group consisting of Saccharomyces,
Schizosacchoriomyces,  Hansenula, Yarrowia, Pichia, and Candida. 26. The
yeast cell of claim 26 wherein said Pichia strain is Pichia  pastoris. 27. A
method of producing functional antibodies comprising culturing  a eukaryotic
cells according to claim 21 in a cell culture to  produce functional
antibodies and recovering the functional  antibodies from the eukaryotic
cell culture. 56 15 MAY 2006 WO 03/048306 PCT/US02/36856 28. The method of
claim 27, wherein the cultured eukaryotic cells  produce at least about 1-5
picograms of antibodies/cell per day. 29. The method of claim 28 wherein
said eukaryotic cell is a  mammalian or yeast cell. 30. The method of claim
28, wherein the functional antibodies are  



recovered from cell culture medium. 31. The method of claim 28, wherein the
functional antibodies  specifically bind TAG-72. 32. The method of claim 31,
wherein said functional antibody  comprises a humanized, human or chimeric
anti-CH2 domain  deleted HuCC49 antibody. 33. The method of claim 28,
wherein said chimeric antibody is  rituximab or ibritumomab. 34. The method
of claim 27 wherein the production of functional  antibodies further
comprises the step of homologous  recombination. 35. The method of claim 28,
wherein the functional antibodies are  produced in batch fed cell cultures.
57 15 MAY 2006 SEQUENCE LISTING <110> REFF, MITCHELL  BAR-NETT, RICHARD
<120> POLYCISTRONIC EXPRESSION OF ANTIBODIES <130>037003/291921
<140>10/295,823 <141>2002-11-18 <150>60/331,481 <151>2001-11-16
<150>60/400,687 <151>2002-08-05 <160>5 <170> Patentln Ver. 2.1 <210> 1
<211> 10  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Synthetic  spacer peptide <400> 1 Gly Gly Ser Ser Gly
Gly Gly Gly Ser Gly  1 5 10 



<210> 2  <211> 9233  <212> DNA <213> Artificial Sequence <220>  <223>
Description of Artificial Sequence: Synthetic nucleotide sequence of HuCC49
<400> 2 ctgacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtga60
ccgctacacttgccagcgccctagcgcccgctcctttcgctttcttcccttcctttctcg120
ccacgttcgccggctttccccgtcaagctctaaatcgggggctccctttagggttccgat180
ttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtaggg240
tcgcgacgtaccgggccccccctcgattaattaatcgagctactagctttgcttctcaat300
ttcttatttgcataatgagaaaaaaaggaaaattaattttaacaccaattcagtagttga360 15 MAY 2006
2 ttgagcaaatgcgttgcaaaaaaggatgctttagagacagtgttctctgcacagataagg420
acaaacattattcagagggagtacccagagctgagactcctaagccagtgagtggcacag480
catccagggagaaatatgcttgtcatcaccgaagcctgattccgtagagccacaccctgg540
taagggccaatctgctcacacaggatagagagggcaggagccagggcagagcatataagg600
tgaggtaggatcagttgctcctcacatttgcttctgacatagttgtgccagcatggagga660
atcgatcctccatgcttgaacaagatggattgcacgcaggttctccggccgcttgggtgg720
agaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgccgtgt780
tccggctgtcagcgcaggggcgcccggttctttttgtcaagaccgacctgtccggtgccc840
tgaatgaactgcaggtaagtgcggccgctctaggcctccaaaaaagcctcctcactactt900
ctggaatagctcagaggccgaggcggcctcggcctctgcataaataaaaaaaattagtca960
gccatgcatggggcggagaatgggcggaactgggcggagttaggggcgggatgggcggag1020
ttaggggcgggactatggttgctgactaattgagatgcatgctttgcatacttctgcctg1080
ctggggagcctggggactttccacacctggttgctgactaattgagatgcatgctttgca1140
tacttctgcctgctggggagcctggggactttccacaccctaactgacacacattccaca1200
gaattaattcccctagttattaatagtaatcaattacggggtcattagttcatagcccat1260
atatggagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacg1320
acccccgcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactt1380
tccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaag1440
tgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcctggc1500
attatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattag1560
tcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatagcggt1620
ttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggc1680 



accaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaatgg1740
gcggtaggcgtgtacggtgggaggtctatataagcagagctgggtacgtgaaccgtcaga1800
tcgcctggagacgccatcacagatcaaagctttgatctctcaccatggatagccaggccc1860
aggtgctcatgctcctgctgctgtgggtgagcggcacatgcggcgacatcgtgatgagcc1920
agtctccagactccctggccgtgtccctgggcgagagggtgactctgaattgcaagtcca1980
gccagtccctgctctatagcggaaatcagaagaactatctcgcctggtatcagcagaaac2040
cagggcagagccctaaactgctgatttactgggcatccgctagggaatccggcgtgcctg2100
atcgcttcagcggcagcggatctgggacagacttcactctgacaatcagcagcgtgcagg2160
cagaagacgtggcagtctattattgtcagcagtattatagctatcccctcacattcggcg2220
ctggcaccaagctggaactgaaacgtacggtggctgcaccatctgtcttcatcttcccgc2280
catctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttct2340
atcccagagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactccc2400
aggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagcagcaccctga2460
cgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagg2520
gcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttgaattcctccctccc2580
ccccccctaacgttactggccgaagccgcttggaataaggccggtgtgcgtttgtctata2640
tgttattttccaccatattgccgtcttttggcaatgtgagggcccggaaacctggccctg2700
tcttcttgacgagcattcctaggggtctttcccctctcgccaaaggaatgcaaggtctgt2760
tgaatgtcgtgaaggaagcagttcctctggaagcttcttgaagacaaacaacgtctgtac2820
cgaccctttgcaggcagcggaaccccccacctggcgacaggtgcctctgcggccaaaagc2880
cacgtgtataagatacacctgcaaaggcggcacaaccccagtgccacgttgtgagttgga2940
tagttgtggaaagagtcaaatggctctcctcaagcgtattcaacaaggggctgaaggatg3000
cccagaaggtaccccattgtatgggatctgatctggggcctcggtgcacatgctttacat3060
gtgtttagtcgaggttaaaaaacgtctaggccccccgaaccacggggacgtggttttcct3120
ttgaaaaacacgatgataatatgggttggagcctcatcttgctcttccttgtcgctgttg3180
ctacgcgtgtcctgtcccaggtccagctggtgcagtccggcgctgaggtggtgaaacctg3240
gggcttccgtgaagatttcctgcaaggcaagcggctacaccttcactgatcacgcaatcc3300
actgggtgaaacagaatcctggacagcgcctggagtggattggatatttctctcccggaa3360
acgatgattttaagtacaatgagaggttcaagggcaaggccacactgactgcagacacat3420
ctgccagcactgcctacgtggagctctccagcctgagatccgaggatactgcagtgtact3480
tctgcacaagatccctgaatatggcctactggggacagggaaccctggtcaccgtctcca3540
gcgctagcaccaagggcccatcggtcttccccctggcaccctcctccaagagcacctctg3600
ggggcacagcggccctgggctgcctggtcaaggactacttccccgaaccggtgacggtgt3660
cgtggaactcaggcgccctgaccagcggcgtgcacaccttcccggctgtcctacagtcct3720
caggactctactccctcagcagcgtggtgaccgtgccctccagcagcttgggcacccaga3780
cctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagc3840 15 MAY 2006
3 



ccaaatcttgtgacaaaactcacacatgcccaccgtgccccatcgagaaaaccatctcca3900
aagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggatgagc3960
tgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgacatcg4020
ccgtggagtgggagagcaatgggcagccggagaacaactacaagaccacgcctcccgtgc4080
tggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagcaggtggc4140
agcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgc4200
agaagagcctctccctgtctccgggtaaatgaggatccaattggcccgggcagatctgat4260
ccgttaacggttaccaactacctagactggattcgtgacaacatgcggccgtgatatcta4320
cgtatgatcagcctcgactgtgccttctagttgccagccatctgttgtttgcccctcccc4380
cgtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgagga4440
aattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcagga4500
cagcaagggggaggattgggaagacaatagcaggcatgctggggatgcggtgggctctat4560
ggcttctgaggcggaaagaaccagctggggctcgacagcgctgcgatcgcctcgactagt4620
agctttgcttctcaatttcttatttgcataatgagaaaaaaaggaaaattaattttaaca4680
ccaattcagtagttgattgagcaaatgcgttgccaaaaaggatgctttagagacagtgtt4740
ctctgcacagataaggacaaacattattcagagggagtacccagagctgagactcctaag4800
ccagtgagtggcacagcatccagggagaaatatgcttgtcatcaccgaagcctgattccg4860
tagagccacaccctggtaagggccaatctgctcacacaggatagagagggcaggagccag4920
ggcagagcatataaggtgaggtaggatcagttgctcctcacatttgcttctgacatagtt4980
gtgttgggagcttggatagcttgggggggggacagctcagggctgcgatttcgcgccaaa5040
cttgacggcaatcctagcgtgaaggctggtaggattttatccccgctgccatcatggttc5100
gaccattgaactgcatcgtcgccgtgtcccaaaatatggggattggcaagaacggagacc5160
taccctggcctccgctcaggaacgagttcaagtacttccaaagaatgaccacaacctctt5220
cagtggaaggtaaacagaatctggtgattatgggtaggaaaacctggttctccattcctg5280
agaagaatcgacctttaaaggacagaattaatatagttctcagtagagaactcaaagaac5340
caccacgaggagctcattttcttgccaaaagtttggatgatgccttaagacttattgaac5400
aaccggaattggcaagtaaagtagacatggtttggatagtcggaggcagttctgtttacc5460
aggaagccatgaatcaaccaggccacctcagactctttgtgacaaggatcatgcaggaat5520
ttgaaagtgacacgtttttcccagaaattgatttggggaaatataaacttctcccagaat5580
acccaggcgtcctctctgaggtccaggaggaaaaaggcatcaagtataagtttgaagtct5640
acgagaagaaagactaacaggaagatgctttcaagttctctgctcccctcctaaagctat5700
gcatttttataagaccatgggacttttgctggctttagatcagcctcgactgtgccttct5760
agttgccagccatctgttgtttgcccctcccccgtgccttccttgaccctggaaggtgcc5820
actcccactgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgt5880
cattctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaat5940
agcaggcatgctggggatgcggtgggctctatggcttctgaggcggaaagaaccagctgg6000
ggctcgaagcggccgctccggatcgaggccgctactaactctctcctccctcctttttcc6060
tgcaggacgaggcagcgcggctatcgtggctggccacgacgggcgttccttgcgcagctg6120 



tgctcgacgttgtcactgaagcgggaagggactggctgctattgggcgaagtgccggggc6180
aggatctcctgtcatctcaccttgctcctgccgagaaagtatccatcatggctgatgcaa6240
tgcggcggctgcatacgcttgatccggctacctgcccattcgaccaccaagcgaaacatc6300
gcatcgagcgagcacgtactcggatggaagccggtcttgtcgatcaggatgatctggacg6360
aagagcatcaggggctcgcgccagccgaactgttcgccaggctcaaggcgcgcatgcccg6420
acggcgaggatctcgtcgtgacccatggcgatgcctgcttgccgaatatcatggtggaaa6480
atggccgcttttctggattcatcgactgtggccggctgggtgtggcggaccgctatcagg6540
acatagcgttggctacccgtgatattgctgaagagcttggcggcgaatgggctgaccgct6600
tcctcgtgctttacggtatcgccgctcccgattcgcagcgcatcgccttctatcgccttc6660
ttgacgagttcttctgagcgggactctggggttcgaaatgaccgaccaagcgacgcccaa6720
cctgccatcacgagatttcgattccaccgccgccttctatgaaaggttgggcttcggaat6780
cgttttccgggacgccggctggatgatcctccagcgcggggatctcatgctggagttctt6840
cgcccacccaacttgtttattgcagcttataatggttacaataaagcaaatagcatcaca6900
aatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatc6960
aatgtatcttatcatgtctggatcgcggccggccgccaccgcggtggagctttaattaag7020
gcgcgccagctccagcttttgttccctttagtgagggttaatttcgagcttggcgtaatc7080
atggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacacaacatacg7140
agccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaat7200
tgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgcattaatg7260
aatcggccaacgcgcggggagaggcggtttgcgtattgggcgctcttccgcttcctcgct7320 15 MAY 2006
4 cactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggc7380
ggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaagg7440
ccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccg7500
cccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacagg7560
actataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgac7620
cctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctca7680
tagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgt7740
gcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtc7800
caacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcag7860
agcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacac7920
tagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagt7980
tggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaa8040
gcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggg8100
gtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaa8160
aaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtat8220
atatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagc8280 



gatctgtctatttcgttcatccatagttgcctgactccccgtcgtgtagataactacgat8340
acgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcacc8400
ggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcc8460
tgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtag8520
ttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacg8580
ctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatg8640
atcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaag8700
taagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgt8760
catgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgaga8820
atagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcgcc8880
acatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctc8940
aaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatc9000
ttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgc9060
cgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttca9120
atattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtat9180
ttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccac9233 <210> 3  <211>
3548  <212> DNA <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Synthetic polycistronic expression construct nucleotide
sequence <400> 3
ctgacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtga60
ccgctacacttgccagcgccctagcgcccgctcctttcgctttcttcccttcctttctcg120
ccacgttcgccggctttccccgtcaagctctaaatcgggggctccctttagggttccgat180
ttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtaggg240
tcgcgacgtaccgggccccccctcgattaatagatctctcaccatgagggtccccgctca300
gctcctggggctcctgctgctctggctcccaggtgcacgatgtgatgtttaaacggtacc360
aaggtggaaatcaaacgtacggtggctgcaccatctgtcttcatcttcccgccatctgat420
gagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccaga480
gaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagt540
gtcacagagcaggacagcaaggacagcacctacagcctcagcagcaccctgacgctgagc600
aaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagc660
tcgcccgtcacaaagagcttcaacaggggagagtgttgaattcctccctcccccccccct720
aacgttactggccgaagccgcttggaataaggccggtgtgcgtttgtctatatgttattt780
tccaccatattgccgtcttttggcaatgtgagggcccggaaacctggccctgtcttcttg840 
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acgagcattcctagtggtctttcccctctcgccaaaggaatgcaaggtctgttgaatgtc900
gtgaaggaagcagttcctctggaagcttcttgaagacaaacaacgtctgtagcgaccctt960
tgcaggcagcggaaccccccacctggcgacaggtgcctctgcggccaaaagccacgtgta1020
taagatacacctgcaaaggcggcacaaccccagtgccaggttgtgagttggatagttgtg1080
gaaagagtcaaatggctctcctcaagcgtattcaacaaggggctgaaggatgcccagaag1140
gtaccccattgtatgggatctgatctggggcctcggtgcacatgctttacatgtgtttag1200
tcgaggttaaaaaacgtctaggccccccgaaccacggggacgtggttttcctttgaaaaa1260
cacgatgataatatgggttggagcctcatcttgctcttccttgtcgctgttgctacgcgt1320
atttaaatgctagcggcgcgccagctccagcttttgttccctttagtgagggttaatttc1380
gagcttggcgtaatcatggtcatagctgtttcctgtgtgaaattgttatccgctcacaat1440
tccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgag1500
ctaactcacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtg1560
ccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgctc1620
ttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatc1680
agctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaa1740
catgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtt1800
tttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtg1860
gcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtgcg1920
ctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaag1980
cgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctc2040
caagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaa2100
ctatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactgg2160
taacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcc2220
taactacggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttac2280
cttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtgg2340
tttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatccttt2400
gatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggt2460
catgagattatcaaaaaggatcttcacctagatccttttaattaaaaaatgaagttttaa2520
atcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtga2580
ggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccccgtcgt2640
gtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcg2700
agacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccga2760
gcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccggga2820
agctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacagg2880
catcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatc2940
aaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctcc3000 



gatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgca3060
taattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaac3120
caagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacg3180
ggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttc3240
ggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcg3300
tgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaac3360
aggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcat3420
actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggata3480
catatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaa3540
agtgccac3548 <210> 4  <211> 7815  <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Plasmid PCEMPTYB nucleotide
sequence 15 MAY 2006 6 <400> 4
ctgacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtga60
ccgctacacttgccagcgccctagcgcccgctcctttcgctttcttcccttcctttctcg120
ccacgttcgccggctttccccgtcaagctctaaatcgggggctccctttagggttccgat180
ttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtaggg240
tcgcgacgtaccgggccccccctcgattaattaatcgagctactagctttgcttctcaat300
ttcttatttgcataatgagaaaaaaaggaaaattaattttaacaccaattcagtagttga360
ttgagcaaatgcgttgccaaaaaggatgctttagagacagtgttctctgcacagataagg420
acaaacattattcagagggagtacccagagctgagactcctaagccagtgagtggcacag480
catccagggagaaatatgcttgtcatcaccgaagcctgattccgtagagccacaccctgg540
taagggccaatctgctcacacaggatagagagggcaggagccagggcagagcatataagg600
tgaggtaggatcagttgctcctcacatttgcttctgacatagttgtgccagcatggagga660
atcgatcctccatgcttgaacaagatggattgcacgcaggttctccggccgcttgggtgg720
agaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgccgtgt780
tccggctgtcagcgcaggggcgcccggttctttttgtcaagaccgacctgtccggtgccc840
tgaatgaactgcaggtaagtgcggccgctctaggcctccaaaaaagcctcctcactactt900
ctggaatagctcagaggccgaggcggcctcggcctctgcataaataaaaaaaattagtca960
gccatgcatggggcggagaatgggcggaactgggcggagttaggggcgggatgggcggag1020
ttaggggcgggactatggttgctgactaattgagatgcatgctttgcatacttctgcctg1080 



ctggggagcctggggactttccacacctggttgctgactaattgagatgcatgctttgca1140
tacttctgcctgctggggagcctggggactttccacaccctaactgacacacattccaca1200
gaattaattcccctagttattaatagtaatcaattacggggtcattagttcatagcccat1260
atatggagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacg1320
acccccgcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactt1380
tccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaag1440
tgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcctggc1500
attatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattag1560
tcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatagcggt1620
ttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggc1680
accaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaatgg1740
gcggtaggcgtgtacggtgggaggtctatataagcagagctgggtacgtgaaccgtcaga1800
tcgcctggagacgccatcacagatctgtttaaacgctagcaccaagggcccatcggtctt1860
ccccctggcaccctcctccaagagcacctctgggggcacagcggccctgggctgcctggt1920
caaggactacttccccgaaccggtgacggtgtcgtggaactcaggcgccctgaccagcgg1980
cgtgcacaccttcccggctgtcctacagtcctcaggactctactccctcagcagcgtggt2040
gaccgtgccctccagcagcttgggcacccagacctacatctgcaacgtgaatcacaagcc2100
cagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactcacacatg2160
cccaccgtgcccagcacctgaactcctggggggaccgtcagtcttcctcttccccccaaa2220
acccaaggacaccctcatgatctcccggacccctgaggtcacatgcgtggtggtggacgt2280
gagccacgaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataa2340
tgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcct2400
caccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaa2460
agccctcccagcccccatcgagaaaaccatctccaaagccaaagggcagccccgagaacc2520
acaggtgtacaccctgcccccatcccgggatgagctgaccaagaaccaggtcagcctgac2580
ctgcctggtcaaaggattctatcccagcgacatcgccgtggagtgggagagcaatgggca2640
gccggagaacaactacaagaccacgcctcccgtgctggactccgacggctccttcttcct2700
ctacagcaagctcaccgtggacaagagcaggtggcagcaggggaacgtcttctcatgctc2760
cgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctccctgtctccggg2820
taaatgaggatccaattcgactgatgcaacggttaccaactacctagactggattcgtga2880
caacatgcggccgtgatatctacgtatgatcagcctcgactgtgccttctagttgccagc2940
catctgttgtttgcccctcccccgtgccttccttgaccctggaaggtgccactcccactg3000
tcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgtcattctattc3060
tggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatg3120
ctggggatgcggtgggctctatggcttctgaggcggaaagaaccagctggggctcgacag3180
cgctgcgatcgcctcgactagtagctttgcttctcaatttcttatttgcataatgagaaa3240
aaaaggaaaattaattttaacaccaattcagtagttgattgagcaaatgcgttgccaaaa3300
aggatgctttagagacagtgttctctgcacagataaggacaaacattattcagagggagt3360 



acccagagctgagactcctaagccagtgagtggcacagcatccagggagaaatatgcttg3420 15 MAY 2006
7 tcatcaccgaagcctgattccgtagagccacaccctggtaagggccaatctgctcacaca3480
ggatagagagggcaggagccagggcagagcatataaggtgaggtaggatcagttgctcct3540
cacatttgcttctgacatagttgtgttgggagcttggatagcttgggggggggacagctc3600
agggctgcgatttcgcgccaaacttgacggcaatcctagcgtgaaggctggtaggatttt3660
atccccgctgccatcatggttcgaccattgaactgcatcgtcgccgtgtcccaaaatatg3720
gggattggcaagaacggagacctaccctggcctccgctcaggaacgagttcaagtacttc3780
caaagaatgaccacaacctcttcagtggaaggtaaacagaatctggtgattatgggtagg3840
aaaacctggttctccattcctgagaagaatcgacctttaaaggacagaattaatatagtt3900
ctcagtagagaactcaaagaaccaccacgaggagctcattttcttgccaaaagtttggat3960
gatgccttaagacttattgaacaaccggaattggcaagtaaagtagacatggtttggata4020
gtcggaggcagttctgtttaccaggaagccatgaatcaaccaggccacctcagactcttt4080
gtgacaaggatcatgcaggaatttgaaagtgacacgtttttcccagaaattgatttgggg4140
aaatataaacttctcccagaatacccaggcgtcctctctgaggtccaggaggaaaaaggc4200
atcaagtataagtttgaagtctacgagaagaaagactaacaggaagatgctttcaagttc4260
tctgctcccctcctaaagctatgcatttttataagaccatgggacttttgctggctttag4320
atcagcctcgactgtgccttctagttgccagccatctgttgtttgcccctcccccgtgcc4380
ttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgc4440
atcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaa4500
gggggaggattgggaagacaatagcaggcatgctggggatgcggtgggctctatggcttc4560
tgaggcggaaagaaccagctggggctcgaagcggccgctccggatcgaggccgctactaa4620
ctctctcctccctcctttttcctgcaggacgaggcagcgcggctatcgtggctggccacg4680
acgggcgttccttgcgcagctgtgctcgacgttgtcactgaagcgggaagggactggctg4740
ctattgggcgaagtgccggggcaggatctcctgtcatctcaccttgctcctgccgagaaa4800
gtatccatcatggctgatgcaatgcggcggctgcatacgcttgatccggctacctgccca4860
ttcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcggatggaagccggtctt4920
gtcgatcaggatgatctggacgaagagcatcaggggctcgcgccagccgaactgttcgcc4980
aggctcaaggcgcgcatgcccgacggcgaggatctcgtcgtgaaccatggcgatgcctgc5040
ttgccgaatatcatggtggaaaatggccgcttttctggattcatcgactgtggccggctg5100
ggtgtggcggaccgctatcaggacatagcgttggctacccgtgatattgctgaagagctt5160
ggcggcgaatgggctgaccgcttcctcgtgctttacggtatcgccgctcccgattcgcag5220
cgcatcgccttctatcgccttcttgacgagttcttctgagcgggactctggggttcgaaa5280
tgaccgaccaagcgacgcccaacctgccatcacgagatttcgattccaccgccgccttct5340
atgaaaggttgggcttcggaatcgttttccgggacgccggctggatgatcctccagcgcg5400
gggatctcatgctggagttcttcgcccacccaacttgtttattgcagcttataatggtta5460
caaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctag5520 



ttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatcgcggccggccgcca5580
ccgcggtggagctttaattaaggcgcgccagctccagcttttgttccctttagtgagggt5640
taatttcgagcttggcgtaatcatggtcatagctgtttcctgtgtgaaattgttatccgc5700
tcacaattccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaat5760
gagtgagctaactcacattaattgcgttgcgctcactgcccgctttccagtcgggaaacc5820
tgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattg5880
ggcgctcttccgcttcc tcgctcactgactcgctgcgctcggtcgttcggctgcggcgag5940
cggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcag6000
gaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgc6060
tggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtc6120
agaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccc6180
tcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctccctt6240
cgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcg6300
ttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttat6360
ccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcag6420
ccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagt6480
ggtggcctaactacggctacactagaagaacagtatttggtatctgcgctctgctgaagc6540
cagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggta6600
gcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaag6660
atcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaaggga6720
ttttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaa6780
gttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaa6840
tcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactcc6900 15 MAY 2006
8 ccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatga6960
taccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaa7020
gggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgtt7080
gccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattg7140
ctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttccc7200
aacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcg7260
gtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcag7320
cactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagt7380
actcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgt7440
caatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaac7500
gttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaac7560
ccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgag7620
caaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaa7680 



tactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatga7740
gcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttc7800
cccgaaaagtgccac7815 <210> 5  <211> 9527  <212> DNA <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence: Synthetic nucleotide
sequence of HuCC49 Gly/Ser construct  contained in Polycis 2 vector <400> 5
ctgacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtga60
ccgctacacttgccagcgccctagcgcccgctcctttcgctttcttcccttcctttctcg120
ccacgttcgccggctttccccgtcaagctctaaatcgggggctccctttagggttccgat180
ttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtaggg240
tcgcgacgtaccgggccccccctcgattaattaatcgagctactagctttgcttctcaat300
.ttcctatttgcataatgagaaaaaaaggaaaattaattttaacaccaattcagtagttga360
ttgagcaaatgcgttgccaaaaaggatgctttagagacagtgttctctgcacagataagg420
acaaacattattcagagggagtacccagagctgagactcctaagccagtgagtggcacag480
catccagggagaaatatgcttgtcatcaccgaagcctgattccgtagagccacaccctgg540
taagggccaatctgctcacacaggatagagagggcaggagccagggcagagcatataagg600
tgaggtaggatcagttgctcctcacatttgcttctgacatagttgtgccagcatggagga660
atcgatcctccatgcttgaacaagatggattgcacgcaggttctccggccgcttgggtgg720
agaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgccgtgt780
tccggctgtcagcgcaggggcgcccggttctttttgtcaagaccgacctgtccggtgccc840
tgaatgaactgcaggtaagtg_ ccgctctaggcctccaaaaaagcctcctcactactt900
ctggaatagctcagaggccgaggcggcctcggcctctgcataaataaaaaaaattagtca960
gccatgcatggggcggagaatgggcggaactgggcggagttaggggcgggatgggcggag1020
ttaggggcgggactatggttgctgactaattgagatgcatgctttgcatacttctgcctg1080
ctggggagcctggggactttccacacctggttgctgactaattgagatgcatgctttgca1140
tacttctgcctgctggggagcctggggactttccacaccctaactgacacacattccaca1200
gaattaattcccctagttattaatagtaatcaattacggggtcattagttcatagcccat1260
atatggagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacg1320
acccccgcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactt1380
tccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaag1440
tgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcctggc1500
attatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattag1560 



tcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatagcggt1620
ttaactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggc1680
accaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaatgg1740 15 MAY 2006
9 gcggtaggcgtgtacggtgggaggtctatataagcagagctgggtacgtgaaccgtcaga1800
tcgcctggagacgccatcacagatctgtttaaacgctagcctctcaccatggatagccag1860
gcccaggtgctcatgctcctgctgctgtgggtgagcggcacatgcggcgacatcgtgatg1920
agccagtctccagactccctggccgtgtccctgggcgagagggtgactctgaattgcaag1980
tccagccagtccctgctctatagcggaaatcagaagaactatctcgcctggtatcagcag2040
aaaccagggcagagccctaaactgctgatttactgggcatccgctagggaatccggcgtg2100
cctgatcgcttcagcggcagcggatctgggacagacttcactctgacaatcagcagcgtg2160
caggcagaagacgtggcagtctattattgtcagcagtattatagctatcccctcacattc2220
ggcgctggcaccaagctggaactgaaacgtacggtggctgcaccatctgtcttcatcttc2280
ccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataac2340
ttctatcccagagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaac2400
tcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcaggagcacc2460
ctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccat2520
cagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttgaattcctccc2580
tcccccccccctaacgttactggccgaagccgcttggaataaggccggtgtgcgtttgtc2640
tatatgttattttccaccatattgccgtcttttggcaatgtgagggcccggaaacctggc2700
cctgtcttcttgacgagcattcctaggggtctttcccctctcgccaaaggaatgcaaggt2760
ctgttgaatgtcgtgaaggaagcagttcctctggaagcttcttgaagacaaacaacgtct2820
gtagcgaccctttgcaggcagcggaaccccccacctggcgacaggtgcctctgcggccaa2880
aagccacgtgtataagatacacctgcaaaggcggcacaaccccagtgccacgttgtgagt2940
tggatagttgtggaaagagtcaaatggctctcctcaagcgtattcaacaaggggctgaag3000
gatgcccagaaggtaccccattgtatgggatctgatctggggcctcggtgcacatgcttt3060
acatgtgtttagtcgaggttaaaaaacgtctaggccccccgaaccacggggacgtggttt3120
tcctttgaaaaacacgatgataatatgggttggagcctcatcttgctcttccttgtcgct3180
gttgctacgcgtgtcctgtcccaggtccagctggtgcagtccggcgctgaggtggtgaaa3240
cctggggcttccgtgaagatttcctgcaaggcaagcggctacaccttcactgatcacgca3300
atccactgggtgaaacagaatcctggacagcgcctggagtggattggatatttctctccc3360
ggaaacgatgattttaagtacaatgagaggttcaagggcaaggccacactgactgcagac3420
acatctgccagcactgcctacgtggagctctccagcctgagatccgaggatactgcagtg3480
tacttctgcacaagatccctgaatatggcctactggggacagggaaccctggtcaccgtc3540
tccagcgctagcaccaagggcccatcggtcttccccctggcaccctcctccaagagcacc3600
tctgggggcacagcggccctgggctgcctggtcaaggactacttccccgaaccggtgacg3660
gtgtcgtggaactcaggcgccctgaccagcggcgtgcacaccttcccggctgtcctacag3720 



tcctcaggactctactccctcagcagcgtggtgaccgtgccctccagcagcttgggcacc3780
cagacctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagtt3840
gagcccaaatcttgtgacaaaactcacacatgcccaccgtgcccagcacctgaactcctg3900
gggggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccgg3960
acccctgaggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagttc4020
aactggtacgtggacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcag4080
tacaacagcacgtaccgtgtggtcagcgtcctcaccgtcctgcaccaggactggctgaat4140
ggcaaggagtacaagtgcaaggtctccaacaaagccctcccagcccccatcgagaaaacc4200
atctccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgg4260
gatgagctgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagc4320
gacatcgccgtggagtgggagagcaatgggcagccggagaacaactacaagaccacgcct4380
cccgtgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagc4440
aggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccac4500
tacacgcagaagagcctctccctgtctccgggtaaatgaggatccaattcgactgatgca4560
acggttaccaactacctagactggattcgtgacaacatgcggccgtgatatctacgtatg4620
atcagcctcgactgtgccttctagttgccagccatctgttgtttgcccctcccccgtgcc4680
ttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgc4740
atcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaa4800
gggggaggattgggaagacaatagcaggcatgctggggatgcggtgggctctatggcttc4860
tgaggcggaaagaaccagctggggctcgacagcgctgcgatcgcctcgactagtagcttt4920
gcttctcaatttcttatttgcataatgagaaaaaaaggaaaattaattttaacaccaatt4980
cagtagttgattgagcaaatgcgttgccaaaaaggatgctttagagacagtgttctctgc5040
acagataaggacaaacattattcagagggagtacccagagctgagactcctaagccagtg5100
agtggcacagcatccagggagaaatatgcttgtcatcaccgaagcctgattccgtagagc5160
cacaccctggtaagggccaatctgctcacacaggatagagagggcaggagccagggcaga5220 15 MAY 2006
gcatataaggtgaggtaggatcagttgctcto cttctgacatagttgtgttg5280 ctcacatttg
ggagcttggatagcttgggggggggacagctcagggctgcgatttcgcgccaaacttgac5340
ggcaatcctagcgtgaaggctggtaggattttatccccgctgccatcatggttcgaccat5400
tgaactgcatcgtcgccgtgtcccaaaatatggggattggcaagaacggagacctaccct5460
ggcctccgctcaggaacgagttcaagtacttccaaagaatgaccacaacctcttcagtgg5520
aaggtaaacagaatctggtgattatgggtaggaaaacctggttctccattcctgagaaga5580
atcgacctttaaaggacagaattaatatagttctcagtagagaactcaaagaaccaccac5640
gaggagctcattttcttgccaaaagtttggatgatgccttaagacttattgaacaaccgg5700
aattggcaagtaaagtagacatggtttggatagtcggaggcagttctgtttaccaggaag5760
ccatgaatcaaccaggccacctcagactctttgtgacaaggatcatgcaggaatttgaaa5820 



gtgacacgtttttcccagaaattgatttggggaaatataaacttctcccagaatacccag5880
gcgtcctctctgaggtccaggaggaaaaaggcatcaagtataagtttgaagtctacgaga5940
agaaagactaacaggaagatgctttcaagttctctgctcccctcctaaagctatgcattt6000
ttataagaccatgggacttttgctggctttagatcagcctcgactgtgccttctagttgc6060
cagccatctgttgtttgcccctcccccgtgccttccttgaccctggaaggtgccactccc6120
actgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgtcattct6180
attctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcagg6240
catgctggggatgcggtgggctctatggcttctgaggcggaaagaaccagctggggctcg6300
aagcggccgctccggatcgaggccgctactaactctctcctccctcctttttcctgcagg6360
acgaggcagcgcggctatcgtggctggccacgacgggcgttccttgcgcagctgtgctcg6420
acgttgtcactgaagcgggaagggactggctgctattgggcgaagtgccggggcaggatc6480
tcctgtcatctcaccttgctcctgccgagaaagtatccatcatggctgatgcaatgcggc6540
ggctgcatacgcttgatccggctacctgcccattcgaccaccaagcgaaacatcgcatcg6600
agcgagcacgtactcggatggaagccggtcttgtcgatcaggatgatctggacgaagagc6660
atcaggggctcgcgccagccgaactgttcgccaggctcaaggcgcgcatgcccgacggcg6720
aggatctcgtcgtgacccatggcgatgcctgcttgccgaatatcatggtggaaaatggcc6780
gcttttctggattcatcgactgtggccggctgggtgtggcggaccgctatcaggacatag6840
cgttggctacccgtgatattgctgaagagcttggcggcgaatgggctgaccgcttcctcg6900
tgctttacggtatcgccgctcccgattcgcagcgcatcgccttctatcgccttcttgacg6960
agttcttctgagcgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgcc7020
atcacgagatttcgattccaccgccgccttctatgaaaggttgggcttcggaatcgtttt7080
ccgggacgccggctggatgatcctccagcgcggggatctcatgctggagttcttcgccca7140
cccaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttc7200
acaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgta7260
tcttatcatgtctggatcgcggccggccgccaccgcggtggagctttaattaaggcgcgc7320
cagctccagcttttgttccctttagtgagggttaatttcgagcttggcgtaatcatggtc7380
atagctgtttcctgtgtgaaattgttatccgctcacaattccacacaacatacgagccgg7440
aagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattgcgtt7500
gcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgcattaatgaatcgg7560
ccaacgcgcggggagaggcggtttgcgtattgggcgctcttccgcttcctcgctcactga7620
ctcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaat7680
acggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagca7740
aaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccc7800
tgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactata7860
aagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgcc7920
gcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagctc7980
acgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacga8040
accccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaaccc8100 



ggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgag8160
gtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaag8220
aacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtag8280
ctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagca8340
gattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctga8400
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggat8460
cttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatga8520
gtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctg8580
tctatttcgttcatccatagttgcctgactccccgtcgtgtagataactacgatacggga8640
gggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccggctcc8700 15 MAY 2006
agatttatcagcaataaaccagccagccggI I cgcagaagtggtcctgcaac8760 aagggccgag
tttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgcc8820
agttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtc6880
gtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccc6940
catgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagtt9000
ggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgcc9060
atccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtg9120
tatgcggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcgccacatag9180
cagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggat9240
cttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagc9300
atcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaa9360
aaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatatta9420
ttgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaa9480
aaataaacaaataggggttccgcgcacatttccccgaaaagtgccac9527 




