
EP 0 406 272 B1 Description This invention relates to an insulin-like
growth factor binding protein and to the means and methods for its
production in therapeutically significant quantities. 5      Peptides of
the insulin-like growth factor (IGF) family, the recombinant production of
which is described, e.g., in EP 128,733 published December 19, 1984, to Lee
et al., are found associated with binding proteins in the circulation, in
other body fluids,and in media conditioned by cultured cells. Two IGF
binding proteins, found in different fluids, have been identified and
characterized. Hintz R.L. (1984) Clinics in Endo. and Metabol., 13: 31-42;
Martin, J.L. and Baxter, R.C. (1986) J. Biol. Chem., 261: 8754-8760; Povoa
et al. (1984) 10  Eur. J. Biochem., 144: 199-204. One predominates in adult
serum, while the other is found in highest concentrations in amniotic
fluid. Baxter et al. (1987) J. Clin. Endo. and Metabol., 65: 423-431. The
levels of the binding protein in adult serum have been found to reflect the
growth hormone (GH) status of individuals who are either GH-deficient or
acromegalic. Thus, high levels of binding protein correlate with high
levels of GH. Martin and Baxter (1985) J. Clin. Endo. and Metabol., 61:
799-801. Thus, 15  this binding protein has been referred to as the
GH-dependent IGF binding protein. For convenience, the designations BP53
for the GH-dependent binding protein from human plasma and BP28 for the
binding protein first isolated from amniotic fluid are used herein. The
designations indicate the size of the purified proteins on non-reducing
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). BP53
is found as an acid-stable component of a 125-150 kD glycoprotein complex
contained in human 20  plasma that carries most of the endogenous IGFs and
is also regulated by GH. White et al. (1981) J. Clin. Endo. and Metabol.,
53: 49ff; Hintz et al., J. Clin. Endo. and Metabol., 53: 100ff; and
Daughaday et al. (1982) J. Clin. Endo. and Metabol., 55: 916ff. The binding
component of this complex, purified after acidification, has a molecular
weight on SDS-PAGE of 43 kD (reduced) and 53 kD (non-reduced). The purified
protein has a high affinity for IGF-I and IGF-II (K[err] = 20-40 nM[err]).
Martin and Baxter, J. Biol. 25  Chem., op cit, The concentration of BP53 in
normal adult plasma is 6.1 mg/l. The levels of BP53 are increased in
acromegalic subjects to 13.5 mg/l and decreased in GH-deficient subjects to
2-3 mg/l. Baxter and Martin, J. Clin. Invest., 78: 1504-1542 (1986). While
BP28 predominates in amniotic fluid, BP53 is also found in amniotic fluid
at about 4.6 mg/l. The rat homolog of BP53 has been purified, and it has
considerable N-terminal amino acid sequence homology,with the human
protein. Baxter and Martin (1987) 30  Biochem. Biophys. Res. Comm. 147:
408-415. BP28 has a molecular weight of 35-40 kD as determined by gel
filtration chromatography (Drop et al. (1984) J. Clin. Endo. and Metabol.,
59: 899ff), similar to the 32 kD (reduced) or 28 kD (non-reduced) molecular
weight found on SDS-PAGE. The purified protein binds both IGF-I and IGF-II,
but with a lower affinity than BP53 (Ka = 3-7 nM[err]. Concentrations from
37 to 148 mg/l have been reported by Baxter et 35  al., supra, for BP28 in
amniotic fluid. While BP53 predominates in adult serum, BP28 is present in
serum where its concentrations range from 0.02 to 0.35 mg/l with a marked
diurnal cycle peaking at 0600 to 0800 hours. Baxter and Cowell (1987) J.
Clin. Endo. and Metabol., 65: 432-440. No such diurnal variation has been
found for BP53. N-terminal amino acid sequence data show that two other
human proteins, PP12 isolated from placenta (Koistinen et al. (1986)
Endocrin., 118: 1375ff) and an IGF binding protein isolated 40  from the
culture medium of a hepatoma cell line (HEP-G2) (Povoa et al. (1985)
Biochem. Biophys. Res. Comm., 128: 1071ff), are the same or closely related
to BP28. An IGF binding protein has also been isolated from the culture
medium of the rat cell line, BRL-3A. Lyons and Smith (1986) Mol. Cell.
Endo., 45: 263-270; Mottola et al. (1986) J. Biol. Chem., 261: 11180-11188.
Based on similar size properties, high fetal serum concentration, and some
protein sequence similarity, it is likely that this IGF binding protein is
the rat 45  homolog of BP28. Although the isolation and purification of
BP53 has been described in the literature as shown above, the relatively
low concentration of the protein in human plasma and the high cost, both in
terms of effort and expense, of recovering in commercial quantities
purified protein from the plasma hinder its broad-scale use, either alone
or in combination with IGF. 50     Accordingly, it is an object of the
present invention to isolate DNA encoding BP53 and to produce commercially
useful quantities of the protein from a therapeutically acceptable source.
It is a further object to obtain BP53 in a form unaccompanied by the
glycosylation associated with the native BP53. It is an additional object
to prepare amino acid sequence and other variants of BP53 that do not 55
substantially adversely affect the biological activity:of the protein. 



It is yet another object to produce BP53 completely free of other naturally
occurring (source) proteins. These and other objects of the invention will
be apparent from the specification as a whole. 3    EP 0 406 272 B1 The
objects of this invention are accomplished by expression of BP53 in
recombinant cell culture, a process that fundamentally comprises providing
nucleic acid encoding BP53, transforming host cells with the BP53-encoding
nucleic acid, and culturing the cells to express the protein in the host
cell culture. In one specific embodiment, this  invention encompasses an
isolated DNA sequence comprising a 5  sequence that encodes BP53 wherein
said DNA sequence is selected from the group consisting of: (a) the DNA
sequence set forth in Fig. 3; and (b) DNA sequences that hybridize under
stringent conditions to the DNA sequence defined in (a). The DNA sequence
may also be characterized as comprising a sequence encoding a protein
having an amino acid sequence sufficiently duplicative of that of BP53 to
allow it to possess the biological property of 10  (1) binding IGF, or (2)
cross-reacting immunologically with an antibody raised against at least one
epitope of the corresponding native protein. In other embodiments, the
invention relates to (1) labeled DNA sequences for assay purposes, (2) DNA
sequences operably linked to a promoter, (3) expression vectors comprising
the DNA sequence described above operably linked to control sequences
recognized by a host transformed by the vector, and (4) host 15 cells
transformed with the expression vector described above. Expression vectors
containing both BP53 and IGF are also contemplated herein, so as to enable
expression of both proteins together by the host cell. Further aspects of
the invention are directed to novel forms of BP53, including BP53 that is
unaccompanied by associated native glycosylation, has at least about 80%
homology with the amino acid sequence of the mature protein shown in Fig.
3, and possesses one or both of the biological properties of 20  (a)
binding IGF, or (b) cross-reacting immunologically with at least one
epitope of the corresponding native binding protein. Such BP53 is generally
obtained as a product of expression in heterologous recombinant cell
culture. BP53 in any form as a component of a recombinant cell culture is
novel. In a further embodiment, the invention is directed to a
pharmaceutical composition useful for binding IGF, comprising a
therapeutically effective amount of the BP53  protein of this invention in
a pharmaceuti- 25  cally acceptable carrier. Also  contemplated are
pharmaceutical  Compositions useful for metabolic regulation in mammals
comprising therapeutically effective amounts of IGF and the BP53 of this
invention in a pharmaceutically acceptable carrier. A diagnostic
composition useful for assaying the levels of IGF in circulating human
plasma is also 30  encompassed herein, comprising the BP53 of this
invention covalently bound to a detectable label moiety. The present
invention makes it possible to produce BP53 and/or derivatives thereof by
recombinant techniques, as well as. to provide products and methods related
to such production. The procedures involved to obtain BP53 recombinantly
were not straight-forward, as the N-terminal sequence information for the
first 15 amino acids provided by Martin and Baxter,op. cit., was not
sufficient to obtain a probe for 35  screening a library for the correct
clones. No complete amino acid sequence for BP53 was known *
heretofore. A longer internal sequence was necessary to obtain the
hybridization probes needed to identify clones with sequences encoding
BP53. In addition, identification of the correct clones was only obtained
upon using three separate pools of four probes simultaneously, and the
spots that represented the correct clones were weak. 40     This invention
also enables the production of BP53 in association with a membrane anchor
to allow the IGF to be effectively delivered better to a target cell. This
may be achieved by introducing at the C terminus of the BP53 protein, by
recombinant  means or otherwise, an amino acid sequence constituting the
transmembrane or membrane-binding  domain  of the normal receptor for
either IGF-I or IGF-II or a phospholipid anchor domain. In this case the
BP53 variant is recovered from host cell membrane 45  preparations.
Alternatively, the BP53 may be secreted into the extracellular medium of
the host cell. The utility of the BP53 protein and variants thereof resides
in binding IGF species present in vitro and in vivo. Thus, it is believed
that BP53  can be used to prolong the circulatory half-life of IGF. Without
an intent to be held to any one particular theory, it is believed that this
increase occurs because of 



sequestration of the IGF by the BP53, which may serve as a controlled
release reservoir for IGF. 50     Moreover, BP53 may find use as a
diagnostic agent for levels of IGF. In addition, the BP53 herein is
immunologically cross-reactive  with an antibody preparation  that has an
epitope recognized by the corresponding native BP53, thereby making the
BP53 herein  useful  as a diagnostic reagent for such antibodies. Other
uses for BP53 will be apparent to those skilled in the art. 55     Figure 1
depicts the oligonucleotide probe sequences used to screen human liver
libraries for cDNA clones for BP53, as well as the match to the cDNA
sequence obtained. Figure 2 depicts a diagram of the  BP53 cDNA and
translated amino acid sequence The open box indicates the region encoding
the mature BP53, and the filled box, the putative signal sequence. The 4
EP 0 406 272 B1 hydropathy plot is from the method of Kyte and Doolittle,
J. Mol. Biol., 157:105-132 (1982) with a window of ten residues. Figure 3
depicts the nucleotide and predicted amino acid sequence of human BP53 from
cDNA clone ibp.1 18. Predicted amino acids of the protein are shown below
the DNA sequence and are numbered from 5 the first residue of the
N-terminus of the protein sequence. Negative amino acid numbers refer to
the presumed leader signal sequence or preprotein, while positive numbers
refer to the mature protein. The location of the sequenced peptides is
indicated by underlining. Residues that were uncertain or unidentified upon
amino acid sequence determination are indicated by a dot. Figure 4 depicts
the construction of the starting expression vector pF8CIS used to construct
the 10   ultimate expression vector. Figure 5 depicts the construction of
the intermediate vector pCIS2.8c24D for Factor Vill in which the Clal site
is not effected by dam methylation. Also shown is the subcloning of 408 and
416 bp fragments of the Factor Vill coding region for construction of a
fusion plasmid. Figure 6 depicts the construction of the intermediate
plasmid pUC.8d28 containing the fusion region of 15  a Factor VIII variant
in a pUC vector. Figure 7 depicts the construction of the intermediate
expression vector encoding a Factor VIII variant protein pCIS2.8c28D.
Figure 8 depicts the construction of the expression vector pRK5 into which
the DNA encoding BP53 was inserted. 20     Figure 9 depicts the
construction of the expression vector pRK5.ibp1.1 used to transformed
mammalian host cells to produce BP53. Figure 10 depicts results of assays
of expression of BP53 in mammalian cells. Fig. 10a is a graph of
radioimmunoassay for BP53, with the circles, squares, and triangles meaning
addition of purified BP53 in ng, addition of pRK5.ibp1.1-transfected
culture medium in[err]and addition of control-transfected culture 25
medium in[err]respectively. Figure 10b depicts a graph for the binding of
BP53 to labeled IGF-I (closed symbols) or IGF-II (open symbols), with the
circles, squares, and triangles meaning addition of purified BP53 in ng,
addition of pRK5.ibp1.1-transfected culture medium in [err]and addition of
control-transfected culture medium in[err] respectively. Fig.10c depicts a
graph of the competition assay with unlabeled IGF-I of the binding of
labeled IGF-I to pRK5.ibp1.1 -transfected, culture medium. The insert is a
Scatchard plot of 30  the same data. Fig. 10d depicts the same as Fig. 10d
except that the binding is with IGF-II rather than IGF- I. As used herein,
"insulin-like growth factor binding protein," or "BP53," refers to a
mammalian insulin- like growth factor binding protein having the amino acid
sequence of Fig. 3, together with analogues and variants thereof having the
biological activity of native BP53. The biological activity of native BP53
is shared 35  by any analogue or variant thereof that is capable of
specifically binding IGF (normally IGF-I or IGF-II) or that possesses an
immune epitope that is immunologically cross-reactive with an antibody
raised against at least one epitope of native BP53. Analogues or variants
are defined as molecules in which the amino acid sequence, glycosylation,
or other feature of native BP53 has been modified covalently or
noncovalently. Thus, variants may or may not have a molecular weight of 53
kD (as determined by SDS-PAGE carried out 40  in the absence of a reducing
agent such as, e.g., [err]-mercaptoethanol or dithiothreitol). For example,



unglycosylated BP53 having the native mature sequence will have a molecular
weight of about 28.7 kD on non-reducing SDS-PAGE. Amino acid sequence
variants include not only alleles of the Fig. 3 sequence, but also
predetermined mutations thereof. Generally, amino acid sequence variables
have an amino acid sequence with at least about 80% homology, and more
typically, at least about 90% homology, to that of 45  the native BP53 of
Fig. 3. Henceforth, the term BP53 shall mean either the native sequence or
variant form unless otherwise appropriate. Included within the scope of the
present invention is BP53 unaccompanied by native glycosylation and having
the amino acid sequence. as set forth in Figure 3, analogous BP53 proteins
from other animal species such as bovine, equine, porcine, ovine, canine,
murine, feline, and the like, and biologically active 50  amino acid
sequence variants of unglycosylated BP53, including alleles and in
vitro-generated covalent derivatives of BP53 proteins that demonstrate BP53
activity. Amino acid sequence variants of BP53 include, for example,
deletions from, or insertions or substitu- tions of, residues within the
amino acid BP53 sequence shown in Figure 3. Any combination of deletion,
insertion and substitution may also be made to arrive at the final
construct, provided that the final construct 55  possesses thedesired
activity. Obviously, the mutations that will be made in the DNA encoding
the variant BP53 must not place the sequence out of reading frame and
preferably will not create complementary regions that could produce
secondary mRNA structure (see EP 75,444A). 5    EP 0 406 272 B1 These
variants ordinarily are prepared by site-directed mutagenesis of
nucleotides in the DNA encoding the BP53, thereby producing DNA encoding
the variant, and thereafter expressing the DNA in recombinant cell culture.
However, variant BP53 fragments having up to about 100-150 residues may be
conveniently prepared by in vitro synthesis. The variants typically exhibit
the same qualitative biological activity as the 5  naturally occurring
analog. While the site for introducing an amino acid sequence variation is
predetermined, the mutation per se need not be predetermined. For
example,to optimize the performance of a mutation at a given site, random
mutagenesis may be conducted at the target codon or region and the
expressed BP53 variants screened for the optimal combination of desired
activity. Techniques for making substitution mutations at predeter- 10
mined sites in DNA having a known sequence are well known, forn example, Ml
3 primer mutagenesis. Amino acid sequence deletions  generally range from
about 1 to 30 residues, more preferably 1 to 10 residues, and typically are
contiguous. Amino acid sequence insertions include amino- and/or
carboxyl-terminal fusions of from one residue to polypeptides of
essentially unrestricted length, as well as intrasequence insertions of
single or multiple 15 amino acid residues. Intrasequence insertions (i.e.,
insertions within the mature BP53 sequence) may range generally from about
1 to 10 residues, more preferably 1 to 5. An example of a single terminal
insertion is mature BP53 having an N-terminal methionyl residue. This
variant is an artifact of the direct expression of BP53 in recombinant cell
culture, i.e., expression without a signal sequence to direct the secretion
or cell membrane association of mature BP53. Other examples of terminal
insertions include: (1) fusions of signal 20  sequences, whether
heterologous or homologous, to the N-terminus of mature BP53 to facilitate
the secretion of mature BP53 from recombinant hosts, (2) fusions of
immunogenic polypeptides (i.e., polypep- tides sufficiently large to confer
immunogenicity to the target sequence), e.g., bacterial polypeptides such
as beta-lactamase, beta-galactosidase, or an enzyme encoded by the E. coli
trp locus, and (3) fusions with cell surface binding substances, such as
membrane anchors. 25     Fusions with cell surface binding substances need
not be produced by recombinant methods, but can be the product of covalent
or non-covalent association with BP53. For example, a transmembrane domain
from the normal cell surface receptor for IGF-I or IGF-II, or the
phospholipid anchor domain at the C- terminus of mature decay accelerating
factor (mDAF) described in EPO Pub. No. 244,267 published November 4, 1987,
may be covalently bound to, or expressed in recombinant cell culture as a
fusion with, 30  the C-terminus of BP53. Thus, the BP-53 may be expressed
in recombinant cell culture as a C-terminal fusion of the pre-BP53 with
mDAF. For example, a fusion protein may be constructed in which the last 37
amino acids of membrane DAF predicted by the spliced cDNA is fused in-frame
to the C-terminus of preBP53  glycoprotein that ordinarily is
constitutively secreted  to the culture medium. Rather than being 



secreted, this fusion construct will be transported to the cell membrane
and remain lodged there by virtue 35  of the phosphatidycholine anchor. The
third group of variants are those in which at least one amino acid residue
in the BP53 molecule, and preferably only.one, has been removed and a
different residue inserted in its place. Such substitutions generally are
made in accordance with the following Table 1 when it is desired to
modulate finely the characteristics of BP53. 40 45 50    EP 0 406 272 B1
Table 1 Original Residue   Exemplary Substitutions 5
Ala               gly; ser Arg          lys Asn              gin; his Asp
glu Cys              ser 10                                   Gin
asn Glu               asp Gly              ala; pro His              asn;
gin lie              leu; val 15                                   Leu
ile; val Lys              arg; gin; glu Met              leu; tyr; ile Phe
met; leu; tyr Ser              thr 20                                   Thr
.       ser Trp              tyr Tyr              trp; phe Val
ile; leu 25     Substantial changes in function or immunological identity
are made by selecting substitutions that are less conservative than those
in Table 1, i.e., selecting residues that differ more significantly in
their effect on maintaining (a) the structure of the polypeptide backbone
in the area of the substitution, for example, as a sheet or helical
conformation, (b) the charge or hydrophobicity of the molecule at the
target site, or (c) the bulk of the side chain. The substitutions that in
general are expected to produce the greatest changes in BP53 properties
will be those in. which (a) glycine and/or proline is substituted by
another amino acid or is deleted or inserted; (b) a hydrophilic residue,
e.g.,  seryl or threonyl, is substituted for (or by) a hydrophobic residue,
e.g., leucyl, isoleucyl, phenylalanyl, valyl, or alanyl; (c) a cysteine or
proline residue is substituted for (or by) any other residue; (d) a residue
having an electropositive side chain, e.g., lysyl, arginyl, or histidyl, is
substituted for (or by) an electronegative residue, e.g., glutamyl or
aspartyl; or (e) a residue having a bulky side chain, e.g., phenylalanine,
is substituted for (or by) one not having such a side chain, e.g., glycine.
Most deletions and insertions, and substitutions in particular, are not
expected to produce radical changes in the characteristics of the  BP53
molecule. However, when it is difficult to predict the exact effect of the
substitution, deletion, or insertion in advance of doing so, for example,
when modifying the IGF 40  binding domain or an immune epitope, one skilled
in the art will appreciate that the effect will be evaluated by routine
screening assays. For example, a variant typically is made by site-specific
mutagenesis of the native BP53-encoding nucleic acid, expression of  the
variant nucleic acid in recombinant cell culture, and, optionally,
purification from the cell culture, for example, by immunoaffinity
adsorption on a rabbit polycional 45  anti-BP53 column (to absorb the
variant by at least one remaining immune epitope). The activity of the cell
lysate or purified BP53 variant is then screened in a suitable screening
assay for the desired characteristic. 



For example, a change in the immunological character of the BP53, such as
affinity for a given antibody, is measured by.a competitive-type
immunoassay. Changes in immunomodulator activity are measured by the
appropriate assay. Modifications of such protein properties as redox or
thermal stability, hydrophobicity, susceptibility to proteolytic
degradation, or the tendency to aggregate with carriers or into multimers
are assayed by methods well known to the ordinarily skilled artisan. DNA
encoding BP53 may be. obtained from other sources than human by (a)
obtaining a cDNA library from tissues expressing BP53 mRNA of the
particular mammal, (b) conducting hybridization analysis with labeled DNA
encoding human BP53 or fragments thereof (usually greater than 100 base
pairs in length) to detect clones in the cDNA library containing homologous
sequences, and (c) analyzing the clones by 56 restriction enzyme analysis
and nucleic acid sequencing to identify full-length clones. If full-length
clones are not present in the library, then appropriate fragments may be
recovered from the various clones using the nucleic acid sequence
information disclosed herein for the first time and ligated at restriction
sites common to the clones to assemble a full-length clone encoding BP53.
Alternatively, genomic libraries will 7    EP 0406 272 B1 provide the
desired DNA. BP53 may be made by any technique, including both synthetic
and recombinant methods. Likewise, an isolated DNA is understood herein to
mean chemically synthesized DNA, cDNA, chromosomal, or extrach- romosomal
DNA with or without the 3' and/or 5' flanking regions. Preferably, the BP53
herein is made by 5  synthesis in recombinant cell culture. For such
synthesis, it is first necessary to secure nucleic acid that encodes BP53.
The inventors encountered considerable hardship in attempting to identify
any nucleic acid encoding BP53 from a human cDNA library. The sequence of
the human DNA encoding BP53 that was ultimately determined is shown in
Fig.-3. One reproducing the process now would not have these problems
because perfectly complementary probes can be obtained from the sequence in
Fig. 3. Once this DNA has 10  been identified, using hybridization of
several synthetic probes, the DNA isolated from the library is ligated into
a replicable vector for further cloning or for expression. For sequence
determination, native BP53 is obtained from mammalian plasma and purified
generally from the Cohn IV fraction thereof. Mostcommonly, the procedure
used to isolate and purify the native BP53 is described in Martin and
Baxter, J. Biol. Chem., 261: 8754-8760 (1986). Briefly, the Cohn paste is
blended 15 with acetic acid, NaCl solution and the resulting homogenate is
centrifuged for 30 min. at 4200 rpm. Endogenous IGF is removed by stirring
the supernatant with SP-Sephadex C-25 equilibrated with homogen- izing
buffer adjusted to pH 3.0. After 72 hours the stirring Is stopped, the gel
allowed to settle out, and the supernatant carefully decanted. The
supernatant is then adjusted to pH 4, resulting in a precipitate removed by
centrifugation. The resulting supernatant is then adjusted to pH 6.5 and
the mixture again centrifuged. 20 The resulting supernatant is pumped onto
a carefully prepared affinity column of agarose-IGF-II. The column is then
washed with sodium phosphate buffer at pH 6.5. The protein is eluted with
acetic acid, pH 3.0 at 1 ml/min. Active fractions are combined and applied
to a.reverse-phase high performance liquid chromatography column
equilibrated with 15% acetonitrile in 0.1% trifluoroacetic acid. A linear
gradient to 60% acetonitrile is immediately commenced and is for 30 minutes
at 1.5 ml./min. A single peak of the 25  protein is obtained. In one
example of a recombinant expression system BP53 is expressed in
prokaryotes, which do not process and secrete mature protein, by
transforming with an  expression vector comprising DNA encoding BP53. It is
preferable to transform  host  cells capable of accomplishing such
processing so as to obtain BP53 in the culture medium or periplasm of the
host cell. Typically, higher eukaryotic host cells such as 30   mammalian
cells are capable of processing BP53 and secreting mature BP53 upon
transformation with DNA encoding BP53. Secreted mature BP53 can be obtained
by ligating the 5' end of the DNA encoding mature BP53 to the 3' end of DNA
encoding a signal sequence recognized by the host cell. An expression
vector comprising the ligated DNA sequences is used to transform host
cells. The host cell  will process the expressed fusion 35  by
proteolytically cleaving the peptide bond between the signal sequence and
the first amino acid of BP53 and secreting the mature BP53 into the host
cell periplasm. or into the medium, depending upon the host 



cell in question. For example, in the construction of a prokaryotic
expression vector the BP53 secretory leader, i.e., amino acids -27 to -1,
is  replaced by the bacterial alkaline phosphatase or heat-stable
enterotoxin 11 leaders, and for yeast the BP53 leader is replaced by the
yeast invertase, a-factor, or acid 40  phosphatase leaders. Gram-negative
organisms transformed with a  homologous signal-BP53 fusion will secrete
mature BP53 into the cell periplasm, whereas yeast or Bacillus sp. will
secrete mature BP53 into the culture medium. Vectors are useful for
performing two functions in collaboration with compatible host cells (a
host-vector system). One function is to facilitate the cloning of the
nucleic acid that encodes the BP53, i.e., to produce 46  usable quantities
of the nucleic acid. The other function is to direct the expression of
BP53. One or both of these functions are performed by the vector-host
system. The vectors will contain different components depending on the
function they are to perform as well as the host cell that is selected for
cloning or expression. Each vector will contain nucleic acid that encodes
BP53 as described above. Typically,.this will be DNA 50  that encodes the
BP53 in its mature form linked  at its amino terminus to a secretion
signal. This secretion signal preferably is the BP53 presequence that
normally directs the secretion of BP53 from human cells in vivo. However,
suitable secretion signals also include signals from BP53 of other animals,
viral signals, or signals from secreted polypeptides of the  same or
related species. 55     Expression and cloning vectors contain a nucleic
acid sequence that enables the vector to replicate in one or more selected
host cells. Generally, in cloning vectors this sequence is one that enables
the vector to replicate independently of the host chromosomes, and includes
origins of replication or autonomously replicating sequences. Such
sequences are well known for a variety of bacteria, yeast and viruses. The
8    EP 0 406 272 B1 origin of replication from the well known plasmid
pBR322 (Bolivar et al., Gene, 2: 95-113 (1977)) is suitable for most
Gram-negative bacteria; the 2[err]plasmid origin for yeast and various
viral origins (SV40, polyoma, adenovirus, VSV, or BPV) are useful for
cloning vectors in mammalian cells. Origins are not needed for mammalian
expression vectors (the SV40 origin is used in the examples only because it
contains the early 5   promoter). Most expression vectors are "shuttle"
vectors, i.e., they are capable of replication in at least one class of
organisms, but can  be transfected into another organism for expression.
For example, a vector is cloned in E. coli and then the same vector is
transfected into yeast or mammalian cells for expression, even though it is
not capable of replicating independently of the host cell chromosome. DNA
also may be cloned by insertion into the host genome. This cloning may be
accomplished with 10  bacillus species, for example, by including in a
vector a DNA sequence that is complementary to a sequence found in bacillus
genomic DNA. Transfection of bacillus with this vector results in
homologous recombination with the genome and insertion of BP53 DNA.
However, the recovery of genomic DNA encoding BP53 is more complex than
that of an exogenously replicated vector because restriction enzyme
digestion is required to excise the BP53 DNA. Generally, DNA is inserted
into a host genome for purposes 15  of preparing a stable cell line or
microbe for BP53 expression. Expression and cloning vectors should contain
a selection gene, also termed a selectable marker. This is a gene that
encodes a protein necessary for the survival or growth of a host cell
transformed with the vector. The presence of this gene ensures that any
host cell that deletes the vector will not obtain an advantage in growth or
reproduction over transformed hosts. Typical selection genes encode
proteins that 20  (a) confer resistance to antibiotics or other toxins,
e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement
auxotrophic deficiencies, or (c) supply critical nutrients not available
from complex media, e.g., the gene encoding D-alanine racemase for bacilli.
A suitable selection gene for use in yeast is the trp1 gene present in the
yeast plasmid YRp7 (Stinchcomb et al. (1979) Nature, 282: 39; Kingsman et
al. (1979) Gene, 7: 141; or Tschemper et al. (1980) 25  Gene, 10: 157). The
trp1 gene provides a selection marker for a mutant strain of yeast lacking
the ability to grow in tryptophan, for example.,. ATCC No. 44,076 or PEP4-1
(Jones (1977) Genetics, 85: 12). The presence of the trp1 lesion in the
yeast host cell genome then provides an effective environment for detecting
transformation by growth  in the absence of tryptophan. Similarly,
Leu2-deficient yeast strains 



(ATCC 20,622 or 38,626) are complemented by known plasmids bearing the Leu2
gene. 30     Examples of suitable selectable markers for mammalian cells
are dihydrofolate reductase (DHFR) or thymidine kinase. Such markers enable
the identification of cells that were competent to take up the BP53 nucleic
acid. The mammalian cell transformants are placed under selection pressure
that only the transformants are uniquely adapted to survive by virtue of
having taken up the marker. Selection pressure is imposed by culturing the
transformants under conditions in which the concentration of selection
agent in the 35  medium is successively changed, thereby leading to
amplification of both the selection gene and the DNA that encodes BP53.
Amplification is the process by which genes in greater demand for the
production of a protein critical for growth are reiterated in tandem within
the chromosomes of successive generations of recombinant cells. Increased
quantities of BP53 are synthesized from the amplified DNA. For example,
cells transformed with the DHFR selection gene are first identified by
culturing all of the 40  transformants in a culture medium that lacks
hypoxanthine, glycine, and thymidine. An appropriate host cell in this case
is the Chinese hamster ovary (CHO) cell line deficient in DHFR activity,
prepared and propagated as described by Urlaub and Chasin (1980) Proc.
Nat'l. Acad. Sci.(USA) 77: 4216. A particularly useful DHFR is a mutant
DHFR that is  highly resistant to MTX (EP 117,060A). This selection agent
can be used with any otherwise suitable host, e.g., ATCC No. CCL61 CHO-K1),
notwithstanding the presence of 45  endogenous DHFR. The DHFR- and
BP53-encoding DNA then is amplified by exposure to an agent (methotrexate,
or MTX) that inactivates the  DHFR. One ensures that the cell requires more
DHFR (and consequently amplifies all exogenous DNA) by selecting only for
cells that can grow in successive rounds of ever-greater MTX concentration.
Expression vectors, unlike cloning vectors, should contain a promoter that
is recognized by the host so  organism and is operably linked to the BP53
nucleic acid. Promoters are untranslated sequences located upstream from
the start codon of a structural gene (generally within about 100 to 1000
bp) that control the transcription and translation of nucleic. acid
sequences under.their control. They typically fall into two classes,
inducible and constitutive. Inducible promoters are promoters that initiate
increased levels of transcription from DNA under their control in response
to some  change  in culture conditions, e.g., the 55  presence or absence
of a nutrient or a change in temperature. Constitutive promoters are not
induced by changes in culture conditions. At this time a large number of
promoters recognized by a variety of potential host cells are well known.
These promoters may be operably linked to BP53-encoding DNA by removing
them from their gene of origin by restriction enzyme digestion, and then
inserting them 5' to the start codon 9    EP 0 406 272 B1 for BP53. This is
not to say that the genomic BP53 promoter is not usable. However, promoters
heterologous to BP53 generally will result in greater transcription and
higher yields of expressed BP53. Promoters suitable for use with
prokaryotic hosts include the [err]-lactamase and lactose promoter systems
(Chang et al., Nature, 275:615 (1978) and Goeddel et al., Nature, 281: 544
(1979)), alkaline 5  phosphatase, a tryptophan (trp) promoter system
(Goeddel, Nucleic Acids Res., 8: 4057 (1980) and EPO Appln. Publ. No.
36,776), and hybrid promoters such as the tac promoter (H. de Boer et al.,
Proc. Nat'l. Acad. Sci. (USA) 80: 21-25 (1983)). However, other known
bacterial promoters are suitable. Their nucleotide sequences have been
published, thereby enabling a skilled worker operably to ligate them to DNA
encoding BP53 (Siebenlist 'et al., Cell, 20: 269 (1980)) using linkers or
adapters to supply any required restriction sites 10  (Siebenlist et al,
Cell, 20: 269 (1980)). Promoters for use in bacterial systems also will
contain a Shine- Dalgarno (SD) sequence operably linked to the DNA encoding
BP53. Suitable promoting sequences for use with yeast hosts include the
promoters for 3-phosphoglycerate kinase (Hitzeman et al., J. Biol. Chem.,
255: 2073 (1980)) or other glycolytic enzymes (Hess et al., J. Adv. Enzyme
Reg., 7: 149 (1968) and Holland, Biochemistry, 17: 4900 (1978)), such as
enolase, glyceraldehyde- 15  3-phosphate dehydrogenase, hexokinase,
pyruvate decarboxylase, phosphofructokinase, glucose-6-phos- phate
isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate
isomerase, phosphoglucose isomerase, and glucokinase. Other yeast promoters
that are inducible promoters having the additional advantage of
transcription controlled by growth conditions, are the promoter regions for
alcohol dehydrogenase 2, isocytochrome C, 20  acid phosphatase, degradative
enzymes associated with nitrogen metabolism, metallothionein, glyceral- 



dehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and
galactose utilization (Hol- land, op cit.). Suitable vectors and promoters
for use in yeast expression are further described in R. Hitzeman et al., EP
73,657A. Yeast enhancers also are advantageously used with yeast promoters.
BP53 transcription from vectors in mammalian host cells is controlled by
promoters obtained from 25  various sources, for example, the genomes of
viruses such as polyoma, Simian Virus 40 (SV40), adenovirus, retroviruses,
hepatitis-B virus, and, most preferably, cytomegalovirus, or from
heterologous mammalian promoters, e.g.,  beta actin promoter. The early and
late promoters of the SV40 virus are conveniently obtained as an SV40
restriction fragment that also contains the SV40 viral origin of
replication (Fiers et al., Nature, 273: 113 (1978)) The immediate early
promoter of the human cytomegalovirus is 30  conveniently obtained as a
HindIII E restriction fragment (Greenaway, P.J. et al., Gene, 18: 355-360
(1982)). Of course, promoters from the host cell or related species also
are useful herein. Transcription of BP53-encoding DNA by higher eukaryotes
is increased by Inserting an enhancer sequence into the vector. Enhancers
are cis-acting elements of DNA, usually from about 10 to 300 bp, that act
on a promoter to increase its transcription initiation capability.
Enhancers are relatively orientation and 35    position independent, having
been found 5' (Laimins, L. et al., Proc. Natl. Acad. Sci., 78: 993 (1981))
and 3' (Lusky, M.L., et al., Mol. Cell Bio., 3: 1108 (1983)) to the
transcription unit, within an intron (Banerji, J.L. et al., Cell, .33: 729
(1983)) as well as within the coding sequence itself (Osborne, T.F., et
al., Mol. Cell Bio., 4. 1293 (1984)). Many enhancer sequences are now known
from mammalian genes (globin, elastase, albumin, a-fetoprotein, and
insulin). Typically, however, one will use an enhancer from a eukaryotic
cell virus. 40  Examples include the SV40 enhancer on  the. late side of
the replication origin (bp 100-270), the cytomegalovirus early promoter
enhancer on the late side of the replication origin, and adenoviral
enhancers. The enhancers may be spliced into the vector at a position 5' or
3' to the BP53-encoding sequence, but is preferably located at a site 5'
from the promoter... Expression vectors used in eukaryotic host cells
(yeast, fungi, insect, plant, animal, human, or nucleated 45  cells) may
also contain sequences necessary for the termination of transcription that
may affect mRNA expression. These regions are transcribed as polyadenylated
segments in the untranslated portion of the mRNA encoding BP53. The 3'
untranslated regions also include transcription termination sites. Other
vectors suitable for adaptation to the synthesis of heterologous proteins
in recombinant vertebrate cell culture are described in M.J. Gething et al.
Nature, 293: 620-625 (1981): N. Mantei et al., Nature, 281: 50   40-46; and
A. Levinson et al.,EP 117,060A and 117,058A. A particularly useful starting
plasmid for mammalian cell culture expression of BP53 is pUC118, described
by Vieira and Messing, Meth, Enzymol., 153: 3-11 (1987). Briefly, pUC118 is
a 3.2 kb plasmid with ampicillin resistance and M13 IG region, and a
sequence encoding the lacZ peptide containing unique restriction sites for
cloning. pUC118 is pUC18 (described by Norrander et al., Gene, 26: 101
(1983)) with the IG region of M13 from the HgiAI site (5465) 55   to the
Dral site (5941) inserted at the unique Ndel site (2499) of pUC. The
orientation of the M13 IG region is such that the strand of the lac regioni
that is  packaged as ssDNA is the same as in the M13mp vectors. Suitable
host cells for cloning or expressing the vectors herein are prokaryotes,
yeast, ot higher eukaryotic cells. Prokaryotes include Gram-negative or
Gram-positive organisms, for example, E. coli or 10    EP 0 406 272 B1
bacilli. A preferred cloning host is E. coli 294 (ATCC No. 31,446),
although other Gram-negative or Gram- positive prokaryotes such as E. coli
B. E. coli X1776 (ATC No. 31,537), E. coli W31 10 [err] prototrophic, ATCC
No. 27,325). bacilli such as Bacillus subtilus, Salmonella tryphimurium,
Pseudomonas species, or Serratia Marcesans are suitable. If a prokaryotic
cell is employed as host for expression, 5  preferably the expression
vector contains a signal sequence for transport of the protein into the
culture medium. Otherwise, the protein, which contains 18 cysteine
residues, will be produced in the form of refractile bodies that require
special treatment to recover the protein, which treatment involves
refolding of the protein. In addition to prokaryotes, eukaryotic microbes
such as filamentous fungi or yeast are suitable hosts for 10  BP53-encoding
vectors. Saccharomyces cerevisiae, or common baker's yeast, is the most
commonly used eukaryotic microorganism, although a number of other strains
are commonly available. For expression in Saccharomyces, the plasmid YRp7
(Stinchcomb, et al., Nature, 282: 39 (1979); Kingsman et al., Gene, 7: 



141 (1979); Tschemper et al., Gene, 10: 157 (1980)) is commonly used. This
plasmid already contains the trp1 gene that provides a selection marker for
a mutant strain of yeast lacking the ability to grow in 15  tryptophan, for
example, ATCC No. 44,076 or PEP4-1 (Jones, Genetics, 85: 12 (1977)). The
presence of the trp1 lesion as a characteristic of the yeast host cell
genome then provides an effective means of selection by growth in the
absence of tryptophan. The preferred host cells for the expression of BP53
are cells derived from multicellular organisms. As described above, the
large number of cysteine residues on BP53 suggest that the host cell will
optimally be 20  of a higher phylogenetic order than the prokaryotes if one
is to expect the recombinant protein to demonstrate optimal conformational
fidelity to native BP53. It also may be necessary to ensure glycosyla- tion
of BP53. All of these functions can be performed best by higher eukaryotic
cells. In principle, any higher eukaryotic cell culture is workable,
whether from vertebrate or Invertebrate culture, although cells from
mammals such as monkeys, rats, hamsters, and humans are preferred.
Propagation of such cells In 25  culture is per se well known. See Tissue
Culture, Academic Press, Kruse and Patterson, editors (1973). Examples of
useful mammalian host cell lines include monkey kidney CVI line transformed
by SV40 (COS- 7, ATCC CRL 1651); human embryonic kidney cell line 293
(Graham, F.L. et al., J. Gen. Virol., 36: 59 (1977)); baby hamster kidney
cells (BHK, ATCC CCL 10); Chinese hamster ovary cells-DHFR (CHO, Urlaub and
Chasin, Proc. Natl. Acad. Sci. (USA) 77: 4216 (1980)); mouse sertoli cells
(TM4, Mather, J.P., Biol. 30  Reprod., 23: 243-251 (1980)); monkey kidney
cells (CVI, ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC
CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442);
human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065);
mouse mammary tumor (MMT 060562, ATCC CCI 51), and TRI cells (Mather, J.P.
et al., Annals N.Y. Acad. Sci., 383: 44-68 (1982)). 35     Construction of.
suitable vectors containing the desired coding and control sequences employ
standard ligation techniques. Isolated plasmids or DNA fragments are
cleaved, tailored, and religated in the form desired to form the plasmids
required. For analysis to confirm correct sequences in plasmids
constructed, the ligation mixtures are used to transform E. coli K12 strain
294 (ATCC 31,446) or other suitable host. Successful transformants are 40
selected by ampicillin, tetracycline, or other antibiotic resistance, or by
using other markers depending on the mode of plasmid construction, where
appropriate. Plasmids from the transformants may then be prepared according
to the method of Clewell, D.B., et al., Proc. Natl. Acad. Sci. (USA) 62:
1159 (1969), optionally following chloramphenicol amplification (Clewell,
D.B., J. Bacteriol., 110: 667 (1972)). The isolated DNA is analyzed by
restriction and/or sequenced by the dideoxy method of Messing et al.,
Nucleic Acids 45 Res., 9: 309 (1981) or by the method of Maxam et al.,
Methods in Enzymology, 65: 499 (1980). Host cells can be transformed with
the expression vectors of this invention and cultured in conventional
nutrient media modified as is appropriate for inducing promoters, selecting
transformants, or amplifying genes. The culture conditions, such as
temperature, pH and the like, suitably are those previously used with the
host cell selected for cloning or expression, as the case may be, and will
be apparent to the ordinarily 50  skilled artisan. BP53 preferably is
recovered from the culture medium or periplasm as a secreted protein. It
also may be recovered from host cell lysates when directly expressed
without  a secretory signal where as a first step the culture medium or
lysate is centrifuged to remove particulate cell debris. BP53 also may be
purified from contaminant soluble proteins, for example, by adsorption on a
selection column such as ConA and 55 elution therefrom, or adsorption on an
anti-BP53 immunoaffinity. column and elution therefrom. Alternatively,
other processes such as chromatography on alkyl Sepharose, silica, or an
anion or cation exchange resin or gel electrophoresis may be used to
separate the BP53 from contaminants. BP53 variants in which a membrane
anchor is attached to the BP53 protein may be recovered in the same fashion
as BP53.    EP 0 406 272 B1 A minor amount of a nonionic surfactant such as
Tween[err]or polyethylene glycol may be added to the BP53 during
purification for stabilization purposes if necessary. A protease inhibitor
such as PMSF also may be useful to inhibit proteolytic degradation during
purification, and antibiotics may be included to prevent the growth of
adventitious contaminants. 5      One skilled in the art will appreciate
that purification methods suitable for native BP53 may require 



modification to account for changes in the character of BP53 or its
variants upon expression in recombinant cell culture. For example, a  BP53
polypeptide produced in prokaryotic cell culture will not adsorb to Con-A
Sepharose because it will be unglycosylated. In this case, other methods
such as gel electrophoresis, ion exchange, or immunoaffinity purification
should be employed. Appropriate purification methods will be 10  apparent
to the ordinarily skilled practitioner, depending upon the characteristics
of the particular recom- binant BP53 under consideration. For
simplification of the examples and claims, certain frequently occurring
terms and methods will be referenced by shorthand phrases. "Transfection"
refers to the taking up of an expression vector by a host cell whether or
not any coding 15  sequences are in fact expressed. Numerous methods of
transfection are known to the ordinarily skilled artisan, for example,
[err]and electroporation. If prokaryotic cells or cells that contain
substantial cell wall constructions are used, the preferred method of
transfection is calcium treatment using calcium chloride as described by
Cohen, F.N. et al., Proc. Natl. Acad. Sci. (USA) 69: 2110 (1972).
Successful transfection is generally recognized when any indication of the
operation of this vector occurs within the host cell. 20
"Transformation" means introducing DNA Into an organism so that the DNA is
replicable, either as an extrachromosomal element or by chromosomal
integration. Depending on the host cell used, transformation is done using
standard techniques appropriate to such cells. The calcium treatment
employing calcium chloride, as described by Cohen, S.N. Proc. Natl. Acad.
Sci. (USA), 69: 2110 (1972), is generally used for prokaryotes or other
cells that contain substantial cell-wall barriers. For mammalian cells
without such cell 25  walls, the calcium phosphate precipitation method of
Graham, F. and van der Eb, A., Virology, 52: 456-457 (1978) is preferred.
General aspects of mammalian cell host system transformations have been
described by Axel in U.S. Pat No. 4,399,216 issued August 16, 1983.
Transformations into yeast are typically carried out according to the
method of Van Solingen, P., et al., J. Bact., 130: 946 (1977) and Hsiao,
C.L., et al., Proc. Natl. Acad. Sci. (USA) 76: 3829 (1979). However, other
methods for introducing DNA into cells such 30  as by nuclear injection or
by protoplast fusion may also be used. As used herein, the expression
"hybridize under stringent conditions" to describe certain DNA sequences
encompassed within the scope of this invention refers to hybridizing in 50%
formamide at 5 x SSC at a temperature of 42[err] and washing the filters in
0.2 x SSC at 60[err] (1 x SSC is 0.1 5M NaCl, 0.015M sodium citrate.) These
conditions are intended' to exclude sequences that hybridize to the BP28 35
sequence. "Site-directed mutagenesis" is a technique standard in the art,
and is conducted using a synthetic oligonucleotide primer complementary to
a single-stranded phage DNA to be mutagenized except for limited
mismatching, representing the desired mutation. Briefly, the synthetic
oligonucleotide is used as a primer to direct synthesis of a strand
complementary to the phage, and the resulting double-stranded DNA 40  is
transformed into a phage-supporting host bacterium. Cultures of the
transformed bacteria are plated in top agar, permitting plaque formation
from single cells that harbor the phage. Theoretically, 50% of the new
plaques will contain the phage having, as a single strand, the mutated
form; 50% will have the original sequence. The plaques are hybridized with
kinased synthetic primer at a temperature that permits hybridization of an
exact match, but at which the mismatches with the original strand are
sufficient to 45 prevent hybridization. Plaques that hybridize with the
probe are then selected and cultured, and the DNA is recovered. "Operably
linked" refers to juxtaposition such that the normal function of the
components can be performed. Thus, a coding sequence "operably linked" to
control sequences refers to a configuration wherein the coding sequence can
be expressed under the control of these sequences and wherein the DNA 50
sequences being linked are contiguous and, in the case of a secretory
leader, contiguous and in reading phase. For example, DNA for a presequence
or secretory leader is operably linked to DNA for a polypeptide if it is
expressed as a preprotein that participates in the secretion of the
polypeptide; a promoter or enhancer is operably linked to a coding sequence
if it affects the transcription of the sequence; or a ribosome binding site
is operably linked to a coding sequence if it is positioned so as to
facilitate 55  translation. Linking is accomplished by ligation at
convenient restriction sites. If such sites do not exist, then synthetic
oligonucleotide adaptors or linkers are used in accord with conventional
practice. "Control sequences" refers to DNA sequences necessary for the
expression of an operably linked coding sequence in a particular host
organism. The control sequences which are suitable for prokaryotes, 12  



EP 0 406 272 B1 for example, include a promoter, optionally an operator
sequence, a ribosome binding site, and possibly, other as yet poorly
understood sequences. Eukaryotic cells are known to utilize promoters,
polyadenylation signals, and enhancers. "Expression system" refers to DNA
sequences containing a desired coding sequence and control 5  sequences in
operable linkage, so that hosts transformed with these sequences are
capable of producing the encoded proteins. To effect transformation, the
expression system may be included on a vector; however, the relevant DNA
may then also be integrated into the host chromosome. As used herein,
"cell," "cell line," and "cell culture" are used interchangeably and all
such designations include progeny. Thus, "transformants" or "transformed
cells" includes the primary subject cell and 10  cultures derived therefrom
without regard for the number of transfers. It is also understood that all
progeny may not be precisely identical in DNA content, due to deliberate or
inadvertent mutations. Mutant progeny that have the same functionality as
screened for in the originally transformed cell are included. Where
distinct designations are intended, it will be clear from the context.
"Plasmids" are designated by a lower case p followed by an alphanumeric
designation. The starting 15  plasmids herein are commercially available,
are publicly available on an unrestricted basis, or can be constructed from
such available plasmids in accord with published procedures. In addition,
equivalent plasmids to those described are known in the art and will be
apparent to the ordinarily skilled artisan. "Digestion" of DNA refers to
catalytic cleavage of the DNA with a restriction enzyme that acts only at
certain sequences in the DNA. The various restriction enzymes used herein
are commercially available and 20  their reaction conditions, cofactors,
and other requirements were used as would be known to the ordinarily
skilled artisan, for example, following the manufacturer's directions. For
analytical purposes, typically 1[err] of plasmid or DNA fragment is used
with about 2 units of enzyme in about 20 [err] of buffer solution. For the
purpose of isolating DNA fragments for plasmid construction, typically 5 to
50[err] of DNA are digested with 20 to 250 units of enzyme in a larger
volume. Appropriate buffers and substrate amounts for particular 25
restriction enzymes are specified by the manufacturer. Incubation times of
about one hour at 37 degrees C are ordinarily used, but may vary in
accordance with the supplier's instructions. After digestion the reaction
mixture is electrophoresed  directly on a  polyacrylamide gel to. isolate
the desired fragment. "Dephosphorylation" refers to the removal of the
terminal 5' phosphates by treatment with bacterial alkaline phosphatase
(BAP). This procedure prevents the two restriction cleaved ends of a DNA
fragment 30  from "circularizing" or forming a closed loop that would
impede insertion of another DNA fragment at the restriction site.
Procedures and reagents for dephosphorylation are  conventional (T.
Maniatis et al., 1982, Molecular Cloning; A Laboratory Manual (New York:
Cold Spring Harbor Laboratories, 1982), pp. 133-134). Reactions using BAP
may be carried out in 50 mM Tris at 68  degrees C to suppress the activity
of any exonucleases that may be present in the enzyme preparations.
Reactions may be run for one hour. 35  Following the reaction the DNA
fragment may be recovered by extracting the preparation with phe-
nol/chloroform and precipitating with ethanol. Alternatively to
dephosphorylation, religation can be prevented in vectors that have been
double digested by additional restriction enzyme digestion of the unwanted
fragments. "Recovery" or "isolation" of a given fragment of DNA from a
restriction digest means separation of the 40  digest on polyacrylamide or
agarose gel by electrophoresis, identification of the fragment of interest
by comparison of its mobility versus that of marker DNA fragments of known
molecular weight, removal of the gel section containing the desired
fragment, and separation of the gel from DNA. This procedure is known
generally. For example, see R. Lawn et al.(1981) Nucleic Acids Res.
9:6103-6114, and D. Goeddel et al. (1980) Nucleic Acids Res. 8:4057. 45
"Southern Analysis" is a method by which the presence of DNA sequences in a
digest or DNA- containing composition is confirmed by hybridization to a
known, labelled oligonucleotide or DNA fragment. For the purposes herein,
unless otherwise provided, Southern analysis shall mean separation of
digests on 1 percent agarose, denaturation and transfer to. nitrocellulose
by the method of E. Southern (1975) J. Mol. Biol. 98: 501-517, and
hybridization as described by T. Maniatis et al. (1978) Cell 15: 687-701.
50 "Ligation" refers to the process of forming phosphodiester bonds between
two double stranded nucleic acid fragments (T. Maniatis et al, Molecular
Cloning: A Laboratory Manual, op. cit, p. 146). Unless otherwise provided,
ligation may be accomplished using known buffers and conditions. with 10
units of T4 DNA ligase 



("ligase") per 0.5[err] of approximately equimolar amounts of the DNA
fragments to be ligated. "Sticky-end" ligation is ordinarily performed at 0
degrees C, whereas "blunt-end" ligation is generally performed at 14 55
degrees C. "Filling" or  "blunting" refers to the  procedures by which the
single-stranded end in the cohesive terminus of a
restriction-enzyme-cleaved nucleic acid is converted to. a double strand.
This eliminates the cohesive terminus and forms a blunt end. This process
is a versatile tool for converting a restriction cut end 13    EP 0 406 272
B1 that may be cohesive with the ends created by only one or a few other
restriction enzymes into a terminus compatible with any blunt-cutting
restriction endonuclease or other filled cohesive terminus. Typically,
blunting is accomplished by incubating 2-15[err]of the target DNA in 10 mM
[err]1 mM dithiothreitol, 50 mM NaCl, 10 mM Tris (pH 7.5) buffer at about
37 degrees C in the presence of 8 units of the Klenow 5  fragment of DNA
polymerase I and 250[err]of each of the four  deoxynucleoside triphosphates
The incubation generally is terminated after 30 min. and the reaction
mixture is subjected to phenol and chloroform extraction and ethanol
precipitation. "Preparation" of DNA from transformants means isolating
plasmid DNA from microbial culture. Unless otherwise provided, the
alkaline/SDS method of Maniatis et al., Molecular Cloning: A Laboratory
Manual, op 10 cit., p. 90, may be used. "Oligonucleotides" are
short-length, single- or double-stranded polydeoxynucleotides that are
chemi- cally synthesized by known methods and then purified on
polyacrylamide gels. A summary of how BP53 was obtained through recombinant
means follows: 1. Purified BP53 from human plasma was partially sequenced.
15    2. A series of oligonucleotide probes representing a single codon
choice for each amino acid cor- responding to the amino terminal portion of
BP53 and to a number of the internal sequences of BP53 were chemically
synthesized and labeled with 32p. 3. Two adult liver cDNA libraries were
constructed in a [err] vector, one an oligo(dT)-primed library and one a
randomly primed library. 20    4. Each library was screened with three
probe pools. Each pool of probes gave from 300 to 1000 spots of varying
intensity with each library. Thirty-eight of the spots were duplicated with
two of the three probe pools; two spots appeared in triplicate, both from
the oligo(dT)-primed library. Two of the clones identified hybridized with
the three probe pools and with a fourth synthesized probe. Some of the
duplicate and triplicate clones were subcloned and mapped. 25    5. One of
the two subclones that hybridized to all four probe pools was sequenced and
the complete DNA sequence of BP53 determined. 6. The full-length cDNA
encoding BP53 was constructed in a plasmid and replicated. It should be
appreciated that knowledge of the complete DNA sequence in Fig. 3 enables
one to prepare extremely long probes having perfect homology  with BP53
cDNA, thereby considerably simplifying and increasing 30   the efficiency
of probing cDNA or genomic libraries from other species, and making it
possible to dispense with BP53 purification,  sequencing, and the
preparation of probe pools. 7. The cDNA encoding BP53 was  excised from the
cloning plasmid and ligated into an expression vehicle that was  used to
transform an appropriate host cell, which was then grown in a culture to
produce the desired BP53. 35    8. Biologically active, mature BP.53
produced according to the foregoing procedure has 264 amino acid residues,
of which 1 8. are cysteines. The following examples are intended merely to
illustrate the best mode now known for practicing the invention, but the
invention is not to be considered limited thereto. 40  EXAMPLE I
Identification of cDNA Clones Encoding BP53 And Cloning of Human Serum BP53
DNA encoding BP53 may be obtained by chemical synthesis when the complete
DNA sequence is 45  known, by screening reverse transcripts of mRNA from
human liver, or by screening genomic libraries from any cell. As neither
the complete amino acid nor DNA sequence of BP53 protein was known at the
time of this invention, the chemical synthesis  of .the complete DNA
sequence encoding BP53 was not possible at 



that time. Human serum binding  protein BP53  was purified from the Cohn.
Fraction IV paste of human plasma 50  obtained from Commonwealth Serum
Laboratories, Melbourne, Australia as described by Martin and Baxter, J.
Biol. Chem., op. cit. The single HPLC peak representing purified BP53 was
isolated, and the amino acid sequences obtained from this material are
shown in Table 2. The 60-amino-acid N-terminal sequence obtained matched
the 15-amino-acid sequence reported previously by Baxter and Martin,
Biochem. Biophys. Res. Comm., 147, 408-415 (1987), except at position 5 55
where an alanine residue had..been found previously. The current sequence
gave approximately equal yields of alanine and glycine, suggesting that the
currently isolated protein is a mixture with both residues at this
position. After the N-terminal sequence of 60 residues was complete, the
protein remaining on the sequencer filter was cleaved with cyanogen
bromide, as described by Gross and Witkup, J. Am. Chem. 14    EP 0 406 272
B1 Soc., 83: 1510-1511 (1961). A clear internal sequence was then found
(see Table 2, CNBr). Trypsin and lysine-C proteolytic cleavage of the
protein followed by isolation of the peptides by reverse-phase
chromatography gave a unique sequence for an additional nine internal
peptides and three mixture sequences. For trypsin digestion, 8.4[err] of
purified BP53 was incubated with 0.5[err]trypsin in 100 5   [err] 10 mM
ammonium bicarbonate, 10 mM calcium chloride for 24 hours at 37[err] For
lysine-C peptidase digestion, 6[err]of purified BP53 was incubated with 0.3
[err] of lysine-C peptidase in 100[err]of 10 mM ammonium bicarbonate, 0.1%
SDB, 10 mM dithiothreitol (DTT) for 24 hours at 37 C. These fragments were
separated by applying the digests directly to a Sychropak 300 A C4 HPLC
column (2 x 100 mm) followed by elution with a linear gradient of 1 to 70%
acetonitrile or 1-propanol in 0.1% trifluoroacetic acid. This 10  digestion
and RP-HPLC purification technique is described more fully in Aggarwal et
al., J. Biol. Chem., 260: 2334-2344 (1985). Segments of the BP53 amino acid
sequence were obtained using a 470A Applied Biosystems gas-phase sequencer
equipped with a 120A PTH amino  acid analyzer and a Nelson 300 data system,
as described in Henzel et al., Chromatography, 404: 41-52 (1987). 15 20 25
30 35 40 45 50 55 15    EP 0 406 272 B1 Table 2 Amino Acid Sequence of BP53
Peptides Approx-   Position imate      in the Initial   cDNA Yield
Sequence N-terminal                                         (pmoles) A N: G
A S S G G L G P.V V R C E P C D A R A L A    185            1-60 Q C A P P
P A V C A E L V R E P G(C)G(C C) L(L)X A L(C)E G Q P(P)X X X (T)(E)(R)
CNBr: E X T L N H L K F L N V L S P R G V H I P    66   191-219 



15           N X D X K G F Y Trypsin Peptides T15-3:   A Y L L P A P P A P
G[N]A S E S E E D(D)  32    98-117 20 T2-6:     S A G S V E S P S V S S T H
R                  60   118-132 T7:       F H P L H S K
33   138-144 25 -    T3-18:   I I I I K
64   145-149 T3-14:   Y K V D Y E S Q S T D T Q[N]F S S E (E) K 35
159-178 T2-12:   E M E D T L N H L K                             64
189-198 30 T4-19:    F L N V L S P R                               129
199-206 T2-10-8a:   G V H I P N(N)D(W)K                       18   207-216
T2-10-8b:   E T E Y G P(Y)R .                        14   180-187 36 T2-2:
G F Y K                                        84   217-220 T2-20a:  G
F(C)W X V D K Y G Q P L P G Y T T K           17   233-251 T2-20b:  G K E D
V HX Y S M Q S                          16   252-263 Lysine C-Peptides
KC-20a:  F L N V L S P R G V H I P N X D                  89   199-214 45
KC-20b:  G A S S G GL G P V V X X E P X D A               45      1-18
KC-20c:  R E T E Y G P(Y R K)E M E D(T)L N H             13   179-196 KC-9:
Y G Q P L P GY T T K                            28   241-251 50
Single-letter codes are employed for the amino acids, using a coding system
known in the art. X indicates residues that could not be identified.
Parentheses indicate uncertain residues. Brackets indicate Asn residues
that gave no sequence and may therefore be glycosylated. The mixture
sequences for T2-10-8, T2-20, and KC-20 were resolved with the help of the
cDNA sequence. Two human adult liver cDNA libraries in a [err] vector were
used to screen for clones of BP53. One 55 was a randomly primed library
prepared as described by Leung et al., Nature, 330: 537-543 (1987). The
other, a human liver oligo(dT)-primed cDNA library, was generally prepared
from liver RNA using an oligo- (dT)-primer that was 12 to 18 nucleotides in
length and AMV reverse transcriptase. After treatment of the resulting
RNA-DNA complex with DNase-free RNase-A, both the Klenow fragment of DNA
polymerase I and 16    EP 0406272 B1 additional AMV reverse transcriptase
were used to synthesize the second DNA strand using techniques well known
in the art. The double-stranded cDNA (ds-cDNA) thus prepared was digested
with SI nuclease and treated with the Klenow fragment of DNA polymerase I.
The now blunt-ended ds-cDNA was ligated to a phosphorylated 16-nucleotide
oligomer as well as to a non-phosphorylated 20-nucleotide oligomer contain-
5  ing restriction sites for Sall, Sstl, and Xhol, and an EcoRI overhanging
end. These oligomers had the sequences: 20 mer: 5'-AATTCTCGAGCTCGTCGACC
phosphorylated 16 mer: 5'-GGTCGACGAGCTCGAG This ligation product was
inserted into the EcoRI site of[err]as described by an instruction sheet
included 10  in a commercially available DNA packaging kit (Stratagene; San
Diego, CA, catalogue #GT-1 0), with the method also being described by
Maniatis et al., Molecular Cloning: A Laboratory Manual, op cit. Four pools
of oligonucleotide probes representing a single codon choice for each of
the N-terminal amino acid sequence and a number of the internal sequences
(corresponding to both C-terminal and N- terminal regions) were
synthesized. These synthetic oligomers were based on the amino acid
sequence 15  data shown in Table 2 above. The probes are illustrated, along
with their match to the correct cDNA clones, in Fig. 1. In Fig. 1, for each
set the upper sequence is the amino acid sequence determined from purified
BP53. The upper nucleotide sequence is that for the oligonucleotide probes
(oibp.6,7,8,9, and 2) synthesized in accordance with Lathe, R., J. Mol.
Biol., 183: 1-12 (1985) based on the amino acid sequence data. The 



20  sequence labeled BP53 is the DNA sequence of the cloned cDNA, and the
lower amino acid sequence is the translated sequence of BP53. The dots
indicate DNA sequence matches between the probe and cDNA sequences. Pool A
is a pool of three overlapping oligonucleotides, oibp.6.1, 6.2, and 6.3,
that are 69, 69, and 70 nucleotides in length, respectively. The
oligonucleotides are based on a 60 amino acid sequence of BP53 25  composed
of several overlapping tryptic, lysine-C, and CNBr fragments shown in Table
2. The location of these fragments is shown above the upper amino acid
sequence. The two- amino-acid (Y,K) overlap of the last of the fragment,
T3-14, proved to be incorrect, and this peptide is actually located
elsewhere in the protein. Thus, a second lower sequence is shown under
amino acids 41-60. Pool B is a pool of two oligonucleotides, oibp.7 and 8,
that are 45 and 36 nucleotides in length, 30  respectively. Pool C is a
pool of three overlapping oligonucleotides, oibp.9.1, 9.2 and 9.3, that are
63, 63, and 64 nucleotides in length, respectively. Pool D consists of a
single oligonucleotide, oibp.2, that is 60 nucleotides in length. These
newly synthesized oligomers were labeled with [err]and the three pools A, B
and C were used to 35 screen the human liver cDNA libraries described
above. Six-hundred thousand clones of the oligo(dT)-primed library and
600,000 clones of the randomly primed human liver cDNA library were
screened in triplicate with the  three pools  of oligonucleotide probes.
Triplicate nitrocellulose filters were hybridized with the pools of
32P-end-labeled probes. The hybridization was performed in a buffer that
included 20% formamide, 10% dextran sulfate, 5 x SSC, 50 mM sodium 40
phosphate (pH6.5), 5 x Denhardt's solution, 2 mM sodium pyrophosphate, 0.1%
SDS, and 0.04 mg/ml boiled, sonicated salmon sperm  DNA. The filters were
hybridized at 42[err] overnight. After hybridization, the filters were
washed twice in 1 x SSC at 37[err] for two hours, as described by Maniatis
et al., Molecular Cloning: A Laboratory Manual, op. cit. Each of the pools
A, B and C gave 300-1000 hybridized positives of varying intensity with
each library. 45  Thirty-eight hybridizing duplicate positives were
observed with two of the three pools. Two hybridizing triplicate positives
were observed with the oligo(dT)-primed library, hybridizing with all four
pools. A number of these duplicate and triplicate clones were plaque
purified and subcloned into pUC118 (Vieira and Messing, op.cit) vectors for
DNA sequencing by dideoxy chain termination, as described by Messing et
al., Nucleic Acids Res., 9: 309-321 (1981). Some of the clones were mapped,
and through both restriction 50  mapping and sequence. analysis, one clone,
designated ibp.1 18, was shown to contain BP53 (Fig. 2). Included within
this clone were the coding and 3'-untranslated regions of BP53 as
illustrated in Fig. 3. EXAMPLE 11 55  DNA Sequence of BP53 cDNA The
complete nucleotide sequence of the BP53 cDNA clone is shown in Fig. 3. The
sequenced clone contains a single long open reading frame of 873 bp
beginning with a methionine residue. All 18 of the 17    EP 0 406 272 B1
amino terminal and internal sequences determined from the purified protein
are present in this reading frame, and in fact, about 75% of the protein
sequence is represented in the peptides listed in Table 2. The amino acid
sequences determined from the purified protein match exactly the deduced
amino acid sequence of BP53 based on the cDNA clone, with the exception of
some residues that were uncertain or 5 could not be assigned (Table 2). The
amino-terminal sequence of BP53 is preceded by a 27-amino-acid sequence
beginning with a methionine. The sequence contains a hydrophobic core of 14
amino acids flanked by charged residues indicative of a secretion signal
sequence, as per Perlman and Halvorson, J. Mol. Biol., 167: 309 (1983). The
third nucleotide 5' of the putative initiating ATG is a purine as expected
from translation initiation consensus sequences (see Kozak, Nucl. Acids
Res., 12: 857-872 (1984)). The 10  open reading frame is contained near the
5' end of an approximately 2500-bp messenger RNA that includes a 1500-bp
3-untranslated region. Three of the BP-53 clones isolated (including
ibp.118) contain poly(A) sequences at their 3' ends preceded by an AAATAAA
poly(A) addition signal. The full-length mature sequence of BP53 deduced
from the cDNA clones is 264 residues of which 18 are cysteines, indicating
that the protein is cysteine rich. The cysteine residues are clustered with
12 near 



15  the N-terminus and six near the C-terminus (see Fig. 2). The translated
molecular weight of the sequence Is 28.7 kD, considerably smaller than the
43 kD molecular weight determined by reduced SDS-PAGE. Presumably most or
all of the molecular weight discrepancy is accounted for by glycosylation.
The native protein binds the lectin Concanavalin A (Martin and Baxter,
J.Biol.Chem., op. cit,), and the amino acid sequence contains three
potential N-linked glycosylation sites (NXS or T) as well as two clusters
of serine 20 and threonine residues (Fig. 2) that could  be used for
O-linked glycosylation as well (as suggested in 20    Russell et al., Cell,
37: 577-585 (1984)). The lack of an asparagine signal at amino acids 109
and 172 in the amino acid sequences of peptides T15-3 and T3-114 (Table 2)
suggests that at least two of the three potential N-linked glycosylation
sites are utilized. The amino acid sequence of BP53 is similar to the
published sequence for an IGF-binding protein 25  produced by rat BRL-3A
cells (see Lyons and Smith, Mol. Cell. Endo., 45: 263-270 (1986) and
Mottola et al., J. Biol. Chem., 261: 11180-11188 (1986)). The comparison is
given below, where the asterisks indicate where sequence homology occurs:
10         20           30           40 30 BP53
GASSGGLGPVVRCEPCDARALAQCAPPP -AVCAELVREPGC ** **          *** ****  *
********** *       Rat BRL-3A protein  FRCPPCTPERLAACGPPPDAPCAELVREPGC 30
20          30 Of the 34 amino acids sequenced for the rat binding protein,
21 match the sequence of human BP53. The rat protein is believed to be the
homologue of BP28, a human IGF-binding protein that is antigenically 40
and metabolically distinct from BP53 (see Baxter et al., J. Clin. Endo. and
Metabol., op. cit., and Baxter and Martin, Biochem. Biophys. Res. Comm.,
op. cit.). Computer-assisted searches of several protein sequence databases
(Protein Identification Resource, National Biomedical Research Foundation,
Georgetown Univ. Med. Center, Washington, D.C. 20007 and GenBank, Bolt,
Beranek and Newman, Inc., Cambridge, MA 02231) show no clear similarity to
any other known proteins. In particular, no similarity is found with the 45
IGF-I and IGF-II receptor binding domains. This contrasts with recent work
with the growth hormone receptor where it has been demonstrated that the
extracellular hormone binding domain of the receptor is identical to a
circulating growth hormone binding protein (Leung et al. Nature, 330:
537-543 (1987)). EXAMPLE III 50 Expression of Human BP53 The final
expression vector, pRK5.ibp1.1, was constructed, as shown in Fig. 9, from
pibp.118.1 and pRK5. The construction of each of these plasmids, and of the
final plasmid, is described below in detail. 55 18    EP 0 406 272 B1 A.
Construction of pibp.118.1 The full-length human BP53 protein cDNA is
contained within the clone X ibp.1 18. This cDNA insert was subcloned by
EcoRI digestion of X ibp.118, isolation by agarose gel electrophoresis of
the 2585 bp EcoRI 5  fragment, and ligation using T4 ligase of this
fragment into EcoRI-digested pUC118 to give plasmid pibp.118.1 (Fig. 9). B.
Construction of pRK5 10  B.1. Construction of pF8CIS The initial three-part
construction of the starting plasmid pF8CIS is described below and shown in
Figure 4. 1) The ampicillin resistance marker and replication origin of the
final vector was derived from the starting 15    plasmid pUC13pML, a
variant of the plasmid pML (Lusky, M. and Botchen, M., Nature, 293: 79
[1981]). pUC13pML was constructed by transferring the polylinker of pUC13
(Vieira, J. and Messing, J., Gene, 19:259 (1982) to the EcoRI and HindIII
sites of pML. A second starting plasmid pUC8-CMV was the source of the CMV
enhancer, promoter and splice donor sequence. pUC8-CMV was constructed by
inserting approximately 800 nucleotides for the CMV enhancer, promoter and
splice donor sequence into 



20    the blunted Pstl and Sphl sites of pUC8. Vieira, J. and Messing, J.,
op. cit. Synthetic BamHI-HindIII linkers (commercially available from New
England Biolabs) were ligated to the cohesive BamHI end creating a HindIII
site. Following this ligation a Hindill-HincII digest was performed. This
digest yielded a fragment of approximately 800 bp that contained the CMV
enhancer, promoter and splice donor site. Following gel isolation, this 800
bp fragment was ligated to a 2900 bp piece of pUC13pML. The fragment 25
required for the construction of pF8CIS was obtained by digestion of the
above intermediate plasmid with Sall and HindIII. This 3123 bp piece
contained the resistance marker for ampicillin, the origin of replication
from pUC13pML, and the control sequences for the CMV, including the
enhancer, promoter, and splice donor site. 2) The Ig variable region intron
and splice acceptor sequence was constructed using a synthetic 30
oligomer as shown in the central portion of Fig. 4. A 99 mer and a 30 mer
were chemically synthesized having the following sequence for the IgG
intron and splice acceptor site (Bothwell et al., Nature, 290:65-67
[1981]): 1.    5'   AGTAGCAAGCTTGACGTGTGGCAGGCTTGA... 31
GATCTGGCCATACACTTGAGTGACAATGA... 60         CATCCACTTTGCCTTTCTCTCCACAGGT...
88         GTCCACTCCCAG 3' 40 1     3' CAGGTGAGGGTGCAGCTTGACGTCGTCGGA 5'
DNA polymerase I (Klenow fragment) filled in the synthetic piece and
created a double-stranded 45   fragment. Wartell, R.M. and W.S. Reznikoff,
Gene, 9: 307 (1980). This was followed by a double digest of Pstl and
Hindlil. This synthetic linker was cloned into pUC13 (Veira and Messing,
op. cit.) at the Pstl and HindIII sites. The clones containing the
synthetic oligonucleotide, labeled pUCIg.10, was digested with Pstl. A Clal
site was added to this fragment by use of a Pstl-Clal linker. Following
digestion with HindIII a 118-bp piece containing part of the lg intron and
the lg variable, region splice acceptor was gel isolated. so    3) The
third part of the construction scheme replaced the hepatitis surface
antigen 3' end with the polyadenylation site and transcription termination
site of the, early region of SV40. A vector, pUC.SV40, containing the SV40
sequences was inserted into pUC8 at the BamHI site described by Vieira and
Messing, op. cit. pUC.SV40 was then digested with EcoRI and Hpal. A 143bp
fragment containing the SV40 polyadenylation sequence was gel isolated from
this digest. Two additional fragments were gel 55   isolated following
digestion of pSVE.8c1D. (European Pat. Pub. No. 160,457). The 4.8 kb
fragment generated by EcoRI and Clal digestion contains the SV40-DHFR
transcription unit, the origin of replication of pML and the ampicillin
resistance marker. The 7.5-kb fragment produced following digestion with
Clal and Hpal contains the cDNA for Factor VIII. A three-part ligation
yielded pSVE.8c24D. 19    EP 0 406 272 B1 This intermediate plasmid was
digested by Clal and Sall to give a 9611 bp fragment containing the cDNA
for Factor Vil with an SV40 poly A site followed by the SV40 DHFR
transcription unit. The final three-part ligation to yield pF8CIS used: a)
the 3123 bp Sall-HindIII fragment containing the origin of replication, the
ampicillin resistance marker, and the CMV enhancer, promoter, and splice
donor 5  site; b) the 118 bp HindIII-Clal fragment containing the lg intron
and splice acceptor site; and c) a 9611 bp Clal-Sall fragment containing
the cDNA for Factor VIII, the SV40 polyadenylation site, and the SV40 DHFR
transcription unit. B.2. Construction of pCIS2.8c28D 10 pCIS2.8c28D
comprises a 90kd subunit of Factor VIII joined to a 73kd subunit of Factor
VIII. The 90kd comprises amino acids 1 through 740 and the 73kd subunit
amino acids 1690 through 2332. This construct was prepared by a three-part
ligation of the following fragments: a) the 12617-bp Clal-SstII fragment of
pF8CIS (isolated from a dam- strain and BAP treated); b) the 216-bp
SstII-PstI fragment ofpF8CIS; and c) a 15  short Pstl-Clal synthetic
oligonucleotide that was kinased (see Fig. 5, where an asterisk indicates
the changed nucleotide). pSVEFVIIII (European Pat. Publ. No. 160,457)
containing the 5' and 3' DNA regions of Factor Vil to be 



fused to make pCIS2.8c28D. 20     Figure 6 shows the three-part ligation
used to construct the fusion region of pCIS2.8c28D. Two different
fragments, A and B, were cloned into the same pUC1 18 BamHI-Pstl BAP
vector. The A fragment was the 408bp BamHI-HindIII fragment of pUC408BH and
the B fragment was a HindIII-PstI oligonucleotide. The double-stranded
oligonucleotide is shown in Figure 6. While complete DNA sequence at the
terminal restriction sites is given in Figure 6, the actual oligonucleotide
does not include the bases delineated by the 25  lines at the restriction
sites. This oligonucleotide was used without kinasing to prevent its
polymerization during ligation. After ligation of the A and B fragments
into the vector as shown in Figure 6, the expected junction sequences were
confirmed by DNA sequencing of the regions encompassed by the nucleotides.
The resulting plasmid, pCIS2.8c28D, was constructed as shown in Figure 7,
with a four-part ligation. 30  The fusion plasmid from Figure 6 was cut
with BamHI and Pstl and the 443 bp fragment isolated. The remaining three
fragments of the four-part ligation were: 1) 1944 bp Clal-BamHI of
pSVEFVIII (European Pat. Publ. No. 160,457); 2) a 2202 bp BamHI-Xbal
fragment of pSVEFVIII, which was further partially digested with Pstl and
the 1.786 bp Pstl-Xbal fragment was isolated, and 3) the 5828 bp Xbal-Clal
BAP fragment of pCIS2.8c24D from Figure 6. The translated DNA sequence of
the resultant variant in the exact 35  fusion junction region of
pCIS2.8c28D was determined and correlates with the sequence shown in Fig.
6. B.3. Construction of pRK5 The construction of pRK5 is depicted in Fig.
8. The starting plasmid for construction of pRK5 was 40  pCIS2.8c28D. The
base numbers in paragraphs 1 through 6 refer to pCIS2.8c28D with base one
of the first T of the EcoRI site preceding the CMV promoter. The
cytomegalovirus early promoter and intron and the SV40 origin and polyA
signal were placed on separate plasmids. 1. The cytomegalovirus early
promoter was cloned as an EcoRI fragment from pCIS2.8c28D (9999-1201) into
the EcoRI site of pUC118 described above. Twelve colonies were picked and
screened for the 45    orientation in which single-stranded DNA made from
pUC 1 8 would allow for the sequencing from the EcoRI site at 1201 to the
EcoRI site at 9999. This clone was named pCMVE/P. 2. Single-stranded DNA
was made from pCMVE/P in order to insert an SP6 (Green, MR et al., Cell,
32: 681-694 [1983]) promoter by site-directed mutagenesis. A synthetic 110
mer that contained the sequences from -69 to +5 of SP6 promoter (see
Nucleic Acids Res., 12: 7041 [1984], Figure 1) were so    used along with
18-bp fragments on either end of the oligomer corresponding to the CMVE/P
sequences. Mutagenesis was done by standard techniques and screened using a
labeled 110 mer at high and low stringency. Six potential clones were
selected and sequenced. A positive clone was identified and labeled
pCMVE/PSP6. 3. The SP6 promoter was checked and shown to be active, for
example, by adding SP6 RNA 55    polymerase and checking for RNA of the
appropriate size. 4. A Cla-Notl-Sma adapter was synthesized to encompass
the location from the Clal site (912) to the Smal site of pUC118 in pCMVE/P
(step 1) and pCMVE/PSP6 (step 2). This adapter was ligated into the
Clal-Smal site of pUC118 and screened for the correct clones. The linker
was sequenced in both and 20    EP 0 406 272 B1 clones were labeled
pCMVE/PSP6-L and pCMVE/P-L. 5. pCMVE/PSP6-L was cut with Smal (at
linker/pUC118 junction) and HindIII (in pUC118). A Hpal (5573)- to-HindIII
(6136) fragment from pSVORAA[err]RI 11, described below, was inserted into
Smal-HindIII of pCMVE/PSP6-L. This ligation was screened and a clone was
isolated and named pCMVE/PSP6-L- 5    SVORAA[err]RI. a) The SV40 origin and
polyA signal was isolated as the Xmnl (5475) - HindIII (6136) fragment from
pCIS2.8c28D and cloned into the HindIII to Smal sites of pUC119 (described
in Vieira and Messing, op. cit.). This clone was named pSVORAA. b) The
EcoRI site at 5716 was removed by partial digestion with EcoRI and filling
in with Klenow. The 10      colonies obtained from self-ligation after
fill-in were screened and the correct clone was isolated and named
pSVORAA[err]RI 11. The deleted EcoRI site was checked by sequencing and
shown to be correct. 



c) The Hpal (5573) to HindIII(6136). fragment of pSVORAAARI 11 was isolated
and inserted into pCMVE/PSP6-L (see 4 above) 15    6.
pCMVE/PSP6-L-SVOrAA[err]RI (step 5) was cut with EcoRI at 9999, blunted and
self-ligated. A clone without an EcoRI site was identified and named pRK.
7. pRK was cut with Smal and BamHI. This was filled in with Klenow and
relegated. The colonies were screened. A positive clone was identified and
named pRKABam/Sma3. 8. The HindIII site of pRKDBam/Sma3 was converted to a
Hpal site using a converter. (A converter is a 20    piece of DNA used to
change one restriction site to another. In this case one end would be
complementary to a HindIII sticky end and the other end would have a
recognition site for Hpal.) A positive clone was identified and named
pRK[err]Bam/Sma, HIII-Hpal 1. 9. pRKABam/Sma, HIII-Hpal 1 was cut with Pstl
and Notl and an EcoRI-Hindlll linker and Hindlll-EcoRl linker were ligated
in. Clones for each linker were found. However, it was also determined that
too many 25    of the Hpal converters had gone in (two or more converters
generate a Pvult site). Therefore, these clones had to be cut with Hpal and
self-ligated. 10. RI-HIII clone 3 and HIII-RI clone 5 were cut with Hpal,
diluted, and self-ligated. Positives were identified. The RI-HIII clone was
named pRK5. 30  C. Construction of pRK5.ibp1.1 Figure 9 depicts the
construction of pRK5.ibp1.1. A 4710 bp EcoRI/Smal fragment of pRK5 was
isolated. Following isolation of the pRK5 fragment, a 934 bp PfIMI/Pvull
fragment containing nearly all of the BP53 coding region was isolated from
pibp.118.1. This fragment was generated by first cleaving pibp.1 18.1 35
with BamHI (to remove a nearby fragment) and Pvull followed by digestion
with PfIMI. The PvuII and PfIMI sites immediately 3' of the coding region
overlap, and thus cleavage first with Pvull prevents subsequent cleavage
with PfIMI, leaving one blunt end on the 934 bp isolated fragment. Because
PfIMI cleavage at the 5' end of the coding region removes the initiating
codon ATG, the 5' terminus was reconstructed using an oligonucleotide
oibp.11, the sequence of which is given below. 40 5'-AATTCCACC ATGCAGCGGG
CGCGACCCAC GCT-3' 3'-GGTGG TACGTCGCCC GCGGTGGGTG-5' 45 The three-part
ligation of these fragments yielded the expression vector, pRK5.ibp1.1. D.
Expression of Human BP53 50 Human embryonic kidney cells transformed with
adenovirus Ela dn Elb (293s) have been described by Graham et al., J. Gen.
Virol., 36: 59-73 (1977). These cells and monkey kidney cells (COS cells)
were transfected with the above-described expression vector pRK5.ibp1.1 (or
a control plasmid that expresses a secreted form of the human growth
hormone receptor described by Leung et al., op. cit.) by the calcium 55
phosphate method of Gorman, in DNA Cloning, D.M. Glover, ed. (IRC Press,
Oxford, 1985), vol. 2, pp. 143- 190. After 24 hours, the cells were changed
to a serum-free medium for an additional 48-hour incubation. This
serum-free medium was then assayed for BP53 (Fig. 10). 21    EP 0 406 272
B1 EXAMPLE IV Assays for BP53 5      Radioimmunoassay for BP53 (Fig. 10a)
was performed as described by Baxter and Martin, J. Clin. Invest., op cit
with antisera R-7 (additional bleed from the same rabbit that yielded
antiserum R1-4 [Martin and Baxter (1985), op. cit.]) at a 1:10,000 final
dilution. Radioactivity added to each assay 7633 cpm; non- specific
background, 343 cpm; 100% specific binding, 1711 cpm. The binding and
binding competition assays (Fig. 10b-10d) were performed as described by
Martin and Baxter, J. Biol. Chem., op. cit. Free and 10  bound ligand were
separated by immunoprecipitation with antiserum R-7 at 1:300 final
dilution. Radioactivity added was about 14,500 cpm of [err]I-IGF-I (200
Ci/g) or 6300 cpm of[err]I-IGF-II (80 Ci/g). Scatchard analysis was
performed with the computer program LIGAND as described by Munson and
Rodbard, Anal. Biochem., 107: 220-239 (1980). The Scatchard data for the
transiently expressed BP53 are provided in Figs. 10c and 



10d. 15 EXAMPLE V Binding Protein Assay of IGF 20     According to the
following protocol, BP53 can be used to indicate whether IGF-I or IGF-II
capable of binding to BP53 is present in a sample. This assay could be
implemented in several ways. For instance, the BP53 could be coupled to a
96-well microtiter plate and aliquots of the samples containing IGF-I or
IGF-II could be incubated with the bound BP53 in the presence of a fixed
amount of authentic IGF-I or IGF-II with biotin coupled to it. After a
4-6-hour incubation, the solutions would be removed and the plates washed
to 25  remove unbound IGF-I or IGF-II. Adding avidin coupled to horseradish
peroxidase and incubating would form a complex with the IGF-biotin
conjugate. Again, the plates would be washed and HRP substrate added. Color
would develop most in wells containing samples with no IGF. As the sample
continued to be incubated, the biotin-IGF conjugate would bind at
decreasing levels; hence, the color development would be less. This would
give a dose-dependent response that could be calibrated using authentic
IGF-I or IGF-II (as 30  appropriate) of known concentrations. This type of
assay would have the advantages of a radioreceptor assay, including the
specificity for active ligand capable of binding to the receptor, and the
sensitivity and simplicity of an ELISA antibody assay, without the
disadvantages of either (i.e., radioactive tracer, non-specificity for
active protein). 35  Pharmaceutical Compositions BP53, and IGF if desired,
can be formulated according to known methods to prepare pharmaceutically
useful compositions wherein BP53 (and optionally IGF) is combined in
admixture with a pharmaceutically acceptable carrier vehicle. Suitable
vehicles and their formulations, inclusive of other human proteins, such 40
as serum albumin, are described, for example, in Remington's Pharmaceutical
Sciences by E.W. Martin. Generally, BP53 may be stored in
phosphate-buffered saline or lyophilized in the presence of an excipient,
including sugar alcohols, e.g., mannitol or sorbitol; monosaccharides,
e.g., glucose, mannose, galactose, or fructose; oligosaccharides such as
maltose, lactose or sucrose; and proteins such as human serum albumin. The
foregoing exciplents also may contribute to the stability of BP53 to
inactivation or precipitation 45 upon aqueous storage, and may be used
together with other stabilizers that are conventional per se. Such
stabilizers include chelating agents, e.g., EDTA; antioxidants such as
ascorbate or dithiothreitol; amino acids; and nonionic surfactants such as
polyethylene glycol or block copolymers of polyethylene and polypropylene
glycol. BP53 is administered to humans or animals for use in binding to
circulating or membrane-bound IGF 50  present in vivo and possibly
prolonging, the half-life of IGF in vivo as described above. In addition,
BP53 may be administered together with IGF, preferably IGF-I and/or.
IGF-II, for metabolically affecting the circulatory system in mammals. BP53
can also be used to deliver IGF-I or IGF-II more effectively to tissues.
Therapeutic BP53 compositions will contain a therapeutically effective dose
of BP53 in a pharmaceuti- cally acceptable carrier. The dose carrier, and
route and schedule of administration selected will depend, 55  among other
factors, upon each other and upon the disorder or condition to be treated,
the medical history of the patient, and the activity of the selected BP53
variant. These factors are readily determined and monitored by the treating
physician during the course of therapy. A typical dose will range from
about 50 to about 200 [err]/kg, preferably 80-150 [err]/kg, for human
therapy, depending on the above factors. If BP53 and 22    r EP 0 406 272
B1 IGF are to be administered together, they are typically administered in
equimolar amounts, so that the molar dose of IGF will be about the same as
the molar dose of BP53 administered. The carrier for parenteral
administration of BP53 is a sterile isotonic aqueous solution, for example,
saline for injection or 5% dextrose. These preparations are injected or
infused by intranasal, subcutaneous, 5   intravenous, intraperitoneal, or
other conventional routes of administration. BP53 also may be provided in a
sustained-release carrier formulation. Suitable examples include
semipermeable polymer matrices in the form of shaped articles, e.g.,
suppositories, or microcapsules. Implantable or microcapsular
sustained-release matrices include polylactides (U.S. Pat. No. 3,773,919,
EP 



58,481), copolymers of L-glutamic acid and gamma-ethyl-L-glutamate (U.
Sidman et al., Biopolymers, 22 - 10  (1): 547-556 (1983)),
poly(2-hydroxyethylmethacrylate) (R. Langer et al., J. Biomed. Mater. Res.,
15: 167- 277 (1981) and R. Langer, Chem. Tech., 12: 98-105 (1982)),
ethylene vinyl acetate (R. Langer et al., Id.), or
poly-D-(-)-3-hydroxybutyric acid (EP 133,988A). Sustained-release BP53
compositions also include liposomally entrapped BP53. Liposomes containing
BP53 are prepared by methods known per se: DE 3,218,121A; Epstein et al.,
Proc. Nat'l. Acad. Sci. (USA), 82: 3688-3692 (1985); Hwang et al., Proc.
Nat'l. 15  Acad. Sci. (USA), 77: 4030-4034 (1980); EP 52,322A; EP 36,676A;
EP 88,046A; EP 143,949A; EP 142,641A; Japanese patent application
83-118,008; U.S. Pat. Nos. 4,485,045 and 4,544,545; and EP 102,324A. Claims
20  1. An isolated DNA sequence comprising a sequence that encodes
insulin-like growth factor binding protein BP53, wherein said DNA sequence
is selected from the group consisting of: (a) the DNA sequence set forth in
Fig. 3; and (b) DNA sequences that hybridize under stringent conditions to
the DNA sequences defined in (a). 25  2. The DNA sequence of claim 1
further comprising a DNA sequence encoding insulin-like growth factor
(IGF). 3. The DNA sequence of claim 2 wherein the IGF is IGF-I or IGF-II.
30  4. The DNA sequence of claim 1 wherein the protein is a human protein.
5. The DNA sequence of claim 1 further comprising a promoted operably
linked to said DNA sequence. 6. The DNA sequence of claim 1 further
comprising an origin of replication operative in a unicellular 35
organism. 7. An expression vector comprising the DNA sequence of claim 1
operably linked to control sequences recognized by a host transformed by
the vector. 40  8.  A host cell transformed with the expression vector of
claim 7. 9. The host cell of claim 8 wherein the cell is prokaryotic and
the control sequence comprises a signal sequence for secretion of the
protein outside the cell. 45 10. The host cell of claim 8 that is
eukaryotic. 11. The host cell of claim 10 that is mammalian. 12. The host
cell of claim 11 that is a human embryonic kidney cell or COS cell. 50 13.
The sequence of claim 1 further comprising a signal sequence encoding
region upstream from the protein-encoding sequence. 14. The sequence of
claim 13 wherein the signal sequence is recognized by mammalian host cells.
55 15. The sequence of claim 13 wherein the signal sequence is recognized
by prokaryote or yeast host cells. 23    EP 0 406 272 B1
*  C   L   M   S  * IGF are to be administered together, they are typically
administered in equimolar amounts, so that the molar dose of IGF will be
about the same as the molar dose of BP53 administered. The carrier for
parenteral administration of BP53 is a sterile isotonic aqueous solution,
for example, saline for injection or 5% dextrose. These preparations are
injected or infused by intranasal, subcutaneous, 5  intravenous,
intraperitoneal, or other conventional routes of administration. BP53 also
may be provided in a sustained-release carrier formulation. Suitable
examples include semipermeable polymer matrices in the form of shaped
articles, e.g., suppositories, or microcapsules. Implantable or
microcapsular sustained-release matrices include polylactides (U.S. Pat.
No. 3,773,919, EP 58,481), copolymers of L-glutamic acid and
gamma-ethyl-L-glutamate (U. Sidman et al., Biopolymers, 22 - 10 (1):
547-556 (1983)), poly(2-hydroxyethyimethacrylate) (R. Langer et al., J.
Biomed. Mater. Res., 15: 167- 277 (1981) and R. Langer, Chem. Tech., 12:
98-105 (1982)), ethylene vinyl acetate (R. Langer et al., Id.), or
poly-D-(-)-3-hydroxybutyric acid (EP 133,988A). Sustained-release BP53
compositions also include liposomally entrapped BP53. Liposomes containing
BP53 are prepared by methods known per se: DE 3,218,121A; Epstein et al.,
Proc. Nat'l. Acad. Sci. (USA), 82: 3688-3692 (1985); Hwang et al., Proc.
Nat'l. 15  Acad. Sci. (USA), 77: 4030-4034 (1980); EP 52,322A; EP 36,676A;
EP 88,046A; EP 143,949A; EP 142,641 A; Japanese patent application 831
18,008; U.S. Pat. Nos. 4,485,045 and 4,544,545; and EP 102,324A. 



Claims 20  1. An isolated DNA sequence comprising a sequence that encodes
insulin-like growth factor binding protein BP53, wherein said DNA sequence
is selected from the group consisting of: (a) the DNA sequence set forth in
Fig. 3; and (b) DNA sequences that hybridize under stringent conditions to
the DNA sequences defined in (a). 25  2. The DNA sequence of claim 1
further comprising a DNA sequence encoding insulin-like growth factor
(IGF). 3. The DNA sequence of claim 2 wherein the IGF is IGF-I or IGF-II.
30  4. The DNA sequence of claim 1 wherein the protein is a human protein.
5. The DNA sequence of claim 1 further comprising a promoted operably
linked to said DNA sequence. 6. The DNA sequence of claim 1 further
comprising an origin of replication operative in a unicellular 35
organism. 7. An expression vector comprising the DNA sequence of claim 1
operably linked to control sequences recognized by a host transformed by
the vector. 40  8. A host cell transformed with the expression vector of
claim 7. 9. The host cell of claim 8 wherein the cell is prokaryotic and
the control sequence comprises a signal sequence for secretion of the
protein outside the cell. 45  10. The host cell of claim 8 that is
eukaryotic. 11. The host cell of claim 10 that is mammalian. 12. The host
cell of claim 11 that is a human embryonic kidney cell or COS cell. 50 13.
The sequence of claim 1 further comprising a signal sequence encoding
region upstream from the protein encoding sequence. 14. The sequence of
claim 13 wherein the signal sequence is recognized by mammalian host cells.
55 15. The sequence of claim 13 wherein the signal sequence is recognized
by prokaryote or yeast host cells. 23    EP 0 406 272 B1
[err] 16. The sequence of claim 1 further comprising a region adjacent to
the protein-encoding sequence, which region encodes a protein exogenous to
a host transformed with said sequence. 17. The sequence of claim 16 wherein
said exogenous protein confers immunogenicity on the binding 5
protein. 18. The sequence of claim 16 wherein said exogenous protein is
cleavable from the binding protein. 19. The vector of claim 7 further
comprising a DNA sequence encoding insulin-like growth factor. 10 20. A
host cell transformed with the expression vector of claim 19. 21. A host
cell transformed with the expression vector of claim 7 and with an
expression vector comprising the DNA sequence encoding insulin-like growth
factor operably linked to control sequences recognized 15     by said host
cell. 22. A method of producing insulin-like growth factor binding protein
BP53, which method comprises culturing the cells of claim 8 to express the
protein in the host cell culture. 20  23. A method of producing
insulin-like growth factor binding protein BP53 and insulin-like growth
factor, which method comprises culturing the cells of claim 20 to express
the proteins in the host cell culture. 24. A method of producing
insulin-like growth factor binding protein BP53 and insulin-like growth
factor, which method comprises culturing the cells of claim 21 to express
the proteins in the host cell culture. 25 25. The method of claim 22
further comprising the step of recovering the protein from the host cell
culture. 26. Insulin-like growth factor binding protein BP53 that is
unaccompanied by associated native glycosyla- tion, that has at least about
80% homology with the amino acid sequence of the mature protein shown 30
In Fig. 3, and that possesses one or both of the biological properties of
(a) binding insulin-like growth factor (IGF), or.(b) cross-reacting
immunologically with an antibody raised against at least one epitope of the
corresponding native binding protein. 



27. The protein of claim 26 that has the amino acid sequence of the mature
protein shown in Fig. 3. 35 28. The protein of claim 26 that is a human
protein. 29. The protein of claim 26 wherein a predetermined amino acid
residue on the protein is substituted, inserted, or deleted. 40 30. A
pharmaceutical composition useful for binding insulin-like growth factor
comprising a therapeutically effective amount of the protein of claim  26
or claim 27 in a pharmaceutically acceptable carrier. 31. A pharmaceutical
composition useful for metabolic regulation comprising therapeutically
effective 45     amounts of insulin-like growth factor, the protein of
claim 26 or claim 27 and a pharmaceutically acceptable carrier. 32. The
composition of claim 31 wherein the insulin-like growth factor is IGF-I or
IGF-II. 50  33. The composition of claim 30 that is isotonic. 34. The
composition of claim 30 that is sterile filtered. 35. A sterile
pharmaceutical composition according to claim 31 wherein the insulin-like
growth factor and 55     binding protein are present in an approximately
equimolar ratio. 36. A diagnostic composition useful for assaying levels of
insulin-like growth factor in circulating human plasma comprising the
protein of claim 26 or claim 27 covalently bound to a detectable label
moiety. 24    EP 0 406 272 B1                            *   C   L   M   S
* 37. A method for producing insulin-like growth factor binding protein
BP53, which comprises culturing cells transformed with DNA encoding a
protein having at least about 80% homology with the amino acid sequence of
mature IGF-BP depicted in Figure 3, and which possess one or both of the
biological properties of (a) binding insulin-like growth factor (IGF), or
(b) cross reacting immunologically with an 5      antibody raised against
at least one epitope of the corresponding native binding protein. 38. The
method of claim 37 wherein said DNA encodes a protein with the amino acid
sequence of mature IGF-BP53 shown in Figure 3. 10  PatentansprUche 1.
Isolierte DNA-Sequenz, die eine Sequenz umfaBt, die fOr bindendes bzw.
Bindungsprotein BP53 fOr insulinahnlichen Wachstumsfaktor kodiert, worin
die genannte DNA-Sequenz aus der Gruppe ausge- whilt ist, die aus 15
(a) der in Fig. 3 dargelegten DNA-Sequenz; und (b) DNA-Sequenzen besteht,
die unter strengen Bedingungen mit den in (a) definierten DNA- Sequenzen
hybridisieren. 2. DNA-Sequenz nach Anspruch 1, die welters eine flr
insulinghnlichen Wachstumsfaktor (IGF) kodieren- 20     de DNA-Sequenz
umfaBt. 3. DNA-Sequenz nach Anspruch 2, worin der IGF IGF-I oder IGF-11
ist. 4. DNA-Sequenz nach Anspruch 1, worin das Protein ein menschliches
Protein ist. 25 5. DNA-Sequenz nach Anspruch , .die weiters einen operabel.
mit der genannten DNA-Sequenz verbun- denen Promotor umfaBt. 6. DNA-Sequenz
nach Anspruch 1, .die weiters einen in ei.nem einzelligen Organismus
arbeitenden 30     Replikationsursprung umfalt. 7. Expressionsvektor, der
die DNA-Sequenz nach Anspruch 1 operabel mit Steuersequenzen verbunden
umfaSt, die von einem durch deniVektor transformierten Wirt erkannt werden.
35  &  Wirtszelle, transformiert.mit dern..Expressionsvektor nach Anspruch
7. * K: 9. Wirtszelle nach Anspruch .8, worin die Zelle prokaryotisch ist
und die Steuersequenz eine Signalse- quenz zur Ausscheidung des Proteins
auBerhalb der Zelle umfaft. 40  10. Wirtszelle nach Anspruch 8, die
eukaryotisch ist. 11. Wirtszelle nach Anspruch 10, die eine Saugetierzelle
ist. 12. Wirtszelle nach Anspruch 11,.die eine.menschliche
Embryonierenzelle oder -COS-Zelle ist. 



45 13. Sequenz nach Anspruch 1, die weiters einen fUr Signalsequenz
kodierenden Bereich stromaufwarts der fOr Protein kodierenden Sequenz
umfaBt. 14. Sequenz nach Anspruch 13, worin die Signalsequenz von
Saugetierwirtszellen erkannt wird. 50 15. Sequenz nach Anspruch 13,. worin
die. Signalsequenz von prokaryotischen oder Hefe-Wirtszellen erkannt wird.
16 Sequenz nach Anspruch 1, die weilers einen Bereich angrenzend an die flr
Protein kodierende 55     Sequenz umfast, welcher Bereich fOr ein zu einem
mit der genannten Sequenz transformierten Wirt exogenes Protein kodiert. 25
EP O 406 272 B1                      I I!II1t 1111111D11111 li t
17.Seuez.achAnprch16,wom  asgennne xoen Prten embinenenPrtei Imuogni 17.
Sequenz nach Anspruch 16, worin das genannte exogene Protein devd bindenden
Protein Immunogeni- t~t verleiht. 1& Sequenz nach Anspruch 16, w orin-das
genannte exogene Protein von demn bindenden Protein 5      abspaltbar ist.
19. Vektor nach Anspruch 7, der weiters eine fOr insulinahnlichen
Wachstumsfaktor kodierende DNA- Sequenz umfaBt. 10 20. Wirtszelle,
transformiert mit dem Expressionsvektor nach Anspruch 19. 21. Wirtszelle,
die mit dem Expressionsvektor nach Anspruch 7 und mit einem
Expressionsvektor transfor- miert ist, der die fOr insulinahnlichen
Wachstumsfaktor kodierende DNA-Sequenz umfaBt, die operabel mit den von der
genannten Wirtszelle erkannten Steuersequenzen verbunden ist. 22. Verfahren
zur Herstellung von bindendem Protein BP53 far insulinghnlichen
Wachstumsfaktor, welches Verfahren das Kultivieren der Zellen nach Anspruch
8 zum Exprimieren des Proteins in der Wirtszellkul- tur umfaBt. 20  23.
Verfahren zur Herstellung von bindendem Protein BP53 far insulinghnlichen
Wachstumsfaktor und von insulinghnlichem Wachstumsfaktor, weiches Verfahren
des Kultivieren der Zellen nach Anspruch 20 zum Exprimleren der Proteine in
der Wirtszellkultur umfa~t. 24. Verfahren zur Herstellung von bindendem
Protein BP53 fUr insulinfhnlichen Wachstumsfaktor und von 25
insulinahnlichem Wachstumsfaktor, welches Verfahren des Kultivieren der
Zellen nach Anspruch 21 zum Exprimieren der Proteine in der Wirtszelikultur
umfalt. 25. Verfahren nach Anspruch 22, das weiters den Schritt der
Gewinnung des Proteins aus der Wirtszelikul- tur umfaBt. 30 26. Bindendes
Protein BP53 fUr insulinahnlichen Wachstumsfaktor, das nicht von
assoziierter nativer Glykosylierung begleitet ist, cdas zumindest etwa 80%
Homologie mit der Aminosauresequenz des in Fig. 3 gezeigten. reifen
Proteins .aufweist und das eine oder beide der biologischen Eigenschaften
(a) des Bindens von.insulinhnilichem. Wachstumsfaktor (IGF) oder. (b) des
immunologischen Oberkreuzrea- 35     gierens mit elnem Antlkorper, der
gegeqn.zumindest ein EpitQp des entsprechenden nativen bindenden P.roteins
gezUchtet worden ist, zeigt 27. Protein nach Anspruch 26, des die
Aminosguresequenz des in Fig. 3 gezeigten reifen Proteins aufweist. 40  28
Protein nach Anspruch 26, das ein menschliches Protein ist. 29. Protein
nach Anspruch 26, worin ein vorbestimmter Aminosgurerest auf dem Protein
substituiert, eingesetzt oder geloscht ist. 4S  30. Pharmazeutische
Zusammensetzung, die zur Bindung von insulinahnlichem Wachstumsfaktor
nltzlich ist und die eine therapeutisch..wirksame Menge des Proteins nach
Anspruch 26 oder 27 in einem pharmazeutisch akzeptablen Tr~ger umfaBt. 31.
Pharmazeutische Zusammensetzung, die zur Stoffwechselregulierung nUtzlich
ist und die therapeutisch 50     wirksame Mengen des insulindhnhichen
Wachstumsfaktors, des Proteins nach Anspruch 26 oder 27 und einen
pharmazeutisch akzeptablen Trager umfait. 32. Zusammensetzung nach
Anspruch. 3.1, worin der insulinghnliche Wachstumsfaktor IGF-I oder IGF-11
ist. 



5s  33. Zusammensetzung nach Anspruch 30, die isotonisch ist. 34.
Zusammensetzung nach AnspruCh 30, de .steril gefiltert lst. 26    *C   L  n
S 35. Sterile pharmazeutische Zusarnrnensetzung nach Anspruch 31, worin der
insulinahnliche Wachstums- faktor und das bindende Protein In einem etwa
dquimolaren Verhiltnis vorhanden sind. 36. Diagnosezusammensetzung, die zum
Bestimmen der Spiegel an insulinihnlichem Wachstumsfaktor in 5
zirkulierendem menschlichem Plasma nUtzlich ist und das Protein nach
Anspruch 26 oder 27 kovalent an eine nachweisbare Markierungsgruppe
gebunden enthglt. 37. Verfahren zur Herstellung von bilndendem Protein BP53
fUr insulinahnlichen Wachstumsfaktor, welches das Kultivieren von Zellen
umfaft, die mit einer DNA transformiert sind, die fUr ein Protein mit 10
zumindest etwa 80%iger Homologie mit der Aminossuresequenz von in Fig. 3
dargestelltem reifem IGF-BP kodlert, und die eine odor beide der
biologischen Eigenschaften (a) insulinshnlichen Wachs- tumsfaktor (IGF) zu
binden oder (b) immunologisch mit einem gegen zumindest ein Epitop des
entsprechenden nativen bindende'n Proteins gezUchteten Antik6rpers Ober
Kreuz zu reagieren, aufwei- sen. 15 38. Verfahren nach Anspruch 37, worin
die genannte DNA fOr ein Protein mit der Aminosguresequenz von in Fig. 3
gezeigtem reifem IGF-BP53 kodiert. RevendIcatlons 20 1. S6quence d'ADN
isolee comprenant une s~quence qui code pour la prot~ine de liaison BP53 de
facteur de croissance analogue a l'insuline, ladite sequence d'ADN etant
choisie dens le groupe consistent en: (a) la sequence d'ADN represent6e sur
la figure 3 ; et 25       (b) des sequences d'ADN qui s'hybrident dans des
conditions drastiques aux s6quences d'ADN d~finies en (a). 2. Sequence.
d'ADN suivant la revendicatiop 1, comprenant en outre une sequence d'ADN
codant pour un facteur de croissance analogue 6 I'insullne (IGF). 30 3.
Sdquence d'ADN suivant Ia revendication 2, dans laquelle le IGF est le
lGF-I ou le IGF-I. 4. Sequence d'ADN suivant Ia revendication 1, dans
laquelle la prot6ine est une proteine humaine. 35  5. Sequence d'ADN
suivant ,la ,rovendication 1, comprenant en. outre un promoteur lid de
manibre fonctionnelle a ladite sequence d'ADN. 6. S6quence d'ADN suivant la
revoedication 1, comprenant en outre une origine de replication
fonctionnel- le dans un organisme uniceliulaire..., 40 7. Vecteur
d'expression comprenant la sequence d'ADN suivant la revendication 1 liee
de maniere fonctionnelle I des saquencos de regulation reconnues par un
h8te transform4 par le vecteur. a  Cellule-h8te transform6e avec le vecteur
d'expression suivant la revendication 7. 45 9. Cellule-h8te suivant la
revendication, 8, ladite cellule etant une cellule procaryotique et la
s6quence de regulation comprenant une se6quence signal pour la secretion de
la protdine a I'exterieur de la cellule. 10. Cellule-h8te suivant la
revendication 8, qui est eucaryotique. 50 11. Cellule-h8te suivant la
revendication 10, qui est une cellule de mammifere. 12. Cellule-h8te
suivant la revendication 11, qui est une cellule do rein embryonnaire
humain ou une collule COS. 55 13. Sequence suivant la revendication 1,
comprenant en outre une sequence signal codant pour une region en amont de
la sequence codant pour la prot6ine. 27 



.~~~~~~~~~~~~~~~~~~~                            S 14. Sequence suivant la
revendication 13, dans laquelle la sequence signal est reconnue par des
cellules- h8tes de mamrnmiferes. 15. Sequence suivant la revendication 13,
dans laquelle la s6quence signal est reconnue par des cellules- 5
h8tes de procaryotes ou de levures. 16. S6quence suivant la revendication
1, comprenant en outre une r6gion adjacente a la sequence codant pour la
proteine, rdgion qui code pour une proteine exogene A un h8te transforme
avec ladite sequence. 10 17. S6quence suivant la revendication 16, dans
laquelle la prot6ine exogene confere une immunogdnicit6 a la proteine de
liaison. 18. S6quence suivant la revendication 16, dans laquelle la
prot~ine exogbne peut 8tre clivee de la proteine 15     de liaison. JN~
19. Vecteur suivant la revendication 7. comprenant en outre une sequence
d'ADN codant pour un facteur de croissance analogue a I'Insuline. 20  20.
C.llule-h~te transform6e avec Ie vecteur dexpression suivant la
revendication 19. 21. Cellule-h8te transformee avec le vecteur d'expression
suivant la revendication 7 et avec un vect1ur d'expression comprenant la
sequence d'ADN codant pour un facteur de croissance analogue A l'insuline
li6 de maniere fonctionnelle A des s6quences de regulation reconnues par
ladite cellule-h8te. 25 22. Procede de production d'une proteine de liaison
BP53 de facteur de croissance analogue a l'insuline, proced6 qui comprend
la culture des cellules suivant la revendication 8 pour l'expression de la
proteine dans la culture de cellules-h8tes. 30  2. Procede de production
d'une proteine de liaison BP53 de facteur de croissance analogue a
l'insuline, et d'un facteur de croissance analogue   I I'insuline, proc~d4
qui. comprend la culture des cellules suivant la revendication 20 pour
l'expression des protdines dans la culture de cellules-h8tes. 24. Proc6d6
de production d'une prot6ine de liaison BP53 de facteur de croissance
analogue a l'insuline, 35     et d'un facteur de croissance analogue a
l'insuline, proc6de qui comprend la culture des cellules suivant la
revendication 21 pour 1'expression des prot6ines dans la culture de
cellules-h8tes. 25. Procdd6 suivant la revendication 22, comprenant en
outre l'tape de separation de la prot6ine de la culture de cellules-h8tes.
40 26. Proteine de liaison BP53 de facteur de croissance analogue a
l'insuline qui n'est pas accompagne par la glycosylation naturelle
associee, qui possede au moins 80 % d'homologie avec la s6quence
d'amino-acides de la prot6ine mature represent6e sur la figure 3, et qui
possede une ou l'ensemble des propriet6s biologiques (a) de liaison du
facteur de croissance analogue a l'insuline (IGF), ou (b) de 45
r6action croisee immunologique avec un anticorps engendr6 contre au moins
un 6pitope de la proteine de liaison naturelle correspondante. 27. Proteine
suivant la revendication 26, qui possede la s6quence d'amino-acides de la
proteine mature representee sur la figure 3. 50 28. Protdine suivant la
revendication 26, qui est une proteine humaine. 29. Proteine suivant la
revendication 26, dans laquelle un residu d'amino-acides pr6d6termin6 sur
la proteine pr6sente une substitution, insertion ou del6tion. 55 30.
Composition . pharmaceutique utile pour ]a liaison d'un facteur de
croissance analogue a l'insuline, comprenant une quantite th6rapeutiquement
efficace de la proteine suivant la revendication 26 ou la revendication 27
dans un v6hicule pharmaceutiquement acceptable. 28    
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Composition pharmaceutique utile pour la regulation m6tabolique, comprenant
des quantites th~rapeuti- quement efficaces d'un facteur de croissance
analogue a l'insuline, de la proteine suivant la revendica- tion 26 ou la
revendication 27 et d'un vehicule pharmacoutiquement acceptable. 5 32.
Compositioni suivant ia revendication 31, dans laquelle le facteur de
croissance analogue a l'insuline est le IGF-I ou le IGF-II. 33. Composition
suivant la revendication 30, qui est isotonique. 1O 34. Composition suivant
la revendication 30, qui est soumise d une filtration stWrilisante. 35.
Composition pharmaceutique st6rlle suivant la revendication 31, dans
laquelle te facteur de croissance analogue a l'insuline est la prot~ine de
liaison sont prdsents en des quantites approximativement 6quimolaires. 15
36. Composition de diagnostic utile pour d6terminer les teneurs de facteur
de croissance analogues a l'insuline dans le plasma humain circulant,
comprenant la proteine suivant la revendication 26 ou la revendication 27
liee par covalence a un groupement de marquage detectable. 20  37. Proced6
de production d'une proteine de liaison BP53 de facteur de croissance
analogue a l'insuline, qui comprend la culture de cellules transformees
avec un ADN codant pour une protdine possedant au moins 80 % environ
d'homologie avec la sequence d'amino-acides de la IGF-BP mature repr6sent~e
sur la figure 3, et qui possede une ou l'ensemble des propriet6s
blologiques (a) de liaison d'un facteur de croissance analogue a l'insuline
(IGF), ou (b) de reaction croisee immunologlque avec un anticorps 25
engendre contre au moins un 6pitope de la proteine de liaison naturelle
correspondante. 38. Proc6d6 suivant la revendication .37, dans lequel I'ADN
code pour une prot6ine ayant la sequence d'amino-acides de la IGF-BP53
mature representee sur la figure 3. 30 35 40 45 50 55 29    


