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Description

Field of the invention

[0001] The invention relates to a protein purification construct comprising a binding protein, a selectively cleavable
interconnecting peptide and a variable polypeptide.

Background of the Invention

[0002] In vitro DNA manipulation and the attendant transfer of genetic information have developed into a technology
that allows the efficient expression of endogenous and foreign proteins in microbial hosts. Although expression of any
foreign protein in any microbial host is theoretically possible, many problems limit its practice. Stability of the protein pro-
duced often limits such practice and results in a low yield. In particular, small foreign proteins and oligopeptides cannot
be overproduced in most cellular hosts. While larger proteins can be produced at low or even high yield, their purifica-
tion from the total cell extract often poses problems.
[0003] To address these concerns, several researchers have recently investigated the fusion of a peptide marker to
the protein being expressed so that the protein can be readily recognized during purification. For example, a method
such as the one described in U.S. Patent No. 4,782,137, utilizes an antibody immobilized-immunoaffinity technique in
combination with an expressed, fused protein containing a small antigenic oligopeptide marker having an "antigenic
head" portion and a "linking tail" portion. The antigenic portion is a combination of hydrophilic amino acids that readily
elicit antigenic response. The linking portion permits cleavage of the marker from the desired protein after the fused pro-
tein has been isolated from the cells.
[0004] Other methods involve expression and purification techniques combining the use of enzymatic markers such
as glutathione transferase, beta-galactosidase and chloramphenicol acetyl transferase which bind to appropriate sub-
strates. See D.B. Smith, et al., Gene, 67, 31-40 (1988); Japanese application JP62283998, Derwent Abstract No.
4733853 and EPO application 131,363. In these instances, the enzyme is fused to the desired protein, the fusion prod-
uct separated by binding to an immobilized substrate and the enzyme cleaved from the desired protein by biochemical
methods.
[0005] Expression of a small polypeptide in a host cell also raises the possibility that the host will assimilate the
polypeptide. In instances where the recognition marker and desired protein are small, e.g. below about 60 to 80 amino
acid units in length, assimilation rather than expression as an end-product usually occurs.
[0006] The efficiency of expression in the host cell can also vary depending upon the character of the protein being
produced. The host may produce negligible amounts of fused peptide because the variation of the fused peptide struc-
ture can trigger a decrease in the transcriptional and/or translational efficiency. In particular, triggering is a problem with
a system that uses a small oligopeptide marker.
[0007] Production of fusion proteins containing larger peptides exemplified by beta-galactosidase, glutathione trans-
ferase or chloramphenicol acetyl transferase generally creates a new set of difficulties.
[0008] European Patent Application EP 244,147 discloses a hybrid protein containing a β-galactosidase moiety linked
to a desired protein through a renin cleavage site. EP 244,147 states that the hybrid protein may be adsorbed to an
affinity matrix under conditions in which no or minimal nonspecific adsorption occurs and, after washing the matrix-
hybrid protein complex to remove loosely bound or associated proteins, the desired protein can be released from the
matrix-hybrid protein complex by treatment of the complex with renin.
[0009] Purification usually is not very efficient or effective. For such large fusion proteins, the binding constants of the
contained enzymes to their substrates usually are so low that purification is difficult to achieve. During purification the
substrates often cleave from the column support and contaminate the separated fusion protein. Many of the enzymes
are such large molecular weight proteins that the desired protein constitutes only a small fraction of the fusion protein.
[0010] Consequently, production and purification of large quantities of protein by a microbial route need to be based
upon techniques that avoid or alleviate the foregoing concerns. Overproduction of the desired protein relative to other
proteins produced by the host would also be advantageous. The protein used for binding also should be one that has a
high affinity for a small molecule, so as to avoid the adverse complexing capacity, leakage, viral contamination and other
problems associated with immunoaffinity chromatography.
[0011] Therefore, it is an object of the invention to develop an expression system that allows the large scale, high yield
overproduction of both small and large polypeptides. A further object is to provide a facile, highly efficient purification
scheme that has general applicability to any product polypeptide such as proteins or very small peptides. Yet another
object is the development of protein expression and separation methods that utilize inexpensive materials. A further
object is practice of the method with soluble affinity systems that permit stable and high yield expression of polypep-
tides. A particular object is the development of a separation system based upon affinity techniques employing a recom-
binant and expressed binding protein that has a high affinity for its ligand.
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Summary of the Invention

[0012] These and other objects are achieved by the present invention which is directed to microbial and higher organ-
ism methods for expression and ligand immobilized affinity purification of a product peptide. The invention is directed
as well to biological compositions for expressing and purifying the product peptide. In particular the invention includes
a protein purification construct incorporating the product peptide.
[0013] Generally, the biological compositions of the invention include:

(a) the expressed protein purification construct having three tandem, coupled segments composed of a binding
protein, an interconnecting peptide and a variable fused polypeptide;
(b) a recombinant gene for the protein purification construct;
(c) a recombinant expression vector incorporating that recombinant gene;
(d) transformed cells or higher organisms carrying the vector;
(e) a method for expressing the said protein purification construct; and
(f) a method for producing a polypeptide product using said transformed cells.

[0014] The protein purification construct of the invention comprises three, tandem coupled segments: the first seg-
ment being a carbonic anhydrase or a modified version thereof, the carbonic anhydrase or modified version having a
dissociation constant no greater than about 10-7 M for a reversible inhibitor of the carbonic anhydrase; the second seg-
ment being an interconnecting peptide which is selectively cleavable by an enzymatic or chemical cleavage reagent;
and the third segment being a variable fused polypeptide. The invention is also directed to a nucleotide sequence cod-
ing for the said protein purification construct, and to an expression vector and a transformed cell comprising said nucle-
otide sequence. The invention further comprises a method for expressing the protein purification construct comprising:
a) inserting said expression vector into a host cell to produce a transformed host cell; and b) causing the transformed
host cells to express the protein purification construct. The invention finally comprises a method for producing a
polypeptide product comprising a) causing the said transformed cell to express the protein purification construct; con-
tacting an immobilized form of the reversible inhibitor with a mixture containing the protein purification construct and cel-
lular constituents from the transformed cell to produce a bound protein purification construct associated with the
immobilizing inhibitor; and c) removing the cellular constituents from the bound protein purification construct to produce
a segregated protein purification construct.
[0015] The variable fused polypeptide of the protein purification construct may comprise (a) at least two copies of a
first product peptide, adjacent units of the first single product peptide being tandemly linked by an intraconnecting pep-
tide; (b) a peptide unit comprising first and second product peptides linked by an interconnecting peptide; or (c) at least
two copies of said peptide unit, adjacent peptide units being linked by an intraconnecting peptide. The interconnecting
peptide, the intraconnecting peptides and the inner-connecting peptides may each be selectively cleavable with a dif-
ferent enzyme or chemical. The said connecting peptides may be amino acid sequences of up to 10 amino acid resi-
dues. The carbonic anhydrase or a modified version thereof may have a dissociation constant no greater than about 10-

7 M for an acetazolamide or a benzenesulfonamide derivative. The method for producing a polypeptide product may
comprise treating the segregated protein purification construct with a first cleavage reagent for the interconnecting pep-
tide to produce a free variable fused polypeptide
[0016] The protein purification construct of the present invention has a three tandem segment, single chain formula.
The first segment is a binding protein which exhibits strong, reversible binding to a specific small molecular weight lig-
and. The second segment is an interconnecting peptide which is selectively cleavable by an enzyme or chemical tech-
nique. It is typically a short chain peptide. The third segment, the variable fused polypeptide, incorporates any natural
or synthetic polypeptide desired as a product, e.g., any desired protein, oligopeptide or small molecular weight peptide.
In general, the variable fused polypeptide is composed of a single product peptide, or multiple units of product peptides.
The product peptides are the ultimate products of desirable character to the consumer. The variable fused polypeptide
can incorporate naturally assimilable amino acids as well as optional lipid, glycan and other ancillary moieties such as
vitamin derived cofactors and/or metal ions.
[0017] The variable fused polypeptide has several forms. The first is a single product peptide. The second is com-
posed of multiple tandem units of a single product peptide that ate linked by an intraconnecting peptide. In this case,
the intraconnecting peptide usually but not necessarily differs in structure and selectivity from the interconnecting pep-
tide. When different, the intraconnecting peptide nevertheless has the same general function as the interconnecting
peptide so that two different cleavages of an enzymatic or chemical nature will sequentially cleave the variable fused
polypeptide from the binding protein and then the individual product peptides from each other. The third form is a single
unit composed of several (i.e., two or more) identical or different product peptides tandemly interlinked together by
innerconnecting peptides. The fourth form is composed of repeating multiple tandem units linked together by intracon-
necting peptides wherein each unit contains the same series of different individual product peptides joined together by
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innerconnecting peptides. The fifth form is composed of a series of tandem units linked together by intraconnecting
peptides wherein each unit contains several identical or different product peptides joined by innerconnecting peptides
and the product peptides do not repeat from unit to unit. The sixth form is composed of identical multiple tandem units
wherein each unit contains several identical product peptides joined by innerconnecting peptides.

[0018] Preferred embodiments of the product peptide which can appear as single or multiple linked units in the vari-
able fused polypeptide include caltrin, calcitonin, insulin, tissue plasminogen activator, growth hormone, growth factors,
growth hormone releasing factors, erythropoietin, interferons, interleukins, oxytocin, vasopressin, ACTH, collagen bind-
ing protein, assembled antibodies, individual heavy and light antibody chains, antibody fragments such as Fab, F(ab)2,
Fc, individual chain fragments especially such as the isolated variable regions (VH or VL) as characterized by Lerner,
Science, 246, 1275 et. seq. (Dec. 1989) and epitopal regions such as those characterized by E. Ward et al., Nature,
341, 544-546 (1986) wherein the antibodies, chains, fragments and regions have natural or immunogenetically devel-
oped antigenicity toward antigenic substances. Additional embodiments of the desired polypeptide include polypep-
tides having physiologic properties, such as sweetening peptides, mood altering polypeptides, nerve growth factors,
regulatory proteins, functional hormones, enzymes, DNA polymerases, DNA modification enzymes, structural polypep-
tides, synthetic polypeptides, neuropeptides, polypeptides exhibiting effects upon the cardiovascular, respiratory, excre-
tory, lymphatic, immune, blood, reproductive, cell stimulatory and physiologic functional systems, leukemia inhibitor
factors, antibiotic and bacteriostatic peptides (such as cecropins, attacins, apidaecins), insecticide, herbicide and fun-
gicide peptides as well as lysozymes.
[0019] The binding protein segment of the protein purification construct generally is an enzyme or a truncated, altered
or modified functional version thereof (hereinafter the modified functional version). The binding protein exhibits highly
selective affinity binding to a low molecular weight ligand or a synthetic derivative thereof. The binding is strong so that,
in general, the conjugation of the binding protein and ligand will exhibit a solution dissociation constant (inverse of the
binding constant) of no more than about 10-7M. Generally, the ligand is a reversible inhibitor for the enzyme-like protein.
The invention includes as a binding protein carbonic anhydrase derived from any source, especially mammalian or
human, and a modified functional version thereof which will bind with the inhibitor, sulfanilamide or derivatives thereof.
An especially preferred embodiment of the modified carbonic anhydrase enzyme is a functional version which (I) does
not contain methionine, (II) has all or some glutamates replaced by another amino acid, preferably aspartate, (III) has
all or some arginines replaced by another amino acid, preferably lysine, (IV) has all or some asparagines replaced by
another amino acid, preferably glutamine, (V) has methionine replaced by another amino acid, preferably alanine or
lysine, or (VI) has cysteine replaced by another amino acid, preferably serine.
[0020] The choice of the interconnecting peptide for the protein purification construct depends upon the choice of
cleavage enzyme and product peptide sequence. In general, this interconnecting peptide sequence constitutes any
peptide sequence that uniquely reacts with a highly specific cleavage enzyme or by a highly specific chemical reagent
cleavage.
[0021] The recombinant gene coding for the protein purification construct incorporates three DNA segments coding
for the peptide sequences of the three segments of the construct. The segments are arranged so that either the binding
protein gene fragment or the variable fused polypeptide gene fragment can be read first. It is preferred to construct the
protein purification construct gene so that the binding protein gene fragment is read first. The gene segments may be
synthetic or derived from natural sources.
[0022] The DNA sequence or sequences for the product peptide or peptides incorporates cDNA or genomic clones
isolated from their native sources as well as synthetic DNA sequences.
[0023] The expression vector containing the recombinant gene is capable of directing expression of the protein puri-
fication construct in prokaryotic or eukaryotic cells. The expression vector incorporates the protein purification construct
gene and base vector segments such as the appropriate regulatory DNA sequences for transcription, translation, phe-
notyping, temporal or other control of expression, RNA binding and post-expression manipulation of the expressed
product. The expression vector generally will include structural features such as a promoter, an operator, a regulatory
sequence and a transcription termination signal. The expression vector can be synthesized from any base vector that
is compatible with the host cell or higher organism and will provide the foregoing features. The regulatory sequences of
the expression vector will be specifically compatible or adapted in some fashion to be compatible with prokaryotic or
eukaryotic host cells or higher organisms. Post-expression regulatory sequences, which cause secretion of the protein
purification construct can be included in the eukaryotic expression vector. It is especially preferred that the expression
vector exhibit a stimulatory effect upon the host cell or higher organism such that the protein purification construct is
overproduced relative to the usual biosynthetic expression of the host.
[0024] Transformed prokaryotic or eukaryotic cells or higher organisms carrying the appropriate recombinant prokary-
otic or eukaryotic vectors constitute the transformed microbes or higher organisms of this invention. The prokaryotic
cells useful as hosts include any that are amenable to expression of foreign protein. Preferred embodiments include E.
coli and B. subtilis. The eukaryotic cells include unicellular organisms, such as yeast cells, as well as immortal cells
from higher organisms, such as plant, insect or mammalian cells. Preferred eukaryotic cells include S. cerevisiae, Spo-
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doptera frupiperda, and corn, tobacco or soybean plant cells. The higher organisms useful as hosts include higher order
plants and animals having germ cells that are amenable to transformation. Included are plants such as tobacco, corn,
soybean and fruit bearing plants, and invertebrate and vertebrate animals such as fish, birds and mammals especially
including sheep, goats, cows, horses and pigs.

[0025] The invention as well includes a cultured, transformed cell colony or transformed plants or animals that are
capable of expressing the protein purification construct.
[0026] Generally, the method of the invention calls for:

(a) host cell or host organism expression regulated by the recombinant expression vector carrying the recombinant
gene coding for the protein purification construct;
(b) purification of the protein purification construct by a ligand immobilized affinity separation technique; and
(c) enzymatic or chemical cleavage of the protein purification construct in one or more stages to produce the prod-
uct peptide.

[0027] The expression steps of the method according to the present invention are based upon microbial or higher
organism protein expression. The steps call for inserting the recombinant gene into an appropriate base vector, trans-
forming host cells or higher organisms with the resulting recombinant vector and expressing the protein purification con-
struct preferably as a soluble product within the host cell or higher organism, as a product that is insoluble in the cell
cytoplasm, or as a secreted product by the host cell or higher organism. When higher organisms are chosen as the
host, fertilized germ cells of that organism are transformed and the transformed organism grown through usual matu-
ration techniques.
[0028] The purification steps of the method call for affinity binding of the protein purification construct to immobilized
ligand, and separating it from other cellular constituents, debris and culture medium. The variable fused polypeptide is
obtained from the immobilized protein purification construct through enzymatic or chemical cleavage action upon the
interconnecting peptide, and separating the variable fused polypeptide from the cleavage enzyme or other material.
(Throughout this application, mention of enzymatic or chemical cleavage alone will be understood to include both.)
[0029] Alternatively, the purification steps can separate the entire protein purification construct from the immobilized
ligand after purification and cleave it with an immobilized cleavage enzyme or chemical reagent to produce a mixture
containing the variable fused polypeptide and binding protein. This mixture can be separated by use of an immobilized
ligand for the binding protein and removal of the purified, variable fused polypeptide.
[0030] When the variable fused polypeptide is a single product peptide, the foregoing separation completes the syn-
thesis. When the variable fused polypeptide contains multiple units or a single unit of several identical or different prod-
uct peptides as explained above, subsequent, sequential enzymatic or chemical cleavage of the intraconnecting
peptides, and of the innerconnecting peptides, produces the product peptides in separated form.
[0031] Generally, the three linking peptides - interconnecting peptide, intraconnecting peptide and innerconnecting
peptide - are chosen to be cleavable with different enzymes or chemicals. The combination of amino acid sequences in
the binding protein and in these linking peptides are also chosen so that they do not duplicate amino acid sequences
in the product peptides. The modifications of the binding protein mentioned above facilitate this choice.
[0032] Preferred embodiments of the method include those expressing the recombinant gene composed of DNA seg-
ments for human carbonic anhydrase (or a modified functional version thereof), interconnecting peptide and a single
product peptide or multiple units thereof. Additional preferred embodiments include use of E. coli or yeast as the host
cells and use of controlled expression by means of any induction system such as temperature, nutrients, isopropyl thi-
ogalactoside, indole acrylic acid, carbon sources and the like, so as to allow the production of a protein purification con-
struct that would be toxic to the host. Further preferred embodiments include use of an expression vector system for
prokaryotic cells which incorporates a two plasmid construction, and an expression vector system for yeast cells which
incorporates a shuttle vector with an origin of replication for E. coli and one for S. cerevisiae.
[0033] An especially preferred method involves expression of multiple tandem units of a single product peptide from
a single recoin binant gene carrying multiples of the DNA sequence for the product, peptide.

Brief Description of the Drawings

[0034]

Figure 1 shows the various formulas for the variable fused polypeptides formed of multiple units of product pep-
tides.
Figure 2 shows several specific examples based upon some of the formulas of Figure 1.
Figure 3 shows the amino acid sequence for a preferred binding protein, human carbonic anhydrase.
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Detailed Description of the Invention

[0035] The expression of a foreign protein by interaction of recombinant vectors with the biosynthetic machinery of
host cells or host organisms is a wellknown technique for biochemical protein synthesis. The present invention utilizes
a novel modification of this expression technique in combination with a ligand immobilized affinity separation technique
to establish a new and unparalleled method for large scale, low cost, highly efficient biological synthesis. It eliminates
expensive machinery and reagents, long synthetic times, low reaction efficiency and produces fewer faulty copies and
a higher yield of the product peptide, than the solid phase peptide synthesis.
[0036] The method of the invention incorporates a combination of cellular factors and biologic compositions that ena-
ble ready expression of foreign proteins by biological systems. Because the expressed protein purification construct
incorporates a large binding protein, subversion of the particular identity of the product peptide by the expression mech-
anism of the cell or organism is not permitted. Variation in expression efficiency is minimized. The preferred inductive
expression mechanism allows production of peptide purification constructs that would otherwise be toxic to host cells.
[0037] The method of the invention also incorporates factors that contribute substantially to the efficiency, capacity
and yield of the purification technique. The high binding constant (low dissociation constant) of the binding protein for
its immobilized ligand enables clean, complete separation of the variable fused polypeptide from other constituents.
The low molecular weight of the immobilized ligand achieves a high capacity and large scale of separation per unit
weight of immobilization support. When the binding protein and ligand are an enzyme and inhibitor, there is no spurious
enzymatic cleavage action to produce undesirable side products.
[0038] Additional features of the invention that are advantageous include the use of the multiple unit concept and
codon diversity in the gene segment for the variable used polypeptide. These features are based upon the discovery
that repetitious gene sequences can be unstable in the host cell.

IA. Method for Expression - Host Cells

[0039] The microbial method of the invention employs host cells transformed with an expression vector carrying a
recombinant protein purification construct gene which will cause the host cells to express protein purification construct.
The vector carrying the protein purification construct gene is prepared by insertion of the DNA segments coding for the
protein purification construct into an appropriate base vector.
[0040] In one scheme for construction of the vector,the DNA segment for the binding protein, for example the human
gene for carbonic anhydrase II, (the binding protein gene) is inserted into a base plasmid which is compatible with the
host cell to be transformed. The base plasmid contains the necessary regulatory sequences for high level expression
of genes placed downstream.
[0041] A synthetic DNA sequence coding for the interconnecting peptide is then inserted near the 3' end of the binding
protein gene. A restriction enzyme site near the 3' end of the binding protein gene should be present to enable insertion
of this DNA sequence for the inter-connecting peptide. Also, at least one convenient restriction enzyme site (intermedi-
ate vector restriction site) should be designed into the synthetic DNA sequence for the interconnecting peptide so that
DNA segments coding for the variable fused polypeptide can later be inserted in the correct reading frame. If no such
sites are already present, they can be introduced at this point in the scheme by a site-specific mutagenesis after stand-
ard procedures described in Sambrook, J., Fritsch, E.F. and Maniatis, T., Molecular Cloning, A Laboratory manual, Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1989), the disclosure of which is incorporated herein by reference.
[0042] The resulting vector construct is the intermediate base vector for the in site construction of the protein purifi-
cation construct gene integrated into the larger vector. Any naturally occurring or synthetic DNA sequence can be
inserted into the intermediate vector restriction site to yield a protein purification construct gene integrated into the
expression vector. Proper insertion and reading frame alignment can be verified by known techniques such as sequenc-
ing the junction region between the binding protein gene and the DNA sequence for the variable fused polypeptide
according to methods described in Sambrook et al.
[0043] Alternate synthetic routes also will provide the same construction of the final expression vector. In one alter-
native route, any two adjacent DNA segments of the protein purification construct gene can be ligated together to form
an intermediate gene and then combined with the third segment to form the protein purification construct gene in non-
integrated form (i.e., separate entity). The non-integrated protein purification construct gene can then be inserted into
an appropriate base vector following the restriction and ligation methods described above. Appropriate unique restric-
tion sites can be inserted as described above (Sambrook protocols) if not already present in the base vector chosen.
[0044] In a second alternative, after ligating together any two adjacent DNA segments, the resulting intermediate
gene can be transferred to the base vector by the restriction and ligation methods described above. The third DNA seg-
ment (i.e., the binding protein gene or variable fused polypeptide gene) can be inserted into the base vector carrying
the intermediate gene pursuant to the Sambrook techniques including construction of appropriate restriction sites, if
needed, and ligation procedures described above.
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[0045] This same methodology for final expression vector construction can be employed in the preparation of vectors
carrying protein purification construct genes reading for protein purification constructs of a reverse sequence, i.e., read-
ing as variable fused peptide-interconnecting peptide-binding protein. In this instance, the gene for the interconnecting
peptide and/or other appropriate genes are inserted at the 5' end of the binding protein gene and/or other appropriate
gene. All protocols for restriction, insertion, ligation and the like follow standard procedures such as those described by
Sambrook, cited supra.

[0046] The final recombinant expression vector will carry an appropriate promoter, a sequence coding for a ribosome
binding site, phenotype genes for selection, and regulatory regions for transcription, translation and for post-transla-
tional intracellular manipulation of the resulting protein purification construct.
[0047] Prokaryotic and eukaryotic vectors which have been constructed according to the foregoing general schemes
can function or can be modified to function within the biosynthetic machinery of appropriate host cells. For eukaryotic
cells, the vectors preferably can carry signal sequences and/or other regulatory sequences to allow for excellular secre-
tion of the protein purification construct as it is expressed or allow for post-translational modifications.
[0048] Preferred base vectors for the method of invention include any plasmid that is compatible with the particular
host, is stable in that host and allows for a positive selection of the transformed host. Such vectors include, for example,
pTZ18/19U/R or pPL-lambda as well as those characterized in P.H. Pouwels, B.E. Enger-Valk, and W.J. Branimer, Clon-
ing Vectors, Elsevier Science Pub. (1985) the disclosure of which is incorporated herein by reference.
[0049] The preferred intermediate vector restriction sites will depend on the DNA sequence of the interconnecting
peptide, which in turn is dependent on the type of cleavage chosen. Any restriction enzyme site can be used which is
compatible with the DNA sequence for the interconnecting peptide, or which can be manipulated by treatment with DNA
modifying enzymes (such as T4 DNA polymerase, S1 nuclease, Klenow fragment, mung bean nuclease or different
exonucleases) or by the addition of linkers or adapters to ensure a correct sequence and reading frame alignment in
the junction region.
[0050] Isolation of host cells transformed with the final recombinant expression vector is accomplished by selecting
for the phenotype or other characteristic that is designed into the recombinant vector. Generally, such selection charac-
teristics include antibiotic resistance or complementation of deficient functions in the host. Preferred phenotype genes
for the recombinant vector of the invention include antibiotic resistent phenotypes, essential amino acid phenotypes and
other essential compound phenotypes.
[0051] Culturing the selected, transformed host cells in a medium containing nutrients, growth factors and vitamins
will yield the protein purification construct in those cases where a non-inducible expression system is used. Preferably,
an inducible expression system is used so that the selected, transformed host cell will be grown to early- to mid-loga-
rithmic phase and treated with an induction compound to cause the protein purification construct to be produced. Typ-
ically, incubation will be continued for up to several hours (the most appropriate incubation time for each protein
purification construct is determined by sampling at differing times during a test incubation), at which point the cells are
harvested and lysed to release the cellular contents containing the protein purification construct. If the transformed host
cell is designed to secrete the protein purification construct, the culture is grown until an appropriate and/or desired con-
centration of the protein purification construct is present in the culture medium. If the host cell is one that will contain
dissolved protein purification construct in its cytoplasm, the culture is grown until it reaches optimum maturity. The
mature culture is then lysed with an appropriate agent to release the cytoplasm containing the protein purification con-
struct. If the protein purification construct is deposited as insoluble granules in the host cell, the mature cell culture,
lysed and the released insoluble granules are dissolved in chaotropic agents and refolded in vitro. This incubation,
growth and lysing process can be conducted in a batch or continuous manner.
[0052] In either alternative for producing protein purification construct, the medium containing the protein purification
construct obtained from the cells is taken as a crude mixture of materials into the method for purification.

IB. Method for Expression - Higher Organisms

[0053] The multicellular method of the invention employs higher organisms transgenically altered with a genetic
expression cassette carrying a recombinant protein purification construct gene which will cause the higher organism to
express the protein purification construct. The cassette carrying the protein purification construct gene is prepared by
insertion of the DNA segments coding for the protein purification construct into an appropriate base cassette. The base
cassette will be compatible with host organism germ cells and will be designed to combine appropriately with the
genetic material of those cells. It will carry or will be modified to carry the appropriate promoter, operator, regulatory and
phenotype regions needed to achieve transcription, translation, and post-translation intracellular manipulation of the
resulting protein purification construct.
[0054] Higher organisms, including plants such as corn, soybean and tobacco, and animals such as fish or mammals
(e.g., goats, cows, horses, rabbits and mice) can function as the hosts for this method. After sexual fusion of host hap-
loid germ cells and transformation of those fertilized germ cells with the recombinant expression cassette, the trans-
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genic animal can be grown by reimplantation of the transgenic germ cell into the uterus and growth of the transgenic
embryo. Plants also can function as the host of this method. Transgenic plants can be obtained by Agrobacterium medi-
ated transformation, electroporation of plant protoplasts or microprojectile bombardment. Upon maturation of the trans-
genic plant or animal, the expressed protein purification construct can be found in the plant material, e.g., leaves,
seeds, fruit, or in animal tissues, e.g., meat, organs, or in tissue secretions, e.g., sap, urine or milk. Homogenization
and/or extractive concentration methods applied to the material, tissues or secretions can yield a crude mixture of mate-
rials including the protein purification construct for use in the method for purification. Generally, these methods follow
the techniques and protocols described in the references in Table 1, the disclosures of which are incorporated herein
by reference.

II. Method for Purification

[0055] To perform purification, the crude mixture of materials is combined with an immobilized ligand for the binding
protein. Examples of the binding protein, corresponding ligand and associated dissociation constants are given in fol-
lowing Table 2. The liquid is sulfanilamide or a benzene sulfonamide derivative with a dissociation constant of no greater
than 10-7. The protein purification construct binds to the immobilized ligand through the reversible affinity of the binding
protein for its ligand. The remaining constituents and debris of the crude mixture of materials can then be removed by
washing or similar techniques.

References cited in Table 2

[0056] 3. Taylor, P.W. et al., Biochemistry, 9, 2638 (1970)
[0057] Immobilization of the ligand on a solid support can be accomplished by the methods of W. Scouter, Methods
Enzymol., 34, 288-294 (1974); S. Marcus, Methods Enzymol., 34, 377-385 (1974); A. Matsura et al., Methods Enzy-

Table 1

Protocols for preparation of transgenic sheep and mice

1. Gordon K., Lee L., Vitale J.A., Smith A.E., Westphal H., and Hennighausen L. (1987) Bio/Technology,
5, 1183-1187.

2. Pittius C.W., Hennighausen L., Lee L., Westphal H., Nichols E., Vitale J.A., and Gordon K. (1988)
Proc. Natl. Acad. Sci. USA, 85, 5874-5878.

3. Clark A.J., Bessos H., Bishop J.D., Brown P., Harris S., Lathe R., McLenaghan M., Prouse C., and
Simons J.P. (1989) Bio/Technology, 7, 487-492.

Protocols for preparation of transgenic rabbits

1. Buhler Th.A., Bruyere Th., Went D.F., Stranzinger G., and Burki K. (1990) Bio/Technology, 8, 140-
143.

Protocols for preparation of transgenic plants

1. Hooykaas P.J.J., and Schilperoort R.A. (1987) Methods in Enzymology, 153, 305-313.

2. Shillito R.D., and Potrykus I., (1987) Methods in Entymology, 153, 313-336.

3. Weissinger A., Thomes D., Maddock S., Fromm M., and Sanford J. (1988) in Current Communica-
tions in Molecular Biology, (Fraley R.T., Frey N.M., and Schell J., eds.) Cold Spring Harbor, NY.

4. Lichtenstein C., and Draper J. (1986) in DNA Cloning, vol. II, (Glover D.M. ed.), IRL Press Ltd., Oxford
UK.

Table 2

Binding Protein Ligand Kd ref.

Carbonic anhydrase II Sulfanilamide 4,6E-7 3

Carbonic anhydrase II Acetazolamide 6E-10 3

E is times ten to the negative exponent indicated.
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mol., 34, 303-4 (1974); R. Barker, Methods Enzymol., 34, 317-328 (1974); I. Matsumoto, Methods Enzymol., 34, 324-
341 (1974), J. Johansen, Carlsberg Res. Commun., 14, 73 (1976) and G. S. Bethell et al., J. Biol. Chem., 254, 2572-
2574 (1979); the disclosures of which are incorporated herein by reference. Preferred solid supports include cellulose
derivatives, polyamides, dextrin, gels, polystyrene, polyolefins, silicas and glasses. Alternatively, the ligand may be cou-
pled to an iron containing molecule such as a ferrocenyl derivative and a magnet used to perform the immobilization
and separation of the iron bound protein purification construct. Liquid - liquid affinity purification can also be used. In
this instance the ligand is bound to a substance that conveys selective solubility of the protein purification construct in
a particular solvent system relative to the other materials present in the crude mixture.

[0058] Two routes can be employed for further purification of the protein purification construct. According to the first
route, the protein purification construct is dissociated intact from the immobilized ligand by washing with a strong com-
peting ligand solution. Examples include cyanides, pseudocyanides such as thiocyanides, perchlorates, halide and sim-
ilar strong Lewis bases. According to the second route, the immobilized protein purification construct is contacted
directly with cleavage reagent to release the variable fused polypeptide.
[0059] To isolate the variable fused polypeptide in the first route, the purified protein purification construct is contacted
with cleavage reagent (immobilized or soluble) to cleave the protein purification construct into binding protein-intercon-
necting peptide moiety and the variable fused polypeptide. Contact of this mixture with the immobilized ligand for the
binding protein will bind the binding protein-interconnecting peptide moiety and allow the removal of the cleaved varia-
ble fused polypeptide. If the cleavage reagent is soluble, it can be separated from the cleaved variable fused polypep-
tide by ordinary known techniques such as partition chromatography, dialysis, filtration based upon molecular size, high
pressure liquid chromatography ion exchange chromatography and the like.
[0060] To isolate the variable fused polypeptide in the second route, its mixture with cleavage enzyme may be com-
bined with a means for molecular weight selection (e.g. partition chromatography dialysis, filtration based on molecular
size or high pressure liquid chromatography on a "particle exclusion" base or ion exchange chromatography) such that
the high molecular weight cleavage enzyme is separated from the free variable fused peptide. Or, the mixture can be
combined with an immobilized affinity material for the cleavage enzyme.
[0061] Depending upon the expression gene chosen, the free variable fused polypeptide released from the intercon-
necting peptide cleavage will constitute:

(a) the product peptide in isolated form, or
(b) multiple units of product peptide(s) that need further manipulation.

[0062] Several forms of the multiple units are possible as mentioned above. In a first form, the multiple units may con-
stitute a series of identical product peptides linked together by intraconnecting peptide fragments that differ in structure
and selectivity from the interconnecting peptide already cleaved. In this form, enzymatic cleavage of the intraconnecting
peptide yields free multiple copies of the product peptide. Especially when the product peptide is composed of one hun-
dred or less amino acids this multiple unit method is an efficient way to convert a major portion of the weight of the cel-
lular protein products into the product peptide
[0063] In another form, the multiple units may be the same repeating unit of a series of different product peptides or
non-repeating units composed of several identical or different product peptides. The units are linked together by the
above-mentioned intraconnecting peptide while the different product peptides within the unit are linked together by
innerconnecting peptides. The different product peptides are selected so that their physical or chemical properties per-
mit their separation by conventional or affinity means. To facilitate individual product peptide separation, the intracon-
necting and innerconnecting peptides serve not only as sites for peptide cleavage but also the resulting cleavage
residues contribute to the chemical or physical differentiation which permits separation of individual product peptides.
The ionic, lipophobic, acidic, basic or antigenic function of the intraconnecting and innerconnecting peptide residue
alone or in combination with the attached product peptide permits separation of individual product peptides after cleav-
age by means such as affinity chromatography, ion exchange chromatography, reverse or normal phase chromatogra-
phy, counter current distribution, acid or base extraction and other known methods for peptide separation. In operation,
the intraconnecting and innerconnecting peptides are designed so that they may be effectively and selectively cleaved
by enzymatic means and the resulting cleavage residue can be effectively and efficiently removed from the product pep-
tide by chemical or enzymatic techniques. Typically, the intraconnecting and innerconnecting peptide cleavage residues
can be removed from the product peptides by appropriate enzymatic digestion with a carboxypeptidase or aminopepti-
dase.
[0064] Generally, the interconnecting peptide, intraconnecting peptide and innerconnecting peptide fragments will
have different amino acid sequences so that they can be sequentially rather than simultaneously cleaved. The amino
acid sequences are chosen also so that the cleavage sequence does not duplicate any amino acid sequence of the
product peptide(s). These three peptide connecting fragments can be chosen from the same group of amino acid unit
sequences for example, those listed in following Table 3. The factors to consider in choosing these three peptide con-
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necting fragments include the following:

a) The amino acid sequence of the product peptides. The amino acid sequence of the connecting fragment cannot
occur in the product peptide.
b) Fragments with high cleavage specificity should be cleaved first while those with lower specificity should be
cleaved later. This factor means that cleavage of the interconnecting peptide should be practiced according to a
plan that renders this cleavage highly selective relative to the amino acid sequence of the variable fused polypep-
tide. Medium and low specificity can be used with the intra and innerconnecting peptide respectively. For example,
methionine cleavage, which has low specificity, is most appropriately to use with the innerconnecting peptides.
c) The binding protein cannot contain readily accessible amino acid sequences that also constitute the intercon-
necting peptide sequence. The binding protein amino acid sequence can be modified as described above to elim-
inate such overlap and increase design flexibility.
d) The intra and innerconnecting peptides and the gene fragments coding for them are positioned and altered to
provide for diversity in the gene sequence for the variable fused peptide. This diversity allows efficient expression
of multiple units of a small peptide. It has been discovered that a continuously repetitive genetic sequence will often
be rearranged or deleted by the host organism prior to recombination.

[0065] The several versions of the protein purification construct based upon the variable fused polypeptide are
depicted in Figure 1. Formula I illustrates a straightforward version of the protein purification construct as a three seg-
ment combination of the binding protein (BP), interconnecting peptide (INTERP) and product peptide (PP) . Formula II
illustrates a multiple unit (U) version of the protein purification construct in which the variable fused polypeptide is com-
posed of multiple tandem units of identical PP linked together by intraconnecting peptides (INTRAP). Formula III illus-
trates multiple units linked together by INTRAP's, the units containing two different PP's interlinked by an
innerconnecting peptide (INERP). Formula IV illustrates multiple units in which each unit is a series of three PP's inter-
linked by INERP's. Formula V illustrates multiple units wherein each unit in the sequence contains a different series of
three identical PP's. Formula VI illustrates multiple units wherein each unit contains the same series of PP.
[0066] For illustrative purposes, examples of Formulas I, II, III and IV of Figure 1 using specific product peptides are
shown in Figure 2.
[0067] Figure 2A is based upon Formula II of Figure.1 and shows the structure for a protein purification construct
formed from modified human carbonic anhydrase (methionine elimination) as the binding protein and multiple units of
Fibrino Peptide B (human) as the variable fused polypeptide. The multiple units are linked by methionine. The variable
fused polypeptide is linked to the binding protein by a tetraaspartyllysine interconnecting peptide. Selective cleavage of
the connecting peptides with enterokinase (cleaves INTERP) and then with trypsin (cleaves at the carboxy side of
arginine) produces N-Methionine Fibrino Peptide B.
[0068] Figure 2B is based upon Formula III of Figure 1 and shows the structure for a protein purification construct
formed from modified human carbonic anhydrase (methionine elimination) as the binding protein and multiple units of
Fibrino Protein B (human, PP1) and lipotropin (PP2) joined by a dialanylarginine innerconnecting peptide. The multiple
units are linked by a lysinylalaninylmethionine intraconnecting peptide. The interconnecting peptide is tetraaspartylly-
sine. As shown sequential cleavage with enterokinase (INTERP cleavage), then cyanogen bromide (INTRAP cleav-
age), and then trypsin (INERP cleavage) followed by ion exchange chromatography and carboxypeptidase digestion of
the connecting peptide residues produces the free Fibrino Peptide B and lipotropin.
[0069] Figure 2C is based upon Formula V of Figure 1 and shows the structure for a protein purification construct
formed from modified human carbonic anhydrase (methionine elimination) as the binding protein and two repeating
multiple units, the first being repetitious of Fibrino Protein B [human] innerconnected by dileucine and the second being
repetitious of lipotropic interconnected by arginine. The multiple units are linked by alaninylmethionine intraconnecting
peptide. The interconnecting peptide is tetraaspartyllysine. As shown, sequential cleavage with enterokinase (INTERP
cleavage] then cyanogen bromide (INTRAP cleavage] followed by ion exchange chromatography and trypsin or ami-
nopeptidase digestion to remove the connecting peptide resides produces the free Fibrino Peptide B and lipotropin.
[0070] When the product peptide contains an amide group instead of carboxylic acid at its C-terminus, the synthetic
method of the invention can be altered and extended to produce that amide substituted protein by the addition of one
or more amino acids to the C-terminus. In one embodiment of this method, the DNA code for an amino acid, e.g., gly-
cine, can be added to the C-terminus of the gene for the product peptide. The product peptide is expressed with this
additional amino acid fragment at the C-terminus. Use of the amidating enzyme described in the publications A.F. Brad-
bury, D.G. Smyth, Biochem. & Biophys. Res. Com., 154, 1293-1300 (1988); Kazuhiro Ohsuye et al., Biochem. & Bio-
phys. Res. Com., 150, 1275-1281 (1988) will cleave the (C-terminus amino acid between the N and CH2 groups so as
to leave a primary amide group. Other methods based upon C-terminus amino acid rearrangement and cleavage are
also known and available for formation of the C-terminus amide group.
[0071] The method of the present invention circumvents the synthetic and purification difficulties of prior marker, anti-
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body and enzyme recombinant techniques for polypeptide recombinant synthesis. For instance, the first segment of the
protein purification construct is large enough to reduce any significant effects on the translational efficiency that could
be caused by the variation of the sequence of the variable fused polypeptide. The use of a low molecular weight ligand
and a binding protein having a strong binding constant for the ligand avoids low concentrations of the binding agent on
the column and inefficient separations that are attendant with antibody and substrate-enzyme techniques. A highly lev-
eraged binding capacity is produced for the separation as a result of the small size of the ligand relative to the large
protein purification construct. The present technique also provides an inexpensive affinity ligand (inhibitor) and indefi-
nite reuse of the purification column. Further, the method incorporating the preferred synthetic gene and expression
vector allows overproduction of short peptides otherwise degraded in bacterial cells or fungi cells.

[0072] The method of the invention preferably employs a large DNA segment for the binding protein at the expression
start site of the vector. With this preferred arrangement, the host cell reads the 5'-end codons of the recombinant vector
as being the same in all instances even though the DNA sequence at the 3'-end of the gene can differ. With this pre-
ferred arrangement, expression is less dependent upon the variability of sequence of the gene segments for the varia-
ble fused polypeptide (product peptide), does not undergo reversion because of a repetitive product peptide sequence
and relies upon the constancy of the sequence of the gene segment for the binding protein. This arrangement results
in a more consistent expression system for any product peptide.
[0073] In particular, for multiple unit expression, it has been discovered that this preferred arrangement causes sig-
nificant recombinant cell tolerance for the repetitive character of the variable fused protein containing more than one
copy of a product peptide, and the corresponding inserted gene. Therefore, a variable fused polypeptide containing
multiple units of product peptide is effectively and efficiently produced by this invention. In combination with the
sequence variability provided by the multiple unit construct described above, this preferred arrangement further
increases the product yield of the recombinant expression according to the invention.
[0074] The method of the invention also allows the synthesis of oligopeptides which cannot be prepared by a recom-
binant technique that incorporates a small antigenic peptide as an antibody separation marker. Oligopeptides with less
than 50 amino acids are typically very unstable in microbes such as E. coli or yeast. The addition of an antigenic peptide
marker containing, for example, eight amino acid units will not alter the instability. Hence, oligopeptide biosynthesis,
which, for example, would include the biosynthesis of calcitonin, proinsulin, vasopressin, angiotensin, caltrin, LHRH,
growth hormone releasing factor, cecropins, apidaecins and the like, cannot be accomplished through application of
such a technique.
[0075] The method of the invention also avoids the difficulties attendant to techniques for expressing large proteins
fused to short peptide markers. In these instances, the large proteins can fold back and block the short peptide marker.
The marker would then be unavailable for complexation with, for example, an immobilized antibody. Also, use of a short
leader peptide marker can cause variations in the overall expression efficiency, because the translational efficiency will
become dependent on the DNA sequence of the large protein.
[0076] The method of the invention further employs a biospecific, ligand-binding protein affinity purification that sep-
arates large volumes of highly concentrated protein purification construct. This has a distinct advantage over antibody
immobilized affinity chromatography methods where the size and molecular weight of the antibody are limiting factors
for the amount of antigenic material (e.g. expressed protein) that can be complexed with a given unit weight of immobi-
lized antibody and a given unit volume of affinity resin. In addition, the method of the invention avoids antibody leakage,
microbial and viral contamination and other problems associated with immunoaffinity chromatography.
[0077] The binding of ligand to binding protein according to the invention is highly specific so that there is significant
discrimination against undesired side products. The binding strength of this conjugate is quite high, on the order of
approximately 10-7M or less as measured by its inverse function, the dissociation constant. This strength means that
non-specific binding of undesired side products can be eliminated by treatment with a mild debinding agent in contrast
with what would happen with systems of lower binding strengths. Because the binding constant operating in the present
invention is high, relatively powerful washing and/or dissolution systems can be adapted to the purification technique.
For example, washing with 1M aqueous solution of a mineral acid salt of a metallic ion, will not dissociate the binding
protein-ligand couple on the support matrix in all instances according to the invention. Because the ligand-binding pro-
tein couple occupies a small volume relative to antibody-antigen volumes, however, an extremely high separation
capacity per unit volume of immobilizing medium is possible.
[0078] When the ligand and binding protein couple is the especially preferred embodiment, inhibitor-enzyme, its use,
rather than a substrate-enzyme conjugate permits achievement of a high binding strength rivaling that of the antibody-
antigen affinity. Moreover, lack of a substrate conjugate negates the drawback of substrate based systems wherein the
substrate can undergo reaction upon enzyme conjugation.

III. Preferred Embodiments

[0079] According to the present invention, a synthetic or cDNA gene coding for the product peptide and a DNA
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sequence for the interconnecting peptide are cloned directly adjacent to the hCAII gene presented in a recombinant
vector. The resulting recombinant Expression system preferably allows overproduction of the protein purification con-
struct. The protein purification construct can then be purified through the inhibitor affinity function of the hCAII moiety.

[0080] Generally, any product peptide can be overproduced and purified by the method of the invention. The method
is especially useful for overproduction of oligopeptides, which would be unstable in a "non-fused" form in the cellular
host. Specific embodiments for practice of the invention employing carbonic anhydrase as the binding protein will fur-
ther illustrate the advantages of the present invention. The illustrated combinations and compositions for practice of the
method are based upon human carbonic anhydrase II

III. A. Biological Compositions

1. DNA and Amino Acid Sequences for Protein Purification Construct

a. Binding Protein Segment

[0081] The DNA and amino acid sequence for the carbonic anhydrase binding protein, human carbonic anhydrase II
(hCAII), is given in Figure 3. When employing the hcAII gene, at least a portion representing the functional fragment of
the enzyme, such as to carbonic anhydrase terminated at methionine 239, cysteine 205 or asparagine 231 and car-
bonic anhydrase modified as follows:

i. hCAII with all or some glutamate amino acid residues replaced by a different amino acid (AA), preferably aspar-
tate.
ii. hCAII with all or some arginine AA residues replaced by a different AA, preferably lysine.
iii. hCAII with the AA positions at [NllX, G12X] (asparagine glycine), [N62X, G623X], [N231X, G232X], M240X
(methionine), or C205X (cysteine) modified as follows: the asparagine is changed to glutamine or glycine is
changed to alanine, methionine is changed to alanine or leucine, and cysteine is changed to serine, Or a combina-
tion of any of these.

In particular, the complete hCA gene sequence can be inserted into an expression vector which is compatible with E.
coli. Cleavage of the DNA sequence at a site downstream from the regulatory portion of the vector followed by insertion
of the gene through blunt- or sticky-end ligation forms the recombinant vector. Additionally, an optional restriction site
sequence at the 5' or 3' end of the enzyme gene can be introduced so that subsequent manipulation can be made.

III. A.I. b. Inter- Inner- and Intraconnecting Peptide Segments

[0082] A short DNA fragment coding for the interconnecting peptide is inserted near the 3' or 5' end of the intact or
partial hCA gene (the inner- and intraconnecting peptides are discussed below). This fragment can be inserted before
or after the hCA gene or fragment has been transferred to the expression vector. The accuracy of the reading frame can
be ensured since the nucleotide sequence of the hCA gene is exactly known. Upon insertion, however, the DNA
sequence in the junction region is verified using standard DNA sequencing methods described in Sambrook et al., cited
supra.
[0083] Several DNA and peptide sequences for the inter-, inner- and intraconnecting peptides and their corresponding
cleavage enzymes or chemical cleavage conditions are possible. The preferred sequences and enzymes are given in
following Table 3. The gene sequence indicated is one possibility coding for the inter-, inner- and intraconnecting pep-
tides. Other DNA sequences can be constructed to code for the same inter-, inner- or intraconnecting peptide
sequence.
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III. A.1 c. Variable Fused Peptide Segment

[0084] The third part of the sequence consists of a DNA sequence coding for the variable fused polypeptide which in
a preferred embodiment is a single product peptide or multiple units of product peptide. The unit can in turn contain one
or two product peptides. To form the single product peptide, the single copy gene is ligated to a DNA segment for an
interconnecting peptide selected from the foregoing list. To form the double product peptide incorporated into multiple
units, the combination of DNA sequences for the two product peptides, which are linked together by a DNA sequence
for the innerconnecting peptide, is linked to a DNA sequence for an intraconnecting peptide selected from the foregoing
list. Through repetitive cloning, multiple units of the gene can be combined together. This multiple unit gene then con-
stitutes the code for variable fused peptide segment.
[0085] In addition to polypeptides formed from amino acid units alone, polypeptides that undergo post-translational
modification may also be produced by the method of the present invention. Examples include glycoproteins, lipopro-
teins, N-terminal acetylated proteins, and the like which can be produced by host cells that naturally accomplish such
post-translational modifications. Polypeptides containing amino acids that cannot be handled by cellular biosynthetic
pathways, e.g. D-amino acids and synthetic amino acids, usually cannot be produced by the method of this invention
unless specific genetic alteration of the cellular system is made to account for them.
[0086] Preferred single copy or multiple unit embodiments of the variable fused polypeptide include the sequences
for the preferred embodiments of product peptides mentioned in the general section above. The peptide sequences for
some of these polypeptides are known as indicated in Table 4. The disclosures of the references cited in Table 4 are
incorporated herein by reference.

Table 3

Enzymes for Cleavage Inter-, Inner- or Intraconnect-
ing Peptide

DNA Seq.

Enterokinase (Asp)4Lys GACGACGACGATAAA

Factor Xa IleGluGlyArg ATTGAAGGAAGA

Thrombin ArgGlyProArg AGAGGACCAAGA

Ubiquitin Cleaving Enzyme ArgGlyGly AGAGGAGGA

Renin HisProPheHisLeuLeuValTyr CATCCTTTTCATCTGCTGGTTTAT

Trypsin Lys or Arg AAA OR CGT

Chymotrypsin Phe or Tyr or Trp TTT or TAT or TGG

Clostripain Arg CGT

S. aureus V8 Glu GAA

Chemical Clevage Inter-, Inner- or Intraconnect-
ing Peptide

(at pH3) AspGly or AspPro GATGGA

(Hydroxylamine) AsnGly AATCCA

(CNBr) Methionine ATG

BNPS-skatole Trp TGG

2-Nitro-5-thiocyanobenzoate Cys TGT
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III. A.2. Expression Vector Incorporating Recombinant Gene

[0087] The final recombinant expression vector incorporating the protein purification construct gene is compatible with
the host cell. The vectors used will have many features in common. These features include an origin of replication com-
patible with the host cell, regulatory DNA sequences for transcription and regulation of transcription (for inducible sys-
tems), an efficient ribosomal binding site (for prokaryotic hosts), a poly-A signal (for eukaryotic hosts). In addition,
phenotype genes, regulatory regions and leader sequences can be included.
[0088] The prokaryotic vectors such as those for expression in Escherichia coli are characterized by an origin of rep-
lication, a genetic marker (phenotype) for selection of transformed bacteria, and DNA regulation sequences that will
direct the expression of the gene of interest. The regulation sequences typically will include a promoter (P) to drive the
transcription, an operator (O) to control transcription (on/off switch), an efficient ribosome binding site (RBS) to start
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translation, and a transcription termination signal. The start and stop codons are provided by the inserted (protein puri-
fication construct) gene.

[0089] The prokaryotic vector in particular contains a suitable "expression cassette" which is based upon any of the
available promoter/operator systems. Typical promoters for inclusion in the prokaryotic vector include lactose, tryp-
tophan, T7, lipoprotein, alkaline phosphatase, lambda leftward or rightward promoter or a combination of these (hybrid
promoters). The lactose and tryptophan operators, as well as temperature sensitive lambda promoters are typical on/off
switches that can be included in the prokaryotic vector. Typical phenotypic markers for inclusion in the prokaryotic vec-
tor include genes for development of resistance to ampicillin, tetracycline, kanamycin, chloramphenicol.
[0090] The preferred two-plasmid prokaryotic system contains the T7 promoter to drive the expression of the gene of
interest (protein purification construct gene). The second plasmid provides a T7 lysozyme protein for the tight control of
expression. The T7 RNA polymerase gene, under the control of any of the foregoing promoter/operator combinations,
can be located on a low copy number plasmid, integrated in the chromosome or supplied by a lambda bacteriophage
upon infection. The second plasmid preferably also carries a different genetic marker (i.e., a different phenotypic
marker).
[0091] In an alternative embodiment, expression in Bacillus subtilis can be accomplished by practice of a standard
procedure such as those described in Ganesan, A.T., and Hoch, J.A. ed., Genetics and Biotechnology of Bacilli Vol. 2,
(1987) Academic Press; Winnacker, E.L., From Genes to Clones (1987) 209-222, VCH publishers; and Hardy, K.G. and
Glover, D.M., ed., DNA Cloning (1986) Vol. 2, 1-18, IRL Press Ltd., Oxford, David B. Goeded, Methods In Enzymology,
185, American Press, (1990) the disclosures of which are incorporated herein by reference.
[0092] The eukaryotic vectors such as those for expression in the yeast, Saccharomyces cerevisiae, typically are
shuttle vectors which contain an origin of replication for E. coli and one for S. Cerevisiae, a genetic marker for both cell
types, and DNA regulation sequences that will direct the expression in yeast. The regulation sequences typically
include a promoter, a regulatory sequence, and a transcription termination signal (including a polyadenylation signal).
Optional signal sequences for direction of cellular secretion can also be inserted into the eukaryotic vector.
[0093] Typical markers to be incorporated provide positive selection by complementation of mutations in the genes
necessary for production of uracil, leucine, histidine, adenine, tryptophan and the like. Promoter sequences which pref-
erably can be incorporated into the eukaryotic vector include alcohol dehydrogenase I or II, glyceraldehyde phosphate
dehydrogenase, phosphoglycerokinase, galactose, tryptophan, mating factor alpha and the like.
[0094] Expression systems for insect cells include the BEVS system as described in U.S. Patent No. 4,745,051 the
disclosure of which is incorporated herein by reference.

III. A. 3. Transformed Microbe

[0095] The microbes used for transfection and transformation with the expression vectors can be prokaryotic or
eukaryotic cells based on unicellular or multicellular organisms such as those from mammalian or insect cells. Prefera-
bly the unicellular or simple multicellular organisms can be used as a basis for the appropriate host cells. Preferred host
cells include E. coli and Saccharomyces cerevisiae as well as Spodoptera frupiperda.
[0096] A preferred embodiment, E. coli strain BL21(DE3) pLysS, can be used for the two-plasmid prokaryotic system.
Other E. coli strains are also available and incorporate the characteristics for expression according to the invention.
Yeast Saccharomyces cerevisiae deficient in the production of several proteases is a preferred embodiment of a
eukaryotic host for overproduction of the protein purification construct. Temperature sensitive yeast mutants are avail-
able and are included as preferred eukaryotic embodiments.

III. B. Methods for Performing Expression Steps

[0097] Recombinant vectors are constructed using standard procedures and protocols for restriction, insertion, liga-
tion, transformation, screening and analysis as described in Sambrook et al., cited supra, the disclosure of which is
incorporated herein by reference.

III. B.1 Methods for Forming Recombinant Vectors

[0098] The recombinant vector may be formed by restriction of the base vector with a restriction enzyme that is spe-
cific for the appropriate restriction site; followed by insertion and ligation of schemes for ultimate construction of the pro-
tein purification construct gene. As characterized above, procedures for the restriction, insertion and ligation are found
in Sambrook et al., cited supra.
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III. B.2 Methods for Multi-unit Gene

[0099] Two strategies can be followed for the construction of a multiple unit gene for the variable fused peptide. The
first approach involves ligating all the individual gene units and the DNA sequences for the intraconnecting peptides
together into an intermediate multi-unit gene. This intermediate multi-unit gene is then transferred to the fusion expres-
sion vector by ligating it directly adjacent to the DNA sequence coding for the interconnecting peptide. The second
approach involves the sequential ligation of each individual gene unit and the DNA sequence for the intraconnecting
peptide into the fusion expression vector. After one such gene unit plus DNA sequence has been inserted, the second
one is ligated directly adjacent to the first one, then the ligation is repeated. In both cases, an individual gene unit for
one or more a product peptides and the corresponding innerconnecting peptides forming the unit until all units and
sequences for intraconnecting peptides are inserted.

III. B.3 Methods for Transforming Host Cells

[0100] The transformation procedures fall into several categories depending upon the type of cell to be transformed.
Preferred embodiments for transformation of E. Coli and S. cerevisiae cells include the Mandel, Hanahan and Rothstein
protocols. Briefly, the cells are grown to a certain density, at which point they are treated with a solution to render the
cell wall or membrane permeable. These cells are then mixed with the recombinant DNA. Upon uptake of the recom-
binant vectors and recuperation of the cells, transformed cells are screened for the desired characteristics through the
use of selection medium.

III. B.4 Method for Control of Expression

[0101] The method for expression typically depends on the host transformed with the vector. In one embodiment,
induced expression can be practiced by the addition of isopropyl thiogalactoside (IPTG) to the bacterial culture such as
E. coli. Cells are grown to a desired cell density and then IPTG or lactose is added to induce transcription. Other expres-
sion control mechanisms can be practiced through temperature regulation, nutrient starvation or indole acrylic acid
influence. For example, the two-plasmid system can be modified to be responsive to temperature, nutrient starvation or
indole acrylic acid (IAA) induction of expression. For expression in yeast, identity of carbon source in the growth
medium or the incubation temperature can function as a control factor to induce expression. In a preferred embodiment,
expression can be induced by recombining the vector with an appropriate temperature sensitive promotor and by either
lowering or increasing the incubation temperature. Single- or two-plasmid systems can be regulated in this fashion.
Alternatively, temperature control of plasmid copy number may also produce large amounts of the fusion protein
through the use of runaway replicons.
[0102] The use of an inducible, as opposed to constitutive, expression is important for the purposes of the present
invention. hCA is highly toxic to E. coli yeast and many other host cells. Establishment of optimum culture density before
the protein purification construct expression is triggered minimizes the chance that intra-cellular accumulation of the
expressed protein purification construct will harm the production yield.

III. B.5 Method for Culturation

[0103] Following transformation and selection, the cells are cultured to produce optimum quantities of protein purifi-
cation construct. To grow a mature culture, a volume of suitable medium is inoculated with a single colony of the recom-
binant clone, grown in suitable growth medium and under appropriate temperature conditions until the cell culture reads
the desired density.

III. B.6 Method-for Separating

[0104] The high affinity of hCAII for sulfanilamide enables a rapid, efficient purification of the protein purification con-
struct. Peptide fusions to the ends of hCAII do not affect the ability of the enzyme to bind to the substrate. The enzy-
matic reaction site is remote from the chain ends of the enzyme. To perform the binding separation, the culture medium
is combined with 0.05M Tris sulfate to adjust the pH to 7.6, and passed through a column of Sepharose covalently
bonded to sulfanilamide. The Sepharose-sulfanilamide bonding is accomplished by a Gly-Tyr linker group e.g. Sepha-
rose-Gly-Tyr-sulfanilamide.

III. B.7 Method for Specific Proteins

[0105] The purification method for the following protein purification construct example utilizes similar steps for any var-
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iable fused polypeptide. The recovery of the desired protein, however, will differ depending upon the interconnecting
peptide and cleavage method used. Cleavage will depend on the particular interconnecting peptide and its amino acid
sequence as well upon the fact that the product peptide should not contain the amino acid sequence of the intercon-
necting peptide.

IV. Protocols, Preparations and Examples

[0106] The following protocols, preparations and examples further illustrate particular aspects of the invention. They
are not meant as limitations of the scope of the invention which is fully set forth above.

IV. A. Synthetic Gene Protocol

1. Peptide and DNA Sequences for the Product Peptides

[0107] Table 3, above, provides the peptide and DNA sequences for the preferred embodiments of the product pep-
tide. The oligonucleotides representing these DNA sequences can be synthesized by automated techniques described
generally by S.L. Beaucage and M.H. Caruthers, Tet. Letters, 221, 859-62 (1981), the disclosure of which is incorpo-
rated herein by reference. Typically, a Vega Coder 300 DNA synthesizer or a ABI model 380B can be used. Alterna-
tively, native DNA coding for the desired protein can be isolated by known purification techniques described in
Sambrook et al., cited supra the disclosure of which is incorporated herein by reference.

IV. B. Protocols for Insertion, Transformation

[0108] Procedures for methods to restrict, ligate, transform, select, culture, and lyse according to the invention, gen-
erally follow standard methods known in the art. Literature providing the details for these methods include, Sambrook
et al., cited supra. The textual material of each of these references is incorporated herein by reference.
[0109] In a preferred embodiment DNA sequences can be ligated together according to the procedure described in
Sambrook et al., cited supra.

IV. B. 1. Restriction Protocol

Digesting DNA with Restriction Endonucleases

[0110] Typically, 0.5 to 2 ug of plasmid DNA is digested in 20 ul of a 1x restriction buffer with 1-20 units of restriction
enzyme. The reaction mix is incubated for 1 to 16 hours at the temperature recommended by the enzyme supplier. The
reaction mix is then either size fractionated by gel electrophoresis or the DNA is further purified by standard procedures
as described in Sambrook et al., cited supra.

IV. B. 2. Insertion and Ligation Protocol

[0111] Typically, the cloning vector is digested with the appropriate restriction enzymes as described in the foregoing
restriction protocol. The linearized vector can then be dephosphorylated with calf intestinal phosphatase (CIP) or bac-
terial alkaline phosphatase (BAP) under conditions known to those of skill in the art, e.g., as suggested by the supplier.
The DNA is then further purified by standard procedures (see Sambrook et al., cited supra), which usually involve a
phenol extraction and ethanol precipitation.
[0112] The DNA segment to be inserted is then mixed in a 3-5 fold (for large fragments) or 20-30 fold (for short oligo-
nucleotides) molar excess with this precut cloning vector. The ligation is performed in a 1X ligation buffer (20 mM Tris
pH 7.6, 10 mM MgCl2, 0.4 mM beta-mercaptoethanol, 0.4-1.0 mM ATP), in the presence of T4 DNA ligase, at 16°C for
16 hours. An aliquot of the reformed vector is then used to transform competent E. coli cells and select for recombinant
plasmids.

IV. B. 3. Transformation Protocol for E. Coli

[0113] In a preferred embodiment, the recombinant vector can be taken up by E. coli according to the calcium chloride
procedure given below. The alternative transformation protocol can also be used.
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a. Bacterial Transformation by the Calcium Chloride Procedure (Mandel Protocol)

[0114] This procedure will transform (prokaryotic) bacteria with plasmid DNA (after Mandel and Higa 1970).
[0115] After inoculating Luria broth (described by Sambrook et al., cited supra) with a bacterial culture, the cells are
grown with agitation at optimum temperature to a density of about 5 X 105 to 107 cells/ml. The culture is chilled to about
0°C, centrifuged and the cells collected. The cells are then resuspended in an ice-cold, sterile solution of 50 mM CaCl2
and 10 mM Tris-Cl (pH 8.0). This centrifuge and resuspension step is repeated one more time. The result is a concen-
trated suspension of treated cells that are ready to accept the new vector.
[0116] For maximum transformation efficiency, the bacterial culture preferably is in a logarithmic phase of growth; the
cell density preferably is low at the time of treatment with calcium chloride; and the treated cells preferably are main-
tained at 4°C for 12-24 hours.
[0117] To take up the vector, an aliquot of the ligation reaction is added to the suspension of treated cells. The com-
bination is mixed and stored on ice for a short time. Up to 40 ng of DNA (dissolved in up to 100 µl of ligation buffer or
TE) can be used for each transformation reaction.
[0118] Next, the transformed cells in culture tubes are transferred to a 42°C water bath for 2 min. An aliquot of L broth
is added to each tube and the cells incubated at 37°C for about 30 minutes (tetracycline selection) or 1 hour (ampicillin
or kanamycin selection). This period allows the bacteria to recover and to begin to express antibiotic resistance. The
cells are spread onto selective media and are incubated at optimum temperature. Colonies will appear overnight.
(Adapted from Sambrook et al., cited supra.)

b. Alternate Transformation Protocol

[0119] Several colonies can be removed from a freshly streaked SOB agar plate (i.e., Luria broth supplemented with
magnesium chloride, -sulfate and potassium chloride) and dispersed in SOB medium. The cells are inoculated into an
Erlenmeyer flask containing SOB medium and incubated at optimum temperature with moderate agitation until the cell
density is about 4-7 X 107 viable cells/ml. The culture is then collected and chilled on ice for a short time. The cells are
pelleted by centrifugation at 750 - 1000g at ice temperature. The cells are resuspended in culture volume of transfor-
mation buffer (TFB) and incubated on ice for a short time. The cells are repelleted and drained thoroughly as before,
then resuspended in TFB.
[0120] To adapt these cells to accept transformation, a DMSO and dithiothreitol DTT solution (DMSO and DTT (DnD))
is added to the cells. The cells are then incubated on ice for a short time. A second, equal aliquot of DMSO and DTT
(DnD) as above is added to give about a 7% final concentration. The cells are incubated on ice for 10-20 minutes.
[0121] To obtain transformation, chilled cells and the vector DNA solution are combined in a volume of less than 20
µl. The cells are incubated on ice for a short time, then heat shocked by placing them in a water bath at about 42°C for
90 seconds. These cells are returned onto ice to quench the heat shock, allowing 2 minutes for cooling. SOC SOB with
glucose medium is added to each culture and the cultures incubated at about 37°C with moderate agitation for 30-60
minutes. The cells are then spread on agar plates containing appropriate additives to select transformants.

IV. B. 4. Transformation Procedure for Yeast

[0122] Recombinant plasmids are constructed using E. coli/S. cerevisiae shuttle vectors. These plasmids are capable
of replicating in both hosts. An aliquot of the ligation mixture is used to first transform an E. coli host. Recombinant
clones are analyzed (using standard procedures described in Sambrook et al., cited supra) and positive ones identified.
Plasmid DNA is isolated from these clones (according to procedures described in Sambrook et al., cited supra) and
used to transform the yeast host. Several transformation procedures exist for yeast. The two mainly used are the sphe-
roplast- and lithium method, and are described below. Both are adapted from Rothstein, R., DNA Cloning (Glover DM.
Ed) vol. 2, pp. 45-66, IRL Press Ltd., Oxford (1986).
[0123] Yeast cells are grown to a density of 1-2 X 107/ml in yeast extract, peptone, dextrose (YPD) liquid medium. The
cells are washed twice with sorbitol solution by repeated pelleting followed by cell resuspension and a final resuspen-
sion in sorbitol and β-mercaptoethanol.
[0124] A diluted aliquot is plated on YPD solid medium. This will serve as the control to calculate the percentage of
killing after spheroplast formation. Glusulase enzyme (Endo Laboratories, Inc.) is added to the final suspension and
incubation is conducted at 30°C with gentle shaking for about 40 minutes. An aliquot is taken again on YPD medium to
measure the percentage survival after spheroplast formation.
[0125] The cells are prepared for transformation as follows. The spheroplasts are pelleted and then gently resus-
pended in sorbitol solution. This procedure is repeated several times followed by resuspension of the spheroplasts in
sorbitol solution. Tris-HCl pH 7.4 and 0.1 M CaCl2 solution are then added. The spheroplasts are pelleted and resus-
pended in sorbitol solution, 10 mM CaCl2.
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[0126] To transfer the spheroplasts, aliquots are distributed and vector DNA (1-10 µg) added while keeping the total
volume of DNA added to less than 20 µl. The cells and DNA are incubated for a short time at room temperature, then
resuspended and combined with 2 ml of 50% (w/v) polyethylene glycol mixed with 0.2 ml of 0.1 M Tris-HCl, pH 7.4 and
0.1 M CaCl2. After 10 minutes at room temperature, the spheroplasts are pelleted, resuspended in sorbitol solution, 10
mM Tris-HCl, pH 7.4 and 10 mM CaCl2. The spheroplasts are plated in regeneration agar (maintained at 45-50°C) onto
the appropriate omission medium.

IV. B. 5. Alternative Lithium Transformation Procedure for Yeast

[0127] A culture of yeast is grown in YPD medium. The cells are pelleted and then resuspended in tris EDTA (TE).
The resuspended cells are treated with 0.1 M LiCl (or 0.3 M LiOAc) in TE and incubated at 4°C.
[0128] To transform the cells, 200 µl of cells per transformation reaction are combined with 1-10 µl of vector DNA,
keeping the volume of DNA added to less than 1/10 the total volume. The cell-DNA mixture is incubated for 30 minutes
at room temperature. The cells are resuspended in medium and then 1.5 ml of 40% polyethylene glycol is added. The
mixture is incubated at room temperature. The cells are heat shocked at 42°C for 5 minutes, and then centrifuged. The
cell pellets are washed with water by repeatedly centrifuging and gently resuspending. Finally, the cells are resus-
pended in water and plated on appropriate omission medium. Adapted from Rothstein, cited supra.

IV. C. Selection Protocol

[0129] In a preferred embodiment, transformed clones can be selected by their phenotype (antibiotic resistance) by
plating on selective medium containing appropriate amounts of antibiotics.
[0130] Transformed E. coli are selected through the use of plates containing the appropriate antibiotic (i.e., the one
to which resistance is conferred by the introduced plasmid). Typical final concentrations are: ampicillin at 100 ug/ml,
chloramphenicol at 10 ug/ml, kanamycin at 50 ug/ml, streptomycin at 25 ug/ml tetracycline at 15 ug/ml. When using E.
coli BL21(DE3)pLysS as the host, transformants are plated out on medium containing both ampicillin and chloramphen-
icol (at the above concentrations).
[0131] Transformed S. cerevisiae cells are selected through the use of nutrient omission plates (described by Roth-
stein, cited supra) lacking uracil, tryptophan, leucine, histidine or adenine (depending on the plasmid and host that is
used).

IV. D. Culturing Protocol

[0132] In a preferred embodiment, the method for culturing cells can be practiced as described in Sambrook et al.,
cited supra. Briefly, the method entails transferring a single bacterial colony to a small volume (3-5 ml) of bacterial
growth medium (such as Luria Broth) containing an appropriate antibiotic. The culture is incubated at 37°C (or other
appropriate temperature) and scaled up to larger volumes. Yeast cells are cultured similarly, using yeast omission
medium and incubating the cells at 30°C.

IV. E. Lysing Protocol

[0133] In one embodiment, cells can be lysed with lysozyme according to the protocol as follows:

1. Lyse the cells in 1/10th the volume of the original culture of 50mMTris (pH 7.9)-1/2mM EDTA containing 1mg/ml
lysozyme. Keep on ice for 60 minutes.
2. To the now viscous suspension, add: MgCl2 to a final concentration of 10mM, RNAase to 1-2 ug/ml, and DNAase
to 5 ug/ml. Incubate on ice for 30-45 minutes. (until the solution is no longer viscous).
3. Spin at 4 C/10000 rpm (SS34 rotor)/5 minutes. Save the supernatant.

[0134] In another embodiment the cells can be lysed by a single freeze-thaw cycle provided that the BL21(DE3)
pLysS host is used or any other host containing the pLysS plasmid.

IV. F. Ligand Immobilized Affinity Separation Protocols and Preparations

[0135] An aspect of the purification sequence for the protein purification construct involves immobilization of sulfani-
lamide when hCAII is the affinity binding agent. In this case, three kinds of sulfonamide affinity substrates, three linking
methods, two matrices and two ways of eluting the hCA are exemplified. These protocols are given below, however,
there are many possibilities for combinations of immobilization matrix, substrate and linker.
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[0136] The first method uses a polyamide matrix, 1-ethyl-3(3 dimethylaminopropyl) carbodiimide acid as the linking
agent and p-amino methyl benzene sulfonamide as the affinity substrate. Elution of the bound protein is accomplished
with NaN3.

IV. F. 1. Protocol A

Formation of Immobilized Sulfanilamide

a. Materials

[0137]

a. A polyamide gel such as CM BioGel A (from BioRad, Inc.)
b. 1-ethyl-3(3 dimethylaminopropyl) carbodiimide
c. p-AminoMethyl Benzene Sulfonamide (pAMBS)
d. Acetone, Carbonate, Bicarbonate, Tris. K2SO4

b. Coupling Reaction

[0138] The reaction to couple sulfanilamide to the solid support may be conducted in the following manner. The gel
is washed several time with H2O, then with 50% Acetone-water. The washed gel is placed in a 1-liter flask and 50% ace-
tone-water is added to form a slurry. pAMBS (3g) is dissolved in 50% Acetone-H2O at pH 4.8 and the solution is added
to the slurry to form a component mixture.
[0139] To mobilize the pAMBS, EDAC (5g) is dissolved in H2O to form an EDAC solution just prior to the coupling
reaction. The EDAC solution is added dropwise to the component mixture at room temperature while maintaining the
pH at 4.8 by HCl addition. After all EDAC is added the pH is kept at pH 4.8 for about 6-8 hours, the reaction is stirred at
ambient temperature and allowed to proceed for a total of 20 hours.

c. Washing

[0140] The coupled gel is washed in a fretted disk funnel with the following sequence of solutions.

a. 150 ml 50% Acetone-water;
b. 1 liter water;
c. 1.5 liter hot Carbonate-Bicarbonate (1:1);
d. 150 ml 50% Acetone-water;
e. 700 ml Acetone;
f. 2 liters water; and
g. 1 liter of 0.1 M Tris, 0.2M K2SO4 at pH 9.0.

d. Gel Storage

[0141] The gel is kept in Tris buffer at pH about 7.5 with a trace of azide to prevent bacterial growth.
[0142] The second method employs a Sepharose matrix, to which p-aminobenzenesulfanilamide is coupled via a gly-
cyl-L-tyrosine spacer arm. The bound hCA (or protein purification construct) is eluted with potassium thiocyanate.

IV. F. 2. Protocol B

[0143] Sepharose-Gly-Tyr may be prepared from Sepharose 4 B freshly activated with cyanogen bromide (180 mg/ml
packed Sepharose) by coupling with Gly-Tyr (5mg/ml packed Sepharose) in 0.1 M-sodium bicarbonate, pH 9.5. The
affinity gel is obtained by diazotization of paminobenzenesulfanilamide and coupling of this compound to the Sepha-
rose-Gly-Tyr. p-aminobenzenesulfanilamide (0.3g) is suspended in 120 ml of ice-cold 1 M-HC1, and to the suspension
is added 0.9 g of sodium nitrite in 45 ml ice-cold water. After 10 minutes of reaction the diazotized benzenesulfanilamide
is poured into a 600 ml suspension, containing 300 ml packed Sepharose-Gly-Tyr in 0.2 M-sodium bicarbonate pH 8.8.
The pH is adjusted to 9.5 with 1M-NaOH and, after gentle stirring for 3 hours at room temperature, the coupled red
Sepharose derivative (SA-Sepharose) can be washed with 10 liters of water and 2 liters of 0.05 M-Tris-sulfate pH 7.6.
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IV. F. 3. Protocol C

[0144] The third method uses the same Sepharose matrix described above, except that the ligand is p-carboxyben-
zenesulfanilamide,and it is coupled to the resin with ethylenediamine.
[0145] The Sepharose-ethylamine derivative may be prepared by adding 115 ml of an aqueous solution containing
15 ml ethylene diamine, adjusted to pH 10 to 100 ml freshly activated packed Sepharose. The affinity gel is prepared
by coupling p-carboxybenzenesulfanilamide to the Sepharose ethylamine by the carbodiimide method. One hundred
milliliters of wet packed Sepharose was suspended in 400 ml 35 dimethylformamide containing 1 g of p-carboxybenze-
nesulfanilamide. A portion of EDC (5 g in 30 ml water pH 4.7) is added slowly, and the pH maintained at pH 4.7. After
20 hours of reaction at room temperature the affinity gel, Sepharose-ethyl (p-carboxybenzenesulfanilamide) carboxam-
ide (SE-Sepharose) can be washed with dimethylformamide and a large volume of water.

IV. F. 4. Separation Procedure

[0146] To separate under Protocols A, B and C, the following procedure can be used. The lysate from the cell culture
is first pumped through a column with the SA-Sepharose equilibrated with 0.05 M-Tris-sulfate pH 7.5. After washing with
0.05 M-Tris-sulfate-lM-sodium sulfate pH 7.5 to remove other material, the protein purification construct (containing car-
bonic anhydrase), can be eluted-with 0.2 M-potassium thiocyanate in 0.05 M-Tris-sulfate pH 6.5.

IV. G. Protocols for Cleaving

[0147] The methods for cleaving the inter, intra and innerconnecting peptide depend upon the amino acid sequence
of the inter, intra and innerconnecting peptide.

1. Protocol A

Enterokinase cleavage (Asp4Lys sequence)

[0148] The fusion protein eluted from the column is made 10 mM in Tris (pH 8.0). Bovine enterokinase is prepared as
a 100 ug/ml l0mM Tris (pH 8.0) stock solution. An appropriate aliquot is added to the fusion protein solution (10% by
weight) and incubated, at 37°C for 15 hours.

2. Protocol B

Factor Xa - (IleGluGlyArg)

[0149] Cleavage can be performed on ice by combining enzyme and substrate at a ratio of 1:200 (wt/wt) and allowing
the reaction to proceed for 12 hours in 5OmM Tris (pH 8.0)/100 mM NaCl.

3. Protocol C

Thrombin (ArgGlyProArg or resembling Structures like ArgAlaProLys)

[0150] Thrombin cleavage can be performed while the fusion protein is still attached to the affinity resin. Thrombin is
then added at a concentration of 1% (w/w fusion protein) and incubated for 1 hour at 37°C.

4. Protocol D

Collagenase Purified collagenase of Achromobacter iophagus is dissolved in 10 mM Tris/ 0.25 M NaCl/ 10 mM CaCl2/
10 mM 2-mercaptoethanol, final pH 7.4 at a concentration of 1 mg/ml. Ten mg of protein purification construct protein
at a concentration of .5-3 mg/ml is digested with 10 µl of the collagenase stock solution for 10 min. at 300 °C
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Consensus collagenase cleavage site:
-Pro-Xxx-Gly-Pro-Yyy

4. Protocol E

Ubiguitin cleaving protein (ArgGlyGly

[0151] Cleavage reactions can be performed by combination of the enzyme and substrate at an appropriate ratio
allowing the reaction to proceed for 12 hours.

5. Protocol F

CNBr (Methionine Chemical Cleavage

[0152] The protein is dissolved at a concentration of 10-20 mg/ml in 70% formic acid, CNBr is added to a final con-
centration of 2 mg reagent per mg polypeptide, and the mixture is incubated for 18 - 20 hours at ambient temperatures.
This method is limited to desired proteins that are stable in 70% formic acid and do not contain methionine residues
within their amino acid sequences.

6. Protocol G

Hydroxylamine (AsnGly)

[0153] A solution of 2M hydroxylamine hydrochloride and .2M trisbase is titrated to pH 9.0 at 45°C. The fusion protein
is dissolved in this solution at 45°C for 4 hours. The reaction is terminated by lowering the temperature degree and
adjusting the pH to below 8.0.

7. Protocol H

Chemical Cleavage at Cysteine Residues

[0154] The fusion protein is dissolved in lOOmM Tris(pH 8.0)/5mM DTT. 2-Nitro-5-thiocyanobenzoate is then added
and the reaction is allowed to proceed for 20 minutes at room temperature. Raising the pH to 9.0 ensures cleavage at
the N-terminal side of the now modified cysteine residue.

8. Protocol I

Cleavage with Staphylococcus Aureaus V8 Protease

[0155] 10µg of fusion protein is digested with 1µg of protease at 37°C in 5OmM ammoniumbicarbonate (pH 7.8) for
up to 18 hours.

9. Protocol J

Renin Cleavage

[0156] The fusion protein is dissolved in 5OmM sodiumphosphate (pH 7.1), 5mM EDTA, 5mM sodiumtetrathionate.
Renin is added at a ratio of 1:1000 to the fusion protein and the mixture is incubated at 37 °C for 16 hours.

10. Protocol K

Cleavage at Tryptophan Residues with BNPS-skatole

[0157] The fusion protein is dissolved in 50% acetic acid at a concentration of 10 mg/ml. A freshly prepared solution
of BNPS-skatole (2-(2-nitrophenylsulfenyl)-3-methyl-3-bromoindolenine) in acetic acid is added at a 100-fold molar
excess (versus tryptophan residues in the protein). The mixture is incubated at room temperature for 48 hours in the
dark. Tyrosine can be added as a scavenger.
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IV. H. Final Separation Protocol

[0158] After the desired protein is cleaved from the hCAII moiety by a chemical or enzymatic method, separation of
the constituents can be made by means known to those of skill in the art. For example, the chemical method produces
upon cleavage two proteins, the hCAII with attached interconnecting peptide and the variable fused polypeptide. The
hCAII plus interconnecting peptide can be removed by chromatography on a sulfanilamide column. The variable fused
polypeptide elutes from the column.
[0159] For the enzymatic method, the cleavage mixture contains three proteins, hCAII plus the attached interconnect-
ing peptide, the variable fused polypeptide, and the protease (cleaving enzyme). hCAII can be removed by sulfanila-
mide immobilization as above. The protease can be separated from the variable fused polypeptide by use of the
chemical and/or physical properties of the desired peptide and protease including size exclusion, ion exchange or affin-
ity chromatography.

V. Examples

Example 1

Synthesis of Gene and Vectors

[0160] Five different plasmids were constructed, all of which coded for a human carbonic anhydrase II (CAII) C-ter-
minal fusion protein. Each plasmid included the gene for the foregoing fusion protein under the transcriptional control
of the T7 promoter. The fusion protein itself consisted of a truncated hCAII protein which lacked the C-terminal three
amino acids, followed by the enterokinase recognition sequence (ValAspAspAspAspLys), followed by the protein of
interest. The five genes that were fused onto the CAII gene code for angiotensin (a ten amino acid (AA) protein), a cal-
citonin derivative (a 32 AA protein), bovine caltrin (a 47 AA protein), the delta subunit of the E. coli ATPase (a 174 AA
protein) and the epsilon subunit of the E. coli ATPase (a 173 AA protein). The first three genes were encoded by syn-
thetic-genes, the last two were isolated from the previously cloned unc operon. The synthetic genes were designed
using optimal codon usage for E. coli and contain unique and useful restriction sites for future alterations. The expres-
sion system that may be used initially uses the T7 promoter to direct transcription of the fusion gene by a chromosoma-
lly encoded T7 RNA Polymerase which is produced upon induction by isopropylthiogalactoside (IPTG).
[0161] In an alternate system, the gene for T7 RNA Polymerase could be encoded by a second plasmid. This gene
could under the transcriptional control of any promoter compatible with the host cell (e.g. a temperature inducible pro-
moter, a tryptophan promoter etc.).

Construction of pO3O4:

[0162] All clones were derived from the parent vector pET31F1mHCA2. The T7 expression cassette of pET-3c
(described by Rosenberg, A.H., Lade, B.N., Chui, D., Lin, S.W., Dunn, J.J., and Studier, F.W. Gene 56, 125-135 (1987)
was cloned into a truncated pSP64. This truncated pSP64 already contained a DNA segment encoding the F1 origin.
The gene coding for human carbonic anhydrase II (hCAIII) was then transferred to this expression cassette and yielded
pET3lFlmHCA2. This vector was used as the basis for the construction of the fusion vector p0304. For this purpose, two
complementary oligonucleotides with the following sequence were synthesized: 5'-AGCTTTCGTTGACGACGACGA-
TATCTT-3' and 5'-AGCTAAGATATCGTCGTCGTCAACG-3'. Upon phosphorylation of each oligonucleotide (following
the procedures of Sambrook et al., cited supral, they were pooled, heated to 80°C and cooled slowly to room tempera-
ture to allow for annealing. This double-stranded oligonucleotide coded for the first five amino acids of the enterokinase
recognition sequence. It also contained a unique EcoRV site and HindIII cohesive termini. The sequence of the oligo-
nucleotide was such that, upon insertion of this oligonucleotide into a HindIII site, only the 5'-end HindIII site was recov-
ered. This double-stranded oligonucleotide was then ligated into the parent vector which had been digested with HindIII
and dephosphorylated with calf intestinal phosphatase (CIP] following the procedure of Sambrook et al., cited supra.
The ligation was performed at 16°C for 16 hours. E. coli K-12 strain SB221 was made competent by the CaCl2 (as
described in Sambrook et al., cited supra) and transformed with an aliquot of this ligation mixture. Plasmid DNA was
isolated from single colonies by the alkaline lysis method (described in Sambrook et al.,cited supra), and analyzed with
restriction enzymes. The orientation of the oligonucleotide could be verified using the HindIII site. One such positive
clone was denoted p0304 which now served as the parent vector for the construction of fusion genes. p0304 coded for
hCAII fusion protein in which the C-terminal three amino acids of hCAII were replaced by part of the enterokinase rec-
ognition sequence. The oligonucleotide introduced a unique EcoRV site, which may be used as the cloning site for the
construction of fusion genes. If the gene cloned into this EcoRV site starts with a Lysine codon, then the enterokinase
recognition sequence is created.
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Construction of Several Additional Fusion Genes:

[0163]

p0304Ang. Two complementary oligonucleotides (5'-AAAGACCGTGTATACATCCATCCGTTCCATCTGTAAGAT-3'
and 5'-ATCTTACAGATGGAACGGATGGATGTATACACGGTATTT-3' were synthesized. Phosphorylation and
annealing as described above, resulted in a double-stranded oligonucleotide with blunt ends and an internal AccI
site. This piece of DNA was then cloned into the unique EcoRV site of P0304. Clones were analyzed as above, and
one positive clone was named p0304Ang. This plasmid contained a fusion gene that coded for a truncated hCAII
protein (minus the last three amino acids), fused C-terminally to an enterokinase recognition sequence followed by
the angiotensin peptide.
p0304Cal. pINMetCal8 is bacterial expression plasmid that contains a synthetic gene that codes for bovine caltrin
(Van Heeke, G.; Ph.D., Dissertation, 1989 University of Nebraska, Lincoln). The gene starts with a methionine
codon and has an EcoRV site immediately upstream of it. Digestion of this plasmid with EcoRV and BamHI
released a fragment containing the entire caltrin coding sequence including the methionine codon and a 3' untrans-
lated region of about 150 bp. This reaction mixture was treated with T4 DNA polymerase to flush the BamHI over-
hang and the caltrin containing fragment was cloned into the EcoRV site of p0304. This resulted in an in-frame
alignment of the caltrin gene with the hCAII gene. Restriction enzyme analysis was used to determine the presence
and orientation of the insert. One positive clone was named p0304Cal. It contained a fusion gene that coded for
hCAII (minus the last three amino acids), linked to Met-caltrin via a Val-(Asp)4 peptide. The enterokinase recogni-
tion sequence was not recovered, however, CNBr treatment can be used to cleave the caltrin portion of the fusion
protein.
p0304delta. A DNA fragment containing the gene coding for the delta subunit of the E. coli F1, F0-ATPase was iso-
lated from pRPG51 (described by Gunsalus, R.P., Brusilow, W.S.A., and Simoni, R.D. Proc Natl. Acad. Sci. USA
79, 320-324 (1982)). The delta gene was isolated from pRPG51 and subcloned into pTZ18R. A unique EcoRI site
was introduced near the 5' end of the gene using site-specific mutagenesis (as described in Sambrook-et al., cited
supra). A synthetic oligonucleotide that restored the 5' end sequence and added a lysine codon as part of a DraI
site, was cloned into this EcoRI site. This resulted in plasmid pSMS2.35, which was then digested with DraI and
HindIII, treated with T4 DNA polymerase, and the desired fragment was cloned into the EcoRV site of p0304. As
above, restriction analysis was used to confirm the presence and orientation of the insert. A positive clone was
denoted p0304delta. it coded for the aforementioned truncated hCAIII protein attached to the delta subunit via an
enterokinase linker peptide (Val-(Asp)4Lys).
p0304eps. A similar route was followed for the epsilon subunit of the E. coli F1FO-ATPase. The gene coding for the
epsilon subunit with a lysine attached to its N-terminal end was isolated from pRPG53Eol. This plasmid itself was
derived from pRPG53 (Gunsalus et al., cited supra). It had a lysine codon as part of a DraI restriction site immedi-
ately upstream of the start codon. Digestion with DraI released this fragment, which was then inserted into the
EcoRV site of p0304. The new plasmid, named p0304eps, coded for the epsilon subunit linked to hCAII via an
enterokinase recognition sequence.
p0304Calcit. A synthetic gene that coded for a calcitonin derivative was constructed using six separate oligonucle-
otides. The gene was designed using optimal codon usage for E. coli and had restriction sites edited at regular
spacing. The complete sequence is provided below. The synthetic gene was first assembled in pTZ 18R. The cod-
ing sequence was designed such that a DraI site was present immediately upstream of the start signal and an
EcoRV site downstream of the stop codon. An extra Ala codon was added at the 3' end, followed by a stop codon.
The DraI site also introduced a lysine codon directly adjacent to the cysteine. The gene was then transferred as a
DraI/EcoRV fragment to the EcoRV site of P0304. This created an in-frame alignment of the calcitonin gene with
the hCAII gene. Upon expression, a fusion protein was produced that had the calcitonin-like peptide linked to hCAII
via the enterokinase recognition sequence.

[0164] Sequence for the synthetic Calcitonin derivative:

[0165] All examples below describe experiments involving the angiotensin protein purification construct.
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Example 2

Transformation of E. coli with the Recombinant vector

[0166] E. coli was transformed according to standard procedures as described in Sambrook et al., cited supra (also
see protocols above). E. coli K-12 SB221 was transformed with an aliquot of the ligation mix by the calcium chloride
method described above.

Example 3

Selection of recombinant cells

[0167] Transformed cells were plated on Luria broth medium containing 100 ug/ml ampicillin and incubated at 37°C
for 16-18 hours.

Example 4

Selection of Desired Recombinant Vector

[0168] Single colonies were grown in 3-5 ml liquid Luria broth containing 50 ug/ml ampicillin, and plasmid DNA was
isolated using the minprep alkaline lysis method (Sambrook et al., cited supra). Plasmid DNA was analyzed with restric-
tion enzyme AccI which indicated the presence of the oligonucleotide coding for angiotensin. A second restriction
enzyme analysis with PstI and EcoRV revealed the orientation of the inserted oligonucleotide. The junction region of a
plasmid construct with the oligonucleotide in the correct orientation was then further verified by DNA sequencing and a
positive clone was named p304Ang. This plasmid was then used to transform E. coli BL21(DE3)pLysS (as in Example
3). Transformed cells were recovered on Luria broth plates containing both ampicillin (100 ug/ml) and chloramphenicol
(10 ug/ml). These cells were then used for the overproduction of protein purification constructs.

Example 5

Culturing and production of protein purification construct

[0169] Transformed cells (BL21(DE3)pLysS containing p0304Ang were grown in 3-5 ml Luria broth containing ampi-
cillin and chloramphenicol at 37°C for 16-18 hours. The culture was then diluted 1 to 100 in fresh medium and grown
until the optical density reached 0.8-1.0. At this point, IPTG (see above) was added to a final concentration of 0.05-0.4
mM or lactose was added to a final concentration of 0.2 to 2 percent. The culture was further incubated at 21-37°C for
2-16 hours.

Example 6

Lysing mature culture of host cells

[0170] The cells were harvested by centrifugation and washed in ice-cold 50 mM Tris pH 8.0. The cell pellet was then
frozen at -20°C. Upon thawing of this pellet and resuspension in 50 mM Tris pH 8.0, the cells lysed on their own. The
viscous cell extract was then treated with DNase (0.5 ug/ml) and RNase (1 ug/ml) in the presence of 10 mM MgCl2 at
0°C for 45-60 minutes. The cell extract was spun to remove cellular debris and the recovered supernatant fraction was
subjected to affinity chromatography. Alternatively, the viscosity can be reduced by repeated passage of the cell extract
through a syringe needle.

Example 7

Alternate cell lysis, affinity chromatography and enzyme cleavage.

[0171] The protein purification construct product can be isolated by column or batch-wise affinity chromatography. E.
coli cells containing the protein purification construct incorporating angiotensin were freeze-fractured or freeze-thawed
to release catalytic amounts of lysozyme expressed by the plasmid vector. The lysozyme lysed the remainder of the
cells. This process was carried out in 0.05 M-Tris-sulfate 7.5. It was centrifuged to 20,000 X g to remove any remaining
particulate matter.
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[0172] The dialyzed material was then added to a 10 mL column of affinity resin prepared with sulfanilamide as
described above and previously equilibrated to 0.05 M-Tris-sulfate pH 7.5. The column was eluted with the same buffer.
The majority of the protein in the cell extract did not adhere to the column and came through in the void volume. The
column was washed and until all 280 nm absorbing material had eluted from the column. It was then washed with 0.05
M-Tris-sulfate, 1 M-sodium sulfate pH 7.5 to remove any protein material, which had adhered to the column by adven-
titious bonding. The column was then eluted with 0.2 M-potassium thiosulfate M-Tris-sulfate pH 6.5 to remove the pro-
tein purification construct, i.e., angiotensin. The protein purification construct was collected and dialyzed to remove the
0.2 M potassium thiosulfate against the desired buffer. This material was then subjected to an analysis by electrophore-
sis procedures which confirmed its identity and subsequently reacted with enterokinase to cleavi the Asp4Lys bond to
liberate the desired, cloned angiotensin.

Example 8

Partition chromatography of protein purification construct peptide and cleavage enzyme

[0173] Size exclusion chromatography was used to separate the cleavage enzyme from the desired peptide. Alterna-
tively, an affinity substrate for either the peptide or the cleavage enzyme can be used.

Example 9

Construction of a Multi-unit Gene for Cholecystokinin-8

[0174] This is an example of the construction of a multi-unit gene for the peptide cholecystokinin-8.
[0175] Two sets of oligonucleotides are synthesized. An oligonucleotide with the following sequence, 5'-AAAGAT-
TATATGGGTTGGATGGATTTTAAATAAGAT- 3', and an oligonucleotide with the complementary sequence constitute the
first set. This DNA fragment codes for the cholecystokinin-8 peptide with an added C-terminal lysine. Downstream of
the lysine codon (AAA) is a stop codon (TAA) followed by the first halt of an EcoRV restriction enzyme site (GAT). The
additional C-terminal lysine constitutes the intraconnectirig peptide. Upon phosphorylation and annealing of these oli-
gos (see above examples), this double-stranded DNA fragment is ligated into the single EcoRV site of the fusion
expression vector p0304. Insertion of this fragment can be monitored by the presence of the internal DraI (TTTAAA)
restriction enzyme site. Correctness of orientation can be verified by restriction enzyme analysis, since an EcoRV site
will be reconstructed at the 3' end of the gene. At this point, the variable fused peptide consists of a single copy with an
extra lysine at the C-terminal end. A third oligo with the sequence 5'-AAGGATTATATGGGTTGGATGGATTTT-3' and its
complementary oligo are then phosphorylated, annealed and cloned into the DraI restriction enzyme site of the previ-
ously cloned DNA fragment. Only one DraI site will be restored upon insertion, since the codon for lysine, now at the 3'
end, was changed to AAG (instead of AAA). The restored DraI site is therefore useful for determining the orientation of
the inserted oligo. At this point, the variable fused peptide consists of two copies. These steps can be repeated until the
desired copy number is obtained. The multicopy gene construct then codes for a large polypeptide which consists of a
string of cholecystokinin-8 peptides each linked together by a lysine residue. The large polypeptide can be released
from the protein purification construct by enzymatic cleavage at the enterokinase recognition sequence. The individual
cholecystokinin-8-lysine fusion product peptides can then be obtained upon trypsin cleavage. The cholecystokinin-8
peptide is then recovered from the lysine fusion product peptide through the action of carboxypeptidase. Free lysine can
be removed by ion exchange chromatography on Dowex-50.

Table 5

As used herein, abbreviations for the amino
acids are as listed in Table 5, as shown below.

Amino Acid Codes

Single ltr Code 3-ltr Code AA

A Ala Alanine

C Cys Cysteine

D Asp Aspartic acid

E Glu Glutamic acid
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Claims

1. A protein purification construct comprising three, tandem, coupled segments:

the first segment being a carbonic anhydrase or a modified version thereof, the carbonic anhydrase or modified
version having a dissociation constant no greater than about 10-7 M for a reversible inhibitor of the carbonic
anhydrase;
the second segment being an interconnecting peptide which is selectively cleavable by an enzymatic or chem-
ical cleavage reagent; and

F Phe Phenylalanine

G Gly Glycine

H His Histidine

I Ile Isoleucine

K Lys Lysine

L Leu Leucine

M Met Methionine

N Asn Asparagine

P Pro Proline

Q Gln Glutamine

R Arg Arginine

S Ser Serine

T Thr Threonine

V Val Valine

W Trp Tryptophan

Y Tyr Tyrosine

Table 6

As used herein, abbreviations for the
nucleic acid bases are as listed in
Table 6, as shown below.

BASE CODES

Symbol Meaning

A = A; Adenine

C = C; Cytosine

G = G; Guanine

T = T; Thymine

U = U; Uracil

Table 5 (continued)

As used herein, abbreviations for the amino
acids are as listed in Table 5, as shown below.

Amino Acid Codes5
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the third segment being a variable fused polypeptide.

2. The protein purification construct of claim 1 wherein the variable fused polypeptide comprises (a) at least two cop-
ies of a first product peptide, adjacent units of the first single product peptide being tandemly linked by an intracon-
necting peptide; (b) a peptide unit comprising first and second product peptides linked by an innerconnecting
peptide; or (c) at least two copies of said peptide unit, adjacent peptide units being linked by an intraconnecting
peptide.

3. The protein purification construct of any of claims 1-2 wherein the interconnecting peptide, the intraconnecting pep-
tides and the innerconnecting peptides are each selectively cleavable with a different enzyme or chemical.

4. The protein purification construct of any of claims 1-3 wherein the interconnecting peptide, the intraconnecting pep-
tides and the innerconnecting peptides are each amino acid sequences of up to 10 amino acid residues.

5. The protein purification construct of any of claims 1-4 wherein the interconnecting peptide, the intraconnecting pep-
tides or the innerconnecting peptides include (Asp)4Lys, IleGluGlyArg, ArgGlyProArg, ArgGlyGly, AsnGly, AspPro,
Met, AspGly, HisProPheHisLeuLeuValTyr, Lys, Arg, Phe, Tyr, Trp, Glu or Cys.

6. The protein purification construct of claim 7 wherein the modified carbonic anhydrase (a) does not contain methio-
nine, (b) has all or some glutamates replaced by another amino acid, (c) has all or some arginines replaced by
another amino acid, (d) has all or some asparagines replaced by another amino acid, (e) has methionine replaced
by another amino acid, or (f) has cysteine replaced by another amino acid.

7. The protein purification construct of any of claims 1-6 wherein the carbonic anhydrase or a modified version thereof
has a dissociation constant no greater than about 10-7 M for an acetazolamide or a benzenesulfonamide derivative.

8. The protein purification construct of any of claims 1-7 wherein the variable fused polypeptide includes caltrin, cal-
citonin, insulin, tissue plasminogen activator, growth hormone, a growth factor, a growth hormone releasing factor,
erythropoietin, an interferon, an interleukin, oxytocin, vasopressin, ACTH, collagen binding protein, a sweetening
peptide, a mood altering polypeptide, a nerve growth factor, a neuropeptide, a leukemia inhibitor factor, an antibiotic
peptide, a bacteriostatic peptide, an insecticidal peptide, a herbicidal peptide or a fungicidal peptide.

9. The protein purification construct of any of claims 1-9 wherein the variable fused polypeptide includes an amino
acid sequence corresponding to:

Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lys Pro Val Gly Lys Lys Arg Arg Pro Val Lys Val Tyr Pro Asn Gly Ala
Glu Asp Glu Ser Ala Glu Ala Phe Pro Leu Glu Phe;

Tyr Ala Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Gly Gln Leu Ser Ala Arg Lys Leu Leu Gln Asp Ile Met
Ser Arg Gln Gln Gly Glu Ser Asn Gln Glu Arg Gly Ala Arg Ala Arg Leu-NH2;

Asp Arg Val Tyr Ile His Pro Phe;

Arg Pro Lys Pro Gln Gln Phe Phe Gly Leu Met;

Asp Tyr Met Gly Trp Met Asp Phe;

Glu Gly Val Asn Asp Asn Glu Glu Gly Phe Phe Ser Ala Arg;

Glu Leu Ala Gly Pro Pro Glu Pro Ala; or

Glu His Trp Ser Tyr Gly Leu Arg Pro Gly.

10. A nucleotide sequence coding for the protein purification construct of any of claims 1-9.

11. The nucleotide sequence of claim 10 comprising the sequence
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12. An expression vector comprising the nucleotide sequence of claim 10 or 11.

13. A transformed cell comprising the nucleotide sequence of claims 10 or 11.

14. A method for expressing the protein purification construct of any of claims 1-9 comprising:

a) inserting the expression vector of claim 12 into a host cell to produce a transformed host cell; and
b) causing the transformed host cells to express the protein purification construct.

15. A method for producing a polypeptide product comprising

a) causing the transformed cell of claim 13 to express the protein purification construct;
b) contacting an immobilized form of the reversible inhibitor with a mixture containing the protein purification
construct and cellular constituents from the transformed cell to produce a bound protein purification construct
associated with the immobilized inhibitor; and
c) removing the cellular constituents from the bound protein purification construct to produce a segregated pro-
tein purification construct.

16. The method of claim 15 further comprising treating the segregated protein purification construct with a first cleav-
age reagent for the interconnecting peptide to produce a free variable fused polypeptide.

Patentansprüche

1. Ein Proteinaufreinigungskonstrukt umfassend drei hintereinander verknüpfte Segmente, wobei

das erste Segment eine Carboanhydrase oder eine modifizierte Version derselben ist und die Carboanhydrase
oder die modifizierte Version derselben eine Dissoziationskonstante von nicht mehr als etwa 10-7 M für einen
reversiblen Inhibitor der Carboanhydrase besitzt;
das zweite Segment ein Inter-Verknüpfungspeptid ist, das durch ein enzymatisches oder chemisches Spalt-
reagenz selektiv spaltbar ist; und
das dritte Segment ein variables fusioniertes Polypeptid ist.

2. Das Proteinaufreinigungskonstrukt aus Anspruch 1, wobei das variabel füsionierte Polypeptid umfaßt: (a) minde-
stens zwei Kopien eines ersten Produktpeptids, wobei benachbarte Einheiten des ersten einzelnen Produktpeptids
hintereinander über ein Intra-Verknüpfungspeptid verknüpft sind; (b) eine Peptideinheit, umfassend erste und
zweite Produktpeptide, die durch ein inneres Verknüpfungspeptid verknüpft sind; oder (c) mindestens zwei Kopien
der genannten Peptideinheit, wobei benachbarte Peptideinheiten durch ein Intra-Verknüpfüngspeptid verknüpft
sind.

3. Das Proteinaufreinigungskonstrukt aus jedem der Ansprüche 1 - 2, worin das Inter-Verknüpfungspeptid, das Intra-
Verknüpfungspeptid und das innere Verknüpfüngspeptid jeweils selektiv durch unterschiedliche Enzyme oder Che-
mikalien spaltbar sind.

4. Das Proteinaufreinigungskonstrukt aus jedem der Ansprüche 1 - 3, worin das Inter-Verknüpfungspeptid, das Intra-
Verknüpfüngspeptid und das innere Verknüpfungspeptid jeweils Aminosäuresequenzen aus bis zu 10 Aminosäu-
reresten sind.

5. Das Proteinaufeinigungskonstrukt aus jedem der Ansprüche 1 - 4, worin das Inter-Verknüpfüngspeptid, das Intra-
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Verknüpfüngspeptid und das innere Verknüpfungspeptid einschließen: (Asp)4Lys, IleGluGlyArg, ArgGlyProArg,
ArgGlyGly, AsnGly, AspPro, Met, AspGly, HisProPheHisLeuLeuValTyr, Lys, Arg, Phe, Tyr, Trp, Glu oder Cys.

6. Das Proteinaufreinigungskonstrukt aus Anspruch 7, worin die modifizierte Carboanhydrase (a) kein Methionin ent-
hält, (b) alle oder einige Glutamate durch eine andere Aminosäure ersetzt hat, (c) alle oder einige Arginine durch
eine andere Aminosäure ersetzt hat, (d) alle oder einige Asparagine durch eine andere Aminosäure ersetzt hat, (e)
Methionin durch eine andere Aminosäure ersetzt hat, oder (f) Cystein durch eine andere Aminosäure ersetzt hat.

7. Das Proteinaufreinigungskonstrukt aus jedem der Ansprüche 1 - 6, wohn die Carboanhydrase oder eine modifi-
zierte Version derselben eine Dissoziationskonstante von nicht mehr als etwa 10-7 M für ein Acetazolamid- oder
ein Benzensulfonamidderivat besitzt.

8. Das Proteinaufreinigungskonstrukt aus jedem der Ansprüche 1 - 7, worin das variabel füsionierte Polypeptid ein-
schließt: Caltrin, Calcitonin, Insulin, Gewebe-Plasminogenaktivator, Wachstumshormon, einen Wachstumsfaktor,
einen Wachstumshormon-Freisetzungsfaktor, Erythropoietin, ein Interferon, ein Interleukin, Oxytocin, Vasopressin,
ACTH, Kollagen-Bindeprotein, ein Süßungspeptid, ein stimmungsveränderndes Polypeptid, einen Nerven-Wachs-
tumsfaktor, ein Neuropeptid, einen Leukämie-Inhibitionsfaktor, ein antibiotisches Peptid, ein bakteriostatisches
Peptid, ein insektizides Peptid, ein herbizides Peptid oder ein fungizides Peptid.

9. Das Proteinaufreinigungskonstrukt aus jedem der Ansprüche 1 - 9, wobei das variabel fusionierte Polypeptid eine
Aminosäuresequenz entsprechend

Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lys Pro Val Gly Lys Lay Arg Arg Pro Val Lys Val Tyr Pro Asn Gly Ala
Glu Asp Glu Ser Ala Glu Ala Phe Pro Leu Glu Phe;

Tyr Ala Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Gly Gln Leu Ser Ala Arg Lys Leu Leu Gln Asp Ile Met
Ser Arg Gln Gln Gly Glu Ser Asn Gln Glu Arg Gly Ala Arg Ala Arg Leu-NH2;

Asp Arg Val Tyr Ile His Pro Phe;

Arg Pro Lys Pro Gln Gln Phe Phe Gly Leu Met;

Asp Tyr Met Gly Trp Met Asp Phe;

Glu Gly Val Asn Asp Asn Glu Glu Gly Phe Phe Ser Ala Arg;

Glu Leu Ala Gly Pro Pro Glu Pro Ala; oder

Glu His Trp Ser Tyr Gly Leu Arg Pro Gly

einschließt.

10. Eine Nukleotidsequenz, die für das Proteinaufreinigungskonstrukt aus jedem der Ansprüche 1 - 9 kodiert.

11. Die Nukleotidsequenz aus Anspruch 10, umfassend die Sequenz

12. Ein Expressionsvektor, umfassend die Nukleotidsequenz aus Anspruch 10 oder 11.
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13. Eine transformierte Zelle, umfassend die Nukleotidsequenz aus Anspruch 10 oder 11.

14. Ein Verfahren zu Expression des Proteinaufreinigungskonstruktes aus jedem der Ansprüche 1 - 9, umfassend:

a) Einführen des Expressionsvektors aus Anspruch 12 in eine Wirtszelle zur Bildung einer transformierten
Wirtszelle; und
b) Veranlassen der transformierten Wirtszellen zur Expression des Proteinaufreinigungskonstruktes.

15. Ein Verfahren zur Herstellung eines Polypeptidproduktes, umfassend:

a) Veranlassen der transformierten Zelle aus Anspruch 13 zur Expression des Proteinaufreinigungskonstruk-
tes;
b) In Kontakt bringen einer immobilisierten Form des reversiblen Inhibitors mit einer Mischung, die das Prote-
inaufreinigungskonstrukt und Zellbestandteile der transformierten Zelle enthält, zur Bildung eines gebundenen
Proteinaufreinigungskonstruktes, das mit dem immobilisierten Inhibitor assoziiert ist; und
c) Entfernen der Zellbestandteile von dem gebundenen Proteinaufreinigungskonstrukt zur Bildung eines abge-
sonderten Proteinaufreinigungskonstruktes.

16. Das Verfahren aus Anspruch 15, weiter umfassend das Behandeln des abgesonderten Proteinaufreinigungskon-
struktes mit einem ersten Spaltungsreagenz für das Inter-Verknüpfüngspeptid zur Bildung eines freien variabel
fusionierten Polypeptids.

Revendications

1. Produit de recombinaison de purification de protéine comprenant trois segments, couplés, en tandem :

le premier segment étant une anhydrase carbonique ou une version modifiée de celle-ci, l'anhydrase carboni-
que ou la version modifiée ayant une constante de dissociation non supérieure à environ 10-7 M pour un inhi-
biteur réversible de l'anhydrase carbonique ;
le second segment étant un peptide d'interconnexion qui est clivable de façon sélective par un réactif de cli-
vage enzymatique ou chimique ; et
le troisième segment étant un polypeptide condensé variable.

2. Produit de recombinaison de purification de protéine selon la revendication 1, dans lequel le polypeptide condensé
variable comprend (a) au moins deux copies d'un premier peptide produit, des motifs voisins du premier peptide
produit unique étant liés en tandem par un peptide d'intraconnexion ; (b) un motif de peptide comprenant un pre-
mier et un second peptides produits liés par un peptide de connexion interne ; ou (c) au moins deux copies dudit
motif de peptide, des motifs de peptides voisins étant liés par un peptide d'intraconnexion.

3. Produit de recombinaison de purification de protéine selon l'une quelconque des revendications 1 à 2, dans lequel
le peptide d'interconnexion, les peptides d'intraconnexion et les peptides de connexion interne sont chacun cliva-
bles de façon sélective avec une enzyme ou un produit chimique différents.

4. Produit de recombinaison de purification de protéine selon l'une quelconque des revendications 1 à 3, dans lequel
le peptide d'interconnexion, les peptides d'intraconnexion et les peptides de connexion interne sont chacun des
séquences d'acides aminés de jusqu'à 10 résidus d'acides aminés.

5. Produit de recombinaison de purification de protéine selon l'une quelconque des revendications 1 à 4, dans lequel
le peptide d'interconnexion, les peptides d'intraconnexion ou les peptides de connexion interne incluent (Asp)4Lys,
IleGluGlyArg, ArgGlyProArg, ArgGlyGly, AsnGly, AspPro, Met, AspGly, HisProPheHisLeuLeuValTyr, Lys, Arg, Phe,
Tyr, Trp, Glu ou Cys.

6. Produit de recombinaison de purification de protéine de la revendication 7, dans lequel l'anhydrase carbonique
modifiée (a) ne contient pas de méthionine, (b) a tous les glutamates ou certains remplacés par un autre acide
aminé, (c) a toutes les arginines ou certaines remplacées par un autre acide aminé, (d) a toutes les asparagines
ou certaines remplacées par un autre acide aminé, (e) a la méthionine remplacée par un autre acide aminé, ou (f)
a la cystéine remplacée par un autre acide aminé.
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7. Produit de recombinaison de purification de protéine selon l'une quelconque des revendications 1 à 6, dans lequel
l'anhydrase carbonique ou une version modifiée de celle-ci a une constante de dissociation non supérieure à envi-
ron 10-7 M pour un dérivé d'acétazolamide ou de benzènesulfonamide.

8. Produit de recombinaison de purification de protéine selon l'une quelconque des revendications 1 à 7, dans lequel
le polypeptide condensé variable inclut la caltrine, la calcitonine, l'insuline, l'activateur tissulaire du plasminogène,
l'hormone de croissance, un facteur de croissance, la somatocrinine, l'érythropoïétine, un interféron, une interleu-
kine, l'ocytocine, la vasopressine, ACTH, la protéine de liaison du collagène, un peptide édulcorant, un polypeptide
à effet psychotrope, un facteur de croissance des neurones, un neuropeptide, un facteur inhibiteur de la leucémie,
un peptide antibiotique, un peptide bactériostatique, un peptide insecticide, un peptide herbicide ou un peptide fon-
gicide.

9. Produit de recombinaison de purification de protéine selon l'une quelconque des revendications 1 à 9, dans lequel
le polypeptide condensé variable inclut une séquence d'acides aminés correspondant à :

Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lys Pro Val Gly Lys Lys Arg Arg Pro Val Lys Val Tyr Pro Asn Gly Ala
Glu Asp Glu Ser Ala Glu Ala Phe Pro Leu Glu Phe ;
Tyr Ala Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Gly Gln Leu Ser Ala Arg Lys Leu Leu Gln Asp Ile Met
Ser Arg Gln Gln Gly Glu Ser Asn Gln Glu Arg Gly Ala Arg Ala Arg Leu-NH2 ;
Asp Arg Val Tyr Ile His Pro Phe ;
Arg Pro Lys Pro Gln Gln Phe Phe Gly Leu Met ;
Asp Tyr Met Gly Trp Met Asp Phe ;
Glu Gly Val Asn Asp Asn Glu Glu Gly Phe Phe Ser Ala Arg ;
Glu Leu Ala Gly Pro Pro Glu Pro Ala ; ou
Glu His Trp Ser Tyr Gly Leu Arg Pro Gly.

10. Séquence de nucléotide codant pour le produit de recombinaison de purification de protéine selon l'une quelcon-
que des revendications 1 à 9.

11. Séquence de nucléotides de la revendication 10 comprenant la séquence

12. Vecteur d'expression comprenant la séquence de nucléotides de la revendication 10 ou 11.

13. Cellule transformée comprenant la séquence de nucléotides de la revendication 10 ou 11.

14. Procédé d'expression du produit de recombinaison de purification de protéine de l'une quelconque des revendica-
tions 1 à 9 comprenant les étapes consistant à :

a) insérer le vecteur d'expression de la revendication 12, dans une cellule hôte, pour produire une cellule hôte
transformée ; et
b) faire que les cellules hôtes transformées expriment le produit de recombinaison de purification de protéine.

15. Procédé de production d'un produit de polypeptide comprenant les étapes consistant à :

a) faire que la cellule transformée de la revendication 13 exprime le produit de recombinaison de purification
de protéine ;
b) mettre en contact une forme immobilisée de l'inhibiteur réversible, avec un mélange contenant le produit de
recombinaison de purification de protéine et des constituants cellulaires provenant de la cellule transformée,
pour produire un produit de recombinaison de purification de protéine lié, associé à l'inhibiteur immobilisé ; et
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c) retirer les constituants cellulaires du produit de recombinaison de purification de protéine lié, pour produire
un produit de recombinaison de purification de protéine distinct.

16. Procédé selon la revendication 15, comprenant en outre le traitement du produit de recombinaison de purification
de protéine, avec un premier réactif de clivage pour que le peptide d'interconnexion produise un polypeptide con-
densé variable libre.
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