Nty

ol

IS

0

30

35

REPLACED SREETS  SG

1 03 Description : paged ....=. to paged ...7..
o Claim(s) : paged ..5%. 1o paged .62..
. | O Drawing(s) : paged ..7... to paged ..=...
[J Abstract  : paged ....... to paged ...m..

WO 97/13841 PCT/US96/12282

SEPARATION AND CONCENTRATION SYSTEMS BASED ON
SOLUBLE OLIGOSACCHARIDE BINDING DOMAINS

INTRODUCTION

Technical Field
This invention relates to methods for separating and/or concentrating polypeptides and

other compounds by affinity phase separation using a polymer-ligand pair in which the ligand
binds to a soluble phase-forming oligosaccharide. The invention is exemplified by the use of a
phase seﬁaration system comprising a soluble oligosaccharide with affinity for a compound
comprising as the affinity ligand a cellulose-binding domain from a Cellulomonas fimi cellulase.

Background
Production of proteins by expres;ion in microbial systems has become a significant

source of high value, medically important proteins. Purification and recovery of recombinant
proteins are major considerations in the design of a fermentation process. While traditional
means of protein purification can be used to isolate a product, more recently, aqueous two-phase
extraction systems have received considerable industrial interest as a means to simplify large-
scale purification of protein products, including high-dose therapeutics such as insulin, and
industrial proteins such as 3-oxosteroid isomerase, alcobol dehydrogenase, and
phosphofructokinase. As a result, a wide variety of two-phase systems are now available for
both protein-purification and celi-separation applications. Extraction in aqueous two-phase
systems offers unique advantages for large-scale processing of recombinant proteins and
peptides, including high activity yields (i.e., the largely aqueous environment minimizes protein
inactivation during purification), fast approach to equilibrium, easy scale-up and, most
importantly, continuous processing.

Technical feasibility of aqueous two-phase partition systems has been demonstrated in
several systems up to the 100,000 L scale. They are formed by adding to water either two water-
soluble but incompatible polymers or a water-soluble polymer and a strong electrolyte.
Polyethylene glycol (PEG) serves as one of the polymer components in many industrial two-
phase systems due to its Jow price and availability in a wide range of molecular-weight fractions.

Fractionated dextran, an a-1,6 glucosaccharide with a-1,3 branching, often serves as the second
polymer. However, many other water-soluble polymers are also in use, including 2 number of
other carbohydrate polymers. Aqueous two-phase systems contain mainly water, with each
phase enriched in one of the separation-inducing compohents and nearly devoid of the other.
When a mixture of proteins and other biomacromolecules from a fermentation broth is added to

1

SUBSTITUTE SHEET (RULE 26)



»

wi

10

15

20

15

30

335

WO 9713841 PCT/US96/12282
an aqueous two-phase system. each type of protein partitions uniquely based on its relative
afﬁmtv for the two phase-forming components. as well as on its size, surface chemistry, and net
charge.. :
| Relatively low partition coefficients and lack of selectivity in conventional aqueous two-
phase systems have motivated the development of affinity partition systems which combine the
versatility of conventional partition systems with the unique binding selectivity of affinity
ligands.: In most cases, the biospecific ligand is covalently linked to one or both ends of a phase-
forming polymer, usually PEG. The strong partitioning of the polymer during phase formation
then causes the accumulation of ligand into one of the equilibrim phases. This highly
asymmetric partitioning, combined with the strong affinity of the target protein for the ligand, is
the basis behind the affinity separation and concentration.

However, although current affinity partition systems are of some industrial use, they are
limited in their capacity and resolving power by low ligand densities which result from the
presence of only one or two ligands per polymer chain. Since polymer concentrations are usually
less than 15 wt%, affinity partition systems with a 1:1 or 2:1 ligand to polymer stoichiometry
usually yield target protein separation factors (relative to those of the contaminants) between 5
and 50. While these separation factors are more than sufficient for product concentration, they
do not generally provide d_desjired product purity in a cost-effective, one or two-stage extraction
process. - Classic affinity partition systems also are limited by the expense of the chemistry
needed to produce the polymer-ligand conjugates. For example, conjugation of a ligand to PEG
first requires substitution ‘of the:terminal hydroxyl groups with more reactive electrophiles, such
as:bromides, chlorides, or.epoxides. -A second nucleophilic-attack reaction is then required to
covalently bind the polymer and ligand. The ligand polymer conjugates also must be designed
specifically for each protein or class of proteins to be purified.

A recent development in aqueous biphasic separations is to combine aqueous two-phase
systems with temperature-induced phase separation. To date, these systems have used a
thermoseparating polymer as the top-phase polymer with either dextran or hydroxypropy] starch
as the bottom-phase polymer Temperatme—mduoed phase separation following the purification
step then makes it possible to separate and recycle the polymer from the biological products. In
this form, the process has the advantage of recovering | the thermosepatanng polymer, but suffers
from the distinct disadvantage that the target protein has no -unique and strong affinity for the
thermoseparating polymer. Application of ohgosacchande binding domain technology to these
two-phase systems would allow for a hxgh-afﬁmty separatxon to the phase containing the
polymer to which the domain binds followed bya snnple method for recovering and recycling
the polymer. It therefore is of interest to develop rapld. mexpenswe, high capacity methods for
purification of a desired protein, partlculaﬂy to develop methods which can use generic polymer-
ligand conjugates.
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Relevant Literature

For a review of phase-forming oligosaccharides, see Zaslavsky, Aqueous Two-Phase
Partitioning, Marcel Dekker, Inc.: New York (1995); Albertson, P. A., Partitioning of Cell
Particles and Macromolecules, 3" ed., Wiley Interscience: New York (1986); Walter, H.
Brooks. D. E., and Fisher, D., Partitioning in Aqueous Two-Phase Systems, Academic Press:
Orlando, FL (1985).

The following references relate to thermoseparating polymers: Malcolm, and Rowlinson,
(1957). Trans. Faraday Soc., 53,921; Bailey and Callard, (1959). J. Appl. Polym, 1, 56; Home,
et al. J. Colloid Interface Sci., 35, 77, Saeki, et al. J. Chem Soc. Faraday Trans. 1,79, 975;
Fujishige, et al. (1989) J. Phys. Chem, 93, 3311; Galeav and Mattiasson, (1993). Enzyme
Microb. Technol., 15, 354; and Chen and Hoffman, (1995). Nature, 373, 49.

References relating to endoglucanase C include the following. Moser et al., Applied and
Environmental Microbiology (1989) 55:2480-2487; Molecular Microbiology (1991) 5:1221-
1233; Coutinho, et al., Molecular Microbiology (1992) 6:1243-1252; and Coutinho, ef al. FEMS
Microbiology Letters (1993) 113:211-218. For a review of b-1, 4-glycanases, see Gilkes, et al.
(1991) Microbial Reviews 55:303-315. Also, see Miller, Jr., et al. (1995) Proc. 6th Int. Conf. on
Biotechnology in the Pulp and Paper Industry, Vienna, Austria.

SUMMARY OF THE INVENTION

Aqueous phase separation and/or purification sys_tems, together with methods for their
preparation and use, are provided which are based on polymer-ligand conjugates wherein the
polymer is an oligosaccharide polymer and the composition to be separated and/or purified
comprises a ligand which binds to the oligosaccharide polymer. The ligand is a polysaccharide
binding peptide (PBP) which is an amino acid sequence characterized as capable of binding to a
phase-forming oligosaccharide polymer. The composition generally is a fermentation broth, a
cell lysate, a biological fluid, or other fluid containing a compound comprising a macromolecule
or chemical moiety of interest fused to a PBP. The phase separation system includes one or
more phase-forming oligosaccharide polymer and a phase-inducing polymer, another phase-
inducing agent or a means for inducing phase separation. ﬁe method involves contacting the
phase separation system with the composition, which partitions into the oligosaccharide polymer
phase, following induction of phase separanon and xsolatmg the composition. The composition
may be removed from the oligosaccharide polymer with a removal solution having low ionic
strength, high pH or containing a chaotropic agent. Altemauvely, a specific or non-specific
protease can be used for enzymatic removal of the compound from the polysaccharide binding
moiety which remains bound to the oligosaccharide polymer by incorporating a protease
recognition sequence between the compound and the polysaccharide binding moiety. Where a

protease is used, it can be provided bound to a second polysaccharide binding moiety having
3
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affinity for a crystalline polysaccharide to which the first polysaccharide binding moiety has no
affinity. Optionally, the ptotease can be recycled by s;ibsequent elution from the solid
polysaccharide. Alternatively, the protease bound to the second polysaccharide binding moiety
can be provided bound tg;-a solid polysaccharide _supp_b;t to which the polysaccharide binding
peptide does not bind. The invention finds use for separation and/or purification of proteins and
other compounds which can be joined to a PBP.

BR F DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the consensus sequence for cellulose-bmdmg domains based upon the
amino acid sequence ahgnments of the cellulose-binding domain (N1 and N2) of the
Cellulomonas fimi endoglucanase C (CenC) (Counnho et al. Mol. Microbiol. (1991) 5:1221-
1233) and the putative. cellulose-bmdmg domains of CeeCelCCE (a cellulase from Clostridium
cellulolyticum) Bagnarda-Tardif et al. Gene (1992) 119:17-28), MxaEgl (a B-1,3-glycanase from
Myxococcus xanthus) (lelet et al. Gene (1995) 158:23-29), SreCell (a cellulase from
Strepiomyces reticuli) Schlochttennexer et al. Mol. Microbiol. (1992) 6:3611-3621), and TfuEl (a
8-1,4-endoglucanase ﬁom{.'ﬁermmanospora  fusca) Lao et al. J. Bacteriol. (1991) 173:3397-
3407). Amino acid residues are indicated in single letter code. A dash (-) indicates a gap left to
improve the alignment.

FIG. 2 shows a gx*aphic representation of the pTugA vector which is used for expression
of PBDy; in Escherzchta «coli.- Use of pTugA results in high level inducible transcription,
enhanced RNA translatxon, _pdrtabxhty, high copy nuinber, stability and versatility. The pTug
vectors contain the mutant pMB1 ori derived from pUC13 to enhance copy number (Minton et

al. Focus (1988) 10:56),-.-5. strong and highly inducible (by IPTG) tac promotor (P,,) which is

strongly repressed by Laclq The /aclg allele is incorporated in the pTug vector to maintain a

constant ratio of Py, to laclg, ensuring adequate evels of repressor irrespective of the E. coli

host. The genel0 translat'io’nal enhancer (Olins ef al. Gene (1988) 73:227) is also incorporated in
the pTug vector. The leader sequence of the endoglucanase A (CenA) from C.fimi was
incorporated into the vector to allow recovery of a recombxnmt polypeptide from E.coli
supernatants. Fig. 2A shows the nucleotide and encodg:} amino acid sequence of the Ncol -
Hindlll region as well asthe nucleotide sequence of the :'region upstream of the Ncol site,
including the gene 10 translational enhancer ("g10") and the CenA leader sequence ("leader").
Fig 2B shows the pTugA vector map.

FIG. 3 shows a graphic representation of the pTugAS vector. FIG. 3A shows the
nucleotide and encoded amino acid sequence of the SacI-HdeII region as well as the nucleotide
sequence of the region upstream of the Sacl site. FIG. 3B shows the pTugAS vector map.

FIG. 4 shows the pqn_s_tmct:on of pTugEO7K3. pTugK, a derivative of pTugA, caries the
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selective marker for kanamycin resistance in place of the selective marker for ampicillin
resistance, was digested completely with Neol. The staggered end was repaired with the
Escherichi coli DNA polymerase I (Klenow fragment) to create a blunt ended restriction site.
The modified pTugK vector was then digested completely with HindIll and the 4.2 kbp fragment
was isolated. pTZE07 (Ong et al. Biotechnol. Bioeng. (1993) 42:401-409) was digested
completely with BamHI and the staggered.end was repaired with the Escherichi coli DNA
polymerase I (Klenow fragment) to create a blunt ended restriction site. The modified pTZE07
was then digested completely with HindIII and the 2.1 kbp fragment was isolated. The 4.2 and
2.1 kbp fragments were ligated to give pTugE07K3.

FIG. 5 shows the construction of pTugKN1. pTugE07K3 was digested completely with
Nhel and HindII to remove the 1.8 kbp fragment containing the CBDc. and the 4.5 kbp
fragment was isolated. PCR was used to introduce appropriate restriction sites at the 5’ and 3’
ends of the gene fragment encoding CBDy;. A Nhel site (underlined), coinciding with the N-
terminal end (ala-ser) of mature CBDy;, as introduced as a silent mutation at the 5' and of cbdN/
using the oligonucleotide 5'-“TTACCTCATATGGCTAGCCCGATCGGGGAGGGAACG-3'. A
HindIl site was introduced at the 3' end of cbdN! using the oligonucleotide 5'-
AGAATGAATTCAAGCTTAGAGCTCGACCTCGGAGTC-3". A translational stop codon was
also included in this primer. The polymerase reaction (PCR) mixture (50 mi total volume)
contained 10-100 ng template DNA(pTZ-JC3) (Coutinho et al. Mol. Microbiol. (1992) 6:1243-
1252), 25-50 pmole (300 ng) primers, 2mM MgCl,, 6% dimethyl sulfoxide, 0.2 mM 2'-
deoxynucleotide 5'-triphosphates-and 1 unit 7ag DNA: polymerase in 50 mM Tris. HCI buffer,
pH 8.3. Twenty-eight successive cycles were performed as follows:. denaturation at 94°C for 15
sec, annealing at 57°C for 1.4 min and primer extension at 72°C for 1.5 min. The resulting
CBDy; PCR fragment was digested completely with Nhel and HindII and the 0.5 kbp fragment
was purified by precipitation. The 4.5 kbp and 0.5 kbp fragments were ligated to give pTugKNI1.

FIG. 6 shows the pTugKN1 vector. The pTugKNI1 vector is derived from the pTugA
vectors by replacing the selective marker for ampicillin resistance (B-lactamase encoding
sequence) with the selective marker for kanamycin reslstance The sequence encoding the leader
peptide of the endoglucanase A (CenA) of C. fimi was replaced with the encoding sequence for
the leader peptide of the exoglucanase (Cex) from C.fimi (Ong et al. Biotechnol. Bioeng. (1993)
42:401-409). '

Fig. 7 shows the results of anion exchange. chromamgraphy of PBDy;. Partially purified
PBDn; (150 mg in 200 mi) was loaded (1 mlfmm)gonto an anion exchange column (MonoQ)
equilibrated in 20 mM potassium phosphate uﬁ'éi', pH 6.0. After washmg the column with 200
ml buffer, pH 6.0 bound protein was recovered (8 ml ﬁ'acuons) using a salt gradient (600 ml, 0-]
M NaCl in 20 mM potassium phosphate buﬁ‘qr, p_l-__l 6. 0___)_ PBDy; was recovered from the column
in 300 mM salt (peak 1). Contaminating protems bound more tightly and were removed in
higher salt (peak 2).
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Fig. 8 shows SDS-PAGE analysis of PBDy; during purificatioin from culture
supernatants. Culture supernatants from JM101 harboring pTugKN1 (induced) (lane 2), whole
culture suspension (cells and broth) (lane 3), Avicel fraction after binding of proteins in culture
supernatants (lane 4), flow through fraction after binding supernatants to Avicel (lane 5), fraction
eluted with H,O from Avicel (lane 6) and PBDy; after MonoQ purification (lanes 7 and 8) were
analysed on a gel containing 12.5% acrylamide. Molecular mass standards (lane 1) are as
indicated.

FIG. 9 shows affinity electrophoresis gels. for analysis of PBPs (PBDy; and PBDyjn,).
Binding of purified Bovine Serum Albumin (BSA) (lane 1), PBDy; (lane 2) and PBDy;y; (lane
3) to soluble oligosaccharides was analysed in native gels containing 13% acrylamide.
Retardation in the gels in the presence (+) of polysaccharide ((0.1% w/v) hydroxyethyl cellulose
(HEC) or barley glucan) relative to their migration in gels in the absence (-) of the
oligosaccharides is indicative of binding. Xylan is used as an non-binding polysaccharide. Smg
of each protein were loaded on each gel. FIG. 9A compares binding in the presence (+) and in
the absence (-) of barley B-glucan; FIG. 9B compares binding in the presence (+) and in the
absence (-) of hydroxyethyl cellulose, and FIG. 9C compares binding in the presence (+) and in
the absence (-) of birchwood xylan.

FIG. 10 shows the vectors used in the construction of pTZ-JC13 (FIG. 10C). FIG. 10A
shows pTZ-JC2 containing the gene fragment encoding the whole CenC, which was used to
obtain the fragment encoding PBDy). FIG. 10B shows vector pUC18-1.6 cend_PT, which was
used to obtain the CenA encoding fragment.

FIG. 11 shows the results of malysié- of proteolysis products: from CenA and the PBDy;-
CenA fusion protein using SDS-PAGE analysis. Eight mg of each polypeptide was incubated in
50 ml phosphate-buffer, pH 7.0 (50mM) with 0 (lanes 5 and 9), 0.1 (lanes 4 and 8), 0.5 (lanes 3
and 7) or 1.0 units (lanes 2 and 6) of C.fimi protease for 3 h at 30°C. Reaction products were
analysed on gels containing 12.5% acrylamide. Molecular mass markers (lane 1) are as
indicated. P30 corresponds to the catalytic domain of CenA after proteolytic removal of the
cellulose-binding domain (Gilkes e al. J, Bifol. Chem (1988) 263:10401-10407).

FIG. 12 shows the results of separatibn of CenA and PBDy;;-CenA by differential
adsorption to cellulose followed by analysxs of unadsorbed polypeptides using SDS-PAGE. In
FIG. 12A, aliquots of buffer containing 25 mg (lanes 2 and 3), 100 mg (lanes 4 and 5), or 250 mg
(lanes 6 and 7) of both polypeptides were incubated with bacterial microcrystalline cellulose
(BMCC (+)) or without bacterial microcrysti_llline cellulose (BMCC(-)). In FIG. 12B,
supernatants containing the unadsorbed fractions from the BMCC incubation mixtures were
further incubated with phosphoric acid swdlien cellulose (PASC(+). Results with control
samples without addition of (PASC(-)) also ¢ are shown

FIGS. 13A and 13B are schematic dxagrams for immobilization and use of a fusion
protein. FIG. 13A shows fed-batch production, purification, and immobilization of the fusion
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protein. FIG. 13B shows use of the fusion protein for hydrolysis of cellulosic materials to
glucose with a reusable fermentor-immobilization column setup.

FIG. 14 shows two removable label compositions and means for enzymatically debinding
the removable label from a cellulose substrate: an arrow indicates a chemical moiety, an open
box indicates a protease cleavage site for a specific protease, and a cross-hatched box indicates a
cellulose-binding domain. .

FIG. 15 shows isothermal titration microcalorimtery data for binding of hydroxyethyl
cellulose to CBDy; in S0 mM phosphate buffer solution at pH7 and 35° C.

FIG. 16 shows preliminary phase-equilibria data for mixtures of hyroxyethyl cellulose
and Pluronic P105 in 50 mM PBS at 35° C and pH7.

FIG. 17 shows a schematic of an affinity partition system based on novel CBDy;-fusion
technology. After a diafiltration step to remove excess sait, the target protein, when necessary,
can be recovered from the fusion construct by cleavage at an IQGR-specific recognition site for

Factor X, inserted at the - 1 position relative to the target protein (See Assouline et al., (1993)
Protein Eng., 7:787) for suitable expression systems for Factor X, and for Factor X,-CBD fusion

proteins. Direct recovery of the target protein by Factor X, cleavage directly after the affinity
partition Step can be used to simplify the process.

FIG. 18 shows experimental cloud-point diagram for UCON 50-HB-5100 in water and in
100 mM citrate buffer. For a 10° (w/w) UCON solution, phase separation occurs.at 323K .in the
binary mixture and at 312K in the buffer-containing system.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
Aqueous phase separation systems which can be used for purification and/or separation

of compositions which bind to a phase-forming oligosaccharide polymer are provided.
Generally, the compositions include a polysaccharide binding peptide (PBP) comprising an
amino acid sequence which has high affinity for the oligosaccharide polymer, such as a
polysaccharide-binding domain (PBD) of a polysaccharidase, conjugated to a polypeptide or
chemical moiety of interest. However, the polysaccharide binding peptide can include any
amino acid sequence which binds to the oligosaccharide polymer. Methods for the preparation
of PBPs also are provided; where the PBP can be derived from a PBD of a polysaccharidase, a
binding domain of a polysaccharide binding protein or a protein designed and engineered to be
capable of binding to a polysaccharide. The PBP can be naturally occurring or synthetic. Where
the PBP is a PBD or is derived from a PBD, the amino acid sequence generally is essentially
lacking in the hydrolytic enzymatic activity of the polysaccharidase, but retains the substrate
binding activity.
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The phase separation system generaily comprises two phases which are generated by the
incompatibility of the components of the phase separation system upon mixing of the
components. One component of the system is a phase forming oligosaccharide and a second
component is a phase-inducing agent, such as a second polymer, which is incompatible with the
oligosaccharide polymer. or a strong electrolyte, particularly a salt, such as a sulfate or citrate
salt. which is present at a sufficiently high concentration to induce phase separation. In instances
where the phase forming oligosaccharide is a thermoseparating polymer, phase separation can be
induced by heating the composition containing the'compound to be purified and the phase-
forming polymer until phase separation occurs.

The steps of using the phase partition system include contacting composition comprising
the polysaccharide binding peptide with the phase separation system. The phase partitioning
system can be already mixed, or the composition can be added to a dry form (e.g., lyophilized) of
either of the components. As an example, the oligosaccharide polymer is added to the
composition thereby rehydrating the polymer and phase separation is induced. For some
applications. more than two phases can be used. After a time sufficient for the composition to
partition into the oligosaccharide polymer phase, the phases are separated. Partitioning
(nonaffinity) of contaminant proteins into the polysaccharide-rich phase is minimized by
adjusting the system pH, polymer concentrations, and addition of partitioning electrolytes.
Under optimal conditions of operation, multistage contacting of the two aqueous phases then
provides either complete or partial (but sufficient) purification of the target composition.

The composition comprising a polypeptide or chemical moiety of interest can be removed
from the polymer by contacting the polymer with a removal solution capable of eluting the -
composition comprising the PBP from the polymer or the composition comprising the PBP can
be removed enzymatically by including a protease recognition site or chemical cleavage site
between the compound and the PBP. In the latter method of removal, the PBP remains bound to
the oligosaccharide polymer. Examples of recognition sites include those for collagenase,
thrombin, and Factor Xa which are cleaved specifically by the respective enzymes. Chemical
cleavage sites sensitive, for example, to low pH:' or cyanogen bromide, can also be used.

For ease of removal, the specific cleavage enzyme can be provided as a cleavage enzyme
complex wherein the cleavage enzyme is bound to a PBP which has substrate binding
characteristics which differ from those of the PBP which binds to the soluble oligosaccharide
polymer or which binds to a differem polysacchéride rather than just different physical forms of
the same polysaccharide. Preferably the second: PBP binds to an insoluble polysaccharide to
which the first PBP does not bind. The msoluable polysaccharide can be added to the mixture
containing the compound of interest to remo' ihe cleavage enzyme complex from the solution.
Following separation from the solution, the ¢ age enzyme compiex can be removed from the
insoluble polysaccharide and reused. Altematlvely the cleavage enzyme complex can be
provided already bound to an insoluble polysaccharide, for example in the form of a column

8
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through which the mixtire containing the compound of intetest is passed.

The subject invention offers several advantages over currently used aqueous phase
separation systems. Oligosaccharide polymers including carbohydrate polymers such as
cellulose and other B-glucans, such as those obtained from oat and barley, are plentiful and
inexpensive. Furthermore, a variety of proteins bind specifically to carbohydrate polymers and
other oligosaccharides and can be used as the source of PBP for the subject invention. Asan
example. fusion proteins can be prepared which include the carbohydrate polymer-binding
portion of a protein which binds to a carbohydrate as a-means for separating and/or purifying the
fusion protein using the subject phase separation system. Thus, use of the PBP provides a
generic means for affinity separation and/or purification of any polypeptide or a chemical moiety
by attaching it to a PBP which can bind to a phase-forming oligosaccharide polymer. The
selective binding of the PBP from the oligosaccharide polymer makes it especiaily suitable for
the purification and/or isolation of a wide variety of compounds using a single oligosaccharide
polymer phase separation system. It is unnecessary to prepare separate phase separation systems
for each compound to be separated, i.e., to prepare specific polymer-ligands for each compound.

Also, oligosaccharides have many binding sites as compared to other phase-separator polymers
which are used, thus significantly increasing the capacity of the polymer to bind the partitioning
ligand. _

Use of one or more thermoseparating polymers in the two phase system offers the
additional advantages of a high affinity separation to the phase containing the polymer to which
the PBP binds followed by a simple method for recovering and recycling the polymer. PBP
compounds bind specifically and strongly.toﬁthe polymer but can be removed easily by elution -
with water or at high pH at ambient to physiologic temperatures, generally less than 40°C and
generally in the range of 20°C. For non-protein compounds, the PBP can be removed from the
compound by proteolysis using a general protease such as protease K at 30°C, pH 7.0. The PBP
thus provides a means of attaching compounds to the oligosaccharide polymer, which
compounds later can be removed. Mutant PBPs or PBDs with varying affinities for the phase-
forming oligosaccharide also can be obtained to vary the affinity as required for particular
systems and/or applications. As desired, the ?BP may comprise up to the entire
polysaccharidase enzyme, including the protéin having hydrolytic activity or may be essentially
free of hydrolytic activity where a sequence including only the PBP is used. The latter is
desirable where the integrity of the substrate is to be maintained 5o that it can be reused.
Treatment of the polysaccharide with desorption soi_utions as described above does not alter the
surface structure of the polysaccharide. The alternatwe procedure involving the use of a non-
specific protease to debind the PBP conjpgatez from a matrix acts directly on the conjugate and
does not modify the polysaccharide surface. By introducing a linkage group between the PBP
and the compound of interest which is clearable by specific reagents, the compound of interest
alone can be obtained leaving the PBP bound to the oligosaccharide polymer. Other key

9
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advanages of this system include that it is linearly scalable by volume from hiébomtofy protocbx
1o a commercial protocol and that the system can be run as a continuous process.

‘Novel polypeptide compositions can inciude those having the following formula:

PBP-MR-X (1)

wherein:

PBD is characterized as a consecutive sequence of amino acids from the substrate
binding region of a polysaccharidase or other protein which binds to a polysaccharide substrate
to provide for high affinity binding to a substrate of the polysaccharidase and, optionally,
essentially lacking in polysaccharidase activity. The PBP is at least as large as the minimum
number of amino acids in a sequence required to bind a polysaccharide and for use in a phase
separation system, further is characterized as capable of binding to a phase forming
oligosaccharide;

MR is the middie region, and can be a bond; short linking group of from 2 to 30 carbon
atoms, or have from about 2 to about 20 amino acids. The region can include an amino acid
sequence providing for specific cleavage of the fusion protein, usually a sequence cormresponding
to that recognized by a proteolytic enzyme of high specificity such as an IgAl protease or
Factor Xa; and

X can be any peptide of interest or a chemical moiety. X is characterized as having up to
the entire sequence of a polypeptide of interest, and can be an enzyme, a hormone, an
immunoglobulin, peptide, etc.

Novel polypeptide compositions include those having the following formula:

PBP-Z or @
PBP-MR-Z ' 3)

wherein:

PBP and MR are defined as above; and Z is a chemical moiety that is attached to the
PBP. Z indicates only thie moiety, not the stoichiometry of the moiety. The stoichiometry can be
variable. o

The PBP can be obtained from a vanety of sources, including enzymes which bind to
oligosaccharides which find use in the subject ; ':mtion:_. Two types of oligosaccharides find use
in the subject invention, (1) the oligosaccharide.in the phase separation system, and (2) the
oligosaccharide used in the solid phase system, such as rs used for removal of a cleavage
enzyme. The phase separation system oligosaccharide generally has the characteristics of being
soluble in an aqueous solution, having high affinity for and capacity to bind to the composition

10
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comprising the PBP and compound of interest capable of phase-separation such that compound
comprising the polysaccharide binding peptide is highly enriched in one of the phases, generally
2 about 70%, preferably 2 about 80%. In Table 1 below, is a partial list of oligosaccharides
known to form aqueous two-phase systems with either another polymer or a strong electrolyte.

Table 1 _
Phase-Forming Oligosaccharides

Uncharged Charged Low

Polysaccharides'  Polysaccharides Molecular Weight

Compounds

Dextran Na carboxymethyl Dextrins derived
dextran from cellulose

{Cellotriose, celiotetracse,
etc.)

Hydroxypropyl dextran  Na carboxymethyl Xylose, xylobiose,
cellulose xylotriose, etc.

Carboxymethyl dextran  Na dextran sulfate Maltodextrins and
derivatives

Maltodextrin DEAE dextran

Arabinogalactan Polygalacturonic
acid (pectin)

Hydroxypropy! starch

Amylopectin

Methyi cellulose

Hydroxyethyi cellulose

Ethylhydroxyethy! cellulose

Carboxymethy] ceflulose

Hydroxypropy! cellulose

Ficoll

Carboxymethy! starch

Hydroxyethy! starch

Putlulan

' Polymers can be crude or purified.
11
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Other polysaccharides which are likely to form two-phase systems include: mixtures of
low-molecular weight cellosaccharides: chitosan and other chitin derivatives; all water-soluble
glucans (a, 8, and/or mixed linkage with degree of polymerization > 3), modified glucans. and/or
derivatized glucans: cereal 8-glucans such as barley or oat 8-glucans; and mannans,
glucommannans, galactomannans, xyloglucans.

Another group-of polysaccharide polymers which form two-phase systems-include water-
soluble amphipolar polymers which are thermoseparating in water. When a binary aqueous
solution of the polymer is heated above its cloud point temperature (CPT), the solution phase
separates into two macroscopic phases. One of the phases, usually the bottom phase is heavily
enriched with polymer, while the other phase typically contains little to no polymer.
Polysaccharide-based polymers which are known to exhibit thermoseparating properties include
methyl cellulose, ethyl hydroxyethyl cellulose, propyl hydroxyethyl cellulose, and hydroxypropyl
methyl cellulose. However, essentially any water-soluble B-1, 4-linked cellosaccharide should
show thermoseparating properties. Johansson, er al. (1993). Macromolecules, 26,4478; Harris,
et al. (1991). Bioseparations 2,237; Alfred P. A. et al. (1992). Bioseparations, 2, 363; and
Alfred P. A. et al. (1994). J. Chromatog., 659, 289. Other water soluble polymers which
thermoseparate include polyethylene glycol, polyethylene oxide, polypropylene giycol and linear
random copolymers of ethylene oxide and propylene oxide (trade names UCON and Pluronic).

For the solid phase recovery systems, a variety of polysaccharide substrates are of
interest. These include cellulose, a polysaccharide composed of D-glucopyranose units joined by -
B-1,4-glycosidic linkages and its esters, e.g., cellulose acetate; xylan, in which the repeating
backbone unit is 8-1,4-D-xylopyranose; chitin, which resembles cellulose in that it is composed
of B-1,4-linked N-acetyl, 2-amino-2-deoxy-8-D-glucopyranose units. Enzymes that are capable
of binding to polysaccharides, such as those listed above, are of interest in the subject invention
as a source of amino acid sequences capable of binding to such substrates.

In Table 6 below are listed those binding domains which bind to one or more
soluble/insoluble polysaccharides including all binding domains with affinity for soluble glucans
(a, B, and/or mixed linkages). The N1 cellulose-binding domain from endoglucanase CenC of
C. fimi is the only protein known to bind soluble cellosaccharides and one of a small set of
proteins which are known to bind any soluble polysaccharides. Also, listed in Tables 2 to 5 are
examples of proteins containing putative -1 ,3-glucgr;—'binding domains (Table 2); proteins
containing Streptococcal glucan-binding repeats (Cpl superfamily) (Table 3); enzymes with
chitin-binding domains (Table 4), and starch-binding domains (Table 5).

12
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Table 2
jew 0! ontain ] putative 6-1 lucan-binding domain:
Source (swrain)' Protein  accession N° Ref
Typel
B. circulans (WL-12) GLCAl  P23903/M34503/JQ0420 1
B. circulans (1AM 1165) BglH IN0772/D17519/867033
2
Type Il
Actinomadura sp. (FC7)Xynll U08s9s k]
Arthrobacter sp. (YCWD3) GLCI D23668 9
O. xanthineolytica GLC P22222/M60826/A39094 4
R. faecitabidus (YLM-50) RPI QO05308/A45053/D10753
5a,b
R communis Ricin Al12892 6
S. lividans (1326) XinA P26514/M64551/1S07986 7
T. tridentatus FactorGa D16622 8

] : Bacillus, O. : Oerskovia, R faecitabidus : Rarobacter faecitabidus, R. communis :
Ricinus communis, S. : Streptomyces, T. : Tachypleus (Hotseshoe Crab)

2
References
1) Yahata er al. (1990) Gene 86, 113-117; 2) Yamamoto.¢f a/. (1993) Biosci. Biotechnol. Biochem. £,
1518-1525; 3)Harpin.et al. (1994) EMBL Data Library; 4) Shen et al. (1991} J. Biol.-Chem. 266, 1058-1063 5a) -
Shimoi es al. (1992)J. Biol. Chem. 267, 25189-251935; . 5b) Shimoi er.al: (1992). J. Biochem 110, 608-613; 6)Hom
et al. (1989) Patent A12892; 7) Shareck et al. (1991) Gene 107, 75-82; 8) Sacki er al. (1994) J. Biol. Chem. 269,
1370-1374; 9) Watanabe et al. (1993) EMBL Daia Library

13
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S. downei tsobrinus) (OMZ176) GTF-1 D13858 1
S. downei (sobrinus) (MFe28) GTF-1 P11001/M17391 2
S. downei (sobrinus) (MFe28) GTF-S P29336/M30943/A41483 3
§. downei (sobrinus) (6715) GTF-1 P27470/D90216/A38175 4
S. downei {sobrinus) DEL L34406 5
5. mutants {Inghritt) GBP M30945/A37184 6
S. mutants (GS-5) GTF-B A33128 7
S. mutanis (GS-5) GTE-B POB987/M17361/B33135 8
S. mutants GTF-B™O% P05427/C33135 8
S. musants (GS-5) GTF-C P13470/M17361/M22054 9
S. mutanis (GS-5) GTF-C not available 10
S. musanis {GS-5) GIF-D M29296/A45866 11
S. salivarius . GTF-) A44811/522726/528809 12
Z11873/M64111
S. salivarius GTF-K S§2273%822121/1Z11872 13
S. salivarius (ATCC25975) GTF-L 135495 14
§. salivarius (ATCC25975) GTF-M 135928 14
S pneumoniae R6 Lyta P06653/A25634/M13812 15
S. pneumoniae PspA A41971/M74122 16
Phage HB-3 HBL P32762/M34652 17
Phage Cp-1 CPL-1 P_lSOS'IIJlBSWASlOSG 18
Phage Cp-9 CPL-9 P19386/M34780/JQ0438 19
Phage EJ-1 EIL A42936 20
C. difficile (VP 10463) ToxA P16154/A37052/M30307 21
X51797/508638
C. difficile (BARTS W1) ToxA AG0991/X17194 2
C. difficile (VP1 10463) ToxB P18177/X53138/X60984 2324
$10317
C. difficile (1470) ToxB 344271/223277 2526
C. novyi a-toxin 8$44272/223280 27
C. novyt a-toxin - ZA8636 28
C. acetobutylicum (NCIBB052) CspA $49255/237723
C. acetobutvlicum (NCIB8052) CspB _ Z50008
30 '
C. acetobutylicum (NCIB30S2) CspC B Z50033
30 :
C. acetobutylicum (NCIB3052) CspD . 250009
30 .
,Remﬂm . .

1) Sato eral. (1993) DNA sequence 4, 19-27. 2)Femretier al (1987)J.:Bacteriol. 169, 4271-4278; 3) Gilmore ez al.
(1990)/. Infect. Immun. 58, 2452-2458; 4) Abo &1 al. (1991} . Bacteriol. 173, 989-996; 53 Sun e al. (1994) /.
Bacteriol. 176, 7213-7222; 6) Banes et al. (1990} J. Infect. un, 58, 667-673; 7) References - cont'd
Shiroza er al. (1990) Protein Sequence Daiabase; B) Shiroza et of. (1987)J. Bacteriol. 169, 4263-4270; 9) Ueda et al.
{1988) Gene 69, 101-109: 10) Russe} (1990) Arch. Oral. B .35, 53-58: 11) Honda e2 al. (1950)J. Gen. Microbiol. 136,
2099-2105: 12)Giffard ez al. (1991)J. Gen. Microbiol. 137. 2577-2593. 13) Jacques {(1992) EMBL Dasa Library. 14)
Simpson er al. (1995) J. Infect. Immum. 63. 609-621; 15) Gargua el al. (1986) Gene 43, 265-272; 16) Yother et af. (1992)
J. Bacteriol. 174, 601-609; 17) Romero ez al. (1990} /. Bacteriol. 172, 5064.5070. 18) Garcia et al. (1988) Proc. Nail,
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Acad. Sc1. USA 85.914-918: 19) Garcia er al. (1990) Gene 86. 81-88: 20) Diaz er of. (1992) /. Bactertol. 174,
5516-5525; 21) Dove et al. (1990YJ. infect. Immun. $8. 480-488. 22) Wren ez al. (1990) FEMS Microbiol. Lett. 70, 1-6.
23) Barroso er af. (1990) Nucleic Acids Res. 18. 4004-4004

24) von Eichel-Streiber ef al. (1992) Mol. Gen. Genet. 233. 260-268. 25} Sarunger et al. (1993) EMBL Data Library; 26)
von Eichel-Streiber er al. (1995) Mol. Microbiol. In Press. 27) Hofmann et al. (1993) EMBL Data Library; 28) Hofmann

et al. (1995) Mol. Gen. Genet. In Press. 29) Sanchez et al. (1994} EMBL Dara Library. 30) Sanchez et af, (1995) EMBL

Daia Library
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Table 4
Overview of Enzymes with Chitin-binding Domgins

IPBEY/L6 OM

Source (strain) Enzyme Accession N° Ref?
5
Ba&erial enzymes
Type |
0
Aeromonas sp. (No108-24) Chi D31818 1
Bacillus circulans (WL-12) ChiAl P20533/M57601/A38368 2
Bacillus circulans (WL-12) ChiD P27050/D10594 3
Jarithinobacterium lividum Chi69 U07025 4
IS Sireptomiyces griseus ProteaseC AS53669 ]
Type I
Aeromonas cavia (K1) Chi U09139 .6
20 Alieromonas sp (0-7) Chi&S A40633/P32823/D13762 7
Autographa califomica (C6) NPH-1 28* P41684/1.22858 8
Serratia marcescens ChiA A25090/X03657/L01455/P07254 9
Type I
3 .
Rhizopus oligosporus (IFO8631) Chil P29026/A47022/D10157/S27418 10
Rhizopus oligosporus (IFOB631) Chi2 P29027/B47022/D10158/827419 10
Saccharomyces cerevisiae Chi 850371/U17243 i
Saccharomyces cerevisiae (DBY939) Chil P29028/M74069 12
Y0  Saccharomyces cerevisiae (DBY918) Chi2 P29029/M7407/B41035 12
'NHP : nuclear polyhedrosis virus endochitinase like sequence
1 Chi : chitinase
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Table 4 - cont'd

Source (strain) Enzyme Accession N° Ref.’
Plant enzymes

Hevein superfamily

Allium sativum Chi M94105 13
Amaranthus caudatus AMP-1* P27275/A40240 14,15
Amaranthus caudatus AMP-2* $37381/A40240 14,15
Arabidopsis thaliana (CV. colombia) ChiB P19171/M38240/B45511 16
Arabidopsis thaliana PHP* U01880 17
Brassica napus Chi U21848 I8
Brassica napus Chi2 Q09023/M95835 19
Hevea brasiliensis " Hevi* P02877/M36986/A03770/A38288 20,21
Hordeum vulgare Chi33 L34211 22
Lycopersicon esculentum Chi9 Q05538/215140/837344 23
Nicotiana tabacum CBP20* S§72424 24
Nicotiana tabacum Chi A21091 25
Nicotiang tabacum (cv. Havana) Chi A29074/M15173/S20981/819855 26
Nicotiana tabacum (FB7-1) Chi JQ0993/50828 27
Nicotiana iabacum (cv. Samsun) Chi A16119 28
Nicotiana tabacum (cv. Havana) Chi P08252/X16939/508627 27
Nicotiana tabacum (cv. BY4) Chi P24091/X51599/X64519//513322 26,27,29
Nicotiana tabacum (cv. Havana) Chi P29059/X64518/520982 26
Oryza sativam (IR36) ChiA L37289 30
Oryza sativum ChiB JC2253/542829/229962 31
Oryza sativum Chi $39979/540414/X56787 k 7J
Oryza sativum (cv. Japonicum) Chi X56063 33

IYSEL/L6 OM
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Table 4 - cont'd

Oryza sativum (cv. Japonicum) Chil P24626/X54367/514948 34
Oryza sativum Chi2 P25765/815997 35
Oryza sativum (cv. Japonicum) Chi3 D16223 2
Oryza sativum ChiA JC2252/542828 30
Oryza sativum Chil D16221 32
Oryza sativum (IR58) Chi V02286 16
Oryza sativum Chi X87109
37
Source (strain) Enzyme Accession N° Ref.'
Pisum sativum (cv. Birte) Chi P36907/X63899 38
Pisum sativum (cv. Alcan) Chi2 L37876 39
Populus trichocarpa Chi S18750/S18751/X59995/P29032 40
Populus trichocarpa (H11-11) Chi U01660 41
Phaseolus vulgaris (cv. Saxa) Chi A24215/843926/J90965/P36361 42
Phaseclus vulgaris (cv. Saxa) Chi P06215/M13968/M19052/A25898 43,44 45
Sambucus nigra PR-3' 746948 46
Secale cereale Chi Jczon 47
 Solanum tuberosum . ChiB1 102605 48
Solanum tuberosum ChiB2 U02606 48
Solanum tuberosum ChiB3 U02607/543317 48
Solanum tuberosum ChiB4 U02608 48
Solanum tuberosum {cv. Maris Piper) WIN-1¥ P09761/X13497/504926 49
Solanum tuberosum (cv. Maris Piper) WIN-2¢ P09762/X13497/504927 49
Triticum aestivum Chi 8$38670/X76041 50
Triticum aestivum WGA-1" P10968/M25536/509623/507289 51,52
Triticum aesttvum WGA-2* PO2876/M25537/509624 51,53
Triticum aestivum WGA-3* P10969/102961/510045/A28401 54
Ulmus americana (NPS3-487) Chi L22032 55
Urtica dioica AGL' ME87302 56

IPSELIL6 OM
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_ ,_Dam Library:” 40) Davxse!al (1991), PlamMol Bial. 17, 631-639; 41)
Broglie ef al. (1986) Proc.. Natl. acad. $éi. USA '83; 6820-6824; 44) Lu

Table 4 - cont'd

Vigna unguiculata (cv. Red caloona) Chil X88800 57

Santi-microbial peptide, ‘pre-hevein like protein, *hevein, ‘chitin-binding protein, ‘patogenesis related protein, *wound-induced protein, "wheat germ agglutinin,
‘agglutinin(lectin)

"References Chitin-binding domains

1) Udea er al, (1994) J. Fermenu.- Biocng. 78, 205-211; 2) Watanabe et al. (l990)J Biol. Chem. 268, 15659-16565; 3} Watanabe et al. (1992) J. Bacrenol 174, 408-414; 4)
Gleave et al. (1998) EMBL Daia Library; 5) Sidhu et al. (1994) J. Biol. Chem. 269, 20167-20171; 6) Jones ef al. (1986) EMBO J. 8, 467-473; 7) Sitrit et al. (1994) EMB
Data Library; 8) Genbank entry only; 9) Tsujibo ef al. (1993).J. Bacteriol. 175, 176-181; 10) Yanai et al. (1992) J. Bacteriol, 174, 7398-7406; 11) Pauley (1994) EAMBL
Data Library; 12} Kuranda et al. (1991) J. Biol. Chem. 266, 19758-19767; 13) van Damme et al. (1992) EMBL Data Library, 14) Broekaert et al. (1992)

Biaclmnmry 31 4308-43 l4 lS) de Bolle ad al. (1993) Plant Mol. Physiol. 22, 1187-) I90 16) Samac ef al. (1990) Plam Phy.ﬂol 93 907-9!4 17) Poﬂcr et al. (1993)

30) Yun etal (1994 -EMBL Data Library, 3!)Kim el al (1994) Biosci. Biotechnol. Bmchem 58. 1164-1166; 32) lelnzawa el al. (1993) Mol. Gen.
Oenel 241,1-105733) Nishizawa et af, (1991Y Plant Sci 76, 211-218; 34) Huang et al. (1991) Plamt Mol, Biol. 16, 479-480; 35) Zhu et al. (I991)M0’ Gen. (Genet. 226,

289-296;. 36) Mulhuknshlmm et.al. (1993) EMBL Data Library;, 37) Xu (1995) EMBL Data Library; 38) Vad et al. (1993) Plamt Sci 92, 69 ._39) Chang etal (1994).EME
larke et al. (1994) Plant Mol. Biol. 25,:799-815;-42). Broglne el 189)-Plant Cell. 1, 599-607; 43
‘et al: (1985) FEBS Lett. 193, 208-210; 45) Hedrick ef al. (1988) Plam Phiysiol. 86, 182+186; 46)
Roberts ef-al.-(1994) EMBL Data Libraryl; 47) Vamagami et al. (1998) Biosci. Biotechnol. Biochem. 58, 322-329; 48) Beethues et al. (1994) Plani Mol. Biol. 24, 353-367; 4
Stanford et al. (1989) Mol. Gen. Genet. 218, 200-208; 50) Liao et al. (1993) EMBL Data Library; 51) Smith er al. (1989) Plant Mol. Biol. 13, 601-603; 52) Wright e! al.
(1989) J. Mol. Evol. 28, 327-336; 53) Wright et al. (1984) Biochemistry 23, 280-287; 54) Raikhel et al. (1987) Prac. Natl. acad. Sci. USA 84, 6745-6749; 55) Hajela et al.
(1993) EMBL Daia Library; 56) Lemer et al. (1992) J. Biol. Chem. 267, 11085-11091

57y Vo et al. (1995) EMBL Data Library
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Overview of Enzymes Containing Starch-binding Domains

Source (strain) Enzyme Accession N° Ref.’
A. awarori (var. kawachi) AMYG P23176/D00427/1T0479 1.2
A. niger (T21) AMYG $73370 3
A. niger -A. awamori AMYG1/G2 P04064/A90986/A29166/X00712/X00548 - 4,56

. K02465 ' 789
A. orvzae AMYG (GLAA) P36914/1Q1346/D01035/875274/D01108 10, 11
A. Shirousamii AMYG (GLA) P22832/1Q0607/D10460 12
Bacillus sp. (B1018) AMYa P17692/M33302/D90112/809196 13
Bacillus sp. (TS-23) a-AMY U22045 14
Bacillus sp. (1-1) CGT P31746/826399 15
Bacillus sp. (6.63) CGT P31747/X66106/521532 16
Bacillus sp. (17-1) CGT P30921/M28053/A37208 17
Bacillus sp. (38-2) CGT P09121/M19830/D00129/524193 18,19
Bacillus sp. (1011) CGT P05618/A26678/M17366 20
Bacillus sp. (DSM5850) CGT Al8991 21
Bacillus sp. (KC 201) CGT D13068 15,22
B ¢éreus (SPOII) b-AMY A48961/P36924/854911 2
B. circulans (8) CGT P30920/X68326/523674 24
B. circulans {251) CGT X78145 25
B. Licheniformis CGTA P14014/X15752/515920 26
B. macerans (IFO 3490) CGTM (CDG1) P04830/X.5904/831281 27
B. macerans (1AM 1243) CGT M12777 28
B. macerans CGT (CDG2) P31835/826589 29
B. ohbensis CGT P27036/D9%90243 30
B. stearothermophilus AMYMb P19531/M36539/528784 3t
B. stearothermophilus (NO2) CGT P31797/X59042/526588/X59043/ 32

X59404/531284 '

C. rolfsii (AHU 9627) AMYG2 D49448 33
D. discoideum ORF $15693/X51947 34

IPBEL/L6 OM
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Source Enzyme Accession N° Ref.?
H. grisea (var. thermoidea) GLAl M89475 35

" H. resinae (ATCC20495) GAMP Q03045/X68143/X67708/531422/533908 36-38
K. pneumoniae (MSA1) CGT P08704/M15264/A29023 39
N. crassa (74-OR23-1A) GLA-1 P14804/X67291/S13711/513710/S36364 40, 41
P. saccharophila {(1AM1504) MTA® P22963/X16732/S05667 42
Pseudomonas sp. (KO-8940) AMF-1¢ D10769/1S0631/D01143 43
P. stutzeri (MO-19) AMYP* P13507/M24516/A32803 44
§. griseus (IMRU 3570) AMY P30270/X57568/S14063 45
S. limosus (S.albidoflavus) AML P09794/ M18244/B28391 46
S. violaceus (S. venezuela) ATCC15068) AML P22998/M25263/JS0101 47
Th. curvata (CCM 3352) TAM® P29750/X 59159/5H0638 48
Th. thermosulfurogenes (DSM3896/EM1) AMYA P26827/X54654/X54982/S17298/S37706 49
Th. therrosulfurogenes (ATCC 33743) AMYB P19584/M22471/A31389 50

: Raw-starch dlgestmg amylase, b Maltogemc a-amylase, © Maltotetraose—fonmng amylase (l ,4-a-maltotetrahydrolase,
¢ Maltopentaose-forming ainyiase, © thermostable a-amylase, | formerly Clostridium thermosulfurogenes.
AMYG, GAM and GLA : glucoamylase, AMY or AML : alpha-amy!ase, CGT : B-cyclodextrin glycosyltransferase or cyclomaltodextrin

glucanotransferase, ORF : open reading frame

A. : Aspergillus, B. : Bacillus, C. :Corticium, D.. Dictiostelium, H. grisea : Humicola grisea, H. resinea: Hormoconis resinae
(Amorphotheca resinae), K. : Klebsiella, N, : Neurospora, S. : Streptomyces, Th. curvata ;: Thermomonospora curvata, Th .

Thermoanaerobacter.

*References Starch-binding Domains

1) Hayashida er al. (1989) Agric. Biol. Chem. 53, 135-141; 2) Hayashida er al. (1989) Agric. Biol. Chem. $3,923-929; 3) Zhong et al. (1994) Wei Sheng Wu Hseuh Pao 34,
184-190; 4) Boel er al. (1984) EMBO J. 3, 1097-1102; 5) Boel ef al. (1984) EMBO J. 3, 1581-1583; 6) Svensson et al. (1986) Eur. J. Biochem. 154, 497-502; 7) Svensson e
al. (1983) Carisberg Res. Commun.. 48, 529-544; 8) Nunberg et al. (1934) Mol. Cell. Biol. 4, 2306-2315; 9) Flwer et al. (1990) Curr. Genet. 18, 537-545; 10) Hata er al.
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(1991) Agric. biol. Chem. 55,941-949; 11) Hata et al. (1991) Gene 108, 145-150; 12) Shibuya er al. (1990) Agric. Biol. Chem. 54, 1905-1914; 13) Iikor et al. (1990)
Biochem. Biophys. res. Commun, 166, 630-636; 14) Lin et al. (1995) EMBL Data Library, 15) Schimd er al. (1988) Proceedings of the fourth International symposium on
cyclodexirins. Huber, O. and Szejdli, J. Eds. pp71-76. Kluwer, Academic Publishers; 16)Akhmetzjanov (1992) EMBL Data Library; 17) Kaneko et al. (1989} J. Gen.
Microbiol. 135, 3447-3457; 18) Kancko er al. (1988) J. Gen. Microbiol. 134, 97-105; 19) Hamamoto ¢t al. (1987) Agric. Biol. Chem. 51, 2019-2022; 20) Kimura er al. (1987
J. Bacteriol. 169, 4399-4402; 21) Patent WO%114770-A1; 22) Kitamoto et al. (1992) J. Ferment. Bioeng. 74, 345-351; 23) Nanmori et al. (1993) Appl. Environ. Microbiol.
§9, 623-627; 24) Nitschke er al. (1990) Appl. Microbial. Biotechnol. 33, 542-546; 25) Lawson et al. (1994) J, Mol. Biol. 236, 590-360; 26) Hifl et al. (1990) Nucleids Acids
Res. 18, 199-199; 27) Fujiwara er al. (1992) Appl. Environ. Microbiol. 58, 4016-4025; 28) Takano et al. (1986) J. Bacteriol. 166, 1118-1122; 29) Sugimoto er al. Patent N°®
UK2169902; 30) Sin ez al. (1991) Appl. Microbiol. Biotechnol. 38, 600-605; 31) Didericksen et o/, (1988) FEMS Micrabiol. Lett. 86, 53-60; 32) Fujiwara er al. (1992) Appl.
Environ. Microbiol. 58, 4016-4025; 33) Nagasaka ez al. (1995) EMBL Data Library; 34) Maniak e/ al. (1990) Nucleic Acids Res. 18, 3211-3217; 35) Berka ef al. (1992)
EMBL Data Library; 36) Joutsjoki et al. (1992) FEMS Microbiol, Len. 18, 237-244; 37) Vainio et al. (1993) Curr. Genet. 24, 38-44; 38) Fagerstrom et al. (1990) J. Gen.
Micrabiol. 136, 913-920; 39) Binder er al. {(1986) Gene 47, 269-277; 40) Stone et al. (1989) Cwrr. Genet. 24, 205-211

41) Koh-Laur ¢/ al. (1989) Enzym. Microb. Technol. 11, 692-695; 42) Zhoe et al. (1989) FEBS Lett. 255, 37-41; 43) Shida er al. (1991) Biosci. Biotechnol. Biochem. 86, 76-8
44)Fujita er al, (1989) J. Bacteriol. 171, 1333-1339; 45) Vigal et al. (1991) Mol. Gen. Genet, 225, 278-288; 46) Long e1 al. (1987) J. Bacteriol. 169, 5745-5754; 47) Virolle:

al. (1988) Gere 74, 321-334; 48) Petricek er al. (1992) Gene 112, 77-83; 49) Bahl et ol. (1991) Appl. Environ. Micrabiol. 57, 1554-1559; 50) Kitamoto er af (1988) J.
Bacteriol. 170, 5848-5854
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New PBPs with interesting binding chmcteﬁsﬁcs and specificities can be
identified and screened for in a variety of ways using various different experimental
approaches and methodologies. These include spectroscopic (titration) methods such as:

NMR spectoscopy (Zhu et al. Biochemistry (1995) 34:, Gehring et al. Biochemistry
(1991) 30:5524-5531), UV difference spectroscopy (Belshaw et al. Eur. J. Biochem.
(1993) 211:717-724), fluorescence (titration) spectroscopy (Miller et al. J. Biol. Chem.
(1983) 258:13665-13672), UV or fluorescence stopped flow analysis (De Boeck ef al.
Eur. J. Biochem. (1985) 149:141-415), affinity methods such as affinity electrophoresis
(Mimura et al. J. chromatography ( 1992) .597:345—350) or affinity chromatography on
immobilized mono or oligosaccharides; precipitation or agglutination analysis including
turbidimetric or nephelometric analysis (Knibbs et al. J. Biol. Chem. (1993) 14940-
14947), competitive inhibition assays (with or without quantitative IC50 determination)
and various physical or physico-chemical methods including differential scanning or
isothermal titration calorimetry (Sigurskjold ez al. J. Biol. Chem. (1992) 267:8371-8376;
Sigurskjold et al. Eur. J. Biol. (1994) 225:133-141) or comparitive protein stability
assays (melts) in the absence or presence of oligo saccharides using thermal CD or
fluorescence spectroscopy. Both qualitative and quantitative (association or dissociation
constants, IC50 values, thennodynamic;.parametérs, etc:,) analysis can be performed with
these methods. Identification of PBPs:with both higher and lower binding affinities for
soluble oligosaccharides polymers are of interest; depending upon a particular
application, a lower rather than a higher binding affinity can be useful, for example to
improve facility of removal of the oligosaccharide polymer following partitioning and/or
isolation of the oligosaccharide polymer phase enriched in the compound comprising the
PBP. '
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Table 6
Sources of Polvsaccharide Binding Domains

Binding Domain Proteins Where Binding
_Domain is Found
Cellulose Binding B-glucanases (avmelases CMCases,
Domains' cellodextrineses).
exoglucanses or-celiobiohydrolases
celinlose binding proteins
Xylanases
mixed xylanaseslglucames
esterases
hith

B-1,3-glucanases
B-1,3-(8-1,4)-glucanases
{8-)mannanases
-glucosidases/galactosidases
cellulose synthases (unconfirmed)

Starch/Maltodextrin a-amylass
Binding Domains B-amylases
pullulanases
glucoamylases®’
cyclodextrin glucotransferases® '
(cyciomaltodextrin glucanotransferases)
maltodextrin binding proteins'’

Dextran Binding Domains (Streptococcal) glycosyl transferases'
dextran sucrases (unconfirmed)
Clostridial toxins'>'*
glucoamylases®
dextran binding proteins

B-Glucan Binding Domains 8-1,3-glucanases'>'®
8-1.3-(B-1,4)-glucanases (unconfirmed)
8-1,3-glucan binding protein'’

Chitin Binding Domains chitinases
chitobiases
chitin binding proteins |
(see also cellulose bmding domains)
Heivein

1) Gilkes et al., Adv. Microbiol Reviews, (1991) 303‘31 5 2) Ségaard et al., J. Biol.
Chem. (1993) 268:22480; 3) Weselake ef al, Cereal Chem. (1983) 60:98; 4) Svensson
etal, J. (1989) 264:309; 5) Jespersen etal,t (1991) 280:51; 6) Belshaw et al., Eur. J.
Biachem. (1993) 211:717; 7) ngm'sk)old eral, Eur. ':Btachem (1994) 225:133; 8)
Villette ez al., Biotechnol. Appl. Biochem. (1992) 16: 57 9) Fukada et al., Biosci.
Biatechnol. Biochem. (1992) 56:556; 10) Lawson etal J. Mol, Biol. {1994) 236:590.
11) Sharff et al., Biochemisiry (1992) 31:10657; 12) Lxs et al., Appl. Environ. Microbiol.
(1995) 61:2040; 13) von Eichel-Streiber éfal., J Bacteriol. (1992) 174:6707; 14) von
Eichel-Streiber ef al., Mol. Gen. Genet. (1992) 233:260.

15)Klebl es al, J Bacteriol. (1989) 171:6259;, 16) Watanabe e al., J. Bacteriol. (1952)
174:186; 17) Duvic et al.. J. Biol. Chem. (1990) 26_5:_9327.
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The PBP can be obtained following isolation and purification of the enzyme by
clipping off the PBP from the remainder of the enzyme. For use in the phase separation
system. the PBP is screened for binding to soluble phase-forming oligosaccharides.
While any of a number of methods can be:used for screening, including NMR alone,
NMA/calorimetry, affinity electrophoresis alone, affinity electrophoresis/competition
assay, and binding isotherms. Binding equilibrium studies using isothermal titration
microcalorimetry (ITC) are preferred. The advantage of isothermatl titration
microcalorimetry (ITC) in binding equilibrium studies derives from the fact that binding
isotherms are defined by the experiment in terms of heats of reaction; as such, they allow
a direct estimation of enthalpy (and entropy (changes in addition to the association
constant. Thus, 2 single microcalorimetric titration provides a complete characterization
of the binding energetics along with the binding isotherm. (Haynes et al., J. Colloid
Interface Sci.. (1994) 169:313; Colloids & Surfaces, (1994) 2:517.

Generally, for use in phase separation, the K, for binding of the PBP to soluble
oligosaccharide is at least in the range of weak antibody-antigen interactions, i.e., * 10°M,
preferably 10‘M, most preferably 10°M. If the binding of the PBP to the oligosaccharide
is exothermic or endothermic, then binding will increase or decrease, respectively, at
lower temperatures, providing a means for temperature modulation of the partitioning
step.

In addition to determining the oligosaccharide polymer-PBP pairing, it is also
necessary to evaluate the second component of the phase separation system to be used
with the oligosacchaﬁde polymer, the phase separation means. The phase separation
means can be another polymer, or a sufficient quantity of a phase inducing agent
generally a strong electrolyte such as salt, usually a sulfate or citrate salt or a physical
change, such as a temperature change if the cellosaccharide poiymer has

_ thermoseparating properties. Exampleg'éof_polymer pairs capable of forming partition

systems with comparable properties to, imt lower cost than, the classic dextran/PEG
system, including those based, like the dextran/PEG system, on the incompatibility
between 2 carbohydrate and a poly(oxy-ether) are many (see Skuse et al., Enzyme
Microb. Technol. (1992) 14:785.) Examples include, hydroxypropyl starch (Tjerneld er
al., Enzyme Microb. Technol. (1986) 8417), .maltodextn'ns (Szlag et al., ACS Symposium
Series (1990) 419:38-52), hydroxypropyl cellulose (Skuse et al., Enzyme Microb.
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Technol. (1992) 14:785), and carboxymethyl cellulose (Albertsson, Partition of Cell
Particles and Macromolecules, Wiley Interscience (1971)) which have all been
successfully used to form partition systems w:th PEG.

In order to develop a system, phase equilibria data are obtained for the
combination of the first and second components:selected, and/or inducing means using -
the procedure of Haynes et al..(Fiuid Phase Equilibria (1989) 53:463) to determine the
total polymer concentration, or polymer and other phase inducing agent concentration,
above which a stable two-phase partition system is formed. In general, the PBP-
conjugates are bound to a phase forming oligosiécharide at neutral pH in a medium ionic
strength buffer of from about 10mM to about M. Binding is performed at temperatures
from 4°C to at least 70°C depending on the components of the phase separation system.
Binding is virtually instantaneous and the temperature is not critical. Once the PBP-
conjugate is bound to the phase-forming oligosaccharide, it partitions into that phase.

Once the components of the phase separation system and the most appropriate
polysaccharide binding moiety for a particular application have been identified, PBP can
be prepared by transforming into a host cell a DNA construct comprising DNA encoding
the appropriate polysaccharide binding moiety. The phrase “polysaccharide binding
peptide™ intends an amino acid sequence which comprises at least a functional portion of
the polysaccharide binding region of a:polysaccharidase or a polysaccharide binding
protein. By "functional portion” is intended an amino acid sequence which binds to an
oligosaccharide polymer of interest. Preferably, DNA encoding a protein of interest is
ligated to the PBP DNA sequence. The fused gehe encoding the composition according
to formula (1), or the PBP DNA sequence alone, is expressed in a host cell, either an
eukaryotic or  prokaryotic cell. Where the PBP alone has been prepared, if desired, the
expressed and isolated polysacchande bmdmg peptlde can be conjugated to a compound
of interest, i.e., a proteinora chemxcal mowty

The techniques used in xsolanng polysacchandase genes, such as a cellulase gene,
and genes for polysaccharide binding protems are known in the art, including synthesis,
isolation from genomic DNA, preparatlon from cDNA or combinations thereof. (See,
USPN 5,137,819, 5,202,247, and 5 340 731.) The sequences for several polypeptide
binding domains, which bind to sol”‘ ohgosacchandes are known. (See, Figure 1.)
The DNAs coding for a variety of po ysacchandases and polysaccharide binding proteins

also are known. Various techniques for mampula_tlon of genes are well known. and
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include restriction. digestion. resection, ligation, in vitro mutagenesis, primer repair,
employing linkers and adapters. and the like (see Sambrook et al., Molecular Cloning, A
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York,
1989).

Generally, the method for obtaining the desired DNA comprises preparing a
genomic library from an organism expressinga polysaccharidase or polysaccharide -
binding protein w1th the desired characteristics. The genome of the donor microorganism
is isolated and cleaved by an appropriate restriction enzyme, such as BamHI. The
fragments obtained are joined to a vector molecule which has previously been cleaved by
a compatible restriction enzyme. An example of a suitable vector is plasmid pBR322
which can be cleaved by the restriction endonuclease BamHI.

The amino acid sequence of a polysaccharidase also can be used to design a probe
to screen a cDNA or a genomic library prepared from mRNA or DNA from cells of
interest as donor cells for a polysaccharidase gene or a polypeptide-binding protein gene.

By using the polysaccharidase cDNA or binding protein cDNA or a fragment thereof as
a hybridization probe, structuraily related genes found in other microorganisms can be
easily cloned. Particularly contemplated is the isolation of genes from organisms that
express polysaccharidase activity using oligonucleotide probes:based on the nucleotide
sequences of genes obtainable ﬁ'om-gn'_-:-:o_rgar_tism wherein the catalytic and binding
domains of the polysaccharidase are discrete, although other polysaccharide binding
proteins also can be used (see, for eké:uple, Shoseyev, et al., Proc. Nat'l. Acad. Sci,
(USA) (1992) 89:3483-3487).

Probes developed using consensus sequences for the binding domain of a
polysaccharidase or polysacchaﬁde-biﬁdh:g protein are of particular interest. The B-1,4-
glycanases from C. fimi characterized to-date are endoglucanases A, B, C and D (CenA,
CenB, CenC and CenD, respectivgly);,-}-?:gpcellobiohydrolases A and B (CbhA and CbhB,
respectively), and xylanases A and D (Cex and XyID, respectively) (see Wong et al.
(1986) Gene, 44:315; Meinke et al. (1991) J. Bacteriol., 173:308; Coutinho et al,
(1991) Mol. Microbiol. 5:1221; Memke ét al., (1993) Bacteriol., 175:1910; Meinke et al.,
(1994) Mol. Microbiol., 12:413; Shen et-al.. Biochem. J. in press; O'Neill et al., (1986)
Gene, 44:325; and Millward-Sadler ez : (1994) Mol. Microbiol., 11:375). All are
modular proteins of varying degrees of complexity (Fig. 1), but with two features in
common: a catalytic doman (CD) and a cellulose-binding domain (CBD) which can
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function independently (see Millward-Sadler et al., (1994) Mol. Microbiol., 11:375;
Gilkes er al., (1988) J. Biol. Chem., 263:10401: Meinke et al., (1991) J. Bacteriol.,
173:7126: and Coutinho er al., (1992) Mol. Microbiol., 6:1242). In four of the enzymes,
CenB, CenD, CbhA and CbhB, fibronectin type III (Fn3) repeats separate the N-terminal
CD from the C-terminal CBD. . The:CDs of the enzymes come from six of the families of-
glycoside hydrolases.(see Henrissat (1991) Biochem. J., 280:309; and Henrissat e al.,
(1993) Biochem. J., 293:781); all-of the enzymes have an N- or C-terminal CBD from
family I or CBDs (see Tomme et al., Adv. Microb. Physiol., in press); CenC has tandem
CBDs from family IV at its N-terminus; CenB and XyID each have a second. internal
CBD from families III and II, respectively. Cex and XylD are clearly xylanases;
however, Cex, but not XyID, has low activity on cellulose. Nonetheless, like several
other bacterial xylanases (see Gilbert et al., (1993) J. Gen. Microbiol., 139:187), they
have CBDs. Similar systems are produced by related bacteria (see Wilson (1992) Crit.
Rev. Biotechnol., 12:45; and Hazlewood et al., (1992) J. Appl. Bacteriol., 72:244). C.
fimi probably produces other 8-1,4-glycanases. The unrelated bacterium, Clostridium
thermocellum, for example, produces twenty or more 8-1,4-glycanases (see Béguin e? al.,
(1992) FEMS Microbioi. Lett., 100:523),

Exemplary of a consensus sequence of a binding domain is the consensus
sequence for the cellulose binding domain shown in Fig. 1, which is exemplified by the
endogiucanase C N1 binding domain. The probes can be considerably shorter than the
entire sequence but should be at least 10, preferably at least 14, nucleotides in iength.
Longer oligonucleotides are also useful, up to the full length of the gene, preferably no
more than 500, more preferably no more than 250, nucleotides in length. RNA or DNA
probes can be used. Generally, the binding remains encoded by the nucleotides so
identification will show at least about 40% homology (including as appropriate
allowances for conservative subsﬁti:ﬁoqs, gaps for better alignment and the like) with the
binding region and will bind to a sul'ut._)___lg= B-1,4-glucan with a Ka of * 10°M. Analyses of
amino acid sequence compariso:j_s". canbeperformed using programs in PC/Gene
(IntelliGenetics, Inc.). PCLUSTAL.
generation of phylogenetic trees.

be used for muitiple sequence alignment and

beled in a detectable manner, for example, with
ted with single-stranded DNA or RNA from the
organism in which a gene is being sought. Hybridization is detected by means of the
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label after single-stranded and double-stranded (hybridized) DNA (or DNA/RNA) have
been separated (typically using nitrocellulose paper). Hybridization techniques suitable
for use with oligonucleotides are well known to those skilled in the art. Although probes
are normally used with a detectable label that allows easy identification, unlabeled
oligonucleotides are also useful; both as. precursors of labeled probes-and for use in
methods that provide for direct._detecﬁon,:qﬁdouble-stranded DNA (or DNA/RNA).
Accordingly, the term "oligonucleotide probe" refers to both labeled and uniabeled
forms.

In order to isolate the PBP of a polysaccharidase or a polysaccharide binding
protein, several genetic approaches can be used. One method uses restriction enzymes to
remove a portion of the gene and then to fuse the remaining gene-vector fragment in
frame to obtain a mutated gene that encodes a truncated protein. Another method
involves the use of exonucleases such as Bal31 to systematically delete nucleotides either
externally from the 5' and the 3' ends of the DNA or internally from a restricted gap
within the gene. These gene deletion methods result in a mutated gene encoding a
shortened protein molecule which can then be evaluated for substrate or polysaccharide
binding ability. Appropriate substrates. for evaluating and binding activity include those
listed in Table 2, above.

Once a nucleotide sequence encoding the. polysaccharide binding region has been.
identified, either as cDNA or chromosomal DNA, it can then be manipulated in a variety
of ways to prepare a composition where the expression product has a structure
represented by formula (1) above. The nucleotide sequence may be fused to a DNA
sequence encoding a polypeptide of interest. It is highly desirable that the three-
dimensional structure of the component polypeptides be retained. Depending upon the
source of the fragments and the length of the desired polypeptide, the restriction can be
designed into the synthetic genes used to construct chimeric polypeptides. If possible,
the restriction site(s) leaves the amino 'acid_"sequegoe of the polypeptide unaitered.
However, in some case incorporation 'oi_' anew re;ztt_'iction site(s) may yield an altered
amino acid sequence without changing ﬂf'e activity of the protein.

During construction of the expresslon cassette various fragments of the DNA
usually are cloned in an appropriate clonmg vector, which allows for amplification of the
DNA, modification of the DNA or mampulatlon by joining or removing of sequences,
linkers, or the like. Normally, the vectors are capable of replication in at least a relatively
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-high copy number in bacteria. A number of vectors are readily available for cloning in
-gram-negative bacteria, especially E. coli, including such vectors as pBR322, pTZ, pUC
‘and the like. The cloning vectors are characterized by having an efficient replication
system functional in the host bacterium. |

The cloning vector has at least one unigue restriction site, usually a phurality of
unique restriction sites, and: may also include multiple restriction sites. In addition, the
cloning vector will have one or more markers which provide for selection of
transformants. The markers will normally provide resistance to cytotoxic agents such as
antibiotics, heavy metals, toxins or the like, complementation of auxotrophic host, or
immunity to a phage. By appropriate restriction of the vector and the cassette, and, as
appropriate, modification of the ends, by chewing back or filling in overhangs, to provide
for blunt ends, by addition of linkers, by tailing, complementary ends can be provided for
ligation and joining of the vector to the expression cassette or component thereof.

After each manipulation of the DNA in the development of the cassette, the
plasmid is cloned and isolated and, as required, the particular cassette component
analyzed as to its sequence to insure that the proper sequence has been obtained.
Depending upon the nature of the manipulation, the desired sequence can be excised
from the plasmid and introduced into a different vector or the plasmid may be restricted
and the expression cassette component manipulated, as appropriate.

In some instances, a shuttle vector is employed where the vector is capable of
replication in different hosts requiring different replication systems. This may or may not
require additional markers which are functionai in the two hosts Where such markers are
required, these can be included in the véctor, where the plasmid containing the cassette,
two replication systems and the marker(s) may be transferred from one host to another, as
required. For selection, any useful marker may be used. Desirably, resistance to
neomycin or tetracycline are of interest. However, aithough a marker for selection is
highly desirable for convenience, other procedures for screening transformed cells are
known to those skilled in the art, for example, transformed cells can be screened by the
specific products they make; synthe_sis of the desired product may be determined by
immunological or enzymatic methods.

The DNA encoding the fusion protein can then be manipulated in a variety of
ways to provide for expression. Iflustrative tran.i:criptional regulatory regions or
promoters include, for bacteria, the /ac promoter, lambda left and right promoters, trp and
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lac promoters, Tac promoter. and the like. The transcriptional regulatory region may
additionally include regulatory sequences which allow the time of expression of the fused
gene to be modulated, for example. the presence or absence of nutrients or expression
products in the growth medium. temperature, etc. For example, éxpression of the fused
gene can be regulated by temperature using a regulatory sequence comprising the
bacteriophage lambda PL promoter, the bacteriophage -lambda:OL:operator and a
temperature sensitive repressor. Regulation of the promoter is achieved through
interaction between the repressor and the operator, A preferred promoter is the strong
glucose-repression insensitive Tac promoter. Examples of high level expression vectors
are described in Graham ez al., (1995) Gene 158:51-54.

The expression cassette can be included within a replication system for episomal
maintenance in an appropriate cellular host or can be provided without a replication
system, where it can become integrated into the host genome. The DNA can be
introduced into the host in accordance with known techniques, such as transformation,
using calcium phosphate-precipitated DNA. transfection by contacting the cells with a
virus, microinjection of the DNA into cells or the like.

Once the fusion protein DNA has been introduced into the appropriate host, the
host can be grown to. express the. fusion-protein.: Microbial hosts-can be employed which-
can include, for example, bacieria such as E. coli, and eukaryotes such as
Saccharomyces, patticularly S. cerevisiae, Streptomyces, Bacillus Pichia pastoris, or
mammalian cells such as BHK and CHO. The recombinant products can be glycosylated
or non-glycosylated, having the wild-type or other glycosylation. The amount of
giycosylation depends in part upon the sequence of the particular peptide, as well as the
organism in which it is produced. Thus, expression of the product in E. coli cells results
in an unglycosylated product, and expression of the product in insect cells generally
results in less glycosylation than expression of the product in mammalian cells.
Expression in yeast can result in hyperg]ycosylation. |

For isolation of the fusion protein, where the product is retained in the host cell,
the cells are harvested, lysed and the product separated, isolated and/or purified using the
phase separation system. In some mstances it can be desirable to provide for a signal
sequence (secretory leader) upstream f_rorh and m reading frame with the structural gene,
which provides for secretion of the fusion proteix{. nlﬁsuative secretory leaders include
the secretory leaders of penicillinase, immunoglobulins, T-celi receptors, outer
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:membrane proteins. and the like. By fusion in proper reading frame the fusion protein

can be secreted into the medium. However, in bacterial expression systems such as
E. coli, a significant fraction leaks into the extracellular media (Ong et al., Biotech.
Bioeng. (1993) 42:401). Where the product is secreted, the nutrient medium can be
collected and the product isolated using the phase separation system. To produce an
active protein it can be necessary to allow the p_rdtein to refold.

The phase separation systems is combined with the biological fluid, fermentation
broth. cell lysate or other source of the biologicél compound to be purified and phase
separation induced. To separate and/or purify a component of an aqueous mixture,
following partitioning of the composition comprising the PBP into the oligosaccharide
phase, the phases are separated and the compo#ition comprising the PBP dissociated from
the polymer phase in any of a variety of ways. These include contacting the separated
oligosaccharide phase with a different phase-inducing polymer or sait which extracts the
composition comprising the PBP; changing the chemical and/or physical condition, e.g.,
by adding a dissociating agent to the separated oligosaccharide phase, such as an acid or a

- base, urea, ethanol, DMSO, and the like, or where the binding reaction was identified as

endothermic or exothermic, altering the temperature a sufficient amount so that the
binding affinity is decreased; and having the compound of interest from the PDP-
oligosaccharide polymer.
Where cleavage is used, the protein of interest or chemical moiety can be cleaved

readily from the polysaccharide binding region by the use of a protease specific for a
sequence present between the polysaccharide binding region and the protein of interest or
the chemical moiety leaving the PBP bound to the oligosaccharide polymer. Preferably,
the protease is provided in a form which will fgﬁiifate its removal following cleavage of
the polypeptide of interest from the PEP Asan :example, the cleavage protease can be

prepared as a cleavage enzyme complex wherein the protease is bound to a second
polysaccharide binding moiety havmg a2 substrate specificity different from that of the
first polysaccharide binding moiety bound to the polypepnde of interest and/or having
different binding characteristics (Asso ine et al (1993) Protein Engineering 6:787-192;
Assouline et al. Thus, cleavage of th imdmg domam from the recombinant protein of

interest can be done in solution and th cieavage enzyme complex then removed by

binding to a polysaccharide substrate’ to which the ‘first polysaccharide binding moiety
does not bind. Alternatively, the cleavage enzyme complex can be immobilized on a
32
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polysaccharide matrix to which the first polysaccharide binding moiety does not bind.
(See Assouline er al (1993) supra; Assouline et al (____) supra) The recombinant
protein of interest or chemical moiety is released from the oligosaccharide polymer free
of contaminating PBPs which remain bound to the polymer. Alternatively, a non-specific
protease can be used:to completely degrade the PBP portion of the PBP complex, thus
releasing it from the oligosaccharide polymer, for example, by treatment by protease K at
a concentration of about 50 mg/ml for about 20 minutes at about 37°C. Dir et al. (1991)
Bio/Technology, 9:1096-1099. _

In some instances the fusion protein itself may be of interest and therefore it is the
fusion protein that is removed from the oligosaccharide polymer, rather than separating
the components of the fusion protein. ._To.debind the fusion protein from the
oligosaccharide polymer, a low ionic strength buffer or water is required or a buffer of
alkaline pH or a chaotropic salt. The temperature for desorption is not critical and
generally in the range of 10°C-40°C, although ambient temperatures are generaily
preferred, i.e., about 20°C. The fusion protein bound is washed repeatedly in water or
diluted by a continuous stream of water. Generally, a pH 9.5 carbonate buffer or 6M
guanidine HCI can be used for this desorption step. Dilute sodium hydroxide (about
0.1M) may be the preferred treatment in some cases. The nature of the PBP can be
modified to alter its adherence properties:so that it can be, or, if desired, cannot be,
desorbed by water. Application of the desorption medium to the matrix causes release of
the fusion protein from the oligosaccharide polymer. For isolation of the PBP-conjugate
foilowing release from the substrate, various techniques may be used. For example. the
polysaccharide surface can be washed free of the PBP-conjugate with the desorption
solution as described above. The PBP—cohjugat_e can be separated from the desorption
solution, for example, by changing its ionic strength of pH and readsorbing the PBP-
conjugate on an ion exchange medium or on a sec'ond polysaccharide matrix.

The affinity phase separation system has. many uses. These include concentrating
a component in a mixture, purifying a componcnt in a mixture, where the purifying can
be two-fold, generally greater than twenty. ld. and can include up to purification of 80
to 90%. The fold purification can be mea: .
increase in specific activity.k and the_ lik

E' 'd relat:ve to removal of contaminants,
f me applications, the method also can be

used for cell separation and/or enrichment
population of stem cells can be enriched by contacting the cells with the PBP alone
33
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which binds to carbohydrate residues on the surface of the celis. or with PBP to which a
first member of a specific binding pair is fused, for example a receptor ligand. for
example, a peptide hormone or other hormone where the second member of the specific
binding pair. i.e., the receptor, is present on th_e cell surface. Other ligands which can be
used include antibodies. such as anti-CD34 and cytokines, such as IL-2. Foltowing
affinity-phase partitioning, the cells can be released from the separated oligosaccharide
polymer phase, for example, using trypsin. The #hear forces in the affinity-phase
partitioning system are significantly less thanm other cell-separation methods resulting
in less damage to the separated cells.

Other uses of the technology include extractive bioconversion, i.e., methods for
partitioning reaction products, particularly in enzymatic processes where the product is a
feedback inhibitor of the enzymatic u_:action. In such a system, the enzyme is bound to a
PBP so that the enzyme retains enzymatic activity. The substrate for the enzyme is one
which either naturally partitions in_tb the oligo;f;.accharide polymer phase or which is -
bound to a PBP, and the product is one which does not remain in the oligosaccharide
polymer phase, but rather thioﬁs into the second component, such as when the product
is more hydrophobic than the substrate. The second component of the system is then
removed and the product recovered: Examples of enzymatic reactions which can be used
with the extractive bioconversion system mclude transglycosylation, for example, for
preparation of B-1,4-linked oligosaccharide sweeteners; mixed transesterification, for
example for conversion of low value fatty acids to high value fatty acids and glycerol
production; and for peptide synthesis. The subject compositions which retain the PBP,
can be used as a means of immobilizing the compound of interest on a polysaccharide
support, since the PBP adsorption to its substrate is strong and specific.

The immobilized systems ﬁnd use, for examp!e, in preparing solid state reagents
for diagnostic assays, the reagents mcludl_ng enzyn'm antibody fragments, peptide

hormones, etc.; drug binding to decreasé clearance rate where the cellulose can be either
soluble, for example, carboxyme‘lhyl ccliulose or a sohd support such as mxcrocrystallme
cellulose (Avncel) where the drug 1s_a___polypeptxde such as interleukin 2; drug dehvery
for example, bound to carboxymeth .'cellulose and ‘can be used in conjunction with

binding of an adjuvant to the same: cellu I _for example, for enhancement of

immunospecificity of the drug to be delivered; dye: bmdmg, for example, coupling of
paints or dyes to polysaccharide, for example, cellulbsic_surfaces; printing on, for
| 34
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example, paper and cloth (cotton); and to provide hydrolysis or synergy, for example,
targeting of enzymes such as ligninase for treatment of wood chips. targeting of
porphyrins. for example, for bleaching of wood pulp; agricultural uses such as binding of
insecticides to plant surfaces, for example, Bt toxin or other antimicrobials; for nitrogen
fixation. for example, for binding of organisms:to root surfaces; sustained fertilizer
release: and sustained release of fungicides. They can also be used under conditions of
high salt such as in a marine environment for anti-fouling of surfaces exposed to sea
water where transfer to fresh water removes the fusion protein.

Examples of biologicals which can be purified in this way include interleukin 2,
Factor X, ligninase, and TPA, or any other polypeptide or protein which can be fussed to
a PBP. Other examples include culture broth (from prokaryotic or eukaryotic celi or
tissue cultures), biological fluids. tissue ck_tracts, extracts from cell lysalts, including
bacterial, fungal, plant, animal. fish, and fbwl, particularly purified protein, and the like.
Generally, the mixture is clarified prior to application to the affinity partitioning system
to remove cellular debris.

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

xampl
Abbreviations

PNPC = p-nitrophenyl-8-D-cellobioside;
HPA = hide powder axure;
gCenA and gCex = the glycosylated forms of CenA and Cex from C. fimi;
ngCenA and ngCex = the non-glycosylated forms of CenA and Cex from
recombinant E. coli;
RPC = reverse-phase chromatography;
SDS-PAGE = sodium dodecyl sulfate-polyacrylamide gel electrophoresis;
a-Pro/Thr = rabbit antiserum directed against synthetic Cex Pro/Thr box;
PMSF = phenyl-methylsulfony! fluoride.

Biological Culture Deposits
The following deposits have been made with the American Type Culture
Collection (ATCC), 12301 Park Lawn Drive, Rockville, Maryland 20852. A derivative
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of the cloned gene Cen4 on plasmid pcEC-2 in Escherichia coli C600 was deposited on
April 23, 1986 and given ATCC Accession No. 67101. A derivative of the cloned gene
Cex on plasmid pEC-1 was deposited on May 27, 1986 and given ATCC Accession
No. 67120. E. coli JM83, pUC12-1.1cex was deposited on April 23, 1986 and given

" ATCC Accession No. 67102. The full nucleot:de sequences of pTugA (Accession

Number 1.24193) pTugAS (Accession Number L24367), C. fimi CenA (Accession
Number M15823), and C. fimi CeniC (Accession Number X57858) have been deposited
with GenBank.

Materials

Klucel or HPC is supplied by Aqualon. HPC is derived from a celtulose
molecules and is also known as cellulose 2-hydroxypropyl ether.

Natrosol or HEC is supplied by Aqualon. HEC is a modified cellulose polymer
containing hydroxyethyl side chains and is also known as celtulose 2-hydroxyethyl ether.
HEC is a white, non-ionic powder. HEC is also marketed under the following
tradenames: Alooramnosan/Liporatﬁﬂ_osan (Vevy); Tylose H Series (Hoechst
Celanese/Colorants & Surf.)

Bermocoll E or EHEC is supplied by Bérol Nobel AB. EHEC is an ethylene
glycol ether of ethyl cellulose. EHEC is also marketed by Aqualon under the tradename
Aqualon EHEC.

Hydroxypropylmethyl Cellulose (HPMC) is supplied by Sigma. HPMC is a
propylene glycol ether of methyl celluiose and also known as methylhydroxypropyl
cellulose. HPMC is also marketed under the following tradenames: Benecel/Culminal
HPMC (Aqualon); Viscontran MHPC (Henkel)

Dextran is supplied by Pharmacia Biotech.

Pluronics are supplied by BASF Pluronic is a block copolymer of ethylene oxide
and propylene oxide. Both solid forms (F -senes) and paste forms (P-series) of the
Pluronics can be used. '

Escherichia coli TM101 (SupE thz— , A(tac-praAB) [F'traD36, proAB,
taclgZ M15] (Yamsh-Perron et al. Gene (1985) 33 103-119) was used as the host strain
for maintenance of the plasmids and for production of recombinant protein. Cultures
36
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were grown at 30°C in liquid tryptone-yeast extract-phosphate medium (TYP) or on
Luria broth (LB agar, supplemented with kanamycin (100 mg/mt).

Ovemight cultures of E. coli strain JM101, harboring pTugKN1 (see Figure 5),
were diluted 500-fold in TYP supplemented with 100 mg kanamycin/ml, and grown at
30°C to an optical density of 2.0-3.0. PBDy; production was induced by the addition of
isopropyl-1-thio-B-D-galactopyranoside (IPTG) to:a final concentration of 0.1mM and
the bacteria were incubated for a further 18 h at 30°C. Culture supernatants was clarified
by centrifugation (4°C) for 10 min at 13000x g and cells were disgarded. Affinity
chromatography on cellulose was used to purify PBDy;, as follows. The clarified culture
supernatant was incubated (4°C) with microcrystalline cellulose (Avicel) (50 mg. L")
with occasional stitring to allow PBDy, to bind. The cellulose suspension was filtered on
a Biichner funnel through a glass filter (Whatman GF/A) and briefly washed with 1 M
NaCl in 50 mM potassium phosphate, pH 7.0. Bound PBDy; was desorbed with water
and concentrated by ultra filtration. Partially purified PBDy; was then loaded onto an
anion-exchange colom (MonoQ) equilibrated in 20 mM potassium phosphate-buffer, pH
6.0, operated at a flow rate of 1 ml./min. Proteins bound tightly to the column and were
removed with a salt gradient (0-IN NaCl, pH 6.0) (see Fig. 7). PBDy; was recovered in
300 mM salt (peak 1, figure 7). Contaminating proteins bound more tightly and were
removed in higher sait (peak 2, figure 7).
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Affinity electrophoresis (Mimura ez al. (1992) J. Chromatography 597:345-350)
was used to identify and evaluate the binding of CBDy;-and CBDww: to soluble
polysaccharides with a DP * 15 such as HEC and barley. B-glucan The original
continuous disc electrophoresis method was replaced with a discontinuous method. Two
native gels, one containing the polysaccha_n_de (0.1 % wi/v) and one without the ligand,
were prepared next to one another in the same plate of e BioRad electrophoresis system.
This guaranties that analysis in the presence q_{absenc__e of soluble polysaccharide is
conducted essentially under the same condmons and that the observed effects (retardation
in the presence of binding glucan) are not. _the ;result of an anomalous electrophoretic
migration. BSA was used as a negative centrf)l_ in each gel. Proteins (5 mg each) were
loaded onto the gels. Electrophoresis wasconducted at 4°C under native conditions at
pH 8.2-8.8 for 2to 3h. CBDy; and CBDmmmteract strongly with HEC and barley 8-
glucan and as a result, their migration in the gels containing these oligosaccharides (+) is
severely retared as compared to the migraﬁop m gels in absence (-) of a B-glucan (see
FIGS. 9A and 9B). CBDy; and CBDy;n2 do not exhibit any affinity for xylan and no
retardation of migration in the gels is observed in the presence of this glycan as compared
to migration in its absence (see FIG. 9C). N1 and NIN2 refers to CBDy; and CBDymz,
respectively. -

Microcalorimetry was used to measure binding thermodynamics for CBDy 103
wide range of water-soluble ohgosacchandes; thh the aim of identifying a set of suitable
ligands for the affinity partition system. These data are shown in Table 7 below.

Figure 15 shows reversible bmdmg-tsotherm data measured with a Calorimetry Sciences
Corp. model 4200 ITC for CPDy, bmdmg to hydroxyethyl cellulose (HEC) in 50-mM
PBS at 35°C and pH 7. CPDy, strongly bmds HEC with an equilibrium binding constant
in the range of weak antibody-antigen mteractlons Barley 8-glucan binding to CPDy; is
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even stronger at these conditions (K,=85500 M ’).Ih For both oligosaccharides. CPDw;
binding is as tight or even tighter than nearly all PEG-based affinity ligands (e.g.,
Cibacron blue-PEG. Procion red-PEG. dinitrophenyl-PEG. diacetic acid-PEG) currently
in use in affinity partition systems. This relatively high binding affinity, combined with
the potential for a single oligosaccharide chain to bind muitiple CPDy;-fusion proteins,
suggests that both capacity and selectivity will be high in this affinity partition system. A
summary of N1 binding thermodynamics is provided in Table 8 below. Binding of
CPDn; to both HEC and barley B-glucan is strongly exothermic. indicating that binding
will increase at lower temperatures and that temperature decrease can be used in the
partition step and temperature elevation in elution steps.

Example 4
Phase-Equilibrium Analysis of
Mixtures of HEC and Pluronic P105

Phase-equilibria data were obtained using the procedure of Haynes et al. (Fluid
Phase Equilibria, (1989) 53:463) for mixtures of HEC and Pluronic P105 (a
poly(ethylene glycol) - poly(propyteﬁe glycol) copolymer) in 50-mM PBS at 35°C and
pH 7. As shown in Figure 16, a stable two-phase partition system is formed at any total |
polymer concentrations above ca. 3% (wt/wt) Pluronic P105 and 2% HEC, giving a fairly
large range of two-phase compositions.and equilibrium tie-line lengths useful for affinity

partitioning.
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Ligand Binding to Cﬁmla Detection method
Soluble ligands
Glucose - NMR
Cellobiose - NMR
Celiotriose +- NMR/calorimetry
Celiotetraose ++ NMR/calorimetry
Cellopentaose - NMR/calorimetry
Cellohexaose ++ NMR/calorimetry
Methylcellulose (MC) ++ affinity electrophoresis
Carboxymethylcellulose (CMC) + affinity
electrophoresis/competition
- assay
Ethylhydroxyethylcellulose (EHEC) -+ affinity electrophoresis
Hydroxyethylcellulose (HEC) +H+ affinity
) electrophoresis/competition
'. assay
Hydroxypropylmethylcellulose (HPMC) FU affinity electrophoresis
Barley B-glucan calorimetry/affinity
. electrophoresis/ competition
Qat B-glucan calorimetry/affinity
electrophoresis
Chitosan affinity electrophoresis
Glucomannan affinity electrophoresis

SUBSTITUTE SHEET {RULE 26)
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woTsR Table 7 Cont’d
Mannan - affinity electrophoresis
Xylan - affinity .
electrophoresis/competition
assay

Arabinogalactan - affinity electrophoresis

Starch (amylopectin) - ~ affinity electrophoresis
. Dextran T70 - affinity electrophoresis

Laminarin - affinity electrophoresis

Insoluble ligands

Phosphoric acid swollen celiulose s binding isotherms

(PASC)

Avicel + binding isotherms

Bacterial microcrystalline cellulose - binding isotherms

(BMCC)

Tunicin cellulose +f- binding isotherms

Chitin +- binding isotherms

Amylose - binding isotherms

Sephadex +/- binding isotherms

Pachyman - binding isotherms

41
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Table 8

Summary of N1 Binding Thermodynamics at 35°C

NMR Isothermal Titration Microcalorimetry

K, Ka DH’ —TDS§’
Ligand M-} M-') (Kcal/mol) (keal/mol)
Cellotriose 180+ 50 n.m. - -
Cellotetrose 4200 700 4100+ 500 —6.4:0.2 1.4 0.1
Cellopentose 34000+ 7500 17900+3100 —6.8+0.2 0.86+0.1
Cellohexose 51000418000 25200+3900 —6.9+0.2 0.79+0.1
Barley
B-Glucan n.m. 85500+4400 —7.30.1 0.48+0.1
HEC n.m. 670003900 —7.220.1 0.50:0.1
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ITC is also used to determine suitable eluﬁon conditions by measuring
equilibrium dissociation.constants as a function of temperature, salt concentration and .
type. and concentration of cosolvents, such as ethylene glycol or urea, designed to disrupt
the favorable hydrogen-bond structure of the PBPy;-carbohydrate complex.

Example 6
E of cenC CBD Gene F:  and

the C fimi Endoglucanase A (cenA) Gene Fragment
and Charactenzanon of the Fusion Protein

Construction of the Vector
Plasmid pTZ-JC2 (see Fig. 10A) was digested to completion with Smal and

Hindlll. The 3.9 kbp fragment was recovered. Plasmid pUC18-1.6 cend_PT (see Fig.
10B) was digested to completion with Hpal and HindIll and the 1.1 kbp fragment was
recovered. The 3.9 and 1.1 kbp fragments were than ligated to give pTZ-JC13 (see Fig.
10C). This vector is used to transform E. coli IM101.
Enzymatic characterization of the fusion protein = =

The expression product (fusion protein) encoded by pTZ-JC13 is characterized
for its catalytic activity on Avicel, bacterial microcrystalline cellulose (BMCC) and
phosphoric acid swollen cellulose (PASC) compared to the original CenA and its isolated
catalytic domain p30. Specific activity is determined from the amount of soluble
reducing sugar produced from a fixed amount of substrate under fixed assay conditions.
The reducing sugar is measured by a colorimetricf'_ assay and determined using a glucose
standard. The concentration of polypeptides is determined by the binding of Coomassie
Brilliant Blue G-250 (Gilkes e al. (1988) J. Biol.. Chem 263:10401-10407).
Evaluation of the suscgptnb;hg of t.he fusion mem m proteolytic degradation

A major consideration in the use of fusmn protems is the stability of the
polypeptides under a variety of condmons, mcludm" resistence against proteolytic

K proteolytic degradation in the
absence of a linker sequence was evaluated with Cﬁmz protease. Cleavage of the fusion

43

SUBSTITUTE SHEET (RULE 26)



i

o TI I

WO 97/13841 PCT/US6/12282

5

20

i3

30

proteins with C.fimj protease was monitored by SDS-PAGE (see Fig. 12). The stability
of the fusion protein was compared relative to the stability of CenA. The protease
concentration and the proteolysis conditions were varied to optimize the results.

To define the affinity of the PBD-fusion: proteins for different cellulose
allomorphs, binding 1o various cellulosic matrixes can simply be evaluated by SDS-
PAGE analysis of bound fractions. This analy,sis has shown that PBDy; binds to
amorphous cellulose (PASC) but does not bind to crystalline cellulose (BMCC). The

CBDcena on the other hand has affinity for both cellulosic materials. These different

binding characteristics offer the poss_ibil_ity for selective removal of one component in the
presence of the other. In the first step BMCC is added to remove CenA. The PBD-
fusion protein, left in solution after the first step, was then removed by adsorption to
PASC (see Fig. 12). The concentration of the various protein components relative to the
cellulose concentration was varied widely during the assay to evaluate the effect of non-
saturating, saturating and over-saturating the cellulose.

This selective removal or binding of the different components has important
implication for the use in processing and purification of fusion proteins. One such
pracess could involve:the proteolytic removal of the PBD from the fusion protein while
bound to the polysaccharide using a CBD-protease to liberate the compound of interest.
The protease is then be removed by virtue of its binding to cellulose (e.g., BMCC)

leaving a pure compound.

Example 7

Bacterjal Strains, Cell Lines, and Growth Qondi_g'pns

Chemicals were of analytical of HPLC grade. Recombinant DNA experiments
were performed in E. coli JM 101 grown at 37°C in LB medium supplemented with
ampicillin (Boehringer Mannheim GmbH, Mannheim, Germany) at 100 mg/mL. High-

level expression studies and large séalg px:ofei-n production were carried out in E. coli
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R1360 grown at 37°C in TYP medium (16 g tryptone, 16 g yeast extract, 5 gNaCl,25 g
K,HPO, per liter) supplemented with ampicillin (100 mg/mL). Bacterial medium
components wereﬁ'om Difco Laboratories (Déuqin MI). Shaker speed for shaker flask
cultures was set a‘t:.,.2,50 rpm. Cultures were induced with isopropyl-D-thiogalactoside
(IPTG, Sigma Chemical Co., St. Louis, MO) at 0.15mM. Vero (African green monkey,
kidney-ATCC CCL 81) cells used in attachment studies were maintained in T flasks, in
DMEM or DMEM/F12 medium (Gibco BRL, Gaithersburg, MD) supplemented with
10% NCS (Gibco BRL), at 37°C, and 5% CO.

All recombinant DNA work was carried out as described previously (Sambrook
(1989) supra.). Double-stranded DNA was prepared by the alkaline-lysis method. DNA
restriction and modxﬁcanon enzymes were used according to the manufacturer’s
recommendations. DNA fragments were separated by agarose gel electrophoresis. Large
DNA fragments werc isolated using GeneCleanry {Biol01, La Jolla, CA). Small DNA
fragments (less than 100 bp) were isolated by the liquid nitrogen method. Frozen
competent E. coli ceils were used for all transformations. Oligodeoxynucleotides were
synthesized with an- ABI 380A DNA synthesizer (Applied Biosystems, Foster City, CA)
and purified by C18' cmndge Chromatography. Annealing of oligodeoxynucleotides was
performed at 74°C’ for 10 min in sequencing buffer (40 mM Tris-HC1 or pH 7.5, 20 mM
MgCl;, 50 mM NaCl), followed by slow coolmg at 4°C. DNA was sequenced by the
dideoxy chain tenmnatmg ‘method using modified T; DNA polymerase (Sanger et al.,
Proc. Nat'l Acad. Sc&. USA (1977) 74:5463-5467).
Polypeptide An.alﬁl

Polypeptxdes were resolved by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) The gels were stamed wnh Coomassie Brilliant Blue
R250 (BioRad, Rxchmond 'CA); bands were quantlﬁed using a scanning densitometer
(Computing Densltometer, ‘Molecular Dynamxc; Sunnyvale, CA) equipped with
ImageQuant™ software. Pure CBPN/RGD standards were included with each set of
gels. Concentrations of | pure preparatlons of CBP""/RGD were determined by
absorbance at 280 nm usmg the extinction coefficxent determined for pure CBD/RGD
(Scopes, Anal. Biochem. ( 1974) 59:277-282). Westem blotting was performed using
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rabbit anti-CenA serum as primary antibody and goat anti-rabbit serum conjugated to
horseradish peroxidase (Gibco BRL) as secondary antibody.
Qligosaccharide Binding Assay |

This was perfonned as described in Example 2.

CBDy; is produced as: descnbed in Wlerzba et al., Biotechnol. and Bioeng. (1995)
47:147-154, except that the coding: sequence for CBDw replaces the coding sequence for
the cellutese binding domain (CBD) of allulo__manasg fimi endoglucanase A (CenA) in the
R1360/pTZ18U-CBD/RGD construct. E. coli containing the construct are grown at 37°C
in a 12-L fermentor (Chemap AG, Volketswil, S_witzgr!and) in TYP medium
supplemented with ampicillin (100 mg/mL), and IPTG (0.15 mM). Cells are separated
from the culture medium by centrifugation at 31,000g (Sharples-Stokes Division,
Pennwalt Corp., Warminster, PA). CBDny/RGD in the culture medium and in the
cellular fraction is purified separately using aﬁiﬁhy-phase partitioning using mixtures of
HEC and plucronic pios as described in Example 4. Culture medium is filtered through a
GF/C glass fiber filter (Whatman l:uematibnai Maidstone, UK) to remove cell debris.
The culture medium is added to the phase sseparatmn system. According to the
methodology for other aqueous two-phase partmon systems (e.g., Joshi et al.,
Bioseparations, (1990) 11:311) with the ugpol;tgm difference that the separation is
greatly enhanced by binding of the CBDyy; fuslon to the HEC. Fig. 17 is a schematic of
the system, where affinity extraction of the CBD,-fusion protein from a culture
supernatant or a cell extract occurs in either a _@:pmmercial Graesser-type contractor
(employed in most large-scale partitioning systems) or a mixer-settier batter (Haynes,
PhD Thesis, University of California -at'Berkeléj' a 991)). The carbohydrate-rich extract
phase containint the CBDy,-fusion protem is pumped to a second mixer-settler batter for
back extraction of the product, wlnle the poly(oxy-ether)—nch phase is stripped with an
incompatible sale and then recycled to the aﬁﬁmty contactor (Haynes ez al., AIChE J.,
(1991) 37:1401). Addition of sufﬁcxent salt, usually a sulfate or citrate salt, to a
carbohydrate-rich extract phase contaxmng a bound target protein results in phase
separation (see Walter et al., Parmmnmg in Aqueous Two-Phase Systems, Academic
Press (1985)). The 2-M and higher salt concentratic

often leads to dissociation of the ligarid-iifotéiti i:b;npléx and thus, a simple means of

’_ tlons required for phase separation
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product recovery. The strongly exothermic binding between CBDw) and HEC indicates
that dissociation can also be achieved through. exther a modest increase in temperature or
addition of a hydrogen-bond disrupting cosolve:_\ii Excess salt is removed by diafiltration
or other desatting methodology. The suspension s stirred gently at 4°C overnight. The
eluate is concentrated and exchanged with dH;O'(to:less than 50 nM GdmC1) by
uitrafiltration using a 1-dD cutoff membrane (Am;con Division, W.R. Grace & Co.,
Beverly, MA). The CBDyi/RGD solution (5 to 12'mg/mL) is filter sterilized (0.2 mm)
and stored at -20°C.

E. coli cells are washed with 50 mM potassium phosphate buffer (pH 7.0),
resuspended in 150 mL of the same buffer supplemented with 3 mM EDTA, and ruptured
in a 50-mL French pressure cell (SLM Instruments, Urbana, IL),
Phenylmethylsulfonylfluoride (1 mM) and pepstatin A (1 mM) are added to the cell
extract to minimize proteolysis. Cellular debris is removed by centrifugation at 17,400g
for 30 min at 4°C. Streptomycin sulfate (Sigma) is added to the supematant (1.5% wfv).

After incubation ovemight at 4°C, the precipitate is collected by centrifugation at
17,400g for 30 min at 4°C. The supernatant is added to the affinity partition system and
the CBDy/RGD is purified as described above for.the culture broth.

Cell Separation Assay.

Cells are detached from culture dishes with trypsin and EDTA, washed once with
DMEM medium containing 0.01% soybean T;y_ps'___ihiinhibitor (Sigma), and twice with
DMEM medium without the inhibitor. To a total of 4 x 10° washed cells is CBDy; in
serum-free culture medium. After incubation for 1 h at 37°C, the cells with CBDwi/RGD
bound are added to the affinity phase partitioning system. After separation of the HEC
phase, trypsin is added to release the cells from the HEC and the cells are collected by
centrifugation. Viability of the cells is assessed usmg trypan blue exclusion.

Exgggle 8
Production of Glucose from Qellgbnﬁ Using

This procedure uses an endoglucanase-exoglucamse coincubation with

subsequent channeling of the resulting cclloblo':_'_ _ 'lmxture into an Avicel column upon
which 8-glucosidase is immobilized (see F:gure 138) The method is as follows. Ina
fermentation vessel a suitable proportion of both endoglucanase and exoglucanase is
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added to a medium containing the cellulosic material to be degraded. The enzymes are

-allowed to react for a fixed period of time to produce cellobiose which is solubilized in

the medium. The whole spent medium together thh the enzyme is first passed through
an Avicel column which immobilizes and concentrates both the endoglucanase and the
exoglucanase. The eluent containing the cellgbxose.ls..channeled to a second Avicel
column with immobilized 8-ghicosidase PBDce, fusion protein which then hydrolyses the
cellobiose into giucose units. 'I‘lmeendoglueanase andthe exoglucanase are regenerated
from the first column by elution. Both columns can be reused several times for

purification and enzymatic conversion.

TNphoA is a derivative of transposon. TnS5 containing the E. coli alkaline
phosphatase gene, pioA, minus its signal sequence _Cp_hoA). Transpositional insertion
into an expressed gene in the correct reading frame ereates a PhoA fusion protein. If the
target gene contains protein export signals, these can direct the secretion of the fusion
protein. This secretion is detectable by alkalme p_hesp_hetase activity, which is present
only when the enzyme has been secreted to thepenplasm TnphoA is used to create
phoA gene fusions with the C. fimi CBDy; coding sequence in a plasmid having a
multiple cloning site. A gene encoding a protem ef-_intexest can be cloned into a multiple
cloning site (mcs) and expressed as a fusion pretein; ‘The gene product is purified by
affinity phase partitioning in HEC-Pluronic 10S CBDi.

tion and Analysi ! Fustons _ :

Transposmonal mutagenesis with TnphoA 1s used to create gene fusions with
CBDyy. The plasmid containing CBDy is pTugKy: (see Figs. 5 and 6).

The transposition event is mediated by infection of E. coli CC118 (pTugKy:) with
a defective lambda phage contammg the transpo; ] @hoA-l (Gutierrez ez al., J. Mol.
Biol. (1987) 195:289-297). E. coli CC118 contains a deletion in the phoA gene.
Transpositional insertion into the’ CBDN; codtng quence in-frame with the CBDyy,
creates a CBDy;-PhoA fusion protem targeted r the'e ctracellular medium. Colonies
selected for kanamycin (transposon-derived) ;—and amp:ctllm resistance are screened for
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alkaline phosphatase activity on the chromogenic substrate 5-bromo-4-chloro-3-indoly!
phosphate (XP). Plasmid DNA from PhoA+ colonies are retransformed, and selected
and screened as above. PhoA+ colonies are screened for endoglucanase activity on
carboxymethyl-cellulose (CMC) plates stained with Congo red (Greenwood et al., FEBS
Letters (1984) 2:2;5§+’263=). The desired--phenotypé is PhoA+, EngA-, and resistant to
ampicillin and kanamycm.

Plasmid DNA is isolated from PhoA+, EngA- colonies and analyzed by
restriction d:gesnon and agarose gel elecuophorosis for colonies which have TnphoA
insertions in CBD; in the correct orientation. Some of these clones can have out-of-
frame insertions, a possibility that becomes evident when looking at the protein products
of the fusions. The CBDy;-PhoA fusion proteins are analyzed for binding to soluble
oligosaccharides such as HEC. The exact insertion position of TnphoA is determined by
DNA sequencing using the chain-termination method.

Cleared E. coli cell extracts containing the fusion protein are applied to an HEC-
pluranic 105 aﬁmtyphase partitioning system in a buffer which promotes binding of the
fusion protein to thc HEC polymer. Afier separation of the HEC phase from the pluranic
105 phase, the fusxon protem is dissociated by increasing the temperature and collecting. -
the fusion protein.: .T_Qollected fractions are assayed:for alkaline phosphatase activity, and
the enzyme peak further purified by ion exchange or gel filtration chromatography.
Purification cond:tnons are varied to optimize the recovery of alkaline phosphatase
activity. _
The parameters (+ accumulated standard error) were calculated from adsorption
data plotted in double reclprocal form. The value: for K, and a were calculated using
[No] = 101 mmol lamce resxdues .8 cellulose , as démled in Example 3, C. Adsorption
and relative affinity of PBP.ca o cellulose, mcludmg Avicel, BMCC and regenerated
celtulose (RC), and of chitin are shown in Flgure and 16 of USSN 5,340,731. Figure
17 of USSN 5,340,731 shows the influence of adding detergents on the binding of
CEBce to the compositions of the subject mventnon comprising hybrid proteins in which

at least the PBP of a polysaccharidase i 1; co_pplod oa ligand of interest such as a protein

or a chemical moiety, for example adye or pxgm t. E
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debinding two different removable label recompositions from cellulose are shown in
Figure 14 (above). '

Exampie 10
Single 'Ihennosem{ ing Polymer Systems

A class of afﬁnny concentration and separat:on systems which use a single
thennoseparatmg polysaccharxde for which CBD\y; or another soluble polysaccharide
binding domain has aﬁimty Members of this family of polysaccharides include methyl
cellulose, ethyl hydroxyethy! cellulose, propyl hydroxyethyll celiulose, and
hydroxypropyl methyl cellulose. These systems can be used to either bind and separate
fusion/hybrid protems containing a soluble oligosaccharide binding domain which are
excreted during cultureto the culture supernatant, or to bind and separate intracellular
fusion/hybrid pro_te_i_né-éontaining a soluble oligosaccharide binding domain following
cell lysis, osmotic 's'hbck, etc. In either system, the process is as follows: A
thermoseparatmg polysaochande is added to a culture supernatant or lysate containing
exposed fusion pmtem at a temperature below the current point temperature. The
thermoseparating. polysacchande and the culture supernatant or lysate is mixed and the
temperature is- ralsed slowly until it reaches a point above the current point temperature -
for the.polysacchan_q:. Upon formation of a polymer-rich phase in the remaining
solution, the polymer-rich phase can be recovered and fusion protein eluted from the
polysaccharide. The remaining sohution with all remaining solutes can then be discarded.

The process is dmded into four steps: addition of a thermoseparating polymer to
an aqueous solution eontaxmng an oligosaccharide binding protein or any fusion protein
containing an ohgosacchande binding protein and contact and binding of the polymer to
the said protein; slow elevanon of the temperature under mixing conditions to a
temperature above_ the ,_CPT, elimination of mixing at a temperature above the CPT to
facilitate separation of the water-rich and polymer-rich phase (which can be
accomplished by either gravitational settling or enhanced by centrifugation; and recovery
of the polymer-rich phase (which contains the target protein) and elution of the target
oligosaccharide bmdmg protein or the fusion protein containing an oligosaccharide
binding protein.
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Example 11
Affinity Aqueous Two-Phase Systems Containing
One or More Thermoseparating Polymers

Aqueous two-phase systems which con:ta__in; one or more thermoseparating
polymers which have an affinity for CBDw have been compiled (See Table __ below).
These systems allow for a high-affinity separation to the phase containing the polymer to
which the domain binds followed by 2 simple method for recovering and recycling the
polymer.

Four different cellulose-based polymers capable of binding CBDy; and other
oligosaccharide binding proteins were used in conjunction with two other non-cellulose
polymers to form a number of novel aqueous two-phase systems. The properties of the
aqueous two-phase systems formed are discussed below.

Pluropic — Klucel Systems

Eight different grades of Pluronics were used with three grades of Klucel. The
Pluronics used included F68, F77, F108, P84, Pl_03, P104, P105, and P123. The grades
of Klucel used were Klucel H, 1 and M.

Pluronic F68 — Klucel H:  Two-phase systems.are. formed from solutions containing
at least 10% (total We‘ight percent) of each polymer.

Pluronic F68 — Klucel L:  Two-phase systems are formed from solutions containing
at least 13% (total weight percent) of each polymer.

Pluronic F68 — Klucel M:  Phase separation is observed for polymer concentrations
greater than 12% (w/w).

Pluronic F77 — Klucel H:  Phase separat:on is: observed for solutions in the range of
9% of each polymer The upper phase is clear while the
lower phase is eloug!y-.—

Pluronic F77 — Klucel L:  Phase separation is ;observed for solutions with

concentrations in the _range of 10% (w/w) of each polymer.
Pluronic F77 — Klucel M:  Two-phase systems are formed from solutions containing
at least 10% (total we:ght percent) of each polymer.
Pluronic F108 — Klucel H: Two-phase systems are formed from solutions containing
at least 10% (total: welght percent) of each polymer.
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Pluronic F108 —'-'Kxucel L:

Pluronic F108 — Klucel M: s:are formed from solutions containing
at least 9% (total welght percent) of each polymer.
Pluronic P103 -—Klucel H: Separation is observed for concentrations around 6.5%
| Pluronic-and 7.1% Kiucel.
Pluronic P104 —Klucel H: Separation is observed for solutions of concentrations of
4.1% Pluronic and 3.8% Klucel.
Pluronic P105 — Klucel H  Phase separation | |s observed for solutions of

concentrations of 4 5% Pluronic and 2.8% Klucel. Two-
_ phase systems at low concentrations are not viscous.
Pluronic P105 —Klucel L: Separation occurs for concentrations in the range of 5.0%
B Pluronic and 3.5% Klucel. The two-phase solutions in this
range are not viscous. The lower phase thermoseparates at
__ temperatures above 4Q°C.
Pluronic P105 Klucel M:  Phase separation IS observed for concentrations with as
' - low as 3.9% Pluromc and 2.5% Klucel. The lower phase
becomes viscous. 3d
Pluronic P123 — Klucel H: Two-phase sytems are.formed at concentrations of 5.6%
N Pluronic and 4.0% Kiucel.
Dextran — Natrosol Systems
Three grades of Dextran were used with three grades of Natrosol to form a novel
set of aqueous two-phase systems. The grades of_ Dextran included grades of T40, T70
and T500 while Natrosol grades included 250 HR, 250 LR and 250 MR.
Dextran T40 — Ngifésol. 250 LR: Aqueous tw hase systems are formed from

solutions of concern: ons in the range of 10% for each
polymer. -

Dextran T70 — Natrosol 250 LR:  Aqueous two-phase systems are formed from
solutions of about 5.2% Dextran and 5.0% Natrosol.

Dextran T500 — Natrosol 250LR: Aqueous two-phéée systems are formed from
solutions of 5 3% for:'both polymers
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Pluronic — De Svstems
Four grades of Dextran were used in conjunction with four grades of Pluronic to
form a novel set of aqueous two-phase systems useful for the invention. The grades of
Dextran used inicuded T40, T500 and T2000. The Pluronics used included F68, F77,
F108 and P105. Excellent phase separation properties were observed for most of the

" combinations of polymers tested in terms of low polymer concentrations and low

viscosity.

Pluronic F68 — Dextran T40: Phase separation is observed for concentrations around
9.0% for each polymer. The two-phase system is both
clear and not very viséous at these concentrations.

Pluronic F68 — Dextran T70: Phase separation is observed for concentrations of
Pluronic and Dextran of 7.0% and 5.9% respectively.

Pluronic F68 — Dextran TS00: Aqueous two-phase systems are formed at
concentrations around 6.3% for each polymer.

Pluronic F68— Dextran T2000: Aqueous two-phase systems are formed at
concentrations around 9.0% for each polymer.

Pluronic F77 — Dextran T40: Aqueous two-phase systems are formed at
concentrations of 10.0% Pluronic and 9.2% Dextran.

Pluronic F77 — Dextran T70: Phase separation-occurs for:solutions of concentrations
of about 8.2% for each polymer.

Pluronic F77 — Dextran TS00: Aqueous two-phase systems are formed at
concentrations of 7.0% for both polymers.

Pluronic F77 — Dextran T2000: Phase separation is observed at a concentration of
10.7% for both polymers.

Pluronic F108 — Dextran T40: Aqueous two-phase systems are formed at
concentrations around 0% for each polymer.

Pluronic F108 — Dextran T70: Aqueous two-phase systems are formed at
concentrations in thf.f range of 7.0%.

Pluronic F108 — Dextran T500: Phase separatnonoccurs at a concentration of 3.9%
Pluronic and 3.4% Dextran.

53

SUBSTITUTE SHEET (RULE 26)



WO 97/13841 PCT/US96/12282

15

30

Pluronic F108 — Dextran T2000: Aqueous two-phase systems are formed at
concentrations in the range of 3.4% Pluronic and 3.9%
Dextran.

Pluronic P105 — Dextran T40: Aqueous two-phase systems are formed at
concentrations:in the range of 8.0% for each polymer.

Pluronic P105 - Dextran T70: Aqueous two-phase systems are formed at Pluronic and

Dextran concentrations of 6.3%.
Pluronic P105 — Dextran T500: Separation occurs at concentrations slightly lower than
| 6.0% for each polymer.
Pluronic P105 — Dextran T2000: Phase separatton occurs at a concentration in the range
of 6.0% for each polymer.

Klucel — Dextran Systems
Three grades of Klucel were used in conjunction with four grades of Dextran to
form a novel set _o_f ‘aqueous two-phase systemns. The grades of Klucel used included
Klucel H, L and M. The grades of Dextran used included Dextran T40, T70, T500 and
T2000. B a
Klucel H— Dextran T40:  Aqueous two-phase systems are formed at concentrations
| of Klucel and Dextran of 6.8% and 8.3% respectively.
Klucel H — Dextran T70:  Aqueous two-phase ystems are formed at concentrations
| of 6.8% for each polymer.
Kiuce} H — Dextran T500:  Phase separation ogcurs at concentrations slightly greater
| than 3.0%.
Klucel H — Dextran T2000: Phase separation is observed for concentrations in the
range of 3.2%. S
Klucel L — Dextran T40:  Phase separation is observed for solutions of

Kiucel L. — Dextran T70: h systems are formed at concentrations
| of 3.6% for each Iymer.

Klucel L — Dextran T500: Separation is observed at concentrations of 3.9%.

Klucel L — Dextran T2000: Phase separatioﬁ observed for concentrations of 3.5%

Kiucel and 31% Dextran
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Klucel M — Dextran T40: Aqueous two-phase systems are formed at concentrations
of slightly greater than 3.1%. _
Klucel M — Dextran T70:  Phase separation is observed for concentrations in the

range of 3.5%.

Klucel M — Dextran T500: Phase separation is observed for polymer concentrations of
3.5%.

Klucel M — Dextran T2000: Aqueous two-phase systems are formed at concentrations
of lower than 4.0%.

MC — Systems
Sigma HPMC was used with five different grades of Dextran to form a novel set
of aqueous two-phase systems. The grades of Dextran used included Dextran T40, T70,
T500, T2000, and a Sodium Dextran Sulfate.
HPMC — Dextran T40: Phase separation is observed for concentrations less than

3.0% for each polymer.

HPMC — Dextran T70: Separation is observed for polymer concentrations of 3.8%
HPMC and 4.6% Dextran.

HPMC — Dextran T500:  Phase separation occurs for solutions of concentrations less
than 3.4%.

HPMC — Dextram T2000: Separation occurs for concentrations close to 4.0%.

HPMC — Sodium Dextran Sulfate: Separation occurs from concentrations of 2.9%
HPMC and 4.1% Sodium Dextran Sulfate.

HPMC — Pluronic Systems

Sigma HPMC was used with five grades of Pluronic to form a novel set of
aqueous two-phase systems., The Pluronic comes from the P-series and include Pluronic

P84, P103, P104, P105 and P123.

HPMC — Pluronic P84:  Phase separation is observed for concentrations of 6.3%
HPMC and 7.8% Pluronic. At this concentration, the upper
phase is clear and very small indicating that this solution
may be close to the phase boundary.

HPMC — Pluronic P103:  Aqueous two-phase systems are formed at concentrations
less than 4.0%.
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HPMC — Pluroch104 Separation occuis forsolutlons of concentrations in the
range of 3.6%.

HPMC — Pluronic P105: | Phase separation is observed for polymer concentrations in
the range of 5.5%.

HPMC — Pluronic P123:  Phase separation occurs at a concentration of 5.5% HPMC

and 6.4% Pluronic.

Example 12
Affinity E is Analysis of Interacti
Cellulose-Based Polvmers and CBD

Affinity electrophoresis analysis was used on the four cellulose-based polymers in
order to determix.:_e__:_any interactions between the molecule and the N-terminal of the
Cellulose-Binding Domain (CBDn,) of Cellulomonas fimi CenC. CBDy; and CBDyin2
were tested separm_ly on all four cellulose-based polymers. Bovine serum albumine
(BSA), which does not bind to cellulose molecules, was used as a control. The results
are summarized below.

ucel (HPC)

Strong binding interactions between Klucel H and Klucel L with CBDy; and
CBDninz were observed at pH7 resulting in:total loss of migration on the gel. (See
Figure 9).

Natroso} (HEC)

Strong binding of Natrosol with CBDy; and CBDnin2 was observed (See Figure
9).
Bermocoll

Binding interactions were studied for the two grades of Bermocoll E with the
CBD; and CBDwpyz. Both polymers bind strongly to either CBDy; and CBDyng as
measured by the electrophoreéis assay. |
Hydroxypropylmethyi Cellulose (HPMC)

HPMC binds strongly to either CBDy, or CBDwinz as measured by the
electrophoresis assay. |
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Curremt affinity partition systems are limit_ed in their capacity and resolving power
by low ligand densities which result from the presence of only one or two ligands per
polymer chain. Since polymer concentrations areusually less than 15 wt%, affinity
partition systems with:a 1:1 or 2:1- ligand'ato-polym_er stoichiometry usually yield target
protein separation factors (relative to-those of the:contaminants) between 5 and 50...
These separation factors are more than suﬁiciénti-:fo'r_'; product concentration, but do not
always provide a desired product purity in a cost-effective, one- or two-stage extraction
process. Classic affinity partition systems are also :.li_mited by the expense of the
chemistry needed to produce the polymerligand conjugates. These cost and capacity
limitations can be eliminated if the monomeric unit of one of the phase-forming polymers
served as the affinity ligand. The exquisitely selective binding of CBDy; to a variety of
water-soluble cellulosic substrates offers new, cost-effective, highly-flexible affinity
partition system for continuous purification or re¢ombinant proteins. Genetic linkage of
CBDh to a target protein or peptide results in a fusion which binds strongly to water-
soluble carbohydrates in the presence of centimolar quantities of electrolyte and retains
the biological activity of the fusion partner.

All publications and patent applications mentioned in this specification are..
indicative of the level of skill of those skilled in the art to which this invention pertains.
All publications and patent applications are herein incorporated by reference to the same
extent as if each individual publication or patent application was specifically and
individually indicated to be incorporated by reference.

The invention now being fully described, ii:will be apparent to one of ordinary
skill in the art that many changes and modifications can be made thereto without
departing from the spirit or scope of the appended claims.
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What is claimed is:
1. A method for purifying a compound comprising a polysaccharide binding
peptide from other components of a mixture, said method comprising:
inducing phase separation of a s__élution comprising said mixture and a
) phase-forming oligosaccharide polymer:to which said compound binds so that
said compound partitions into the phase comprising said oligosaccharide polymer;
collecting said oligosaccharidé polymer phase; and
dissociating said compound from said oligosaccharide polymer, whereby a
solution comprising said compound punﬁed as compared to said mixture is
0 obtained.

2. The method according to Claim 1, wherein phase separation is induced
using a phase separation induding agent.

5 3. The method according to Claim 1, wherein said oligosaccharide polymer

is a thermoseparating polymer and phase separation is induced by heating said
solution to a temperature at which phase separation occurs.

4, The method according to Claim:1;:'wherein said oligosaccharide polymer
0 is a 8-1,4-glucan.

5. The method according to Claim 4, wherein said 8-1,4-glucanisa
cellulose. |

2 6. The method accarding to Claim 3, wherein said cellulose is selected from
the group consisting of hydroxyethyl cellulose, carboxymethyl celiulose,
ethylhydroxyethyl ceilulose and- hydroxypropyl cellulose.

7. The method according to Claim 1, wherem said polysaccharide binding

30 peptide is derived from a POlYWhandebmdmg domain of a polysaccharidase or
a polysaccharide binding protein. '
Shec' Iiiire‘eln‘i{eilaced
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8. The method according to Claim 7. wherein said polysaccharidase is a

cellulase.

0. A method for purifying a polypepnde from other components of a mixture,
said method comprising:

contacting said mixture with a phase separation system having as a first
component a phase-forming oligosaoqholide polymer which is soluble in an
aqueous solution and to which said poiypeptide binds and as a second component
a phase separation inducing agent under conditions whereby said polypeptide
partitions into the phase comprising s sa:d oligosaccharide polymer, wherein said
polypeptide comprises a polysacchande binding peptide;

collecting said ollgosacchande polyxner phase; and

dissociating said polypeptide from said oligosaccharide polymer, whereby
a solution comprising said polypeptide purified as compared to said mixture is
obtained. |

10.  The method according to Claim 9, wherein said polypeptide is a fusion
polypeptide comprising said polysaoohoﬁde binding peptide and a

macromolecule.

11.  The method according to Claim 10, wherein said fusion polypeptide
comprises a protease recognition sequence between said polysaccharide binding
peptide and said macromolecule.

12.  The method according to Cmm 1 , Wherein said protease recognition
hande binding peptide.

sequence is heterologous to said polys:

13.  Atwo-phase partmon system c; is
as a first component a phase-fonmng; ohgosacchande polymer to which a

polysaccharide binding peptnde binds with ia Ka of 10°M to 10'M and as a second

component a phase separation mducmg a_gex__xt, wherem said first and second

e..t has Beer\ Replaced , 59
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components are each present in an amount sufficient to induce phase separation.

14.  The two-phase partition system according to Claim 13, wherein said
polysaccharide binding peptide is derived from C. fimi endoglucanse C.

15. The two-phase partition system according to Claim 14, wherein said
polysaccharide binding peptide is CBDy;.

16.  The two-phase partition system according to Claim 13, wherein said first

0 component is selected from the group consisting of hydroxypropy! cellulose,
hydroxyethyl cellulose, ethylhydroxyethyl cellulose, hydroxypropy! cellulose, and
methyl cellulose.

17.  The method according to Claim 13, wherein said second component is
5 selected from the group consisting of a polyethylene glycol polymer, dextran, and
a copolymer of ethylene oxide and propylene oxide.

18. A cellulose binding domain which binds to soluble oligosaccharides but
does not bind to crystalline cellulose.

19.  The cellulose binding domain according to Claim 18, wherein said binding
domain is CBDy;.

20. A method for separating a compound comprising a polysaccharide binding
B peptide from a mixture, said method comprising:
heating said mixture with a thermoseparating p-1,4-linked cellosaccharide
polymer which is solﬁb_le in an aqueous solution and to which said compound
binds to a temperature at which phase separation occurs and a cellosaccharide
polymer phase is obtamed into which said compound partitions;
0 - collecting said -cél_lésadéharide polymer phase, which comprises said
compound separated from other components of said mixture.

This’ Sheet Has Been Re %

fmm, mm nu I (ilf

SUBSTITUTE SHEET (RULE 26)



