PATENT COMPCSI TI ONS AND NETH(I)S 2 MODULATI NG CELL 5

BI NDI NG FUSI ON PROTEI NS - 10 Td Thi s invention

relates to cg %ﬁ’é% ons and net hods z el | pr@cdrcsdbdess
usi ng fusi on% s conposed of factor and a binding donain

derived froma pol ysacchari dase. The invention is exenplified by the
use of a fusion prOOMPROSITEONS ANDMETHODS EORIMOINALATING €BIL f act or st eel
factor (SLF), PROUEIEERATON YSINGGROVWETHEACTOBAPQLYSACSIIARIDE cel | ul ase
to stinulate proliferation of BRIRENGHUSIANBROTEINSvi t ro. Backgr ound

A maj or objective in bioprocess engineering is the devel opnent of cell
cul ture nethods whi ch provi de Wnt al conditions necessary
for maxi mumcell densities and specrfic derived product recovery.
In vivo, growth factors for various target cells are often
' e Technical Field
This invention relates to compositions and methods for modulating cell proliferation
using fusion proteins composed of a growth factor and a binding domain derived from a
polysaccharidase. The invention is exemplified by the use of a fusion protein that includes
hematopoietic growth factor steel factor (SLF), SCF and a binding domain derived from a

15 bacterial cellulase to stimulate proliferation of bone marrow cells in vitro.

Background
A major objective in bioprocess engineering is the develdpmem of cell culture methods
which provide the environmental conditions necessary for maximum cell densities and specific

10 cell derived product recovery. In vivo, growth factors for various target cells are often
associated with the extracellular matrix (ECM). The major extracellular matrix components
are proteoglycans of which there are four major forms: heparin sulfate, chondritin sulfate,
keratan sulfate and hyaluronic acid. The binding properties of these ECM proteins are
primarily determined by the form of the glycosaminoglycan carried on the proteoglycan.

s These molecules appear to protect the growth factors from proteolytic degradation and are
thought to be an important reservoir of growth factors in the ECM. Proteoglycans are an
abundant and ubiquitous tissue component and are likely to capture a majority of intercellular
growth factors for which they have affinity. It has been suggested that the combined action of
diffusable factors and nondiffusable matrix signals may be an important mechanism for

30 localizing responses of cells to 2 cytokiné that is widely distributed within an organism.
Several cytokines, including basic fibroblast growth factor (bFGF), granulocyte-macrophage
colony stimulating factor (GM-CSF), and interleukin-3 (IL-3), have been shown to function
when bound to proteoglycans of the ECM.

Of particular interest for culturing in vitro are cells of the hematopoietic system. The

3 culmﬁng and expansion of bone marrow cells in vitro has required the use of irradiated
preformed stromal-cell feeder layers. Dexter ez al. ((1993) Nature, 360:709-710)

demonstrated that this technique maintained cell populations which were able to regenerate
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associated with the extracellular matrix (ECM. The nmjor extracellular
matri x conponents are proteoglycans of which there are four major
forns: heparin sulfate, chondritin sulfate, keratan sul fate and

hyal uronic acid. The binding properties of these ECMproteins are
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PCT/ CA97/ 0QO 3§qmred. However, surface expression of IL-3 receptors is down-regulated in response to

high concentrations of IL-3. Genetically engineered stromal cells transfected to produce G-
CSF, GM-CSF and IL-3 alone or in combination have also been shown to enhance the
maintenance of LTC-IC cultures significantly.
The in vitro expansion of T-cells for adoptive immunotherapy has achieved tumor
15 regression in some patients with advanced cancer. With this technique, T-cells are removed

from a cancer patient and expanded in culture. Once a sufficient number of cells have been
produced, they are reintroduced into the patient. A major obstacle in the expansion of
activated T-cells in vitro has been the complexity and the expense of processing cultures using
conventional tissue culture procedures. Furthermore, when high concentrations of growth

w0 factors such as [L-2 are added to IL-2 dependent cells, receptors on the cell surface for IL-2

 afe down regulated as the IL-2 concentration increases. To counteract this problem, liposomes
have been used to increase the IL-2 dependent proliferation of CTLL cells. Use of 20 nM
lipids with recombinant human IL-2 greatly increased cell proliferation; proliferation was the
most pronounced at low dosages of IL-2. At saturating dosages of IL-2, the liposomes had no

» siginificant effect. Additionally, lipid concentrations above 120 nM were found to inhibit
proliferation. Thus, another hematopoietic cell for which efficient ex vivo expahsion
techniques are required is the T-lymphocyte. A dialysis perfusion bioreactor for the expansion
of lymphokine-activated killer T-cells for adoptive immunotherapy also has been used. The
doubling times, surface molecule phenotype and cytolytic activities were similar for cells

3o produced in the perfusion bioreactor or in standard tissue-culture plates.

SLF, as well as a number of other growth factors, can act as attachment factors when
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2 hemat opoi esis in irradi ated mce. Since these initial studies,
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s Relevant Literature
| Artificial matrices, such as surface hydrolyzed poly(methyl methacrylate) films (Ito er
al., (1992) Biomaterials 13:789-794), or glass beads (Ito er al. (1992) Biotechnology and
Bioengineering 40:1271-1276) with adsorbed or covalently attached growth factors have been
used to replace extraceliular matrices (ECMs) for growing cells in vitro. Immobilized insulin
10 (Liu er al. (1992) Biomaterials 13:50-58), transferrin (Liu er al. (1993) International J.
Biplogical Macromolecules 12:449-453), and insulin, transferrin, and collagen (Ito ef al.
(1991) Biomaterials 12:449-453) have been used with varying degrees of success.
Compositions and methods relating to cellulose and 1,4-B-glycan binding domains are
described in the following US patents: USPN 5,340,731; USPN 5,202,247; and USPN
.5 5,137,819. Also see PCT application PCT/US94/04132, which describes cellulose binding
domain proteins ("scaffolding proteins").
SUMMARY OF THE INVENTION
The present invention provides methods and compositions for isolating and/or

0 stimulating or inhibiting proliferation of growth-factor dependent celis through use of
immobilized gmwth factors. The compositions include a cell surface ligand binding protein
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hexahi sti di f‘a&rﬁéiﬁe&dm&tar@hlen fehitRed. OptiGitally, thekaells can be removed from the conjugate
or the substrate. The growth factor conjugates also can be used for enhancing healing of a

o wound by contacting the wound with the growth factor conjugate that is optionally bound to a
wound covering.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1 shows a consensus sequence for the cellulose binding dom#in. Amino acid
15 sequence alignments of the cellulose-bmdmg domains (CBDs) of C. fimi cellulases (CenA and
Cex), and the putative binding domains of MbCelA (an endoglucanase from Microbiospora
bispora), C1fX (part of the transiated open reading frame of Cellulomonas flavigena gene
fragment), Pfegl (an endoglucanase from Pseudomonas fluorescens var. cellulosa) and Bfegll
(an endoglucanase from Butyivibria fibrisolvens). Amino acid residues are indicated in single
20 letter code. Bold upper case letters indicate homology with the CenA sequence; plain upper
case letters indicate homologies occurring only within the other six sequences; lower case
letters indicate the absence of homology. *indicates the amino terminus of the mature enzyme.
*%* indicates a carboxyl terminus deduced from occurrence of stop codons in corresponding
DNA sequences. - indicates a gap left to improve the alignment. Numbers refer to residues at
25 the start and end of respective lines: CenA, Cex, and PfxynA residues are numbered from the
start of the unprocessed polypeptides since the sites of leader peptide processing have not been
determined; C1fX is numbered from the start of the C. flavigena gene fragment open reading
frame.
FIG. 2 shows SLF-CBD fusion protein and controls. The extracellular domain of .
jo murine steel factor (Fig. 2A) was used to replace the catalytic domain of the exoglucanase Cex
(Fig. 2B) to create the fusion protein SLF-CBD (Fig. 2C). The recombinant extra celtular
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263: 7211-7215), Streptavidin (Kasher et al. (1986) Mdl. Cell. Biol.
6:3117-3127), or GST (Smth and Johnson (1988) CGene 67:31-40) rely on
matrices which could interfere with the in vitro culture conditions. .
Therefore, it is_ of terest to develop a systemfor the in

cul tivation of “é%?’l'z?ﬁgor therapeutic reinfusion to the body V\/n‘%r?: g/gor?ss
provi de for continuous 10 expansion of stemZ%fells and ot her factor
dependent cell populations. O particular interest is the devel oprment  of
a system which uses a single recoverable growth factor so as to_avoid the

necessity of pﬂoa;aamfnglmmhﬁztedwgsrm las & gesitive conark &ig. D) apd CBDq. Was psed as
type of interesk glé cofftrol (ngﬁﬁtkﬁ%ﬁﬁ )i ge&% %)f fkiod Mﬁmﬁh%ﬁﬂﬁfﬁrﬁrmno aciti® are

Rel evant theraa'feﬁ Frirces; such as surtface
hydr ol-yzed polméﬂaivb)sLFrqubawyl ate) films (lto et al., (1992)

Bi omaterials 13: 789 9 or SS_beads et al 1992 hnol o9
“and Bi oengi neer i %7’1&3&’7%5 pﬁﬁs?ﬁa"&&s"gf@e‘lﬁigﬁ %B{fgﬁl%oh‘{e %’ g w¥he
growt h factog Se[x??e\éﬁoxbe&%r usem?dlghqe\feﬁ&lpa&gmf SEF-€BD fusion PRdwine
for growing cells in vitro. 1nmmDbilized insulin 20 (Liu et al, (1992)

Bi omateri al s 1@liswassigyived: r Usesafodpgs results, uemglalevel(lmye easEinion; ephanced RNA
o) oo (1 1 EBBYGE o, R-S50 e sl 5T 88y oy
varyi ng degr eethe afutatipMBd ori derived from pUCIintpeshance copyamumhben-@Mioton & al- &b(-‘l#g to
col 1 95 210 o 14 P il P G95965 o A 05 ol ongy
5, 137, 819. AgStepfesed By Laolyp| Tredkdlg alldETs Mﬂdxﬁt&d B the piTug Mecthr 3o hialresin a constant
cell U| ose b nd{'artll of P,,,dtg r}}zat.!lg, ep 5 OrgnegI a?lgqu e lewiiaefls]c gfl egsop {rlgeggelcuve 3f the E. coli host.
The genel0 translational enhancer (Olins et 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 in the vector to allow recovery of a recombinant polypeptide from E. coli
15 supernatants. Fig. 3A shows the nucleotide and encoded amino acid sequence of the Ncol -
HindIH region as well as the nucleotide sequence of the region upstream of the Ncol site,
including the gene 10 translational enhancer ("g10") and the CenA leader sequence (“leader”).
Fig. 3B shows the pTugA vector map.
FIG. 4 shows a graphic representation of the pTugAS. FIG 4A shows the nucleotide

20 and encoded amino acid sequence of the Sacl-HindIIl region as well as the nucleotide sequence

=

» of the region upstream of the Sacl site. FIG. 4B shows the pTugAS vector map.

FIG. S shows the construction of pTugEO7K3. pTugk, a derivative of pTugA which
carries the selective marker for kanamycin resistance in place of the selective marker for
ampicillin resistance, was digested completely with Ncol. The staggered end was repaired

s with the Escherichia coli DNA polymerase I (Klenow fragment) to create a blunt ended
restriction site. The modified pTugK vector was then digested completely with HindIII and
the 4.2 kbp fragment was isolated. pTZEQ7 (Ong et al. Biotechnol. Bioeng. (1993) 42:401-
409) was digested completely with BamHI and the staggered end was repaired with the
Escherichia coli DNA polymerase I (Klenow fragment) to create a biunt ended restriction site.

30 The modified pTZEO7 was then digested completely with HindIlI and the 2.1 kbp fragment
was isolated. The 4.2 and 2.1 kbp fragments were ligated to give pTugEO7K3.
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The present invention provides nethods and conpositions for isolating

and/or 30 stimulating or inhibiting proliferation of g - {‘._ S BEEN
dependent cells through use of i robi lized growth fla ! %ﬁ%‘}m{
conpositions include a cell surface |igand bi-nding protlein EP D

4 and QPR fact or conjugate conprising a substrateCHCAIRi ng
regi on derived froma pol ysacchari dase and.a. | i gand that binds to the
bi ndi ng protein. The substrate 5 binding region preferably is essentially
| acking in hydrol ytic activity of the polysaccharidase. Methods of

In vitro expansi gigok s%x&%@gir?ﬁ%n?ﬁg@@@i.cgﬁé@arﬁ?% dirgesté’cf c?onﬁb’l%l' ded.

The nmet hods involve grow ng ace receptor t he
growt h f act owith Nredand ZiedillGo remavi thehks 8 kbp fiagmént contrining thea/JBP ., and cheoh§ kbp a

popul ati on fragment was isolated. PCR was used to introduce appropriate restriction sites at the 5’ and 3'
end of the gene fragment encoding CBD,,,, was introduced as a silent mutation at the 5' end of
s chdNI using the oligonucleotide 5'-
TTACCTCATATGGCTAGCCCGATCGGGGAGGGAACG-3'. A Hindlll site was
introduced at the 3' end of cbdN! using the oligonucleotide 5'-AGAATGAATTCAAGCTT-
AGAGCTCGACCTCGGAGTC-3'. A translational stop codon was also included in this
primef. The polymerase reaction (PCR) mixture (50 ul total volume) contained 10-100 ng
10 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 Tag DNA polymerase in 50 mM tris-HC1 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 exténsion at 72°C for 1.5 min. The resulting cbdN1 PCR
s fragment was digested completely with Nhel and HindIIl and the 0.5 kbp fragment was
purified by precipitation. The 4.5 kbp and 0.5 kbp fragments were ligated to give pTugKN1.
FIG. 7 shows the pTugKN1 vector. The pTugKN1 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 resistance. The sequence encoding the
20 leader peptide of the endoglucanase A (CenA) of C. fimi was replaced with the encoding
se&uence for leader peptide of the exoglucanase (Cex) from C. fimi (Ong et al. Biotechnol.
Bioeng. (1993) 42:401-409). | |
FIG. 8 shows purification of the SLF-CBD fusion protein. SLF-CBD can be purified
using either of its two affinity tags. Fig. 8A shows purification of SLF-CBD with cellulose:
u lane 1, markers; lane 2, conditioned gfowth medium; /ane 3, fusion protein recovered from 5
mt of conditioned growth medium by absorption to 5 mg of Avicel; lane 4, periplasmic

extract; lane 5, fusion protein extracted directly from 1 ml of periplasmic extract by 5 mg of
Avicel. Fig. 8B shows purification of SLF-CBD with nickel Sepharose using the hexahistidine
tag: lane I, markers; lane 2, fusion protein elution peak. |
10 FIG. 9 shows DS-PAGE and western blotting analysis of SLF-CBD. The identity of
the purified fusion protein was confirmed by western blot analysis. Fig. 9A shows SDS-
N —
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of cells enriched in growh factor dependent cells, a “plurality of

cells are contacted with the growh factor conj ugate and any cells:

| acking the cell surface receptor are then renoved. Optionally, the
cells can be renoved 15 fromthe conjugate or the substrat wt h
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OF THE DRAW NGS 20 FIG 1 shows a consensus sequence for the

e oy e et
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fragment), PfeyD. Sdane 7,Dediof enly ceitiogtactiaegasive conmiol). Fig.F¥eshowsarveestern blot with

fl uorescent var, | l.ul.os nd. Bf.eql] .Seq. I c se~from
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sequence; plain_upper case letters indicate honol ogi es occurring only
with the ot hefordii& ddquences; |ower case

FIG. 10 shows activity and neutralization of activity of proteins in solution. The
proliferative activities of the fusion protein and the control protein were analyzed (MTT assay)
10 in the absence of an immobilization matrix (Fig. 10A). The activity of 0.6 nM SLF-CBD was
neutralized by anti-SLF neutralizing polyclonal antibodies (Fig. 10B). Baseline MTT activity
of 0.2 absorbance units was subtracted.
FIG. 11 shows activity of SLE-CBD as a function of BMCC concentration: the BMCC
concentration was varied with SLFICBD concentration held constant at 130pM (Fig. 11A) or
s at 1500pM (Fig. 11B). |
FIG. 12 shows the activity of SLF-CBD as a function of BMCC concentration. The
concentration of SLE-CBD added to each well was varied while the BMCC concentration was
held constant at the concentrations indicated. Fig. 12A shows SLF with and without 1 pg/ml
BMCC; Fig. 12B shows SLF-CBD with and without either 1 yg/m1 BMCC or 14 pg/mi
» BMCC.
' FIG. 13 shows separation of protein bound to the matrix from protein not bound to the
matrix. Various amounts of SLF-CBD were bound to 1 ug/m1 of BMCC. The matrix was
then removed from solution by centrifugation and resuspended in fresh medium. The activities
of the original medium and the resuspended BMCC were. then assayed for activity to determine
1 how much of the protein bound to the matrix. With control SLF, most of the activity was in
the supernatant (Fig. 13A), with SLF-CBD the bulk of the activity was associated with the
BMCC (Fig. 13B). When the cellulose aft‘miiy tag of SLF/CBD was cleaved from the SLF by
Factor Xa the activity was no longer. associated with the BMCC (Fig. 13C).
FIG. 14 .;.hows the activity of SLF-CBD bound to regenerated ceflulose. SLF-CBD
310 was bound to a cellulose coated microtiter plate and the supernatant was removed from each

well and replaced with medium. Cells were then added to the plate and the activity remaining
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create the fusion prote
activity (Fig. 14B). A control plate was treated identically except that celis were not added

s until the third cycle.

FIG. 15 shows the increased proliferation of murine bone marrow cells in response to
SCF-CBD bound to cellulose. FIG. 15A shows the number of colonies formed by primary
murine bone marrow cells when maintained for five days in liquid cultures containing SCF (a
and b) or SCF-CBD (c and d) in the presence of cellulose (b and d) or in the absence of

10 cellulose (a and c). A parailel series of cultures included, in addition, IL3 (filled bars). FIG.
15B shows the colony sizes after the liquid cultures were transferred to plates, where the scale
bar represents | mm. The photographs of plates show larger colonies were formed by cells
stimulated by SCF-CBD with cellulose (plated).

FIG. 16 shows the results of anion exchange chromatography of PBD,,. Partially

15 purified PBD,,, (150 mg in 200 ml) was loaded ('1 mi/min) onto an anion exchange column
(MonoQ) equitibrated in 20 mM potassium phosphate buffer, pH 6.0. After washing the
column with 200 ml buffer, pH 6.0, bound protein was recovered (8 ml fractions) using a salt
gradient (600 mi, 0 to 1 M NaCl in 20 mM potassium phosphate buffer, pH 6.0). PBD,, was
recovered from the column in 300 mM salt (peak 1). Contaminating proteins bound more

0 tightly and were removed in higher salt (peak 2).

*  FIG. 17 shows SDS-PAGE analysis of PBD,,, during purification from culture
supernatants. Culture supernatants from JM101 barboring 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 5), fraction eluted with H,O from Avicel (lane 6) and PBD,,, after MonoQ purification (lanes 7
and 8) were analyzed on a gel comaining 12.5% acrylamide. Molecular mass standards (lane
1) are as indicated.

FIG. 18 shows affinity electrophoresis gels for analysis of PBDs (PBDy, and PBDy,,,).

Binding of purified bovine serum albumin (BSA) (lane 1), PBD,, (lane 2) and PBDy, (lane '
- 30 3) to soluble oligosaccharides was analyzed 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
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SLF-CBD (Fig. 2C). The reconbi nant extra cellul ar

WO 97/26358 . PCTI/CA97/00033

oligosaccharides is indicative of binding. Xylan is used as a non-binding polysaccharide. Sug
of each protein were loaded on each gel. FIG. 18A compares binding the presence (+) and
absence (-) of barley p-glucan; FIG. 18B compares binding in the presence (+) and the
absence (-) of birchwood xylan. '

FIG. 19 shows isothermal titration microcalorimetry data for binding of hydroxyethyl
cellulose 1o CBD,,, in 50 mM phosphate buffer solution at pH 7 and 35°C. |

FIG. 20 shows preliminary phgse-equilibria data for mixtures of hydroxyethyl cellulose
and Pluronic P105 in 50 mM PBS at 35°C and pH7.

FIG. 21 shows the vectors used in the construction of pTZ-JC13 (FIG. 21C). FIG.
21A shows pTZ-JC2 containing the gene fragment encoding the whole CenC, which was used
to obtain the fragment encoding PBD,,. FIG. 21B shows vector pUC18-1.6 cendAPT, which
was used to obtain the CenA encoding fragment. | .

FIG. 22 shows the results of analysis of proteolysis products from CenA and the
PBD,,-CenA fusion protein using SDS-PAGE analysis. Eight ug of each polypeptide were
incubated in 50 p1 phosphate-buffer, pH 7.0 (S0mM) with O (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 analyzed on gels containing 12.5% acrylamide. Molecular mass
markers (lane 1) are as indicated. P36 corresponds to the catalytic domain of CenA after
proteolytic removal of the cetlulose-binding domain (Gilkes ef al., J. Biol. Chem (1988)
263:10401-10407).

) FIG. 23 shows the results of separation of CenA and PBDy,-CenA by differential
absorption to cellulose followed by analysis of unabsorbed polypeptides using SDS-PAGE
analysis. FIG. 23A shows the results of incubating aliquots of buffer containing 25 pg (lanes
2 and 3), 100 ug (lanes 4 and 5), or 250 ug (lanes 6 and 7) of both polypeptides with bacterial
microcrystalline cellulose (BMCC)(+) or without BMCC(-). FIG. 23B shows the results of
incubating supernatants containing the unabsorbed fractions from the BMCC incubation
mixtures with phosphoric acid swollen cellulose (PASC)(+). Results with control samples
without addition of (PASC(-)) are also shown.

FIG. 24 shows two removable label compositions and means for enzymatically
debinding the growth factor conjugate from a cellulose subsnrate-: an arrow indicates a growth
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factor moiety, an open box indicates a protease cleavage site for a specific protease, and a
cross-hatched box indicates a cellulose-binding domain.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

The present invention provides methods and compositions for ex vivo cultivation of
growth-factor dependent cells, particularly cells of the hematopoietic system such as stem cells
and T-lymphocytes. The compositions also find use for isolating growth-factor receptors
and/or the cells containing them, and in normal healing. The compositions include chimeric
molecules comprising a growth factor and an amino acid sequence that is capable of binding to
a polysaccharide substrate. By a growth factor is intended a factor, generally a polypeptide,
which is capable of stimuiating or otherwise modulating proliferation or differentiation of a
target cell of interest having a cell surface receptor to which the growth factor binds. A target
cell of interest is any cell which will proliferate and/or differentiate in response to stimuiation
by the growth factor. The amino acid sequence generally binds with high affinity to an
oligosaccharide polymer, such as a B-glycan, in particular 8-1,4-glycans, including cellulose
and chitin. In use, the chimeric molecule is immobilized on the polysaccharide substrate,
which can be either soluble or insoluble, and cells dependent upon the growth factor are grown
in contact with the chimeric molecule. The methods are useful for in vitro cultivation of
growth factor dependént cells including, hematopoietic cells such as stem cells and
megakaryocytes, other bone marrow and blood cells, nerve cells, and T celis.

The use of immobilized growth factors provides several advantages over non-
immobilized growth factors and currently used methods for immobilizing growth factors and
other biological molecules that modulate cell growth, differentiation, and proliferation. For
example, immobilized growth factors can provide a continuous localized stimulus for cell
proliferation. Unlike non-immobilized growth factors, which are often internalized and
consumed by cells, immobilized growth factors remain bound to a substrate that is not
consumed by ceils and thus remain available to stimulate growth of additional celis. This is

' particularly useful in perfusion cultures in which growth medium is continuously added and

removed to allow long term cell proliferation. Moreover, an immobilized growth factor is
often more active than a soluble version of the growth factor.

Additional advantages provided by the subject invention include the following.
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domain of nurine steel factor was used as a positive control (Fig. 2D) and
CBD[err] was used as a negative control (not illustrated). * Details of
fusion junctions. Underlined ami no acids are the native SLF sequence.
FIG 3 shows a_graphic representation of the pTugA expression. v om
which the s exb’&é%&‘?ﬁ? vector used for high | evel expressi onr}ﬁﬁgﬂ_g%@%
fusion proteins in Escherichia coli was g¢grived. Use of pTugA results in
hi gh | evel inducible transcription, enhanced RNA transl ati on,
portability, high copy nunber, stability and versatility. The pTug vectors
contain th@ugu aé?éa 19brs inthidi dhmﬁtﬁlyin&@mnhﬁmm@em othier
(Mnton et al ocus 5 10 5 a strong and hly .induci bl e (by
| PTG tac prosieass. gyspas those léﬁi fremoet YK pagiey.qre Blﬁ? IPRXPEDSEG. The
laclq .allele i r t

g P?nh SERMANALEY of Broudifls @H&@dﬁeﬁw tolRrbBRydBid pOlyefiOA otk

ratio of Plerr acl q, |ng a evel s o repressor
i rrespective. mhgd:slaenhmdesmhd canchetused as tﬁneoqmmlxsmha’mmm peptides(EBPs) for

Vector. The 1 dRpleECRTEmRL. AF o ketoind Aok AR BLE A8 b roabte} Wiich ol
i ncorporated icarbbhﬁirategblqmef-bmmhg @Wﬁbﬁ@ﬁu Protein fwhich Hais b b dabbdhydedty REP e
fromE coli 15 supernat ant shows thgﬁr} | eot.i de and_ encoded

am no acid sedoeimraebilizing the ﬁEE’PP 6tem | Us¢ Of PIQVidgs|4 gegeriq Feans for
nucl eoti de seqygRblizetion!dtany E%W@i"fa\éﬁ? bf %&P&mfeﬁﬁ:}‘\ﬁﬁémﬁ% # % a PBPiwHichéhn'bihd

the gene 10 transl ational ncer ("gl0") and the CenA 1eader sequence

("l eader”). to mpglysmwgmg‘hc ndeqml bindingof the FREHto the oligosaccharide polymer srlesdit
hi
ancoded am i SPEAR e Yor il BuRAcaR pud7bi aibghiiaitn o Coldb il of CorbbuiiAl

nucl eoti de sequencé‘he inventiont dise prevjdesnnetiods fercobtaifing h pomdation of cells ﬁh@)edziﬁ

TugE07KS. | pT BRIt depRRieysely. Thssg ey uSc B piiGoleg ki bl

mar ker for kal‘(ﬂﬁfb@ leXanipé,| stdnftutle (infludib@ pRiripbteht stens C4IBY iridvatheraéluively fake cell
' types. The methods involve contacting a plurality of cells with a growth factor conjugate and

s then removing any cells that lack the cell surface receptor. The cells having receptors for the
growth factor of interest bind specifically to the growth factor conjugates, while other non-
growth factor dependent cells do not bind to the growth factor conjugates in significant
amounts. The bound cells can be used while still bound to the growth factor conjugates;
alternatively, the cells can be eluted from the growth factor conjugates to obtain a purified

0 preparation of growth factor dependent cells. In some instances, enrichment aiso can be
accomplished by the specific growth stimulation provided by the growth factor conjugate
which will preferentially increase proliferation of responsive cells. | _

The growth factor conjugates described herein can also be used for enhancing healing
of a wound. This is accomplished by contacting the wound with the growth factor conjugate

s that, in this instance, comprises an agent that either stimulates proliferation of cells involved in
wound healing, and/or is chemotactic for such cells. The growth factor conjugate is optionally
bound to a wound covering, preferably a covering that comprises an insoluble celiulose matrix
such as a sponge or :i cotton bandage. _

The invention provides novel polypeptide compositions that can include those having

o the fdllowing formula:
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anpicillin resistance, was digested cdrrpl etely with Ncol. The staggered end
was repaired 25 with the Escherichia coli DNA polynerase | (KIenow

fragnent) to create a blunt ended restriction site. The nodified pTugK
vector was then digested conpletely with Hndlll and the 4.2 kbp
fragment was WQ8T#88d. pTZEO7 (Ong et al. Biotechnol. Bi oeanTIF&SQWl*
42:401- 409) was digested conpletely wih,th BanH and the staggered end
was repaired with the Escherichia col i""DNA pol ynerase | (Kl enow
fragnent) to create a blunt ended restri ction site. 30 The nodified pTZEO7
was then digested conpletely with Hi gy d%(hge 2.1 kbp fragnent was
| sol ated. The 4.2 and 2.1 kbp fragrrents vvere ated to give pTugEO7K3.

6 FIG 6 shows the construction of pTugKNL. pTugEO7K3 was
di gest ed cor(ﬂle«; Iy with Nhel and Hindlll to renove the 1.8 kbp
fragnent con i'ng the CBD[err] and the 4.5 kbp 5 fragnent was isol at ed.

PCR was used to PBPripchaaticrized SXpEomSécutivesey@stice bEArhian acits f6mahe fubsirfle and
3 end of { rLmdmg region of a polysaccharidase or other protein which binds to a polysaccharide substrate
to provide for high affinity binding 10 a substrate of the poiysaccharidase and, optionally,
essentially lacking in polysaccharidase activity is at least as large as the minimum number of
amino acids in a sequence required to bind a polysaccharide;
MR is the middle region, and can be 2 bond; short linking group of from 2 to 30
10 carbon atoms, or have from about 2 to about 20 amino ac1ds The region can include an
amino acid sequence providing for specific cleavage of the fusion protein that comprises the
growth factor conjugate, usually a sequence corresponding to that recognized by a proteolync )
enzyme of high specificity such as an IgAl protease or Factor Xa; and
X can be any growth factor or other moiety that stimulates or inhibits cell prollferauon
5 or activation through binding to a cell surface receptor. X is characterized as having up to the
entire sequence of a polypeptide of interest; X can have only that part of the polypeptide that is
required to exert the desired effect on cell proliferation. X can be, for example, a cytokine, '
lymphokine, or other growth factor. For example, suitable growth factors include a steel
factor, an interleukin-2, an interleukin-3, an interleukin-6, an interleukin-11, a mast cell
20 growth factor, a granulocyte colony stimulating factor, a granulocyte-macrophage colony
stimulating factor, a fibroblast growth factor, a platelet-derived frowth factor, or an epidermal
growth factor. X indicates only the moiety, not the stoichiometry of the moiety, which can be
variable.
PBP-MR-X can be bound to an isolated receptor R for X, or to cells containing R,
1 wherein the composition has the formt)ﬂa:

PBP-MR-X:R @

wherein R can be any moiety that is present on a cell surface and which, when contacted by a
30 corresponding ligand (X), specifically binds R. R and X are the first and second members,

respectively, of a specific binding pair. Generally, the interaction betweén XandRis

noncovalent. such as electrostatic, hydrogen bonding, polar/nonpolar interactions, and the
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gene fragment encoding CBD[err], was introduced as a silent . mut ati on at
the 5 end of cbdNl using the oligonucleotide _

5' - TTACCTCATATGGCTAGCCCGATCGGEGAGGGAACG 3 Seq. ID 8. A 10 Hindlll site
was i ntroduce 3" end of cbdNl using the ol i gonuckg 9‘5'1"“

5' -AGAATGAATTOICA“%tcgg:;'lzl‘;li{38 AGAGCTCGACCTCCGAGTC-3' Seq. I D 9. k translati onal
st op codon was also included in this pri3nmer. The pol ynerase

reaction (PCR) m xture (50[err]l total volune) contained 10- 15 100 ng
tenplate DNA (pTZ-JC3 (Coutinho et al. Ml. M crobiol. (1992) '

6: 1243- 1252) ,like5-Rscanphen far e(camﬂe,nggrowth fagtor rseptor, 2R allperdpears an inggeneeiebeliny |

e ol i ARHC, pobtpept L Pectc Fing e bRl BEE SeBf b dra

successi ve cyspeific mamgmirfgaiem@ i of high laffittity, nimiedy o Gieiotder of 10to 1A M when

for 15 sec, anneal I n t 57/[err]J]Cfor 1.4 mn and primer extension at
72[err] C for Riss? groWth IRWr FS8RIP% i ng = cbdNl PCR fragment was di gested
conpl étely wth Nh@bhai‘&‘énsuc oﬁha@;beuﬁcmx 52‘%1@ augediplind subEERMbentdf iPMatithd ed
by 25 precipitation. . fragments _were | i gat ed

to give pTug Kimgeraction of the secnmt;nem grm%ths ﬁ@stmmsxwwsﬁect eitkerpi
etk tor UYL BRIOR NF bRl il Wkl B 84
wi th the sel etihding painwhereinfthe second embernji a groveh ifxtaxizne its ddreespomling weeeptor is
encoding the r.lhg%:% member can induce a cell to proliferate. Examples of such proliferation-inducing
1o growth factors are steel factor, epidermal growth factor, nerve growth factor, brain derived
neurotrophic factor, erythropoietin, GM-CSF; interleukins (inciuding I1.-2 and IL-3 and
others), and the like. Interaction between the members of other specific binding pairs can
cause activation or inactivation of a cell, or can induce a cell to differentiate. For example, an
appropriate MHC polypeptide can interact with a T cell receptor to induce clonal energy of a
is T cell population. Other binding pairs can serve as chemotactic signals that direct cell
- migration. Several growth factors have been shown to be chemotactic for their respective
target cell, including platelet derived growth factor (PDGF) for neutrophylls and fibroblasts,
IL-2 for T-lymphocytes, (particularly activated CD4* T-lyinphocytcs), insulin for T-cells (both
CD4* and CD8*) as well as unactivated T-celis. This characteristic has been exploited in |
0 wound healing. Other examples of chemotactic moieties include cell adhesion receptors such
as integrins, LAM-1, ICAM-1, LFA-3, H-CAM, ELAM-1, and their corresponding receptors
or ligands.
Either or both members of a specific binding pair can be comprised of a polypeptide
and/or a carbohydrate. Carbohydrates that are useful in the subject invention include those,
15 such as sialyl-Lewis* (SLe*) and other carbohydrate moieties involved in cell adhesion and
signaling, that specifically bind ligands. For example, a conjugate that comprises a ligand for
SLe® (such as ELAM-1) linked to a polysaccharidase substrate binding region is useful for
purifying cells that display SLe* on their surfaces, and also for purifying SLe"-containing
oligosaccharides and proteins to Which such oligosaccharides are linked. Alternatively, a
lo carbohydrate ligand such as SLe” can belinked to the polysaccharidase substrate binding
region; such conjugates are useful for attracting cells that display on their surfaces a ligand
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peptide of the endoglucanase A (CenA) of C. finm was replaced with
encodi ng sequence for | eader peptide of the exogl ucanase (Cex) from C.
fim (Ong. et al. Biotechnol. 35 Bioeng. (1993) 42:401-409). FI G
8 shows purification of the SLF-CBD fusion protein. SLF-CBD can be
purified usi NYO&IHRH of its two affinity tags. Fig. 8APGFEA/00033
purification of SLF-CBD 4 h cellulose: |ane 1, markers;

| ane 2, conditioned grow h medium |ane 3, fusion protein recovered
from5 m of conditioned growh medi um by absorption to 5 ng of 5-

G St SN ki B i K 8 4l
shows puri f ¢avetingthupprovides a method of directing cells involved in, for example, fighting infection,
to the wound. |
Growth factor conjugates need not include an entire naturally-~occurring growth factor
s or other cell modulating agent. It is sufficient that the conjugate include a portion of the
molecule that retains the desired biological activity. In the case of a polypeptide growth
factor, for example, it is often advantageous to construct a growth factor conjugate that does
not include a transmembrane domain that is present in the native, naturally occurring growth
factor. The identification of such transmembrane domains is well known to those of skill in
1o the art, as are methods for obtaining truncated growth factor molecules that lack the
transmembrane or other undesired region. In the case of steel factor, for example, the 189
amino acid extracellular domain is of particular interest for stimulating cell proliferation. A
steel factor conjugate can thus be constructed by deleting from the steel factor gene the
portions that encode the 25 amino acid signal peptide, the 23 amino acid hydrophobic
s membrane anchor, and the 36 amino acid cytoplasmic domain (Huang et al. (1990) Cell
63:225-233; Flanagan et al. (1990) Cell 63:185-194; and Martin et al. (1990) Ceil 63:203-
211).
For some applications, a conjugate that is bifunctional is used. The bifunctional
conjugate includes more than one growth factor attached to the PBP, usually two growth
w0 factors. These conjugates include a second second member of a binding pair in addition to the
first second member of a specific binding pair. The second second member generally is a
different growth factor from the first second member. Both the first and second members are
attached to the PBP. An example of such a bifunctional growth factor conjugate is a PBP to
~ which is bound steel factor and one or more growth factors, preferably a growth factor with
s which steel factor acts synergistically, such as IL-3, IL-11, GM-CSF, and/or EPO.

' The PBPs include amino acid sequences that are derived from a substrate binding
region (SBD; also referred to herein as a polysaccharide binding domain (PBD)) of a
polysaccharidase. The polysaccharide binding peptide can include any amino acid sequence
which binds to an oligosaccharide polymer, for example, the PBP can be derived from a SBD

30 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. Suitable polysaccharidases from which a PBP or SBD may
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SLF-CBD wi th ni ckel Sepharose using the hexahistidine tag: lane 1,

mar kers; |ane 2, fusion protein elution 10 peak. FIG 9 shows

DS- PAGE and western blotting anal ysis. of SLF-CBD. The identity of the
purified fusio n was confirmed by western blot analysis. Fig 9A
shows SDS Wbhiss WD 97/ 26358 - FHiCSm00ss”
PCT/ CA97/ 00033 PAGE of SLF-CBD: (Coqgsassie blue stained) |ane 1,

mar kers; |ane 2, prestai ned narkers; lane 3, 1 [err]g purified SLF-CBD;
| ane 4, 20 ng SLF-CBD cut by Factor Xa (not visible on gel); - lane 5, 10
ng reconbi nange obmit]ieﬁﬁillclﬁeFB-(ﬂghcaﬂaﬁkblma@fbf@ﬁdd enﬁibdkndnal‘aCPBEorESBD froinaane 6,
500 ng CNDl.err an

7, vector only cell extract, |ve c rol)
Fig. 9B shows® ulgseis used- ?H"Yatcaw’t‘# ?Im&ﬂtag‘ SPQUERS 1 E3S F‘églyé

desi gnati ons ety bfhiRe E@l%c&ﬁnﬁﬁé Bt %talﬂﬂhe shibsérate Hinding &ﬁﬁfﬁ ?hé"ﬁﬁxh@ 561db| ot
wi th anti-CBD pol'ycl onal " anti bodi es (| ane desi l?nat lons are the sanme as
for Fig. 9A).sequence preferably has less than about 10% of the hydrolytic activity of the native

s polysaccharidase; more preferably less than about 5%, and most preferably less than about 1%
of the hydrolytic activity of the native polysaccharidase.

The PBP can be obtained from a variety of sources, including enzymes which bind to
oligosaccharides which find use in the subject invention. In Table 5 below are listed those
binding domains which bind to one or more soluble/insoluble polysaccharides including all

10 binding domains with affinity for soluble glucans (oc, 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 1 to 4 are examples of proteins containing
putative $-1,3-glucan-binding domains (Table 1); proteins containing Streptococcal glucan-

15 binding repeats (Cpl superfamily) (Table 2); enzymes with chitin-binding domains (Table 3),
and starch-binding domains‘ (Table 4). Scaffolding proteins which include a cellulose binding
domain protein such as that produced by Clostridium cellulovorans (Shoseyov et al.,
PCT/US94/04132) can also be used for preparing a PBP. Several fungi, including

Trichoderma species and others, also produce polysaccharidases from which PBP can be
0 isolated.

i
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FIG 10 shows activity and neutralization of activity of proteins in
solution. The proliferative activities of the fusion protein and the
control protein were analyzed (MIT assay) 10 in the absence of an

i mmobi lization matrix (Fig. 10A). The activity of 0.6 nM SLF-CBD was
neutral i zed bWOHEE F neutralizing polyclonal antibodi es PETEAINIEIS.
Baseline MIT activity of 0.2 absorbancelsuni ts was subtracted.

FIG 11 shows activity of SLF-CBD as a function of BMCC concentration: the
BMCC concentration was varied with SLF/ CBD concentration held constant
at 130pM (Fig. 11A) or 15 at 1500pM (Figad1B) . FIG 12 shows
the activity of SLF-CBD as a function of BMCC concentration. The
concentration of SLF-CBD added to each well was varied while the BMCC
concentrati on wagverview bfgpraking comsiningputagive & lgliwarhinding damieons i ndi cated. Fi g.
12A shows SLF with and without 1 [err]g/ni BMCC, Fig. 12B shows SLF-CBD
with and Wit hout SYFERENDT [ er PR BN YT 14 g/ n B BMCC

FIG 13 shows se%m—of—mm—bmmﬁ-ﬁ—ﬁﬁﬂa&ﬁﬁmt ei n not
bound to the trix. Various anounts of SLF-CBD were bound to 1

[err]g/m of BNCE, cilfims (0-i2) X GiRR1  p23dolifBashfigovRd ffom sol ution by
centrifugapi on apdeiiasgsarandsy in fr medi um The m@gimmorisi®ss7oss Of the
original mediumand the resuspended BMCC were then assayed for activity to

determ ne 25 how nmuch of the protein bound to the matrix. Wth control
SLF, nost of theTmetvity was in t he supernatant (Fig. 13A), with
SLF-CBD the bul k of the activity was associated with the BMCC (Fig.
13B). WienSthe cdfirepadieeseafFCNAYR, + HP88M S| F/ CBD was3 ¢l eaved fromthe SLF

by Fact or Xa';f"f‘f@",;',fvf%j’:\f‘fwm’ 55 N :;%{35 i at 23688 t h%t he BMOC (Fi g.
130). P Chous The Y yszg?‘% gener at ed
cel | ul ose. SLF-'&%@ vva‘fﬁg\g@g'g to a cellul ose coat mﬂggg%/?)?ogéﬁpl ate and

t he superngt ant wasmmgnoved f rpgeR eaclizger Wel | and rgpl aced with medi um

Cell's were then aosieeksinzd)he piuin e avrmdsiamMmassoIsowsé Yy 7 emai ning -
T. tridentatus FactorGa D16622 ]

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

!, References
1) Yahata et al. (1990) Gene 86, 113-117
2) Yamamoro et al. (1993) Biosci. Biotechnol. Biochem. 57, 1518-1525
3) Harpin et al. (1994) EMBL Data Library
4) Shen et al. (1991) J. Biol. Chem. 266, 1053-1063
5a) Shimoi er al, (1992) J. Biol. Chem. 267, 25189-25195
5b) Shimoi er al. (1992) J. Biochem 110, 608-613
6) Horn et al. (1989) Patent A12892
7) Shareck et al. (1991) Gene 107, 75-82
8) Seki et al. (1994} J. Biol. Chem. 269, 1370-1374
9) Watanabe et al. (1993) EMBL Data Library
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bound in each well was assayed as before (Fig. 14A). SLF-CBD was bound to

cel | ul ose coated microtiter wells as above and the wells were used for

t hree consecutive rounds of cell culture. MIT assays of cultures

fol 'owi ng they, P ’W% gse indicate no loss in proliferative pcpehdmosas (Fi Q.
14B). A contro fe was treated identically except that cells were not
added s until the third cycle. 177l G 15 shows the increased
proliferation of murine bone marrow cells in response to SL; F- CBD bound

to cellulose. FIG |SA shows the nunber of colonies fornmed by prinmary

muri ne bone marrow cell s when naintain@@ﬂiw five days in liquid cultures
containing SLF (a and b) or SLF-CBD ( n% in the pre ence of

cel lul ose (b and q}ﬁ”‘wflpﬂtet"h%’“%g%ﬂff@%mfbﬂﬂ81 o8 et (CR P . A parall el
series of gultur |.ncluded, in addition, (fi rs). k 15B
shows the gol ony%é‘f"fes after the l-i quid cuﬁ“ﬁres ’\l/\c/lérgm?faansferdrcgd to

pl ates, where thé scale bar represents 1 mm The photographs of plates
show 1 arger col oni gsnebwindsOQOMEDSDY Ccel | SGTF1 St ippssat ed by SLF-CBD with
cel I ul ose (pl at ed) downei (sobrinus) (MFe28) G. 16 sh@I®I t he mewUuMIEIf ani o exchange
chromat ogr @phy ofS. & Gobrius) (MFe28) al | y 15 @RS f i eP2PBHMAMYA41380 hy in 200
m) was | oaded (3 ddwheiis 6U3an ani on eHhange RHNYRMNZI/ABNENoY)

l
equilibrated in 2:,0 s%ngbrm)él um phosphat e guffer mlm%“After fashi ng the

S. musants (GS-5) GTIF-B = A33128 ‘I
[ S. muants (GS-5) GTF-B PO8S87/M17361/B33135 8
S. mutants GTF-B*%%  P035427/C33135 8
S. nuaants (GS-5) : GTE-C P13470/M17361/M22054 9
S. mutants (GS-5) GTE-C not available : 10
S. mutants (GS-5) GTF-D M29296/A45866 11
0
S. salivarius GTF-) A44811/522726/S28809 12
Z11873/M64111
S. salivarius GTF-K  §22737/S22727/Z11872 13
S. salivarius (ATCC25975) GTF-L 135495 14
13 S. salivarius (ATCC25975) GTF-M 135928 _ 14
S. pneumoniae R6 LytA P06653/A25634/M 13812 15
S. pneumoniae PspA A41971/M74122 16
10 Phage HB-3 HBL "~ P32762/M34652 17
Phage Cp-1 CPL-1 P15057/J03586/A31086 18
Phage Cp-9 CPL-9 P19386/M34780/JQ0438 19
Phage EJ-1 EIL A42936 20
Y] C. difficile (VPI 10463) ToxA P16154/A37052/M30307 2%
. X51797/508638
C. difficife (BARTS W1) ToxA A60991/X17194 2
C. difficile (VP 10463) ToxB P18177/X53138/X60984 23,24
S10317
50 C. difficile (1470) ToxB S44271/223277 25,26
C. nowyi a-toxin S44272/Z23280 7
C nowyi a-toxin 248636 28
a5 C. acetobutylicum (NCIB8052) CspA S49255/Z37723 29
C. acetobusylicum (NCIB8052) CspB Z50008 30
C. acetobutylicum (NCIB8052) CspC Z50033 30
C. acetobutylicum (NCIB3052) CspD 250009 30
50
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colum with 200 m buffer, pH 6.0, bound protein was recovered (8 m
fractions) using a salt gradient (600 M, 0to 1 MNad in 20 nM

pot assi um phosphate buffer, pH 6.0). PBD err] was recovered fromthe
colum in 300 nMMsalt (peak )). Contam nating proteins bound nore zo
tightly and We@@726%oved i n hi gher salt (peak 2). PEY/CAITH033 hows

SDS- PAGE anal ysis of PBD[err] during puri %cat lon fromculture
supernatants. Culture supernatants from JMLO1 harboring pTugKNL (i nduced)
(lane 2), whole cul ture suspension (cells and broth) (lane 3), Avicel
fraction after binding of proteins in geerkdllchtd € Supernatants (|l ane 4),
flow t hrough fr cietid2@eferanées-@t'dpi Ndi Ng_supernatants to Avicel (lane 25 5),
fraction el uted \ﬁﬁ&ﬁ"ﬁﬁ%ﬁ’@}ﬁf%m ®(lane 6) and PBD{err] after MonoQ
purificatipn (I a@@&;‘f,,ugma@ﬁ' pRf3gnanal yzed on a gel containing 12.5%
acryl am de. Mol eggyaraag?m.ak@ndwﬂw(mane 1) are as indicated.

FIG 18 shows af ey bji’%:ﬁ ‘é’%’ els for analysis of PBDs (PBD err]
and PBD[err]). Z:f,m ,,,gi_‘c’ﬁ;g%’ag ;"g‘gﬂ’fﬂ e mgovi ne serum al bumn (BSA) (lane 1),
PBD err] (@d ane 2 Rresadi1990Bif.ord. piol. . 5858 30 3) to sol ubl e ol i gosacchari des was
anal yzed in nati\die “é“&;@l‘r i f§raer yl am de. Retardation in the
gels in the pres@n“ﬁ%}?sﬁ' Dhyvsaccnaride (0.1 w v hydroxyethyl cellul ose
(HEC) or barl ey gisuga)a. 195 ataky eaminOs3ietvair i gration in gels in the absence
(-) of thes 15) Gargia &r A\(WNQ TEnD B IS 12

16) Yother e al. (1992) J. Bacteriol. 174, 601-609
PCT/ CA97/ 00033 17) Romero ez al. (1990) J. Ba:m'l'al. 172, 5064-5070 9

18) Garcia ez al. (1988) Proc. Natl. Acad, Sci, USA 88, 914-918
19) Qarcia ez al. (199Q) Gene 86, 81-88
20 20) Diaz er al. (1992) J. Bacteriol. 174. 5516-5525
21) Dove &z al. {1990) J. Infeci. Immaun. 58, 480-488
22) Wren et al. (1990) FEMS Microbiol. Len. 10, 1-6
23) Barroso et al. (1990) Nucleic Acids Res. 18, 4004-4004
24) von Eichel-Streiber er al. (1992) Mol. Gen. Gener. 233, 260-263
F1J 25) Sartinger ez al. (1993} EMBL Data Library : _
26) von Eichel-Streiber 22 al. (1995) Mol. Microbiol. In Press
27) Hofmann ¢ al. (1993) EMBL Data Library
28) Hofmann ef al. (1995) Mol. Gen. Gener. In Press
29) Sanchez e1 al. (1994) EMBL Dala Library
10 30) Sanchez et al. (1995) EMBL Daza Library

New PBPs with interesting binding characteristics and specificities can be identified and

screened for in a variety of ways including spectroscopic (titration) methods such as: NMR

15 spectoscopy (Zhu e 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 ef al. J. Biol. Chem. (1983) 258:13665-13672),
UV or fluorescence stopped flow analysis (De Boeck et al. Eur. J. Biochem. (1985) 149:141-
415), affinity methods such as affinity electrophoresis (Mimura ef al. J. chromatography

s (1992) 597:345-350) or affinity chromatography on immobilized mono or oligosaccharides,
precipitation or agglutination analysis including turbidimetric or nephelometric analysis
(Xnibbs ez 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 isotiermal titration calorimetry (Sigurskjold et al. J. Biol.

ss Chem. (1992) 267:8371-8376; Sigurskjold et al. Eur. J. Biol. (1994) 225:133-141) or
comparitive protein stability assays (melits) in the absence or presence of oligo saccharides

using thermal CD or fluorescence spectroscopy. .
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ol i gosaccharides is indicative of binding. Xylan is used as a non-bi ndi ng
pol ysaccharide. 5[err]g of each protein were | oaded on each gel. FIG
18A conpares binding the presence (+) and absence, (-) of barley
[err]-glucan; EIG__18B conpares binding in the presence (+)

absence (-) of MY M"Bod xylan. 5 FIG 19 shows i sot %yf% 100033
titration mcrocalorinetry data for bindi ngigof hydroxyet hyl cellulose to
CBDjerr] in 50 mM phosphate buffer solution at pH 7 and 35[err]C

FIG 20 shows prelimnary phase-equilibria data for m xtures of

hydr oxyet hyl cel | Ubenerily, formsk iRl consorcting-ihiiobilized @rowth Re®rs ttheSK] frr ] C and
pH7. . Fl 2 ho t he vectors used.in the_construction of

DTz Jc1s (P oinginept g PEY S ShigheAonifh S st B Sared of FRRK FHESGLREER agnen:
encodi.ng the whatgors®Né, >W0?, preféfablyUBe dnost pleferdtily 20°D If Hi@ biddfip Gtrthe PR Odi Ng
PBD{err]. FIG 21B shows vector pUCL8-'1.6 cenAlerr]PT, which was used to
obtai n t he Cefpahe plignsiasharide s exothermic or endothermic then birplinghwilkingraaseoesul t s of

anal ysi s of i d L Lerr]l-CenA fusion
pr ot gi n usi ﬁg%@%ﬁ@%ﬂ%ﬂygﬁ g&%&&% %qgiﬂgaa%‘ﬁmgg vpe pﬁr%“dgev\er e 15

i ncubat ed i n mod§lation df thehioepdtalizatibustéer, pH 7.0 (50 with O (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. fim protease for 3 h at 30[err]C Reaction products were

anal yzed on gels containing 12.5 % acryl am de. Ml ecul ar nass mar ker s
(lane 1) are as indicated. P30 corresponds to the catal ytic domain of CenA
after proteolytic renoval of the cellul ose-binding domain (G| kes et
al., J. Biol. Chem (1988) 20 263:10401-10407). FIG 23 shows the

results of separation of CenA and PBD[err]-CenA by differential
absorption to cellul ose foll owed by anal ysis of unabsorbed pol ypepti des
usi ng SDS- PAGE analysis. FIG 23A shows the results of incubating
al i quots of buffer containing 25 [err]g (Il anes
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2 and 3), 100 [err]g (lanes 4 and 5), or 250 [err]g (lanes 6 and 7) of both
pol ypeptides with bacterial 25 mcrocrystalline cellulose (BMCC) (+) or

wi t hout BMCC(-). FIG 23B shows the results of i ncubati ng supernatants
contai ning the unabsorbed fractions fromthe BMCC i ncubation m Xt ures
w th phosphorwe 9%2¢3® swol | en cel |l ul ose (PASC)( +). Results muA®7@063s0l

sanpl es w t hout addition of (PASC(-)) are al so shown. Fl G

24 shows two renovabl e label conpositio#® and nmeans for enzymatically 30
debi nding the growth factor conjugate froma cellul ose substrate: an arrow

I ndi cates a growh WO 97/ 26358

PCT/ CA97/ 00033 _ 10

factor noiety, an ¢pen box indicates a protease cleavage site for a
specific proteasg, [and a cross-hatched box indicates a cell ul ose-bindi ng

domain.  DESCRI&T|ON OF THE SRECWFI C ENBQY WENTS % g == o The present

I nvention providesj|nmethods and conpositions for ex vivo cul{ivation of
growt h-fact or .depepdent cells, particularly cells of the hepmatopoietic
system such as steW1ceIIs

] P
£ g 15t g
g s § B8 %
L0 B Bl
;a;g { FEREY  BYEE  EEGER

Overview of

Enzyme
Chi
ChiAl
ChiD
Chi69
ProteaseC
Chi
Chi8s
NPH-128*
ChiA
Chil
Chi2
Chi
Chil
Chi2

*NHP : nuclear polyhedrosis virus endochitinase like sequence; Chi : chitinase

.. B8

oo . §ig
o sl pil
b U B
RN ORI
:% g g 1§§~§ E %%gg 3 §§§§§
hd e v = ) 2
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and . T-1 ynphocytes. The conpositions also find use for isolating

grow h-factor receptors and/or the cells containing them and in normal
heal i ng. The conpositions include chineric nol ecul es conprising a growh
factor and an ' i d sequence that is capable of binding 7150033

pol ysacchari de%%%’zzt‘?sgte By a gromh factor is intended a fa{{??‘éé,g

general ly a pol ypepti de, which is capable of stinulating or otherw se
nodul ating proliferation or differentiation of a target cell of interest

having a cell syrface receptor to which the growth factor binds.” A target
cell of interest] is any cell which will proliferate and/or differentiate in
response to stinulation by the growh factor. The am no acid sequence
general |y binds fwith high @%;inity %o an 15 oIigoghccharide pol ymer, such
as a [err]-glgcan, in partT.Cular [efr]l-1.4-qglycansy including cellul ose
wdchtJLﬁgzﬁnthgaﬁﬁﬁﬁﬁhﬁéﬁﬁagg%ﬁﬁx%ﬁﬁgﬁ he

pol ysacchari de slubstrate, whi ch can be either soluble or insoluble, and
cel |l s dependent fupon the growth factor are grown in contact with the
chi-meric nol eculfe. The nmethods are useful for in vitro cultivation of
~growt h factor dgpendent cells including, hematopoietic cells such as stem
cells and 20 negakaryocytes, other bone marrow and bl ood cells, nerve
cells, and T cel| s. The use of imobilized growh factors

provi des several| advant ages over non- i mmobi li zed grom h factors and
currently used thods for immbilizing growth factors and ot her

bi ol ogi cal nol ecul es that nodul ate cell growth, differentiation, and
proliferation. Hor exanpl e, inmmobilized gromh factors can provide a
continuous | ocalj zed stinmulus for cell 25 proliferation. Unlike

non-i nmobi | i zed jgrowt h factors, whi are ogten i@ernalized and

consuned by celljs, imobilized gro factogs rem&@ n bound to a substrate
that i s not consuned by cglls ag? thus Lemai nvailable to stinulate
growth of additifonal cells. Tgis is ulgin perfusion

3 pargi cul g
h growth nedigmis %niﬁ nuo@s! y g

C

cul tures inJhi d g% = renoved to
allow long t8rmicell proli tlogg E;ovenwoanai ] bYI% z rowm h factor
is 30 oftenYdprie active t§%§a S | & ver S n§1‘.’3 he§§o égfactor.
Addi ti onal adEant ages pr gyXded j e&tRi ru%% ofh & n. gdg t he

INAN 8

3568 HiE:

f ol | owi ng. °§
<

Tabl

i . Tr 4
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Wi ié i
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WD 97/ 26358 :
PCT/ CA97/ 00033 11

a i gosaccharide polyners including carbohydrate polyners such as cellul ose
and ot her [erw§w glucans, such as those obtained fromoat and barl ey,
are plentiful ¥2438%xpensi ve. Furthernore, a variety of PEIGA®Y00883bi nd
specifically to carbohydrate pol ynerszand ot her ol i gosacchari des and can
be used as the source of polysaccharide binding peptides (PBPs) for 5 the
subj ect invention. As an exanple, fusion proteins can be prepared which

i nclude the car gohydrat e pol yner-bi nding portion of a protein which
binds to a carbohydrate as a neans ., for inmmobilizing the fusion protein.
Thus, use of the PBP provides a gen&ic nmeans for i rmobi |'i zation of any
gromﬁh factor orisrgl ated noi et by taching it to a BBE which can bind

to a pol ysacchar Pdd @ SR HBRIR G 8 B B¢ £$%$@gﬁm1@wh

ol i gosacchari de pollyner nmakes it 10 especially suitable tor t
purification and/or| i mmobilization of a wide variety of conpounds.
The invention al so |provides nethods for obtaining a popul ati on of é%lls
enriched in groWyt h factor dependent cells. These nethods are usg ul for
obt ai ning purified|preparations of, for exanple, stemcells (in@ uding
pl uripotent stemcqlls) and other relatively rare cell types. T
met hods i nvolve corftacting a plurality of cells with a growmh fact
conj ugate and

tmin.

S18750/S18751/X59995/P29032

U01660
'P06215/M13968/M19052/A25898

246948

P10968/M25536/509623/S07289

P02876/M25537/509624

P10969/102961/510045/A28401

A24215/543926/Jq0965/P36361
122032

P09761/X13497/504926
P09762/X13497/504927

P36907/X63899
$38670/X76041

L37876
U02607/S43317

JC2252/542828
U02608

D16221

Table 3 - cont'd
Accession N°

U02286
X87109
JC2071
U02605
U02606
M87302
X88800

.18

WIN-2*
Chi
WGA-1*
WGA-2"
WGA-3*
Chi
AGL'
Chil

Enzyme
ChiA
Chit
Chi

Chi
Chi
Chi2
Chi
Chi
Chi
Chi
PR-3f
Chi
ChiB1
ChiB2
ChiB3
ChiB4

*anti-microbial peptide, “pre-hevein like protein, “hevein, *chitin-binding protein, ‘pathogenesis related protein, *wound-indnced protein.%vga

Vigna unguiculata (cv. Red caloona)
'agglutinin (lectin)

Solanum tuberosum (cv. Maris Piper)

Triticum aestivum

Triticum aestivum

» Triticum aestivum
Ulmus americana (NPS3-487)

Phaseolus vulgaris (cv. Saxa)
Urtica dioica

Phaseolus vulgaris (cv. Saxa)
s Sambucus nigra

Pisum sativum (cv. Birte)
w Pisum sativum (cv. Alcan)
Populus trichocarpa (H11-11)

Solanum tuberosum

10 Solanum tuberosum:
Iv  Solanum tuberosum (cv. Maris Piper)

Source (strain)

S Oryza sativum
Oryza sativam
Oryza sativumn (IRS8)
Oryza sativum
Populus trichocarpa
Secale cereale
Solanum tuberosum
Solanum tuberosum
Triticum aestivum

0
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The cells

I nterest bind specifically to
acconpl i shed

responsi ve cells.

erein can al so be used for

i acconpli
ate £ that,
rﬁat i 0

%’hls |
E

bound to t hePQRANTIROBACt or

grow h factor dependent

surface receptor.
cells do not bind to the growh factor conjugates in significant

an be-eluted fromthe growh
preparation of growh factor

non-
enri chnent al so can be

| ack the cell
by the specific growmh stimulation provided by the growth factor conjugate

grow h factor of
whi | e ot her
the cells

factor conjugates to obtain a purified
I n sone instances,

alternatively,
preferentially increase proliferation of

The b¥P&7¥63% s can be used while still

15 then renoving any cells that

havi ng receptors for the
the growm h factor conjugates,

anount s.

conj ugat es;
dependent cells.
which wll

conpri ses

pol ypepti de

such as a sponge
:owi ng fornul a:

he grow h factor
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12
“wher ei n:

PBP - MR - X(1)

PBP is characterized as a consecutive sequence of am no

acids fromthe substrate 5 binding region of a polysaccharidase or other

protein which binds to a polysaccharide substrate

to provide for high

affinity bi Rghohdses a substrate of the pol ysacchari dase anecT/oamioondl |y,
essentially lacking in ponSaccharidgie activity is at least as large as

t he m ni num nunber of
pol ysacchari de;

| i nki ng group of from
about 20 am no aci ds.
provi ding for specifiqd
growt h factor conjugat
recogni zed by a pro%ed
pr ot ease or Factor Ra:
noi ety that stinulates

t hrough binding to a d

to the entire sequg
that part of the polyqd
effect on cell prolife

| ynphoki ne, or other ¢
I ncl ude a steel f ad
I nt erl euki n-6, I nt e
granul ocyte col
stinmulating fac

factor, or an eegner
-

Table 4

Overview of Enzymes Containing Starch-b

Accession N°

tor,

%éy sti
t®r, afjfibro
o

am no acids“'n a sequence required to bind a
MR is the mddle region, and can be a bond;
2 to 30 10 carbon atons, or have from about 2 to
The regi on can include an am no aci d sequence
~cleavage of the fusion protein that conprises the
e, usi{alky a sequenge caogresponding to that

short

| yTii cviod capzydh 8f Bigh Spesid b6l bya ichy as an | gA
a'ﬁd"'“""""'y"""X?ﬁﬁﬁe"ﬁh?’b?‘d‘vfh"f’h’é’t"br or ot her
or inhibits cell proliferation 15 or activation

el l surface receptor. X is characterized as having up
nce of a pol ypeptide of interest; X can have only
eptide that is required to exert the desired
ration. X can be, for exanple, a cytokine,
rowm h factor. For exanple, suitable growmh factors
an interleukin-2, an interleukin-3, an ‘

rleukin-11, a mast cell 20 growh factor, a
mul at hgf actor, -a granul ocyt e- macr ophage col ony
aSét grow h factor, a platelet-derived fromh
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or an MHC pol ypeptide. Specific binding of the-first nmenber to the second
menber of a specific binding pair generally is of high affinity, nanely
on the order of 10[err] to 10[err] M when Ris a gromh factor receptor.
5 A cha #grl étic of the specific binding pairs used in the subject
i nvention is t i nteraction of the second nenber wwCKkcadtvaooda r st
menber exerts an effect either directl26or indirectly on the cell upon
which the first nmenber is present. For exanple, interaction of a

bi ndi ng pair wherein the second nenber is a growth factor and its
correspondi-ng receptor is the first nmenber can induce a cell to
proliferate. Exanples of such proliferation-inducing 10 growh factors are
steel factor, epidermal growth factor, nerve growh factor, brain derived
neurotrophic factor, eryt@ropoietn, GWCSF, interleukins (including IL-2
and IL-3 and ot hers),¥and thg like. Interagtion bet ween t he menbers of
ot her specific binding p rs a: %Jsg act vaﬁl on or i ctlvatlon of a
cell, or can induce a ceI 2 ﬁelﬁen ate. FOr arrple n

appropriate NMHC pol ypepgg g .i J \mt 5 T.\xce rec or to induce

clonal energy of a 15 g ' r;g paj can serve as
chenotactic signals tha é'e g era rowm h factors
rget cell,
Hy
gva

have been shown to be cERM a@R§;
i ncl udi ng pl atel et derl\neglig ' II's and

?@ﬁ&ﬁf@hs
20334
27-84

2 \h
&
, i
fibrobl ast s, |L-2 f % &);E ted CD4[err]
T- | ynphocyt es), I nsul i n; g' T8 I [err]) as
3 [ 'll'v-t

wel | as unactivated T-c §2 S 6% I oited in 20 .
wound heal i ng. Ot her ex: § (rﬁ d¢ cell adhesion
receptors such as i _gg B3~ ELAM 1, and
their corresponding rec gt = gsg Jer or both
menbers of a specific b wné G OIS § 98/ ¥pept i de
and/ or a carbohydrat e. Sag ud Sidhgthg Subj ect
i nvention inclydg thoseX U gi“ g s[@rr]) and other
car bohydrat e m;?t les i ﬁ\@ & £ 8.8 E ling, that
specifically bi i gan@R gHe = 5 v§v rises a ligand

for

E

: 3 g g 3
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SLe[err] (such as ELAM1) linked to a pol ysacchari dase substrate binding

region is useful for purifying cells that display SLe[err] on their
surfaces, and also for purifying SLe[err]-containing ol i gosacchari des
and proteins t such ol i gosaccharides are linked. Ate ??ﬁﬂobﬁa a 30
car bohydrat e |f’gﬁ% E?Jch as SLe[err] can belinked to the po|§§g§§ ari dase
substrat e bindi ng regi on; such conjugates are useful for attracting
cells that display on their surfaces a | |%and WO 97/ 26358

PCT/ CA97/ 00033 able 5 14

that binds SLe[err]. |mmobi | iSouress ohBelysacehyrideRinding Domains ysacchari de
Support such as a_waund covering thus provides . a pethod of directing
cells involved i anﬂll)EDE!mpl e, W!Whgeﬁh#&t i on, to the wound.

G owth factédr conjdga peed gy . urring
growth factor s o8 WH’&II robgifaEse, "’%F&?r"rtc q’f"sl s sufficient that the
conj ugat e incl ude DO t i on of t FREKIr ceﬁ;ogxloed;[ retains the desired
bi ol ogi cal activity. In the caseem m gﬁy qe" grovvt h factor, for
exanple, it,is often advant ageou,'§y|a;,g=,con ruct a growth factor conjugate

t hat does not include a transgRabyanesgdeamies that is present in the
native, naturally occurring growsierases
chitinases
8-1,3-glucanases
15 B8-1,3-(B-1,4)-glucanases

(B-)mannanases
B-glucosidases/galactosidases
cellulose synthases (unconfirmed)

i) Starch/Maltodextrin a-amylases’
Binding Domains B-amylases*?
pullulanases
glucoamylases®’
cyclodextrin glucotransferases*!®
5 (cyctomaltodextrin glucanotransferases)
maltodextrin binding proteins"

‘Dextran Binding Domains (Streprococcal) glycosyl transferases'
dextran sucrases (unconfirmed)
30 Clostridial toxins™"
glucoamylases®
dextran binding proteins

8-Glucan Binding Domains 8-1,3-glucanases''®
15 B-1,3-(B-1,4)-glucanases (unconfirmed)
8-1,3-glucan binding protein"”

Chitin Binding Domains  chitinases

: chitobiases
%0 chitin binding proteins
{see also cellulose binding domains)
Heivein
s Gilkes ef al., Adv. Microbiol Reviews, (1991) 303-315.

‘Sagaard et al., J. Biol. Chem. (1993) 268:22480.
*Weselake er al., Cereal Chem. (1983) 60:98.
*Svensson ef al., J. (1989) 264:309.
*Jespersen er al., J. (1991) 280:51.

50 °Beishaw et al., Eur. J. Biochem. {1993) 211:717.
"Sigurskjold ez al.. Eur. J. Biochem. (1994) 225:133.
illette ex al.. Biotechnol. Appl. Biochem. (1992) 16:57.
*Fukada er al.. Biosci. Biotechnol. Biochem. (1992) 56:556.
Lawson et al.. J. Mol. Biol. (1994) 236:590.
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factor. The identification of such transnmenbrane donmains is well known to
those of skill in 10 the art, as are nethods for obtaining truncated growh
factor nol ecul es that |ack the transmenbrane or other undesired region.
In the case of steel factor, for exanple, the 189 am no acid

extracel | ul ar W¢H8638i s of particular int egest for stinul at iPREICA8TH0033
proliferation. A steel factor conjugate can thus be constructed by
deleting fromthe steel factor gene the portions that encode the 25
anmino aci d si gnaky,ReRhd feivel Bt 2010680 8endt 1 Sh2) M8l gPNODI ¢ 15 nmenbrane
anchor, and the 3esnd RO raBdclridt Xisap1fs¢¥se: domai n (Huang et al. (1990) Celd
63: 225- 233; Fl anaganabd e all,.J. fat@30)19%6B114:88: 185-194; and Martin et al.
(1990) Cel | 63: 2UBuvic er al2 X1 Biol. Chem. (1990) 265:93%Dr sone applications, a conjugate

that is bifunctional is used. The bifunctional conj ugat e includes nore
than one growth f@ggdQhe Abbtax rihte pb & de BidRe! dloi 20 factors.
These conjugates I nclude a gg?gnd ge@or‘fgﬁﬁeﬁber gf]%‘g&m%%\éﬁ%é%r I n

addi ti on to appdication has been identifiedi PR ¢aarbe preparesichydrdnsforting ditmg hpsticell aThe

second secon : J v . different arowh factor. fromthe
first secondgﬁ’g@’?{m‘ggﬁﬁﬁﬁﬁgpwﬁs&cgﬁy g’&c@ﬁ?"ﬁ%‘ﬁ%@ﬁ@“&?“éﬁe Bmd’a?gt ached to
the PBP. An goien! TheophraseCporrsdeciiaride bindiigl peprideMiftedids Gh amioGitid @aleacd S a PBP
to whi ch is bound steel factor a}nd pne or nopre growh factors,

pr ef er abl y'a WHIcBEPMPRISES @b jeasta; fynctisnal partion of thepolysa defigding region of a

syner gi st i capblysacSafiastor lalpofysaccharikid biddigprbiei? "By OfunéefdRhl portion” is The

PBPs include_ am no acid sequénces that are derived froma substrate binding
regi on (SBD; inignded anpamine agidisgqueascwhich binds tooan eligetaseharide pelymen ofgniawsstai n

(PBD)) of a PrefePéngC{I &Qﬁé&dﬂ@éﬁm&ﬂﬁ%ﬁ%ﬁéﬁ?@%@% f&em?bpﬁ DA RERELEEe can

I ncl ude any am no seque an ol1 gosacchari de
pol ynmer, for Thsfuspd geneteincoddigRthe aomprsitbaraceceding toformuldBD), oSte PBPDNA

| hari d bindi ; de bi ndi ‘ : _
brotern o SR diotey § Rt REE da ot BRbRRRR dSorR g GRS 1 o7
pol ysacchar i G¢herelthe PBPRilexierhab been prepasdd, ifadebiyed) desuxpiesgd @nd Bylateliet i C.

Suttanl e ol Y il Binding pepiidetin B canjgated to 2 CompoWId of interest, Z.., a

growth factor or other moiety that stimulates or inhibits cell proliferation or activation.

The techniques used in isolating polysaccharidase genes, such as a cellulase génc. and
0 genes for polysaccharide binding proteins are known in the art, including synthesis, isolation
from genomic DNA, preparation 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 soluble oligosaccharides are known. (See, Figure 1.) The DNAs
coding for a variety of polysaccharidases and polysaccharide binding proteins aiso are known.
s Various techniques for manipulation of genes are well known, and include restriétion. |
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). .
The amino acid sequence of a polysaccharidase also can be used to design a probe to
10 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, structurally related genes found in other microorganisms can be easily cloned.

Particularly contemplated is the isolation of genes from organisms that express
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be obtained include [err]-14-glucanases. In a preferred enbodi nent, a PBP

or SBD from a cellulase is used. Typically, the am no acid sequence is
essentially lacking in the hydrolytic activity of the polysacchari dase,
but retains the substrate binding activity. The am no acid seqguence

preferably hasWP&¥2636han about 10% of the hydrol ytic activi t§CHEALINE0IRat i ve
5 polysaccharidase; nore preferably |ess than about 5% and nost
preferably | ess than about 1 % of the hydrolytic activity of the native

pol ysacchari (?J@@gaccharidasc activi%u}[c}% c@?ﬁrgﬁtﬁ‘:gti&eprg Isadagkﬁ%nftﬁtpﬁﬁ o\'isf‘| ;kéc?:]&é’x}c?{]o use

sources, including enzynes gosacchar1 des

i n the subj e@endswbminablerfrom an drgardisn Whereimthe aatalyli¢ andcrindihgda@mains &fitheli ng
dormai ns which bind to one or nore.sol.uble/insol ubl ol.ysacchar i des

e ud ng. il PoBERBARR R SRR Gpf deRRerc iR R BOfHR et S be used
([err], [err] (seantbr@kanipix Shosey®K 2085, Prot a1 Acad. Seil (USA)8992) 89i3983-84BTRI N
from endogl ucanase CenC of C. fim is the only protein known taq bi nd

sol ubl'e cely osaccReabpoidayelaprd using consensus saquences forghe pinding damaigaf@an are known

to bind any I ' : i el 9 )1 4. are
exanpl es of 6’ r0 l tgcﬁ%idgsoe%}efi% ﬁi ngﬁﬁfd&%ﬁgtﬁggﬁeg a{!réeréfr fé}lllédgar-ggﬁ[g}cegﬁ’@}etr{gll%g

domei ns ( Tablglycapasesplcorn &7. fige! claamcidrizechtp Gea apend aasesl AicBIIC and DhiCenihng
epents | o CUREELRE Rl ol AT i g3,
whi ch i ncl uderespecidelyd| andexylanases Agnd D (Cex and XyID, respectively) (see Wong er al. (1986)
0 Gene. 44:315; Meinke et al. (1991) J. Bacteriol., 173:308; Coutinho et al., (1991) Mol.
Microbiol. 5:1221; Meinke et al., (1993) Bacteriol.. 175:1910; Meinke et al., (1994) Mol.
Microbiol.. 12:413: Shen et al., Biochem. J., in press; O'Neill ef al., (1986) Gene, 44:325.
and Millward-Sadler er al., (1994) Mol. Microbiol., 11:375). All are modular proteins of
varying degrees of complexity (Fig. 1), but with two features in common: a catalytic domain
5 (CD) and a cellulose-binding domain (CBD) which can function independently (see Millward-
Sadler er al.. (1994) Mol. Microbiol., 11:375; Gilkes et al., (1988) J.l Biol. Chem.,
263:10401; Meinke et al., (1991) J. Bacteriol., 173:7126; and Coutinho ez al., (1992) Mol.
Microbiol., 6:1242). In four of the enzymes, CenB. CenD, CbhA and CbhB, fibronectin type
IIT {Fn3) repeats separate the N-terminal CD from the C-terminal CBD. The CDs of the
1 enzymes come from six of the families of glycoside hydrolases (see Henrissat (1991) Biochem.
J., 280:309: and Henrissat er al., (1993) Biochem. J., 293:781); all of the enzymes have an N-
or C-terminal CBD 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 eéch have a second, internal
CBD from families III and II, respectively. Cex and XyID are clearly xylanases; however,
1 Cex, but not XylD. has low activity on cellulose. Nonetheless, like several other bacterial
Xylanases (see Gilbert er al., (1993) J. Gen. Microbiol., 139:187), they have CBDs. C. fimi
probably produces other 8-1,4-glycanases. Similar systems are produced by related bacteria
(see Wilson (1992) Crit. Rev. Biotechnol., 12:45: and Hazlewood er al., (1992) J. Appl.
Bacteriol., 72:244). Unrelated bacteria also produce glycanases: Clostridium thermocellum,
s for example. produces twenty or more B-1,4-glycanases (see Béguin et al., (1992) FEMS
Microbiol. Lett., 100:523). For solid phase recovery systems, CBDs that bind insoluble
polysaccharides are of particular use. For use in phase separation purification of growth factor

conjugates. a particularly useful CBD is the binding domain of C. fimi endoglucanase C N1.
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domai n protein such as that produced by Cosrtridiumcellul ovorans

(Shoseyov et al ., PCT/ US94/ 04132) can al so be used for preparing a PBP,
Several fungi, including Tri choderma species and others, also produce
pol ysacchari dases from which PBP can be 20 isol at ed. WO

97/ 26358 WO 97/26358 PCT/CA97/00033

PCT/ CA97/ 00033 30 16
Table 1 Q/ervi ew of proteins containing putative [err]- 1,3

gl ucan- bi ndi ngcﬁl ol e

N [pé?lFlfl known 1004 gglu %él?orsmhandes arfd Rk Ok 4 smaﬁ‘gﬁ%? sion

proteins that are known to bind any soluble polysaccharides.
Examples of suitable binding domain shown in Fig. 1, which presents an alignment of
binding domains from various enzymes that bind to polysaccharides and identifies amino acid

s residues that are conserved among most or all of the enzymes. This information is used to
derive a suitable oligonucleotide probe using methods known to those of skill in the art. The
probes can be considerably shorter than the entire sequence but should at least be 10,
preferably at least 14, nucieotides in length. Longer oligonucleotides are useful. up to the full
legnth of the gene, preferably no more than 500, more preferably no more than 250;

o mucleotides in length. RNA or DNA probes can be used. In use, the probes are typically
labeled in a detectable manner, for example, with **P, °H, biotin or avidin) and are incubated
with single-stranded DNA or RNA from the organism in which a gene is being sought.
Hybridization is detected by means of the label after the unhybridized probe has been
separated from the hybridized probe. The hybridized probe is typically immobilized on a solid

i support such as 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
detection of double-stranded DNA (or DNA/RNA). Accordingly, the tcrm' "oligonucieotide

1 probe” refers to both labeled and unlabeled forms.

. Generally, the binding domains identified by probing nucleic acids from an organism of
interest will show at least about 40% identity (including as appropriate allowances for
conservative substitutions, gaps for better alignment and the like) to the binding region or
regions from which the probe was derived and will bind to a soluble B-1,4 glucan with a K, of

s 2 10° M. More preferably, the binding domains wil be at least about 60% identical, and °
most preferably at least about 70% identical to the binding region used to derive the probe.
The percentage of identity will be greater among those amino acids that are conserved among
polysaccharidase binding domains. Analyses of amino acid sequence comparisons can be
performed using programs in PC/Gene (IntelliGenetics, Inc.). PCLUSTAL can be used for

130 multiple sequence alignment and generation of phyiogenetic trees. |

In order to isolate the PBP of a polysaccharidase or a pdlysaccharide binding domain

from an enzyme or cluster enzyme that binds to a polysaccharide, several genetic approaches
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B. circulans (W-12) GLCAl P23903/ MB4503/ JQ0420 1 10 B.
circulans (I AM 1165) Bgl H

JNO772/ D17519/ S67033 2 Type .
1 15 clJ dura sp. (FC7) Xynll u08894

3 Rociy s b sp. (YOWDB)  3;GLC PCTICA97/00033
D23668 9 0. xanthi neol ytica G.C

P22222/ M60826/ A39094 4 R faecitabidus (YLM 50) RP |

Q05308/ A45053/,R4R 1563. One method uses restriction enzymes to remove a paigiph oPthe gene that cofies
communi s Ricin

. Al12892 . 6 - .
i vi dans (1326 portigasgf the prowejsporbarhigths BB Jippggpaining gene fragments arg fused in >

tridentatus frame t°c§ﬁ£lt‘ Ernﬁ?ate £ 4t encodes a truncated protein. Anotier method involves the
B.: Bacillus, 0.: rsukovi a, R faecitabidus : Rarobacter faecitabidus, R

comuni s: Ri cisaus exonucleases such ag Baidli g systematieily sisletsnpcieatidey eithes exigmally from

(Hor Se_s hoe g 31@5' and the 3' ends of the DNA or internaily 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 for the enzymes listed in Tables 1-5 above, as
well as the carbohydrates listed in Table 6 below.

0 Similarly, a gene that codes for a grthh factor or other moiety that modulates cell
proliferation, activation, or differentiation can be modified to remove coding regions for
portions of the factor that are not essential for carrying out the desired biological activity such
as the ransmembrane domain, which is preferably deleted when constructing 2 chimeric gene
that encodes a growth factor conjugate. The protein encoded by the truncated gene is tested

s for its ability to perform the desired biological activity.

Once nucleotide sequences encoding the .polysaccharide binding region and the growth
factor moiety have been identified, either as cDNA or chromosomal DNA, they 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 that codes for the

m polysaccharide binding region may be fused to a DNA sequence encoding a growth factor. 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, one or more restriction sites can be designed into the synthetic genes used to
construct chimeric polypeptides. If possible, the restriction site(s) leaves the amino acid

5 sequence of the polypeptide unaltered. However, in some case incorporation of a new
restriction site(s) may yield an altered amino acid sequence without changing the activity of the
protein.

During the construction of the expression cassette, various fragments of the DNA will
usually be cloned in an appropriate cloning vector, which allows for amplification of the

~w DNA, modification of the DNA or manipulation by joining or removing of séquenccs, linkers,
or the like. Normally, the vectors are capabie of replication in at least a relatively 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
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[err]. References 1) Yahata et al. (1990) Gene 86, 113-117 2)

Yamanoro et al. (1993) Biosci. Biotechnol. Biochem 57, 1518-1525 3)
Harpin et al. (1994) EMBL Data Library 4) Shen et al. (1991) J. Biol.
Chem 266, 1058-1063 5a) Shinmoi et al. (1992) J. Biol. Chem 267,
25189- 25195 WO972688) Shinpi et al. (1992), J. Bi ochem 110, PEUBCAYT/E0033 6)
Horn et al. (1989) Patent A 12892 Shareck et al. (1991) Gene 107,
75-82

8) Seki et al. (1994)J. Biol. Chem 269. 1370-1374 9)

Vat anabe et cl&kiﬁg Qe]c?o%’ ;re%%ct%ea bkihg{li% ¥n efficient replication system functional in the

3

0

10

_host bacterium.

The cloning vector generally has at least one unique restriction site, usually a plurality
of unique restriction sites, and also can include muitiple restriction sites. In addition, the
cloning vector will have one or more markers which provide for selection of transformants.
The markers normally provide resistance to cytotoxic agents such as antibiotics, heavy metals,
toxins or the like, complementation of a mutation that renders the host auxotrophic. 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, compler_nehtary ends are 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
isolated and, as required, the particﬁlar 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 fragment is excised from the plasmid and introduced into a different
vector or the plasmid is restricted and the expression cassette component manipulated, as
appropriate. In some instances, a shuttle vector is employed which is capable of replication in
different hosts requiring different replication systems. This may or may not require additional
markers that are functional in the two hosts Where such markers are required, these can be |
included in the vector so that the plasmid contaiﬁing the cassette, two replication systems and
the marker(s) can be transferred from one host to another, as required. For select.ion', any
useful marker may be used. Examples of suitable selectable markers include genes that confer
resistance to ampicillin, tetracycline, hygromycin B, G418, and/or neomycin and the like.
However, although 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; synthesis of the desired
product may be determined by immunological or enzymatic methods.

The DNA encoding the growth factor conjugate is manipulated in a variety of ways to
provide for expression. For example, the gene that codes for the PBP and the growth factor
moiety is operably linked to appropriate transcriptional and/or translational signals that are
operable in the desired host organism. Suitable host organisms include microbes such as
prokaryotes. including E. coli, Streptomyces. and Bacillus, and eukaryotes such as the yeasts

Saccharomyces (esp. S. cerevisiae) and Pichia pastoris. Mammalian and other higher
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Table 2 Overvi ew of proteins containing Streptococcal

gl ucan- bi ndi ng regleat s (Cpl superfamly) 5 Sour ce

Protein . Ref.[err] 15 S dom{CA?Z’WBﬁ nus)
(OVZ176) GTF- | D13858-

dgvvnel (sobrinus) (M-e28) GIF- | P11001/ I\/Il7391 2
1 S. (:aﬁblmorﬂt'éﬁseﬁlwf&?&b f the growhi factor conjugates. [llustrative
P29336/ MB0943T KA TALS Sbression of the gromL Leowor coee)

GTF- | mmmmm;mmae@g@ns oypromoters includes foM@g tpg gqg,pirqmgtyr the &rp
%L’ . L3443¢‘§, the 7tg promoter (which 1%a hybrid of the rpand Mt Pntordrt)? SR thrhbda left

and right promoters. and the like. The transcriptional regulatory region can additionally

s include regulatory sequences which allow the time of expression of the fused gene to be
modulated, for example, by the presence or absence of nutrients or expression products in the
growth medium, temperature, etc. For example, expression 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.

i 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 et al., (1995) Gene
158:51-54.

Methods for synthesis of heterologous proteins in yeast are well known. Methods in

is Yeast Generics, Sherman et al. ((1982) Cold Spring Harbor Laboratory Press) is a well
recognized work describing the various methods available to produce a growth factor
conjugate in yeast. Suitable vectors for expression in yeast usually have expression control
sequences, such as promoters, including 3-phosphoglycerate kinase or other glycolytic
enzymes, and an origin of replication, termination sequences and the like as desired. Suitable .

1 vectors include those described in the literation (see, for example, Botstein ez al. (1979) Gene
8:17-24: Broach ez al. (1979) Gene 8:121-133). Expression vectors that are suitable for use in
various cukaryotic host cells are produced by several commercial manufacturers of biological
reagents (see, e.g., product catalogs from Stratagene Cloning Systems, La Jolla, CA; Clontech
Laboratories, Palo Alto, CA; Promega Corporation, Madison WI). '

L] A number of suitable mammalian host cell lines capéble of expressing the growth factor
conjugates have been developed in the art, and include the HEK293, BHK21, and CHO cell
lines, and various human cells such as COS cell lines; HeLa cells, myeloma cell lines, Jurkat
cells, and the like. Expression vectors for these cells can include expression control
sequences, such as an origin of replication, a promoter (e.g., the CMV promoter, a2 HSV

w (thymidine kinase) promoter or pgk (phosphoglycerate kinase) promoter), an enhancer (Queen
et al. (1986) Immunol. Rev. 89:49), and necessary processing information sites. such as
ribosome binding sites, RNA splice sites, polyadenylation sites (e.g., an SV40 largé T Ag

poly A addition site), and transcriptional terminator sequences. Insect cells are another
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S. nutants (GS-5) GIF- B A33128

7 15 S. mutants (GS- 5) GIF-B

P08987/ ML7361/ B33135 8 S. mutants

GTF-B[ err] P05427/ C33135 8 S. mutants (GS-5)
GTF-C WO WREEBML7361/ 2054 9 S. nmutants (@STEJA7/00033
GIF-C not avail abl e 10 34 S. mutants (GS-5)
GIF-D M29296/ A45866 11 20 S. salivarius

?1-58‘;3 / VB 4ﬁqu_<arA§g§cl .%r/st%rznznngﬁl Séﬁﬁsgrﬁxage%gmg the growth factor conjugates. Ap%(ﬁgi%e

S22737] S22 Tdettofsl foB éxpressingFrowth factor con}ﬁgatssainl ingeed aels ﬁs‘ﬁﬁﬂﬁ&ﬁ%ﬁ)led from the
GTF- L L35495 l i vari us

( ATCC25975) SF9 baculovirus. Suitghie ingect cell lmesuggg?gnosquno lan'/ae silkworm. armyworm.

S. pneunoni ! 12
Tk ﬁ’x@%ﬂﬁg Drosophila cell tines such as a Schiéid®r cell line (gé;gg%i?deé\?@@%é%ﬁ&

A41971/ M7 41E2p. Morphol. 27:3531%35).30 Phage HB-3

HBL P32 / NB4652 . .y . Ph -1 .

CPL-1 o1 b A essti A be inglded within 2 @‘%‘5’8‘%‘?&%& episomal

g’t- 9 maﬁi&%ﬁﬁ/m/ﬂﬁdﬁﬁéyrﬁ@h@ﬂﬂar hds® or can be providddwigieoutd febhcanon system. in

10463) whéﬁzﬂ?e vectog g3mbecome mtegrqj&%mgng\ggﬁfgﬂ% 3’g13e Bf\lélcan be mu( duced

X51797/ SO863&y the host in accorcﬁncedhiiﬁ kﬂ‘dﬁtﬁeélﬁﬂﬁz§ s\éh as transformation, using ca®¥in
A60991/ X17194 difficile ﬂVPl 10463) &

ToxB 10 ph@mm&mgmm\l@g amnsfection ,bz gontacting the cells with a virus, microinjection
of the DNA into cells or the like.

Once the DNA encoding the growth factor conjugate has been introduced into the
appropriate host, the host can be grown to express the conjugate. The recombinant products
can by glycosylated or non-glycosylated, having the wild-type or other glycosylation. The

is amount of glycosylation 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
resuit in hyperglycosylation.

0 For isolation of the growth factor conjugate, where the product is retained in the host
cell, the celis are harvested, lysed and the product isolated and purified using methods known
to those of skill in the art. In some instances, it can be desirable to provide for a signal
sequence (secretory leader) upstream of and in reading frame with the structural gene, which
provides for secretion of the growth factor conjugate. Illustrative secretory leaders include the

25 secretory leaders of penicillinase, immunoglobulins, T-cell receptors, outer membrane
proteins. and the like. By fusion in proi)er reading frame the growth factor conjugate can be
secreted into the medium or the periplasmic space of bacteria. In bacterial expression sysiems
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

w and the product isolated using procedures known to those of skill in the art. To produce an
active protein it can be necessary to allow the protein to refold.

In a preferred embodiment, the growth factor conjugate is purified by affinity
chromatography. Substrate binding region is bound to an appropriate substrate, or a different
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S10317 40 Cdifficile (1470) ToxB

S44271/ 223277 25, 26 C. novyi

a-toxin S442721 223280 27 C. novyi

a-toxin Z48636 28 45 C. acet obut | i cum

( NCl B8052) WO 971263585 h A S49255/ 737723 ¥’°"”“°°-"3 C.
acet obut yl i cum ( NCl B8052) CspB Z50008 30
C. acetobutylicum (NCl B8052) CspC Z50033

30 affinit gttlﬂﬁg rpotated hied Bﬁ%&)nh factor conjugatéas¥@. For exam IZ5R009

30 so erences 1) Sato et_al. (1993) DNA

sequence 4, 1gro%th factor conjugate cap bEgensausied o 2f to ipcluig an 3ffinity tagesurpS 169

gg-/l Cig;?mog,gexahlsudme. su%aﬁiﬁ?&%"é*r. such affinity tags are useful for affinity purification using,

e.g.. nickel-Sepharose. biotin, and glutathione. _respectively.

s The growth factor conjugates of the invention g'cnerally are immobilized on a substrate
of the polysaccharidase binding peptide. By "immobilized" is meant that the growth factor
conjugates are bound to suitable substrates, either insoluble or soluble. which include, for
example, insoluble polysaccharides such as: cellulose, a polysaccharide composed of D-
glucopyranose units joined By B-1,4-glycosidic linkages and its esters, e.g. cellulose acetate;

o Xylan, in which the repeating backbone unit is B-1,4-D-xylopyranose: chitin, which resembles
cellulose in that it is composed of B-1.4-linked N-acetyl, 2-amino-2-deoxy-B-D-glucopyranose -
units. Other oligosaccharides that are of use include o--1,4-glycans such as starch. 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.

s The substrates are useful in forms that include microcrystalline cellulose. cotton, paper,
hollow cellulose fibers, microcarriers (e.g., Cellsnow™, Kirin Brewing Co., Japan) sponges.
wound coverings, and the like. Generally, the conjugates are not internalized or consumed by
cells that are placed in contact with the growth factor conjugates.

The growth factor conjugates find use immobilized on a substrate for the binding

1 protein portion of the conjugate, for ex vivo cultivation of growth-factor dependent cells,
particularly cells of the hematopoietic system such as stem cells, as well as megakaryocytes
and T-lymphocytes. For example, the methods are useful for cultivation of components of
bone marrow such as pre-CFU-S, BFU-E, MK, CFU-MK, GEMM and GM. The methods
involve growing cells responsive to the growth factor in contact with the immobilized growth

s factor conjugate. In a preferred embodiment, the growth factor conjugate is immobilized on a
substrate of the polysaccharidase, for example, a §-1,4-glycan or other polysaccharide as
described herein. The substrate can optionally be reversible or irreversibly bound to a solid
support or can itself comprise a solid support (e.g., cotton fabric, paper, cellulose hollow
fiber, growth chamber, microcarrier, etc.). Since the immobilized factors generally are not

% consumed by the cell cultures, the factors provide a continuous localized stimulus for ceil
proliferation, activation, and/or differentiation. The celi cultures can be in culture plates,

growth chambers, and the like, particularly perfusion cultures in which growth medium is
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(1990) J. Infect. Immun. 58. 2452-2458 4) Abo et al. (1991) J.
Bacterial. 173, 989-996 5 5) Sun et al. (1994) J. Bacteriol.

176, 7213- 7222W0 97126358 6) Banas et al 81990) J. I'nfect. PCGAIN/O06S,
667-673 7) Shiroza et al. (199 ) Protein Sequence Dat abase

8) Shiroza et al. (1987) J. Bacteriol. 169. 4263-4270 9) Ueda
et al. (1988), ¢ 3 J 9 A al .
Biof . 35, oongiety daded i Ao aow Jone: ekt Bl BRer R TRl e 1 5
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Si npson et diffecter Egals; Ste%‘*ﬂegﬁgbtalP'FF‘ré?F“@Gﬁe “‘6@'9“’6’2 lopd, mega%aryocyteffgr oHsHi a et
al . (1986) qﬁﬂﬁmggmg%zgamﬂm, 16) Yot her et al. (1992)J/
Bacteriol. 174, 17) Ronero et al. (1990) J. Bacteriol.

172, 5064-5070 The growth factorgglsqanchecbound wia thy BB 8) arrgxgecorpereal deyiceithat Sci |

USA 85. 914-
20) D1 az ot APUHTE Fup fopse PRPT R didr Bhor o 1 35w B, dikd ey il or .,
al . (1990) Jthe knbiestxpahsionof. gré8th fador depéndent cells. For example, blood from a patient in

need of expansion, activation, or differentiation of a particular growth factor dependent cell

type can be passed through an extracorporeal device within which a growth factor conjugate is

i immobilized on a solid support that contains a substrate for the polysaccharidase from which
the substrate binding domain was obtained to construct the growth factor conjugate. In one
embodiment, the growth factor conjugate ié bound to a celluiose matrix such as a hollow fiber
that is present within the extracorporeal device. Growth factor dependent cells that are passed
through the fiber thus contact the immobilized growth factor moiety, which stimulates

5 proliferation, activation, or differentiation of the cells. An example for which this method is
useful is the activation of anti-tumor T cells by passing a cancer patient’s blood through an .
extracorporeal device that contains a polyséccharide to which is bound a growth factor
conjugate that comprises interleukin-2.

The claimed methods are also useful for cultivating factor dependent cells that require

w specific local concentrations or gradients of factors, such as nerve cells. A gradient is
generated by methods known to those of skill in the art. For example, flow techniques can be
used to generate a gradient by contacting a polysaccharide matrix with a solution of PBP-
growth factor conjdgate. Proximal regions of the matrix absorb the highest amount of
conjugate from the flow stream.

B The growth factor conjugates can be used to obtain a population of cells that is enriched
in cells that are dependent upon a particular growth factor or other moiety for proliferation or
differentiation. Cells that carry a cell surface receptor for the growth factor are contacted with
a growth factor conjugate that is immobilized on a éubstrate for the polysaccharidase from
which the substrate binding domain was derived. If an insoluble substrate is used, undesired .

% cells are removed from the immobilized growth factor dependent cells by washing.

Cells immobilized on a soluble oligosaccharide substrate can be separated from other
non-bound cells using, for example, a phase separation system, in particular an aqueous two-

phase extraction system. The phase separation system generally comprises two phases which
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forming partition systems with comparable properties to, but lower cost than, the classic

dextran/PEG system. including those based, like the dextran/PEG system, on the

w incompatibility between a carbohydrate and a poly(oxy-ether) are many (see Skuse et al.
(1992) Enzyme Microb. Technol. 14:785.) Examples include, hydroxypropy! starch (Tjerneid
et al. (1986) Enzyme Microb. Technol. 8:417), maltodextrins (Szlag et al. (1990) ACS
Symposium Series 419:38-52), hydroxypropyl cellulose (Skuse e al., supra.), and
carboxymethyl cellulose (Albertsson (1971) Partition of Cell Particles and Macromolecules,

15 Wiley Interscience) have all been successfully used to form partition systems with PEG. In
order 1o develop a system, phase equilibria data are obtained for the combination of the first
and second components selected, using the procedure of Haynes et al. ((1989) Fluid Phase
Equilibria 53:463) to determine the total polymer concentrgtion, or polymer and other phase
inducing agent concentration, above which a stable two-phase partition system is formed. In

20 general, the PBP-conjugates can be bound to a phase forming oligosaccharide at neutral pH in
2 medium ionic strength buffer of from about 10°M to about 1M. Binding can be 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 mot critical. Once
the PBP-conjﬁgate is bound to the phase-forming oligosaccharide, it partitions into that phase.

i In use, cells bound to the soluble oligosaccharide via a polysaccharide binding peptide
are added to the phase partition system which is already mixed, or the composition can be
added to a dry form (e.g., lyophilized) of either of the components, generally the
oligosaccharide polymer, which is thereby rehydrated, and the other component can then be
added. For some applications, more than two phases can be used. After a time sufficient for

1 the conjugate-bound 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
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Other polysaccharides which form two-phase systems include: mixtures of low-

5 inol_ecular weight cellosaccharides; chitosan and other chitin derivatives; water-soluble glucans
(a, B, and/or mixed linkage with degree of polymerization > 3), modified glucans. and/or
derivatized glucans; cereal 3-glucans such as barley or oat B-glucans: and mannans.
glucommannans, galactomannans, and xyloglucans.

For some applications, it is desirable to release the immobilized cells after the

10 concentration step. Several methods can be used tc remove immobilized growth factor
conjugates and/or attached cells from a polysaccharide substrate polymer. For example, PBP
compounds bind specifically and strongly to the oligosaccharide polymer but can be removed
easily by elution with a low ionic strength solution (such as water), or a high pH solution a
chaotropic salt. These methods can release the entire conjugate from the oligosaccharide

s polymer, together with any attached cell and/or receptor. The temperature for desoption is not
critical and generally in the range of 10°C-40°C, although ambient temperatures are generally
preferred, i.e.., about 20°C. Physiologically compatible conditions are used when viable cells
are desired. For example, a low ionic strength, physiological pH solution that lacks
chaotropic salts can be used to release cells from a substrate.

) If viability of cells attached to the growth factor conjugate is not of concern, for
example, where the receptor for the growth factor itself or the growth factor receptor pair is
being purified, a pH 9.5 carbonate buffer or 6M guanidine HC1 can be used for this
desorption step. Dilute sodium hydroxide (about 0.1M) can be used in some cases. The
nature of the PBP can be modiﬁed to alter its adherence properties so that it can, or, if

s desired. cannot, be desorbed by water. Application of the desorption medium to the matrix
causes release of the conjugate from the oligosaccharide polymer.

For isolation of the PBP-conjugate and associated cells following release from the
substrate, various techniques can be used. For example, the polysaccharide surface can be
washed free of the PBP-conjugate with the desorption solution as described above. The PBP-

3 conjugate then is separated from the desorption solutior'x.' for example, by changing its ionic
strength or pH and readsorbing the PBP-conjugate on an ion exchange medium or on a second

polysaccharide matrix.

This Sheet Has Been Re(ilaced
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Generally, for use in constructing inmmobilized gromh factors, the Klerr]
for bi nding of the PBP to oligosaccharide is at |east in the range of
weak anti body-antigen extractions, i.e., [err] 10[err], preferably

10[ err], nost ly 10[err]. If the binding of the PBP

ol i gosacchari dglrofgfgﬁgej%gt herm ¢ or endot herm39, then binding WIP [ ncreasse or
5 decrease, respectively, at |ower tenperatures, providing a neans for

tenperature  nodul ation of the inmobilization step. WO 97/ 26358
PCT/ CA97/ 00033 20 [err] Table6

Phase-Forming Oligosaccharides

Uncharged Polysaccharides’ Charged Low
Compounds Polysaccharides Molecular Weight
Dextran Na carboxymethyl dextran Dextrins derived from

cellulose (Cellotriose,
: cellotetraose, 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)

Hydroxypropyl starch
Amylopectin

Methyl cellulose
Hydroxyethyl cellulose
Ethylhydroxyethy! cellulose
Carboxymethyl cellulose
Hydroxypropyl cellulose
Ficoll

Carboxymethyi starch
Hydroxyethyl starch
Pullulan

5 Polymers can be crude or purified.

Alternatively, cells or other ligands immobilized on a polysaccharide substrate can be

released from the substrate by cleaving the growth factor conjugate by proteolysis using either
a nonspecific general protease such as proteinase K 6r trypsin, or a specific protease. A non-
specific protease can be used to completely degrade the PBP portion of the PBP corhplex, thus

1 releasing it from the oligosaccharide polymer. For example, release can be effected by
treatment by proteinase K at a concentration of about 50 pg/ml for about 20 minutes at about
37°C. Din et al. (1991) Bio/Technology, 9:1096-1099. A specific protease can also be used
to release bound compounds and/or cells from a polysaccharide substrate to which they are
bound. For example, one can include a protease recognition site or a chemical cleavage site

is between the growth factor moiety and the PBP. The PBP remains bound to the
oligosaccharide polymer. Examples of recdgnition sites include those for collagenase,

thrombin. enterokinase, and Factor X, which are cleaved specifically by the respective
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enzymes. Suitable expression systems for Factor X,and for Factor X,-CBD fusion proteins
have been developed (sge Assouline ez al. (1993) Protein Eng., 7:787). One of the two native
isoforms of steel factor (KL-1) contains a protease cleavage site within its extracellular domain
(Huang er al. (1992) Mol. Cell. Biol. 3:349-362; Pandiella er al. (1992) J. Biol. Chem.

s 267:24028-24033); cleavage at this site by a protease is thus a méans for releasing the steel
factor moiety of a growth factor conjugate from a PBP. Chemical cleavage sites sensitive, for
example. to low pH or cyanogen bromide, can also be used. The PB thus provides a means of
attaching cells to the oligosaccharide polymer, which cells later can be removed.

Where cleavage is used, the growth factor moiety and attached ligand and/or cell can

i0 be cleaved readily from the polysaccharide binding region by the use of a protease speciﬁé for
a sequence present between the polysaccharide binding region and the growth factor moiety
leaving the PBP bound to the oligosaccharide polymer. Preferably, the protease is provided in
| a form which will facilitate its removal following cleavage of the growth factor moiety from
the PBP. As an example, the cleavage protease can be prepared as a cleavage enzyme

15 complex. wherein the protease is bound to a second polysaccharide binding moiety having a
substrate specificity different from that of the first polysaccharide binding moiety bound to the
polypeptide of interest and/or having different binding characteristics (Assouline er al. (1993)
supra.; Assouline er al. (1995) Biotechnol. Prog. 11:45-49). Thus, cleavage of the binding
domain from the recombinant protein of interest can be done in solution and the cleavage

1 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 polysaccharide matrix to which .the first polysaccharide binding moiety
does not bind. (See Assouline ez al. (1993) supra; Assouline et al. (1995) supra). The
purified cells or growth factor moiety aré released from the oligosaccharide polymer free of

s contaminating PBPs which remain bound to the polymer.

The methods for concentrating growth factor dependent cell types and/or receptors can
be performed in batch mode, or by passing a cell suspension through a column. For example,
the growth factor conjugates can be bound to a polysaccharide matrix contained within an
affinity chromatography column or other appropriate purification system. The conjugate is

3o contacted with a sample mixture that contains a ligand that binds to the growth factor moiety.
including ligands that are cell-bound. under ionic conditions that aliow binding of the ligand to
the growth factor conjugate. Unbound molecules and/or cells are then removed by washing

the matrix. The bound molecules and/or cells are then isolated by washing the matrix with a
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buffer that elutes the bound molecules.

The growth factor conjugates aiso can be used for enhancing wound healing by
contacting a wound with a growth factor conjugate. generally one that is bound to a
polysaccharide substrate to which the conjugate binds. such as cotton, for example in a

s bandage. The growth factor moiety used in the claimed methods is one th;u is chemotactic for
cells involved in wound healing. Alternatively, the growth factor can stimulate proliferation
of cells involved in wound healing, or inhibit proliferation of cells to prevent or minimize scar
tissue formation. The growth factor conjugate is administered to the wound site in an amount
effective to enhance cell migration to the wound site and/or modulation of target cell growth.

10 Other therapeutic applications include the enhancement of nerve regeneration. For
example, a conjugate that inciudes brain derived neurotrophic factor and/or nerve growth
factor is immobilized on a polysaccharide substrate such as a membrane via the polysaccharide
binding peptide moiety of the conjugate and applied to nerve tissues damaged by injury or
iliness (see e.g. USPN 5,229,500). The immobilized conjugate is then placed in the proximity

is of the damaged nerve for a sufficient time to result in partial or total regeneration of the nerve.

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

EXAMPLES
Abbreviari
0 pNPC = p-nitrophenyl-B-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;

)3 RPC = reverse-phase chromatography, _
SDS-PAGE = sodium dodecyl sulfate-polyacrylamide gel electrophoresis;
a-ProfThr = rabbit antiserum directed against synthetic Cex Pro/Thr box:
PMSF = phenyl-memylsulfényl fluoride.

w 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 of the cloned
gene Cend on plasmid pcEC-2 in Escherichia coli C600 was deposited on April 23, 1986 and
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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 IM83,
pUCI12-1.1cex was deposited on April 23, 1986 and given ATCC Accession No. 67102. The
full nucleotide sequences of pTugA (Accession Number 1.24193) pTugAS (Accession Number
1.24367). C. fimi CenA (Accession Number M15823), and C. fimi CenC (Accession Number
X57858) have been deposited with GenBank..

Example 1

Construction of a Fusion Gene Encoding Steel Factor

The fusion protein SLF-CBD comprises the extracellular domain of steel factor (Fig.
2A) linked to the cellulose binding domain of the Cellulomonas fimi exoglucanase Cex (Fig.
2B) to create a fusion between steel factor (SLF) and the cellulose binding domain of Cex
(CBD,.,), designated as (Fig. 2C). In the native Cex enzyme the catalytic domain is separated
from the binding domain by a PT linker consisting of a series of repeating proline-threonine
units. This linker was included in the SLF-CBD construct to separate the two domains. A
Factor Xa proteolytic cleavage site was introduced between the two domains, upstream of the
PT linker, to facilitate the removal of the CBD if necessary. A hexahistidine affinity tag was
added to the amino terminus of the protein so that it could be purified using either cellulose
(Greenwood er al. (1990) Cell 63: 203-211) or nickel-Sephhrose (Laemmli (1970) Nature 227:
680-685) as a matrix. When properly processed with the removal of the Cex signal peptide.

SLF-CBD has a predicted molecular weight of 34.1 kDa. Enzymes and buffers were

purchased from GIBCO BRL (Grand Island. NY). All genetic manipulations were carried out
in the Escherichia coli (E. colt) strain DHS5a (Hanahan (1983) J. Mol. Biol. 166: 557-580).

A gene that encodes the SLF-CBD fusion protein was constructed as follows. The
coding sequence for the signal peptide from the cellulase Cex (O'Neill er al. (1986) Gene 44:
331-335) was introduced into the expression plasmid pTUG AS (Figure 3) using site directed
mutagenesis (Zoller and Smith (1982) Nucleic Acids Res. 10: 6487-6500). Coding sequences
for a hexahistidine affinity tag followed by an Nhel restriction site were introduced in frame at
the 3’ end of the Cex signal sequence coding region. The resulting fragment was subcloned
into the non-expression plasmid pSL1180 (Pharmacia Ltd., Piscataway, NJ), as an Ncol-Hind

[11 fragment. A gene fragment that encodes the extracellular domain of murine steel factor
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Table 5 Sour ces of Pol ysacchari de Bi ndi ng
Donai ns ndi ng Domai n Protei ns Were_Bi ndin

Domain is Foun\‘f‘:’*"”z“:’58 Cel | ul ose Binding [ err] - gl uRGHSAT&033

(avi cel ases. CMCases. Domai ns' cel | odextri nases)

exogl ucanses or cell obi ohydrol ases

cel | ul ose Di “94:5&915 Bh &L 4! (1§9o1>Q:e11 63:235-243; GenBank Accession No. M38436) was Xi0difiedgs
m xed xyl anases ucanases est er ases

chitinases polymerase chain reaction (PCR) (Kaufman and Evans (1990)BioZechnigpeas c%r3d4=96) to
E [ere: ]r ]_ _1) :r?{a(n[ngﬁ’étbg A%atjreangnon site onto the 5' end of the gene fragment and Stul and a Hind III
sites onto the 3' end of the gene. This product was purified from an agarose gel using a
s QIAEX gel extraction kit (QIAGEN L., ChatsWorth, CA) and inserted downstream of the
Cex signal peptide after cleavage of the Cex signal peptide-containing plasmid with Nhel and

HindIll. DNA from the original SLF gene was exchanged for the PCR product between two

unique restriction sites which encompassed more than 90% of the gene,.and the remaining
vector junctions and flanking DNA were sequenced. The gene sequence encoding the
w cellulose binding domain from Cex, as well as its proline-threonine linker was then excised as
a Stul-Hind I fragment from the plasmid pUC12-1.1 Cex (PTIS) (see USPN 5,340,731) and
inserted. in frame, downstream of the gene encoding the steel factor extra cellular domain.
 The entire construct was then excised from pSL1180 as an Ncol-HindIIl fragment and inserted
into the high expression level plasmid pTug AS which had previously been modified to include
is kanamycin resistance by the insertion of a cassette. This plasmid was designated as

pSLF/CBD 1.0.
Example 2
E . { Purification of SLE-CBD
0 The plasmid pSLF/CBD 1.0 was transformed into E. coli IM101 (Yanisch-Perron et

al. (1985) Gene 33: 103-119) for expression. Several colonies were scraped from a plate and
used to inoculate a 5 ml test tube of Teriffic Broth (Tartof and Hobbs, Bethesda Res. Lab.
Focus 9: 12) containing S0 mg/ml kanamycin. This tube was incubated with shaking at 37°C
for four hours and then used to inoculate four flasks containing 500 ml of the same medium at

5 0.2% volume. These flasks were then incubated at 37°C with shaking at 250 rpm until a cell
culture optical density (OD,,,) was reached. The cells were then induced by the addition of 0.1
mM IPTG and shifted to 30°C with shaking at 100 rpm for a further eight hours. Cells were then
harvested and the periplasmic proteins isolated by osmotic shock (Neu and Heppel (1965) J.
Biol. Chem. 240: 3685-3692). Five mg of Avicel micro crystalline cellulose (FMC International,

3o Cork, Ireland) was added to either 10 ml of culture supemnatant or 1 ml of periplasmic extract and
then removed by centrifugation. SDS-PAGE loading buffer was than added to the Avicel, which
was then boiled for two minutes and loaded directly onto a gel for SDS-PAGE analysis
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cel l ul ose synt hases (unconfirnmed) 20 Si arch/ Mal t odextrin
[err]-anyl ases[err] Bi ndi ng Domai ns

[err]-anyl ases[err] pul | ul anases
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gl ucot ransf erases|err] (cycl omaf odextrin gl ucanot r ansf er ases)
mal t odextrin bindi ng proteins” Dextran Bi ndi ng Donmai ns

(Streptococcal ) gl ycosyl _.transferases'2
dextran suc@@@%"%(-rﬁ’ﬁ%%ﬁ‘&r‘péh) 30

Clostridial toxingk@kfiglasmic extract was buffered to a pH of 8.0 using 50 mM Tris-base . .

gl ucoanyl ases[ err] dextran bi ndi ng
proteins  (Boehringer-ManBheiin, indiangiolisli [Ny arinon¢entrated ta 4 volyrge of Ambimadtrafjigatign
35 . erhl - - r]-1 -gl ucanase .
(uniconf i rme éljmugh a 10 kDa pore size membra_lge. '[rh]e sgmgie (!Ja?{hexlx P‘-“’E‘ie)rdr“?'-_“ﬁ p?gagftefiaé%aﬁimty
bi ndi ng proichionfaereraphy (MCAC) (Hochuli (19D0) In GBharthi Evgirloering, Reinciples iid Pagtice, Vol.

?2 gteog: ggez éﬁﬁ{] Sgtow.Fd)p, 37—38%1:% NY) using a ?.(_) mi cglrl]xlmtnlpgckbeld I&gtlhri-%s- rin(zlt rgéig S
(Novagen Inc., Madison, WI, cat. no. 69670) with elution of the protein at between 100 mM and
200 mM immidazole. The peak fractions were pooled and the elution buffer was exchanged for
phosphate buffered saline (PBS) and the sample concentrated again using ultra filtration. Purity

io of the final sample was evaluated by SDS-PAGE analysis and the protein concentration
determined by absorbance at 280 nm wavelength (Scopes (1974) Anal. Biochem. 59: 277-282)
and by the Bradford method (Bradford (1976) 4nal. Biochem. 72: 248-254). SLF-CBD released
into the culture supernatant was purified in the same way except for the addition of an initial
precipitation step to reduce the volume of the sample. The supernatant was chilled to 0°C and

s brought to 80% (w/v) of saturation ammonium sulfate while maintaining the pH at 6.05 (the
predicted isoelectric point of the fusion protein) by the addition of IN NH4OH. The precipitated
protein was collected by centrifugatioﬁ at 10 000g and resuspended in MCAC loading buffer.
The protein was analyzed by both SDS-PAGE and by western blotting (Burnette (1981) Anal.
Biochem. 112: 195-203) using either anti-murine steel factor polyclonal neutralizing antibodies

1 (R&D svstems, Minneapolis, MN, cat. no. AB-455-NA) or anti-CBD antibodies.

«  Incultures of E. coli IM101(Ong et al. (1993) Biotechnol. Bioeng. 42: 401-409)
transformed with pTK-SLF-CBD, the SLF-CBD fusion protein was present in both the periplasm
and the culture supernatant, and could be recovered from either source by binding to Avicel (Fig.
8A). Although SLF-CBD can be purified by affinity chromatography on Avicel, binding of the

1 fusion protein to cellulose was strong and difficult to reverse. It was more convenient to use the
amino terminal histidine affinity tag for purification.

SLF-CBD from the periplasm was purified directly by high-performance liquid
chromatography using a column packed with a nickel-Sepharose resin (Fig. 8B). The protein
eluted as a single peak from this column at an immidazole concentration between 100 mM and

1 200 mM. SLF-CBD in the conditioned growth medium was purified in the same way following
an initial volume reduction by ultrafiltration. A final yield of 0.7 mg/L of purified protein was
obtained from the periplasm. and 1.8 mg/L from the supernatasit. Amino-terminal sequence

analysis of this protein confirmed that the signal peptide had been removed; and western blotting
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Stimulation of Cell Proliferation using Immobilized SLF-CBD

Bacterial micro crystalline cellulose (BMCC) was prepared as described in Gilkes et al.
(1992) J. Biol. Chem. 276: 6743-6749), sterilized, and resuspended at various concentrations.in
hybridoma serum free medium (H-SFM) (GIBCO BRL, Grand Island, NY, Cat. No. 12045-019).

Samples of purified SLF-CBD were diluted in H-SFM. Twenty pl protein test samples

10 were placed into wells in sterile 96 well tissue culture plates (Costar corp. Cambridge, MA, Cat.
No. 3595). In experiments where BMCC was used, 50 pl of a BMCC suspension in H-SFM was
added to each well, and in experiments where no BMCC was used 50 pl of H-SFM alone was
added. SLF-CBD and BMCC were then incubated together for 12 hours at 37°C with 5% CO;
before the addition of 100 pl of B6SUtA cells (Greenberger et al. (1983) Proc. Nat'l Acad. Sci.

1s USA 80: 2931-2935) which had been grown to one day past confluence and then resuspended in
H-SFM at a concentration of 5 X 10 cells/ml, to give a final assay volume of 170 pl. Cultures
were then incubated for 48 hours at 37°C and _5% CO;, and cell proliferation was measured either
by direct count in the hemocytometer, or by the MTT assay (Denizot and Lang (1986) J.
Immunol. Meth. 89: 271-277). Recombinant steel factor (R&D systems, Minneapolis, MN, Cat.

0 No. 455-MC) was used as a positive control, while recombinant CBD was used as the negative
control.

. In experiments where Factor Xa was used, the assay was carried out as before except that
2.5 ng of Factor Xa (Boehringer-Mannheim, Indiénapolis, IN, Cat. No. 1179 888) were added to
test wells during the 12 hour incubation step prior to the addition of the B6SUtA1 cells.

2] Statistical analysis of data was carried out with regression curve fitting in two iterations
using non-linear regression analysis from the GraFit version 3.0 statistical analysis program
(Erithacus Software Ltd., Staines, U.K.).

The activity of the non-immobilized SLF-CBD fusion protein was compared to that of the
control SLF without an affinity tag (Fig. 10A) using the MTT test and the SLF dependent bone

50 marrow cell line B6SUtA 1. The activities of the protéins were similar and within the expected
range based on the specific activity of the control SLF. The activity of SLF-CBD was
neutralized by'a.nti-SLF neutralizing polyclonal antibodies (Fig. 10B). CBD alone did not
stimulate the proliferation of B6SUtA 1 cells (data not shown).
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regi on of a Bijologial AtEPiEFIMle faeficedf BM _@I ysaccharide binding protein. By
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an ol i gosacchar i cﬁeacﬁsapwfwcmalhmm%s%e (BMCC)F"F s highlysrystallng form pf sellyiesea
protein of i @I\A gene
encodi ng t he& égﬁr‘r:g%ts,l f?%é\ﬂag%%:‘%mg%é}‘?gcg g}% mul a ﬁ?gs%nhgmgg)%uggd
sequence ak osueface areacfingrsuspension whigh dees motssiimentriapidly, andis thetefory edsily didutedito
prokaryotic cel.l BP al one has been prepared, if desired,
t he expresse %tﬂ&heu%f‘g@&ﬁmm“‘b‘ VSaccharl de. bi ndi ng peptlde can be

conjugated to a qomwnde@ésofmcewhspmpaeed,cazermgag,ﬁdemebamvmc or ot her
noi ety that stinul ates or ts cell proliferation or activatio

. The techni qu%‘cﬂgﬁﬂm}sna‘}ds"ﬁ?ha‘{y e FRRCSTATAtinNs ¥ as ‘@E‘ﬁé§°“5§%&ﬂn‘é}§“8

cel l ul ase geger.cBTH K SULIUED 4tQ30 BN, YRRimfmPad Radishst¥edwith £BMC@r € known
in the art, including synthesis, | sol ati on rom genomi c

prepar at i on éoncentatipgof aboutdosghnhFig. dha). t Feg astivity (ngzgigsed and thejpeak shifted o the 9,
5, 202, 247 T
Gora he. i B e SEE.CRB UG SRR AS jneRhec BT T (i 178, itfcalh Bl |

The DNAs  cometitagodswt wm\&ﬂ@BDaMBWQMapidﬁMgmﬂome b/ B6SIdtAL rce e

bi nding prot el tﬂls s?sltesn? aJ ngéegmg the need for an optimal surface concentration of SLF-CBD on the

BMCC.

Influence of SLE-CBD bound to a fixed amount of BMCC
Using a fixed BMCC concentration of 1 y1g/mi or 14 pg/ml a converse series of
experiments was carried out in which the amount of BMCC surface available was held constant
and the SLF-CBD concentration was varied. The presence of BMCC had no effect on the
0 activity generated by the non-affinity tagged control SLF (Fig. 12A), but SLF-CBD was clearly
more active in the presence of BMCC than in the absence of BMCC, with both an increase in
total cell proliferation and a decrease in the value of its EDsp (the protein concentration required
to produce a half maximal response) being observed (Fig. 12B).
To determine the distribution of SLF-CBD, the activities of free and bound SLF-CBD
5 were tested separately (Figs. 13A-13C). For the non-tagged SLF control most of the activity was
associated with the supernatant (Fig. 13A). The reverse was seen for SLF-CBD, where most of
the activity was associated with the BMCC particles (Fig. 13B). This test also demonstrates that
the binding capacity of 1 pg/ml of BMCC was not exceeded even by the highest concentrations
* of SLF-CBD used. '
3o SLF-CBD bound to BMCC could be released by adding Factor Xa to cleave the fusion
protein at the Factor Xa site introduced between the SLF and the CBD. Following this treatment,
the bulk of the activity was found in the supematant (Fig. 13C).
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pol ysacchar isdhigherqeaxingym proliferatiyearsperss ded edibitre phighu spestisagtivity. (s effect was
i Pt 0SSO ARl KR L ) B S0\ 1B
al t hough ot her pol ismotdvenrthy thabthe dnhagegd reeliferativesdctivitycefimmobiliged'SLF-CBD was
dependent on the concentration of BMCC. At a fixed SLF-CBD concentration, the proliferative
response increased as the BMCC concentration increased to a maximum value, and then
to decreased at higher BMCC concentrations. Increasing the concentration of SLF-CBD in this
experiment shifted the maximum to higher BMCC concentrations (Fig. 11B). Presumably at
very low BMCC concentrations the matrix surface area is limiting while at very high BMCC
concentrations it is the steel factor which is limiting, with a decrease in the density of SLF-CBD
on the BMCC surface. Increasing the SLF-CBD concentration counteracts this effect, providing
s a higher surface concentration of SLF-CBD. The specific surface concentration of steel factor
molecules has a dramatic effect on the stimulation of B6SUIA cells. For a SLF-CBD
concentration of 130 pM, the addition of BMCC produced a maximum at 1 pg/ml, whereasata
SLF-CBD concentration of 1500 pM the maximum shifted to the right to 4.4 pg/ml and the level
of stimulation increased (Fig. 11). Clearly the level of stimulation in these cultures is influenced
10 both by the surface concentration of SLF and the amount of cellulose surface. Based on the
dimensions of the BMCC particles reported by Gilkes et al, supra., the available surface area is
1.22 cm’ per pg of BMCC. For both levels of BMCC, the density of SLF-CBD on the surface
would be about 4x10'® molecules/cm®. Assuming a cell diameter of 10 mm and 35,000 c-kit
receptors per cell as is the case for MO7e cells (T urner et al. (1995) Blood 85:2052-2058), the
] réceptor density on the ceil surface would be 1.1x10'® receptors per cm’. Based on these
estimates, the effect of the addition of an immobilization matrix was maximal when the relative
density of SLF-CBD on was four times the density of the c-Kit receptors on the cell membrane.
We also analyzed the effect of increasing SLF-CBD with surface area maintained
constant at 1 pg/ml (1.22 cm*/ml). In this case, maximum stimulatory activity was observed
w0 when the SLF-CBD concentration was about 2000 pM equivalent to a SLF-CBD density of
7x10'" molecules per cml._ This number is about 60 times the estimate we have used for receptor

density on the cell surface. Overall, these results suggest that there is a threshold for stimulation
when the density of SLF is about four times of the receptor density on the cell surface. The
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are of particular interest. The [err]-1.4- gl ycanases fromC. fim

char act eri zedwo®7desse are endogl ucanases A, B, C and D (CenfcricasfdesBd. CenC
and CenD, respectively), exocell obi ohydrol@ses A and B (CbhA and CbhB,
respectively), and xylanases A and D (Cex and Xyl D, respectively) (see Wng
et al. (1986) 10 Cene. 44:315; Meinke et al. (1991) J. Bacteriol., 173:308;
Cout i nho et siimulat¢ry@eivityliadreases witd the SbF mncemraﬁﬁrzmaclmg itsaaxamum| when (eRLY)

Bacteriol., 175:.1 : ( 12:413:
Shen et al ., |%ec eé%%y lg/g 0- %?Ok%léﬁ érthaatﬁés%ﬁpt ﬁlty on?ﬂf @ brane 44: 325:
and M|l ward-Sadler et al., (1994) Mol . Mecr ob| ol ., 11:375). AI I are

nodul ar proteins of varying degrees Qf c lexity (Fig. 1), but with two
features in conmmon: a catal ytic domain %5@@%1 and a cel | ul ose- bi ndi ng

domai n (CBE) which campefsisnéd SFSLFOCED Bislegitd] Wetitigewhbd Inviadtitized on Sad! er et

al., (1994) Mol. Mcrobiol., 11:3, enﬁtéd(ealu?&segl“face£1988) J. Biol. Chem,
263:10401; Meinke et al., (1991) acterio 126; and Coutinho et

al., (1992) Mol . °o'\qF}}

CenD, CbhA and Cbh s (r%(p)tr‘f{e}éﬂ ?fncgndia%em&%g?%hg)gé P%%@ggg sggagl} at en‘ﬁﬂe
N-termnal Ciefataifotiielnt) tetdmineflacdiBReidT 0ne Ghudred pltofl ehiO®heion s added meesch om
six of the fa s of de rol ases Henr sat 99 ochem
J., 280:308: % gﬂ\&hﬁ@ﬁ‘?‘?@g‘l@a{"c‘é@ Ugsue g‘?‘fﬁﬁ% Sg‘iﬁbé’ 111)412»5;4 ®of the
enzynes haVGev’tF)othe Oneqmndied ,ﬂrdmsoa{M mbmms@@sadel&ae emrwal a@:m@& for 2¢\fhinutes
M ctob. Physio in press); CenC_has tandem CBDs fromfamly IV at its

N-termnus: SRENSHEE axplivlotesuriages The NaQH ¥asdhen noured qut, and thewelly nsed thagsi | | es

111 and I'l, GRSPE gl g:ﬁ% ) &1,&@ ‘QE@CF& 5

Cex, but not le£1)DﬁB Egs Fgr\fv act1 vi tl;&%ﬁoggﬂ ul os Hvysl\t]i(g'%ﬂet e es%g(ﬂﬂ9  fhe, éa\}%r al

ot her bact er lidFeplaced, and the athenol alewed®d evapotatess asterilizgtivas8p. J. Gen.

M crobiol ., 139: h her
lerr]-1,4- d lyc anaséi‘myg ‘Yeé‘? X 9%0%2%5 %r ‘ém‘f)srigod ﬁ%ne Bﬁ’gclgst%%ttae %gs%fa ?aert‘l&g

(see Wlson Glér%a Burfick ivas Ry to iBirdbilederSIF/CBI fistbad ofBMCOa Ziventqd paiteintest

1992) J.
( ) Apgamples were put into cellulose coated wells. Fifty ul of H-SFM was then added to the wells,
and incubated 12 h prior to the addition of 100 ml of B6SUtA cells for the standard final volume

of 170 pl. Activity was measured after 48 h of culture using the MTT test with data points

1 collected in quadrupiicate. A control group of cells was added to each of four wells in a cellulose
coated plate and to each of four wells in a non-coated plate. These cells were then counted after
a 48 hour incubation to determine if the surface exhibited any toxicity.
Cellulose coated plates were loaded with SLF-CBD as described above, and B6SUtA
cells were added as before. After the standard 48 hour incubation period, the cells were moved
25 1o a separate plate to determine the activity by the MTT test while the wells of old plate were
washed with 150 pl of warm H-SFM. After washing, 170 pl of fresh B6SUtA test cells were
added to each well and the 48 hour incubation period was repeated. The entire procedure
repeated so that the surface was used for cell culture a total of three times. In another
experiment, SLF-CBD was bound to a cellulose coated plate and the H-SFM supernatant from
10 these wells was exchanged every 48 hours without the addition of cells. After the third exchange
of supernatant, cells were added to the SLF/CBD coated surface and the MTT assay was
performed after the 48 h incubation. '
Non-tagged SLF was used as a control. In one set of control experiments, SLF was added

to cellulose coated tissue culture wells as before, the surface was seeded with fresh cells three
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Clostridiumthernmocel lum 30 for exanple. produces twen} JHtS SHEEEHAS BEEN
[err]-1,4-glycanases (see Beguin et al., (1992) FEMS M cr REPRACEDet t .,
100: 523). For ' ase recovery systens, CBDs that bFT=TSTIUDTE

pol ysacchari de?%#’g“gg particul ar use. For yse in phase separP&T{A97/00033
purification of growh factor conjugates. a particularly useful CBD is
t he bi nding domain of C. fim endoglucanase C NLI. WO 97/ 26358

PCT/ CA97/ 0003 @&mes. and the proliferation measured. In another series of control experiments theSLF-CBD
which is the only protein known to bind sol uble cellosaccharides and one of

a smal | set oprotein pagadsedto tissiercultire platesumat eagtedivith caliylosso| Thesesurfaces were seeded
PO V38CCT | (5 oo s EAELES a0 11010 dom 1 w11
That are Conserved anpno amat. of all of the epzyime. Thre ol ocnot: ohte:
used o dertiyatst B, THRaYHTE GENRRLDE FREeRpdb el Gomdbn SR B 9
those of skil lhdt thelstiffaces Eouldibeareused Por @ORFal GotiRedutive RIMAASHT cAPEnitudd) X dafsis bR R

t he entire sequence but should at | east, bhe 10, preferably at |east 14,
nucl eot i des | %cwew Hnd to sheplate oY tepainme, in HieisHesimatans indicated that esgentially albofithe |

SLF-CBD was bound (Fig. 14A). Repeated use of the same surface showed no loss of
proliferative activity during the three rounds of cell growth (Fig. 14B). Similar results were

io obtained from a separate plate, identically treated except that cells were not added until the third
cycle (Fig. 14B). _
It is apparent that the immobilized steel is not being consumed by the cells, since
SLF-CBD coated plates could be used repeatedly. In contrast, soluble steel factor is internalized
and consumed by cells which is likely a homeostatic mechanism to regulate the duration of
15 stimulation (Miyazawa et al. (1995) Blood 85: 641-649). Immobilization of SLF would then
prevent down regulation by consumption of the growth factor.

Example 5

Stimulation of Mui 1 H Cell Proliferation Using SCE-CBD. Immabilized
0 Regenerated Cellulose Surfaces

Bone marrow cells were aspirated from the femurs of 8 week old (C57BL/6J x
C3H/HeJ) F1 mice bred and maintained in the animal facility of the British Columbia Cancer
Research Center. Celis at a final concentration of 1 X 107 cells mi" were added to 1 ml

s culture medium containing SCF or SCF-CBD and with or without 1pg/ml BMCC. Murine IL3
(5ng/ml) was added to parallel test cultures. Cultures were then maintained for five days at

370C/ 5% CO3, counted a second time, and diluted 1 in 10 in Methocult GF M3434 medium

(StemCell Technologies) containing 0.9% methylcellulose. One ml of each difuted culture was

transferred to each of two 35 mm plates, and incubated for 14 days, after which time colonies
jo were scored according to standard criteria. Colony counts from each pair of duplicate plates

were combined and plotted as a single bar on the graph (Fig. 15A). Plates were photographed

after a further 14 days of incubation (Fig. 15B). The celluiose concentration was held constant
‘ SR
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t he probes are typl cal | y a detectabl e e HEES rHAS
with [err]P, c]‘&err bi o and are incubgted . REPLAGED
single-stran r RNAfromthe organl min which a gernCIGA
sought . Hybridi zation is detected by ns of the |abel after the
unhybri di zed probe has been separated fromthe hybridized probe. The

hybridi zed RipeSnd SCH ¥ $EB-CBD (BN dati gasoﬂr@d?r%l | P%Oljlg 1?3@83% such as

nitrocel | ul ose paper. Hybridization te ni-ques surt W th
ol i gonucl eot i des Expesinyats| withnimmantcell finesMOTk iahd FH-1i wert kimiRtly perfornieal dihe

ont 11 cat Pk et Pone (D! (1408 70 Hef BB b G0 st comser s

precursors @A)l abel ed probes and for use I n methods that provide for direct

det ection of dou? @ t%@g DNA (or RNA). Accordingly, the term
"ol i gonucl®ot i de'® 63 pengdent boge {ngrrg‘gtcnll lia® B6SIitAn B albnehditl ot stiomabe the

Ceneral |, _tphirituiish SrBebORcit®s il ot dfoRl). DI bARAdo WSl ﬁlag%'efis 2 an

or gani sm of interest wl ow at | east fBthg
as appropri &ffecta)mtkﬁ/mwsgmted by thoneweaffiaity taggsidontrok SCF (Table Tyapoweodr,

ohi ch t he. e ChecBI 3 e feseict O chibicad ol MY ok AR A e oo e S e

\é\ll th a K er la]Dseaf-e of zslhloserds g!ﬂ@mgd by Itl’(g;leeducr]ease:\ihltlﬁe p’tb&f:ﬁfoﬁé&ntfandﬂ]?qlhtegﬁb ng
cast about i dentica refera at

enst about "o5e el Rimal Rbdnst Ustie owiusipl R (150! 1S € Gopatee.

The percent almxia‘oflcdbniesty will be gr eat er anong those am no acids that are
conserved anong pol ysacchari dase bi ndi ng domai ns. Anal yses of am no
aci d sequence conpari sons can be p usi ng prograns in PC Gene

(I'ntelliGenetics, Inc.). PCLUSTAL caf, Qﬁor&e@Béor 30 nul tiple sequence
1

al i gnnment and generati on of phyl ogen In order to
i solate the PBP Efcha'lq:imMBJMMr(S%dudtA@aaﬁ*mqmm@l@r@dmdl ng domain

;;ﬁg} ?2 ZB% ?f%ca%%‘gfg)ﬁs Jnxesil Peepr%xY gte al. t(%]éS) la}lemz ? 3: 03 I 195) QJaé' l?s%c(i: gsht?lg Ihc(sz(ta strai?%/oﬁr al
maintenance of the plasmids and for production of recombinant protein. Cultures were grown at
30°C in liquid tryptone-yeast extract-phosphate medium (TYP) or on Luria broth (LB agar,
supplemented with kanamycin (100 g/mi). _

Overnight cultures of E. coli strain JM101, harboring pTugKN! (see Figure 7), were

0 diluted 500-fold in TYP supplemented with 100 pg 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-p-
D-galactopyranoside (PTG) 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 discarded. Affinity chromatography on cellulose was used to purify

5 PBDuy, as follows. The clarified culture supernatant was incubated (4°C) with microcrystalline
cellulose (Avicel) (50 mg. L-1) with occasional stirring 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 then loaded

onto an anion-exchange column (MonoQ) equilibrated in 20 mM potassium phosphate-buffer,

| egnth of the gene ers% geols t han 500, nore preferably no nore
t han 250, 10 nucl eotldes iﬂmiﬁ or DNA probeg se,

""h

w0 pH 6.0, operated 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. 16). PBDy, was recovered in 300
mM salt (peak 1. Figure 15). Contaminating proteins bound more tightly and were removed in
higher salt (peak 2, Figure 16). Figure 17 shows an SDS-PAGE analysis of PBDy; during _
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PCT/ CA97/ 00033 hcet Has Been Replaced THIS SHgﬁ_T HAS QE(;N
be used. One net hod uses zymes to renmove a Qortlﬁfrﬂﬁpwhe
gene that code por ‘Bﬂ rote| n other than the gﬁ@

r emai ni ng genea’foragrresﬁ fragye to obtain a rruFa ea gene t hat

encodes a truncated protein. Another nethod involves the use of

exonucl eases such as Bal 31 to systematically del ete nucl eotides either
external Iy frofRatig)e 5 and the 3' ends of the DNA or internally froma
restricted gap within the gene. These gene deletion nethods result in a
mut at ed gene encodi ng a shortened protein nol ecul e which can then be
eval uated for substrate or polysacchari dgxta.h' ﬂgi-;ng ability. Appropriate
substr-at es for evaluati-ng and bi ndi ng actrvrty incl ude those for the
enzynes |isted in Tables 1Afe petisnfHEC) BarleysB-glucama gt

I n Table6be|ow IR ] J sfr agrowth
factor or other noi ety t hat ‘ e activation, or

dlh ff fer enti at |h on caaffluty electirdphomsis cl}dhmn@wedqwﬂzmg @Mﬁmgrab@’ﬂg 3;15@'50)\@5&' of
the factor that are not essentia or a ng e daesire I Ol 0Ql Ca
activity suchused tgidentify apd eva rdéﬁ B‘f}é\gﬂ)ﬁ‘ "%a%éw?gt?ﬁ yRle podyspecharidas it
when constr uchigi 8 aith a@rme i p-giikah. aorﬁhﬁwsfaxst:erew horesis
conj ugate. The protein encoded by he truncated gene is_ tested for its

ability to pemfetiodiwanesplnsed withia disesntigyeuamethod; ¥wp pative gels, one contammg the
0 polysaccharide (0.1 % w/v) and one without the ligand, were prepared next to one another in the

same plate of a BioRad electrophoresis system. This guaranties that analysis in the presence or
absence of soluble polysaccharide is conducted essentially under the same conditions 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 control in each gel. Proteins

1s (5 mg each) were loaded onto the gels. Electrophoresis was conducted at 4°C under native
conditions at pH 8.2-8.8 for 2 to 3 h. CBDw; and CBDwn; interact strongly with HEC and
barley p-glucan and as a result, their migration in the gels containing these oligosaccharides (+)
is severely retarded as compared td_the migration in gels in absence (-) of a $-glucan (see FIGS.
18A and 18B). CBDy; and CBDninz do not exhibit any affinity for xylan and no retardation of

20 migration in the ge'l is observed in the presence of this glycan as compared to migration in its
absence (see FIG. 18C). N1 and NIN2 refer to CBDy; and CBDniny, respectively.

Example 8
Isothermal Titration Microcalorimetry Determination of

% Oligosaccharide Binding Constants for CBDy, and CBDy;-Fusion Proteins
Microcalorimetry was used to measure binding thermodynamics for CBDy to a wide

range of water-soluble oligosaccharides with the aim of identifying a set of suitable ligands for
the affinity partition system. These data are shown in Table 8 below. Figure 19 shows reversible
binding-isotherm data measured with a Calorimetry Sciences Corp. model 4200 ITC for CPDy;

30 binding to hydroxyethyl cellulose (HEC) in 50-mM PBS at 35°C and pH7. CPDy; strongly binds
HEC with an equilibrium binding constant in the range of weak antibody-antigen interactions.
Barley B-glucan binding to CPD,;u is even stronger at these conditions (Ka=85,500 M-1). For
both oligosaccharides, CPDy) binding is as tight or even tighter than nearly all PEG-based
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Once nucl eoti de sequences encodi ng the pol ysacchari de binding region_and

the growt h fact or noi ety have been identified, ei t]Q‘HI@%l‘EWﬂyBEEN

chronmosomal DNA, they can then be mani pul ated-in afvaril eﬁyp cpays t
prepare a conposition where the expression product ha =)
represent ed Bgowm a (1) above. The nucl Zotlde sequence tPER/CAUNNS3f or
the 20 pol ysacchari de bi nd| ng regi on may fused to a DNA sequence
encodi ng a grovvth factor. is highly desirable that the

Dependi ng. b 'Agﬂ@aE%%Eéﬁwwéfﬁ?f%?#ﬁ?&@@%ﬁ%ﬂéﬁ 1'3&“&"3?%@ ﬁéac%%%'c )

pol ypept i de,PE@)@udéntiyin Gselif® affinitg partitiorbiysems C This belatb Ry Hghetindi
synt heti c genes used to construct chinmerjc, polypept.i des. quosm bl e,
the restri ctsomwingd withhe H°E°&%‘sf°‘tW@W%S%FH‘dQSWQM@“@PICt i~fusion

pol ypepti de

Fost 1 ot i on MOty Sl Al 606 bapali) A SReRARY WA ORRR AL ARinR) pltHE Yystem.
changi ng t heA suttary pt]Nd)bmtdhu thermogymamédsis provided in Table 8[hglown qsmcheg of CPDy; to
constructio 0 ts.of t.he DNA will
usual 'y be Ehghié[% gﬁfegg 0 igsgst%gg@&gﬁﬂnegﬁlvéqubclﬂﬁ%%"dﬁ‘6 FEpe at
anpl i fi cat:i qawa*fterhmatﬁﬁs E)i‘ddthatrmdpé’étmtdecraasei:aﬂ becusEdi the paritionstdpahd on by
joining or renovin egqfv es Ilnkers or the Iike. Normally, the
vectors are E‘&%b‘l“% ¥PS n at Ieast a relatively high copy
nunber in bacterl a. A nunber of vectors are readily available for cloning

I n gram negative bacteria, especially E. coli, including such vectors
as pBR322,©pTZ, pUC and the |ike. The Exampled

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 poiy(ethylene glycol)-
s poly(propylene glycol) copolymer) in 50-mM PBS at 35°C and pH7. As shown in Figure 20, a

7

Strlic

=

=

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.

0 : " Example 10
. Isothermal Titration Microcalgrimetry Determination of Suitable

Elution Conditions for CBDy, from an Oligosaccharide Polymer
ITC is also used to determine suitable elution conditions by measuring equilibrium

dissociation constants as a function of temperature, sait concentration and type, and
s concentration of cosolvents, such as ethylene glycol or urea, designed to disrupt the favorable
hydrogen-bond structure of the PBPy;-carbohydrate complex.
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cloning vectors are characterized by having an efficie repﬁEBMG% systle
functional in &Jbe ost bacterium The cloning veglar, 9?&;@_{ al | y
has at |east oRe um 5ue restriction site, usually a plurality uni que
restriction sites, and al so can include nmultiple restriction sites. In
addition, the 5 cl oni ng vector will have one or nore markers which provide
for selection of transformants. The maables? normal |y provi de resistance

| Tk coml ot a PR BatRr of Tt SEE:CE A loeFob srion of i Sy,
immunity to anhpRag@MORYaiTTF-0PSCRL depérieht dell lines) TDie ﬁalfanaamamsp@nsé (EDg, ) was

WD 97/ 26358 | | ’_L

cassette, and, as appropriate, nodification of the ends, éi/ chew ng back
or filling |ncdwjamﬁg@ doseyrespasse ensvessiich s iBIFIG: 1S paskare slypras@ 85 B &7
|l i nkers, by t npl ementary ends are provided for ligation and

j oi ni ng of tshe vector to the expression cassette or conponent thereof.
After each naQefidliaé¢ i on of t he DNASCR-CBB devel opment of the BE@Fsette, the

plasmd is i sol at ed are—as—egu+ed
anal yzed as to its sequenc’é°‘fegul°se mde‘@ce L§et he "ﬁﬁﬁ'@@?seseque%gcﬁg@"ﬁeen

obt ai ned. DepgRLiK g5, T 8 S 8
fragment is excised fromthe plasm d and 1ntroduced |nto a dlfferent
vector or theNiOFem d is rex4zted and7td®t expr essnzola:smssettesoanmonent
mani pul at ed, appropriate. In sone | nstances,_a shuttle vector

enpl oyed whi c?ﬁré capabl e lﬁO#%’ﬂ icati ot 1P di {8k host s 3%&@3“ ng
different reptrTatToOm SYyStENS. TS Ay OT TRy TI0t - TEequi Te_addi tTormat
markers that are functional in the two hosts Were such markers are

requi red, these can be 20 included in the vector so that the plasmd
containing the cassette, two replication systenms and
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the marker(s) can be transferred fromone host to another, as required. For
sel ecti on, any useful marker may be used. Exanples of suitable

sel ectabl.e narkers include genes that confer resi stance to anpicilin,
tetracycline, hygronycin B, G418, and/or neonycin and the |ike.

However, alt W¥@8H2688%er ker for sel ection ig highly desirabl BCHEAI7/00033
convenience, other 25 procedures for screening transforned cells are
known to those skilled in the art, for exanple, transforned cells can
be screened by the specific products t hey,pae; synthesis of the desired
product may be determ ned by i munol og |car or enzymati c net hods. '

The DNA encodi ng tthgmg\Sptmﬁrafo'méC%nﬁu@a&@oglgcmiqgmﬂ Gellglomionassfimiar i ety of

ways to provide for expression. For exanple, the gene that codes for
the PBP and t he nxnwrh factor 30 moi et Vi LS nnpr ahlv linked tao appr nnr| ate
transcriptionalLigand/ or transl ati oRitdieg gnul(m) hat ar BetectiomMettekd] € i n |t he
desired host ofganism Suitable host organisns include m crobes such gs
prokaryotes. ij@hceseli ng E. coli, Streptonyces. and BadMR|l us, and eukaryotes
such as the yejfsliobiose Saccharonyces (esp S. cerevi ¥MRe) and Pichia
pastoris. Nann%:ii‘mm ot her hi gher :_.. VO m@“ﬁ‘é‘ﬁcﬂ%&g
PCT/ CA97/ 00033 Cellopentaose =+ NMR/calorimetry
Cellohexaose -+ NMR/calorimetry
Carboxymethylcellulose (CMC) + affinity electrophoresis/
: competition assay
Hydroxyethylcellulose (HEC) ' +H+ affinity electrophoresis/
competition assay
Phosphoric acid swollen cellulose (PASC) -+++ binding isotherms
Avicel + binding isotherms
Bacterial microcrystalline cellulose (BMCC) - binding isotherms
Tunicin celiulose +- binding isotherms
Barley B-glucan +H+ calorimetry/affinity electro-
phoresis/competition assay
Oat f-glucan ++ calorimetry/affinity
electrophoresis
Glucomannan + affinity electrophoresis
Pachyman - binding isotherms
Chitin +/- binding isotherms
Chitosan _ ' +- affinity electrophoresis
Xylan - affinity electrophoresis/
: ' competition assay
Amyiose - binding isotherms
Starch (soluble) - affinity electrophoresis
Sephadex _ +- binding isotherms
Dextran T70 - affinity electrophoresis |
' +++ represents strong binding; +/- represents weak binding; - represents no binding. ++ and + represent levels
of binding between strong and weak binding,
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eukaryotic cells also are useful for expression of the growh factor
conjugates. Illustrative transcriptional regulatory regions or pronoters ’
i nclude, for bacteria. the lac pronoter. the trp pronoter. the Tac
pronoter (whic ybrid of the trp and |l ac pronoters): t Maddass ef t
and right prorrgltoers93 gnd the like. The transgriptional regulg o’rk?/ regi on
can additionally 5 include regul atory sequences which allow the tine of
expression of the fused gene to be nodul ated, for exanple, by the
presence or absence of nutrients or expr eYabk® products in the growt h
medi um tenperature, etc. For exanp exr si on, of Ihe f.ised gene can be
regul at ed by tenperat ure 24EHRS SOt ‘ l3mpri si ng the
bact eri ophage | anbda PL prom)ter the bacterl ophage | anbda OL oper at or
and a tenperature sensitive reprgngRr- 10 RestHbrhdl Mitrfior MEcrbédiorhetry | S
achi eved through interaction betwgen t he _repgessor and pgfre opefggcor A
preferred pronoter is the strong g ucose- repression insensitive Tac

pronoter . Exanjigand of high le expresm%.lvectoﬂmaﬂmlldescﬂicﬂémulln

G ahamet al., ( Ggne Met hods for synthesis
of het erol ogous é(?a;@?ns I n yeagﬁ%gre weII Khown. Methods in 15 Yeast

CGeneti cs, SherrranCdIotemfose((1982)20@I7@08pr41@14a50@0r LablckGz ory F]reﬁe)l is a
wel | recognize rk descri t hods avaj | abl oduce
a gromh factor B"Ijate ﬁ@@% .}ssosaﬁpgﬁiei@écto 58#@# exps 08
yeast usual l'y haveemsmesmnsqmuﬂsooo chmfrwee SEPU-@Z Pr OMDIOH (1
I ncl udi ng 3-phosphogl ycerate ki nase or other %r‘f(f colytic enzymnes, and an

origin of replicaBaay B-Clucan nat i FhMsequer®W0XMPhe 17i3e0.4s dediddad-1

Suitable 20 vecto ncl ude t hose, descri bggob 3dos | it on (
exanpl e, Botstei nf{gtcl al . (1979) Gene 8: 17224 Broga{{éée;1 al . %?5?97695 Gene

8:121-133). Expression vectors that are suitable for use in vari ous
eukaryotic host cells are produced by several comrercial manufacturers of
bi ol ogi cal reagents (see, e.dg., product catal ogs from Strat agene
Coning Systens, La Jolla, CA; Contech bﬁhgratorles Palo Alto, CA
Pronega Cor porati on, thlson W). 25 er of suitable mamalian
host cell |ines capabI-C" stion of Exprassics

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

Construction of the Vector

10 Plasmid pTZ-JC2 (see Fig. 21A) was digested to completion with Smal and HindIIl. The
3.9 kbp fragment was recovered. Plasmid pUC18-1.6 cenAAPT (see Fig. 21B) was digested to

» completion with Hpal and HindIll and the 1.1 kbp fragment was recovered. The 3.9 aild 1.1 kbp

fragments were then ligated to give pTZ-JC13 (see Fig. 21C). This vector is used to transform £.
coli IM101.

s Gontaining Busion of cenC CBD

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.

20 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
colorimetric assay and determined using a glucose standard. The concentration of polypeptides
is determined by the binding of Coomassie Brilliant Blue G-250 (Gilkes er al. (1988) J. Biol.
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conj ugat es have been developed in the art, and include the HEK293, BHK21,

and CHO cel | | i nes, and various human cells such as COS cell |ines;
HelLa cells, nyeloma cell lines, Jurkat cells, and the like. Expression
vectors for these cells can include expression control sequences,  such

as an origin WO%8@p¥5Bcati on, a pronoter (e.g., the CW proneCeicAsroodiSV t k
30 (thym di ne ki nase) pronoter or pgk (ph05>6phogl ycerate kinase) pronoter),

an enhancer (Qjeen et al. (1986) Immunol. Rev. 89:49), and necessary
processi ng | é( g S| t&@ such as ri bosone binding sites, RNA
splice S|tes ”5?&4@ n sites (e.g., an Sv40 large T Ag poly A

addi tion si te) and transcriptional term nator sequences. Insect cells are
anot her WO 97/ 26358 ) _
PCT/ CA97/ 000Eyaluation of the susceptibility of the fusion protein to proteolytic degradation = 34

eukaryotic system mg({r cb,%ldé?a‘ﬁfol{ﬂ kn J\Q{lseec?fﬁ{sﬁﬁl ri8ind ﬂ?heg#&ﬂﬁ(? 9 @gfp&&?ﬁﬂﬁﬁﬁat os

conj ugat es. Appr opri or expr SSI ng gro
in insect celuderasarizhy of canditiotsy invleding resmandeeagamstﬁ&ed}ﬁmdegmditm. Theli t abl e

i nsect cell lin | ar.vae I my wo, not h and

O osophi ¢ ssnptEpiey e ot BT dhrmi ol degitenciia fhe BisBte S prseioences i

Enbryol . 5 efalatedMathi\Gimi profeadé 3C18Hage of the fusion proteins with C. fimi protease was
monitored by SDS-PAGE (see Fig. 22). The stability of the fusion protein was compared relative
to the stability of CenA. The protease concentration and the proteolysis conditions were varied

10 to optimize the results.

Evaluation of the binding characteristics of the fusion protein: differential absorption analysis

To define the affinity of the PBD-fusion proteins for different cellulose allomorphs,
binding to various cellulosic matrixes can simply be evaluated by SDS-PAGE analysis of bound
is fractions. This analysis 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 possibility 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
0 absorption to PASC (see Fig. 23). The concentration of the various protein components relative
to.the cellulose concentrations 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 implications
for use in processing and purification of fusion proteins. The PBD can be removed
s proteolytically from the fusion protein while bound to the polysaccharide using a CBD-protease
to liberate the compound of interest. The protease is then removed by virtue of its binding to

cellulose (e.g. BMCC) leaving 2 pure compound.

Example 11
30 Production and Properties of a Bifunctional Fusion Protein that

Mediates Separation of Vero Cells Using
OIigosaccharide-p_o. lymer Based Affinity Phase Partitioning
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The expression cassette can be |ncI uded within a repl q-ms SHEEWFmsrBEEﬂI‘
epi sonal mai nt enanceThigS e cellul ar hogt m@goprow ed
wi thout a repli cat i on sy l ch the vector ed

into the host t roduced into thel,gqgwl,

accor dance WI ovvn techm qgues, such as syansformation, using ca CI um 10
phosphat e-preci pitated DNA, transfection by contacting the cells with a
virus, mcroinjection of the DNA into cells or the Ilike. Once

the DNA encoding the growth factor conjugate has been introduced into the
appropriate t Q..express the conjugate. The
r ecombi nant OGO non- gl ycosyl ated, having the

32 &S all 4 s
wi | d-type or ot heth&hmeweasfh@nym?rmﬁﬁ,@gwtmamm oNA atyeﬁmeﬂeae&ds in

part upon the sequence of the partlculaar peptide, as well as
or gani sm i n wierfermedin £scofTdHGE grewom 4L C i @sé\mﬁumemqn@dm@bmmlhn E.

I |1 I d th
roduct. | n | Bdbirhge M Be B MERRKR im0 g IERISRPLARsEE, | e
expr essi on ofstidies apd achectale proteimpraduction weieleame&nptrmﬁscatrRl&dOgﬂmtat 8C in

| t h 2 F wt h fact
e . PP ELRR] Ehons % g e s BBy LSRR
are harvest edyitl #5S6IRTI00 FPmD). OBUeEerial r&&h&h@dm@é‘iﬁn@ Weke frdtAl Difeb DaboiREMRAS

known to those of skill in the art. In sone instances, it can be

desirabl e to (ReBgit.ddDs Shaker speeghfar shaker flagkcniturce wes st AAS8 My Exltney werp induesdm

of and inr R Wi y
Cecrotion o BEAoproTR-PIelatRsR (10 Sma CHBRIcal O 25 Lous, MOVA P33
i ncl ude the V&o¢africart gresn monkeprkidney-AJEIG GCLISH)mﬂeusedmo@hmwudmswer‘é- cel

analng. 7 amdPEETEY B Rkt BMEN B BRI i oo, Katihings R’

medi um or t hesu?ﬁéﬂnﬂit&ﬁﬁitﬁl@%m (GibddBRIG 4t37°C, and8%ICW,L al expr essi on

syst ens such as E. coli, a significant fraction |l eaks into the
extracellular nedia (Ong et al., Biotech. Bi oeng. (1993) 42:401). Where
t he product,sige%ﬁﬁﬁﬁﬁtqﬁquig&nmﬁggi ent nmedi um can be collected 30 and the
product isolated using procedures known to those of skill in the art. To
produce an 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
modification enzymes were used according to the manufacturer’s recommendations. DNA
fragments were separated by agarose gel electrophoresis. Large DNA fragments were isolated

1 using GeneClean™ (Biol01m La Jolia, CA). Small DNA fragments (less than 100 bp) were
Isolated by the liquid nitrogen method. Frozen competent E. coli cells were used for all
transformations. Oligodeoxynucleotides were synthesized with an ABI 380A DNA synthesizer
(Applied Biosystems, Foster City, CA) and purified by C18 cartridge Chromatography.
Annealing of oligodeoxynucleotides was performed at 74°C for 10 min in sequencing buffer (40

s mM Tirs-HCl or pH 7.5, 20 mM MgClz 50 mM NaCl), followed by slow cooling at 4°C. DNA
was sequenced by the dideoxy chain termmatmg method using modified T7 DNA polymerase

- (Sanger et al., Proc. Nat'l Acad, Sci. USA (1977) 74:5463-5467).

Polypeptide Analysis
30 Polypeptides were resolved by sodium dodecyl sulfate polyacrvlamide gel electrophoresis

(SDS-PAGE). The gels were stained with Coomassie Brilliant Blue R250 (BioRad, Richmond,
CA); bands were quantified using a scanning densitometer (Computing Densitometer, Molecular
Dynamics, Sunnyvale, CA) equipped with ImageQuant™ software. Pure CBPni/RGD standards
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active protein it can be mnécessary to allow the protein
In a preferred enbodi n&h‘ksheétr}asgéeﬂmc&ﬁctor conjugate |

affinity chr omat ogr e binding region i
appropriate substrate,
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affinity tag that is incorporated into the growth factor conjugate used.

For exanple, the grow h factor conjugate can be constructed so as to

i ncl ude an aff.md h hSdeindl L dj 0 T: _such
7oL e 1 ik 48 g SR U bR Copn B e
ni ckel - Sephadetgminedibyabsorbancecat 38Qm tubing the extimsioe codfficient determined for pire gr owt h

of the pol ys CRPRPP BRI A el BioP s 97 2B P iphing s pefhunetatng ne

growt h fact ofabbit SRRCEITREeRM a¢ Frilay Astitoly Sid doaiAr®i-rabbisdefudl &;%]iug%{eh Whorseradish
I nsol ubl e or sol.uble. which include, for exanpl e, insol uble

pol ysacchari Bexidase (Gikeo BRE) asspeondary anthody:sacchari de conposed of D-
gl ucopyranose units joined by [err]-1,4-glycosidic |linkages and its esters,
e.g. cellulose acet at.e;.lc(l). xylan, in which the repeating backbone unit is

[err]-1, 4- D Qligesag fAssAy,  which resenbl es

This was performed as described in Example 8.

lo Large-Scale Production and Purification of CBPy;/RGD
CBDn, is produced as described in Wierzba et al. Biotechnol. And Boieng. (1995)

47:147-154, except that the coding sequence for CBDy replaces the coding sequence for the
cellulase binding domain (CBD) of Cellulomonas fimi endoglucanase A (CenA) in the
R1360/pTZ18U-CBD/RGD construct. E. coli containing the construct are grown at 37°C in a
s 12-L fermentor (Chemap AG, Volketswil, Switzerland) in TYP medium supplemented with
ampicillin (100 pg/mL), and IPTG (0.15mM). Cells are separated from the culture medium by
centrifugation at 31,000g (Sharples-Stokes Division, Pennwalt Corp., Warminster, PA).
CBDny/RGD in the culture med_ium and in the cellular fraction is purified separately using
affinity-phase partitioning using mixtures of HEC and Pluronic P105 as described in Example 8.
20 Culture medium is filtered through a GF/C glass fiber filter (Whatman International, Maidstone,
UK) to remove cell debris. The culture medium is added to the phase separation system.
According to the methodology for other aqueous two-phase partition systems (e.g., Joshi ez al.,
Bioseparations, (1990) 11:311) with the important difference that the separation is greatly
enhanced by binding of the CBDy, fusion to the HEC. Affinity extraction of the CBDy;-fusion
15 protein from a culture supernatant or a cell extract can occur in either a commercial Graesser-
type contactor (employed in most large-scale partitioning systems) or a mixer-settler battery
(Haynes, Ph.D. Thesis, University of California at Berkeley (1991)). The carbohydrate-rich
extract phase containing the CBDy,-fusion protein is pumped to a second mixer-settler battery |
for back extraction of the product, while the poly(oxy-ether)-rich phase is stripped with an
3 incompatible salt and then recycled to the affinity contactor (Haynes et al., AICKE J., (1991)
37:1401). Addition of sufficient salt, usually a sulfate or citrate salt, to a carbohydrate-rich
extract phase containing a bound target protein results in phase separation (see Walter ! al.,
Partitioning in Aqueous Two-Phase Systems, Academic Press (1985)). The 2M and higher salt
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cellulose in that it is conposed of [err]-1,4-1inked N acetyl,

2- am no- 2- deoxy-[err]-D gl ucopyranose units. OQther oligosaccharides that
are g}‘ usfe anl ude [err]--1,4-glycans such as starch. Enzynes t hat are
capable o i ngJ pol ysacchari des, such as those |isted of
interest in th orl)%éﬁ%J ect invention as a ssurce of am no aci )gg‘g]ﬁ@?\%es
capabl e of binding to such substrates. 15 The substrates are useful in
forms that include mcrocrystalline cellul ose, cotton, paper, hol | ow
cellulose fi b%B&entF&xSﬁﬂ%@hfeH%r%hﬁ& s@paratiof lofternRadsab lﬁissoclﬁhbn of the tigindeprétein,
Japan) sponges. wound coverings, and _the |iKke. Generall t he .conj ugat es
are not i nt er wedplexandshus; & sisplecmeany of progugt resovemy Thersgongly, ‘i"‘ﬂ‘ccbb‘?#%c
with the gro conj an tes
find use | moBeMeRLGEDy GRHHRaRscs har dissocatioh o A0 U S @ocgh BN o

t he conj ugat e mddest irexeasd indempertire at additionfof g hydeogent bond disrupting: tc Exeess salt

oy LL:SSLZi Yoyt teoved by R of BRLFlesdif BUARACIU, T8 nSbAloRE: ued Bl
for cultivati QIPCQ:flerﬁigﬂquth atuateeé concenlard mmxcbmgemwhh dH,P (te 16sFthafs 50 BMU- E,

MK, CFU- MK, GEMM and The met hods rQw n ells r o) t
the growth facﬁ@cl)r‘i’)‘&mﬁmmm%ﬁ }kD; ‘i‘@ge %H%ZSIS'PH \%sg G &
conjugate. In Qﬁljf’][ﬁm D & I kteiGRde

i rmobi i zed on@oa%e%ﬂsu strat tEie ggﬁiﬁ’ggﬁgﬁ‘%ﬁgk f?%? exarrg(oe§ Hm) and

[e[)r] 1, 4- gl ystoredoat -2°6er pol ysacchari de as descri bed herein. The

su strate can optignally,be rever

support or cdan its fOI Hf')ﬁ é‘@s}gd%& p‘Jo ?‘\ﬁf‘@%&h& Q@?’é}gﬂ? ré&gﬂegd%irm

cel gl Iose QOL | 0 mL of the ﬁ@fel,blug’emwemaaabwnhsmmmm landamptueﬁdcm)ajo-SnInEBn@me

I mobi | i ze actors genera are of Su el.l re t he

factors provi d!!esé“TéG%l f%[ﬁ '?JZ'&?“&‘? ﬁﬂ\eﬂgﬁ?@%ﬁt‘fwlfmnﬁ)@@w ‘gt i 0

activation, %&& Qfe'aﬁ&éd% theT:Eﬁ eftfdct toGhihintizSsroealsib.eCelluls debrisie

pl ates, gro cha rs, and i ke, particularly perfusion cultures

in whi ch gr ow temaued h}mentgfugatxon at 17 400g for 30 min 4°C. Streptomycin sulfate (Sigma) is added to
s the supernatant (1.5% w/v). After incubation overnight at 4°C, the precipitate is collected by

centrifugation at 17,400g for 30 min at 4°C. The supematant is added to the affinity partition

system and the CBDy/RGD is purified as described above for the culture broth.

Cell Separation Assay
0 Cells are detached from culture dishes with trypsin and EDTA, washed once with DMEM

. medium containing 0.01% soybean trypsin inhibitor (Sigma), and twice with DMEM medium
without the inhibitor. To a total of 4 x 10° washed cells is added CBDy; in serum-free culture
medium. After incubation of 1 h at 37°C, the cells with CBDny/RGD bound are added to the _
affinity phase partitioning system. After separation of the HEC phase, trypsin is added to release

s the cells from the HEC and the cells are collected by centrifugation. Viability of the cells is
assessed using trypan biue exclusion.

The above results demonstrate the construction and purification of a growth factor
conjugate that consists of a steel factor extracellular domain and a cellulase polysaccharide
binding peptide (SLF-CBD). The SLF-CBD, when bound to microcrystalline cellulose,

30 stimulates proliferation of steel factor responsive cells to a greater than non-immobilized steel
factor; the immobilized SLF-CBD has both a higher specific activity and a greater maximum
proliferative response compared to non-immobilized steel factor. SLF-CBD bound to a cellulose

surface can be re-used several times without loss of growth-stimulating activity.
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continuously added and renoved to allow long-termcell proliferation and/or
| arge scal e expansion of a cell population. Cells that can be cul tured

in perfusi on YA i ncl ude specific effector T cells, ZEERAN0033
obt ai ned from bone marrow or bl ood, negakaryocytes or ot her
hemat opoi etic cells, and the like. 5 The grom h factors al so can be

bound via the PBP 2t T I evice..that ... Ak al-Ns.a.s trate
For the pap. e o AlBuBkaforh R BlRR a5l nichibdidin o AT AR,
for t he ethedevebofskiibafshme skiflechitake it foaxtiichr thiddpentnpertaias.| All phislicaions aid €,
bl ood froma patient i.n need, of ex sion, activation, or | o

di 11 erent | at PEARPPUFAHSRS T IFFeR InGPRRRlrarey ctigienchn Uis o Siteitas if ayipdividua] e
passed t hr oughniRBrdidr'pafenl e2plicBibn daY igetifichifynd indNi Gl indicail bo W%&{.omd by
conjugate is 10 immobilized on a solid support that contains a substrate
for the polsysefererngri dase from which t he substrate bindi ng domai n was
obtai ned to const . Jz the. e H[IEB j i,
the grow h factor %g%ﬁr%dgg?g&?g@:@ﬁg@%g@%@%@%&@%@ﬁg?esoag ag’%ﬁ ﬂ%‘lﬁfeow
fiber t hatrtitist prang ehangasiandinodifications tarckeongpietimdto dithow depatiing/frdm thacpieit or
dependent cells tﬁﬁ‘tf ar e gﬁised t hrough the fiber thus contact the

i nobi | i zed GFORCHITFIMMBATHRESY - which stinulates 15 proliferation,
activation, or differentiation of the cells. An exanple for which this
nmethod is useful is the activation of anti-tunmor T cells by passing a
cancer patient's blood through an

This Sheet Has Been Reraced

AT
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extracor poreal device that contains—a—petysaccharide to which is bound a
growt h factor conj ugat e that corrprl ses interl eukin-2. The

cl ai med net hods are al so ‘Td’vatl ng factor dependent cells that
require 20 spe cal | or gradients of fac el as
nerve cells. %gﬁ; ??G‘J'ésg i bygyret hods known toa’?{ﬁ%@gm skill

in the art. For exanple, flow techniques can be used to generate a
gradi ent by contacting a polysaccharide nmatrix with a
growt h fact or wgar UgRha is:Pr Oxi mal regions of the mat r i [xTHH SHEETHAS @M st
amount of conj ugat e Fromthe flow stream 25 ThBEBLAGRDh factor
conj ugat es cah. be Asempesitionisomprising: popul ati on of cells That 15 enriched

in cells that are d grow h factor or other nvoiety
for proliferation %ﬁ’pte'gg'ggélrforgrgﬁezﬁlﬁ awﬁw%e%s that carry a cell surface
receptor for the of qfugateoinprisiny esecandtmenited ofidaidspecific binding paihardeantantino acid
conjugate that is i mobi I|zed on s bstratg 'Eo[‘1 the )I{%s cchari dase from
whi ch t he sUb849MERCE CHTPRSIRER B H&iop Jerived ffom g, %fﬂﬁ‘?)‘?’é

i s used, Undeaﬁﬂrﬁ%@(&eﬁe&ﬁs asrsenf@mmeﬂgﬁl diolytie abmngwkaldgaygéam&hsé afd or
dependent cells by was Is |nnDb|I|zed on a sol uble

ol i gosacchari a@e@mﬂrfaﬁt@m a’%sa@épwféﬁ‘ead%%@@mwth acton HeeMBlind cel | s
using, for exanple, a phase separation system in particular an aqueous

t wo- phase extraction system The phase separation system generally
conpri ses two phas2s whTtercomposition accordingitcoctdimol3 Serein said polysaccharidase is 8-1,4-

PCT/ CA97/ 00033
0 glucanase.

3. . The composition according to claim 2, wherein said B-1,4-glucanase is a cellulase.

4, The composition according to claim 3, wherein said cellulase is obtainable from

s Cellulomonas fimi.

5. The composition according to claim i, wherein said amino acid sequence is bound
to a substrate for said polysaccharidase.

0 6. The composition according to claim 5, wherein said substrate is insoluble.

7. The composition according to claim 1, wherein said growth factor receptor is a
receptor for a cytokine or a receptor for a lymphokine.

2 8. The composition according to claim 1, wherein said growth factor receptor is
selected from the group consisting of a receptor for a steel factor, an interleukin-2, an interleukin-
3, an interleukin-6, a mast cell growth factor, a granulocyte colony stimulating factor, a
granulacyte-macrophage colony stimulating factor, a fibroblast growth factor, a platelet derived
growth factor, and an epidermal growth factor.

10

9. The composition according to claim 1, wherein said second member is selected

from the group consisting of an MHC-peptide complex, a T-cell receptor, a c-kit gene product,
and an immunoglobulin.
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37 . are generated by _the inconpatibibity of the conponents of the phase
separati on system upon m xi ng of the conponents. One conponent of the
systemis a.phase f or niThigSheel tﬁ dHe pol ymer and a second conponent
I s a phase-induci ng agen econd pol yner, which S

i nconpat i bl e WP 9726338e pha iMli gosacchari de pol ynereCTarasaosss ong
electrolyte. 5 particularly a salt, suck Zs a sulfate or citrate salt,
which is present at a sufficiently high concentration 5
separation. For purification of viable cells, the phase EEAQW% gEE_N
conditions nmust be conpatible with cell viability. Exanpl f B

pairs capabl e ofjg, f%%&g?&&fohiaaéoannﬂb%&m,Whax@mcsemﬁblf&m?&&e@m%es to,
but | ower cost than, the classic dext ran/ PEG system i ncl udi ng those

based, |i kedarived fremicelsyeecied &pm: thegroyp camsistingyof; steapegbisikilisr Treells.bet ween a

car bohydr at ?ﬂ{ﬁ%g'@'ﬂml er) are many (see Skuse et al. (1992)
Enzyme M cr@ﬁ. C nola¥&§§¥9§g‘% Exanpl es i ncl ude, hydroxypropyl starch
(Tjernelds et al. (1986) Enzynme M crob. Technol. 8:417), nmaltodextrins
(Szlag et al. (1990) ACS nposi um Seri.es 419: 38- hydr oxypr opyl

cel lul ose (Skuse'‘et ai*® CORPRHFHPTACCO ggc@ﬁ@b%ﬁﬂﬁﬁ'@ﬁ’@é@%ﬂﬁeb’éémﬂ

(Al ber t ssonfacth fekeptbictnithé supfacedf arll lgrdvay iviiboes and Macronol ecul es, 15 Wley
I nterscience) have all been successfully used to formpartition systens

with PEG In order to develop a system phase equilibria data are

obtai ned for thejconty pmincAbha®todfitRitioh tohprisinggNd second conponents

sel ected, using the procedure of Haynes et ar [((1989) Fluid Phase

Equi | i bri g 53: 468)amino akid saqnense comprising agubsitat ing wgior denedifiom a or  pol yner

and ot her phase L nducin . concentrati.on ve Wwhi C .abl e.

t wo- phase pBTY ?af?hgﬂa%g’s%ﬁ?q? gg?%l;’“#é gglﬁﬁ%q%ed%%sg?%@y ﬁﬂ%“%gy @‘8%‘& B can
be bound t oofsajilpdyRadcharidass) whhdcfetmd adeconll gioswdi fadlor, Wheteih said farst@adi um
ionic strengé:ch ‘Puff r. of froc"rkabout 10[err]Mto about 1M Binding can be
per f or med gpc g8 AP AP 4l err]C to at least 70[err] C depending on
t he conponents of the phase

is 13.  The bifunctional composition according to claim 12 wherein said first growth
factor is a steel factor and said second growth factor is selected from the group consisting of an
interleukin-2, an interleukin-3, an interleukin-6, a mast cell growth factor, a granulocyte colony
stimulating factor, a granulocyte-macrophage colony stimulating factor, a fibroblast growth
factor, a platelet derived growth factor, and an epidermal growth factor.

0 ' | |

« 14, A method of in vitro expansion of a growth factor dependent cells, said method
comprising: _
. growing said cells in contact with a composition comprising said growth factor and an

amino acid sequence comprising a substrate binding region derived from a polysaccharidase

» immobilized on a substrate of said polysaccharidase, wherein said amino acid sequence is
essentially lacking in hydrolytic activity of said polysaccharidase, and wherein said celis are
growth-responsive to said growth factor.

15.  The method according to claim 14, wherein said cells are hematopoietic.
30

16.  The method according to claim 15, wherein said cells are pluripotent.
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separation system Binding 1s virtuall y instantaneous an 21 y) EN
is not critical. Once By R3cEPRd gggatels boundtotl %

ol i gosaccharide, it par?l SHet Bl mm phase J boung
to the sol ubl b H‘[ Iysacchar| de bi ndi ng are
added to the %gge partlt Bl ch ig3 al ready m xed, or t%ﬁﬁooss
conposition can be added to a dry form(e.qg., |lyophili zed) of either of
t he conponents, generally the oligosaccharide pol ymer, which is thereby
rehydrated, and the, ot IThé mehoY aoringrd Rlaih €5, viteerein saidicklie dre stem cedlome

applications, nore than two phases can be used. After a tine sufficient for
30 the conjugate-bound to partition into the oligosaccharide polymer phase.

the phases are jgsepghghffhod Baotdidd BR1H n&rmi&élﬁgmaen)sa&fme% rfdtiant
proteins into the polysacc rlde rc phase is mnimzed by adjusting
the system pH, pol yner concentrations, and addition of partitioning

el ectrolytes. Undefy optpiRles8Aetokdufd'd cBilim QBN Rrdif Saia Batls abeSt e Sg&%?ow 6r?8\0

of the

aqueous phasesblobdien provi des either conplete or partial (but sufficient)
purification of the target conposition. In Table 6 belowis a partial .
| ist of oligosaccharides known to form aqueous two- phase systens with

ei ther another polygrer The nidttoldabdedifs RCIiM 14! Wherein said amino acidsBfience is bound to
pol ysacchari des which form two-phase, systens include: mxtures of low 5

mol ecul ar wei gRelysasshagdymatry coptaiged mﬁma&aﬁm&ﬂm@emmem tin derivatives;
wat er - sol ubj,e gl ucans

21.  The method of in vitro expansion of steel factor dependent cells, said method
comprising: |
growing said cells in contact with a composition comprising steel factor and an amino
acid sequence comprising a substrate binding region derived from a polysaccharidase
s immobilized on a substrate of said polysaccharidase, wherein said amino acid sequence is
essentially lacking in hydrolytic activity of said polysaccharidase.

22. A method obtaining a population of cells enriched in cells having a growth factor
receptor, said method comprising:

Py contacting a plurality of cells having a cell surface receptor for said growth factor with a
::omposition comprising said growth factor and an amino acid sequence comprising a substrate
binding region derived from a polysaccharidase bound to a substrate for said polysaccharidase;
and

removing any cells lacking said cell surface receptor, whereby a population of cells
15 enriched in cells having a growth factor receptor is obtained.

23.  The method according to claim 22, wherein said substrate is in the form of a

microcarrier.
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([err], [err], and/or m xed |inkage with degree of polynerization > 3),

nodi fi ed gl ucans, and/or derivatized glucans; cereal [err]-glucans such
as barley or oat [err]-glucans; and nannans, gl uconmannans,
gal act omannans.,angd.xy! ogl ucans. For some appli cati-QRS97bdb3s S

desirable to release the i mobilized cells $3er the 10 concentration step.
Several net hods Lan be used to remve |mmb| 1 zed rowth factor
conj ugat es and/ @ catt ached sel I S FoM & :po:kys&e&af d® Substrate pol ymer.

For exanple. PBP ™ 7 Eoftpoufids bi*hd Sp&ci ffcalTy” and &t Foflgl yLm,SV@iEBE&H?%@EEN
C

ol i gosacchari de ,pq.; Y8 DYt can, be;emg,v,ed o6asi Ly by el ut
ionic strength s N, ( h i thsqutlo
chaotropic salt. Lp'ﬁ:%ls% i ?L%ds%?: n re e the&e’?ltl re conj ugate fromthe
ol i gosacchari de 15 poT'yrrer t ogeth&r vmt?s? ny =ttt dcfied Tell and/or
receptor. The tdéhSefafufe®fdr FefoPpf GnZi€ ndt © @ %fiPital and general Iy
in the range of Q0] & M @20 er | & =kt KofBgh anBi“ert >t enPeratures are
general ly prefefr ed® 9. 8. .~ &&utt 2ofePr] G Pty & ot vwgrcal |y conpati bl e
conditions are usedowied® ViAbl el eckld st 2 2 dre Wdsiv edw Boo' exanple, a | ow
ionic strength, physi & egkcal pHzs& &t wor bthate |l @eks > ~ shaotropic salts
can be used to relzxase gekl=s from & sibstiwgte.e20 « o vy Wiyviability of
cells attached t0 J heegrowth factok GOR] KAt € &b NOty ©f eancern, for
exanpl e, where the wegeptarsforn, the, e g,hsfactes Jjtsel f, gr the growth
factor receptor palkL, kSe e DeiNG RULI LI gd,, a pH, Q, 5, carbonate buffer or 6M
guani di ne HC can be used, _for tcp'n?c o dgsgr ptt})ocp %_eg‘ D| | ute sodi um
hydroxi de (about can be used 1 N sone” cases. 'nature of the PBP
can be nodified ?55 ef i'tS adhel &hée progertlé’s %6 th&t>it can, or, if 25
desired, cannot,®fe W&drBed by’ Watef ZABpPi cdfi B &F 't We®desor pti on medi um
to the matrix < T&uSeS PePeade D thé Boflj ughte from t'he ol i gosaccharide
pol ymer. o O Fob 5@l atft 6h Fof> ©he PBP-dhj ugarecand associ at ed
cells foll owi ng % é4 Easelfrom t Ite & » vsEb®t mat & War isous 't echni ques can be
used. For exanp(®. ©he poby8hcohar Fde subface gam be: > ~ washed free of the
PBP— conj ugat e wi¢ b+ tthe: desonpt itor« $o0kutE mnzas Hescrizbed vabove. The PBP-
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30 conjugate then is separated fromthe desorption solution, for exanple,

by changing its ionic strength or pH and readsorbing the PBP-conjugate
on an ion exchange nedi um or on a second pol ysacchari de matri X.

WD 97/ 26358 WO 97/26358 39

PCT/ CA97/ 00033 ' - TASITECA97/00033
Phase- Form ng A i gosacchari des Unchazéﬁ Pol ysacchari des[err] Charged
Low Compounds Pol ysacchari des Mol ecul ar

Wi ght Dext ran Na car boxynet hyl dextran Dextrins

derived from
cel | ul ose (CeI‘IAc)t
cel |l ot etraose,

O%%i’ve SLF:

L etraella damai : ™

=1\

Xyl ose, xyl obi s 8% o I_,lgt riose,
etc. - Carboxyretjs . R t odextrins
and derivatives g, 16471650 - 8078180
27.6k0a {precessed and non-glycasylated)
B) Cex: Cex catalytic domain |
CexLP CBDeex
-C
43se
C) SLF-CBD fusion protein:
CexLP SLF extracellular domein ?-:;;:_‘_ CHOcex
-

20ea 121ee

. 34, lkDa {processed)
(HHHHHHIEGRARKEDN (E_EMASIEGR)

D) Recombinant SLF control:
SLF extracellular domain

18.6 kDa {non-glycesylated)

FIG. 2

SUBSTITUTE SHEET (RULE 26)



Mal t odextrin ' DEAE dextran  Arabi nogal act an
Pol ygal acturoni c acid (pectin) Hydr oxypropyl starch Anyl opectin

Met hyl cel | ul ose Hydr oxyet hyl cel |l ul ose Et hyl hydr oxyet hyl cel | ul ose
Car boxynet hyl cel | ul ose Hydr oxypr opyl cell ul ose Ficol 1

Car boxynet hyl
starch  Hydr oX¥¥YR$38starch  Pul l ul an [err] Polymers caﬁC'E’@A&Wi’é%’

or
purified. Alternatively, c8f33 or other ligands i mobilized on a
pol ysacchari de substrate can be

_ rel eased fromthe substrate by cl eaving
the grow h factor conj._pg‘ageg by proteol y§i s 8% ng either a nonspecific
general protease such+as prmteinase K ol trg®sin, or a specific protease. A

non- specific prot eads 8am be used tos¥nphetel y degrade the PBP portion
of the PBP conplex, tHus @@ rel easing i fr

¥ the oligosaccharide pol yner.
For exanple, release caf Beteffected by seat nent by proteinase K at a
concentration of about %0&®rrig/mM for akaut 20 ninutes at about
37[err]C. Din et al. (1993)§Bi ol / Technol ogyﬁéa: 1096-1099. A specific
prot ease can al so be us&dgH g o
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to rel ease bound conpounds and/or cells froma pol ysaccharide substrate to
whi ch they are bound. For exanple, one can include a protease
recognition site or a chem cal cleavage site 15 between the grow h factor
noi ety and t hewldBRas3ksie PBP remains bound to the ol i gosac ebaicia0B00033

pol ynmer. Exanples of recognition sites include those for coll agenase,

t hrombi n. ent er oki nase, and Factor X edyf33which are cleaved specifically by

t he respective WO 97/ 26358

PCT/ CA97/ 00033 40

enzynes. Suitable expression systens for Factor Xaand for Factor X[ err]-CBD
fusi on proteins have been devel oped (see Assouline et al. (1993) Protein
Eng., 7:787). One of the two native i soforms of steel factor (KL-1)
contai'ns a protease cleavage site withinits extracellular donain (Huang

et al. (1992) Mdl. Cell. Biol. 3:349-362;, Pandiella et al. (1992) J. Biol.
Chem 5 267:24028-24033); cleavage at this site by a protease is thus a
means for releasing the steel factor noiety of a growth factor conjugate
froma PBP. Chem cal cleavage sites sensitive, for exanple. to | ow pH or
cyanogen brom de, can al so be used. The PB thus provides a neans of
attaching cells to the oligosaccharide polyner, which cells |ater can be
removed. EcoRl ,Kpnl

Sacl

Smal

Bamnl
Sall
Pstl

Ncol
Styl

Hpal
EcoRV

lactd

Apal
BsIEll

Bell

Miul u-lacamase

Bgll

Avalll

Tth111l
Ndel

Origin

FIG. 3B

Sap |
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Where cl eavage is used, the gromh factor noiety and attached |igand and/ or
cell can 10 be cleaved readily fromthe pol ysaccharide binding region by
the use of a protease.specific for a sequence present between the

pol ysacchari deygighjshs0 region and the growth factor noiety podeamiahfst he
"PBP bound to the oligosaccharide polyner. Preferably, the protease I'S
provided in a formwhich will facilitate its renoval follow ng cl eavage
of the growth factor noiety from the B33 As an exanple, the cleavage
prot ease can be prepared as a cl eavage enzyne 15 conpl ex. wherein the
protease is bound to a second pol ysacchari de binding noiety having a
substrate specificity different fromthat of the first polysaccharide

bi ndi ng noi ety bound to the pol ypeptide of interest and/or having

di fferent binding characteristics (Assouline et al. (1993) supra. ;
Assouline et al. (1995) Biotechnol. Prog. 11:45-49). Thus, cleavage of the
bi ndi ng domain fromthe reconbi nant protein of interest can be done in
solution and the cleavage 20 enzynme conplex then renoved by binding to a
pol ysacchari de substrate to which the first pol ysacchari de bi ndi ng

moi ety does not bind. Alternatively, ghe cl g&feflfe enzyme conpl ex can be
i mobi li zed on a pol ysacchari de matr to gKpnithe first polysaccharide

bi ndi ng noi ety does not bind. (Seeg Qg % e et Pall . (1993) supra;

Assoul ine et al. (1995) supra). The pUy (- Cilihdls or grow h factor

E. chayige gokyner free of 25
: b-polyner. The
d N, types and/ or
assing a cell
ctor conjugates
affinity

noi ety are rel eased fromthe oligp
contam nati ng PBPs which remain bo
met hods for concent ridgr] ng growth
receptors can be pe¢forned
suspensi on t hrough a col
can be bound to a
chr omat ogr aphy EeIRYng
conjugate is 30 contag
binds to the h
cel | - bound, u%@\rq(i g
the gromh factor c
renoved by wadpling
t hen i sol at edsten M

g proprlﬁinan»cti caN
W a sanpl e mixture 99a

yoi et y. i ncl udi ng IF%
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Unbound nol ecul es and/ or cel |

R e
gand to

[ hensea)

S are

TugAS i
u
Bl plug

o-lacamase
Miul

Ball

Nsil

Avalll

Tth111l
Ndej
Sap 1

>
‘\\ Oriz’m
FIG. 4B

SUBSTITUTE SHEET (RULE 28)



WD 97/ 26358 - 41
PCT/ CA97/ 00033 buffer that elutes the bound nol ecul es. The
growt h factor conjugates also can be used for enhanci ng wound heal i ng by
contacting a wound with a growh factor conjugate, generally one that is
bound to a  PO¥X2%Rhari de substrate t@ 3hi ch the conj ugat BCHEARRL0033ch
as cotton, for exanple in a s bandage. # gromh factor noiety used in
the clainmed nethods is one that is chenotact iganfgyr cells involved in
wound healing. Alternatively,Ntdle growm h factgmaean stinulate proliferation
of cells involved tn wound healing, or inhibig,nrQlNfer at$an of T@Als to
prevent or mnimze é ’ 7 S f i ong (pf,ﬁ §r owt-h—fact.or Seqinj Bght e
is admnistered to the an am)u;tf: | e deVE enhasehl cel |
mgration to the woygfd site and/or atio ‘,_:.-"'.' céCBDg W& h Hiddn
{ he enhanptement of nerve_x
e that { ncludes brain dq}\b\ed
facgor is jnmobili zed’t){l a
ane vig® the pobTZ&EQZhari de“’

O her therapeutic g¥plications include
regeneration. For @ exanple, a corjdgy
‘neurotrophic factof and/ orphégKe growt
pol ysacchari de sub

bi ndi ng pepti de noig ugat &€/and applied t o3.4ébpe ti ssue_ls
damaged by i ni-llpjécﬁl ‘ illness (see é/7g9. USPNY, 229, 500). The inmmpbilized
conjugate is i ¢ ty ' :

Scal

1. digest with Ncol !
2. repair with Klenow: 4) Separate DNA fragments by agarose
3. digest with Hind gel electrophoresis.

- 1. digest with BamHl
2. repair with Klenow
¥ 3. digest with Hindlil

CBDcex
i ]
Purify 4.2 kb vector fragment. . Purify 2.1 kb fragment
containing CBDcex
Y
. Neol
Nhel
. c ’—.:1:\’"
cexL :
. '\\\\

CBDCex Laclq W\
13
PTUEEO7K3 5
s3kbp ||
ori -~

—

Hindll ~ Y~_ Kap® %
\'\ /"-.'.’
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L

15 of the damaged nerve for a sufficient time to result in partial or total

regeneration of the nerve. The foll owi ng exanples are offered by
way of illustration and not by way of limtation.

EXAVPLES I ons 20 pNPC =

p- ni trophenyl AF%&YZ %cel | obi osi de; HPA = hi de poxﬁ&@WW@

atamﬂlform;z{a:;CenA and Cex fromC. fim;

osyl CenA and Cex from

: ﬁf@ﬂ er sgﬁ(ﬁélse chr omat ogr aphy;

O yacryl am de gel el ectrophoresis;

ect ed agai nst synthetic Cex Pro/ Thr
yj.fm afi,{ew sbﬂe 30 Bi ol ogi cal
eposi ts have been nmade with the
ATCC) 12301 Park Lawn DrlvéNco!

e of the cl oned Nhel

BRI T O

CBDyey

gCenA and gCex = the gI yco y
ngCenA and ngCex = theGdronp
reconbi nant E. cdl {:

 rabbit antiserumd
& PMSF = phenyl - net$y
Bt S The f
Anerican TypgiCul ture Ephleation 3
' WYyl and 20852. deri vatj
in Escherichia coli

i
pTUgEO7K3
6.3 kbp

Hindill

1) PCR N1 fragment (PBDy;)
to introduce Nhel/HindI1I site

PBDp;:
I RN e o R AT
1) Digest Nhel/HindIIl
2) Purify 0.5 kb fragment

|
|
|
|

1) Digest Nhel/HindIII
2) Purifyv 4.5 rb fragment

q"';- J-_-' —4': ""'“..#u..‘lff. :.':“.I"\

4.5 vector fragment
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WD 97/ 26358 42

PCT/ CA97/ 00033 gi ven ATCC Accession No. 67101. A derivative of the

cl oned gene Cex on plasmd pEC 1 was deposited on May 27, 1986 and

gi ven ATCC Accessi on . 67120. E. coli JMB3, pUC12-1. 1cex _wa
deposited on AB'H%’B%, 1986 and gi ven ATCC Accessi on No. 671%‘2"."":‘?%0“33
full nucl eotide sequences of pTugA (Accession Nunber L24193) pTugAS
(Accession.Nunmber 5 L24367). C. fim CenA (Accession Nunmber ML5823), and
C. fim CenC (Accession Nunber X57858) have been deposited with GenBank.
Exanple 1 Construction of a Fusion Gene Encoding
Steel Factor 10 8/33 and a Cel | ul ase Bi ndi ng
Donai n The fusion protein SLF-CBD conprises the extracellul ar
dormai n of steel factor (Fig. 2A) linked to the cellul ose binding donain
of the Cellul ononasfim exoglucanase Cex (Fig. 2B) to create a fusi-on
bet ween steel factor (SLF) and the cellul ose binding domain of Cex 15
(CBD[err]), designated as (Fig. 20 .- lL‘-erthe native Cex enzyne the catalytic
domain i s separated fro tt]f\Y] Pali ng donmi n by a PT linker consisting of
a series of repeating proliffEthnedni ne units. Thi sSdoinker .was i ncl uded
in the SLF-CBD construcp\pgp separ af §stia-wo_domgi ns./

Hindlll

FI1G.7
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Factor Xa proteolytic cleavage site was introduced between the tw donains,
upstream of the PT linker, to facilitate the renoval of the CBD if
necessary. A hexahistidine affinity tag was 20 added to the am no term nus
of the protein so that it could be purified using either cellul ose

(G eenwood et al. (1990) Cell 63: 203-211) or nickel - Sepharose éé@

(1970) Nature gpgysmesss 680-685) as a na%ﬂgg When properly pr

the renoval of the Cex signal peptide. SLF- CBD has a predicted

nol ecul ar wei ght of 34.1 kDa. Enzynmes and buffers were pur chased from
G BCO BRL (Grand Island. NY). All genetic mani pul ations were carried out 25
in the Escherichia coli (E. coli) strain DH5a (Hanahan (1983) J. M. Biol
166: 557-580). A gene that encodes the SLF-CBD fusion protein

was constructed as follows. The codi n or t he signal peptide
fromthe cellulase Cex (O Neill et al. (iﬁ% 331-335) was
| gut

I ntroduced into the expression plasm e 3) using site
directed nmut agenesi s (Zoll er ang? i ¢ Acids Res. 10:

6487- 6500). Codi sequences 30 fo finity tag fol |l oned
by an Nhel restifiltion site were i ntj
e

the 3' end of
the Cex signal ence codi ng regid
into the non-expression plasmd pSLJ
as an Ncol -Hind 11 fragnment. A
extracel lul ar domai n of nuring I
PCT/ CA97/ 00033 QfSRHfﬁ

agnent was subcl oned
, Piscataway, NJ),
encodes t he
O 97/ 26358

43

- SLF/CBD
'30kDa .

FIG. 8
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(Anderson et al. (1990) Cell 63:235-243; CGenBank Accession No. M8436) was

nodi fi ed by pol ynerase chain reaction (PCR) (Kaufman and Evans
(1990) Bi oTechni ques 9: 304-306) to i ntroduce an Xbal restriction site
onto the 5 end of the gene fragnment and Stul and a Hind I sites onto
the 3' end of the ene. This product was purified from an agaros usi ng
a 5 Q AEX gel ¥Q ®on kit (QAGEN Ltd. yg@mtsworth, cA) afdr #g@n
downst ream of the Cex si gnal peptlde a?ter cleavage of the Cex signa
pepti de-contai ning plasmd and Hndl Il DNA fromthe origina
SLF gene was exchanged for tﬁ rod t bet&en ' ZJuniSlue
restriction sites mhlch enco sse t han % th ensed and t he
remai ni ng vectdr junctj ve . : gene
sequence encodin he 10 1 as its
proline-threoni pLnker B agnent
fromthe plasmd pUCl2-1. I nserted,
in frame, downstream of t : G . o el lul ar
donai n. The entire confgk Jiigg<Ci sed from pls130 asian
Ncol -H ndl'I'| fragment and . &% the high ex | el
plasm d pTug AS which had &) I fi : " 5@kananyci n
resi stance by the inserti » cassette This plasm ¢ o ated as
pSLF/ CBD 1. 0. - i ol e 2
Expression and Purificati LF- CBD 20 Tﬁe pl4 d ps CBD 1.0
was transforned into E. 01 (Yanisch-Perron et st OMb) Gene
33: 103-119) for expressij§ *eral col oni es were scra f & pl ate and
used to inoculate a 5 n ~ t B-obbs,

Bet hesda Res. Lab.

FIG. 9
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Focus 9: 12) containing 50 ng/m kananmycin. This tube was incubated with
shaking at 37[err]C for four hours and then used to inocul ate four

fl asks containing 500 M of the.same nmediumat 25 0.2% vol unme. These

fl asks were then incubated at 37[err]C with shaking at 250 rpmuntil a cel
culture optical density (ODerr]) was reached. The cells wer: i nduced
by the additi oYOS26854 mM | PTG and $ifi{38ed to 30[err]C:mﬁ¥#n§%gQ@%b at
100 rpm for a further eight hours. Cells were then harvest ed and the
periplasmc proteins isolated by osnotic shock (Neu and Heppel (1965) J.
Biol. Chem 240: 3685-3692). Five ng of Avicel mcro crystalline cellulose
(FMC International, 30 Cork, Ireland) was added to either 10 m of culture
supernatant or 1 m of periplasmc extract and t hen renoved by
centrifugation. SDS-PAGE | oadi ng buffer was than added to the Avicel, which
was then boiled for two m nutes and | oaded directly onto a gel for SDS-PAGE
anal ysi s WO 97/ 26358

PCT/ CA97/ 00033 | 4 . 23:
(Laenmii. supra.) (Fig. 8a). 7 _6The psi p m C_Bt rac S

buffered to a pH of 8.0 us _
I ndi anapolis, IN) and concgntrated to a volunme of 2 m by uItrafi1

R

FIG. 9
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through a 10 kDa pore size nmenbrane. The sanple was then purified using
nmetal chelate affinity 5 chromatography (MCAC) (Hochuli (1990) In Cenetic
Engi neeri ng, Principles and Practice, Vol. 12 (J. Setlow. Ed.), pp.

87- 98, Plenunl‘ﬁgz g a 20 m colum packed with Hi s-Bind resin

(Novagen I nc dlson , cat. no. 69670) with elution of tEE/GAIBOMEH at
bet ween 100 mM and 200 nmM i mm dazol e. The peak fractions were pool ed and
the elution buffer was exchanged for - 12f83phate buffered saline (PBS) and
the sanpl e concentrated again using ultra filtration. Purity 10 of the
final sanple was eval uated by SDS-PAGE anal ysis and the protein

concentration determ ned by absorbance at 280 nm wavel ength ( Scopes
(1974) Anal. Biochem 59: 277-282) and by the Bradford method (Bradford
(1976) Anal. Biochem 72: 248-254). SLF-CBD rel eased ‘into the culture
supernatant was purified in the sane way except for the addition of an
initial precipitation step to reduce the volune of the sanple. The
supernatant was chilled to O[err] and 15 brought to 80% (w v) of saturation
ammoni um sul fate while maintaining the pH at 6.05 (the predi ct ed

i soel ectric point of the fusion protein) by the addition of 1IN NH err] OH
The precipitated protein was collected by centrifugation at 10 000g and
resuspended in MCAC | oadi ng buffer. The protein was anal yzed by both
SDS- PAGE and by western blotting (Burnette (1981) Anal. - Biochem 112:
195-203) using either anti-nurine steel factor polyclonal neutralizing
anti bodi es 20 (R&D systens, M nneapolis, M\, cat. no. AB-455-NA) or

anti-CBD anti bodi es In cultures of E. coli JMIO1(Ong et al.
(1993) Biotechnié. Bi oeng. 42: 401409) transfornmed with pTK- SLF- CBD,
the SLF-CBD fusign protein was present in both the periplasm and the

culture superna&ﬁﬁ% sour ce by bi ndi ng
to Avicel (Fig. 8 S >>a S affinity

chr omat ogr aphy » . fu5|on proteln to cellul ose
was strong and ggf )

am no term nal g st dlnzr"' | SLF- CBD
fromthe perlplasn% .ﬂﬂrlfled directly by high- perfornance l'i quid
chronatography I

>)
8B). The protei @ . O— SLF (E.colf
5; —i{~ SLF-CBD
=7
L.
o.o 1 Ex (] }
0 500 1000 1500 2000

PROTEIN (pM).
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eluted as a single peak fromthis colum at an imm dazol e concentration
bet ween 100 mM and 30 200 mMM SLF-CBD in the conditioned grow h nedi um was
purified in the sane way foll ow ng an initial volunme reduction by

ultrafiltratio pal yield of 0.7 ngfL of purified protei
obt ai ned fron19ﬁ€é3%#?plasn1 and 1.8 ng/L fromthe supernatar‘i’?'.r‘%aA 100033

Am no-term nal sequence anal ysi s of #ﬂgg protein confirnmed that the
signal peptide had been renoved; and western blotting ' WO

97/ 26358 :

PCT/ CA97/ 00033 . _ 45 and
SDS- PAGE anal ysis were carried out to confirmthe identity of the protein
(Fig. 9). Exanpl e 3

Stimul-ation of Cell Proliferation using |Immobilized SLF-CBD

Bacterial mcro crystalline cellulose (BMCC) was prepared as described in
G lkes et al. (1992) J. Biol. Chem 276: 6743-6749), sterilized, and
resuspended at various concentrations in hybri doma serum free medi um
(HSFM (G BCO BRL, Grand Island, NY, Cat. No. 12045-019).

—~0.80
E
50.70
3
wn 0.60
~ i

v
~0.50f

8 3
ono—
--NI -
= 0.30}
S0.20}
2 0.20F |
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FIG. 10B
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Sanmpl es of purified SLF-CBD were diluted in HSFM Twenty [err]| protein
test sanples 10 were placed into wells in sterile 96 well tissue culture

pl ates (Costar corp. -Canbridge, MA, Cat. No. 3595). In experinents where
BMCC was used, 50 [err]l of a BMCC suspension in H SFM was added to each
wel |, and in experinments where no BMCC was -used 50 [err]l of H SFM al one
was added. SWPSEREsS&nd BMCC were then incubated together f8FTAIHMERS at
37[err]Cwith 5% CJ err] before the addition of 100 [err]l of B6SU A
cells (G eenberger et al. (1983) Proc. Nat'l ﬁgf& Sci. 15 USA 80:

2931- 2935) which had been grown to one day pa nfl uence and then
resuspended in H SFM at a concentration of 5 X 10[err] cells/m, to give
a final assay volunme of 170 [err]l. Cultures were then incubated for 48
hours.at 37[err]C and 5% CJ err], and cell proliferation was neasured

ei t her by direct count in the henocytoneter, or by the MIT assay

(Deni zot and Lang (1986) J. | mmunol . Meth. 89: 271-277). Reconbi nant
steel -factor (R&D systens, M nneapolis, MN, Cat. 20 No. 455-MC) was used as
a positive control, while reconbi nant CBD was uséd as the negative

control. I n experinments where Factor Xa was used, the assay was
carried out as before except that 2.5 ng of Factor Xa _
(Boehri nger-Mannheim Indianapolis, IN, Cat. No. 1179 888) were added to
test wells during the 12 hour incubation step prior to the addition of the
B6SUtA | cells. 25 Statistical analysis of data was carried out with
regression curve fitting in tw iterations usi ng non-Ilinear regression
analysis fromthe GaFit versign 3.0 statistical analysis program
(Erithacus Software Ltd., Staihedi~ dKcap (130 pM) The activity of the
non- i mmobi | i zedgSLF- [BD f usi on| pibt ELACRmSI3COMNO @CT ¢ t hat of the

control SLF wi tRout pn affinity=tag—tErg—TCA using the MIT test and the
SLF dependent bgng: o marrow cell |in SUt Al. The activities of the
proteins were s‘F.‘m'Fa and within the ed range based on the
specific activigy of{the control SLF activity of SLF-CBD was

neutralized by enti-BLF neutrali zi ng omal ant] i (Fig. 10B). CBD
of BGM%%'I s (data not

al one did not 8 stigul ate the prol
shown) . Zz \\
< 010§
=
S
. O
]
<
0.00 '
10 0 10

In BMCC (In ug/ml).
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Bi ol ogi cal activity in the presence of BMCC : Bacteri al

m crocystalli newﬁgl, aiié Pse (BMCC) is a highly crystalline formof cellul ose
produced by Acetobacter xylinum (ATOC 23769). After prepar at i RGT/CANB®3s or ns
a high 5 surface area fine suspension which does not sedinent rapidly, and
is therefore easily diluted to obtain the desireqsfggal concentration.

A dilution series of BMCC was prepared, covering a wde range of BMCC
concentrations, and each of these concentrations was tested using a
constant anount of SLF-CBD. For SLF-CBD at 130 pM nmaxi num activity was
observed with a BMCC 10 concentration of about 1 [err]g/m (Fig. 11A). The
activity increased and the peak shifted to the ri ght when the SLF-CBD
concentration was increased to 1500 pM (Fig. 11B), indicating that the
concentrations of both SLF-CBD and BMCC affect the proliferating response
of B6SUt Al cells in this system and suggestl ng the need for an opti mal
surface concentration of SLE-CBD on _the

—i- SLF-CBD (1500 pM)

=~ SLF-CBD (1500 pM) NO BMCC

-
-
”~

o o
[+ o
(=] o
|} ]

ABSORBANCE (575-690_nm).
2 3
]

0.60 F NQ BMCC.
0.50 - \
- a
0.40 A . !
-10 o 10

in BMCC (In ug/mi).
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BMCC. 15 I nfl uence of SLF-CBD bound to a fixed amount of BMCC

Using a fixed BMCC concentration of |I [err]g/m or 14 [err]Jg/mM a converse
series of experinments was carried out in which the anmount .of BMCC
surface avail abl e was hel d const ant and the SLF-CBD concentration was
vari ed. The presence of BMCC had no effect on the 20 activity by
t he non-affi ni wo272638d control SLF (Fig. 12A), but SLF--CBD \ﬁa&?(g%'g{r’ﬁg
nore active in the presence of BMCC than in tpg/psence of BMCC, with both

an increase in total cell proliferation and a decrease in the val ue of
its EDerr] (the protein concentration required . to produce a half
maxi mal response) being observed (Fig. 12B). To determ ne the

di stribution of SLF-CBD, the activities of free and bound SLF-CBD 25 were
tested separately (Figs. 13A-13C). For the non-tagged SLF control nost of
the activity was associated wth the supernatant (Fig. 13A). The reverse
was seen for SLF-CBD, where nost of the activity was associated wth the
BMCC particles (Fig. 13B). This test al so denonstrates that t he bi ndi ng
capacity of 1 [err]g/m of BMCC was not exceeded even by the highest
concentrations of SLF-CBD used. 30 SLF- CBD bound to BMCC coul d be
rel eased by adding Factor Xa to cleave the fusion protein at the Factor
Xa site introduced between the SLF and the CBD. Follow ng this treatnent,
the bulk of the activity was found in the supernatant (Fig. 13C).
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These results indicate that, although the maxi mumcell density generated by
t he fusion: protein in soluble formwas not quite as great as that

generated by th (gﬁﬁkkﬁl protein, the EDJerr] val ues were identical.
VWhen the SLF-CBD Tusion protein was inmmobilized on cellul ose. PCT/GASHBP3T

it was significantly nore potent than SLF-CBD in solution, generating a
significantly 5 higher naxinunlproliferativl7i§3ponse and exhibiting a

hi gher specific activity. This effect was not observed for the control
protein which |lacked an affinity tag and could not be inmmobilized.

It is noteworthy that the enhanced proliferative activity of inmobilized
SLF- CBD was dependent on the concentration of BMCC. At a fixed SLF-CBD
concentration, the proliferative response increased as the BMCC
concentration increased to a maxi nrum val ue, and then 10 decreased at higher
BMCC concentrations. Increasing the concentration of SLF-CBD in this
experinment shifted the maxi numto hi gher BMCC concentrations (Fig. 11B)
Presumabl y at very | ow BMCC concentrations the matrix surface area is
limting while at very high BMCC concentrations it is the steel factor
which is limting, with a decrease in the density of SLF-CBD on the BMCC
surface. Increasing the SLF-CBD concentration counteracts this effect,

provi ding 15 a higher surface concentration of SLF-CBD. The specific
surface concentration of-7%feel factor nol ecul es_h& a dramatic effect on
the stinmulation of B6&IA ¢ells. For a SLF- coficentration of 130 pM

t he addition of BMCC p#®8f%fed a maxi num at [err]g/mM, whereas at a
SLF-CBD concentrationgf 1p00 pMthe maxrmus-shi-+edyto the right to 4.4
[err]g/mM and the | eve$?59{of increased (Fig. 11). Cdearly the
| evel of -stinulation Eyoag-se is influenced
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20 both by the surface concentration of SLF and the anount of cellul ose
surface. Based on the di mensi ons of the BMCC particles reported by

G lkes et al, supra., the available surface area is 1.22 cnjerr] per
[err]g of BMCC. Weps7asgh | evels of BMCC, the density of SLF-CBD on

surface woul d be about 4x10[err] nol ecul es/cni err] Assuni ST’gAB'@?"P”

di aneter of 10 mm and 35, 000 c-kit recept 33738 cell as is the case for
MO7e cells (Turner et al. (1995) Bl ood 85: 20 58), the 25 receptor
density on the cell surface would be 1.1x10[err] receptors per cnjerr].
Based on these estimates, the effect of the addition of an

i mobilization matri'x was naxi nal when the rel ative density of SLF-CBD
on was four tines the density of the c-Kit receptors on the cell nenbrane.
We al so anal yzed the effect of increasing SLF-CBD with surface area

mai nt ai ned constant at 1 [err]g/m (1.22 cnerr]/m). In this case,

maxi mum stinmul atory activity was observed 30 when the SLF-CBD
concentration was about 2000 pM equivalent to a SLF-CBD density of

7x10[ err] nol ecul es per cnferr]. This nunber is about 60 tinmes the estinate

we have used for receptor density on the cell surface. Overall, these
results suggest that there is a threshold for stinulation when t he
density of SLF is about four times of the receptor density on the cell
surface. The WO 97/ 26358 _
PCT/ CA97/ 00033 ' 48
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stinmulatory activity increases with the SLF concentration reaching its
maxi mum when the SLF surface density is 30-60 fold higher than the
receptor density on the cell nenbrane.

Exanple 4 5 Persi stence of SLF-CBD Biol ogi cal Activi g\hen
| mobi | i zed onWO 9726358 Regener at & ’%#7?%?3 se
Sur f aces A 1% (wv) solution of cellul ose acetate was prepared

by addi ng one gram of cellul ose acel933 (Kodak Inc.) to 99 ml of acetic
acid. One hundred [err]l of this solution was added to each 10 well of the
standard 96 well tissue culture plates used above, and the acetic acid
allowed to evaporate. One hundred [err]l if 50 mM NaOH was t hen added to
each well and left for 20 m nutes to regenerate a cellul ose surface. The
NaOH was then poured out, and the wells rinsed three times with PBS.
Three hundred [err]l of 70% (v/v) ethanol was then added to each well, the
pl at e lid replaced, and the ethanol allowed to evaporate as a
sterilization step. 15 Activity tests were carried out as previously
descri bed except that a cellul ose acetate derived surface was used to

i mmobi lize SLF/CBD i nstead of BMCC. Twenty [err]| protein test sanpl es
were put into cellulose coated wells. Fifty [err]l of H SFMwas then added
to the wells, and incubated 12 h prior to the addition of 100 m of
B6SUt A cells for the standard final vol une of 170 [err]l. Activity was
measured after 48 h of culture using the MIT test wth data points 20
collected in quadruplicate. A control group of cells was added to each of

four wells in a cellul ose coated plate and to each of four wells in a
non-coated plate. These cells were then counted after a 48 hour
i ncubation to detggpine if the surface exhibited any toxicity.
Cel I ul ose coatquplahes were | oaded with SLF-CBD as descri bed above, and
B6SUt A = _ —8
eo.so .
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w» 0.40 60
~ S0
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cells were added as before. After the standard 48 hour incubation period,
the cells were noved 25 to a separate plate to determne the activity by
the MIT test while the wells of old plate were washed with 150 [err]|

of warm H SFM e$% r_.washing, 170 [err]| of fresh B6SUtA test cells were
added to each WEPP" % the 48 hour incubation period was repcdTEGAI7/99033
entire procedure repeated so that the surface was used for cell culture
a total of three times. In another ex@®/3¥ent, SLF-CBD was bound to a
cellul ose coated plate and the H SFM supernatant from 30 these wells was
exchanged every 48 hours without the addition of cells. After the third
exchange of supernatant, cells were added to the SLF/ CBD coated surface
and the MIT assay was performed after the 48 h incubation.

Non-tagged SLF was used as a control. In one set of control experinents,
SLF was added to cellulose coated tissue culture wells as before, the
surface was seeded with fresh cells three ' .

49 " times, and the proliferation neasured. In another series of control
experinments the SLF-CBD protein was added to tissue culture plates not
coated with cellul ose. These surfaces were seeded with cells three tines
and the activity neasured. SLF-CBD al so bound to a reconstituted
cel lul ose surface applied to the bottomof a 5 mcrotiter plate. This
systen1faciIitatedoggq_separation of the cells fromthe cellul ose surface
SO :
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S 0.70

5-690

(5

@ 0.40 —¥— BMCC after Xa
Q 1 ~{ supematant alter Xa

b B

0 1000 2000 3000 4000
SLF-CBD 1.0 (pM).

FIG. 13C

SUBSTITUTE SHEET (RULE 26)



that the surfaces could be reused for several consecutive rounds of cel
culture. Analysis of the activity bound to the plate or remaining in the
supernatant indicated that essentially all of the SLF- CBD was bound
(Fig. 14A). Repggbpsissgse of the sanme surface showed no | 0ss alcricasrioo03s
proliferative activity during the three rounds of cell growth (Fig. 14B).
Simlar results were 10 obtained froma separate plate, identically treated

except that cells were not added until #Re3ghird cycle (Fig. 14B).

It is apparent that the imobilized steel 1s not being consunmed by the
cells, since SLF- CBD coated pl ates could be used repeatedly. In
contrast, soluble steel factor is internaliZzZed and consuned by cells

which is likely a honeostatic nmechanismto regulate the duration of 15
stinmulation (Myazawa et al. (1995) Blood 85: 641-649). Imuobilization of

SLF woul d then prevent down regul ation by consunption of the growth
factor. ' Exanpl e 5
Stinmulation of Murine and Hurman Cell Proliferation Using SCF CBD)

| mobi | i zed on 20 Regener at ed Cel | ul ose

Sur faces Bone marrow cells were aspirated fromthe fenurs of 8
week old (C57BL/ 61 X C3H HeJd) F1 mce bred and mai ntained in the ani mal
facility of the British Colunbia Cancer Research Center. Cells at a

final concentration of 1 X 10[err] cells m[err] were added to 1 m 25
cul ture nedi um containing SLF or SCF-CBD and with or without 1 [err]g/m

BMCC. Murine |L3 ( Shgstiuye ah8 Bufhsd. to parallel test cultures. Cul tures
were then maintaiteso for five days at —gount ed a
second time, and&ilufed 1 in 10 in Methocyl TY GSLEE34 (sveetieu

cc'\().so

“w o
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(StenCel | Technol ogi es) containing 0.9% net hyl cellul ose. One m of each
diluted cul ture was transferred to each of two 35 mm pl ates, and

i ncubated for 14 days, after which tinme colonies 30 were scored according
to standard cr m@e¥26358Col ony counts from each pair of dupli cacedaAbhicass
were conbined and plotted as a single bar on the graph (Fig. 15A). Plates -
wer e phot ogr aphed after a further 14 days of incubation (Fig. 15B). The
cel lul ose concentrati on was hel d const ant

50 while the SLF and SCF- CBD conc@2/83tion was varied from 150 to

10, 000 pM Experinments with human cell |ines MO7e and TF-1 were
simlarly perforned. The hal f - maxi mal response (EDjerr]) (Table 7) was
cal cul ated fromthe dose response curves (Fig. 4A). 5 In the SLF
dependent bone marrow cell |ine B6SUtA CBD alone did not stinulate the
proliferation of B6SUtA cells (data not shown). The presence of cellul ose
had no. si gnificant effect on the activity generated by the non-affinity
tagged control SLF (Table 7). However, SLF-CBD in the presence of
cellulose was clearly nore active in all three cell lines than in the
absence of cellul ose as evidenced by the decrease in the protein

concentration uj red to oduce a half nmaximal response (decrease in
t he val ue of EB?‘S‘FJr ]"‘Ff {’%r a%‘#eg'cgs)'. I T 0r g RE ofk b8itlose sudaBE S' 2 of

col oni es. Unused ceilulose surface

—O— Third use of a non-cellulose surface
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Exanpl e 6 | solation of CBDjerr]
Escherichia coli JM 101 (SupE, thi-1, [err](tac proAB), (FtraD36, proAB, 15°
tacl qZ[ err] ML5] [err] Yani sh-Perron et al. (1985) Gene 33:103-119) was usedas
the host stain f9f gane @i Nt enance of the plasnmids and for production of
reconbi nant proteln. tures were grown at 30[err]Cin |i cRERICAI7/00033
trypt one-yeast extract-phosphate nedi um (TYP)ZS)TSSm Luria broth (LB agar,
suppl emented wi th kanamnmycin (100 g/m). Overni ght cultures of E
coli strain JM 101, harboring pTugKNl (see Figure 7), were 20 diluted '
500-fold in TYP supplenmented with 100 [err]g kananycin/m, and grown at 30C
to an optical density of 2.0-3.0. PBD[err] production was induced by the
addition of isopropyl-1-thio-[err]- D gal act opyranoside (PTG to a final
concentration of 0.1nM and the bacteria were incubated for a further 18
h at 30[err]C. Culture supernatants was clarified by centrifugation (4C) -
for 10 mn at 13000x g and cells were discarded. Affinity chromatography
on cellul ose was used to purify 25 PBD[err], as follows. The clarified

cul ture supernatant was incubated (4[err]C) with mcrocrystalline

cellul ose (Avicel) (50 ng. L-1) with occasional stirring to allow PBDerr]

to bind. The cellul ose suspensi on was filtered on a Buchner funnel
through a glass filter (V\h?}. A and briefly ed with 1 M NadC
in 50 mM pot assi um phospha é 5¢Bound PBD[ err] vva ¥k s¢livlesgded

ont o an ani on- exchange col umm (anoQ) equilibrated in 20 nM potassi um
phosphate-buffer, 30 pg.6.0_operated a flowrate,of 1 nl /mn.  Proteins
bound tightly t® the coljum and were rempved wth a salt gradient. (¢-1N
NaCl, pH 6.0) (see Fig. {16). PBDerr] was & ¢covered in 300 mV sal ® §peak
1, Figure 15). Cont a4t i ng proteins bound rmreg{“? htly and were renoyed
in hi gher salt (pe&k 2, Figure 16). Figufe 17Eshpws an SDS- PAGE anafysi s

of PBD[err] during  Swe: E100
s 3
2 s
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o 04
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purification. Exampl e 7
Anal ysis of HEC. Barley-[err]-glucan and Xylan Binding to

CBDjerr] and CBDerr] by Affinity El ectrophoresis Affinity

el ectrophoresis (Mnmura et al. (1992) J. Chronmatography 597: 345-350) was

used to identif al uate the binding of CBD[err] and CB err' to
sol ubl e polysacﬁﬁggﬁggg W th a DP [%g 5 such as EC angkﬁg
[err]-glucan. The original continuous di ectrophoresi s nmet hod was

replaced with a discontinuous nmethod. Two native gels, one contai.ning the
10 polysaccharide (0. 1 %wv) and one without the |ligand, were prepared

next to one another in the same plate of a Bi oRad el ectrophoresis
system This guaranties that analysis in the presence or absence of

sol ubl e pol ysaccharide is conducted essentially under the same conditions
and that the observed effects (retardation in the presence of binding
glucan) are not the result of an anonal ous el ectrophoretic mgration.
BSA was used as a negative control in each gel . Protelns 15 (5 ng each)
were | oaded onto the gels. e 4lerr] C under

native conditions at p
I nteract strongly with HEC
their mgration in the geld
severely retarded as conpa
[err]-glucan (see FIGS.

B err]

Iresul t,
i's
;e (-) of a

FIG. 15B
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18A and 18B). CBD[err] and CBDerr] do not exhibit any affinity for xylan

and no retardation of 20 mgration in the gel
of this glycan as conpared to mgration inits
N1 and NLN2 ref avovm6838D] err] and CBD[ err]

Exampl e 8
Det erm nati on of 25
and CBD[ err]-Fusion Proteins

IS observed in the presence
~absence (see FIG 180C).
espectively.

)
| sot her #¥33Fi tration M cr o REWFAYHESY

A hgosacchari de Bi nding Constant for CBDferr]
S

wvw Mcrocalorinetry was used to

measur e bindi ng thernodynani cs For CBD[ err] wi de range of

wat cr - sol ubl e ol i gosacchari des it f6 INeNfim I ‘Pdentifying a set of

sui table ligands for the affinity partitjn system These data are
shown in Table 8 below. Figure 19 shows rev i bl e bi ndi ng-i sot herm
data neasured with a Calorinmetrly Sciences . nodel 4200 I TC for CB
Derr] 30 binding to bydroxyethyl cellul ose EC) in 50-mM PBS at 35[err]C
and pH/7. CB D[err] strongly binfs "HEC w an equilibrium binding

const ant
[err]-glucan binding to CB Dfer
(Ka=85, 500 M1). For both o
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52

3]
D
0,

peak |

Start gradient

in the range of weak a

hti body- anti
]
| gosacchar j
y all PEG

i nteracti ons. Bar | ey
nger at these conditions
,oCB Derr] binding is as
aQ '

is even s

300
fraction volume

FIG. 16

200

100

SUBSTITUTE SHEET {RULE 285)



affinity ligands (e.g., G bacron blue-PEG Procion red-PEG

di ni trophenyl - PEG di acetic acid- PEG currently in use in affinity
partition systenms. This relatively high binding affinity, conbined with
the potential for a single oligosaccharide chain to bind nmultiple
CBDjerr]-fusio RERgei ns, suggests that both capacity and ctivit

w Il be high i2“$ﬁ?s affinity partition §y§33n1 5 A summary ﬁﬁ’@”ﬁﬂ?ng
t hernodynam cs is provided in Table 8 below, Binding of CBDerr] to bot h
HEC and barley [err]-glucan is strongly exotherm c, indicating that binding

wi |l increase at | ower tenperatures and that tenperature decrease cah be
used in the partition step and tenperature elevation in elution steps.
Exanpl e 9 _ ™ Phase-Equilibrium Anal ysis
of M xt u of HEC and Pl uronic P105

Phase-quili bria data were obtai ned using e procedure of Haynes et al.

(Fl ui d_ Phase Equi libria, (1989) 53:46 or m xtures of HEC and Pl uronic
P105 (a pol y(ethyl ene glycol)- 15 pol y(pr | ene glycol) copolyner) in
50-nmM PBS at 35[err] C and pH7. As shown i i gure 20, a st abl e two-phase
partition systemis formed at any total pql ynmer concentrations above ca. 3%
(wt/wt) Pluronic P 105 and 2% HEC, givingja fairly |large range of two-phase
conposi tions and SRS S ARTI AR -EY Rt Talsidi = Qe f f i NI LY

' : T Exanpl e 10

partitioning. 20 ) % T
| sothermal Titrati ddOM rocal orimetry Det®rm nation of Suitaple
El ution Conditions for CBD[err] froman A igosaccharide Pol yjer

| TC is also used to detferm ne suitable elution conditions byf neasuring
equi | i brium .
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di ssoci ation constants as a function of tenperature, salt concentration and
type, and 25 concentration of cosolvents, such as ethylene glycol or urea,

designed to disrupt the favorable hydr ogen- bond structure of the
PBD] err] - car bohydrate conpl ex.
53 Table 7 pCT/CATMsasaced
pot ency of boungggEE CBD on the prolife&H33n of nurine (B6SULA) and
human (MO7e and TF-1 ) SL F- dependent cell |ines. The half-mxi nal
response (EDerr]) was cal cul ated from dose-response curves such as in:
FIG 15 and are expressed as, EDJerr] [err] 5 standard errig. Cel | Line,
SLF- CBD A SL F no g
cel | ul ose with cellul ose no cel |l ul ose with cellul ose B6SUt A
455 [err] 58 @99 65 80?v[err] 758 Mire
178 42 S 124 30 _go err] e‘rF 1
160 22 349 64 xS %él’%
' S MRS o ,
2 . T | d i
S d N%
w ||
- + - +
C
Ly X
= <
'~ NN
&S &S
U T /U
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WO 97/ 26358
Tabl e 8

PCT/ CA97/ 00033
Bi nding Specificity of CBD[err] from Endogl ucanase C of Cellul ononas fim

Li gand Binding to NI(N2)[err] i on
Met hod G WO9B26358 pCTiCASlobins
NVR Cel | obi ose _ | NVR

Cel l otri ose +/ -

NVR/ cal orinetry Cel | ot et raose 28/33 ++
NVR/ cal orinmetry Cel | opent aose +++
NVR/ cal ori netry Cel | ohexaose +++
NVR/ cal ori nmetry Car boxynet hyl cel | ul ose (CMVO) +
affinity el ectrophoresis/ :

conpetition assay Hydr oxyet hyl cel | ul ose ( HEC) +++
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5.0 — ~
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PCT/ CA97/ 00033 Table 9
Summary of N1 Bi ndi ng Thernodynami cs at 35[err]C _

NVR | sot her nal Tltratlon M crocal orinetry

Kl err] K[ eWP9726358 | or 1 H err] -T[err] S[err] PCTICAYTIoss
(Merr]) (Merr]) (kcal./ nol) 30/33 (kcal/nol)

Cel l otri ose 180 50 n. m Cel |l otetrose 4200 700
4100 500 -6.4 0.2 1.4 0.1 Cel | opent ose 34000
7500 17900 [err] 3100 -6.8 0.2 0.86 e 1 Cel | ohexose
51000 18000 25200 3900 -6.9 0.2 Q.79 0.1 Bar | ey
[err]-d ucan n.m 85500 4400 - X pepinr O 48 [err] 0.1
HEC . n. m 67000 73900 - L. 2a 0.1 0.50
[err] 0.1 5 i’ Exanpl e 10

Hindltt

FIG. 21
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Construction of Expression Vector Containing Fusion of cenC CBD

Gene Fragnent and the C. fim Endoglucanase A (cenA) Cene Fragnent and
Characterization of the Fusion Protein - Construction of the Vector 10
Plasm d pTZ-JC2 (see Fig. 21A) was digested to conpletion with Snmal and
H ndl 1. The 3. p fragnent was recovered. PIasnideC18ﬁé¥

cenAlerr] PT (§¥89E%85p218) was di gested ta31/33conpletion wit ’gﬁ?mﬁﬁﬁ
H'ndlll and the 1.1 kbp fragment was recovered. The 3.9 and 1.1 kbp
fragnents were then ligated to give pTZ-JC 13 (see Fig. 21C). This vector

Is used to transformE. coli JmMLO1l. 15 Enzymatic characterization
of the fusion protein <he expression product (fusion protein)
encoded by pTZ-JC13 is characteriged for its. catalytic activity on

Avi cel., bacterial mcrocrystallin@ cellul ose (BMCC) and phosphoric acid
swol | en cel | ul ose (PASC) conpared&do the original CenA and its isolated
catal ytic domain p30. 20 Specific:aptivity Is determ ned fromthe anount of
sol ubl-e reduci ng -sugar produced fr adé;xed anount of substrate under

fi xed assay conditions. The reduc r is neaspled by a

colorinetric assay and determ ne 3 gl ucose andard. The
:g¢rnined b he bi ndi ng of Coonassie
2:43)

concentration of pol ypeptides
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Chem 263:10401-10407). Eval uation of the susceptibility of the fusion
protein to proteolytic degradation A maj or consideration in the

use of fusion proteins is the stability of the polypeptides )

vari ety of conWa¥8%8 i ncl udi ng resi st a2933 agai nst pr ot eol yta,i C Sr0tds3
degradati on. The sensitivity of the fusion protein to proteolytic
degradation in the absence of a |inker sequence was evaluated with C
fim protease. C eavage of the fusion proteins with C. fim protease was
noni t ored by SDS4PAGE (see Fig. 22)BMIGGstability of the fusion protein
was conpared rel&kive to the stability of CenA The protease
concentration and the proteolysis conditions were varied 10 to optim ze the
results. Eval uati on of the binding characteristics of the fusion
protein: differentdal absorption analysis To define the affinity
of the PBD-fusi oteins=tor dbfferent carlul ose al dbnorphs, bi ndi ng
to various cellulqg et ri xes can sinply be eval uated by SDS-PAGE anal ysis
of bound 15 fractiongesrhi s anal ysis has shown that PBD{err] binds to

anor phous cel | ul ose (PASC) but does not bind to crystalline cellul ose

(o Tne Co0cen et 0 i D/ PDBN O

~materials. These &®ff
for selective rend of one conponent in the presence of the other. In

the first step BMCC i"8™added to ,
43 e o “ e CenA

36

| PASC
B
kDa -~ & - 4+ - +
116 B
" e i - - QEP@» PDBy;-CenA
03 R - o CenA
36

FIG.23
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renmove CenA. The PBD-fusion protein, left in solution after the first step,
was then renoved by 20 absorption to PASC (see Fig. 23). The concentration
of the various protein conponents relative to the cellul ose
concentrations 2@& |ed widely during the assay to eval uat g~4BgobdssCt Of
non- sat ur X0 aturating and over-saturating the cellulose. .

This selective renoval or binding of the different conponents has inportant

i nplications for use in processing ariﬁ/ﬁﬁri fication of fusion proteins.
The PBD can be renoved 25 proteolytically fromthe fusion protein while
bound to the pol ysaccharide using a CBD protease to liberate the
conpound of interest. The protease is then renoved by virtue of its binding
to cellul ose (e. g BMCC) | eaving a pure conpound.
Exanmple 11 30 _ Production and Properties of a Bifunctional
Fusi on Protein that Medi at es Separati on of
Vero Cells Using . A i gosacchari de- poFI__ymer Based '
Affinity Pha i.tihee hg ROTEASE CLEAVAGE SITE FOR A
57 TeetlUlose SPECIFIC PROTEASE
/ FACTOR Xa
- THROMBIN
/ "TRYPSIN
/CBD k\ D_D
< /
CELLULOSEJ
| / CBD NON SPECIFIC PROTEASE
‘ Y +——COMPLETELY DEGRADES CBC

/

FIG. 24
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Bacterial Strains, Cell Lines and Growth Conditions Chemi cal s
were of amalytical of HPLC grade. Reconbi nant DNA experinents were
performedpfelr coli JMLO1 grown at 37[err]C in LB nedi um supplemented with
anpicillin 5 (Boehringer Mannhei m GrbH, Mannheim Gernmany) at 100
[err]g/nL. High-level expression studies and | arge scale protein

production were cOMPOSIAGNS AND mﬂoﬂ%%nw1@mm%EW@c TYP medi um

(16 g tr,yptonqméﬁtmxﬁaﬁcz\eus:mfcaémr CTORPOLYSROGHARISE ] per
liter) supplenented h JINDING FUSIOACBROTEDNG/ ML) . Bacterl aI medi um
conmponents were fromDi fco Laboratori es (Detroit, M) Shaker speed for
shaker flask cultures was set at 250 rpm Cultures were induced 10 with

i sopropyl.-[err]-D-thiogal act osi ddﬂmﬁgﬂa Chenical Co., St. Louis, M)
at 0.15 MM - Vero (African green nonkey, kidney-ATCC CCL 81) cells used
in attachnent studies were maintained in T flasks, in DVEM or DVEM F12

medi um €@ I t hersburg, MD) suppl enented with 10% NCS (G bco

G'm:hnimmmm;a
BRL), at 37C. aqd 5% Recombi Tech
recz)rrb?nant @é‘ QI‘P.‘%&‘BE&‘%?E“& w(‘ﬁ R GU@? gfﬁ'(@&m%ma
(1989)  usiapfasidn p Fbwh&eo s@d‘d?ﬂg% Yt for RhE RREindSorkde divead litdaea | Ysi s

nmet hod. '‘DNA restri ct lon an nmodr fi cati on enzynmes were used according to

t he manuf Relbysrcsharidasec dhmasnentionissxemplified byfthegseetftasiugion oraieip shasinsdudey

Boned canperReBEi BN dlor sl ARl L LT TS 50 g bR R B iR 1 00

bp) were bacierisll cllersdto iiidid groliterivide sTIvBe rAtARCelIFiOZen. conpet ent E.

coli cells were used for all transformations. Oigodeoxynucleotides were-
synt hesi zed with an ABI 380A DNA synt hesi zer (Applied Biosystems, Foster
Gty, CA {fied by -C 18 cartridge Chromat ography. Anneal i'ng of

ol i godeoxynucleoti des was perfornmed at 74[err]C for 10 mn in sequencing
buf fer (40 25 dvnFjarobjeclivein hioprocess enginesning isahe devejopaBok ofiveliadnyre nfagiddowed

by sl ow C%:chn;?ro@sde%c%nv]u%nm% conditions necessary for maximum cell densities and specific

2 cel} derived product recovery. In vivo, growth factors for various target cells are often
associated with the extracellular matrix (ECM). The major extracellular matrix components '
are proteoglycans of which there are four major forms: heparin sulfate, chondritin sulfate,
keratan sulface and hyaluronic acid. The binding properties of these ECM proteins are
primarily determined by the form of the glycosaminoglycan carried on the proteoglycan.

s These molecules appear to protect the growth factors from proteolytic degradation and are
thought to be an important reservoir of growth factors in the ECM. Proteogiycans are an
abundant and ubiquitous tissue component and are likely to capmre a inajoriry of intercaliular
growth factors for which they have affinity. It has been suggested that the combined action of
diffusable factors and nondiffusable matrix signals may be an important mechanism for

10 localizing responses of cells to a cytokine that is widely distributed within an organism.
Several cytokines, including, basic fibroblast growth factor (bFGF), granulocyte-macrophage
coiony stimulating factor '(GM CSF), and imcrlcukin-B {1L-3), have been shown to function
when bound 1o proteoglycans of the ECM.

Of particular interest for culturing in vitro are cells of the hemalopmcnc system. The

u culturing and expansion of bone marrow cells in vitro has required the use of irradiated
preformed stromal-cell feeder layers. Dexter et af. ((1993) Narure. 360:709-710)
demonstrated that this tachnique maintained cell populations which were able to regeneraie
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was ‘'sequenced by t he di deoxy chai'n term nating nethod using nodified T7 DNA

pol yner ase (Sanger et al., Proc. Nat'l Acad. Sci. USA (1977)

74:5463-5467).
by sodi um dodecy

CA); bands were
Densitoneter, M
Inagecpant[err]
58 were inc
Préparations of
usi ng the extinc
(1974) Amal. Bio

Pol ypepti de Anal ysis 30 Pol ypepti des were resol ved
| sulfate polyacrylam de gel el ectrophoresis ( SDS- PAGE) ..
The gels were stained with Coomassie Brilliant Blue R250 (Bi oRad, Ri chnond,

quantified using a scanni ng 4densitometer (Conputing

| ecul ar Dynam cs, Sunnyval e, CA) equi pped with

software. Pure CBD[err]/RGD standards

rnded arowtkatactasn asmiyegate conpsAsingi ansubstpate

EBRaehg] féigibw-@nvedieztﬁnrnang@l%aeéﬁawa%gﬁcgﬁ ?0 nm
copes

ilon coeff|C|e det erm ned f ure

hEAPdsEhay topddyss BiNERgE¢ Pﬁ@tﬁ&{i} peﬂlﬁrwmqwg

rabbit anti- @GnAbiagdlingase@ionfrye farablgdy saegsgattiadlyi 168RDAG S€rum

conjugated to ho

10

i5

LIEESHL e ol G reOpRi9sERhaBRags8 O Nl ol IBoY-

in vitro expanSion_of growth factor dependent cells also
are provided. ‘The methods involve growing cells with a
cell surface receptor for the growth factor in contact
with the growth factor conjugate. To obtain a population
of cells enriched in growth factor dependent cells, a
pluxality of cells are contacted with the growth facter
conjugate and any cells lacking the cell surface receptor
are then removed. Optionally, the cells can he removed
from the conjugate or éhe substrate. The growth factor

'cohjugates also can be used for enhancing healing of a

20

25

30

35

wound by contacting the wound with the growth factor
conjugate that is optionally bound to a wound covering.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a consensus sequence for the cellulose
binding domain. Amino_acid sequence alignments of the
cellulose-binding domains (CBDs) of C. fimi cellulases
(CenA Seq. ID 1 and Cex Seqg. ID 2), and the putative
binding domains of MbCelA Seq. ID 3 {(an cndoglucanase
from Microbiospora bispora), ClfX Seqg. ID 4 (part of the
translated open reading frame of Cellulomonas flavigena
gene fragment), Pfegl Seq. ID 5 (an endoglucanase from
Pseudomonas fluorescens var. cellulosa) and Bfegll Seq.
ID 6 (an endoglucanase from Butyivibria fibrisolvens).
Amino acid residues are indicated in single letter code.
Bold upper case letters indicated homelogy with the Cena
séguence; plain upper case letters indicate homologies
occurring only with the other six sequences; lower case

letters indicate the absence of homology. *indicates the

amino terminus of the mature enzyme. ***indicates a
carboxyl terminus deduced from occurrence of stop codons
in corresponding DNA sequences - indicates a gap left to
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Okigosacchari de - Bi ndi ng Assay - ==  This was perforned as desribed in
Exanpl e 8. Large- Scal e Production and Purification of CBDerr]/RGD
CBD[err] "is produced as described in Werzba et al. Biotechnol. And Boieng.
(1995) .47:147-154, except that the coding sequence for CBD err] replaces
t he codi ng sequence for the cel l uase binding domain (CBD) of

Cel l ul ononas fim endogl ucanase A (CenA) i Ny 4 he R1360/ pTZ18U- CBDY RGD
construct. E. coli containing the construct are grown at 37[err]Cin a 15
12-L fernentor (iCHRsRie Ade ‘@gllﬁét“gwil- , Nwrlpors | xaRT ite TeRidhdisupt the

suppl ement ed Wi tdtart &Fd @dd of ¢a8Peb€ivé Ol ifds: M,Ptﬁﬁ,o-a%éﬁwxg@' I's
g

are separated fromthe culture nmedium by . centrifugation at 31, 00
(Shar pl es- St okes"$F vi*H Jn,relgéﬁﬁ\?/ﬁl Fr%o’l’%".’“,’e’f/%‘?rﬁrr@? e sRATt OLCEPeerr]/ RGD

in the cultuse nethronemskd poliypepeided avideactheomitepws flieadeseparat el y

usi ng raf finitys: e Il ani S| | p ) Pl,yroni c
P105 as descri bé%lféjér}' ﬁ%sggﬁgo%gtﬁgg 1?%%'{ u%n??%rﬁﬁﬁ%grg:g Pgugh a
GF/ C gl ass fi bernumhared E&Q& e shack ef el C. Milatsigen® geneUfyaguentnove
cell debris. TheyfdH tndRimRdif¢aks added to the phase separation system
Accordi ng to the nethqdol gy, for ot her aqueous two-phase partition systens
(e.g., Joshi et al., FIG-p2,8D0UPFLERCED (Bwinn E%‘%"f) afd KopkEol fipor t ant
di fference that THee edpaceliladarsdgneih | yf mueirteandadlb\rahitedi (gigfl LAp
OB err] Tusion Jg, WedtG aEhLRL YnEXId ARl Yot Gl ] -fusion 25
protein froma cutture supernatant or a cell” extract can occur in either a
comer ci al G aegaalucanagge Cesnt Bg or 2Renf® et thestfusioge presedn
partitioning sysi@mipror(ragli 3e) - Sehé | féchm{rint extiddWea3,18R D. Thesis,
University of California at Berkeley (1991)). The carbohydrate-rich
extract phase containing the CBD[err]-fusion protein is punped to a second
m xer-settler battery for back extraction of the product, while the

pol y(oxy-ether)-rich phase is stripped with an 30 inconpatible salt and
then recycled to the affinity contactor (Haynes et al., AIChE J., (1991)
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37:1401). Addition of sufficient salt, usually a sulfate or citrate salt,

to a carbohydrate-rich extract phase containing a bound target protein

results in phase separation (see Walter et al., Partitioning in Agueous

Two- Phase. Syst ens, Acaden1c Press »(1985)). The 2M and hi gher salt

WD 97/.26358

PCT/ CA97/ 00033 : 5 59

concentrations required for phase separation often | eads to dissociation of
a sinple nmeans

the |igand-protein onplex and thus of product recovery.
The strongly exot her nf&Chi RdFRRWS 4&&\&9&$CQE§FéPF]°§nHTPE£N1nd|E¥H§§91W%H
di ssoci ati on Canwahsdlﬁés?éﬁlébﬁpnéﬂvl@gﬁﬁgﬁhWh%r and Hﬁﬁ&??z'ﬂ&rfﬁgg%é'W
tenperature or ) en- bond _di sr i cosol ven ce
salt s i$ rermvegg &dpagP?tﬁﬁg E%ﬁéPlﬁgsggﬁ ﬁgnne%ﬁﬁﬁblﬁﬁy $hsz
suspensi on |§Sstfragme99nwaq ;ﬂolabﬁderrPCRowesnugbd tdhenetrodiee i S

concent r at ed andaﬁﬁfeafgsgi%éc{uggﬁw Qi¢k8 %g EnENan 20444 ex%vfz%)tr@ace

ultrafiltration u5|ng a menbr ane micon DIvisTo
& Co., Beverlydenp) fragmenipengqdingcSBlel uiasninsreduged nag na )silert | t er
sterilized (0.2 putatién attthed atend?Qlfeicbi®1 48ing th& oL cbmf&.éd"tl@ee

150 i of the safe bERTer AT RRRRE s reRogcRErtaMe- AN & 14
50-nL Frencli0 HindIII site was introduced at the 3’ end of chbdN1 using
the oligonucleotide 5'-AGAATGAATTCAAGCTT-

AGAGCTCGACCTCGGAGTC-3’ Seq. ID 9, A translational stop
codon was also included in this primer. The polymerase
. reaction (PCR) mixture (50ul total volume) contained 10-

15 100 ng template DNA (pTZ-JC3 (Coutinho et al. Mol.
Microbiol. (1992) 6:1243-1252}, 25-50 pmole (300 ng)
primers, 2mM MgCl,, €% dimethyl sulfoxide, 0.2 mM 2'-
deoxynucleotide 5'-triphosphates and 1 unit Tag DNA
polymerase in 50 mM tris-HCl buffer, pH8.3. Twenty-eight

20 successive cycles were performed as follows: denaturation
at 94oC for 15 sec, annealing at 57°¢C for 1.4 min and
primer extension at 720C for 1.5 min. The resulting
cbdN1 PCR fragment was digested completely with Nhel and
HindIII and the 0.5 kbp fragment was purified.by

25 precipitation. The 4.5 kbp and 0.5 kbp fragments were
ligated to give pTugKNl.

FIG. 7 shows the pTugKNl1l vector., The pTugKNl vector
is derived from the pTugA vectors by replacing the
selective marker for ampicillin resistance {(B-lactamase

30 encoding sequence) with the selective marker for
kanamycln resistance. The sequence encoding the leader
peptide of the endoglucanase A (CenA) of C. fimi was
replaced with encoding sequence for leader peptide of the

_ exoglucanase (Cex) from C. fimi (Ong. et al. Biotechnol.

35 Bioceng. (1993) 42:401-409).

FIG. 8 shows purification of the SLF-CBD fusion
protein. SLF-CBD can be purified using either of its two
affinity tags. Fig. 8A shows purification of SLF-CBD

- —
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pressure cell (SLMInstrunents, Urbana, IL). Phenyl nethyl sul fonylfl uoride
(1 My and pepstatin A (1° [err]M are added to the cell extract to

m ni m ze prot eol ysis. Cellular debris is renmoved by centrifugation at
17,400g for 30 mn 4C. Streptomycin sulfate (Sigma) is added to 15 the
-supernatant (1.5%w v). After incubation overnight at 4C, the precipitate
is collected by centrifugation at 17,40082for 30 min at 4C. The
supernatant is added to the affinity partition system and the
CBDjerr]/RGD is punﬂ@gl1 descri bed abovg for the culture broth.

Cel | Separation ulcse: 8 4+ aMBTHEFS¢nt@RP r dm RGeS hes wi t h
irypsin and EDTAgrmasznedednwe; viidrie DIVEEAzsmneﬁrumtmr&atwmgacD % soylean

bl Lot To. o Eoararip ) srthih HEARURGY, SEERR Ao By 1°

serumfree c§l tu‘?*%lci?-lnehmﬁnﬂAmﬂ-Pﬂnémbat eEhratt 1 hane %a?[ié*m']@ the

cells with CBOJ e;%f&'éﬂp &%EEEU’Ede dég'éedliroribﬁ 1 maféf é:b’l *B%ﬁﬁ
partitioning system After 52&3 tion o EFHECpase nls ad edto_
ec

rel ease 25 the c®FFE2¢% ¥ th AXdee 98B 8hQeF | qﬁ}:mn o
centrifugation. SLRLCEDtwith dikkelebephasose uaisgsties hetalgiduidisie bl ue

excl usi on. b ul t,s_degon 18 SQNSY ction and
purification of 'éa%r vé-ﬂgfgc%a%ﬂe%g ctblﬁngggtf)e%%?%gc%nm K o]T L{:a St eel
factor extradel Ip¢ak. domain and a cel |l ul ase pol ysacchari de bi ndi ng

~peptide (SLF-CBD). Therdlhs @Bws\/\@gﬂph@ﬁlndnaow@éﬁéﬁ@rb’ﬁé@m@%r&@y'dﬂsose

30 stinmul ates proélfe ‘géf(?)n Qxih e fact0£ hﬁ%ponm%’f‘% toa%reater
t han non-i nobi | 9251 BF“Yh@ o8 m s k sééﬁ‘ PFEY53th a
hi gher specific wasiconfizmeat :bygmeatetrnnhiohuanalysm ol iFiay @A \shawesponse
conpared to non-éga’;mbl |ized steel factor. SLF-CBD bound to a cellul ose

surface can be re-Used several times w thout |oss of growth-stimulating
activity. : :
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60a. : SEQUENCE LISTING (1) GENERAL

| NFORMATI ON: (i) APPLICANT: University of British Colunbia, NA

Ki | burn, Douglas G Hunphries, iKeith R

Doheny, James G : - Jervis, FEric

Alinonti, Judie’ (i) TITLE OF | NVENTI ON: Conposi tions and net hods for
nodul ati ng cel l prollferatlon usi ng growt h

fg%CtSErQUE l ysaﬁclgga?.{x I\&:ﬁ was assayed as befcrc (g;gnqéf usggg{pgé)twea; ri]msaund 10 cc u.oz.e NUVBER

coated microtiter wells as above and the wells were used for three consecutive rounds of cell
culture. MTT assays of éulturcs foilowing the third use indicate 5o Joss in projiferative
a;.':tivity (Fig. 14B). A contro! plate was treated identically except that cells were not added
5 untii the third cycle. |
FIG. 15 shows the increased proliferation of murine bone marrow cells in response 1o
SL;F-CBD bound 1o cellulose. FIG. 15A shows the number of colonies formed by primary
murine bone marrow cells when maintained for five days in 1iquid cultures containing SLF (a
and b) or s_':;.F-CBD (c and @) in the presence of cellulose (b and d) or in the absence of
o cellulose (a and ¢). A parallel series of cultures included, in addition, IL3 (filled bars). FIG.
15B shows the cdlony sizes after the liquid cultures were transferred to plates, where the scale
bar represents 1 mm. The photographs of plates show larger colonies were fonned by cells
stimulated by SLF-CBD with cellulose (plated). _
FIG. 16 shows the results of anion exchange chromatography of PBD,,. Partially
s purified PBD,, (150 mg in 200 ml) was loaded (! ml/min} onto an anion exchange column
(MonoQ) equilibrated in 20 mM potassium phosphate buffer, pH 6.0. After washing the
column with 200 mi buffer, pH 6.0, bound protein was recoversd (8 m! fractions) using a salt
gradient (600 mi, 0 to 1 M NaCl in 20 mM potassium phosphare buffer, pH 6.0). PBD,, was
recovered from the colurnn in 300 mM salt (peak 1). Contaminating proteins bound more
% tightly and were removed in higher salt (peak 2). |
FIG. 17 shows SDS-PAGE analysis of PBD,, during purification from culture
supernatants. Culture supernatamts 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
u 5), fraction eluted with H,O from Av:cel (lane 6) and PBD,,, after MonoQ purification (lanes 7
and 8) were analyzed on a gel commmng 12.5% acrylamide. Molecular mass standards (lane
1) are as md:r-atcd
FIG. 18 shaws affinity electrophoresis gels for analysis of PBDs (PBDN, and PBDy,,.).
Binding of purified bovine serum albumin (BSA) (lanc 1), PBD,, (lane 2) and PBD,,,,, (lane
10 3) 0 soluble oligosaccharides was analyzed 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

.-
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(iv) CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Smart and Bi ggar

(B) STREET: Box 11560, Vanvouver Centre (© CTY: Vancouver =
(D) STATE: British Col unbia (E) . COUNTRY: Canada (F)

ZI P. V6B 4NB Canada (v) COWUTER READABLE FORM (A MEDI UM
TYPE: Fl oppy di sk (B) COVWPUTER3 | BM PC conpati bl e (O
OPERATI NG SYSTEM PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease
#1.0, Version #1.30 (vi) CURRENT APPLI CATI ON DATA: (A

APPLI CAT'ngbm&!u@PEﬁT 490§ Prcfemd embodimentth PR RBirom 2

16- JAN- 1997 ASSI FI CATI ON (vii) PRI OR APPL| CATI O\I DATA:

(A)  APPL iceiaie@Ns mmypmiyomwd sequence is cs@;:alm Rekim WEbydrolync
16- JAN- 1Q%8viey &l phiysactRtaiate . B0 rotaihd Ihe sUbsHale binding activity. The amino acid
-scqucncc preferably has less than about [0% of the hydrolytic activity of the native
3 polysaccharidase; more preferably less than sbout 5%, and most preferably less than about 1%
of the hydrolytic activity of the native polysaccharidase,

The PBP can be obtained from a variety of sources, including enzymes which bind to
cligosaccharides which find use in the subject nvention. In Table 5 below are listed those
binding domains which bind to one or more soluble/insoluble polysaccharides including all

© binding domains with affinity for soluble glucans (o, B, and/or mixed linkages). The N1
cellulose-binding domain from endoglucanase CenC of C. fimi is the only protzin knowh to
bind soluble cellosaccharides and one of a small set of proteins which are known 10 bind any
soluble polysaccharides. Also, listed in Tables 1 1o 4 are examples of proteins containing -
putative B-1,3-glucan-binding domains (Table 1); proteins containing Streptococsal giucan-

s binding repeats (Cpl superfamily) (Table 2)-. eniymcs with chitin-binding domains (Table 3),

~ and starch-binding domains (Table 4). Scaffolding proteins which include a cellulose binding

domain protein such as that produced by Clostridium cellulovorans (Shoseyov et af.,
PCT/US94/04132) can also be used for preparing a PBP. Several fungi, including
Trichoderma species and others, also produce polysaccharidases from which PBP can be

10 isolated.

. ' AMENDED SHEET



(A) NAME: Robi-nson, Christopher J. (B) REFERENCE/ DOCKET NUMBER:

80451-6 . (ix) TELECOVMUNI CATI ON | NFORVATI ON: (A) TELEPHONE:
(604) 682- 7295 (B) TELEFAX: 1604) 682-0274  (2) | NFORVATI ON FOR
SEQ I D NO 1: (i) SEQUENCE CHARACTER! STI CS: (A) LENGTH, 109
am no aci ds. (B) TYPE: am no acid (C) STRANDEDNESS: not

[32:01? ?/ggt lwo aquecus p'%asgs tEcn pro%es exHx%r ccl;r%plgt\éa(pr partial (b\gtisiu ?ﬂclx\é%%%hc%ﬂa{%?mc

target composition. In Table 6 below is a partial list of oligosaccharides known to form
aqueous two-phase systeras with cither another polymer or a sgong electrolyte.

Other polysaccharides which form two-phase systems include: mixtures of low-

s molecular weight cellosaccharides; chitosan and other chitin derivativés; water-soluble glucans
(=, B, andfé; mixed linkage with degree of polymerization > 3), modified ghicans, and/or
derivatized glucans; cereal B-glucans such as barley or oat -glucans; and mannans,
glucommannans, gajactomannans, and xyloglucans.

For some applications, it is desirable to release the immobilized cells after the

it concentration step. Several methods can be used to remove immobilized growth factor
conjhganes and/or attached cells from a polysaccharide substrate polymer. For example. PBP
compounds bind specifically and strongly to the oligosaccharide polymer but can be rerﬁoved
easily by elution with a low ionic strength solution (such as water), or a high pH solution a
chaotropic salt. These methods can release the entire conjugate froni the oliposaccharide ~

s polyroer, together with any attached cell and/or receptor. The temperature for drsorption is not
critical and generally in the range of 10°C-40°C, although ambient temperawres are generally
preferred, i.e. ., about 20°C. Physiologically compatible conditions are used whcn viable cells

. are desired. For example, 4 low ionic sength. physiological pH solution that lacks
chaotropic salts can be used 10 release cells from a substrate.

0 If viability of cells attached 1o the growth factor conjugate is not of concern, for
example, where the receptor for the growth factor itself or the growth facior receptor pair is
being purified, a pH 9.5 carbonate buffer or 6M guénidine HC1 can be used for this
desorption step. Dilute sodium hydroxide (about 0.1M) can be used in some cases. The
nature of the PBP can be modified o alter its adherence propertics so that it can, or, if

s desired. cannot, be desorbed by water. Application of the desorption medium to the matrix
causes release of the conjugate from the oligosaccharide polymer.

For isolation of the PBP-conjugate and associated cells following release from the
substrate, various techniques can be used. For example, the polysaccharide surface can be
washed free of the PBP-conjugate with the desorption solution as described above. The PBP-

30 conjugate then is separated from the desorption solution, for example, by changing its ionic
strength or pH and readsorbing the PBP-conjugate on an ion exchange medium or on a second

polysaccharide matrix.

AMENDED SHEET



60b

Val Asp
10
Ay Asp
30
35
Ser Thr
60
65
Phe Asn
85
Cys Thr

3

%

(xi)- SEQUENCE DESCRI PTI ON: SEQ I D NO 1: Ala Pro Gly Cys Arg .
Tyr Ala Val Thr Asn An Trp Pro Ay 1

_ 15 dy Phe 4 9AIa Asn Val Thr IIe Thr Asn Leu
Pro Val Ser 26 25

Ser Trp Lys Leu Asp Trp Thr Tyr Thr Ala Ay G@n Arg Ile dn A@n’
Horesang thy 9m?j%fal§p@| meggyred/qln appther é?ies of conglélegtplrrixgerﬁss &egﬁég
prstﬁginlv?d# aﬁﬁ%rﬁs@%@%iaﬁ%%ol J:&té?g With E¥ltufds¥, G;‘f%scTslilffaég gveﬁ,esrczﬂag y
Gith SeE threPrivieaard the SeivicAsna®re®. Thr Pro Al a Ser Phe
a y Tﬁ,LFy;agDp,?qg boynpd to a reconstituted cel?aoselqgﬁface npphcce to tés g'ott%‘n}/ fégr Thr
microtiter plate. This system facilitated the separstion of the cells from the cellulose surface so
that the surfaces could be reused for several consecutive rounds of cell culture. Analysis of the
activity bound to the plate or remaining in the supernatant indicated that essentiaily ali of the
SLF-CBD was bound (Fig. 14A). Repeated use of the same surface showed no loss of
prolifcrative activity during the three rounds of cell .growth (Fig. 14B). Similar results were
obtained from a separate plate, identically treated except that calls were not added unti] the third
cycle (Fig. 14B).

it is apparent that the immobilized steel is not being consumed by the cells, since *
SLF-CBD coated plates could be used repeatedly. In contrast, soluble steel factor is internalized '
and consumed by cells which is likely a homeostatic mechanism to regulate the duration of -
stimulation (Miyazawa et al. (1995) Blood 85: 641-649). Iamobilization of SLF would then

‘prevent down regulation by consumprion of the growth factor.

Example 5
Srizmulaion of Mu 5 1l Proliferation Using SCE-CED Immohilized
Regenerated Cellulose Surfaces |

Bone marrow cells were aspirated from the femurs of 8 week olé (C57BL/6] x
C3H/Hel) F1 mice bred and maintained in the animal facility of the British Cotumbia Cancer |
Research Center. Cells at a final concentration of 1 X 107 cells ml” were added to 1 mi
culture medium containing SLF or SCF-CBD and with or without 1pg/mi BMCC. Murine IL3
{5ng/ml) was added 1o parallgl test cultures. Cultures were then maintained for five days at

.379C/ 5% CO3, counted a second time; and diluted 1 in 10 in Methocult GF M3434 medium

(StemCell Technelogies) containing 0.9% methylceiiulose. One mi of each diluted culture was
transferred to each of two 35 mm plates, and incubated for 14 days, after which time colonies
were scored according to standard criteria. Colony counts from each pair of duplicate plates
were combined and plotted as 2 single bar on the graph (Fig. 15A). Plates were photographed
after a further 14 days of incubation (Fig. 15B). The cellulose concentration was held constant
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(2) | NFORMATI N FOR SEQ | D NO 2: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 108 am no aci ds (B) TYPE: am no acid (O
STRANDEDNESS: not rel evant (D) . JOPOLOGY: not rel evant (i)
MOLECULE TYPE: peptide (xi) SEQUENCE -DESCRI PTION: SEQ I D NO 2:
Ser Ay Pro Ala Ay Cys G@n Val Leu Trp Ay Val Asn A n Trp Asn 1
10 whi ' Thr . Phe Thr. Vi yal Lys Asn
Thr Ser S¥hilethe sLE an& %CF—CBD Loncc%aqmgowas vmle@I&%mA?gb 10840,8_%“.

gg Val Asexsirm%w wT:hmuhﬁﬂ céﬁmhé?fmo% gﬂp-xpweremﬁwpcﬁoﬁn@.nml

half-maximal response (ED,,} (Table 7) was calculated from the dose response curves (Fig.
4A). |

- In the SLF dependent bone marrow cell line BSSUtA, CBD alone did not stimulate the

~ proliferation of B6SULA cells (data not shown), The presence of cellulose had no significant
effect on the activity generated by the non-affinity tagged control SLF (Table 7). However,
SLF-CBD in the presence of cellulose was clearly more active in all three cell lines than in the
absence of cellulose as evideaced b§ the decrease in the protein concentration required to

o roduce a half maximal response (decrease in the value of EDyy) (Table 7). IL3 did not affect

the size of colonies. o
Example 6 *
Escherichia coli IM101 (SupE, thi-1, A (tac-proAB), (FraD36, prodé.

i taclgZAM 1 5) Yanish-Pervon ez al. (1985) Gene 33:103-119) was used as the host strain for
maintenance of the plasmids and for production of recombinant protein. Cultures were grown at
30°C in liquid tryptone-yeast c:ﬁtract—phosphate medium (TYP) or on Luria broth (LB agar,
supplemented with kanamycin (100 g/ml).

Overnight cultures of £. coli straiﬁ JM101, harboring pTugKN] (seg Figure 7), were

w diluted 500-fold in TYP supplemented with 100 pg kanamyein/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-f-
D-galactopyranoside (PTG) to a final concentration of 0.1mM and the bacieria were incubated
for a further 18 h at 30°C. Culture supematants was clarified by centrifugation (4°C) for 10 min
at 13000x g and cells were discarded. Affinity chromatography on cellulose was used to purify

s PBDw), as follows. The clarified Eultm: supernatant was incubated (4°C) with microcrystalline
cellulose (Avicel) (50 mg. L-}) with occasional stirring to allow PBDy, to bind. The cellulose
suspension was filtered on a Bichner 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 then loaded
onto an ahion-exchangc column (MonoQ) equilibrated in 20 mM potassium phosphate-buffer,

30 pH 6.0, operated a flow rate of 1 ml/min. Proteins bound tightly to the column and were
removed with a salt gradient (0-IN NaClt, pH 6.0) (see Fig. 16). PBDy; was recovered in 300
mM salt (peak 1, Figure 15). Contaminating proteins bound more tightly and were removed in  °
higher salt (peak 2, Figure 16). Figure 17 shows an SDS-PAGE analysis of PBDy; during

—
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Thr dn
55
Ala Ay
80
85
Thr Pro
AVENDED

0

M

Ala Trp Ser Ser Thr Val Thr G n Ser Ay Ser Ala Val Thr 50
' 60 Val Arg Asn Ala Pro Trp Asn Gy Ser Ile Pro
Ay Thr A a 65 5 70 75
A n Phe Ay Phe Asn Ay Ser His‘}hrGIyThr Asn Ala Ala Pro Thr
90 95. Al a Phe Ser Leu Asn vy
,'[Q{onVal Ay o 100 105
;E’i&&lﬂl&l

- Analysis of HEC, Barley-B~glucan and Xylan Binding to

CBDywy and CBDwiyp by Affinity Electrophoresis
Aﬁinin'i' electrophoresis (Mimura et al. (1992) S Chromatography 597:345-350) was

used to identify and evaluate the binding of CBDw; and CBDyin; to soluble polysaccharides with
a DP 2 15 such as HEC and barley f-glucan. The original continuous disc electropheresis
method was replaced with a discontinuous method. Two native gels, one containing the
polysaccharide (0.1 % w/v) and one without the ligand, were prepared next to one another in the
same plate of 1 BioRad electrophoresis sysiem. This guaranties that analysis in the presence or
absence of soluble polysaccharide is conducted essentially under the same conditions and that the
observed effects (retardation in the presence of binding glucan) are not the result of an
anomalous elecirophmetic migration, BSA was used as a negative control in each gel. Proteins
(S mg eaéh) were joaded onto the gels. Electrophoresis was conducted at 4°C under native
conditions at pH 8.2-8.8 for 2to 3 h. CBDw; and CBDwiv; interact strongly with HEC and
barley B-glucan and as a resuit, their migration in the gels containing these oligosaccharides (+)
is severely retarded as.compared to the migration in gels in absence (-) of a 3-glucan (see FIGS.
18A and 18B). CBDy and CBDx)y» do niot exhibit any affinity for xylan and no retardation of
migration in the gél is observed in the presence of this glycan as compared to migration in its

- absence (gge FIG. 18C). N1 and NIN2 refer tc; CBDy and CBDwina, respectively.

Exmgle 8
Isothermal Titration Microcalorimetry Determination of
Oligosaccharide Binding Constants for CBDw; and CBDyy-Fusion Proteins
Microcalorimetry was used to measure binding thermodynamics for CBDy; to a wide
range of watcr-soluble oligosaccharides with the aim of identifying a set of suitable ligands for
the affinity, partition system. These data are shown in Table § below. Figure 19 shows reversible
binding-isotherm data measured with a Calorimetry Sciences Corp. model 4200 ITC forCBDw
binding to hydroxyethy! cellulose (HEC) in 50-mM PBS at 35°C and pH7. CBDy; strongly binds
HEC with an equilibrium binding constant in the range of weak antibody-antigen interactions.
Barley p-glucan binding to CB Dy, is even stronger at these conditions (K2=85,500 M-1). For
both oligosaccharides, CB Dy binding is as tight or even tighter than nearly all PEG-based

- AMENDED SHEET



60c  (2) | NFORMATI ON FOR SEQ I D NO 3: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 104 am no aci ds (B) TYPE: am no acid (O
STRANDEDNESS: not rel evant (D) ¢4TOPOLOGY: not rel evant (i)
MOLECULE TYPE: peptide (xi) SEQENCE DESCRI PTI ON: SEQ I D NG 3

Gln Pro Pro Ala Ay Arg Ala Cys Au Al a Thr Tyr Ala Leu Val Asn

G A a TGP () CpoRHsRRO grgpion 8-PEG, diifophei F, Galerafid e

25 PEG) currently in W2 in affinity partition systems. This relatively high binding affinity,
combined with the poteatial for a single oligosaccharide chain to bind multiple CBDy)-fusion
‘proteins, suggests that both capacity and selectivity will be high in this affinity partition system.

s A summary of NI binding thermodynamics is provided in Table 8 helow. Binding of CBDy; 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.

0 ' Example 9
| Phase-Equilibrium Anslysis 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)-

s poly(propylene glycol) copolymer) in S0-mM PBS at 35°C and pH7. As shown in Figure 20, a
stable two-phase partition system is formed gt any total polymer concentrations above ca. 3%
(wtfwt) Pluronic P10S and 2% HEC, giving a fairly large range of two-phase composmons and
equilibrium tie-line lengths useful for affinity partitioning.

VUi : Example 10
Isotherms) Titration Microcalorimetrv Determination of Suitable

Elution Conditions for CBDy; from an Oligosaccharide Polymer
ITC is also used to determine suitable elution 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 pBDN|-carbohydrate complex.

AMENDTD SHEET



Ser Ser Pro Ile Asn Gy Trp Thr Val G n Trp Thr Leu Pro Ser Ay

35 40 45 G@n Ser Ile Thr An Leu
Trp Asn Gy Asp Leu Ser Thr Ser Gy Sers3 50 - 55
60 Asn Val Thr Val Arg Asn Val Ser Trp Asn Ay Asn Val Pro Ala Gy
65 70 : 75 80 Ay

Ser Thr Ser Phe Gy Phe Leu Ay Ser Gupldy Gy An Leu Ser

85 ' 90 . 95 .. Ser Ser
Al a Ser Enhanced potencyl @ioboupd 5 LIFNERIRvA ThepsoH ratRmf| mu

SEQUENCE CHARA

Ile Thr Cys Ser
HE B6STIA) and )

(B) TYPEIUER e e T L F- d‘e@“ﬁ@iﬂ%&%ﬁé@%@ﬁ%ﬁ%ﬁé?ﬁﬁ%ow ywas ()
TOPOLOGY . 10Qtkech HdnY BBle-respontd bdrvAlubfhd-fn FIETES 2R REd Sressed as ED,, +

¢ standard error.

CalLine SLF-CBD

SLF¥

no cellulose with cellulose no cellulose with cellulose
BESOIA 455158 5559 6291 65 307 % 75
MO7e . 178242 3T+24 124 £30 308 + 33
TF-1 160 £ 22 31+16 340+ &4 311 +53

RETAIPNEN Sy pmp-
ANICHDED SHEEY



(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 4: ~ Thr @y ser Cys Lys Val Gu
Asn Ala Ser Ser Trp Asn Thr Gy 1 : 5

15 Phe Thr Ala Ser Val Arg Val Thr A§gThr Gy Thr Thr Ala Leu Asn
20 25 o . Ay Trp .Thr Leu Thr Phe
Pro Phe Ala Asa Ay Gn Thr Val dn dn 35

45 Ay Trp Ser Ala Asp Trp Ser An Ser @y Thr Thr Val Thr A a Lys

REPLACEMENT SHEET Page 60d Asn Al a

Ala Trp Agcehidi Sefind-€dll Ris ShPGdwh Cofdibs Val Asp e

15

0

U

10

Chemicals were of analytical of HPLC grade. Recombinant DNA experiments were
performed in'E. coli IM101 grown at 37°C in LB medium supplemented with ampicillin
(Boehringer Mannheim GmbH, Mannheim, Germany) at 100 pg/mL. Higl_x-level expression -
studies aﬁd' large scale protein production were carried out in E. coli R1360 grown at 37°C in
TYP medium (16 g tryptone, 16 g yeast extract, 5 g NaCl, 2.5 g K;HPO, per liter) supplemented
with ampicillin (100 ug/mL). Bacterial medium components were from Difco Laboratories
{Detroit, MI). Shaker speed for shaker flask cultures was set at 250 rpm. Cultures were induced
with 1sopropyl-{3-D-thlogalactosxde (IPTG, Sigma Chemical Co., St. Louis, MO) at 0.15 mM.
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 (Gibeo BRL), at 37°C. and 5% CO».

Recombinant DNA Techniques
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
modification enzymes were used according to the manufacturer’s recommendations. DNA
fragments were separated by agarose gel electrophoresis. Large DNA fragments were isolated
using GeneClean™ (Biol0lm La Jolla, CA). Small DNA fragments (less than 100 bp) were
isolated by the liquid nitrogen method. Frozen competent £. coli cells were used for all
transformations. Oligodeoxynucleotides were synthesized with an ABI 330A DNA synthesizer
(Applied Biosystems, Foster City, CA) and purified by C18 cartridge Chromatography.

Annealing of oligodeoxynucleotides was performed at 74°C for 10 min in sequencing buffer (40

mM Tirs-HCl or pH 7.5, 20 mM MgCly, 50 mM NaCl), followed by slow cooling at 4°C. DNA
was sequenced by the dideoxy chain terminating method using modified T7 DNA polymerase
(Sanger et al., Proc. Nar 'l Acad, Sci. USA (1977) 74:5463-5467).

Polypeptide sis _
Polypeptides were resolved by sodium dodecy] sulfate polyacrylamide gel electropharesis
(SDS-PAGE). The gels were stained with Coomassie Brilliant Blue R250 (BioRad, Richmond,
CA); bands were quantified using a scanning densitometer (Computing Densitometer, Molecular
Dynamics, Sunnyvale, CA) equipped with ImageQuant™ software, Pure CBDw/RGD standards

Tyr
10

40



65 70 75 80 Ay Phe
Asn Ay Ala His Asn Ay Thr Asn Asn Lys Pro Al a Ser Phe ' '
85 90 9?8 Thr Leu Asn Gy Ala Thr Cys
Thr Val Qvy 100 105 (2) | NFORVATI ON FOR SEQ
| D NO 5:° (i) SEQUENCE CHARACTERI STI CS:. (A) LENGTH: 103 amino .
aci ds . TYPE: .am \Cl, . STRANDE rel evant
(D) TOPOLUEF ‘“ﬂg@‘* g igisel ot '&WW&%&Q’?@&“&&‘&%@WHQ@(‘S{’ﬁ
SEQUENCE 4 By siNorbahle & BS{NQnElmmf the mdindtidN @efRi enGdMeﬂiihuPﬁFpﬂs An

Tyr Val VaI Thr Ash @ n Trp Asn 10
15 ' CBD/RGD (Scopes (197 f4) Anal, Bicchem. 59:277-282). Westem blotting was performed using

1o

ra-bbu anti-CenA serum as primary antibody and goat anti-rabbit serum conjugated to horseradish
peroxidase (Gibco BRL) as secondary antibody. '

Oligosaccharide Binding Assay _
This was performed as described in Example 8.

Large-Scale Production and Purificgtion of CBDw/RGD

CBDy, is produced as described in Wlerzba et al. Biotechnol. And Boieng. (1995)
47:147-154, except that the coding sequence for CBDx; replaces the coding sequence for-the
cellutase binding domain (CBD) of Celludomonas 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, Switzerland) in TYP medium supplemented with
smpicillin (100 pg/ml), and PTG (0.15mM). Cells are separated from the culture medium by
centrifugation at 31,000g (Sharples-Stokes Division, Peanwalt Corp., Warminster, PA).

CBDni/RGD in the culture medium and in the cellular fraction is purified separately using
affinity-phase partitioning using mixtures of HEC and Pluronic P105 as described in Example 8,
Culture medium is filtered through a GF/C glass fiber filter (Whatman International, Maidstone,
UK) to remove cell debris. The culture medium is added to the phase separation system.
According io the methodology for other aqueous two-phase partition systems (e.g., Joshi e al.,
Bioseparations, {1990) 11:311) with the important difference that the separation is greatly
enhanced by binding of the CBDy; fusion 10 the HEC. Affinity extraction of the CBDy;-fusion
protein from 2 culture supemnatant or a cell extract can occur in either a commercial Graesser-
type contactor (employed in most large-scale partitioning systems) or a mixer-settler battery
(Haynes, Ph.D. Thesis, University of California at Berkeley (1991)). The carbohydrate-rich
extract phase containing the CBDy;-fusion protein is pumped to a second mixer-settier battery
for back extraction of the product, while the poly(oxy-ether)-rich phase is stripped with an
incompatible salt and then recycled to the affinity contactor (Haynes et al., AJChE J., (1991)
37:1401). Addition of sufficient salt, usually a sulfate or citrate salt, to a carbohydrate-rich
extract phase containing a bound target protein results in phase separation (see Walter et al,,
Partitioning in Aqueous Two-Phase Systems, Academic Press (1985)). The 2M and higher salt

]
A



RN

Asn G n Phe Thr Al a VaI Ile Arg Val Arg Asn Asn Ay Ser Ser Ala

20 25 30 Ile Asn Arg Trp Ser Val Asn
Trp Ser Tyr Ser Asp Gy Ser Arg lle 35 40

45 Thr Asn Ser Trp Asn Ala Asn Val Thr Ay Asn Asn Pro Tyr Ala Al a
50 55 6060a  Ser Ala Leu Ay Trp Asn Al a
Asn Ile An Pro Ay @n Thr Ala G U sequeN@® LISTING 70

75 80 . . Phe Ay Phe A n Ay Thr Lys Gy Ala Ay Ser Arg
G@n Val Pro A 85 90

95 - VaI“*I'fTiEN@“sP BIRORATI®ys A n 100 (2) | NFORMATI ON
FOR SEQ 1D NQ G4 aseuzckis) FECLENCE CHORACTERLETACS, (A) LENGTH
97 am no aci d - DAL RO caci d (C) STRANDEDNESS:
not rel evant (D) Hﬁ@ﬁ?ﬁx@@y Kenot R.el evant :

Doheny, James G.
Jervis, Eric
Alimonti, Judie

{ii) TITLE OF INVENTICN: Compasitions and methods for modulating
cell proliferation using growth factor-polysaccharide
binding fusion proteins _

{iii) NUMBER OF SEQUENCES 9

{iv] CORRESPONDENCE Annm-:ss
{A) ADDRESSEE: Smart and Biggar
(B} STREET: Box 11580, Vanvouver Centre
{C) CITY: Vancouvelr
{D} STATE: British Columbia . .
- (E) COUNTRY: Canada
(F) 2IP: V6B 4NB Canada °

(v} COMPUTER READABLE FORM: -
{A) MEDIUM TYPE: Floppy disk
(B} COMPUTER: IBM_PC compatible
{(C) QPERATING SYSTEM: PC-~DOS/MS~-DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.30

(vi}] CURRENT APPLICATION DATA:
{A) APPLICATION NUMBER: CA PCT/CAS7/00033
(B) FILING DATE: 16-JAN-1997
{C! CLASSIFICATION:

(vii} PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: Us 08/585,585
{B) FILING DATE: 16-JAN-1996

(viii) ATTORNEY/AGENT INFORMATION;
(A) NAME: Robinson, Christopher J.
(B} REFERENCE/DOCKET NUMBER: 80451-6

[ix) TELECOMMUNTCATION INFORMATION:
{A) TELEPHONE: (604)682-72935
{B) TELEFAX: (604)632-0274

(2] INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 109 aminc acids
(8} TYPE: aminc acid

(C! STRANDEDNESS: not relevant
(D} TOPOLOGY: not relevant

-

{ii) MOLECULE TYPE: peptide

AMENDED SHEET _
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(i1) MOLECULE TYPE: peptide (xi) SEQUENCE DESCRI PTI ON: SEQ I D NG 6:
60e Val Ser Ay Ala Leu Lys Ala Qu Tyr Thr Ile Asn Asn Trp Gy Ser
1 5 10 15 Ay Tyr
A n Val Leu Ile Lys Val Lys Asn Asp Ser Al goier Arg Val

25 30 Asp Ay Trp Thr Leu Lys Ile Ser Lys Ser Qu
Val Lys Ile Asp Ser - 35 ' 40

45 Ser Tii)CyeoueaCE AFMSCRIFIM s unGurldy Ay Tyr Tyr Val Ile Thr

Ala Pre Gly Cys Arg Val ASP;TYI Ala Val Thr Asn Gln Trp Pro Gly
1 - § . 10 15

Gly Phe Gly Ala Asn Val Thr Tle Thr Asn Leu Gly Asp Pro val 5er
20 : 25 30

Ser Trp Lys Leu Asp Trp The Tyr Thr Ala Gly Gln Arg Ile Gln Gln
33 _ 40 45 :

Leu Trp Asn Gly Thr Rla Sex Thr Asn Gly Gly Gln Val Ser val Thr
50 55 60

Ser Leu Pro Trp Asn Gly Ser Ile Pro Thx Gly Gly Thr Ala Ser Phe
65 70 78 80

Gly Phe Asn Gly Ser Tip Ala Gly Ser Asn Pro Thr Pro Ala Sexr Phe
' 85 . , 80 g5

Ser Leu Asn Gly Thr Thr Cys Thr Gly Thr Val Pro Thr
: 100 105 .

(2) INFORMATION FOR SEQ ID NO:2:

{i) SEQUENCE CHARACTERISTICS: . i
{A) LENGTH: 108 amino acids
{B) TYPE: amine acid
{C] STRANDEDNESS: not relevant
(D) TCPOLOGY: not relevant

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Ser Gly Pro Ala Gly Cys Gln Val Leu Trp Gly Val Asn Gin Txp Asn
L 5 10 ’ 15

Thr Gly Phe 'Thr Ala Asa Val Thr Val Lys Asn Thxr Ser Ser Ala Pro
20 . Z25 30

Yal Asp Gly Trp Thr Leu Thr Phe Ser Phe fro Ser Gly Gln Gln Val
35 40 4%

Thr Gln Ala Trp Ser Ser Thr Val Thr Gln Sex Gly Ser Ala Val Thr
50 ' i 55 60

Val Azg Asn Ala Pro Trp Asn Gly Ser Ile Prc Ala Gly Gly Thr Ala

85 70 75 av

Gln She Gly fhe Asn Gly Ser His Thr Gly Thr Asn Ala Ala Pro Tar
. 85 50 95

Ala Phe Ser Leu Asn Gly Thr Pro Cys ThrIVal Gly
100 105

——

AMENDED SHEET



50 ' 55- 60 ‘Pro Met Ser Trp Asn Ser

Ser Leu Qu Pro Ser Ala Ser Val Asp Phe 65 70

75 80 GytieGn‘GEg/SerGy'SerIIeGyThr Ser
Val Asn IIe Ser Val 90

95 G ) hERBMEGRISTIGY FTReSEQ 1D MO 7. (i) SEQUENCE
CHARACTERI STI (A) LENGTH. 104 am no aci ds (B)
TYPE: ami no aci d;) SEQUENCE CHARGETERIFRPINBEDNESS: not rel evant (D)
TORCLOGY: not rel evdit LENGTH: iIPy appE@elid® TYPE: pepti de (xi)

B "ld
SEQUENCE DESCR PTI G‘{I g‘%@&npﬁgs not relevant
(D) 'I‘OPOLOGY not relevant

{ii) MOLECULE TYFE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Gln Pro Pro Ala Gly Arg Ala Cys G6lu Ala Thr Tyr Ala Leu Val Asn
1 5 i0 15

Gln Trp Pro Gly Gly Phe Gln Ala Glu Val Thr Val Lys Asn Thr Gly
20 ' 25 30

Ser Ser Pro Ile Asn Gly Trp Thr Val Gln Trp Thr Leu Pro Ser Gly
35 40 43

Gln Ser Ile Thr Gln Leu Trp Asn Gly Asp Leu Ser Thr Ser Gly Sez
50 558 60

Asn Val Thr Val Arg Asn Val Ser Trp Asn Gly Asn Val Pro Ala Gly -
65 70 75 80

Gly Ser Thr Ser Phe Gly Phe Leu Gly Ser Gly Thr Gly Gin Leu Ser
85 S0 55

Ser Ser Ile Thr Cys Ser Ala Set
100

(2} INTFORMATION FTOR SEQ ID ND:4:
(1} SEQUENCE CHARACTERISTICS:
{A} LENGTH: 106 aminc acids
{B) TYPE: amino acid
{C!} STRANDEDNESS: not relevant
(D} TQOPQLOGY: not relevant

{ii) MOLECULE TYPE: peptide

ixi} SEQUENCE DESCRIPTION: SEQ ID NO:4:

Thr Gly Ser Cys Lyx Val Glu T'yr Asn Ala Ser Ser Trp Asn Thr Giy
1 $ _ B 15

Phe Thr Ala Ser Val Arg Val Thr Asn Thr Gly Thr Thr Ala Leu Asn
20 25 30

Gly Trp Thr Leu Thr 2he Pro Phe Ala Asn Gly Gln Thr Val Gla Gla
35 40 45 -

Gly Trp Ser Ala Asp Trp Ser Gln Ser Gly Thr Thr Val Thr Ala Lys

AMENDED SHEET



e e

G@n Thr Al a Thr Q/s Ser Tyr Asn Ile Thr Asn Gu Trp Asn Thr Gly
10

————

1

——

5 15 Tyr Thr Ay Asp Ile Thr -
Ile Thr Asn Arg Ay Ser Ser AIaIIeAsn 20

25 : 30 Gy Trp Ser Valgghgn Trp A n Tyr Ala Thr Asn
Arg Leu Ser Ser Ser 35 40

45 Trp Asn Al a5®sn Val Ser Ay %er Asn Pro Tyr S&r Ala Ser Asn Leu

50 Ile

G@n Pro dy An
75

Pro Ser Val

Ay dmyyrhe Asn Gly Ala His Asn Gly8Bhr Asn Asn Lys Pro Ala @4 Phe

95 Seér Ile Cys Ser Gy r val Al a 90
| NFORVATI ON FOR 2EQ LD N0 &y ava mnr W) mEVENGE,

100 105
{2} INFORMATION FOR SEQ ID NO:5:
{1} SEQUENCE CHBARACLTERISTICS:
(A} LENGTH: 103 aminc acids
{B) TYPE: amino acid
{C} STRANDEDNESS: not relevant
{D) TOPOLOGY: not -relevant

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:&:

Ala Ala Ser Gly Gly A.-.n Cys Gln Tyr Val
1 S 10

Asn Gily Phe Thr Ala Val Ile Arg Val Arg
20 25

P 2

le Asn Arg Trp Ser Val Asn Trp Ser Ty:r
35 . 40

Thr Asn Ser Trp Asn Ala Asn Val Thr Gly
50 ' 55

Ser Ala Leu Gly Trp Asn Ala Asn Lle Gln
65 70

.Phe Gly Phe Gln Giy Thr Lys Gly Ala Gly
83 80

val Thr Gly Ser Val Cys Gln
100

{2) INFORMATION FOR SEQ ID NO:é:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTR: 397 amino acids
{B) TYPE: amino acid
{C} STRANDEDNESS: not relevant
{D} TCPOLOGY: not relevant

‘.

(1i) MOLECULE TYPE: peptide

[xi) SEQUENCE DESCRIPTICN: SEQ IDU NO:6:

AMENDED SHEET

100 §2)

CHARACTERI STI CS:

%‘r Avg?‘léei;zppﬁse ééy Slsﬁ Leu gl%gla Gly &J nTrrHrA\?%q' s;% fésn

G n Val Asn Lys Asn Gly Gy Ser Ala Glu Arg

THIS SHEET HAS BEEN
REPLACED

Val Thr Asn Gln
Asan Asn Gly Ser Ser
Ser Asp Gly Ser Axg

Asn Asn Pro Tyr Ala
60

Pra Gly Gln Thr Ala
75

Ser Axg Gln Val Pro
95

Glu
59

Rla

This Sheet Has Been Rei ced

N
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60f . (A) LENGTH 36 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: |i near ~(i1) MOLECULE
TYPE: other nucleic acid (A) DESCRI PTION: /desc =

"ol i gonucl eot i de" (xi) SEQUENCE DESCHi®eri ON: SEQ I D NO 8:

TTACCTCATA TGGECTAGCCC GATCGGEGGAG GGAACG 36

val Ser Gly Ala Leu Lys Ala Glu Tyr Thr Ile Asn Asn Trp Gly Sex
i . 5 . 10 15

Gly Tvz Gln Val Leu, Ile Lys Val Lys Aspn Asp Ser Ala Serxr Arg Vai
20 25 30

Asp Giy Trp The Leu Lys Tle Ser Lys Ser Glu Val Lys Ile Asp Ser
35 40 45

Ser Trp Cys Val Asn Ile Ala Glu Glu Gly Gly Tyr Tyr Val Ile Thr
50 55 60

Pro Met Ser Trp Asn Ser Ser Leu Glu Pro Ser Ala Ser Val Asp Phe
65 _ 70 75 ' 80

Gly Tie Gin Gly Ser Giy Ser Ile Gly Thr Ser Val Asn Ile Ser Val
85 990 95

Gla

{2} INFORMATICON FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(Aj] LENGTH: 104 amino acids
{B} TYPE: amino ac¢id e
{C} STRANDEDNESS: not relewvant ' -
(D} TOPOLGGY: not televant C

{ii} MOLECULE TYPE: peptide

{x1} SEQUENCE DESCRIPTION: SEQ ID NO:7:

Gin Thr Ala Thr Cys Ser Tyr Asn ile Thr Asn G6lu Tzp Asn Thr Gly
1 5 10 15

Tyr Thr Gly Asp Ile Thr Iie Thr Asn Arg Gly Ser Ser Ala Ile Asn
0 23 30

Gly Trp Ser Val Asn Txp Gln Tyr Ala Thz Asn Arg Leu Ser Ser Ser
35 40 4%

Trp Asn Ala Asn Val Ser Gly Ser Asn Pro Tyr Ser Ala Ser Asn Leu
50 55 60

Ser Trp Asn Gly Asn Ile Gln Pro Gly Gln Ser Val Ser Phe Gly fhe
a5 3 70 ] 75 80

Gln Val Asn Lys Asn Gly Gly Ser Ala Glu Arg Pro Ser Val Gly Gly
85 3¢ 95

ser fle Cys Ser Gly Serx Val Ala
00

12} LNFURMATION FOR SEQ [D NO:B:

1i) SEQUENCE CHARACTERISTICS:

AMENDED SHEET



(2) | NFORMATI ON FOR SEQ ID NO 9: ° (i) -SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 36 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (1i) MOLECULE
TYPE: other nucleic acid (A) DESEgREPTION. /desc =

"ol i gonucl eot i de" (xi) SEQUENCE DESCRI PTION: SEQ I D NO 9:
AGAATGAATT CAAGCTTAGA IERFUGACETESEHRETT 36

(B} TYPE: nucleic acid
(¢! STRANDEDNESS: single
(D) TOPOLOGY: lirear

{ii) MOLECULE TYFE: other nucleic zacid
{A) DESCRIPTION: /desc = "oligohucleotide"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
PTACCTCATA TGGCTAGCCC GATCGGGGAG GGAACG. 36
(2) LNFORMATION FOR SEQ ID NO:9:
' (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 36 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TCPOLOGY: lineax

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = “"oligonucleotide"

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

AGAATGAATT CAAGCTTAGA GCTCGACCTC GGAGTT . 3k

AMENDED SHEET



-61- What is clained is: 1. A conposition conprising: .
a first nménber of a specific binding pair; and a conjugate
conprising a second nmenber of said specific binding pair and an 5 am no
aci d sequence conprising a substrate binding region derived froma

pol ysacchari dase bound to a 'pol ysaccharide to which said pol ysaccharidase
bi nds, wherein said am no acid sequeﬁé%'is essentially lacking in
hydrol ytic activity of said pol ysacchari dase and wherein said first
nenber of sai d Wds £i2Engsd ¥di ng pair is a growth factor receptor. 10
2. The conposition according to claim11, wherein said polysaccharidase
Is [err]-1,4- - gl ucanase. - 3. The conposition according to
claim 2, whereiin saiAdcqrépasitioh,cémgtisingnase is a cel | ul ase. 4.
The conposition according to claim 3, wherein ,said cellulase is obtainable

a first member of a specific binding pair; and
" a conjugate comprising a second member of said specific binding pair and an
5  amino acid sequence comprising a substrate binding region derived from a
polysaccharidase bound to a polysaccharide to which said polysaccharidase binds,
wherein said amino acid sequence is essentially lackiag in hydrolytic activity of said
- polysaccharidase and wﬁerein-sai_d first member of said specific binding pair is a
growth factor receptor.
10 2. The composition according to claim 1, wherein said polysaccharidase is §-1,4--

glucanase,

3. The com;iosition according to claim 2, wherein said f~1,4-glucanase is a

cellulase.

4. The composition according to claim 3, wherein said cellulase is obtainable

15  from Cellulomonas fimi.

5. The composition according to claim 1, wherein said polysaccharide is soluble.

6. The composition according to claim 5, wherein said polysaccharide is
insoluble,
7. The compo;ition. according to claim 1, wherein said growth factor receptor isa

20  receptor for a cytokine or a receptor for a lymphokine.

8. The composition according to claim 1, wherein said growth factor reccplor 1s
selected from the group consisting of a receptor for a steel factor, an interleukin-2, an

interlenkin-3, an interfenkin-6, a mast cell growth factor, 2 granulecyte colony

e

T MU

AMENDED SHEET



15" from Cel l'ul éronas fini. 5.-  The conposition according to

claim1, wherein said polysaccharide is sol uble. : 6. The

conposi tion according to claimb5, wherein said polysaccharide is

i nsol ubl e. 7. The conposition according to claim1, wherein said
grow h factor receptor is a 20 receptor for a cytokine or a receptor for
a | ynphoki ne. 8. The conpositiamgraccording to claim1, wherein
said growth factor receptor is sel ected fromthe group consisting of

o Ay ot o AR SO o A ot oyt BT B
growth factor, a.platelet derived growth factor, and an cpidermal growth factor.
9. A composition comprising;
a first member of a specific binding pair; and
5 T oa conjugate comprising a second member of said specific binding pair and an
amino acid sequence comprising a substrate binding region derived from a
polysaccharidase, wherein said amino acid sequence is essentially lacking in hydrolytic
activi.ty of said polysaccharidase, wherein said first member is selected th the group
consisting of an MHC polypéptide, a T-cell receptor, a c-kif gene product, and an
10  impunoglobulin. ' '
10.  The composition according to claim 1, wherein said growth factor receptor is .
derived from cells selected from the group cbnsisting of stem cells, killer T-cells,

- megakaryocytes and fibroblasts.

11.  The composition according to claim 1, wherein said first member is a growth

15  factor receptor on the surface of a ccll grown in vitro.

12. A bifunctional composition comprising:
an amino acid scquence comprising a substrate binding region derived from a
polysaccharidase, wherein said amino acid sequence is esscatially lacking in hydrolytic
activity of said polysaccharidase, bound to a first and a second growth factor, wherein
20 said first and second growth factors are different.

13.  The bifuncﬁqnal composition according to claim 12 wherein said first growth
factor is a sleel factor and said sccond growth factor is selected from the group
consisting of an interleukin-2, an intcrleukin-3, an interleukin-6, a mast ccll growth
factor, a granulocyte colony stimulating factor, a granulocyte-macrophage colony

25  stimulating factor, a fibroblast growth factor, a platelet derived growth factor, and an
cpidermal growth factor. |

14, A rmethod of in vitro expansion of growth factor dependent cells, said method comprising:

e e

-



stinul ating factor, a granul ocyte-nacrophage col ony-stinulating factor, a_

fi brobl ast ° grow h factor, a platelet derived growth factor, and an
epi dermal grow h factor. 9. A conposition conpri sing:

a first nmenber of a specific binding pair; and 5 a conjugate
conprising a second nmenber of said specific binding pair and an am no

acid sequence conprising a substrate bindi ng®¥egi on derived from a
pol yssachari dase, wherein said am no acid sequence is essentially |acking
in hydrol ytic agrewing: spidogelis i eoniast yathickennivsatesomprisgaiid mawvth helest

nmenber is sel ectg rom h;' A GQNSL S L of ~.an 0l ti de, a
T-cell receptor ’;r% %’ %ﬁ“ggg‘ﬁgsr"% ?J%’tn,'p %s?]n% a%‘ﬁ’%ﬁg ib%g%ﬁfwﬁxpﬁgm a
10.  The onpospdiysabcragiaae dintdbilized bitia Polysactharidri i veréid s:Gd pulyihctineitinge

receptor is . derived fromcells selected fromthe group consisting of
stem cel |'s, ki | |eindsT-wherdin said amino 3eidysaquengs oS essentighy lackingon hadrotytic activity of

orowtn 15 Phortsid POBRTBH et Bl ool BBl AR g5 ° ©

12. A bifuncti@s®f. conposition conprising:
15.  The method according to claim 14, wherein said cells are hematopoictic.

16.  The method according to claim 15, wherein said cells are pluripotent.

17.  The methed according to claim 15, wherein said cells are stem cells.

10 18. = Tbe method according to claim 14, wherein said cells are megakaryocytes.

19.  The method according to claim 15, wherein said cells are from bone marrow

dr blood.

20.  The method according to claim 14, wherein said amino acid sequence is bound

10 a polysaccharide matrix contained within an extracorporeal device.

15 21. A method of in vitro expansion of steel factor dependent cells, said method
comprising: | |
growing said cells in contact with a conjugate comprising said stecl factor and
an amino acid sequence comprising a substrate binding region derived from a
polysaccharidase i;nmobi}izcd oh a polysaccharidase to which said polysaccharidase
20  binds, wherein said amino acid sequence is cssentially lacking in hydrolytié activity of
'said polysaccharidase, |

22. A method of obtaining a population of cells cnriched in cells having a growth

factor receptor, said method comprising:

-

MO oo —



an am no acid sequence conprising a substrate binding region derived froma -
pol ysacchari dase, wherein said am no acid sequence is essentially |acking

in hydrolytic activity of said polysaccharidase, bound to a first and
a second growth factor, wherein 20 said first and second growth factors
are different. 13. The bi functional conposition according to
claim 12 wherein said first growh - fegtor is a steel factor and said
second growth factor is selected fromthe group consi sting of an

i nterleukin-2, an igintictingkiphrdity 30 ctIRURFAMRUKEdN Hirfade FREIOCHRE kail igeWth
factor, a granulocyte colony stinulating factor, a granul ocyte- nacrophage

colony 25 st fanier aingceniegaty comprising sald] srewthofagiar Ang Al a0 aalqoseaumcét
derived growt h_facto I
At hod or 1 rEqEiae e bingine reBSh 2V 58 QhdeaRiblicsr poundpia
met hod conpri spélgsaccharide to which said polysaccharidase binds; and
5 . removing any cells-lacking said ccll surface receptor, whercby a population of

cells enriched in cells having & growth factor receptor is obtained.

23. Useofa comﬁosition comprising a first member of a specific Einding pair and
a conjugate comprising a sccond member of said specific binding pair snd an amino
acid sequence comprising a substrate binding region derived from 3 polysaccharidase,
10  said amino acid sequence is essentially lacking in hydrolytic activity of said
polysaccharidase, wherein said first member is 4 growth factor receptor, in purilying

said spccific binding pair or said first member,

24.  The method according to claim 14, wherein said amino acid sequence is bound

to a polysaccharide matrix associated with a solid support.

15 25. The method according to claim 14 or 22, wherein said substrate 1s cellulose

acetate.

26.  The method according to claim 14 or 22, wherein said subsiraie is in the form

of micro-crystalline cellulose.

27.  The method according to claim 14 or 22, wherein said substrate 1s a

20 membrane.

| ——
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growi ng Said cells in contact with a conjugate conprising said growh
factor and an am no acid sequence conprising a substrate binding

regi on derived froma . pol ysacchar.i dase i mobilized on a

pol ysaccharide to which said polysaccharidase bi nds, wherein said
amno acid sequence is essentially lacking in hydrolytic activity of 5

sai d pOlMSﬁC@hal’mdﬁS@ a,ndmhefﬁe:pm Sah ¢h oabl-s<are growt h-responsive to said
growth 5 HFZPIF.S TSR Tfﬂ:qn’ﬁtﬁfad\-agcordl ng to claim 14,

< <f . :
wherei n sai d cell s are henat opoi et i C. The net hod according to

claim 15, wherei o sabd eell:s —anepl urdpot ent . 17.  The method
accordi ng to.C r&]é—} W@r INzSAkd c,nggﬁre,ﬁtem cells. 10 18. The
met hod accordi n ]L? o WSLel Geld s are negakaryocytes.
109. E:ﬁe 'T'ho acc%rdln% ocla|m1 whereln said cells are from bone
marrow A B gt B Bold .
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1603 559- )
20. _- ~ ¥he nethod according to claim 14, wherein said ap ' |
bound ~ to a pol ysaccharide nmatrix contai ned wthi ﬁ%ﬁ%@%@?&iﬂﬁT
devi ce. 15. 21. A method of irpydd r@p&xpansi on of steel factor
dependent cells, said nethod conpri si ng: growi ng said
cells in contact with a conjugate conprising said steel factor and an
am no aci d seghHenacAlGOTHY Asi Gly $es UestAlatBabtlyitngTheyabAspddeved from a
pol ysacchari dase i mmobilized7on-a pol ysaccha?$ dase to which &aid
pol ysacchari dase 20 bi nds, wherein said am no acid sequence is
essential |y |@agkpradadncily 810 Hys i28n a@llyi Ttirt JsnoAsn Lys Pre ailal SeolBreacchari dase.

22. A nmethod of obtainigg a population gf cells cnriches in cells having
a growh factor receptor, said method conprising: _
; ; Thr Val Gl ' —
T Lea Aen &y Al T o8 T e 7 [ THIS SHEET HAS BEEN
' REPLACED

(i) SEQUENCE CHARACTERISTICS:
(A) 1LENGTH: 103 amino acids
(B) TYPE: amino acid _
(C) STRANDEDNESS: not relevant
(D) TOPOLOGY: not relevant

S0 JUL 1998

— (4i) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Ala Ala Ser Gly Gly Asn Cys Gln Tyr Val Val Thr Asn Gln Trp Asn
1 5 | 10 : 15

Asn Gln Phe Thr Ala Val Ile Arg Val Arg Asn Asn Gly Ser Ser Ala
20 25 30

Ile Asn Arg Trp Ser Val Asn Trp Ser Tyr Ser Asp Gly Ser Arg Ile
35 40 45

Thr Asn Ser Trp Asn Ala Asn Val Thr Gly Asn Asn Pro Tyr Ala Ala
50 55 60

Ser Ala Leu Gly Txp Asn Ala Asn Ile Gln Pro Gly Gln Thr Ala Glu
65 . 70 © 75 80

Phe Gly Phe Gln Gly Thr Lys Gly Ala Gly Ser Arg Gln Val Pro Ala
85 90 95

Val Thr Gly Ser Val Cys Gln
100

{2) INFORMATION FOR SEQ ID NO:6:

(1) SBQUENCE CHARACTERISTICS:
(A) 1LENGTH: 97 amino acids
(B) TYPE: amino acid '
(C) STRANDEDNMESS: not relevant This.Sheet Has Been Reilaced .

D o M

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
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-64- " ; contacti:n cells having a cell surface

- e
recept dr Thid Shezilad liped copj ugat e A @i
gr ow h fac ﬁii@ﬁ‘ no agi onpris rﬁ%@l TSHEET
I'C

binding re rom ol ysaccharl dage|bo ITFIS SHEET HAS BEEN

pol ysaccha said|p in FIS’ FHEPLﬂCED

renovi ng any ceI |s lacking said cell _surt cel ul ation
of cel\see |g.hqq i n gell s\hayidoA or ewmdy factt,\or r&ceptor <

obtai ned. ™ = 2 o BeFof aA~cEMPIsE I~ eqRpri SENE %&sg r of a
specific binding pair and a conjugate conprising a second menber of

sai d speci fdhCubivddimng-pad ru;and{-an.-am,ng- — - aCd d sequencesconprising a .
substrate hhngi i8 £egz08= gar | VQQ H% & R gsapcharpdgse, 10 sgid amino

acid sequg kidgsi b hgdEpl ptic getivity of said

pol ysacchc 1 ! 'd 3] growth factor feceptor, in
puri fying %lﬁtspemflcb di d 17§ fefder. ©* 24.
The met hod Bc&ABi i Lo“tIQi m hmi NP &I ¥ Seue®e i s bound

to -a pol ysatcHuarde’ fat #? xXBassdei e-téd WtH ©solid tsubparnt = T1§ & 25
The met hod wacenrdi @y wowxlcai m 14 22w wheLei g safod sobstraie s ogl | ul ose.
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age 60d

26. . ,The net’hod accordi ng to cl a| m~14 or 22 wherein sal d

theform\

accor di ng tmwa Mal e =R Bly\fegr béun AbaiRla %ﬁnaﬁ'@ Yaé- %FPZGhmenbr ane.

{2} INFORMATION FOR SEQ ID NO:S:

of micro-crystalline cellulose. :

70

Gly Phe Asn Gly Ala His Asn Gly'Thr'Asn.Asn Lys Pro Ala Ser Phe
85 90 95

Thr Leu Asn Gly Ala Thr Cys Thr Val Gly
100 108

(i_) =SEQUENCE CHARACTERISTICS:
(A) LENGTH: 103 amino acids
(B} TYPE: amino acid
. (C) STRANDEDNESS: not relevant
- (D) TOROLOGY: not relevant '

— (ii) MOLECULE TYPE: peptide

(2)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:S:

Ala Ala Ser Gly Gly Asn Cys Gln Tyr Val Val Thr Asn Gin Trp Asn
1 S 10 15

Asn GIln Phe Thr Ala Val Ile Arg Val Arg Asn Asn Gly Ser Ser Ala
20 25 , 30

Ile Asn Arg Trp Ser Val Asn Trp Ser Tyr Ser Asp Gly Ser Arg Ile
35 40 45

Thr Asn Ser Trp Asn Ala Asn Val Thr Gly Asm Asn Pro Tyr Ala Ala
50 SS _ 60

Ser Ala Leu Gln Trp Asn Ala Asn Ile Gln Pro Gly Gln Thr Ala Glu
65 70 75 80

Phe Gly Phe Gln Gly Thr Lys Gly Ala Gly Ser Arg Gln Val Pro Ala
8s 90 95

Val Thr Gly Ser Val Cys Gln
100

INFORMATION FOR SEQ ID NO:6:

(1) SEQUENCE CHARPCIERISTICS:
(A) LENGTH: 97 amino ac:.ds
(B) TYPE: amino acid
(C) STRANDEDMESS: not relevant

y IS

MENT Shm
1% 3959-

(D) TOPOLOGY: not relevant '

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
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