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(S4) Title: | SEPARATION AND CONCENTRATION SYSTEMS BASED ON SOLUBLE OLIGOSACCHARIDE BINDING DOMAINS
|57 Abstract

- % - Novel .methods for separating and/or purifying biological compositions are provided. The biological compositions comprise a
-~ | polysaccharide binding peptide and can be synthesized in whole or in part or prepared by recombinant DNA technology. In. the method,
- -].a solution containing ihe biological composition is mixed with a phase-forming oligosaccharide to which the binding peptide binds and
: -_'phase;-s;e,pal.gt_ioni-is' induced. “The phase containing the biological composition is then isolated. Phase separation is induced using a phase
-separation’ inducing agent or, when the oligosaccharide polymer is a thermoseparating polymer, by increasing the temperature above the
‘cloud point témperature of the polymer.
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I T’ on systens
source of high value, medxcgl ly important prgtems Purification and recovery of recombinant

proteins are major considerations in the design of a fermentation process. While traditional

20  means of protein purification can be used to isolate a product, more recently, aqueous two-phase
extraction systems have received considerable industrial interest as a means to simplify large-
scale purification of protein products, including high-dose therapeutics such as insulin, and
industrial proteins such as 3-oxosteroid isomerase, alcobol dehydrogenase, and
phosphofructokinase. As a result, a wide variety of two-phase systems are now available for

15  both protein-purification and celi-separation applications. Extraction in aqueous two-phase
systems offers unique advantages for large-scale processing of recombinant proteins and
peptides, including high activity yields (i.e., the largely aqueous environment minimizes protein
inactivation during purification), fast approach to equilibrium, easy scale-up and, most
importantly, continuous processing.

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

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

1
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can use gen ﬁlehﬁos%ﬂg polymer as the top-phase polymer with either dextran or hydroxypropy] starch
as the bottom-phase polymer Temperatum—mduced phase separation following the purification
step then makes it possible to separate and recycle the polymer from the biological products. In
30  this form, the process has the advantage of recovering | the thermosepatanng polymer, but suffers
from the distinct disadvantage that the target protein has no -unique and strong affinity for the
thermoseparating polymer. Application of ohgosacchande binding domain technology to these
two-phase systems would allow for a hxgh-afﬁmty separatxon to the phase containing the
polymer to which the domain binds followed bya snnple method for recovering and recycling
35  the polymer. It therefore is of interest to develop rap:d. ' "expenslve, high capacity methods for
purification of a desired protein, partlculaﬂy to develop methods which can use generic polymer-

ligand conjugates.
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| i gand conj ugat es.

PCT/US96/ 12282 Rel evant Literature For a revi ew of
phase-form ng ol igosacchari des, see Zasl avsky, Aqueous Two-Phase
Partitioning, Marcel Dekker, Inc.: New York (1995); Albertson, P. A,
Partitioni nguy@byfagkd 5 Particles and Macronol ecul es, 3[ epchruseiri228y/ | ey

I nterscience: New York (1986); Walter, H. Brooks. D. E., and Fi sher,
D., Partitioning in Agueous Two- Phase Systens, Academ c Press:

O | ando, Fl&ﬂm@_&l&rz The foI I owi ng references reI ate to

t her nosepar at i NGePR katiERY ﬂhﬁ?

o, 10 otParfiions. MATH o, S x%%s ?ﬁmﬁ ik 7 Pa@tﬂowng 9 Ce%? em
Soc. FarsadaBarfitias\end MacrémoleQilés, 3° ed., Wilky friterkdigre: New ¥brk ({ 985 9Walier, BRhys.
Crem 05 bbb PESRls Al B0 ol Al TIRNIE e, Atk e
Orlando, FL (1985).
The following references relate to thermoseparating polymers: Malcolm, and Rowlinson,
(1957). Trans. Faraday Soc., 53,921; Bailey and Callard, (1959). J. Appl. Polym, 1, 56; Home,
0 etal.J Colloid Interface Sci., 35, 77, Saeki, et al. J. Chem Soc. Faraday Trans. 1,79, 975;
Fujishige, et al. (1989) J. Phys. Chem, 93, 3311; Galeav and Mattiasson, (1993). Enzyme
Microb. Technol., 15, 354; and Chen and Hoffman, (1995). Nature, 373, 49.
References relating to endoglucanase C include the following., Moser et al., Applied and
Environmental Microbiology (1989) 55:2480-2487; Molecular Microbiology (1991) 5:1221-
8 1233; Coutinho, et al., Molecular Microbiology (1992) 6:1243-1252; and Coutinho, ef al. FEMS
Microbiology Letters (1993) 113:211-218. For a review of b-1, 4-glycanases, see Gilkes, et al.
(1991) Microbial Reviews 55:303-315. Also, see Miller, Jr., et al. (1995) Proc. 6th Int. Conf. on
Biotechnology in the Pulp and Paper Industry, Vienna, Austria.

20 SUMMARY OF THE INVENTION
Aqueous phase separation and/or purification sys_tems, together with methods for their
preparation and use, are provided which are based on polymer-ligand conjugates wherein the
polymer is an oligosaccharide polymer and the composition to be separated and/or purified
comprises a ligand which binds to the oligosaccharide polymer. The ligand is a polysaccharide

25  binding peptide (PBP) which is an amino acid sequence characterized as capable of binding to a
phase-forming oligosaccharide polymer. The composition generally is a fermentation broth, a
cell lysate, a biological fluid, or other fluid containing a compound comprising a macromolecule
or chemical moiety of interest fused to a PBP. The phase separation system includes one or
more phase-forming oligosaccharide polymer and a phase-inducing polymer, another phase-

J0  inducing agent or a means for inducing phase separation. The method involves contacting the
phase separation system with the composition, which partitions into the oligosaccharide polymer
phase, following induction of phase separanon and xsolatmg the composition. The composition
may be removed from the oligosaccharide polymer with a removal solution having low ionic
strength, high pH or containing a chaotropic agent. Altemauvely, a specific or non-specific

35  protease can be used for enzymatic removal of the compo_unfd from the polysaccharide binding
moiety which remains bound to the oligosaccharidé polymérE by incorporating a protease
recognition sequence between the compound and the polysaccharide binding moiety. Where a

protease is used, it can be provided bound to a second polysaccharide binding moiety having
3
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I ncorporatin ae(%ot ease . -~ 'recognition sequence between the conpound and
the pol ysac %‘fmeﬂ noi ety. Were a protease is used, it can be

provi ded bound tEGa2 shnmﬂgmnﬂxg/gpmsﬁmuod@f tiepTugl vqmorevlycﬂna\usedfor expression
3_ 20 of PBDy in Escherichia; colz_ Use of pTugA results in high level inducible transcription,

enhanced RNA n'anslatx_qg,_--_portabﬂlty, high copy nuinber, stability and versatility. The pTug
vectors contain the mutant pMB1 ori derived from pUC13 to enhance copy number (Minton et

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

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

2S  constant ratio of Py, to laclg, ensuring adequate jevels of repressor irrespective of the E. coli

host. The genel0 translat'io’nal enhancer (Olins ef al. Gene (1988) 73:227) is also incorporated in
the pTug vector. The lead‘ equence of the endoglucanase A (CenA) from C.fimi was
incorporated into the vedtor to allow recovery of a recombxnmt polypeptide from E.coli
supernatants. Fig. 2A shows the nucleotide and encodg:} amino acid sequence of the Ncol -
30  Hindll 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 2B shows the pTugA vector map.
FIG. 3 shows a graphic representation of the pTugAS vector. FIG. 3A shows the
nucleotide and encoded amino acid sequence of the SacI-HdeII region as well as the nucleotide
35  sequence of the region upstream of the Sacl site. FIG. 3B shows the pTugAS vector map.
FIG. 4 shows the pqn_s_tmct:on of pTugEO7K3. pTugK, a derivative of pTugA, caries the

4
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pol ysaccharide. Alternatively, the protease bound to the second
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Sohl oeht ¢ or Tl kR Eagminfs Sies inded & il Aie 6: 3611-3621) , and Tf UEl )<a
[err]-1)G- endoglﬂeaﬁdwmwmmlm usfé%?)‘(lwcbse stefl comgpletely with
Bacteriol . Nid94d HaHI S3erhove the 1.8 kbp r&mna@tﬁe CBP{4hsthe4s ldedl cat ed
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The prugs - using e Brigpicleaide ﬁ#ﬁ@%%ﬁ%ﬁs&% AREE. 4
enhance copifimdilhiiterwas littrdducedat the 3' end ofichdNousineg thd Sligbnudleotide)5’- a strong and
hi ghl'y i ndug il erd ANTHEARGCTIA PAGEREBACCTCHGA GTEY. CA dhaiislational stop codon was
also included in this pnmer The polymerase reaction (PCR) mixture (50 mi total volume)
contained 10-100 ng template DNA(pTZ-JC3) (Coutinho et al. Mol. Microbiol. (1992) 6:1243-
20 1252), 25-50 pmole (300 ng) primers, 2mM MgCl,, 6% dimethyl sulfoxide, 0.2 mM 2'-
deoxynucleotide 5'-triphosphates-and 1 unit 7ag DNA: polymerase in 50 mM Tris. HCI buffer,
pH 8.3. Twenty-eight successive cycles were performed as follows:. denaturation at 94°C for 15
sec, annealing at 57°C for 1.4 min and primer extension at 72°C for 1.5 min. The resulting
CBDy; PCR fragment was digested completely with Nhel and HindII and the 0.5 kbp fragment
28 was purified by precipitation. The 4.5 kbp and 0.5 kbp fragments were ligated to give pTugKN]1.
FIG. 6 shows the pTugKN1 vector. The pTugKNI1 vector is derived from the pTugA
vectors by replacing the selective marker for ampicillin resistance (B-lactamase encoding
sequence) with the selective marker for kanamycin reslstance The sequence encoding the leader
peptide of the endoglucanase A (CenA) of C. fimi was replaced with the encoding sequence for
30  the leader peptide of the exoglucanase (Cex) from C, ﬁm: (Ong et al. Biotechnol. Bioeng. (1993)
42:401-409).
Fig. 7 shows the results of anion exchange chromamgraphy of PBDy;. Partially purified
PBDy; (150 mg in 200 mi) was loaded (1 ml/mm) onto an anion exchange column (MonoQ)
equilibrated in 20 mM potassium phosphatez: uﬁ'er, pH 6.0. After washmg the column with 200
35 ml buffer, pH 6.0 bound protein was recovered (8 ml ﬁ'acuons) using a salt gradient (600 ml, 0-]
M NaCl in 20 mM potassium phosphate buﬁ‘qr, p_l-__l 6. 0___)_ PBDy; was recovered from the column
in 300 mM salt (peak 1). Contaminating protems bound more tightly and were removed in
higher salt (peak 2).
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encoded ani ualysed dn & gej comzipingf12iMeacplomide Mulecular oyssmandsrdsgiahe Haredse

nucl eoti de p¥aegequence of the region upstreamof the Sacl site. FIG 3B

shows the pTugAS ve tor FI G 4 shows the constructlon of
pTugE07K3 pTugks Ga %%elww gels,for analysisof PBPs (PBDy; and PBDyin2).

Binding of‘ﬂﬂ‘lﬁ&y Ba@nelSerum Albumin (BSA) (lane 1), PBDy; (lane 2) and PBDy;x; (lane

P Usogy 12352 coluple on.g&%ma&wmﬂedfwmégaygmsm il P! 20° ©f

t he sel ect anpl Ci ance, -was

conpl et el y Wetardasipnin thergels inithe preseace ) of mwpmw%wmyemyx cellulose
Escheri chi mtg&fﬂ&leoilmrmm&m fidrcifl gel8 in th @bsehe(t Fofahd)! Unt ended

ST O i S R A, P A e M AL 50
: of each protein were loaded on each gel. FIG. 9A compares binding in the presence (+) and in
IS  the absence (-) of barley B-glucan; FIG. 9B compares binding in the presence (+) and in the
absence (-) of hydroxyethyl cellulose, and FIG. 9C compares binding in the presence (+) and in
the absence (-) of birchwood xylan.
FIG. 10 shows the vectors used in the construction of pTZ-JC13 (FIG. 10C). FIG. 10A
shows pTZ-JC2 containing the gene fragment encoding the whole CenC, which was used to
20  obtain the fragment encoding PBDy;. FIG. 10B shows vector pUC18-1.6 cend_PT, which was
used to obtain the CenA encoding fragment.
FIG. 11 shows the results of malysié- of proteolysis products: from CenA and the PBDy;-
CenA fusion protein using SDS-PAGE analysis. Eight mg of each polypeptide was incubated in
50 ml phosphate-buffer, pH 7.0 (50mM) with 0 (lanes 5 and 9), 0.1 (lanes 4 and 8), 0.5 (lanes 3
25  and 7) or 1.0 units (lanes 2 and 6) of C.fimi protease for 3 h at 30°C. Reaction products were
analysed on gels containing 12.5% acrylamide. Molecular mass markers (lane 1) are as
indicated. P30 corresponds to the catalytic domain of CenA after proteolytic removal of the
cellulose-binding domain (Gilkes e al. J, Bifol. Chem (1988) 263:10401-10407).
FIG. 12 shows the results of separatnon of CenA and PBDy;;-CenA by differential
30  adsorption to cellulose followed by analysis of unadsorbed polypeptides using SDS-PAGE. In
FIG. 12A. aliquots of buffer containing 25 mg (lanes 2 and 3), 100 mg (lanes 4 and 5), or 250 mg
(lanes 6 and 7) of both polypeptides were incubated with bacterial microcrystalline cellulose
(BMCC (+)) or without bacterial microcrysti_llline cellulose (BMCC(-)). In FIG. 12B,
supernatants containing the unadsorbed fractions from the BMCC incubation mixtures were
35 further incubated with phosphoric acid swdlien cellulose (PASC(+). Results with control
samples without addition of (PASC(-)) also ¢ are shown
FIGS. 13A and 13B are schematic dxagrams for immobilization and use of a fusion
protein. FIG. 13A shows fed-batch production, purification, and immobilization of the fusion
6
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5 was isolated. pTZEO7 (Ong et al. Biotechnol. Bioeng. (1993) 42:401409)

+ 'was_di gested completely w th Bandl..and. the stagger ed-end—was—+epai red

with the Escherichi coli DNA pol ynmerase | (Kl enow fragnent) to create
a blunt ended restriction site. The nodified pTZEQ7 was t hen digested
eonpletely with Hindlll and the 2.1 kbp fragment ‘was isol ated. The 4.2 and
2.1 kbp fragygewsssyere ligated to give pTugEO7K3. 10 PCTUSH6/12282hoWs

et o 1 Pt 50 P BoS Bt AERRE eiBn AL B SF b Fetalsle, ) anc

the 4.5 kbpglucosewithagmahlefamehtebimd!ﬂmmmnm to introduce
appropriate restg5Ci4 Hows s fentidvable fabel cofipdsifions andm

r Sizyhbticallf Bébinding
fragnenttgp‘cbgdl n&é%g[bé élngg,cyf\'@?seﬁgﬁstggtg( g&e&“ﬂ}r&e , %ﬁl nci di n&yv\n th th
si | ent niit abexoindiedtest dprofeaseaiaivaye sitb fXa sidsific pmmgaxﬂh&rwhgblmdcﬂoedxidxéi\&sa

5' TTACCTCAQ;@W GGGAACG 3'. A Hindlll site was

i nt roduced " cbdN1, using, the ol i gonucl eoti de 5' -
AGAATGAATTCAA @mmmwmmmmhw& p dorinding of hydrrsyethwd s

al so incl Ud@éﬁulo@eio@ﬁl).ﬂﬁh%W?ﬁ&fgﬁkmﬁéﬁn&rﬁﬁ‘ﬁg&%?pﬁlﬁm m xture (50 m

total vol une) cont ai ned ng .Lenpl ate Z-JC3 Couti nho et
al . Mol . M crobiff: 1§ shows preliminary phaserequilibripdata for ylcgljulose

pri mer s jg 2midqdonie P15 inSeAMPBEM 358 Blsha pHIE 0 2 mv 2 -
deoxynucl eoti de ? -ty phosphat es and u.mt Tag DNA pol ynerase in 50 v

Tris. HO buf f erFIG- 17 shows aschematiggf qn sygenebaed op apeel CRDe-fusion
per f or med aecﬁnblobgb.V\Afterbdiaﬁhlaﬁm aep mtre:ﬁdkﬁ elkodss ddit, the wemmwﬁmt

57C for 1.4 q”?‘{ ﬁ@

CBO err] P(Jc-gg}ragrren mlgé@?g corrp %QYJ rat%"hl M%%ﬁ%ﬁﬁ t he
0.5 kbp framxa%&enMWI posttibnlrslativeac thpitirgétippdtein (D& Ass&nkbptﬁndlﬁsﬁ kbp
fragnents were ligated to give pTugKNL. FIG 6 shows the

PTugKNL 1y ecPemein Ehg, TTTBW) fdiksuitaié expréssionl sysiensdor Faetor X and for Factor X,-CBDEusioN S
by replacing the selective marker for anpicillin resistance .

([err]-1act ponis. Direadeddgery of the targepiotein by Padthr X \élefivapeditecilyaften tHeuffirdiey’
kanamyci n resi stance. The sequence encodi ng the | eader pepti de of the
endog| ucanaB’é‘“A’“(SG&r?ﬂ)‘bﬁf‘seét?ﬁ'mp‘ﬁ@@el’@ﬁs&ced with the encodi ng sequence

for 30 the | eaddG. [Eghows experinicnaal eisodpoifrdigesm e CORNISOHEB-51 00 waté? @ndin

The rooul t s O MAERE HifihaFrrd 195 ot O smipiot. ohasesepepyion o an o i ehe

purifie?d binaryBiitererand 4631 2Kpinitie BifFfer-odntaiving systemtled (1 nl/min) onto an
ani on exchange col um (MonoQ equilibrated in 20 mM pot assi um
phosphate buffer, pH 6. 0 After vvashl ng the col um vmth 200 35 m buffer,
pH 6.0 bound proteln BEDO ‘ B TH ; IBODIMENTS al t gradi ent

(600 mi, 0-1 Aqueous phase separation systems which can be used for punﬁcat:on and/or separation
of compositions which bind to a phase-forming oligosaccharide polymer are provided.

25  Generally, the compositions include a polysaccharide binding peptide (PBP) comprising an
amino acid sequence which has high affinity for the oligosaccharide polymer, such as a
polysaccharide-binding domain (PBD) of a polysaccharidase, conjugated to a polypeptide or
chemical moiety of interest. However, the polysaccharide binding peptide can include any
amino acid sequence which binds to the oligosaccharide polymer. Methods for the preparation

30  of PBPs also are provided; where the PBP can be derived from a PBD of a polysaccharidase, a
binding domain of a polysaccharide binding protein or a protein designed and engineered to be
capable of binding to a polysaccharide. The PBP can be naturally occurring or synthetic. Where
the PBP is a PBD or is derived from a PBD, the amino acid sequence generally is essentially
lacking in the hydrolytic enzymatic activity of the polysaccharidase, but retains the substrate

35  binding activity.
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M NaCl in 20 nM pot assi um phosphate buffer, pH 6.0). PBDerr] was recovered

fromthe colum in 300-mMM salt (peak 1). Contam nating proteins bound
nore tightly and were renoved in hi gher salt (peak 2).

5 WO 97/ 13841

PCT/ US96/ 12282 " Fig. 8 shows SDS-PAGE anal ysis of PBDlerr]
during purif™O2713%4 from cul ture supernatants. Cul tu?g’g%ﬁ?ﬁt ant s
from JMLO1 har boThé:ghasd sepihion sys@tncgeegrally mr&ks s which arCgenkidted by the

suspensi on ceII ANI fr |n of

pr oltoel ns in %coﬂp tl’@Fg' ol?ﬁ% %%J’Bénre?i’%t%gaiesp s%é"ﬂ %ﬁ‘ UP%}%’&}?F Et ?on
after bindi mgmmﬁn&}nammnsmmﬁmymemaﬁep@se fmqlunsac@mdemw h

H err] O fr oompbreat lsélpam xﬁduca@d RBEa{ueﬁ 4d a3 REbRY Qv isfihdomipaible WidiRs 7

R ol o G g ol By & Sk 'a"é“a”s&‘?acs SLF g
affinity el ssit. rwhuttus pmtﬁwﬁimmlahtﬂhmmtr&mﬁﬂ@md@w sepamtich. HBIB@smncds)

glngd::’g%[ g];r] ane %WH;%I gosacceﬁé'%%&%"\éer W% I'n bg)

na
native gels fda?%ﬂeﬂﬁngl % jtioncoptaining the compoynd;torhe pyrt T’I‘i eBhagei n t he
presence ( +)orafingpilymeramtibpliaskesepdrdtickbocetrs) hydr oxyet hyl cel | ul ose

Y e e gﬂ'f’ E‘S‘Eps%éﬁhg &ﬁ"g‘?’s““?‘?h syl Rl Bl g LS o o BAREAE ©
as an non- bi pegtide with the e%ﬂ"MﬁYWIﬁWMEﬂﬂlm on
each gel. Fls exﬁemmm bd]férﬂﬂcbﬁx moxpmslﬁrae&d&dhdﬂmnh Slyo;smnzed)of

b osence (+F ‘%ﬁhﬁ%&m&k W T M R M

FI G 9C conpampesitiinthenaby nelwdratmgpilm a(idphaadepmuon is induckds Edrsemec (-)

of bi r chigo0oGpXi¥da@iths. more than two phases can be used. After a time sufficient for the composition to
partition into the oligosaccharide polymer phase, the phases are separated. Partitioning
(nonaffinity) of contaminant proteins into the polysaccharide-rich phase is minimized by
adjusting the system pH, polymer concentrations, and addition of partitioning electrolytes.
Under optimal conditions of operation, multistage contacting of the two aqueous phases then

20  provides either compliete or partial (but sufficient) purification of the target composition.

The composition comprising a polypeptide or chemical moiety of interest can be removed
from the polymer by contacting the polymer with a removal solution capable of eluting the -
composition comprising the PBP from the polymer or the composition comprising the PBP can
be removed enzymatically by including a protease recognition site or chemical cleavage site

25  between the compound and the PBP. In the latter method of removal, the PBP remains bound to
the oligosaccharide polymer. Examples of recognition sites include those for collagenase,
thrombin, and Factor Xa which are cleaved specifically by the respective enzymes. Chemical
cleavage sites sensitive, for example, to low pH or cyanogen bromide, can also be used.

For ease of removal, the specific deaygge enzyme can be provided as a cleavage enzyme

10  complex wherein the cleavage enzyme is boundto a PBP which has substrate binding
characteristics which differ from those of the PBP which binds to the soluble oligosaccharide
polymer or which binds to a different polysaccharide rather than just different physical forms of
the same polysaccharide. Preferably the second PBP binds to an insoluble polysaccharide to
which the first PBP does not bind. The msoluable polysaccharide can be added to the mixture

15  containing the compound of interest to remov e cleavage enzyme complex from the solution.
Following separation from the solution, the c::l:' avage enzyme compiex can be removed from the
insoluble polysaccharide and reused. Altematlvely the cleavage enzyme complex can be
provided already bound to an insoluble polysaccharide, for example in the form of a column

8
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FIG 10 shows the vectors used in the construction of pTzZ-JC13 (FIG 10C).

FLG  10A shows pTZ-JC2 containing-the-gene-fragnent erncethrg—the
whol e CenC, whi ch was used to 20 obtain the fragnent encoding PBD[err].
FIG 10B shows vector pUC18-1.6 cenA PT, which was used to obtain the
€enA encodi ng fragment. ’ FIG 11 shows the results of analysis
of proteol ysweopmsducts from CenA and the PBD[ err] - PEH/NSI&II2B
protel n u5| tide vvas i ncubat ed
8’5‘3% Gfey pudainity il ooliofid Sa IR JR6E ). 0.1

(Ianes 4 and 8) "The sub Ieqt pyeation -‘mfabsd ste"‘ﬂﬁl”[‘%’“ U “§°“5|R ) of
C.fim prot ldxmyst&nh ahgtﬁﬁichﬁdeqiolmmmdmgnmﬂwwmwmlﬁnm such asnal ysed

|
PP cat ed bR correspo s KRR, Bth € oLl o BBy, el iif dug 2 ©
prot eol y§ i cinexpepsivge. Furthenmore, avanettgf prateins ding Sﬂﬂ?‘ﬁ“g‘"&%@”y@@@wsﬁd J.

B:cO' Che{n&ﬂeg%ﬁ 0 &:&aﬁ&ﬁ@%%m&edasthesoumeof]}’BPMe&%&hm\oEnﬁoheAtsﬁﬁul ES
of separation o n err renti.a orption to
cel | ul ose f‘B‘F‘F‘BIﬁe@g‘BS}P %fﬁ%’%x fdpﬁ%‘é %’g %?Hy % ACGE.
In’ Flmmamteqwdu@ bmdsbgfnfcmbohwmaasm mganasormgpa(ratmsosd/grmmﬁmgtheloo :
ng (| anes 4&:&96' rolein fin ﬁsﬁs W%&EomEbBPWE' des
wer e m@bated W|th ac rla mcro stal I ne c ulosede EIJ})
or with&lt &?&E’%%‘PP‘&F %’Pﬁgﬂfﬁw oo aswee!m’}' prp qbfe@ca&@
super nat antlg/mdnngmtmnhwhwhadshnﬂwaﬁhaeﬂfom dligosactaeidBpbline Thbat | on

LS e i S el f o

al so are sHbgpurification and/or isolatiop pfgwidey Aﬂﬁtﬂd‘ olggosasrhaide for
i mobi | i zat polyinetpHase Sepagition s§stem.ol is unnccewafﬁeﬁméam b@ﬂﬁﬂf’ﬂdﬁmcr‘

2 roduct WM foPéch fclnﬁ&;dna Yo bé'i&gm]ambe' ltJ) MQ gpe%iﬁctﬂfyntneﬁi'ggﬁhs for each compound.
Also, oligosaccharides have many binding sites as compared to other phase-separator polymers
which are used, thus significantly increasing the capacity of the polymer to bind the partitioning
ligand. _
Use of one or more thermoseparating polymers in the two phase system offers the

20  additional advantages of a high affinity separation to the phase containing the polymer to which
the PBP binds followed by a simple method for recovering and recycling the polymer. PBP
compounds bind specifically and strongly.toﬁthe polymer but can be removed easily by elution -
with water or at high pH at ambient to physiologic temperatures, generally less than 40°C and
generally in the range of 20°C. For non-protein compounds, the PBP can be removed from the

25 compound by proteolysis using a general protease such as protease K at 30°C, pH 7.0. The PBP
thus provides a means of attaching compounds to the oligosaccharide polymer, which
compounds later can be removed. Mutant PBPs or PBDs with varying affinities for the phase-
forming oligosaccharide also can be obtained to vary the affinity as required for particular
systems and/or applications. As desired, the ?BP may comprise up to the entire

30 polysaccharidase enzyme, including the protéin having hydrolytic activity or may be essentially
free of hydrolytic activity where a sequence including only the PBP is used. The latter is
desirable where the integrity of the substrate is to be maintained 5o that it can be reused.
Treatment of the polysaccharide with desorpuon soluuons as described above does not alter the
surface structure of the polysaccharide. The alternanve procedure involving the use of a non-

1§  specific protease to debind the PBP con]pgatq from : a matrix acts directly on the conjugate and
does not modify the polysaccharide surface. By introducing a linkage group between the PBP
and the compound of interest which is clearable by specific reagents, the compound of interest
alone can be obtained leaving the PBP bound to the oligosaccharide polymer. Other key

9
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WO 97/ 13841

PCT/ US96/ 12282 protern. FIG 13B shows use of the fusion protein for
hydrolysis of cellulosic materials to gl ucose with a reusabl e
fermentor-immobilization colum set up. FIG 14 shows two
fenovabl e | a‘%l ositions and neans for enzyndtically derrtbdiEas:

t he renovabl e I a froma cellul ose substrate: an arrow_ i ndi.cates a -

cheni cal . moadvegtages af tiscaystem inglude thatd ie linensly scalable e ohimmy o AJabOStiens Prasocon
Splelm}‘lc p[){btaﬂs%ﬁﬁnd m@mmmmsbﬁﬁm&mwmmmus rocess.

cel | ul ose- bi ndi ration
bl ose O g s i o i 3 S b
CBD[err] in 50 nmM phosphate buffer sol ution at pH7 and 35 C.

FIG 16 ghows prelimnary phase-equpBpbMpe-gata for mxtures of hymxyet hyl

cellulose 10 and Pluronic P105 in 50 mM PBS at 35[err] C and pH?7.
FIG 17 shows a schematic of an affinity partition system based on novel

CBD[ er r] - f uwhergin: technology. After a diafiltration step to renove
excess salt, ! hepdiidifhrabicfibéddla HRRONIES amino acids Homthe GidENE " €0
fromthe fusjion construct by cleavage at %—spem%lc recognition site
for Fhiadisg region,af p polysscharidasg orother protein,which binds fa-2 prlyspecharide sybstrater oot

prot ei n g Sef phovidefor Righ affinity bindidg8 3)subsirate ol’ﬂﬁtplyﬁa&h@xdasgan dBoptiohdlly,

sui tabl e ex r

fusi on &9%@%%?@5‘:@%@%%%&%%@ oot o8 il o Bihibiragny

X err] cl eavumer of sine peidyin asequence papired to pin dapolysmm«iwd f@tuepm@axhaaye
used to si Mpdobdabior 38 eﬁr REMESis characterized as capable 6F bikding Wmﬁmge nt al

cl oud- poi nt |a9@ Io UCON 50- HB-5100 in water and in 100 mM
citrate buf Pagosace 10[err] (ww) UCON solution, phase separation occurs
at 323K#n the 28R isthemiddie mégionsand cancbeatbodd: 3ot linkihg gioup pEfrom 3o 30 carbap

system ms, or have from about 2 to aboumeiénﬁl\l File régibn clfihtiGadanr b ASENTS
Aqueous phase se aragj.on S¥H §F be used for gurlflcatlon and/ or
separati on s°q“°n° §l%‘?5,°l‘i’f REP‘ 8 S5lupRfe comresponding

ol i gosacchamtﬂammmbﬁumpbwcdmymemmgh@pmﬁdylsth dsha IgAlppotedase bons

include a pe éﬁ)&gﬂl de binding peptide (PBP) conprising an am no
acid se uence as high affinity for the oli gosacchar| dwi)olyrrer such
as a 0 X can be any pept:de of interest or a chemical moiety. X as having up to

the entire sequence of a polypeptide of interest, and can be an enzyme, a hormone, an
immunoglobulin, peptide, etc.
Novel polypeptide compositions include those having the following formula:

25 PBP-Z or 2)
PBP-MR-Z ' 3)
wherein:
30 PBP and MR are defined as above; and Z is a chemical moiety that is attached to the
PBP. Z indicates only the moiety, not the stou:hxomet:y of the moiety. The stoichiometry can be
variable.

The PBP can be obtained from a vanety of sources, including enzymes which bind to
oligosaccharides which find use in the subject | mtlon Two types of oligosaccharides find use
35  in the subject invention, (1) the oligosaccharide in the phase separation system, and (2) the
oligosaccharide used in the solid phase system, such as is used for removal of a cleavage
enzyme. The phase separation system ohgosacchande generally has the characteristics of being
soluble in an aqueous solution, having high affinity for and capacity to bind to the composition
10
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pol ysacchari de- bi ndi ng domain (PBD) of a pol ysacchari dase, conjugated to a
pol yvpeptide or chem cal noi ety of—i-pt-8rest—-Hovever, +he
polysaccharlde bi ndi ng peptide can include any am no acid sequence
whi ch binds to the ollgosaccharlde pol ymer. Methods for the preparation 30
of PBPs al so are provided; where the PBP can be dérived froma PBD of a
pol ysacchar iW@8¥1384 bi ndi ng domai n of a pol ysacchari 2

protein or campfigh e%&e&\ﬂ pouind of Mitkrése 84 ﬂletoepmee eparatioft Sith #he? cothpdund di ng
the PBP ,vgagmpgg.gg, e PO ShsPRgR BRBE PO i Lxsﬁlgeam%ﬁ%ma«ﬂv et e
general |y i2sabo8iskoes, ippferybly 2 about18a%K iln Jable llbbbvhisdrpahm ligt of bligosmicharidest i vity
‘;f the pol y3ace Po%%%@%ﬁ@hﬂﬁea U BEmt Den SRS ahS po polymer L{‘E'suo%g fétcz'u‘,’lh%

PCT/ US98/ 12282 The phase separation system generally conprises
two phases which are generated by the inconpatibility of the
conmponents of the phase separation system upon m xi ng of the

conponents. One conponent of the systemis a phase form ng oligosaccharide
and a second conponent is a phase-inducing agent, such as a second
pol ymer, which is inconpatible with the S oligosaccharide polyner, or a
strong electrolyte, particularly a salt, such as a sulfate or citrate

salt, which is present at a sufficientlyghegh concentration to induce phase

separation: In instances wher e the phase forning oligosaccharide is a
t her mosepar ati ng pol yner, phasE!&Eﬂﬂﬂ!ﬂﬂhgﬂﬂmﬂL£E!!E§ i nduced by heating
t he conposition contalnlng t he conpound to be purified and the phase-

form ng pOl yrrerUUIﬁ'gglﬂl |JIIC{OC ommﬁlvn uuuu:Eo.w

IS Polysaccharides'  Polysaccharides Molecular Weight
Compounds
Dextran Na carboxymethyl Dextrins derived
dextran from cellulose
20 {Cellotriose, celiotetraose,
e1c.)
Hydroxypropyl dextran  Na carboxymethyl Xylose, xylobiose,
cellulose xylotriose, etc.
Carboxymethyl dextran  Na dextran sulfate Maltodextrins and
25 derivatives
Maltodextrin DEAE dextran
Arabinogalactan Polygalacturonic
acid (pectin)
Hydroxypropy! starch
30 Amylopectin
Methyi cellulose
Hydroxyethyi cellulose
Ethylhydroxyethy! cellulose
Carboxymethy] ceflulose
15 Hydroxypropyl cellulose
Ficoll
Carboxymethy! starch
Hydroxyethy! starch
Putlulan
' Polymers can be crude or purified.
11
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10 The steps of using the phase partition systeminclude
gontacting conposition conprising t he pol ysacchari de bi ndi ng peptide
wi th the phase separation system The phase partitioning system can be
al ready m xed, or the conposition can be added to a dry form (e.qg.,
Lyophilized) ei ther .of the conponents As-.an exanple

ol i gosacchari 97618Wrrer Is added to the conposition thlé(r:g %‘mm :
rehydrati ng t he Qdieypelysarclurigésasticlsap dikely toformswo-pbase eybtentsincloderamiktures of

application nor e { han. hases.can.be used., Aft.er . a.tjne suffici for

t he conposi ?q%'ﬁ"’ieé’“f” mlg}’%‘%ﬁ*ﬁﬁ‘&'ﬁdﬁsh, fﬂ’eanglold%glﬁt&ﬂeﬂ‘?ﬁ ”p%fj Wﬁﬁrr's“z Ee,

the phases gheamsqad, ahd’or miRed linkagewithgegree of polymerizhtion™ 3) inodified @licars| Afvor

Phe. syt em HRIveEnd HSAEEGRBaILfileans RUch ad Reey ok GHOGRS AR APEDEts ng
e system [y ; ' [ t ng

el ect r ol yt egucommanndds (alacRiahhiRs, x5Rpilichasons of operation, multistage

contacting of the two aqueous phases then 20 des either conplete or

partial (but suf ﬁneﬁmumvfmommm_mmwmf?&%wmisvmvinclude water-
The conposi thiagye ik Pilydlerd WnlcRGRY tnBinbpardi gl Fhtet WhkiYa Blaty ByGoBS1 C N

be renoved romthe polynmer by contacting the pol renoval

sol uti on capelbtien efithepelymerjs hented above itsclorsipaintitemperasurs (CBT ) thetshlutiomphase om
t he pol yner otk I &y . :
enzymati cal F%B%Qﬁ%@% ?’ﬁdé‘t"é&g‘rﬁt easé%gggig ?Pigggr? “%lﬁp% thoe rbogﬂé%hé%{lﬂc{ﬁ%g% age
si te 25 0 beemriched with polymen,while direcothérephiisRypitallytchatainalittleto nepdlpmiernf r enoval |
the PBP remgi ps bound.to t.he ol i gosaccharid ol yner .. Exanpl.es. o
recogni t i or%gi}faé:gﬁ)‘}'ﬁ&%ﬁeél Rehges %Fh E‘E%Fg‘ﬁ'é a?‘é‘}b“e‘hg“mx?ﬁ?‘BHBPWgB'&ﬁﬁmﬁ‘gféﬁ or
X? whi ch ar enettly® celiutbss etityl ?jrdmtyemybgelliﬂwe,rp&m?ﬁl hydrosgethyizgliniose, mydﬁﬁdypb :d ropyl
cl eavage sites sensitiv or exanple, to lo or cyan ronj de n
21 0" ba- use eyt ceilose. Floweyas, sSeeaatlscioy Mt RAlubIe L ‘SRR PrIbsETRTiis ghouid
enzynme can BEowieihékeparatingdropefiity 2 Gshafiidai, v af P1993% MRrSiobEIRésC26) 4478 Harris,
cl eavage _enzyne i s bound to a PBP which has substrate bindin

char act i sef @s(18R1)e Bieneparations2otd t: Mdfred BrA.enel. ﬁé&kwﬁimpﬁ%y. 2363 nand
sol ubl e ol i gggasphard: d€ (1994). J. BRfoHIERSg. B59)EHC W%&r%&uﬂc?bfyﬁﬁfﬁﬂ%iﬁhe came

pol ysaccharide rather than just different physical forns o

pol ysacchar thesmompameisringlude pohysthylsoe ghyceipol eropide, polypsenylane glycol and lincar
ool Y S2CC02! ot ymer B 0 o Rl 5 e e EOR v
interest to reno¥erthhsolid meﬂmmmpﬁay'ofpméhaﬁmm&m.m of
ol vk 48, SRR rhid R P el RIS AR 590
the cl eavag®-Raglyeosidio tinkses adritsiesters, e.g., callulvse deethte) xylandy whivlthe fepesting
|8n sol uble p%laélki%gg lrx]x%tr fs %?f ,#E)?:Eylgpmée? cllxipm.tvl;helcl']; Peréentgllﬁls c%ll&lgtl’.eumat it is composed
of B-1,4-linked N-acetyl, 2-amino-2-deoxy-8-D-glucopyranose units. Enzymes that are capable
of binding to polysaccharides, such as those listed above, are of interest in the subject invention
25  as asource of amino acid sequences capable of binding to such substrates.
In Table 6 below are listed those binding domains which bind to one or more
soluble/insoluble polysaccharides including all binding domains with affinity for soluble glucans
(a, B, and/or mixed linkages). The N1 cellulose-binding domain from endoglucanase CenC of
C. fimi is the only protein known to bind soluble cellosaccharides and one of a small set of
30 proteins which are known to bind any soluble polysaccharides. Also, listed in Tables 2 to 5 are
examples of proteins containing putative -1 ,3-glucgr;—'binding domains (Table 2); proteins
containing Streptococcal glucan-binding repeats (Cpl superfamily) (Table 3); enzymes with
chitin-binding domains (Table 4), and starch-binding domains (Table 5).
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WO 97/ 13841

PCT/ US96/ 12282 t hr ough whi chthe—gixtile—-cont ai ni ng t-he—eerpetrd—of
interest is passed. The subject invention offers several
advant ages over currently used aqueous phase separation systens.

@ i gosaccharide polyners including carbohydrate polynmers such as

cel lul ose arnwioowkas#1 [ err]-gl ucans, such as those obtai ned PEHUS¥AR282nd
barl ey, are plentiful and 5 inexpen3| ve. Furthernore, a variety of
proteins bind specifically to carbohydrate pol yners and ot her

ol i gosacchari des and can be used as the_&__ce of PBP for the subj ect

i nvention. As an * tainiug petstive 8-13 pimcs . <

i ncl ude the car bohydrat poI mer-bl ndl ng portl on of a prot ei n which
bi nds to® a car bo?qyﬁt‘ﬁ?‘@?as a¥’YPEﬂh Feespsioddpar at i ng aﬁ?ﬁ or purifying the

fusion protein u@-kﬁg—&-he—suﬁ—evf—p-hase—?epm—afrm—sysfaﬂ-ﬂﬁms—use of the
PBP provides a 1 generic neans for affinity separation and/or

purification of Bag}gé,dggkmpejyt iGleaP’ ®3sBABIRHIQMR ety by attaching it
to.a PB® whi ch caarduivsdamaies) phase-sglm ng ol | gosaclearzmiesipsbioser . The
sel ective bi ndi ng of the PBP2fromthe oligosaccharide polymer makes it
especially suitable for the purification and/or isolation of a w de
variety of conpdeel using a single oligosaccharide pol ymer phase

separ at i,on syst em lt is sar prepare separate phase separation
syst ems 'ﬁi g’%ﬁﬁ"’é’ éﬁﬁf %par ated, i. egzaské) proepar e specific
pol ymer-1i gands 'gggmhg, Megknd. P22222/M6@§2§/ﬁ390ﬂ [ ggsaccharl des have nany

bi ndi ng sites asgﬁg,cmq}m@opt her gipse-separat or QedsysRdss3mio7s3 Which are
used, thus significantly incsgesing the capacity ofthe polynmer to bind the

partiti#hing R commiegiand.  Ricin Al12892 Use of one 6&r nore thernoseparating
pol ymers in the &ipdansiidz® syXindm of R26314/MORIS1IR07986ddYt i onal advant ages of a
high affinity sdptfettemon to FarGmalB¥6&ont ai ning th& polyner to which

the PBP binds followed by a sinple method for recovering and recycling the

pol yrreranBP e pol yner
but can be r em)\"%d' B%tﬁ:!c |0y &%kﬁr}a iyaggmbidus : Rarobacter faecitabidus, R. communis :
Ricinus communis, S. : Streptomyces, T. : Tachypleus (Hotseshoe Crab)
2 References
K {4) 1) Yahata et al. (1990) Gene 86, 113-117; 2) Yamamoto ez 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) -
Shimoi es al. (1992)J. Biol. Chem. 267, 25189-25195;5b) Shimoi er.al. (1992).  J. Biochem 110, 608-613; 6) Hom
et al. (1989) Patent A12892; 7) Shareck et al. (1991) Gene 107, 75-82; 8) Sacki er al. (1994) J. Biol. Chem. 269,
1370-1374; 9) Watanabe er al, (1993) EMBL Data Library
35
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with water or at high pH at anbient to physiologic tenperatures, generally
Jdess than 40[err] C and generally in the range of 20[err]C. For

non- prot ei n conpounds, the PBP can be renoved fromthe 25 conpound by
proteol ysis using a general protease such as protease K at 30[err]C, pH

/.0. The PB hus provi des a neans of attachi ng conpo
- oz YIRS o

ol i gosaccha ymer, which conpounds | ater can be renove
PBPs or PBDs with varying. affl nities TableBhe phase- form ng
ol i gosacchari de wetieaimbRingthaime foce il gintdhdindink ir¢pedts epfaillyy €d f or

particul ar syst ens and/or appl [ catlons As de5| red the PBP may
conpri s up to feEcentire 30 Py sacchesEmde enzyne, Refic| udi ng the
prot ei n~havi ng hyarotytie—acttvity—or—ray—be—essent+aty———+Fr ee of

hydrol ytic acti ity % uence inctding only the is ysed. The
latter is ki &mgg&ﬁe i nt egé#obwﬁimthe subszdtairigste |§ to be
mai Nt ai ned SO t |g@bwnkitsobeinus (1F:28) SIHSd. r2osianemsssmaigsof tshe pol ysacchari de

wi th delfor pt i onSdotmerphome &89 dGIRT | bed BIMDGIEAIRISt aldt er t he

surface structufd®Bfeeiienol ys¥Ehari de. M alternative procedure

i nvol ving the UgG.fds@eph®N- 35aerspPeci figopsaipase to dgbind the PBP

conjugate from a mamis(Gxsyact s digrest |y onassize conj ugate and does not

nmodi fy Bhe pol ySasendss-de surf SFeB | rROBSSUMUI6NB3BS| | nBage group between
rﬂ%r es‘f"W&W i s cl eadabl e by specific

t he PBP ancg "pqes ound
reagents, the cg ng I nt e% %’{%‘M@ obtgéu ned | eavi ng the
PBP bound to the ,md,g@gccharl POl ymery

9 20 WO 97/ 13841

PCT/ US96/ 12282 S salivariusgdyant age$THt thi s i’?ﬂzﬂﬁéﬁ"%de tlhat it is linearly
scal abl e by vol y iﬁ{uom a | aborgipry pr calll . 10 §4comerci al
protocol and thgtg %(mc%ge run @ses R ous 1pr ocess.

Novel pHl ypepti dedsaunpssiceomns GTBM | Ncl udsszs hose havi ng iehe fol | owi ng
formul a:

S. pneumoniae R6 LytA P06653/A25634/M13812 15
S. pneumoniae PspA A41971/M74122 16
30 Phage HB-3 HBL P32762/M34652 17
Phage Cp-1 CPL-1 P15057/R03586/A31086 18
Phage Cp-9 CPL-9 P19386/M34780/JQ0438 19
Phage EJ-1 EIL A42936 20
335 C. difficile (VP] 10463) ToxA P16154/A37052/M30307 21
X51797/808638
C. difficile (BARTS W1) ToxA A60991/X17194 2
C. difficile (VP1 10463) ToxB P18177/X53138/X60984 2324
_ $10317
10 C. difficile (1470) ToxB S44271/223277 2526
C. novyi atoxin . $44272/223280 27
C. novyt a-toxin - ZA8636 _ 28
15 C. acetobuiylicum (NCIB8052) CspA : $49255/Z37723
C. acetobutvlicum (NCIB8052) CspB _ Z50008
30 '
s C. acesobusylicum (NCIB8052) CspC ) 250033
30 :
C. acetobutylicum (NCIB3052) CspD . 250009
30 .

Shiroza er al. (1990) Protein Sequence Dasabase; 8) Shivozae: ol ( 1987).1 Bacieriol. 169, 4263-4270; 9) Ueda et al.
&0 {1988) Gene 69, 101-109: 10) Russel (1990) Arch. Oral. 8:0! :38, §3-58; 11) Honda et al. (1990)J. Gen. Microbiol. 136,
2099-210S: 12)Giffard ez al. (1951)J. Gen. Microbiol. 137. 2577-2593; 13) Jacques {1992) EMBL Dasa Library: 14)
Simpson er al. (1995) J. Infect. Immum. 63. 609-621; 15) Gargua el al. (1986) Gene 43, 265-272; 16) Yother et af. (1992)
J. Bacteriol. 174, 601-609; 17) Romero ez al. (1990} /. Bacteriol. 172, 5064.5070. 18) Garcia et al. (1988) Proc. Nail,
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5 PBP- MR- X

(4) wherein; PBD is characterized as a consecutive
sequence of am no acids fromthe substrate bi ndi ng region of a

pol ysacchari dase or other protein which binds to a polysaccharide substrate
10 to provide for high affinity binding to a substrate of the
pol ysacchar i We93/13848, optional |y, essential |y | acki ngpQTNUS96/12282

pol ysacchari dase et okh bsyoia.ofd) Ry Galdbw bt 3198 Gede 86853 52, I3 3L LS () Ni mum
number of ami no AGsES 21 Doven eq&emé :nra:eqsac]:‘woeek; F20w ﬁ%g?sg?ﬁaﬁfﬁ%]aﬁj ide and

for use in a phag@Bamosoe al (19A Nugprosfrils By 1% further is characterized as
Capabl o pf bi hol AArapea e e p 28 o P i e 20
is the mddl e I equ.oms Mt Gadn niPess. RoNSGRENEL e oS00 EMs DabibrkHs) 36) SdkbidRor 119351 0illg 2 t O
30 carbon fradter or have from about 2 to about 20 amino acids. The
regi on can include an am no acid sequence providing for specific

cl eavage of the fusion protein, usually a sequence correspondi ng to
that recognized by a proteolytic enzyne of high specificity such as an |gAl
pr ot ease or Factor Xa; and 20 X can be any peptide of
interest or a chemcal noiety. X is characterized as having up to t he
entire sequence of a pol ypeptide of interest, and can be an enzyne, a

hor none, an i mrunogl obul i n, peptide, etc. Novel

pol ypepti de conpositions include those having the following formula: 25
PBP-Z or (2)

PBP- VMR- Z (3) wherei n: 30

PBP and MR are defined as above; and Z is a chem cal noiety that is
attached to the PBP. Z indicates only the noiety, not the
stoichionetry of the noiety. The stoichionetry can be vari abl e.

The PBP can be obtained froma variety of sources, including enzynes which
bind to ol i gosaccharides which find use in the subject invention. Two
types of oligosaccharides find use 35 in the subject invention, (1) the

ol i gosaccharide in the phase separation system and (2) the

15
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ol i gosaccharide used in the solid phase system such as is used for renova
of a cl eavage enzyme: The phase separation system ol i gosacchari de
generally has the characteristics of being sol ubl e in an aqueous
solution, having high affinity for and capacity to bind to the conposition

10 WO 97/ 13841
PCT/ US96/ 122””’“’“ conprising the PBP and conpound of int 5%’??“@%%%bl e of

phase- separation sugh that conpound conpri sing the pol ygaccharide
bi ndi ng peptide is hHighly enriched in one of the phases, generally
[err] about 70% pregferably [err] about 80% In Table 1 below| is a parti al
l'ist of oIigosacéEarides ~ KNQUWD to fgrm aqueous wo=phasg systems with
ei ther another polyner or a strong electrolyte.” 5 T0
Table 1 Phase- For m ng
A i gosacchari des
3 =22
c 5
8 @
2 o e = 08
< g o -
£3 228  §538c
¥ 58 g 83 SSEEE
w8 £ =58cs a2 35 Scoi:
3= & SERE®  2S3F  Zi3RS
& REasS< 53 &< VNS FVE N
«
o é ] g
§' e y-F 8% (3 B
: 3388 s8E%F 33es| |
2
2
£
:F‘.'.;
[~
g8 | 3
—~— DR
saag §  Bisiy |}
LR ~ 8 $SeEs | %
3EE'§§ XT E g 3 §E> =
§  ZyzE ¥ se8% BRbEE | g
| §F s3I sy %8 LSEEE | gy
B pesdl  gRBar  SiERR| i
ST E W S« H O —
IR R IR
. e 2 2 S = a
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[err] Polynmers can be crude or purified.

, WH-97/ 13841 _

PCT/ US96/ 12282 O her pol ysacchari des which are likely to form
t wo- phase systens include: m xtures of | ow nol ecul ar wei ght

cel | osacchari I tosan and ot her chitin derivatives; al | ubl e
gl ucans (a. [vg(ﬁ’['nggnd/or m xed |inkage with degree of poI y%#@%%?‘?%% > 3),
nodi fi ed gl ucans. and/or derivatized glucans: cereal [err]-glucans
such as barley or oat [err]-gludans; and.,,mannans S gl ucommannans,

gal act omannans, xyl ogl ucans. . ¢ Anot her group gf.., pol ysaccharl de
pol yners which georagd ppophaseg;sys&gr@-loncaiy@eeo\mbeam Qo ._soku,bl e

anphi pol ar pol yners “Which are therm)separ ating I 0 water. VhEN"E bi nary
aqueous solution of the pdlymer is heated above its cloud point
tenperature (CPT), the solution |phase separates into two macroscopic
phases. One of the phases, usualjly the bottom phase is heavily 10 enriched
with polynmer, while the other phHase typically contains little to no

pol ymer. -

P06215/M13968/M19052/A25898

S18750/S18751/X59995/P29032
746948

U01660

A24215/S43926/J90965/P36361
P10968/M25536/809623/S07289
P02876/M25537/509624
P10969/J02961/510045/A28401

P24626/X54367/514948
122032
M87302

P25765/815997

D16223

P09761/X13497/804926
P09762/X13497/504927

P36907/X63899
$38670/X76041

JC2252/842828
L37876

Table 4 - cont'd
Di6221
102286
X87109
37
Accession N°
Jc20N
U02605
U02606
U02607/543317
U02608

Chil
Chi2
Chi3
ChiA
Chil
Chi
Chi
Enzyme
Chi
Chi2
Chi
Chi
Chi
Chi
PR-3f
Chi
ChiB1
ChiB2
ChiB3
ChiB4
WIN-1%
WIN.28
Chi
WGA-I"
WGA-2*
WGA-3*
Chi

AGL!

pza sativum

Solanum tuberosum {cv. Maris Piper)
Solanum tuberosum (cv. Maris Piper)

Oryza sativum (cv. Japonicum)
Triticum aestivum

(

Oryza sativum (cv. Japonicumt)

Oryza sativum
Ulmus americana (NPS3-487)

Phaseclus vulgaris (cv. Saxa)
Urtica dioica

Sambucus nigra
Secalq: cereale

Pisum sativum (cv. Alcan)
Populus trichocarpa (H11-11)
Phaseolus vulgaris (cv. Saxa)

Pisum sativum (cv. Birte)
Populus trichocarpa

Oryza sativum (IR58)

Oryza sativum

Solanum cﬁberosum
Solanum tuberosum
Triticum aestivum
Triticum aestivum
Triticum aestivum

Source (strain)

Oryza sativum

5
10
15

20

2
30
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Pol ysacchari de- based pol yners which are known to exhi bit thernoseparating
properties include met hyl cellulose, ethyl hydroxyet hyl cellulgse,
propyl hydroxyethyl cellul ose, and hydroxypropyl . met hyl cel | ul ose.
However, essentially any wateér-soluble [err]-1, 4-Finked cellosaccharide
shoul d show t her noseparating properties. Johansson, et al. (1993).
Macr onol ecuy@d13¥a14478; Harris, 15 et al. (1991). Bi osPECAVHI/IN82 2, 237;
Alfred P. A et al. (1992). Bjoseparaions, 363% and Alfred P. A
et al. ( 1994). J. Chromatog,F#59, 2BE EQ héi ~@gerssol ubl e pol ymers which
t her noseparat e i ncl ude pol ye%’ hﬁ § B3 e‘@gi)geg@ﬁene oxi de,

L
eng
pol ypropyl ene glycgd and |i g 28 ﬁmm§ E}@ir s of ethyl ene oxide
and propyl ene of deg (trade n}&% D& %%gmggag; _ For the
solid phase recovergy systenty 3§vaegezi3§ §1§E $BEchari de substrates are of
20 interest. Thes%i ncl ude E &l gggeeg & P08 §_ Ea_'[gde conposed of _
D- gl ucopyranose unigs j oi nedg Eﬁ;ﬂg-é[?%rg 3‘_%‘1,_.-@; 9si dic linkages and its
esters, e.g., cell g ose acetifge:; §>¢;fﬁa‘§,§ﬁr; ﬁ[h'rg § Srepeating
backbone unit is [&r]-1,4- %ﬁﬁdpﬁﬁ@ggs%‘; glﬂ s 4 ch resenbl es
cellulose in that T is congpgel g & 8 04§ g@k-gif' i nked N-acetyl,
2- ani no- 2- deoxy-[er§ ] - D-gl uc:cjﬁ}g i SEs gy gsEgzg/n% that are capable
of binding to pol y@c_charl de§ﬁvg®- O'Sg 3 g(k gbove, are of interest
in the subject |ny§1t|on 25 §$§Ts cﬁq T’ gt id sequences capabl e of
bi nding to such séigtrates. %'_;j tl.%’g__-lgwig@l; g J§e| ow are listed those
bi ndi ng domai ns y\Algiia:h bi nd t G@@EE%§§Q 34l e/ i nsol ubl e
pol ysacchari des i udi ng ald;gbﬁl I3 g0 God QS-WI; @’Efl nity for soluble
gl ucans (a, rr], andé-o;r:g]ge}ig@g %@§°I N1 cel | ul ose-bi ndi ng
domai n from endogl ffanase Oe§1§§) 2I2TEA Fidnd. s§§e only protein known
to bind soluble celg osacchard @85 dne¥c 2 sRIgBet of 30 proteins
which are known t¢gind any $&35 & B¥8/ Facglidigss SA so, listed in Tables
2 to5 are &&nmpl es of ;@ ge‘g_ % D) t%E;gE@ pE Jtive
[err]-1,3-F ucan- l?i_’;hdi ng plor%'{: -g(ﬁ?%& )%,5 §t§ _r~§7s cont ai ni ng
St rept ococgzcil ~glu¢dh- bi ndi ng§ Bepea » gyﬁatf _ _cg)c (Table 3); enzymes
with Schi t 804 Bb ndi ng dabrgi’ e84 % SF@ stxEch- bi ndi ng domai ns
(Table 5). = & ' P £ 12
(] Y- ]
= g8ds
i FA7
5!.25
~3ES
§S8
~335
5 =S5y
S8&Y 3
LX) S ﬁ
§359§
BT
g5
N
v E
23
g%

Microbe Interdct. 6, 680-685; 18) Buchanan-Wollaston (1995) EMBL Data

(1990) Proc. Nadl. Acad. Sci. USA 87, 7633-7637; 21) Lee et al. (1991) . Biol. Chem.

ti-microbial peptide, pre-hevein like protein, *hevein, “chitin-binding protein, ‘patofEnti

Biochemistry 31, 4308-4314; 15) de Bolle:ef al. (1993) Plant Mol. Physiol, 22, 1187-1190;.

Data Library; 12) Kuranda et al. (1991) J. Biol. Chem. 266, 19758-19767; 13) van Damifie
289-296;. 36) Muthukrishhnan et al. (1993) EMBL Data Library; 37) Xu (1995) EMBL

. Data Library;” 40) Davis et al..(1991) Plant Mol. Biol. 17, 631-639; 41) Clarke et al. (1954)
Broglie et al. (1986). Proc..Natl. acad.Sci. USA 83; 6820-6824; 44) Lucas et al. (1985)

Roberts er.al.-(1994) EMBL Data Libraryl, 47) Vamagami et al. (1994) Biosci. Biotech

Stanford ef al. (1989) Mol. Gen. Genei. 218, 200-208; 50) Liso et al. (1993) EMBL Data

Data Library; 8) Genbank entry only; 9) Tsujibo ef al. (1993).J. Bacleriol. 175, 176-181;5)
(1989) J. Mol. Evol. 28, 327-336; 53) Wright et al. (1984) Biochemistry 23, 280-287;
(1993) EMBL Data Library; 56) Lemer et al. (1992) J. Biol. Chem. 267, 11085-11091

1) Udea er al. (1994) J. Fermeni, Bioeng. 78, 205-211; 2) Watanabe et al. (1990) J. Biol.
Gléave et al. (1994) EMBL Data Library; 5) Sidhu et al. (1994) J. Biol. Chem. 269, 201
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Overvi ew of proteins containing putative
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S. nutants (GS-5) GIF-C not avail abl e 10

S._nmutants (GS-5) —__GIF-D M2O296/ A45866 11
20 S. salivarius GTF-J

A44811/ S22726/ S28809 12

211873/ Mb4111 S. salivarius GIE- K

S22737/ S22 B/ST1WIY 2 13 S. salivari uPCrRI23E, )

GTF- L L35495 14 25 - .. ..S. salivarius
( ATCC25975) GTE- Mew PBPs with igeesting binding characteristics and specificities can be

g Bzgﬁgg: :: |?c?c_entified and scrﬁgg%cfAér in a variety o&w&%%@?&mﬁ&mw 5 15
Phage HB-3 approaches and me#iiBologies. These inélB8de/fRéthBd@E(titration) methods such s:
Phage Cp-1 . CPL- 1 . P15 35 1 . ol 8
Phage Cp-9 NMR spectoscopégl]%et al. Btochemzlyh) g@gfﬁ}gﬁﬁ%@gﬁ%%mmequg
Phage EJ-1 §  (1991) 30: 5524-5@1!; UV difference spé@6stopy (Belshaw et al. Eur. J. Biochem.

20 3S C. _;%mé“ogeVPl 1 46::»2 ToXx

P16154/ A37052/ NEPR) 211:717-724)p scence (titration) spectroscopy(Mnllereml J. Biol. Chem.

X51797/ S08638  (1983) 258:13665-136%2), UVIdriffubleSdeROERSppol low analysis @e Boeck et al.
A60991/ X17194 22 difficile(VPl 10463)

ToxB Py Biorkemc(1987)J49:141-415), #gnmmethods such as affinity electrophoresis

S10317 40 ]
44271/ 723277 MRl Gl SOy I"""S'bé’%’%w”) 597:345 35@?35\;“? chromatography on

a-toxin 10  dmawbilized pwao or ohgosacchandes, gempmuon or agg]utmanon analysipip¢luding

a-toxin r,?%%r*gg S QspheIMc analysis (Knifigs o al. J. Biol. Chem. ($893) 14940-

C. acetobutylicu
S49255/ Z37723 14947), competitive inhibition assays (with or w:thout quantitati®JC50 determination)
55088? obutyli Gan !;Ir?l ‘ESP 52&&1 or physico-chemical me%&P mc\%img differential scanning or
isothermal titration calorimetry (Sigurskjold et al. J. Biol. Chem. (1992) 267:8371-8376;
I5 Sigurskjold et al. Eur. J. Biol. (1994) 225:133-141) or comparitive protein stability
assays (melts) in the absence or presence of oligo saccharides using thermal CD or
fluorescence spectroscopy. Both qualitative and quantitative (association or dissociation
constants, IC50 values, thennodynamic;.parametérs, etc:,) analysis can be performed with
these methods. Identification of PBPs:with both higher and lower binding affinities for
20  soluble oligosaccharides polymers are of interest; depending upon a particular
application, a lower rather than a higher binding affinity can be useful, for example to
improve facility of removal of the oligosaccharide polymer following partitioning and/or
isolation of the oligosaccharide polymer phase enriched in the compound comprising the
PBP. '
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C. acetobutyl i cun(NCl B8052) CspC

Z50033 50 30 C.

acet obut yl i cum( NCl B8052) . CspD it Z50009
30 [err] References 1) Sato et aI (1993) DNA seqguence
4, 19-27; 2) Ferretl et al. (1987)J. Bacteriol. 169,4271-427 re et
aI wo?9 (1990)J. Infect. Imun. 58.2452-2458,; %m%%ﬁ%@)
(1991)J. Bacteriol,173. 989-996; 5)Sun et 1994)J.

Bacteriol . 176, 7213-7222; 6) ¢ Banes et a|c‘"l 9Q) ). nfect. Immun, 58,

667-673; 7) References - cont al . (1990)
Prot ei n Sequence Dat abase; 8) Shiroza et al . (1987)J Bacteriol. 169, 4263
4270; 9)Ueda et al. B8 4-9.88).C 101-.1090- ..101 Russe|
(1990) Arch. “Oral . B.'HP‘"‘%‘B’“@B 58; "1"15‘ yers Bind (1990)J. Gen. M crobi ol .
136, : = M-+ 0bi Ol .
137.2577-2593: 13) JW 9 ,"' Ly

Si mpson at al. (1995)J.Infect. | mmg m&nmm&rm a et al. (1986)
Cene 43. 2650272, 16) Yother et al. (eikRstbinding proteins’ J. Bacteriol. 174.
601-609: 17) Ronmero et al. (1990)Jxyidaeieriol. 172, 5064-5070. 18)Garcia et
al. (1988) Proc. Natl. mixed Xylanases/glucansses

14 WD 97/ 13841 esterases

PCT/ US96/ 12282 chitinases

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

20 cellulose synthases (unconfirmed)

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

I0 Dextran Binding Domains (Streptococcal) glycosyl transferases'
dextran sucrases (unconfirmed)
Clostridial toxins™"
glucoamylases®

35 dextran binding proteins

B-Glucan Binding Domains 8-1,3-glucanases'>'®

B-1.3-(B-1,4)-glucanases (unconfirmed)
8-1,3-glucan binding protein'’

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

a5

1) Gilkes et al., Adv. Microbiol Reviews, (1991) 303‘31 5 2) Ségaard et al., J. Biol.
Chem. (1993) 268:22480; 3) Weselake ef al, Cereal Chem. (1983) 60:98; 4) Svensson
etal, J. (1989) 264:309; 5) Jespersen etal,t (1991) 280 51; 6) Belshaw ez al., Eur. J.
50 Biochem. (1993) 211:717; 7) ngm'sk)old eral, Eur. J. Biochem. (1994) 225:133; 8)
Villette ez al., Biotechnol. Appl. Biochem. (1992) 16: 57 9) Fukada et al., Biosci.
Biatechnol. Biochem. (1992) 56:556; 10) Lawson etal J. Mol, Biol. {1994) 236:590.
11) Sharff et al., Biochemisiry (1992) 31:10657; 12) Lxs et al., Appl. Environ. Microbiol.
(1995) 61:2040; 13) von Eichel-Streiber éfal., J Bacteriol. (1992) 174:6707; 14) von
111 Eichel-Streiber ef al., Mol. Gen. Genet. (1992) 233:260.
15)Klebl es al, J Bacteriol. (1989) 171:6259;, 16) Watanabe e al., J. Bacteriol. (1952)
174:186; 17) Duvic et al.. J. Biol. Chem. (1990) 26_5:_9327.
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85.914-918: 19)CGarcia et al. (1990) Gene 86. 81-88; 20) D az
Bacteriol. 174. bh16:-5525: 21) Dove_et—al—{1890) J.
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70, 1-6;

24) von Eichel -

58. 480-488,;. 22) Wen et. al. (1990). .FEM5 M crobiol. Lett.
23) Barroso et al. (1990) Nucleic Acids Res. 18.4004-4004
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[err] et al wgohdSs4y EMBL Data Library: 26) von Ei chetuSsnzBher et

al . (1995) Mol .

Mcrobiol. In Press; 27) Hofmann et al. (1993) EMBL Data

Li brary; 28) Hof mann et al. (1995) Mol. Gen. Cenet. In Press: 29)

Sanchez et al.
Data Library
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I3

20

( 1994he PBBlcaibb¢ abtainid follgwing(Solafion ahd gurification of thO@BEymENBL
clipping off the PBP from the remainder of the enzyme. For use in the phase separation
system. the PBP is screened for binding to soluble phase-forming oligosaccharides.
While any of a number of methods can be:used for screening, including NMR alone,
NMA/calorimetry, affinity electrophoresis alone, affinity electrophoresis/competition
assay, and binding isotherms. Binding equilibrium studies using isothermal titration
microcalorimetry (ITC) are preferred. The advantage of isothermatl titration
microcalorimetry (ITC) in binding equilibrium studies derives from the fact that binding
isotherms are defined by the experiment in terms of heats of reaction; as such, they allow
a direct estimation of enthalpy (and entropy (changes in addition to the association
constant. Thus, 2 single microcalorimetric titration provides a complete characterization
of the binding energetics along with the binding isotherm. (Haynes et al., J. Colloid
Interface Sci.. (1994) 169:313; Colloids & Surfaces, (1994) 2:517.

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

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

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

10

systems with comparable properties to, imt lower cost than, the classic dextran/PEG
system, including those based, like the dextran/PEG system, on the incompatibility
between 2 carbohydrate and a poly(oxy-ether) are many (see Skuse et al., Enzyme
Microb. Technol. (1992) 14:785.) Examples include, hydroxypropyl starch (Tjerneld er
al., Enzyme Microb. Technol. (1986) 8417), .maltodextn'ns (Szlag et al., ACS Symposium
Series (1990) 419:38-52), hydroxypropyl cellulose (Skuse et al., Enzyme Microb.
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30

Technol. (1992) 14:785), and carboxymethyl cellulose (Albertsson, Partition of Cell
Particles and Macromolecules, Wiley Interscience (1971)) which have all been
successfully used to form partition systems w:th PEG.

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

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

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

also are known. Various techniques for mampula_tlon of genes are well known. and
26
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include restriction. digestion. resection, ligation, in vitro mutagenesis, primer repair,
employing linkers and adapters. and the like (see Sambrook et al., Molecular Cloning, A
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York,
1989).

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

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

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

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

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

be used for muitiple sequence alignment and

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

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

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

During construction of the expresslon cassette, various fragments of the DNA
usually are cloned in an appropriate clonmg vectér, which allows for amplification of the
DNA, modification of the DNA or mahipﬁlhtion by joining or removing of sequences,
linkers, or the like. Normally, the vectors are capable of replication in at least a relatively
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el ectrophoresis )
) The cloning vector has at least one unique restriction site, usually a plurality of

unique restriction sites, and: may also include multiple restriction sites. In addition, the
cloning vector will have one or more markers which provide for selection of
transformants. The markers will normally provide resistance to cytotoxic agents such as
antibiotics, heavy metals, toxins or the like, complementation of auxotrophic host, or

0  immunity to a phage. By appropriate restriction of the vector and the cassette, and, as
appropriate, modification of the ends, by chewing back or filling in overhangs, to provide
for blunt ends, by addition of linkers, by tailing, complementary ends can be provided for
ligation and joining of the vector to the expression cassette or component thereof.

After each manipulation of the DNA in the development of the cassette, the

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

20 In some instances, a shuttle vector is employed where the vector is capable of
replication in different hosts requiring different replication systems. This may or may not
require additional markers which are functionai in the two hosts Where such markers are
required, these can be included in the véctor, where the plasmid containing the cassette,
two replication systems and the marker(s) may be transferred from one host to another, as

3 required. For selection, any useful marker may be used. Desirably, resistance to
neomycin or tetracycline are of interest. However, although a marker for selection is
highly desirable for convenience, other pmceduws for screening transformed cells are
known to those skilled in the art, for example, transformed cells can be screened by the
specific products they make; synthe_sis of the desired product may be determined by

30 immunological or enzymatic methods.

The DNA encoding the fusion protein can then be manipulated in a variety of
ways to provide for expression. Iflustrative tran.i:criptional regulatory regions or
promoters include, for bacteria, the /ac promoter, lambda left and right promoters, trp and
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glucose-reF;I?eF;hiog ?nsensitive Tac promoter. Examples of high level expression vectors
10  are described in Graham ez al., (1995) Gene 158:51-54.

The expression cassette can be included within a replication system for episomal
maintenance in an appropriate cellular host or can be provided without a replication
system, where it can become integrated into the host genome. The DNA can be
introduced into the host in accordance with known techniques, such as transformation,

IS  using calcium phosphate-precipitated DNA. transfection by contacting the cells with a
virus, microinjection of the DNA into cells or the like.

Once the fusion protein DNA has been introduced into the appropriate host, the
host can be grown to. express the. fusion-protein.: Microbial hosts-can be employed which-
can include, for example, bacieria such as E. coli, and eukaryotes such as

20  Saccharomyces, particularly S. cerevisiae, Streptomyces, Bacillus Pichia pastoris, or
mammalian cells such as BHK and CHO. The recombinant products can be glycosylated
or non-glycosylated, having the wild-type or other glycosylation. The amount of
giycosylation depends in part upon the sequence of the particular peptide, as well as the
organism in which it is produced. Thus, expression of the product in E. coli cells results

25  inan unglycosylated product, and expression of the product in insect cells generally
results in less glycosylation than expression of the product in mammalian cells.
Expression in yeast can result in hyperg]ycosylation. |

For isolation of the fusion protein, where the product is retained in the host cell,
the cells are harvested, lysed and the product separated, isolated and/or purified using the

30  phase separation system. In some mstances it can be desirable to provide for a signal

sequence (secretory leader) upstream f_rorh and m reading frame with the structural gene,
which provides for secretion of the fusion proteix{. nlﬁsuative secretory leaders include
the secretory leaders of penicillinase, immunoglobulins, T-celi receptors, outer
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Table 6 o Sour ces..of Pol ysacchari de Bi ndi ng
Domai ns Bi ndi ng Domai n Pr ot ei ns Were Binding
Domain is Fo Cel | ul ose Bi ndi ng [ er ucanases
(avi cel ases, %@Nﬂﬁggé Domai ns[ err] E%mgm’

cel | odextri nases) exogl ucanses

or cel | obi Ohydrdpgg@-gnelmotems.andthehke By fusion in proper reading frame the fusion proteip ose
bi ndi ng pr ot ei NScan be secreted into the medium. However, in bacterial expression sy§téh@ SRR 38

m xed xyl anases/gl ulcanases
chi ti nases 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
5 coliected and the product isolated using the phase separation system. To produce an
active protein it can be necessary to allow the p_rdtein to refold.

The phase separation systems is combined with the biological fluid, fermentation
broth. cell lysate or other source of the biologicél compound to be purified and phase
separation induced. To separate and/or purify a component of an aqueous mixture,

10 following partitioning of the composition comprising the PBP into the oligosaccharide
phase, the phases are separated and the compo#ition comprising the PBP dissociated from
the polymer phase in any of a variety of ways. These include contacting the separated
oligosaccharide phase with a different phase-inducing polymer or salt which extracts the
composition comprising the PBP; changing the chemical and/or physical condition, e.g.,

I5 by adding a dissociating agent to the separated oligosaccharide phase, such as an acid or a

- base, urea, ethanol, DMSO, and the like, or where the binding reaction was identified as
endothermic or exothermic, altering the temperature a sufficient amount so that the
binding affinity is decreased; and having the compound of interest from the PDP-
oligosaccharide polymer.

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

25  the polypeptide of interest from the PBP As an example, the cleavage protease can be
prepared as a cleavage enzyme complex, wherein the protease is bound to a second
polysaccharide binding moiety having asubstrate specificity different from that of the
first polysaccharide binding moiety bound tb'.th';e} ;iol_ypeptide of interest and/or having
different binding characteristics (As a me et al (1 993) Protein Engineering 6:787-192;

30  Assouline etal. Thus, cleavage of th iiixding domam from the recombinant protein of

interest can be done in solution and th cleavag; ;eﬁzyme complex then removed by

binding to a polysaccharide substrate’ to which the ‘first polysaccharide binding moiety
does not bind. Alternatively, the cleavage enzyme complex can be immobilized on a
32
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t
mal t odextrin bl(ﬁlﬂﬁn’r‘\% canegF F@)%%Sé;soulmeemluswﬂ (3 TESOmBImAY Donai ns

(Streptococcal )pﬁkmbm&ma&hﬁeaaﬁﬁé@ is'rbleased from the oligosaccharide polymer free
dextran sucrases (unconfi rrreJ
Clostridial tox?® ﬁ:g{uémp]anng PBP¢ which remain bound to the polymer. Alternatively, a non-specific

gl ucoanyl asgs| egrbgease can be used'to completely degrade the PBP portion of the PBP cofflek! this
bi ndi ng proteins 35 err]-d ucan Bi ndi ng Donmi ns

[err] -1, 3- gl ucaleleasing it from the oligosaccharide polymer, for example, by tréatment by protease K at
o) 3 o ol BR300 i son 7. D g 190
Domai ns chi ti nBiadechnology, 9:1096-1099. _ chi t obi ases
chitin pinding pr ﬁgﬁ#gé%wﬂm fusion protein itself may be of interest and therefore it {s36¢€
Heivein 4510  fusion protein that is removed from the oligosaccharide polymer, rather than separating
the components of the fusion protein. ._To.debind the fusion protein from the
oligosaccharide polymer, a low ionic strength buffer or water is required or a buffer of
alkaline pH or a chaotropic salt. The temperature for desorption is not critical and
generally in the range of 10°C-40°C, although ambient temperatures are generaily
IS  preferred, i.e., about 20°C. The fusion protein bound is washed repeatedly in water or
diluted by a continuous stream of water. Generally, a pH 9.5 carbonate buffer or 6M
guanidine HCI can be used for this desorption step. Dilute sodium hydroxide (about
0.1M) may be the preferred treatment in some cases. The nature of the PBP can be
modified to alter its adherence properties:so that it can be, or, if desired, cannot be,

20  desorbed by water. Application of the desorption medium to the matrix causes release of
the fusion protein from the oligosaccharide polymer. For isolation of the PBP-conjugate
foilowing release from the substrate, various techniques may be used. For example. the
polysaccharide surface can be washed free of the PBP-conjugate with the desorption
solution as described above. The PBP—cohjugat_e can be separated from the desorption

B solution, for example, by changing its ionic strength of pH and readsorbing the PBP-
conjugate on an ion exchange medium or on a sec'ond polysaccharide matrix.

The affinity phase separation system has. many uses. These include concentrating
a component in a mixture, purifying a cbmponcnt in a mixture, where the purifying can
be two-fold, generally greater than twenty-f_ d, and can include up to purification of 80
30 10 90%. The fold purification can be measufed relat:ve to removal of contaminants,

increase in specific activity,k and the li e T some appllcatlons. the method also can be

used for cell separation and/or ennchment ina pamcular cell type. For example, a
population of stem cells can be enriched by contacting the cells with the PBP alone
33
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el ect rophor 8} s/ conpthariuses of the technelogiinclude extractive bisconvessior,ies metkodsifon g
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feedback inhibitor of the enzymatic reactnon In such a system, the enzyme is bound to a
PBP so that the enzyme retains enzymatic activity. The substrate for the enzyme is one
which either naturally partitions in_tc the cligo;f;.accharide polymer phase or which is -

IS  bound to a PBP, and the product is one which does not remain in the oligosaccharide
polymer phase, but rather thioﬁs into the second component, such as when the product
is more hydrophobic than the substrate. The second component of the system is then
removed and the product recovered: Examples of enzymatic reactions which can be used
with the extractive bioconversion system mclude transglycosylation, for example, for

20  preparation of B-1,4-linked oligosaccharide sweeteners; mixed transesterification, for
example for conversion of low value fatty acids to high value fatty acids and glycerol
production; and for peptide synthesis. The subject compositions which retain the PBP,
can be used as a means of immobilizing the compound of interest on a polysaccharide
support, since the PBP adsorption to its substrate is strong and specific.

25 The immobilized systems find use, for examp!e, in preparing solid state reagents
for diagnostic assays, the reagents mcludmg enzymes antibody fragments, peptide
hormones, etc.; drug binding to decrease clearance rate where the cellulose can be either
soluble, for example, carbcxyme‘lhyl ccliulcse or a sohd support such as mxcrocrystallme
cellulose (Avncel) where the drug i is a polypeptxde such as interleukin 2; drug dehvery

30  for example, bound to carboxymethy_ '
binding of an adjuvant to the same

immunospecificity of the drug to be dehvered dye bmdmg, for example, coupling of
paints or dyes to polysaccharide, for example, cellulcsxc.surfaces; printing on, for
| 34
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xampl
20  Abbreviations
PNPC = p-nitrophenyl-8-D-cellobioside;
HPA = hide powder axure;
gCenA and gCex = the glycosylated forms of CenA and Cex from C. fimi;
ngCenA and ngCex = the non-glycosylated forms of CenA and Cex from
5 recombinant E. coli;
RPC = reverse-phase chromatography;
SDS-PAGE = sodium dodecyl sulfate-polyacrylamide gel electrophoresis;
a-Pro/Thr = rabbit antiserum directed against synthetic Cex Pro/Thr box;
PMSF = phenyl-methylsulfony! fluoride.
30
Biologi eposits
The following deposits have been made with the American Type Culture
Collection (ATCC), 12301 Park Lawn Drive, Rockville, Maryland 20852. A derivative
35
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WO 97/ 13841

PCT/ US96/ 12282 ——Feehnol . (1992) 14:785), and carboxynet hyl cell ul ose
(Al bertsson, Partition of Cell Particles and Macronol ecul es, Wl ey

‘I ntersci ence (1971)) which have all been successfully used to form
partition systens with PEG In order to develQ ,%s stem
phase equili BYO®'B81a are obtained for the 5 conbinati onPgT ?’Ffé’?’?rst

and second conponents sel ected, and/or inducing _neans usi _n@@o t he
procedure of HayRéthesionsd generlamd prniasmid pekiG-p ihEscherichimepfi G0 yps flepasited on
det erm ne the April b9t g6 RAN ¥iver A?ecg&ees&%hwm 67101, Qpllléﬂﬁfiv%&tl&ﬁ& gp‘{}ase

i nduci ng agent coricentrati on, above ich a stable two-phase
partition systemGesohplasmid pEGr1yeas deposited oncMppRl. 1986 and givem A€ dsceasien bound

to a phase form ' ) A ne pH i j Y]]

strength buffer B'lg’??%%Oﬁgﬁi??%%‘go‘ngﬁ%%ﬂ%‘n&?ﬁﬁ%&@é‘?@?@eﬁ%
tenperatures § ATCGC Accesfips No] 67102. Zhe fullamtledtifesequeniced of pTaA(Acoessiohe
conponents of th as rti@sst.e_ L Lnding. s, vjrtually

i nst ant aneous ang~I T ﬁ%ﬁ@g?sﬁﬁ“e ﬁ%%?%‘?‘r‘rﬁ“ﬂ"%’a?“ jgh@%‘m‘mﬂ

conj ugat e i s boumNiniter Mis823)art-€.¢imTi0C (AcassiarNinabérdes7858) have bidek déepodsitédt O
t hat phase. . Once the conponents of the phase separation
system and t he mi¥th GsRankyiate 15 pol ysacchari de binding noiety for a
particul ar application have been identified, PBP can be prepared by

transformng into a hgost cell a DNA construct conprising DNA encodi ng
the appropri &e M&chari de binding noiety. The phrase "pol ysacchari de

Ceast a functional poriionoRre i¥ipAibity Alin: RICIDAGNE ol £l 0 Ot

pol ysacchari dase molecalgsang issadsorkmow s eslintose @-hydroxypsepyl ether. By " functi onal

b1 gosacchari de. pot ymiruafo! BEHBE i€ RN Railiin” M B Taddisdl bettigge potymer

interest is containiiy IedrdxyethyisideBRaiil\hd<e ajse kmown ablelidlosechygeoxyethyiedite.ng

e cOMROST1 i SGERL e oot obRETHEE e e g 2"

prokaryotic cell .tradéranies! AfcorithhocaiwDiporanfiosad Ve Palossl Sefiesqtioedherd, t he
Celanese/Colorants & Surf.)

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

20  Agualon EHEC.

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

o Dextran is supplied by Pharmacia Biotech.

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

30 Isolation of C
Escherichia coli IM10) (SUpE, thi-1, sftac-proAB), [FraD36, proAB,
taclgZM15] (Yanish-Perron ef al. Gene (1985) 33:103-119) was used as the host strain
for maintenance of the ;plasmids and for production of recombinant protein. Cuitures
36

SUBSTITUTE SHEET (RULE 28)




25 expressed and isol ated pol ysacchari de bi nding peptide can be

conjugated to a conpound of interest —i.e ~ a protei-A—oer—a—chem cal
Torety. The techniques used in isolating polysaccharidase
‘genes, such as a cellul ase gene and genes for pol ysacchari de

binding proteins are known in the art, including synthesis,

i sol ation fy@wymesepni c DNA, preparation from cDNA, or conmatsmm her eof .
(See, 30 USPN 5, 137,819, 5,202,247, and 5, 340, 731.) The sequences for

several polype Mehdgown at 30°Cbit liqihdt g'yﬁbmyéisc exwinitphosphate miedivew({ THH)®r on

ol i gosacchari des Kk Se Fi DNAs coding for a
vari ety of pol 5—5‘3&51’?&? g g’%@ ngloﬂmgzy)protei ns

al so are known. Var peemighféilities 05, dolistrainIMIO1 Aarlofing pTUSKINS (seé Pigur) 9),

known. and 26

97/ 13841 were diluted 500-fold in TYP supplemented with 100 mg kanamycin/ml, and grown at

PCT/ US96/ 12882 30eC 10 an optifd ubkifly bE2D1S.G: 'PEDN pfme&&dm indi23& 6 theRdditibdidtt i On,
in vitro nutagenesis, primer repair, enpl oyl ng i nkers and adapters,

and the |ike (M@&hﬁh@%&gﬂwowméemﬁﬁ)@kﬁﬂahgmm&mm of 0.Lmiband: or y

g/ggg?l gol | SW&%gner e {fﬁmcf??or o) gpm%%ﬁ%“ﬁ%ﬁ%ﬁfed
conprises pr epz!wlcelwﬁlganon (4°C)g'enlﬂ1nm at 13000x\g and celisaverodiggardein Affipitessi ng a
Doy | o O RE e sy o ) B B, 1 Lk i
and cl eavetd by sapbmt ops incubated ¢410) iwith mieroeryatalline came@viaamﬂa thg. Le
beon ol eaved byiecasionCiragp BEY FBCHY fodii i yiiese SippeaRah Rt Ao cn
sui t abl e vect org Biehdr &SueihidBERY Flass filter (Whatman GF/A) and briefly washed with 1 M

NaCl in 50 mM potassium phosphate, pH 7.0. Bound PBDy; was desorbed with water

and concentrated by ultra filtration. Partially purified PBDy; was then loaded onto an

I§  anion-exchange colom (MonoQ) equilibrated in 20 mM potassium phosphate-buffer, pH

6.0, operated at a flow rate of 1 ml./min. Proteins bound tightly to the column and were

removed with a salt gradient (0-IN NaCl, pH 6.0) (see Fig. 7). PBDy; was recovered in

300 mM salt (peak 1, figure 7). Contaminating proteins bound more tightly and were

removed in higher sait (peak 2, figure 7).
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whi ch can be cleaved by the restriction endonucl ease BanHl | 1I.

.The am no acid sequence—of a pol ysaccharidase al so can be used to design a

probe to screen a cDNA or a genomic |library prepared from nRNA or DNA
fromcells of i nterest as donor cells for a polysacchari dase gene or

a pol ypeptide-bi nding protein gene. 15 By using:the poly, %}g]
cDNA or bi nd?vr?g”ﬁg%f ein cDNA or a fragment thereof as Eéﬁﬁ zat I on

probe, structurally related genes found ig_ ot eE m croor gani snms can be
easily cloned. Particularly contenpl ated i i sol t|on of genes from

ar gani sns t hat express pol ysoha ' ii ;

ol i gonucl eotide probes based o and Xylan B 0e-he o \ggaqudhces of genes

obt ai nabl e from an organi sm wher ei n LhASEEY & “’JJA‘-UJ b| ndi ng 20 domai ns
of the pol ysdccharidase are discrete, aI t hough ot her | ysacchari de bi ndi ng
proteins also can be &@WE@@@P“P@F“@@M‘WG‘“ 9'2’0@!“‘@"0?"}’§96645-m | .

Acad. Sci . ag,?ﬁ-%, _ Pr evel oped
usi ng consensus sequences aﬁﬁﬁﬁééﬁﬂlgz%;nﬁa Igf"%lndCBDN'mB?mblg
poltysactcha[rlhda[sepo)ysaphhywomﬂmDBélbswhlameﬁr%ﬂgaﬂe)a&glf -4 uoihnﬁlezongmklag t

i nteres e [err].- rQ . aracteri

date are endogl u¥ ‘édé’gdﬁcegmﬂ%gfyf MW@’”“@MW&WM‘Z@%B?“
res pec{ i ve: y|§) emd egéll&tnmhyﬂaAmhxgmpdysaaﬂa&e( thf%m):hn%thxﬂnlmttbehgmd,W)
respectively and xyl angses and especti ve see ng
et al. ( 108y PSR 165 9 pAe gt i o ke P50 BIGHE Clestonbrest 35

173: 308; Couti nhphie ties that anafyk &%W%%Med&lﬁ%}mlﬁ&bﬂhﬁe&t al .,
(1993) Bacteri ol . 9 i nke et al (1994) Mol . M. crobi oI
12: 413; Shen et eﬂnwwm#wndermsme%ﬂw#w e ghserved effests)

Gene, 44:325; a“%tﬁé#ﬂemwoﬁﬁﬂ& gﬁ&an%:em{d:%?é’smt%hm%m&? {3&0&%@75)-

Al are prot el ns o varyi ng degrees of conplexi g
but with twol eamigration; rBSAwasussémneganvmaneecmmmXS mg¢ach) were

gel l'ul ose- bi ndi nﬂaﬁ&%&&h@ EEQ) Emir&ﬁ)o&@ﬂ was conducted at 4°C under native conditions at
pH 8.2-8.8 for 2 to 3 h. CBDy; and CBDnmz{:l_n_ter_act strongly with HEC and barley 8-

glucan and as a result, their migration in the gels containing these oligosaccharides (+) is
severely retared as compared to the migraﬁop m gels in absence (-) of a B-glucan (see

20  FIGS. 9A and 9B). CBDy; and CBDy;n; do.not exhibit any affinity for xylan and no
retardation of migration in the gels is observé&iinﬂxe presence of this glycan as compared
to migration in its absence (see FIG. 9C) Nl and NIN2 refers to CBDw; and CBDning,
respectively.

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

Figure 15 shows reversible bmdmg-tsotherm data measured with a Calorimetry Sciences
Corp. model 4200 ITC for CPDy, bmdmg to hydroxyethyl cellulose (HEC) in 50-mM |

35 PBSat35°Cand pH 7. CPDy strongly bmds HEC with an equilibrium binding constant

in the range of weak antibody-antigen mte__ractlo_ns Barley 8-glucan binding to CPDy, is
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WO 97/ 13841

PCT/ US96/ 1228 function independently.(see M || ward-Sadle+r—et—at—
(1994) Mol. Mcrobiol., 11:375; Glkes et al., (1988)J. Biol. Chem .

263:10401: Meinke et al., (1991)J. Bacteriol. 173:7126: and Couti nho
et al., (1992) Mdol. Mcrobiol., 6:1242). In four of the enzynes,

CenB, CenD, wdpb3ssd CbhB. fibronectin type |1l (Fn3) repeRCHUBWIA2RRt e t he
Ntermnal S CDfromthe Ctermnal CBD. The CDs of the enyrres conme from

six ofthe fam|l hes8 bRt hy ?,qﬁﬂ—ﬁ Qﬁ,ﬁ
Bi ochem J. B‘e%(fgtm% éut%sgrkr ssatnggK ‘%5%@%@5 i: 1993 &%r ochem sy !
293: 781); al | Oﬁmﬂhgx hhatﬂfeaﬂ}ilﬂmwed@ﬁﬁnfyﬂigmds(eg fam |y

I CBDs T Ph CenC h
o o (S G are Wi praviprgph PGS Ninitphoh LEG riebs AR st e ¢
a second, '”terﬂﬁlse%@afﬁn@ﬁ:‘ﬁﬁdﬁ@it@rﬁym&élithe@ﬂﬁ@ﬂﬂmdﬁ% Jcufbied WRE and

Xyl D are clearly xyl anases however , but not has | ow
activity on Scel thelpetsatialifornsingle eligosacchatide shain toupind multlplecﬁ 1~fission proteins,

xyl anases (see 'éggﬁ; Blotida %Z,,],ﬁ

h)altve CBDs. (Sr m gifems a “ ro‘g chv@%llpéa@ggmb cteri sea’ws%g#

(1992) Crit. smnmﬂmprEsrbmdmg odyrnagnicsss provided iy Tablocbbelew. Binding(0f992) J.
| . Bacteriol

forri-1 a-g ycana;gét hi el;muﬁr"é‘rﬁr%%ﬁ%aa?g  SBBE AU Bk o binding

therrmcell m f will imcrensel at Jower techperatures/and ithat tcemperatwre flecreal &nzbegisgd:anmses

(see Begui " et al " v‘%92 FE Mg?ao lol. Lett. e100 523).

Exenpl ary of a PasHtion gepand i) RAUHGNS6PRi n i s the consensus

sequence for the cel I ul ose bi ndi ng dorrai Bxaiglées in Fig. 1, whichis
exenplified by the 20 endogl uca il AnBNsisiefai n. The probes can

be considerably shorter than thm,xmesoﬂqgtrﬁgpwmsbut shoul d be at
| east 10, preferably at |east 14, nucleotides In Iengt Longer

ol i gonucl eojgi des ar @ﬁk&@qﬁﬁﬂ&%v&&e&ﬂaﬁa@&ﬁmﬂ the bfo @Qﬁﬂdﬁﬁa?ﬁ@s e@lsﬂgnmd

preferably no nore than 500, nore pref erablé no nore

nucl eoti des i n Phasgiquilibria, @98m463)f0rm anstPlyronis. P105 Ger al | y t he
bi ndi ng remi ns, &Eﬂ% | B IO Reo show
at | eagt about @ qu %c&lf‘f‘pﬂ{ﬁ@?ﬂiﬁéj@ ’8r°§§'?"." a{)g?gﬁ'm ﬁgalafrg)svvg‘lncgs for
conservative supdffi tAstshowsin It:;;apsw,arstdb&uvmﬁplmkd pacitiontsysternl ist floemed de @y totdl h

the 01 bl e B o S8 ) LR R0 ot e Bl

a Ka of [err] 10
large range of two-phase compositions and equilibrium tie-line lengths useful for affinity

partitioning.
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am no aci d sequence conparisons can be perforned using prograns in PC/ Gene
(I ntelli Genetics, Inc.): PCEUSTAL can be used for nultiple sequence

allgnnent and 30 generation of phylogenetlc trees. I n use,
?the probes are typically labeled in a detectable manner, for exanple, with
Jerr]P, [er tin or avidin) and are incubated mnth 4 anded
DNA or #kuhﬂng organlsnlln mﬁhﬂﬁzi.gene IS belng souﬁat
FNbrldlzatlon is detected by _ of C :

28 WO 97/ 13841 Fois ' ;

RPCT/ US96/ 12282 | abe goubl e- stranded

(hybrid§ zed) DNA (or DNA/ RNA) have been“:s'epar ated (typically using
ni trocell Toh '

m-mapeﬁmmmrmhr—*—hr—mfh
ol i gonucl e gs are wel |l known to t ski n f,ﬁg% ugh
pr obes ?‘E are nor rraIIy used W|th ;B)‘B@P %6@14 ab tha 'ﬁ%ows easy

identifica

precursorssg{ a%klgp pr obes and for use in ) rret hods that prOV| de for
di rect detec doubl e- stranded DNA (or DNA/ RNA). Accordi ngly,
the term "%u‘%onucl eotide probe" refers to both | abele d unl abel ed
fornmns. In order to isolate the PBP of a saccharidase or a

pol ysaccharﬁ%ﬂ |nd| ng 10 protein, several genetic ﬁg@b@aches can be
used. One ®uses restriction enzynes to a portion of the
gene and t E B t.o fuse the remai ni ng gene-vect pr. fragrre frame to
obtain a PP ene that encodes a truncat@f .pr ot ei nM@T‘%‘P‘%t hod

i nvol ves the _use of exonucl eases such as Bal 31 to syst ally delete
nucl eot i de&el m"’&

Cellopentaose - NMR/calorimetry
Cellohexaose ++ NMR/calorimetry
Methylcellulose (MC) ++ affinity electrophoresis
Carboxymethylcellulose (CMC) +
' electrophoresis/competition
_ assay
Ethylhydroxyethylcellulose (EHEC) o affinity electrophoresis
Hydroxyethylcellulose (HEC) +H+ affinity
) electrophoresis/competition
'. assay
Hydroxypropylmethylcellulose (HPMC) FU affinity electrophoresis
Barley B-glucan calorimetry/affinity
. electrophoresis/ competition
Qat B-glucan calorimetry/affinity
electrophoresis
Chitosan affinity electrophoresis
Glucomannan affinity electrophoresis
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__,_externally fromthe 5 and the 3' ends of the DNA or internally froma
“festricted gap 15  wit hin the geneThese—gene—del etion nethods—resutt in
‘a:hutated gene encoding a ¢ shortened protein“nol ecul e which can then

s .‘pe ‘eval uated for substrate or pol ysaccharide binding ability.

Appr opriate substrates for evaluating and binding activity include those
Fisted i n TwOb#1IB4t above. nce a nucl eot i RETABHMR e

encodi ng the pol ysaccharide binding regfrah“ﬂé%“'%é‘en 20 identified, either
~as. cDNA or chronpsonmal DNA, it can then be manipulated in a variety

~of ways to prepare a conposition where the expression product has a
Structure Maman represented by fornmula (1) above. The affinityelectronbomsgiyuence
-_may be fused to a DNA sequence encodi ng a pol ypeptide of interest. It
'i's highly ¥dsp#rable that the three- di mensi onal afimiycture of the
conponent pol ypeptides be retai ned. Dependi ng upon t helesgophogsisicompetition he
f-ragments and the length of the desired pol ypeptide, t@s8yrestriction can be
designed into the synthetic genes used to construct chineric pol ypeptides.
I:f possi bl Arabinogalactanhe restriction site(s) |eaves the affinityeleairopliomsisiuence

of the polypeptide unaltered. However, in sone case incorporation of
a -new r estStarch {amylopetti}s) nay yield an al tered ~ affinity electraphorsisience
wi t hout changing the acti vi ty of the protein. 30 Duri ng

const r uct i Dextrah T?®e expressi on cassette, various fragmffinity elbtraghereSiA
usually are cloned in an appropriate cloning vector, which allows for
anplifi catliantinayin t he DNA, nodification-of the Diaffinity eleatnophodesis i on by
jioining or renoving of sequences, linkers, or the like. Normally, the
vect or s arinsdepleligsndsf replication in at |east a relatively

29 WD 97/ 13841

PCT / US96/ 1Btd&shoric acid swollen celiulose s binding isotherms
(PASC)
Avicel + binding isotherms
Bacterial microcrystalline cellulose - binding isotherms
(BMCC)
Tunicin cellulose +f- binding isotherms
Chitin +- binding isotherms
Amylose _ - binding isotherms
Sephadex | +- binding isotherms
Pachyman - binding isotherms
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high copy nunber in bacteria. A nunber of vectors are readily available for

~loning in

1he host bacteri

_ gr am negative bacteri a,
" Wectors as pBR322, pTZ, puc
-.Characterized by haV|ng an efficient

replicati

The cl oni ng vector

%k
restriction SI¢ 1ﬁ‘gually a plurality of

and may al so include nultiple restriction sites.

cl oni ng vector -
transformants.
agents such as
conpl ement ati on
appropri ate rest

e jmarkdgrs will

have one or nore narkers
i biotics, heavy netal

|r ophi.c .hos-t or —10~

Eo%dof tﬁe% gor afd €he

appropriate, nodjfijc n ofwt 8 &he
over hangs, to pr; = TorSbhlRnt eMds$ b
tailing, conple ary gnds can be provided f
of the vector t e exgression cassette or c
After each nani ionfof the DNA in the dev
15 plasmid is c®dned dnd isolated and, as r
cassette conpon anal yzed as to its s
proper sequence h begr] obt ai ned. Depe
mani pul ation, th e;si"' d s% c@&can Be &xci
and introduced$ = Rilf her ntavé{:tor #.r ;ﬁhe
and the expres® 8t t e ®o nf

I:)n some instanGesis ja st t1elvebt np oy
of repl iglsijon irf di fferent hosts requi
systens. This mayf not require a

functional in tgh
can be incl ude
two replicatio
to anot her, @&s

Desirably, rgsisfaric

However, al t o
conveni ence, 0
known to thosegs
screened by th
desired produc
nethods

Summary o

NMR

sts Where such marker
ector, where the plas
and the mar ker (s) may

ired ﬁ%réﬁelec |§E
t

requ

e nyci
%EkeEfé ctiog i
ro"'eduresfa»rﬁcreenl t
ed ijn the art S for ®xafipl
gpeci fic products they
be determ ned by 30
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especial ly E
and the like.

coli, including such

FHe cloning vectors are

on

uni que restr
I n addi ti on,

ich

system functional in

has at one_uni que
PET R oo
t he

provi de for sel ection of

normal |y provijde resistance to cytotoxic

, toxins or the like,

r

fmmunity to a phage. By
cassette, and, as
ng back or filling in
addition of linkers, by

| igation and j oi ni ng
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| opnment of the cassette,
qui r ed,

t he
the particul ar

guence to insure that the

di ng
sed

upon the nature of the
fromthe plasmd

plasm d may be restricted

t ed,

as appropriate. 20

d where the vector is capable

ring

are

di tional

different replication
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requi red, these
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ny usef ul
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i nterest.

hi ghly desirable for
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make;
i mmynol ogi cal

synt hesis of the
or enzymatic

SUBSTITUTE SHEET (RULE 26)



The DNA encoding the fusion protein can then be manipulated in a variety of

. pays to provide for expression. |l ustrativetranscripti onal—-egutat-ory-
- Fegions or pronDters i nclude, for bacteria, the lac pronoter, |anbda
- fFeft and right pronoters, trp and
80 WD 97/ 13841 ' _
PCT/ US96/ 1228@ 97/13841 | ac pronoters. Tac pronoter. and t hBCTURS/I1228R¢
" transcriptional regulatory regi on may addi tional ly include

regul atory sequences which all ow the ti rr§x_@ple__pr essi on of the f used
gene to be nodul ated, f xbthernd atioh IV nination of Shitable
expressi on produ!mnonlcoh&ﬁo forCBD :
exanpl e, expression ofthe fused 5 gene can be regul at ed by tenperature
using a regujatory Smmuﬁﬁrmﬂbﬁﬁﬂﬁeidi@bleelmxonc&ﬁﬁtioﬁﬁb?ﬁhﬁ@ﬁng anbda PL

promoter, the bacteriophage. | anbda QL rato nd a erature
sensitive repr e§gBlibrymdissosiation constapis as bgﬁ'ﬁﬂ? @PeéﬁtﬂﬁeeWF‘Fﬁ‘ -and .

interaction bet %@%H@Sn&ﬁﬂhﬁﬁ%‘?&osﬁ%fs hecIP R glytolr k! dQHned B Mgk | S

t he strong ucose-repression insensitive Tac pronoter. Exanples of
hi gh | evel exprésﬁmbsebxdmsn@ndswermféh?%-qﬂbom&mﬁmpl%l , (1995)
CGene 158:51-54. The expression cassette can be included
within a rem i cation system for episonal ample 6 mai nt enance in an
appropriate cellul ar host or ganihe. or oy ﬁg}m DM cttidig | cation

system where it can becone iT ;-;%m{ wocuye The DNA can be

e Q0] qern Te.
i ntroduced into the host in &'Ma’fé_- 0 M{‘ﬂ&_\‘} S, such as

transformation, 15 usi ng-ta

transfection by contacting the=te " m croinj ection of
the DNA int celé S or the‘Libe.
onstruction of the Vector

Plasmid pTZ-JC2 (see Fig. 10A) was digested to completion with Smal and
Hindlll. The 3.9 kbp fragment was recovered. Plasmid pUC18-1.6 cend_PT (see Fig.
10B) was digested to completion with Hpal and HindIll and the 1.1 kbp fragment was
20  recovered. The 3.9 and 1.1 kbp fragments were than ligated to give pTZ-JC13 (see Fig.
10C). This vector is used to transform E. coli IM101.
Enzymatic characterization of the fusion protein = =
The expression product (fusion protein) encoded by pTZ-JC13 is characterized
for its catalytic activity on Avicel, bacterial microcrystalline cellulose (BMCC) and
25 phosphoric acid swollen cellulose (PASC) compared to the original CenA and its isolated
catalytic domain p30. Specific activity is determined from the amount of soluble
reducing sugar produced from a fixed amount of substrate under fixed assay conditions.
The reducing sugar is measured by a colorimetricf'_ assay and determined using a glucose
standard. The concentration of polypeptides is determined by the binding of Coomassie
30  Brilliant Blue G-250 (Gilkes et al. (1988) J. Biol. Chem 263:10401-10407).

Evaluation of the suscgptnb;hg of t.he fusion mem m proteolytic degradation
A major consideration in the use of fusmn protems is the stability of the

polypeptides under a variety of conclmons, mclud_:uf "; resistence against proteolytic
' r proteolytic degradation in the
35S  absence of a linker sequence was evaluated with Cﬁmz protease. Cleavage of the fusion
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Once the fusion protein DNA has been introduced into the appropriate host,

ihe. host can be grown to expr ess the fusion protein. Mcrobial hosts
can be enpl oyed which can’include, for exanple, bacteria such as E
. toli. and eukaryotes such as 20 Saccharonyces, particularly S

. fcerevi si ae, @b i&ggrryces Bacillus Pichia pastoris, or Ml an
celI's such a%°8 hd CHO. The reconbi nant products can be ar osy

or non- Icoslated havi the wild-type or. o 0 e

amount ot Drgripeny Calmiatowtss it sbioa pY SHE A GREY L#}cé‘hw%m

particul ar pept quia;e fﬁoﬁﬁb{e\xﬂﬁﬁ&&lpmdmhn\ﬁrtﬂﬁﬁ'sﬁﬂlitﬁom THe prétedsé 0duced.

Thus, expression of the product in E. coli cells results I'n_an
ungl ycosyl at ed [seRsenistionand ﬂmswegly%ﬁpmwmedm tomnm%eébqreséqs
general |y Evh ntocfﬂl,g},,}‘mc ) : feth Al &
product in mammallan Ceé =Xpressiron In yeas

hyper gl ycosyhat ianalysis ' For i sol at ion of the fusion protein,

where the product isq, %t&ﬁ:n

harvested, |ysed and {’ﬁe pr oduc tiggg'ra ed, gfoa?msdf or qued usi ng
t he 30 phase stipmomphbs, bmdn;gbmoﬁmﬂdmmkammsmplybemlmmmm eto
provide for a si e nce (secretor, der from and
in reading franﬁ%ﬂ’ﬁg" Wﬁ% Zﬁ’é’mp ¥ WMP@%%
secretion of th&nfobﬁio@cqmwse(msﬁ)lﬂw&ée“sablbiﬂdﬁﬁﬁisﬁlﬁl’ie}beﬂﬂbﬁh?(mmm%de
Lne secretony | GBS, o d Sher i by STBEIR SRR M “Fhdse hEESR, "

97/ 13841 binding characteristics offer the possxbnl:ty for selectwe removal of one component in the
PCT/ US96/ 12282 menbr ane_pr ot eins, _and the |ike. By fusion in_proper

reading franme t W*‘%ﬁl%ﬁwm@ﬁfem" t step BMGE isaddedso semove Geody TheRBDn m
However, in bactgti Aol iSmisBittisy 3HEG TR frstibp®Sas then removed by adsorption to

PASC (see Fig. 12). The concentration of the various protein components relative to the

1§  cellulose concentration was varied widely during the assay to evaluate the effect of non-
saturating, saturating and over-saturating the cellulose.

This selective removal or binding of the different components has important
implication for the use in processing and purification of fusion proteins. One such
pracess could involve:the proteolytic removal of the PBD from the fusion protein while

20 boundto the polysaccharide using a CBD-protease to liberate the compound of interest.
The protease is then be removed by virtue of its binding to cellulose (e.g., BMCC)

leaving a pure compound.

Example 7

E;ﬂuctxon and grgggt_ueg ofa Blﬁmctxoga_\l

i3

Bacterial Strains, Cell Lines, and Growth Conditions

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

level expression studies and large s_calg px:otem production were carried out in E. coli
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E. coli, a significant fraction leaks into the extracellular nmedia (Ong et
al 4 Bl ot ech Bi Oenﬂ (1QQ3‘ AD: /]ﬂ’l\ \Ah_g_;_e__t he pr Od,u_e%__k.s._s.ee'Le{_ed
the nutrient medi um can be™'5 col lected and thé" ‘product isol ated using

- the phase separation system To produce an active protein it can be
ﬂecessary to allow the protein to refold. The phase separation
systens is owoii/med with the biological fluid, fernentati oRCT/USIA2M2t
cell lysate or other source of the biological conmpound to be purified and

phase  SepR1360 grawn ac37CE dn TYP nseipan libeg mypivner 16giysastextractoip la€hi2. 0§ an
agueous m xture oW rising
the PEP I nto t nERTOyee HerfippituBied Wih 3RolfuR 100 My SETTBRbPRRGRET  ,° 13
t he conposi ti oncemptnents was frone DEESLabaaoridsyDetloit, M) Shaker speéifopsiakerflasphase
in any of a vari of ways Thes |ncludec t ct.'n t he arat ed .

ol i gosacchari de°‘§ﬂ%§ i F%‘%S gﬁ: #ﬂ‘}%”&ﬁ ﬁﬁta‘ G%”‘é‘ﬁ"fe whi ch
extracts thg (IPTGCSigh@aThemival c@mr Lsmmom mwm(mmeﬁmml
and/ or physical condition addi ng .a dissoci ating agent to
the separated okﬁ@%&@@ﬁeﬁ@d@gﬁﬁ%wmﬁédﬁmﬁﬁméﬁ‘(‘!‘Gr’“’d‘mm"’d in hrfiagks. iy eq,
et hanol , DVBO, m@dmﬁmmnm mmmwa%mm@%%%m i ed

as endotherm c or exothermc, altering the tenperature a sufficient
amount so that ﬂ%NCS(Glbmmhyﬂf’ﬂﬂdtS%C decreased; and having the
conpound of i ntgLes _ es ol i gosacchari de pol ymer. 20
Wher e cl eavage 0Sedq, T eln of interest or chem cal noiety can be
cl eaved 10 readi I&llfrecoutimnt QNAmkwaacardd it asidescribed previously (Sambroake of

f h I d
bi hai ng T egr on ASE0) 187 Reub-eRsdbdTTE o Broparea B b R pB ooy BN '
| eavi ng t he PBPrebﬁhﬁd ddnamm?uiﬁahngmmh blwleredsecpf ﬁdevﬂhrt gto?feeﬁmmhyef: Lou t he

t ed in a ich w aci e its r o oW n
Pl Cavage of oo ecormmendypns, A Msfhbort vers softated b aprmse o

the cl eavage pr piNgefifigméiis Wt isolated @h@mﬁh@keﬁm@ﬁﬂl@ﬁ\lﬁg&l@ TA) " Smal) 'DN&X
wherein the protease 1s bound to a sec pol ysacchar i de bi ndi ng

noi ety havi By afregments ﬁsseﬂypéﬁf? WWQWISG‘WMéhﬁllWWth@OQ Hisozen

first | h t
i or ey ng | Comstier MBI ed o o, REHcod ookl f
(1993) Protein EmghemeedwnlgaﬁmnomDNﬁewnthemdApplnd&QSMmsmCu'j!.&A/)age

be done | n- sof uPRORraief 1k el GECRRE0e WSAIRE ot ligodentylyif ke "

binding to a pobqﬁnmﬂﬂ?@@fmjbsnmanmmmmmm}m qq&twamw
bi ndi ng noi

y nd.,.Al t er nat.i ve cl eavage VA
conpl ex ca mmqo a‘bﬂowedbysiowcootl aM‘C Hiﬁt sequgwegg the®
dideoxy chain tenmnatmg ‘method using modified T; DNA polymerase (Sanger et al.,
Proc. Nat'l Acad. Sc&. USA (1977) 74:5463-5467).

Polypeptide An.alﬁl
Polypeptxdes were resolved by sodium dodecyl sulfate polyacrylamide gel

25 electrophoresis (SDS-PAGE) The gels were stamed wnh Coomassie Brilliant Blue
R250 (BioRad, Rxchmond 'CA); bands were quantlﬁed using a scanning densitometer
(Computing Densltometer, ‘Molecular Dynamxcs, Sunnyvale, CA) equipped with
ImageQuant™ software. Pure CBP"/RGD standards were included with each set of
gels. Concentrations of | pure preparatlons of CBP""/RGD were determined by

10  absorbance at 280 nm usmg the extinction coefficxent determined for pure CBD/RGD
(Scopes, Anal. Biochem. ( 1974) 59:277-282). Westem blotting was performed using
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32 WD 97/ 13841

3 PCT/ US96/ 12282 pol ysaeeharide matrix to Whl ch the first

“pol ysacchari de bi ndi ng noi ety does not bind. (See Assouline et al
((1993) supra; Assouline et al (_) supra) The recombi nant protein of

sinterest or chem cal noiety is released fromthe oligosacc I.dggs mer
“free oVORH B4k nat i ng PBPs which remal n bound to ther}gg ymafir}th

Al ternatively, CIfIC rot an be, used to conp | etely
degr ade the PBP 'B@P{]‘f% ?’B?"’E?ﬂﬁﬂ‘ §°at anti-ra g&é*"é‘ﬁ’éf’% 5‘f°dI’? om
t he oli gosaccharnwhmnuﬁm;mml)&swwmm by protease K at

a concentration fi oab for about 20 m nutes at about 37[err]C.

Dir et al. (199 oo ‘~;=“. 9: 1096- 1099. In sone
i nstances the fusion mﬁm@ﬁrﬁ,ﬁﬂg‘sdmﬁbmnqj fex est and therefore it is
the 10 fusion prote| n_that. i s rermved from e ol i gosaccharide pol yner,
rather than 3epdesgs-Seale Productiop urification: of G P RSB usi on protein. To

debi nd the fusion pr(tg- ‘Ssdescnbed el aﬂﬁ&?@bﬂﬁfﬂ%%&ﬁ:@ﬁ%ﬂ

ionic strength buffer or er 1s require
or a chaotropic 4?7al4t7-15%6&05mﬂmrﬂmqndmstquem§or6BD9rreplaceadte coding smbnuelfd-

e Gener al 1y 1ané Sltecf binkihy ot €A o isto e Bt TR AT I the

bound i s washed Rl%ﬁt;fl‘é'dRV-GBDMIhcomu E. colmibn narmmlgmvmm37°c
stream of er H9 5 ¢ onate fer or

guani di ne H Gg‘geln &c?‘ﬂf‘@pggsgf’%ﬁ mﬂ’%?@%!?ﬂ&“&h hydr oxi de
(about shwemwedmmtmpwnﬁﬁ ewmwm;&hm (0M15088. CélleQte sephvted

nature ofthe PBP. can be
from the culture medium by centrifugation at 31 ,000g (Sharples-Stokes Division,

Pennwalt Corp., Warminster, PA). CBDm/R-QD in the culture medium and in the
cellular fraction is purified separately using aﬁiﬁhy-phase partitioning using mixtures of

IS HEC and plucronic pios as described in Example 4. Culture medium is filtered through a
GF/C glass fiber filter (Whatman l:uematibnai Maidstone, UK) to remove cell debris.
The culture medium is added to the phase sseparatmn system. According to the
methodology for other aqueous two-phase partmon systems (e.g., Joshi et al.,
Bioseparations, (1990) 11:311) with the ugpol;tgm difference that the separation is

20  greatly enhanced by binding of the CBDy; fuslon to the HEC. Fig. 17 is a schematic of
the system, where affinity extraction of the CBD,-fusion protein from a culture
supernatant or a cell extract occurs in either a _@:pmmercial Graesser-type contractor
(employed in most large-scale partitioning systems) or a mixer-settier batter (Haynes,
PhD Thesis, University of California -at'Berkeléj' a 991)). The carbohydrate-rich extract

23  phase containint the CBDy-fusion protem is pumped to a second mixer-settler batter for
back extraction of the product, wlnle the poly(oxy-ether)—nch phase is stripped with an
incompatible sale and then recycled to the aﬁﬁmty contactor (Haynes ez al., AIChE J.,
(1991) 37:1401). Addition of sufﬁcxent salt, usually a sulfate or citrate salt, to a
carbohydrate-rich extract phase contaxmng a bound target protein results in phase

30  separation (see Walter et al., Parmmnmg in Aqueous Two-Phase Systems, Academic
Press (1985)). The 2-M and higher salt concentr:

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

’_ tlons required for phase separation
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nodified to alter its adherence properties so that it can be, or, if

glesi red, cannot be, 20 deqorbed_h;L_m.a:.-e.:-.—Ap-pu cati on of—the—dgesorpti on

mediumto the matri x causes Tel ease of t hé“f'usi on protein fromthe
ol i gosacchari de polymer. For isolation of the PBP-conjugate

following rel ease fromthe substrate, various techniques may be used. For
exanpl e, thevwo9713841 pol ysaccharide surface can be washed f PEIUSPO/12ARR

PBP- conj ugate with the desorption sol ution as descri bed above. The
PBP- conj ugat e cgrodaet recverya Thel stongly mchmedmcbu;dingchemn CBin, and HEC indicates

exarrpl e, by cha Its. ioni nd readsorbin he P-

conj ugat e on an%ﬁgwwf%@@%}etﬂ?ﬁ% é‘ggé’gﬁﬁﬁ E‘@Fépt'%p ﬁg'f‘?f’&
The affinity phaadiis®od idrsgen-dysd mﬂubmg ¢Oablyerits BfcessTsaRti€remvvbdibiediafiltration
concentrating a_conponent Ln a.ni xture, purifying a cgonponent in a

m xture, where ©hethgidesatngmethadplogy. The suspensionis stired geptdy #t)4°C overaight The o
twenty-fold, san@hﬁ&f}semmﬂ&d%dmwfmmm]tﬂtu&ﬂmmnumﬁﬁ% y The fold

purl fication can be neasured relative to renopva cont am nant s

i ncrease in speditrafidtrationuging ¢ 1-dD euteff membrang (Amicen Divisien, W ﬂi-l(i!mel&)ﬁgp t he
met hod al so Ca”ﬁ%@erl 1y, MA). T‘ﬁé@‘ﬁﬂ;«?fk(?lﬂ&lu@&%&@iiﬁg/ gqéﬁ{mstem i) a

particul ar cell exa I s can be
enri ched by contaatstongat-ﬁ@"%el s with the PBP aI one
33 WO 97/ 13

PCT/ US96/ 12282 A Jvith 30 mM potassium phesphate buffer PHI Q. £ ace

of the cell #) orresusﬁehdéaﬂii’lﬁmnmufﬂie same buffer suppleentedWith 3 @il EDIR ahd ruptured
HREE S ARER T TR AC e M T N SN
bi nding pair. i Phenylih&thylfulfoapifiocrids (3 nMfpas)Peptatini A ¢l MM arsatdded fthe Edlher
|1gands which ¢ %Qtrat::(tato minimize proteolysis. Cellular debris is.removed by centrifugation at 17,400g
for 30 min at 4°C. Streptomycin sulfate (Sigma) is added to the supematant (1.5% wfv).
5  After incubation ovemight at 4°C, the precipitate is collected by centrifugation at
17,400g for 30 min at 4°C. The supernatant is added to the affinity partition system and
the CBDy/RGD is purified as described above for.the culture broth.
Cell Separation Assay.
Cells are detached from culture dishes with trypsin and EDTA, washed once with
20 DMEM medium containing 0.01% soybean T:y_ps'___ih?inhibitor (Sigma), and twice with
DMEM medium without the inhibitor. To a total of 4 x 10° washed cells is CBDy; in
serum-free culture medium. After incubation for 1 h at 37°C, the cells with CBDwi/RGD
bound are added to the affinity phase partitioning system. After separation of the HEC
phase, trypsin is added to release the cells from the HEC and the cells are collected by

25  centrifugation. Viability of the cells is assessed usmg trypan blue exclusion.

Exgggle 8
Production of Glucose from Qellgbnﬁ Using
i j : P i

30 This procedure uses an endoglucanase-exoglucamse coincubation with

subsequent channeling of the resulting cclloblo':_'_ _ 'lmxture into an Avicel column upon
which 8-glucosidase is immobilized (see F:gure 138) The method is as follows. Ina
fermentation vessel a suitable proportion of both endoglucanase and exoglucanase is
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5 used i nclude antibodies, such as anti-CD34 and cytoki nes, such as
dL-2. Follow ng - afftnity-phase partiti-oni ng the cell's can be

rel eased fromthe separ at ed..ol i gosacchari de «pol ymer phase, for
exanmpl e, using trypsin. The shear forces in the aff| ni ty-phase

spartitioni ngﬁq%ﬁmxare significantly less than in other Ce*’é"’ﬁ%ﬂ& I on

met hods resul in | ess damage to the separat ed cel

O her uses of the chnol i ncl] ude ext Ct ive onve met hods
for oort 1 1 Rasel F A P dofSimiiscing petlutsia igteria iy e e praded

processes wher e &lhﬁvdﬂrtoﬁaeﬂfot5ﬁ;6edpenodof&ﬁdhﬁﬁ8dﬂc€bélbbio€éwﬁfch%l®ﬂm I C

reaction. In suc yste en%l s boui PBP so that t he

nd t
enzyne retains etismrdiymn uny tegeth E"#B‘Fef‘ﬁ@‘ee‘ﬁ%‘ﬁ
whi ch ei ther nat g Abicy) dofinin \bmanﬁnmmﬁzésfasdeédcme%mrw&degbmedﬁh%fee or

which is 15 bound to a PBP, and the product i's-one which does not remain
in the ol i godaccexgeluganase. The Wmagecemmmqhmebdmammmb t he

he substrato. il M ImeBlhell ghlcGMEL PRDC fulch JHARE v SBMAR I8

t he product recoscadlobipse intmgiptoseunifs. ammmmmmmmmmmum
h th L f
el o ot 5. 1O B4 AORNERTLLBhdod S L0k G W AR ORI R BF . '

sweet eners; m Xepurificatieresidenzymatia tconversiémr . exanpl e for conver si on of
| ow val ue fal ty acids to high value fatty acids and gl ycerol

production; dnd for peptide synthesis. The subject conpositions which
retain the PBP, can be used as a me%%m rrm)bl l'izing the conpound
of interest on a pol ysacchari d®peparation F OB |-AllaliRECPhdshindgBP adsorption to
its substrate is strong and speci FuSion Brotein Expression o DI |1 zed systens
find use, for exanple, in preparing so id state reagents for

di agnostic agsays, th?NﬁﬁrﬁgﬁQt&n%EBﬂhﬂﬂp&Bﬁmﬁon@ﬂh g e chlj BT S,
pepti de hor nones, etc dru | t o decrease cl earance rate
where the cel | ul paasphatasegenephafs mmus its slgmgmmse (#hoA).c Xranspositional insertion

b t hyl
ol 101 556 (vi ool i Efbrétedell dhe SotRREIchai 3k B Sy S APH Pl 1
gr ug dgl ivery, Bmgagmwmbmmbammmmmmuymewm&mﬁman
e used in conjunc an a an sane
cel | ul ose suppJor? %%ﬁﬁ%@nlﬁdﬁ”ﬁﬁ’ﬁm r}!?ﬁg“agse é"'f%%@%‘ﬁ@ﬁ‘lsﬂtm ty
of the drug 300 bemﬁetmuufeeudzyMsMea@ted&@me plisnt , Tuphoflis igd €5 create

aints or dyes to, pol har for e cellul osic r es;
Br:ntisng Ony fsorp}u;3 e c;tms\':n the C. m:égﬁﬁ odmgsequpelncesﬁapfa%mfifhas

multiple cloning site. A gene encoding a protetn_ of interest can be cloned into a multiple

cloning site (mcs) and expressed as a fusion protein. The gene product is purified by
affinity phase partitioning in HEC-Pluronic 10S CBDi.
25 tion and Analysi i Fus:ons _ :
Transposmonal mutagenesis with TnphoA 1s used to create gene fusions with
CBDyy. The plasmid containing CBDy is pTugKy: (see Figs. 5 and 6).
The transposition event is mediated by infection of £. coli CC118 (pTugKy) with
a defective lambda phage contalmng the transpo; ] 1tphoA-l (Gutierrez ez al., J. Mol.
30 Biol. (1987) 195:289-297). E. coli CC118 contains a deletion in the phoA gene.
Transpositional insertion into the’ CBDN; cocimg quence in-frame with the CBDyy,
creates a CBDy;-PhoA fusion protem targeted r the'e ctracellular medium. Colonies

selected for kanamycin (transposon-derived) ;—and amp:clllm resistance are screened for
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WD 97/ 13841

PCT/ US96/ 12282 exanpl e, paper and.clath (cotton); andte—previde.
hydrolysis or synergy, for“exanple, targeting of enzynes such as
I'i gni nase for treatnment of wood chips. targeting of por phyrins. for

exanpl e, for bleaching of wood pul p; agricultural uses such as binding of
i nsecti ci dewggipssant surfaces, for exanple, Bt toxin or ROKAWS6I2282
antimcrobials; for nitrogen 5 fixation, for exanple, for binding of
organi sns to r adKalife/plicplaase actbvityionals dheuridgeniz stbstrate 5-brombdechinro-d+iakolyl
sustai ned rel eagse of f | de; n.al so be used upder, copditjqgns of
hi gh salt such sﬂ °é&#g fl aﬁﬂ’?gﬁﬁf’ WPQW?F%W&"%%% t"g

exposed to sea mdsmﬂ&ﬁh@ﬁbd%ePﬂoA¥ﬁil&ﬁﬁrméﬁréeh&§Bermﬁﬁ e fusion

pr ot ei n. es of bi ol ogical s which can_be pur|f|ed i n
this way incl ucferhonm&ﬂsllﬂlomcl@c)pmfogm dywith graorra%@wammrwm JEBShy
ot her pol ypepti I @i&e@ fhdR 1starPt er
exanpl es mgl uﬁﬁg’g(%%zhl?rsg?ﬁﬂ(%% pro ryo |§%Hr3Agu aryot |dc£§(?el g

ti ssue cul tur esa)npmllwaagkmmypm ds, tissue extracts, extracts from cel I

lysalts, including fﬁfrﬁ’w EBE&” and fow ,
parti cuI arly purifi ed”prot el n a%t Eom%eneraaﬁlwhe m xture
is clarified prm@cﬁmthgqsumuﬁlasmsuxdﬂwmphmslstorpdmmwmchhyem 15

o 1move Cel| Yol 5l o o it 45k Hh S (RARh BRotubof ! 7 o
Exanpl es 2Qo Mﬁmﬁﬁmrwposmbdny that becomes evident when looking at the protein products
of the fusions. The CBDm-PhoA fusion proteins are analyzed for binding to soluble
oligosaccharides sq_ch as HEC. The exact insertion position of TnphoA is determined by
DNA sequencing using the chain-termination method.
Purification of Fusion Protein
Is Cleared E. oolz cell extracts containing the fusion protein are applied to an HEC-
pluranic 105 aﬁmty phase partitioning system in a buffer which promotes binding of the
fusion protein to thc HEC polymer. Afier separation of the HEC phase from the pluranic
105 phase, the fusxon protem is dissociated by increasing the temperature and collecting. -
the fusion protein.: .T_Qollected fractions are assayed:for alkaline phosphatase activity, and
20  the enzyme peak further purified by ion exchange or gel filtration chromatography.
Purification cond:tnons are varied to optimize the recovery of alkaline phosphatase
activity. _
The parameters (+ accumulated standard error) were calculated from adsorption
data plotted in double reclprocal form. The value: for K, and a were calculated using
25  [No] =101 mmol lamce resxdues .8 cellulose , as démled in Example 3, C. Adsorption
and relative affinity of PBP.ca o cellulose, mcludmg Avicel, BMCC and regenerated
celtulose (RC), and of chitin are shown in Flgure and 16 of USSN 5,340,731. Figure
17 of USSN 5,340,731 shows the influence of adding detergents on the binding of
CEBce to the compositions of the subject mventnon comprising hybrid proteins in which

30  at least the PBP of a polysaccharidase i 1; co_pplod : 2 ligand of interest such as a protein

or a chemical moiety, for example adye or pxgm t. E
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PNPC =p-ni trophenyl -[err]-D-cel | obi osi de; HPA = hi de powder

axure; gCenA and gCex = the glycosylated fornms of CenA and
Cex fromC. finm: ngCenA and ngCex:#t he non- gl ycosyl at ed
forms of CenA and Cex from 25 reconmbi nant E. coli;

RPC = rever chr omat ogr aphy; SDS- PAGE 4o ﬁﬁq&%#odecyl
“sul f at e- pol y B?’?@ﬁ‘ de gel el ectrophoresis; [err]-

rabbit anti seru j rected ai nst s tjc Cex Prol/

PVEF = pheny! - eHPHERING vl gl scomposiiops S safuléssiars sbevBdosi «

The fol | ow ng -demgsk 1% (dbave). been made with the Arerican Type Culture
Col l ection (ATCO), 12301 Park Lawn Drive, Rockville, Maryland 20852. A
derivative 35 WO

97/ 13841
PCT/ US96/ 12282 of the clgp @§9smCEC- 2 in
986 and gi ven ATCC

Escherichia coli C600 was deposi ' )
Accession No. 67101. A derivative of the cl oned gene Cex on plasmd
pEC-1 was deposited thlmwfzﬁnﬂ!memogmémmmmmhuseasmgluo

27 lngCE Agglals s%&%ﬁﬁit’ﬁ%&é"‘mﬁ& nuc eo | J} %@&%@eﬁ gl Yo
(Accession Lo 'yTMe(r#ohhssﬁmhmeacch&i&{éﬁﬂclud@xﬂm
CenA (Accesgyo et cellulose, ethyl hydroxyethyl ceflulose, propyl hydroxyethyll celiuose, and
hydroxypropyl mej:hy_l cellulose. These systems can be used to either bind and separate
fusion/hybrid protems containing a soluble oligosaccharide binding domain which are
excreted during cultureto the culture supernatant, or to bind and separate intracellular
fusion/hybrid pro_te_i_né-containing a soluble oligosaccharide binding domain following
IS cell lysis, osmotic 's'heck, etc. In either system, the process is as follows: A
thermoseparatmg polysaochande is added to a culture supernatant or lysate containing
exposed fusion pmtem at a temperature below the current point temperature. The
thermoseparating. polysacchande and the culture supernatant or lysate is mixed and the
temperature is- ralsed slowly until it reaches a point above the current point temperature -
20 for the.polysacchan_q:. Upon formation of a polymer-rich phase in the remaining
solution, the polymer-rich phase can be recovered and fusion protein eluted from the
polysaccharide. 'I'he:r'g#naining sohution with all remaining solutes can then be discarded.
The process is dmded into four steps: addition of a thermoseparating polymer to
an aqueous solution eontaxmng an oligosaccharide binding protein or any fusion protein
2}  containing an ohgosacchande binding protein and contact and binding of the polymer to
the said protein; s__lo_w_ gievanon of the temperature under mixing conditions to a
temperature above the CPT; elimination of mixing at a temperature above the CPT to
facilitate separation of the water-rich and polymer-rich phase (which can be
accomplished by either gravitational settling or enhanced by centrifugation; and recovery
30  of the polymer-rich phase (which contains the target protein) and elution of the target
oligosaccharide bmdmg protein or the fusion protein containing an oligosaccharide
binding protein.
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Nunber ML5823), and C.fim CenC (Accession Nunber X57858) have been

#eposj ted with GenBank = 10 _Miteiiadei—— C
i s supplied by Aqual on. HPC i-s derived from a cekf{l ose nol ecul es and
s also known as cellul ose 2-hydroxypropyl ether. Nat r osol or

HEC i s suppl i ed by Aqualon. HEC is a nodified cellul ose po@ﬁrrer
cont ai ni ng N¥QP?HM®Adt hyl side chains and is al so known as c

2- hydr oxyet hyl ether. 15 HEC is a white, non-ionic powder. HEC is al so
mar ket ed under the foll ow ng tradenanes: Al corammosan/ Li porammosan
(Vevy); Tylose H Series (Hoechst ﬁ/CoI orants & Surf.)

Bernocoll E or EHEC is suppl‘,h%gl v ;_‘er o SVt dining " ©t hyl ene

gl ycol ether of ethyl cell ul"osg : hetin . KES GO ,““ Ryual on under the
tradenane 20 Aqual on EHEC. Bt hyl Cel | ul ose

(HPhl\/Cl) i sI isls}opl i ed ?ql?b@iﬁ/&ﬁﬂ%ﬁtémﬁwhmh conmmnybmm&epﬁmeg

met cel lul ose ,and a nown ro

HPl\/Cyl s al so naPYYPTY “@S n%&ﬁﬁb"%/gﬂ’ﬁmpﬂﬁg F\%églag #F ﬁ

HPVC (Aqual on) ; Tﬁés&@ﬁ&iﬂs&ﬂom Hipieaffnlty separation to the. phasD@ddﬁxﬂlﬂ%AS lg% f
uronlc

by Pharnacia Biotech. Pl uronics are supplied by

is a block copoW?ﬁbﬁe@“EW@rf@lmasmpe VEFRE #d;

solid forms (F- ﬁcﬂﬁh@rs) and paste fornms (P-series) of the PI uron| CSs
can be used. Exanple 1 30

| sol ati on ol CBD er rHour different cellulose-Eeseﬁmlymms&amm of bindirg Rnd pther 1,

i Gone ( Toas) olegsiEphiry Sl R s were sed FEORGich wfivo olidPprodfilose”
nai nt enance of pdiymers tosform a namberf af nops] agueots two-pliase systentsi Theproperti¢saifithe
Quitures aqueous two-phase systems formed are discussed below. 36
Pluropic — Klucel Systems
15 Eight different grades of Pluronics were used with three grades of Klucel. The
Pluronics used included F68, F77, F108, P84, Pl_03, P104, P105, and P123. The grades
of Klucel used were Klucel H, 1 and M.
Pluronic F68 — Klucel H:  Two-phase systems.are. formed from solutions containing

at least 10% (total weight percent) of each polymer.

20  Pluronic F68 — Klucel L:  Two-phase systems are formed from solutions containing
at least 13% (total weight percent) of each polymer.
Pluronic F68 — Klucel M:  Phase separation is observed for polymer concentrations
greater than 12% (w/w).
Pluronic F77 — Klucel H:  Phase separat:on is: observed for solutions in the range of
5 9% of each polymer The upper phase is clear while the
lower phase is eloug!y-.—
Pluronic F77 — Klucel L:  Phase separation is.observed for solutions with
the 1 ge of 10% (w/w) of each polymer.

Pluronic F77 — Klucel M:  Two-phase systems ére formed from solutions containing

10 at least 10% (total we:ght percent) of each polymer.
Pluronic F108 — Klucel H: Two-phase systems are formed from solutions containing

at least 10% (total: welght percent) of each polymer.
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WO 97/ 13841

PCT/ US96/ 12282 were grown at 30[err]Cin liquid tryptone-yeast
‘extract - phosphate medi um (.TYP) or on : Luriazproth (LB agar,

suppl emrented with kanarrym n (100 ng/m). ' Overni ght cul tures of

E. coli strawlg.) , harboring pTugkKNl (see Figure 5), PCT/VEE280 | Ut ed
500-fold in suppl enented with 100 ny kanarrym n/m, and grown at 5

30 Ct f 2 d
by, Che. addi 1  on® Bou FIOKibetL "l phale gl *’:ﬁ ﬂ“ﬁﬁﬁ%ﬁ’?é tedigé |

t. ofa flhnal coEcentratlon of 0. 1nM anlgast lO%(td:ﬂ
2en'l[1”fﬁgrgatli80n ? éﬂﬂ“] lfp%t% Bl gat ns Vﬁ's’ﬂgﬁ‘" F@“ﬁ.%’ljﬂf"&éd

Affinity chr omat ogr aphy on catlewtequmagndemtpwdawpmrerr] as
foll ows. The cl {Ifleg cul ty Jl-? super nat ant e\gr}s I ncubat ed frr,]/C)
{5‘9%} AVSepamBbion 1§ bsery L?reqopfqmauonsmgqmg

with m crocr%st 1 R :
occasional stirring to allow PBD] emﬁ,“ﬁgammq%mlcel | ul ose suspensi on was
filtered on a Buchner. funnel through a glass filter (Watman GF/ A)

and briefly wasRugonis PH4—Kluce Wﬁ‘?ﬂ'&@bﬂmeﬁé'? ,

7.0. Bound PBD err] was desorbed Wigl d38%ém dgoncentrated by ultra
filtration. Partially purified PBD[err] vvas aded onto an 15
ani on- exchange Ehirenie ?M‘@E}lﬁl |Msmmmomdtfmlmof

phosphat e- by fer, pH 6.0, %ﬁﬁ%&&&%@%xﬁ%@%aﬁ&a%”ﬁccj‘ Ror

Proteins bound tightly to the colum an
gradient (0-1N NaQl, pH 6.0) (see FKihgse syjtem$WDiw cofdcenpationeare uotrvistous)

8 T B AR i i
Pluronic and 3.5% Klucel. The two-phase solutions in this
: range are not viscous. The lower phase thermoseparates at
15 K temperatures above 40°C.
Pluronic P105 Klucel M:  Phase separation is observed for concentrations with as
' - low as 3.9% Plur&tfic and 2.5% Klucel. The lower phase

Pluronic P123 — Klucel H:  Two-phase sytems are formed at concentrations of 5.6%
20 Pluronic and 4.0% Khicel.
Dextran — Natrosol Systems
Three grades of Dextran were used with three grades of Natrosol to form a novel
set of aqueous two-phase systems. The grades of Dextran included grades of T40, T70
and T500 while Natrosol grades included 250 HR, 250 LR and 250 MR.
25 Dextran T40 — Ngifésol. 250 LR: Aqueous tw hase systems are formed from

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

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

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

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

viscosity.

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

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

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

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

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

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

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

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

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

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

Pluronic F108 — Dextran T500: Phase separatnonoccurs at a concentration of 3.9%
Pluronic and 3.4% Dextran.
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WD 97/ 13841

-PCT/ US96/ 12282 : o Exanpl e 2

“Anal ysi s of HEC, BarI ey [err] gl ucan and XyI an
Binding to CBD[err] and CBD['err]

JAFfinity Electrophoresis 5 Afflnlty electrop ‘?n?s%: rrura
et al. (1992?' j‘%ﬁﬂ omat ogr aphy 597: 345- 350) was useg’q‘{r z§+\ﬁl fy and

eval uate the bingin d CBD[err] -to sol ubl e
pol ysacchari des Mﬁl&%ﬁﬁ@gcﬁw E@'&WE’&NW‘?WQ}I ucan. The

ori gi nal continuous disc el ecgdmhgﬁ,ﬁmq,fw pﬁg{,@&gﬂgyyg{,h a
di sconti nuous method. Two 10 native gels, one containingt

pol ysaccharide (0.1 %W/ v) and one ReX¥tf®ut the |igand, Were pr epar ed
next to one anot e SRNRaT40:© ?ﬂgg gssgg,;, ?&mﬁ system
Thi s guaranties ana ysis in the ﬁ‘ﬁLsence abSence of so

pol ysacchari de |s conduct ed eMﬂMWﬂgﬂﬂ&@’afmeMmmns and
t hat the observe ndi n

gl ucan) are not ?lne restgﬁt Ot -an anorrar)?‘ i) el ng K%%'ﬁfﬁg?&g% ﬁ#‘ Q%

BSA was used as a negative control Daxmcdon@ntrancﬁsofelim (5 ny each) were

condi 11 ons.at Pl PSS ISRUR TS0 Qharaicu Shi B sohceniStafatth Ioyerian

strongly with HEC and bar | ey [err]- 60%foreﬁhlp§§ﬂmﬁnd as aresult, their
mgratronrnthe Lpin eoIr osaqcharldes +) is, .
severely ret®ed g‘?"é‘bﬁ@ Mﬂ&ﬁr R QRopES af RiFtion in the pngs,
[err]-glucan (see 20 FI GS. 9A andop@%m{,& d CBD[err] do not

a

exhibit any affinity for xylan and no dation of mgratlon in the
gel s i s observedKiueek-rcDextran Systemsrf t his gl ycan as conpar ed

moration inits absgﬁgﬁﬁof@mmﬁaaﬁ%,mm%&g&%mm

cBDjerr], resp
Exanple 3 formanovelsetof aqueous two-phase systemish FhergriadéBiof Kdudebused included
M crocaloringtry

F De Lnat i
A i gosacchari“de Elhﬁall Iﬁ.gl..andM The grades of Dextran M_mc{ﬁgkg%@oﬁho’m&dr]
and CBD| er r] - Fusireeoo0Pr ot ei ns

Kluce! H — Dextran T40:  Aqueous two-phase systems are formed at concentrations
of Kluce] and. Dextran of 6.8% and 8.3% respectively.

Klucel H — Dextran T70:
10 i of 6.8% for each:polymer

Kiucel H — Dextran T500: Phase separatloq:_,opcurs at concentrations slightly greater

| than 3.0%.
Klucel H — Dextran T2000: Phase separation is observed for concentrations in the
range of 3.2%. S
28 Klucel L —Dextran T40:  Phase separation is observed for solutions of
h concentrations greater than 4.0%.
Klucel L — Dextran T70:  Aqueous two-ph systems are formed at concentrations
| 0f 3.6% for each polymer.

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

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

Klucel and 3. 1% Dextran
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30 M crocal orinetry was used to neasure bindi ng thernodynam cs for

B err] to a wi de range of ~water-sokple—ol i gosacehar+ees—wmitr-t he
aimof identifying a set of suitable ligands for the affinity
partition system These data are shown in Table 7 bel ow. Fi gure 15

shows reversible binding-isothermdata neasured with a Calorinetr Sci ences
Corp. nodel WMQ@OUIBHNC for CPDerr] binding to hydroxyet hyl EETUSTG (HEC)
in 50-nmM 35 PBS at 35[err]C and pH 7. CP% errl.-strongly binds HEC with
an equil i bri um Klvegl Np—cBersran ¥i40:  Aqueoy Shigjemepare at concentrations
anti body-antigen interactions. Barlgy: Foghes i nding to CPDjerr] is
38 Ve 97/ 13841 PSR 'gheattr a3, 194. _

PCT/ US96/ 12282 Klucel M —eDextrantTr70n g ethaset sepdration is obsdived forsofdéptmations in ths, 500
Merr]). For both oligosacchari des. %?”’41 binding is as tight or
even tighter than nearly all PEGbarg'&f 1’s ity ligands (e.g.,

Ci bacron bl ug- PilucePM>c+ Dextra(FSB8:G. PlalieNepdratidteis ybseRiedfor polymet concentratiorisiof)
currently in use in affinity, &;\rtltlon systens. This relatively high
bi.nding affinity, combined with 53 t he potentlal for a single

ol i gosacchari de Kligi M L-ODbiiisl T2ODO: Pdpedds fsgdiélﬁﬁhr@fd?&lﬂﬁ%oncenmnons
suggests that both capacity and sel ectivi ty W | | high in this affinity
partition system A sunmary ofilo Wfﬂ!ﬁ‘ﬂeﬂ"&g t her nodynami cs i s provided

in Tabl e 8 bel OMMHM CPDjerr] to both HEC and barl ey
[err]-glucan is Strongly exothermc. indicating that binding wi ||
increase at ower t efigmaciRMEswasvsed with fivadifierent grades ot Bextrendo famn amovelseld i n
the 10  partitigpp, 3 twdlshabc dREmE! #arides bR Dettin' Wef bl DlueR 40, T70,

Exanpl e -4
T500, T2000, and a Sodium Dextran Sulfate.
HPMC — Dextran T40: Phase separation is observed for concentrations less than

3.0% for each polymer.
15 HPMC — Dextran T70: Separation is observed for polymer concentrations of 3.8%
HPMC and 4.6% Dextran.
HPMC — Dextran T500:  Phase separation occurs for solutions of concentrations less
than 3.4%.

HPMC — Dextram T2000: Separation occurs for concentrations close to 4.0%.
20 HPMC — Sodium Dextran Sulfate: Separation occurs from concentrations of 2.9%
HPMC and 4.1% Sodium Dextran Sulfate.
HPMC — Pluronic Systems
Sigma HPMC was used with five grades of Pluronic to form a novel set of
aqueous two-phase systems., The Pluronic comes from the P-series and include Pluronic
25 P84,P103, P104, P10S and P123.

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

30 HPMC — Pluronic P103:  Aqueous two-phase systems are formed at concentrations
less than 4.0%.
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Phase- Equi | i bri um Anal ysi s of M xt ures of

HEC and Pluronic P105 15 Phase-equitibria data were obtai ned using
t he procedure of Haynes et al. (Fluid Phase Equilibria, (1989)
53: 463) for m xtures of HEC and Pl uronic P105 (a pol y(et hyl ene
glycol) - W Iene gl ycol ) copolymer) in 50-nmM PBS aty a?& b&and
pH 7. As sho |gure 16 a st abl e two- phase partition sy emis tornmed
at any total I entgati QV, 3% Pl uroni c
P105 and 2% HEC, rRc 108" Séatation o r“é‘ré&”@?“ \A%'L‘é tions
and equilibriumtie- I [ ne | engt hs usmhgdoﬂaoo%affl nity partiti-oning.
HPMC — Pluronic P105:  Phase separation is observed for polymer concentrations in
the range of 5.5%.
5  HPMC —Pluronic P123:  Phase separation occurs at.a concentration of 5.5% HPMC
and 6.4% Pluronic.
le 12
Affinity E} is Analysis of In
10 | Celiulose-Based Polvmers and CB

Affinity electrophoresis analysis was used on the four cellulose-based polymers in
order to determix.:_e__:_any interactions between the molecule and the N-terminal of the
Cellulose-Binding Domain (CBDn,) of Cellulomonas fimi CenC. CBDy; and CBDyin2
were tested separm_ly on all four cellulose-based polymers. Bovine serum albumine

IS (BSA), which does not bind to céllulose molecules, was used as a control. The results
are summarized below.
ucel (HPC)

Strong binding interactions between Klucel H and Klucel L with CBDy; and

CBDninz were observed at pH7 resulting in:total loss of migration on the gel. (See

20  Figure 9).
Natrosol (HEC)
Strong binding of Natrosol with CBDn; and CBDnin2 was observed (See Figure
9.
2§  Bermocoll

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

30 HPMC binds strongly to either CBDm or CBDmm as measured by the
electrophoresis assay.
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PCT/ US96/ 12282 : Table—7

Bi nding Specificity of CBDerr] from

Endogl ucanase C of Cellulononas fim 5 Li gand

Binding to CBD err] Det ecti on net hod Sol ubl e |'i gands d ucose
- WOMNA3841  Cel | obi ose PCT/US96/12282 _
NVR Cellotriose N +/ -

NVR/ cal ori netry Cel | ot etraose ++

NMR/ cal orimetry s s . . . it
NVR/ cal ori met ry C&%rll Qﬁﬁﬂ& Bﬂ'ﬁﬁon systems are lmm_edmthelr capac:tyandresolvmi ﬁower

by low ligand densities which result from the presence of only one or two ligands per
polymer chain. Since polymer concentrations areusually less than 15 wt%, affinity
3 partition systems with a 1:1 or 2:1 ligand'ato-polym_er stoichiometry usually yield target

protein separation factors (relative to-those of the:contaminants) between 5 and 50...
These separation factors are more than suﬁiciénti-:fo'r_'; product concentration, but do not
always provide a desired product purity in a cost-effective, one- or two-stage extraction
process. Classic affinity partition systems are also :.li_mited by the expense of the

i0  chemistry needed to produce the polymerligand conjugates. These cost and capacity
limitations can be eliminated if the monomeric unit of one of the phase-forming polymers
served as the affinity ligand. The exquisitely selective binding of CBDy; to a variety of
water-soluble cellulosic substrates offers new, cost-effective, highly-flexible affinity
partition system for continuous purification or re¢ombinant proteins. Genetic linkage of

5 CBDu to a target protein or peptide results in a fusion which binds strongly to water-
soluble carbohydrates in the presence of centimolar quantities of electrolyte and retains
the biological activity of the fusion partner.

_ All publications and patent applications mentioned in this specification are..

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

Y S The invention now being fully described, ii:will be apparent to one of ordinary
skill in the art that many changes and modifications can be made thereto without
departing from the spirit or scope of the appended claims.
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Cel | ohexaose NVR/ cal ori nmetry

et ropnerects M cu b@xﬂmmmumm:rm

affinity

Jel ectrophor egj etition -

assay g*ﬁf@ﬁ?oxyet hyl cel | ul ose (EHEC) ++ PﬂMSWlZ%D?fi nity
el ectrophoresi s roxyet hyl cel | ul ose (HEC) +++
affinity Whatxscmmgsy

el ect rophoresi s/ conpetit |Amnethodforpmﬁrmgacompoundcompnsmgapolysacchmdebmdmg
.assay Hydr oxyp t hy] cel | ul ose +++
affinity elect rophorg?g‘\éeg% M‘%&W‘B@“%P&f"ﬁ’l‘%@aﬁ'dme‘h“mens‘ng’

t++ cal ori met ry/ af jnligditg/phase separation of a. solution comprising said mixture and a
el ectrophoresi s/ conpetition
assay Yoat [ er r phage-forayng ohgosacchande-polyme_gf;_t_o-whwh- said compound binds so that

calorinmetry/affinitygsd und partitions into . s - .
el ect rophor esi s sai &ompo partitions into the phase comprising said oligosaccharide polymer;

affinity el ectrophoresis COHMB@JdmbImmndePOlymﬂphase,and
* affinity el etfi&iogﬂﬁﬁ’éﬁﬁi compound ﬁon__l- said oligosaccharide polymer, whereby a

solution comprising said compound pq:i_ﬁéd as compared to said mixture is
0 obtained.

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

5 3.  Themethod according to Claim 1, wherein said oligosaccharide polymer
is a thermoseparating polymer and phase separation is induced by heating said
solution to a temperature at which phase separation occurs.

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

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

A 6. The method according to Claim 5 wherem said cellulose is selected from
the group consisting of hydroxyethyl cellulose, carboxymethyl celiulose,
ethylhydroxyethyl ceilulose and- hydroxypropyl cellulose.

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

30 peptide is derived from a polysaccharide binding domain of a polysaccharidase or
a polysaccharide binding protein. '
| "‘l v, Shec' ‘}Iiiire‘eln‘i{eilaced 58
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PCT/ US96/ 12282 _ Tabte—7—€omt—d—
Mannan T affinity
- electrophoresis Xyl an : -
e or MMMt | on _.-|lII|III |||I|I ] ||I|I II IIII pCTrUssanaze:
assay Arabi nogal act an - affinity

el ectrophoresis Starch (arryl opectl n) i -

affinity el ectrophorgesi s thPakitod3cchfding to Claim 7. wherein said polysaccharidase is a -
afflnlty el ectrophoresis Lamnarin -

affinity el ectrophorceliwsse. | nsol ubl e |i gands

5 0. A method for purifying a polypepnde from other components of a mixture,
said method comprising:
contacting said mixture with a phase separation system having as a first
component a phase-forming oligosaccharide polymer which is soluble in an
aqueous solution and to which said polypeptide binds and as a second component
0 a phase separation inducing agent under conditions whereby said polypeptide
partitions into the phase comprising sa:d oligosaccharide polymer, wherein said
polypeptide comprises a polysaccharioo binding peptide;
collecting said ollgosacchande polyxner phase; and
dissociating said polypeptide from said oligosaccharide polymer, whereby
15 " asolution comprising said polypeptide purified as compared to said mixture is
 obtained. |

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

20 macromolecule.

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

12.  The method according to Claxm' fl_l wherein said protease recognition
hande bmdmg peptide.

sequence is heterologous to said polys:

30 asa ﬁrst component a phase-fomung; ohgosacchande polymer to which a
polysaccharide binding peptnde binds with ia Ka of 10°M to 10’M and as a second

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

he..t has Beer\ Replaced , 59
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Phosphoric acid swollen cel I ul ose e bi ndi ng

sisotherms (PASC) Avi cel m o +
bi'ndi ng i sotherns Bacteri‘al ”’nmm’%llluhw,lce||ul ose -
bi ndi ng i sotherms (BMCC) Tuni &incel | wl ose o

7bi ndi ng i sot ¥y giFagefNi Li N - PCT/USOGH{2282

bi ndi ng i sotherns Anyl ose -

bi nding isotherns S . . . - .
bi ndi ng i sot Rer s Pa@&ﬁ@&ﬁﬁc mants are each present in an amount sufficient to induce phase séparanon.
sot her ns

+/ -

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

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

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

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

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

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

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

20. A method for separating a compound comprising a polysaccharide binding
B peptide from a mixture, said method comprising:
heating said mixture with a thermoseparating p-1,4-linked cellosaccharide
polymer which is solﬁb_le in an aqueous solution and to which said compound
binds to a temperature at which phase separation occurs and a cellosaccharide
polymer phase is obtamed into which said compound partitions;
0 - collecting said -cél_lésadéharide polymer phase, which comprises said
compound separated from other components of said mixture.
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42 WO 97/ 13841
PCTLLUSQ6/.12282 Exanple 5

| sothermal Titration Mcrocalorinetry Determ nati.on.of Suitable
Elution Conditions for CBD[err] froman A igosacchari de Pol yner 5
I'TC i s .al so used to determ ne suitable elution conditions by measuring
equi i bri um WOS¥EBHhtion constants as a function of tenper POTUSS 2282t

concentration and type, and concentration of cosolvents, such as
et hyl ene glycol or urea, designed to djgpgpot t he favorable
hydr ogen- bond structure of the PBP[err]-carbohydrate conpl ex.
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10 Exampl e 6
i essi an \ector Cont al-ad ng .

Fusi on of cenC CBD Gene Fraghent and the Cfim
Endogl ucanase A (cenA) Cene Fragnent ' and
€haracterization of the Fusion Protein 15 Construction he_ Vect or
Plasm d pTZWRP/P8e Fig. 10A) was digested to conpletion V\ﬂ"ﬁ $2and
Hndlll. The 3.9 kbp fragnment was recovered. Plasm d pUCl18-1.6 cenA PT(see
Fi g. 10B) was digested to compl &g y@O wth Hpal and Hindlll and the
1.1 kbp fragnment was 20 recovered. The 3.9 and 1.1 kbp fragments were
than ligated to give pTZ-JC13 (see Fig. 10C). This vector is used to
transformE. coli JMLO1. Enzymatic charaterization of the fusion
protein The expression product (fusion protein) encoded by
pTZ-JC 13 is characterized for its catalytic activity on Avicel,
bacterial mcrocrystalline cellulose (BMCC) and 25 phosphoric acid

swol I en cel l ul ose (PASC) conpared to the original CenA and its isolated
catal ytic domain p30. Specific activity is determ ned fromthe anmount of

sol ubl e reduci ng sugar pr oduce%?Lr om akéaRked anount of substrate
under fixed assay conditions. redugidpp sugar is neasured by a
colorinmetric assay and determ ned usNigsiat glAucose _ Pstt standard. The
concentration of polypeptides is deterxy nef A" THaidemindi ng of Coomassi e 30
Brilliant Blue G250 (G |kes et pt //' B dT. Chem 263: 10401- 10407).
Eval uation of the susRszsqtibility -‘PC Re Nl on protein to proteolytic
degradati on A maj Q o : ytRe use of fusion
proteins is the stabi Nady\ of (nder a variety of

condi tions, including resZae 2y degradation. The
sensitivity of tHPpatysi g ot ei - n in the 35

absence of a |FaOR¥R_sg Cl eavage
of the fusion 43
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WO 97/ 13841

PCTLLISQGR/ 12282 proteins with C fim _protease was nmonitared by

SDS- PAGE (see Fig. 12). Thesstability of the fusion protein was

conpared relative to the stability of CenA. The prot ease

concentration and the proteolysis conditions were varied to optim ze the

results. WO 384bat i on of the binding characteristics ofPCIES%/ARBHN

protein: differential adsorption 5 anal ysi s To define the

affinity of the PBD-fusion proteins fag/gigferent cellulose

al I onorphs. binding to various cellulosic matrixes can sinply be eval uated

by SDS- PACGE anal ysi s of bound fractions. This analysis has shown

that PBD{err] binds to hous cel | ul ose (PAS ut does not bind

to crystalline cel Hpabse (BN hﬁ.,lo CBD err] pafi hand has
LC DY Avrlalge; These di f f Mheigiy ng

characterlstlcsﬁnkﬂ H nj or selegbhye
conmponent in the P e ot her. .
added to renove CgA! €} ' pn af ter
the first step, v [ * '

The concentratio
cel | ul ose conmt
ef fect of non-
cel l ul ose.
conponent s has-"®
purification of WNdelo
proteol ytic renoval of

n%ﬁturatlng, S§
Thi s sele _

'b' fromthe fusio

~:\\
RIS
Eer ate tP? &

t he pol ysacchari de usi ;':‘ ’ I:?'Brot ease to i
I nterest. The proteasg is then be renoved by wrtuei of its binding to
cel | ul ose (e'cﬂ' ,  BMCC) | eavi ng a pure conpound.
1. digest with Ncol s t 1. digest with BamHil
2. repair with Kienow ceparate fraomengs by §garose 2. repair with Klenow
3. digest with Hindill | gel electrophoresis 3. digest with Hindll
v Y

OE- T ]
Purify 2.1 kb fragment

BR322 orf BstBI
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Exanmple 7 Production and Properties of a
B-L\C

e tt-aRat—m2b Eusi.on-Protein that Mediates
Separ ati on of E Vero Cells Using
Qi gosacchari de- pol yner T Based Affinity
Phase Partitjoinin Bacterial Strains, Cell Lines, and G owh
Condi ti ons 3WO971388  (hapicals were of anal ytical of HPLC ROGTAUS96/12282
Reconbi nant DNA experi nents were perforned in E. coli JM 101 grown
at 37[err]Cin LB nmedi um suppl enent edvg ¥1pQ anpicillin (Boehringer
Mannhei m GrbH, Mannheim Gernmany) at 100 ng/ni. H gh- | evel

expression studies and | %% scale protein production were carried out in
E. coli 3 p'Ncol

97/ 13841 Avril
PCT/ US96/ 12282 ‘
16 g yeast extracg
with anmpicillin (g8
Di fco Labor at or i
cul tures was seyy
I sopropyl - D-t hi}
at 0.15 nM Ver

mal '
‘ '-g{}td?ﬁ&&{“

er speed f-¢

[TGA] pBR322 ori
1. PCR CBDN1 fragment (PBDN1) l
to introduce Nhel/Hindill site 1. digest with Nhel and Hindill
[y 2. purify 4.5 kb fragment

'

1. digest with Nhel/Hindill

2. purify 0.5 kb fragment — - SN - - T

pBR322 ori

FIG.5
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DVEM or DVEM F12 medi um (G bco BRL, Gaithersburg, MD) supplenented with

0% NCS (Gbco BRI) at 37C and 5% Cerr] Reconmhinant—.DNA
Techni ques 10 Al'l reconbi nant DNA werk . was carried out as
descri bed previously (Sanmbr ook (1989) supra.). Doubl e-stranded DNA
was prepared by the al kaline-lysis nethod. DNA restriction and

nmodi fi cati onWEPZHI4L were used according to the manuf act ur #CTAIS96/12282
recomrendati ons. DNA fragments were separated by agarose gel

el ectrophoresis. Large DNA fragmenpg were isol ated using
Gened ean[err] (Bio0ol0l1, La Jolla, CA). Small DNA 15 fragnents (less than
100 bp) were isolated by the liquid nitrogen met hod. Frozen conpet ent

E. coli cells were used for all transformations. O igodeoxynucl eotides were
synt hesi zed with an ABI 380A DNA synt hesi zer (Applied Biosystens, Foster
Cty, CA and purified by C18 cartridge Chronmatography. Anealing of
ol i godeoxynucl eoti des was performed at 74[err]C for 10 m n sequenci ng
buffer (40 MM Tris-HC1 or pH 7.5,20 nM 20 MyCl [err], 50 mM NaCl),

foll owed by slow cooling t 4C. DNA was sequenced by the di deoxy chain
term nati ng met hod using nodified T7 DNA pol ynggppse (Sanger et al.

Proc. Nat'l Acad. Sci. USA (1977) 74:5463-546Y). IIPoI ypepti de Anal ysi s
Pol ypepti des were resol ved by sodi um dodecyl § d ﬂ% yacryl am de gel 25
el ectrophoresi s ( SDS- PAGE) . Hlg A &l Coomassie Brilliant

Bl ue R250 (Bi oRad, ERbRt b bd using a
scanni ng densitonet er g Densit@meyd 28 ar Dynamics,
Sunnyval e, CA) equi pped | mgeQuant. [gﬂ)--z:

CBP[ err]/ RGD st qrds
Concentrations pur g
absorbance at 280 n
CBD/ RGD ( Scop,
was performed usin

Pincl uded with each setlL

ng the&xtinction coeff'l :

i oc@,em (19744?6‘5@, 277N

' ned fsg ; pure

82) . otting
Hindlll 45
Ecl136!

PHIMI
Bgitl

f1 ori Pst!
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WO 97/ 13841
PCTLUSQE/ 12282 rabbit—anti- CenA serumas.prinmary antihody and goat
anti-rabbit serum conjugated:to hor ser adi sh,.per oxi dase (G bco BRL) as
secondary anti body. d i gosacchari de Bi ndi ng Assay Thi s
was perforned as described in Exanple 2. 5 Lar ge- Scal e Producti on and
Purificati onV8P"tBM err]/ RCD CBD[err] is prodPCFWSHs12883sCri bed
in Werzba et al., Biotechnol. and Bi oeng. (1995) 47:147- 154, except
that the codi ng sequence for err] repl aces theg?% ng sequence for
the cel l utese binding domain ( ) of él ul omaffase” fim endogl ucanase A
(CenA) in the R1360/ pTZ18p-CBORED
construct are grown at 37C 10 {in a%1PNLN&G n
Switzerland) in TYP nmedium suppl enment ed
and I PTG (0.15 mM. Cells are s
centrifugation at 31, 000g (Shar
Warm nster, PA). CBDerr]/RGD i
cellular fraction is purified s
using m xtures of 15 HEC and _
Culture nmediumis filtered thr . glass fiber filter (Watnman
I nternational, Miidstone, UK) t bris. The cul ture
medi umis added to the phage sslepajation s 1QAccording to the

~ og systens (e.g., Joshi et
the inportant difference
- binding of the CBDjerr]
the system where
‘ein froma culture
la conmercial G aesser-type

. E. coli containing the

(Chemap AG Vol ketswi |,
jth ampicillin (100 ng/ni),
romthe culture nedi um by
si on, Pennwal t Cor p.,
diumand in the
affinity-phase partitioning
s described in Exanpl e 4.

al ., Bi osepar ati ons,
that the separation is 20 Qgrsg
fusion to the HEC. Fig. 17 is 8 «
affinity extraction of the CBDOjerr]
supernatant or a cell extract ¢
contractor

peak |
|

fraction volume
FIG.7

e

Start gradient
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(enpl oyed in nost |arge-scale partitioning systens) or a mxer-settler

' S RhD -Thesis, Uni versitdmofGaliforni a-at—Berkeley— .
(1991)). The carbohydrate-rich extract 25 phase; containint the

CBD err]-fusion protein is punped to a second m xer-settler batter for
back extraction of the product, while the poly(oxy-ether)-rich phase is

stripped with an I nconpati ble sale and then recycled to the affinity
contactor (HW@8#138#1 al ., Al ChE J., (1991) 37:1401). Poxiossci12esef
sufficient salt, usually a sulfate orgﬁy? te salt, to a

car bohydrate-rich extract phase containi Qaa bound target protein results
I n phase 30 separation (see Walter et al., Partitioning in Agueous

Two- Phase Systens, Academ c Press (1985)). The 2-M and hi gher salt
concentrations required for phase separation often leads to

di ssociation of the ligand-protein conplex and thus, a sinple nmeans of

46 WO 97/ 13841 ' _
PCT/ US96/ 12282 product recovery. The strongly exotherm c binding
bet ween CBD[err] and HEC i ndi cates t hat. di ssoci ati on can al so be
achi eved through either a nodest increase in tenperature or addi tion
of a hydrogen-bond di srupting cosolvent. Excess salt is renoved by
diafiltration or other desatting nethodol ogy. The suspension is
stirred gently at 4[err]C overnight. The S eluate is concentrated and
exchanged with dH err]O (to less than 50 nM GInCl) by

ultrafiltration using a 1-dD cutoff nenbrane (Am con Division, WR Gace &

fC?I-'Eer steriﬁtxéal z/,olg/AMThe gBD[ir]{I?ID s%utloil (5éo 12 mg/nL) is

66
45
31

21 -




and stored at -20[err]C E. coli cells are washed with 50 niM
I .0), 10 __resuspended in 150 m of the sanme

buffer supplemented with 3 ;,fDTA and ruptured ... in a 50-nL French

pressure cell (SLMInstrunents, Urbana, IL).

Phenyl met hyl sul f onyl f1 uori de (1 mV) and pepstatin A (1 mV) are added to the

cel | extract to mnimze proteolysis. Cellular debris is renmoved by
centrifugati W0 ew13842, 4009 for 30 min at 4[err] C. StrrQinosysazas2
sulfate (Sigma) is added to the supeﬁ aé@gt (1.5%wv). 15 Af ter

I ncubation overnight at 4[err]C, the 9 pitate is collected by
centrifugation at 17,400g for 30 mn at 4C. The supernatant is added
to the affinity partition system and the CBD[err]/RGD is purified as
descri bed above for the cul ture broth. Cel | Separation Assay

Cells are detached fro lture dighes with trypsin a EDTA, ed once
with 20 DVEM nedi ntaln . 01% soybean Trd I nhj (Sigm),
and twice with ¢ & Wi t hout theeFnN&¥ O "TQaq,otaI of 4 x
10[ err] washed K E r? in s&ui fFée cﬁt & medium After
i ncubation for 1 h at 37 err]C_the cells w th:=CBDlerr /RGD bound

are added to t pES RN o it oni NCENENEENE i hr at i on of
t he HEC jousls . added to r e . s .
and the cells H - centrifUs

i s assessed usf usi on. B
Exanpl e 8 ‘ Pr odud 4] pageseantdm Cel | obi ose
Usi ng . P A - gl ucosi | nobi i zed
on Avicel 30 § iES. procequre uses arg jl ucanase
coi ncubati on w o ~ubsequeft channel i rg cel | obi ose
m xture into afi Avié whi eis
i mobi lized (sg | . 4 nethod is
fernentation vésser a 5 '“}i'e proportion of b endogl ucanase and
exogl ucanase is . - + 47
FIG.9A FIG.9B
Ly o
~ & &S
& & SF
¥UVIU ¥ IO

+
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WO 97/ 13841

PCT/ US96/12282 added to a nedium-contad-R-ng-t he cel Faleste—vater al
to be degraded. The enzynes. are allowed to react for a fixed period
of time to produce cellobiose which is sol ubili zed in the nmedium The

whol e spent mediumtogether with the enzyme is first passed throu
an Avi cel cOv@9m3841i ch i mobi | i zes and concentrates both tﬁ@r@%gﬁ'bcanase
and the 5 exogl ucanase. The eluent containing the cellobiose is

channel ed to a second Avi cel colum w t1h A bilized
[err]-glucosidase PBD[err] fusion proteﬁmﬂﬁ ch then hydrol yses the

cel | obi ose into glucose units. : ucanase and the exogl ucanase are
regener at ed fromthe fir ' Bot h col ums can be
reused several tinmes for i . oPRPhlinker conversion. 10
Exanpl e 9 ! X of CBD[ err] - Al kal i ne
Phosphat ase - mabt ei n Expr essi on
Cassette 15 TNp, ansposon Tn5 cont ai ni ng
the E. coli alkaline m nus its signal
sequence (' phoA). Tr an55| tional pTAUG2 i on _ nto an expressed gene in
the correct reading fran® creates a PhoA fu3|on'- tein. If the

target gene contains pr v‘; n export signals, th@#d can direct the secretion
of the fusion rQ This secretion |s ectabl e by al kal i ne
phosphat ase act i vHigdIllGhi is present 20 ®¥/when the enzyme has been
secreted to the peri pI asm ¥
with the C. fim CBD err] cod
multiple cloning site. A gene el _
into a nultiple cl oni ng S|te(m:s)
The gene product is purified by

___:'____ate phoA gene fusions
Y a pI asm d havi ng

OT ot ei @ntt% can be cl oned
d usi on protein.

Hindil g
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affinity phase partitioning in HEC-Pluronic 10S CBD[err]. 25 Preparation
and Analysis of Cene Fusions — —Transpositional _mutagenesis wth
TnphoA is used-to create gene.fusions with CBD[err]. The plasmd
containing CBD{err] is pTigKlerr](see Figs. 5 and 6) . The
t'ransposition event is nediated by infection of E, coli CCl18 (pTUgK[err])
W th a defective | anbda phage contai ni ng the t ransposon, 1TnphoA-1
(Qutierrez etwale7/13sdt Mol . 30 Biol. (1987)195:289-297). ErCTASI6 128218
contains deletion in the phoA gene. 2 Transpositional insertion into
the CBD{ err] codi ng sequence in-framg \/4?9 the CBD err] creates a
CBD[ err]-PhoA fusion protein targeted for the extracellular medi um

Col oni es sel ected for kananycin (transposon-derived) and anmpicillin
resi stance are screened for

48 WO 97/ 13841

PCT/ US96/ 12282 al kal i ne phosphat ase activity on the chronogenic
substrat e 5-brono-4-chl oro-3-indol vyl phosphate (XP). Plasm d DNA from
PhoA+ col onies are retransforned, and sel ected and screened as above.

PhoA+ col oni es are screened for endogl ucanase activity on
car boxynet hyl -cel l ul ose (CMC) plates stained with Congo red (G eenwood et
al., FEBS 5 Letters (1984)2:259-263). The desired phenotype i s PhoA+,

EngA-, and resistant to anpicillin and kananycin. -
Plasmd DNA is isolated from PhoA+, EngA- col onies and anal yzed by
PDBp1-CenA CenA

12 3 4 5 6 7 8 9

kDa J

116

66 — PDBy1-CenA
43 —CenA

29 ~p30

10 05 01 0 10 05 01 0
C. fimi protease (U)

FIG.11




restrlctlon di gestion and agrose gel el ectrophoresis for colonies which
lnsertions in CBDlerc] dn the correct ordientation . Sone
of these clones can have out-of- 10 frame insertions, a possibility that
becones evi dent when | ooki ngat the protein pr oducts of the fusions.
Fhe CBD err]-PhoA fusion proteins are anal yzed for binding to sol uble
ol i gosacchari des such as HEC. The exact insertion position of TnphoA is
det er mi ned byWO97/13841DNA sequenci ng usi ng the chai n-t er m nat pOTrUSssiazsd
Purification of Fusion Protein 15 eared E. coli cell extracts
containing the fusion protein are apaq to an HEC pl urani ¢ 105
affinity phase partitioning systemin a buffer which pronotes binding of
t he fusion protein to the HEC pol yner. After separati.on of the HEC
phase fromthe pluranic 105 phase, the fusion protein is dissociated
by increasing the tenperature and col l ecting the fusion protein.
Collected fractions are assayed for al kali ne phosphatase activity, and 20
the enzyne peak further purified by ion exchange or gel filtration

chr omat ogr aphy. Purification conditions are varied to optim ze the
recovery of al kaline phosphat ase activity. The
parameters ([err] accunul ated st BME&Cd error) were calcul ated from
adsorption data plotted in double reciprocal form The values for

Klerr] and [err] were calculated using 25 [No] =101 mml lattice
residues.g celluloselerr], &s detarl edrin=-Exatple 3, C. Adsorption

and rel ative affinﬂggiofPBP e .to ceIIulose I ncl udi ng Avicel, BMCC and
regener at ed 46 u| : in are shown in Flgures 15 and
16 of USSN 5, 340, 731. Fi 5 é&*%sﬁtﬁﬁaf t he influence
of addi ng detergent!!bn: B[ conposi tions
of the subject inventio i ign which 30 at | east
the PBP of a pol ysad@a ug f interest such as a
protein or a 3 a dye or pignent. Exanples
of enzymatically 49

28 8 35

FiG.12B
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WO 97/ 13841

PCTLUSQ6// 12282 debindi-ng-t wo different——erpvabl e | abel
reconpositions fromcellul ose are shown in Figure 14 (above).
Exanple 10 5 ) Si ngl e Thernoseparati ng Pol yner
Syst ens A class of affinity concentration and separation
syst ems whi cNVQETARSLS| ngl e t her mosepar ati ng pol ysacch®f¥ 882 whi ch
CBD{ err] or another sol uble polysaccharide ~ binding donai n has

affinity. Menbers of this famly of pglyspgcharides include nethyl 10
cel l ul ose, ethyl hydroxyethyl cellulose, propyl hydroxyethyll cellul ose,

and hydr oxypropyl nethyl cellul ose. These systens can be used to
ei ther bind and separate fusion/hybrid proteins containing a soluble
ol i gosacchari de binding dormai n which are excreted during culture to

the culture supernatant, or to bind and separate intracellular
fusion/ hybrid proteins containing a sol uble oligosacchari de binding donmain

follow ng 15 cell lysis, osmotic shock, etc. In either system the
process is as follows: A t her noseparati ng pol ysaccharide is added to
a culture supernatant or |ysate containing exposed fusion protein at

a tenperature below the current point tenperature. The
t her noseparati ng pol ysaccharide and the culture supernatant or |ysate is

m xed and the tenperature is raised slowy until it reaches a point
above the current point tenperature 20 for the pol ysaccharide. Upon
formation of a polyner-rich phase in the remnaining solution, the

pol ymer-rich phase can be recovered and fusion protein eluted fromthe
pol ysaccharide. The renai ni ng sol ut i@b—%ﬂc@%hdéﬂai ni ng sol utes can then

be di scar ded. Cellobiose
Medium in
l Avicel
'} column
harvest
and
break
Fermentor cells
— Glucose
Waste

FIG.13A

SUBSTITUTE SHEET (RULE 26)



The process is divided into four steps: addition of a thernbseparating

polyner to an _aqueous solution cont-ah-hRg—ah—ol i gosacchar-de—bi-ndi ng
protein or any fusion protein 25 cont ai ni ng an ol i gosacchari de bi ndi ng
protein and contact and binding of the polyner to the said protein;

Sl ow el evation of the tenperature under mxing conditions to a

t enper at ur e WORTA3Mhe CPT; elinmination of mxing at a tenpRCHISHE12Bbve t he
CPT to facilitate separation of the water-rich and polyner-rich
phase (which can be acconpl i sheyizp ei ther ‘gravitational settling or
enhanced by centrifugation; and recovery 30 of the polyner-rich phase
(which contains the target protein) and elution of the target

ol i gosaccharide binding protein or the fusion protein containing an

ol i gosacchari de bi ndi ng protein.
50 WD 97/ 13841
PCT/ US96/ 12282 . e " : Exanpl e 11
Affinity Aqueogiuﬂl\%'-cPhas : Xias /En%" n Cellobmse
One or More Th H\S@epa &l ijng Pol yne Aque@us two- phase systens
whi ch contain one or nore pol ymgrs whi ch have an
affinity for CBD err] ¢ grrea—ppee T4bl ef x These
systens al FeafEngr i dpar at ifpn to |t hefiphase [¢aviceli #i ng t he
polymer to s 4 | CBD-B-glucosidase
7y / / :
] ¢
/ / .
’ ’ ¥
' /.
ENNNNN / !
Fermentor ! ’ - d
e
l = Glucose
Distilled water
/ ’
: :
A
4 /| Avicel +
/ /| Exg/Eng
s /
’ )
; ;
/ ‘
'] d
Recycle
RN Medium + Cells BlAvicel alone

[ZJAvicel + CBD-p-glucosidase

FIG.13B
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whi ch the donmain binds followed by a sinple nmethod for recovering and
recycling the polyner 10 _ Eourdifferent cellulose-based
pol ymers capabl e of binding CBDerr] and ot her ol i gosacchari de

bi nding proteins were used in conjunction with two other non-cellul ose
polymers to forma nunber of novel aqueous two-phase systens. The
properties oWO9143841 agueous two- phase systens forned aRCTHSSEHRd

bel ow. Pluronic - Klucel Systenms 15 Ei ght different grades
of Pluronics were used with three gra%ﬁngf Kl ucel . -The Pl uroni cs
used included F68, F77, F108, P84, P103, P104, P105, and P123. The grades
of Klucel used were Klucel H | and M Pluronic F68 - Klucel H

Two- phase systens are formed from sol uti ons contai ni ng

at |east 10% (total weight percent) of each polyner. 20 Pl uroni c

F68- Kl ucel L: Celilifgseohase systens are for mpjotdase ciédvigeosite ot ai ni ng
at least 13% (total wei

hbht percent) of each p | uronic
P68- Kl ucel M Phas eparation is obsgrved '{i‘g& irogﬁfﬁzg‘%ﬁg grpgil ons
greater than 12% wfw). Pl ur oni ¢/ F79%Kki P Ad g Z‘E on is
observed for solutig n the range Of 25 9%
of each pol yner. e upper>phase i g clearwhile the

| ower phase is cloud el L: Phase separation is
observed for sol ujOns

concentrations in the§ pol ymer . Pl uronic
F77 - Klucel M  Tyd-php =d” from sol utions containing 30
at |east 10% (total wej ARpPer cen ) of each polyner. Pl uroni c F108 -
Klucel H. Two- pha;e(efg ens are fdymed from sol uti ons contai ni ng

at least 10% (tot wei pht percent N\ of each pol yng

51

o

Cellulose
Non specific protease

completely degrades CBD

FIG.14
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WD 97/ 13841
FCT/ US96/12282 Pl uronic F108- KLuceL_L__JMn_phase systens—are forned
f.rom sol uti ons contai ni ng at | east 10%

(total weight percent) of each polyner. Pluronlc F108- Kl ucel M
Two- phase systens are formed from sol uti ons contai ni ng
at | east 9% WOMAB84Aei ght percent) of each polynmer. 5 Pl RCEF96/12282

P103- Kl ucel H Separation is observed for concentrations around 6.5%
Pl uronic and 7. 1% Kl ucel . Pl uronyg XL04- Kl ucel. H Separation is
observed for solutions of concentrations of
4.1% Pl uronic and 3.8% Kl ucel . Pl uroni c P105 -
separation is observed for solutions of 10
concentrations of 4.5% Pluronic and 2. 8% Kl ucel

Kl ucel H Phase

Two-

phase systens at
-Klucel L:

| ow concentrations are not viscous.
Separation occurs for concentrations in the range of 5.0%
Pl uronic and 3. 5% Kl ucel .
range are not Vi scous.

Pl ur oni ¢ P105

The two-phase solutions in this
The | ower phase thernoseparates at 15

t enper at ures above 40[err]C Pl uroni ¢ P105 Klucel M Phase
separation is obseWW° o
| ow as 3.9% Pluronjc and 5% Kl ucel . The | ower phase
becomes vi scous anfl cloudy at tenperatures above 38[e}r]C. Pl uroni c
P123 -Klucel H Twp-phase sytens are formed at concemjrations of 5.6% 20
Pluronic and 4. 0% Kl ucel . Dextran- Natrosol Sys}ens
Three grades of Dektran were used with three grades of Natrosol to forma
novel set of faqueous twQ-phase systens. The gra*&g of Dextran
i ncl uded grades of LT40, T70 -4 e

Yo

-

S
E o
I  ad
- o — e
| X
! A LW
s 2a]
L | 9
5 11
i 1<
.J...l....l..lt. ‘o
2 8 8 8 8 °
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and T500 whil e Natrosol grades included 250 HR, 250 LR and 250 MR 25
Dextran T40 - Natrosol 250 IR Aqueous twn.phase systens areforoed fram
solutions of concentrations in the range of 18% for each

pol ymer. Dextran T70- Natrosol 250 LR Agueous two-phase systens are
f=ormed from sol utions of about 5.2%
Dextran and W00%3sat r osol . 30 Dextran T500 - Natrosol 250RCRIUSSE/LRIBIS

two- phase systens are fornmed from

solutions of 5.3%for both polyners. 18720

52 WD 97/ 13841
PCT/ US96/ 12282 Pl uroni c -Dextran Systens Four grades of
Dextran were used in conjunction with four grades of Pluronic to form
a novel set of aqueous two-phase systens useful for the invention. The
gr ades of Dextran used inl cuded T40, T500 and T2000. The Pl uronics
used included F68, F77, 5 F108 and P105. Excellent phase separation
properties were observed for nost of the conbi nati ons of polymners
tested in terns ' = Viscosity.
Pluronic F68 -Oextran T40: Phase separation i s observed|f8r concentrations
around ]
- Je
q-
< o i oy
S © ES
. n_. v
oD 1 -
[ gé E o 1 %
- = £ £ 12 €
3 § "u" - = CO
" .s i;o-: .2 P
o h ot .
| g | EQ
R i} 5 —
] lo 8L
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I . O
I . Q
i 43|
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9.0% for each polyner. The two-phase systemis both 10

e¢lear and not very viscous at these concentrations. —P-ortc—68— -
Dexiran T1/0: Phase separation is observed for-concentrations of
Pl uroni c and Dextran of 7.0% and 5.9% respectively. Pl uroni c F68 -

Dextran T500: Aqueous two-phase systens are forned at
concentrati oweoassand 6.3% for each pol yner. 15 Pl ur oni ®CFRI596/13282: 1 an
T2000: Aqueous two-phase systens are formed at

concentrations around 9.0%:fqr each o yopr- .- Pluronic F77 - Dextran
T40: Aqueous two-phase systens are formed at

concentrations of 10.0% Pluronic and 9. 2% Dextran. Pluronic F77 -
Dextran T70: Phase separation occurs for solutions of concentrations 20

of about 8.2%for each pol yner. Pluronic F77 - Dextran T500: Aqueous
t wo- phase systens are forned at

concentrations of 7.0% for both pol yners. Pluronic F77 - Dextran

T2000: Phase separation is observed at a concentration of

10. 7% for both polyners. 25 Pl uroni ¢ F108-Dextran T40: Aqueous two-phase
systens are forned at . concentrations
around 7.0% for each pol ynp#& Plur@di ¢ F1o8 -Dextrgn T70: Agueous

t wo- phase systens are fornp@ at 2
concentrations in the rang

vogg) ;

.U (U Y

fen]- O [ o
Phase separation occurs at %Cﬁ Qﬁ* l-grr'&' € )
Pl uroni c and 3. 4% Dextran. - X
: 238 | 8
A _
)
g ||| e F
T v
AR g 5 3 S
g8 § g & ighg
%ﬁg EU?P
553 =
S
2 £
@2

ic P105

CBDy-fu
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HEC

Extract phase | Phase
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WO 97/ 13841

PCITLIJSQG/ 12282
systens are fornmed at
t.he range of 3.4% Pluronic and 3. 9%

Dext r an. Pl uroni ¢ P105 -Dextran T40: Aqueous two-phase systens are
formed at 5W09713841 concentrations i reaimses/sage of
8. 0% for each pol yner. Pl uroni ¢ P105- Dextran T70: Aqueous two-phase

systens are formed at Pluronic and g(zo
Dextran concentrations of 6.3% uroni ¢ P105- Dextran T500:

Separation at concentrations slightly |ower than

6.0% for each polyner. 10 Pl uroni ¢ P105 -Dextran T2000: Phase separation
occurs at a concentration in the range of
6. 0% for each pol yner. Kl ucel -Dextran Systens Thr ee
grades of Klucel were used in conjunction with four grades of Dextran to
form a novel set of aqueous two-phase systens. The grades of Kl ucel used
ilncluded 15 Klucel H L and M The grades of Dextran used included Dextran

Pluronic F108-Dextran T12000- Aqueous_two-phase

concentrations in

T40, T70, T500 and T2000. Klucel H - Dextran T40: Aqueous
t wo- phase syste are forned at concentrations

of Klucel and tran % a S T SKI ucel H -
Dextran T70: Aqueous two- phase systems are formed at chncentrations 20

of 6.8% for eac

pol ymer.

Kl ucel

H -

occurs at conceftrations slightly greater

than 3. 0%
concentrations

. Kl ucel
iLn t he

H -

Dextran T5007

Phase separation

i is observed for
Eng

e of 3.2%

I
40

1
30
wt% UCON 50-HB

FIG.18
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= o DR . BLITIEILIIVIUS L e, “,g
25 Kl ucel LW Dextran T40: Phase separation_is observe or sol u |on
O 9713841 oncent rat i.ons great erﬁ{!

:'.%Teilcel ‘L - Dextran T70’ Aq”e"”m"mﬂ Hﬂﬁ”ﬂieg}; grg%]:?or eachmls(?ymar

concentratio
Kloucel L - Déx 1"' : Separatlon |s observed at concentrations of 3.9%

__ : L ved for
30 Klucel b - Benethotfoll pE{fging P bﬁﬁﬁ’uﬁ@&ﬁﬁ]ﬂlsln&'&pq %c a%irdf( ndivg peptide 3. 1%

trati opgef, (o
CDZ th regn J‘ﬁ "gfé%onents ofa mixture, said method compnsing o 54 WO
7/ 13841 ucin, plmse tion of
- g septll\r/liI S Doxi T éﬁuoluéfgmqu% w'ﬁhﬁb“ﬂﬁﬁ@*’sﬁ’ynmﬁs are

PCT/ US96/ 122 cel
formed at coﬁa% n? Clarids o H er to which said compound binds so that s2id cor poieid a{ﬁlthxg&tnl:%

greater thanﬂ(éphﬁéncompmmgqa;mj godfbchaltlolyike: T70: Phase separation I's
observed for conce tr.athns the range

of 3.5% 5 K (BLP Wmtsemmmmlmmmmmm %@&ﬁ@\éﬁé’fr&ﬁr

pol ymer concaiudligbtd&aﬁnﬂipo! er, wherab
Klucel M- Dextra J2000: Aylﬂeous t ““‘°l%“‘°‘é°°§§“§t‘€’ﬁéﬂ'§ﬂemmmnma§
Concent rati O‘ﬁ)é“par mlmre is Obtﬂlned Of | ower than 4 0%

HPMC - Dextran Syrhk @i¥hod according to Claim 1, wherein phasc separatxon is induced using a phase
' geparation inducing agent.
3, The method according to Claim |, wherein said ollgosawhaxzde polymeris a
thermoseparating polymer and phase separation is mduced by heaung said solution to a
temperature at which phase separation occurs. :
4. The method according to Claim 1, wheteln said oligosaccharide polymer is a -1 4-
glycan. ' .
s The method according to Claim 4, wherein sajd B-1,4-glycan is a celluloss.
6. The method according to-Claim 5, wherein said cellulose 13 sclected from the group
consisting of hydroxyethyl cellulose, carboxymethyl cel!ulose, ethylhydmxyethyl cellulose
and hydroxypropyl cellulose.
7. The method according to Claim 1, wherein said pofysaccharide binding peptide is
derived from # polysaccharide binding domain of a polysgebharidase or a polysaccharide
binding protein.
8. The method acoording to Claim 7, wherein said polysaccharidusc is a ocllulase.
9. A method for puritying a polypeptide from other componeuts of a mixture, said
method comprising:
contacting said mixture with a phase separation system having as a first component a
phase-forming oligosaccharide polymer which is soluble } m an aqueous solution and to which
said polypeptide binds and as a second component a phase bcparal'.mn mducmg agent under
conditions whereby said polypeptide partitions into the pbase compnsmg said oligasaccharide
polymer, wherein said polypeptide comprises a palysaccharide bmdmg peptide;
collecting said oligosaccharide polymer phase; and

| REPLACED SHEETS  SG |y shtis b niss - | REPLACEMENT SHE:
- =g W [T
. DfCiaim(s) : pagsd ..62. to paged ..62. 9 1 AUG 19y 7
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{0 ™" Si gma HPMC was used W Th™FTve’ di fferent gf adBs™oF Dextran-to

forma NOV et bEEii13841 of aqueous t wo- phase systens. The grades of Dextran
-used included Dextran T40, T70, .T500, T2000, and a IS B2t 1 an
“Sul fate. HPMC - Dextran T40: Phase separation is observed for
.concentr. at | ons |dissaciatingrsaid polypeptide from said ohgosawhande polymer, whertbd ¥3ditfoncach

polyner tion., s observed for polyner
‘concent t at i 0 nléﬂ%@é&t@éé%dgpm&d as °°"J’O red to to said mixture is obtainggd\C and 4. 6%

Dextran. 10 mmmmgmmg M@mmmt@fﬁmp&gt?ﬁ&u utions
of concentratlan.s

HPMC Dext?gﬁ’r's'féﬁﬂap%ﬁﬁ‘f'ﬁ'%ﬁ“g%mdﬁWW‘M% ons close to 4.0%

20 HPMC -IlSodlmWraa&uﬁhﬁ fotiim 1OCRAérehisSR 39 %&g& rations
of 2.9% HPMC and 4."1% So xtran

Sul fate.  Protcasgsopgnition WWP%W%“E’@M polysaccharide bindingjpeptide pRMaIdvas used |
with five gﬁﬁdﬁﬁaleﬁm&?l uronic to forma novel set of aqueous two- phase

systens. The Ply on| §1 aomas fromthe P-series .and include Pluronic 25
P84, P103, B104, AgFopsingsto Claim 11, whmgin said progesserepupaition seqbnes &

separat i on Hmab@agmcﬁm SGRRER bl Bptde] 6 3% -
HPMC and 7. 8% Pl uroni c. At this concentration, the upper
phase is cl@ar MWMI%WW@%WH@SI hat this sol ution

b o195 10l Dol A g BN £ 0
| ess. than 4olyseccharide binding peptide binds with a Ka of | 0*Mto 10'M and as a sccond compbibant
a phase separation inducing agent, wherein said first and second components are each present
in an amount sufficient to induce phase separation , and wherein said first component is
selected ftom the group ocnsxstmg of hydroxyethyl uellulcsa, ethylhydroxyethyl cetiulose, and
methyl cellulose..
14, The two-phase partitiou systern according to Claim 13, wherein said polysaccharide
binding peptide is derived ttom C. fimi endoglucanse C.
15.  The two-phase partition system according to Claim 14, wherein said polysaccharide
binding peptide is CBDy;.
16. A compesition comprising a polysaccharide binding peptide and a two-phase pamtton
system, wherein said two-phagse system comprises as & first component a phase-forming
oligosaccharide polymer to which a polysaccharide bmdmgpeptlde bindy with a Ka of [0°M
to L0’M and as a second component a phase separation mducmg agent, wherein said first and
second components are each present in an amount suﬂicieg;;_to induce phase sepatation.
17.  The system according to Claim 13, wherein said se'i:bnd component js sclected from
the group consisting of a polyethylene glycol polymer, dextran, and a copolymer of ethylene

oxide and propylene oxide,
18. A method of using a composition for puﬂfymg a compo:md comprising a

polysaccharide binding peptide from other components ofa nuxture wherein said
composition comprises & cellulose binding domain which it is to soluble oligosaccharides

bt does not bind to crystalline cellulose,
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uy=s1=3¢ LH'!U'JI‘H [

V\D 97/ 13841 . LARR L ETEE Lot ] 8138 ¢ 0vr iy
PCT/ US96/ 12289 97/13841 HMC - Pl uroni ¢ P104: Separ ation occurs for solutions
of concentrations in the - PCTANG6/12282 3. 6%
HPMC - Pl uronj ¢ P105: Phase separatlon S observed for polymer -
concentrati ofs i Ahe methed according to Claim 18, wherein said: binding H&MW‘C 5.5% 5
HPMC - Plurornoc Pmemodﬁp ‘--"--ﬁggaratlon occur s at:a concentration of 5.5%

HPMC o mlu%m!mharm binding peptide
Exanpl e 12 ﬁ“mamlxnme,saxd_ "tlindcomp&égiﬁg nity El ect'rophoresis Analysis of
I nteracti on Bet Cel l'ul ose-Based Pol yners

and CBD "fiiling %‘? ‘“ﬁ‘f“f’? Wé‘?‘éé‘!%mw&hﬁhm dngmschuﬁm péifimiche f our

Ee![ | ul ostehbe!él@lfih lwlsblmsnlaqmeons solut@ﬂ ﬁ'ﬁ{ !oﬂr?déﬂ%ﬁrc%gg nd dﬁ o@%ﬁ%@;%

et ween e nal o P

Donai n - (CBD[wgirer ﬁ;&h? ﬁp@lqlf"R f’% “gbﬂﬁ“"@bﬂ’@ep iierphats & obkaGRDLES Wilich

wer e testedsa@émmundparmmml four cel | ul ose- based pol'ynmers. Bovine serum
al bum ne 15 (BSA) , s not bind to cellulose nol ecul es, was used
as a control. The re§ é“gs" °’1$WMUWMGMJMcom nscs'ﬁhfdcel ( HPC)

Strong bi nmommmamﬂﬁomgmem nd: Kl ucel L with CBD[err] and
CBD[err] e og@srved at “pH7 resulting sigiﬁi'{;h A’ | oss of migration on the

gel . (See = epartmonsmm:ngummnm tising as g thir ON9 bi ndi ng
of Nat rosolcmbﬁn@&@ﬁ&]nﬁﬂgmmg%g ymcgm%b%%rd}/n%%e £Ee,FL gure
oligosaccharide polymer. '
22. '

A cleavage enzyme. complex comprising a polysauchande bmdmg peptide which
binds to an insoluble po}ysacchande

T

T}us bl.eet Has Been Reﬂlace
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9) 25 Bernocol I E (EHEC) Bi ndi ng interacti ongEMcé%Md?%L

for the two grades of Bern‘o tm, ;... CBOY err] - ahnd- eBD[efp} R
« “goth pol ymers bind strongly l!m'm mu”

meastred by the el ectropharesis©assay! mhelmlﬁ

(HPMC)  3What is claimed iPMC bi nds strongly to either CBOY err]

measured by the el .ectrophoresi s assay.
56 ' WO 97/ 13841 . o _
PCT/ US96/ 12282 Current affini ty partition syst ens are

limted 1.n thei A mehodifoy parifyinges cbmpoghdach comptises &)polysucchagiée Binding
densi ties which result fromthe presence of only one or two |igands per

pol yner i froth DBfer M&T@ﬁm?@ﬁ%ﬁuﬁ@t%m;ﬁleﬁl; c}?ﬁ’h sin .less than 15 wt %

affinity partrtio systems S dtopolyrrer

el ot vet o guice R b b5 sonRiBlfb DOREBERL ' Rallh Yep

separation factors e nore than sufficient_forprgduct. concentrati b
dopnot compnsgng as a Hrst component a phase-forming ohgosaccﬁar? e: polymer w%lch is sofuble

ut

in an aqueous solution and to which said _compound_ bind_ 'sgcond component a phase

separation inducing agent;
inducing phase separation of said first and

1

compound partitions into said phase comprising said

ﬁpoll@l]t% _::_whereupon said

ha'i_r_ide_ polymer to form. a

polymer-compound corhplex; o
coilec’ting said phase comprising said polymer—compound compiei; and
dissociating said polymer-compound complex,--;éﬁg;:eﬁy a solution comprising said

compound purified as compared to said mixture is obtamed |

9. The method according to Claim 1, wherein sail :__’mppund is purified at least two-
fold.
3. The method according to Claim 1, wherein sa1 -0 E'g_osaccharide polymer is a

thermoseparating polymer and phase separation is in .:llleating said solution to a

temperature at which phase separation occurs.
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aI vvays PrOVI rovi de a desj roduct purity in a cost-effective, gﬁlg'-AEEMENT SHEET
t wo- stagel’ mn ‘“ mm .process. Classic affinity partition systens are
&l so |4 niy e of the 10 chenm'stry needed to produce the

pol ymer i génd COI’IJ ugat es. These cost and capacity limtations can be
elimnated if the nononeric unit of one of the ‘phase-form ng polyners

served as the affinity ligand. The exquisitely sel ective binding of

CBD[ err]4t o0 a vZhe methodfaccording to Qlaimrl, sdlb:dlﬂmld:dig“" aridespdipmenis a$-h#f er s
new, cost-effective, highly-flexible affinity - partition systemfor
cont i nuoplyegiir i fi cati on or reconbi nant proteins. Genetic |inkage of 15
CBD{err] to a target protein or peptide results in a fusion which binds
strongly to water- ‘" sol ubl e carbohydrates in the presence of
centinolar quantities of electrolyte and retains t he bi ol ogi cal

tivit f th t t d tent
Aopl 1 cat Pons. moRbe SO RebrTe o Cleim 4, aterin sy by e bR, P2 "

| evel of skill of those skilled in'the art to which this invention
pertains. Al'l publications and patent applications are herein

i ncorporated by reference to the sane extent as if each individual
publ i cat6éon or Fhe emdthad pidording do Claim §pevd1efemamldyceﬂn1!>se is selectedhdrom dbeal | y
i ndicated to be incorporated by reference. 25 The invention now
being fug ion%)daﬁﬁfsubgct)f hydréxyethy? ceBillosé, & birbéxynieiiyl Ofellaicie N @ftyThydroxyettigl | |

in the art that many changes and modi f i cations can be nade thereto W|thout

departi nge]fu'i&g‘ahﬂ%yﬁﬂi@bfop?f cafifiie. of the appended cl ai ns.

7. The method according to Claim 1, wherein saldpolysacchande binding peptide is

derived from a polysaécharide binding domain of a pqiy_._v,adchaﬁdase or a polysaccharide

binding protein.
8. The method according to Claim 7, wherein saldpolysacchandase is a cellulase.
9. A method for purifying a polypeptide which compnses a polysaccharide binding

domain from other ingredients in a mixture, said method"-'éomprising'

contacting sa.td mixture with the components of a phase separation system

~ comprising as a first component a phase-forming ohgosacchande polymer which is soluble

in an aqueous soluuon and to which said polypeptide bmds" and as a second component a

phase separatlon inducing agent;
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57 — at ECR lel med:is 1. A nethod for purify

_ corrpoun b -f-gpol ysacchari de binding domain from ot her
l-ngredi m sai d nethod conprising: - contacting
sai d AiXta oorrponents of a phase separation system conprising

as a flrst conponent ‘a-phasé-form ng oligosacchari de polynmer which is
soluble in an aﬂueous sol ution and to which said conpound binds and as a
second conponeninducing Phase separation jof said-yysemninte gaid first and second comparrits ng
phase separation of said st and second conponents wher eupon said

conpoundwheretpdn said polypeptidé cpapfitions intorsaids phese saintprisirigy said colignsacthanide ymer

to forma pol ynmer - corrpouh : conpl ex;
polymer to form a polypep e-compound complex;

collecting said. phase comprising said polymer-polypeptide complex; and

dissociating sa1d polymer-polypeptlde complex, whereby a solution comprising said

polypeptide purified as: t_:ompgred to said mixture is obtained.

10. The method acco mg to Claim 9, wherein said polypeptide is a fusion polypeptide

comprising said polysé.cch’#ﬂje‘_binding peptide and a macromolecule.

. 11, The method accordmg to Claim 10, wherein said fusion polypeptide comprises a

protease recognition sequ between said polysaccharide binding peptide and said

macromolecule.

12. The methodaccordmg to Claim 11, wherein said protease recognition: sequence is

heterologous to said polysacchande binding peptide.

13. A twc-phase part1t10n system comprising:

as a first oomponent a phase-forming ollgosacchande polymer to which a
polysaccharide bmdmg peptlde binds with a Ka of 10°M to 10’M and as a second component

a phase separation inducing a_gg_nt, wherein said first and second components are each present
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clol I eetl ng Sai i sing said pol yrrer-'corrpound conpl &E,PWENT SHEET

di ssom aty = conpound conpl ex, whereby a solution conprising
S said - cmﬂmmjlgg‘mﬂg@ as conpared to said m xture is obtained. 2.
The net hod* acco aim1, wherein said conpound is purified at |east
two-.-  ‘fold. .. % The method according to Claim1, wherein said
ollgosaccharlde polyner Is a t her nosepar ating pol yner and phase

separ at uDanlasnoundtsuﬁmemy thdndicaphase separdtionj and twherein saidefiyse campopemtis whi ch
phase separation occurs.

-58- - selected from the group consisting of hydroxyethyl cellulose, carboxymethyl cellulose, and

methyl celiuiose.

14. The two-phas_e-.paitition system according to Claim 13, wherein said polysaccharide

binding peptide is derived from C.fimi endoglucanse C.

15. The two-phase partition system according to Claim 14, wherein said polysaccharide

binding peptide is CBDy;.

16. A ;composi_tieﬁ comprising a polysaccharide binding peptide and a two-phase
partition system, wherein said two-phase system comprises as a first phase a phase-forming
oligosacchaﬁde polymer to which_said polysaccharide binding peptide binds with a Ka of

10°M to 10’M and as' a second phase a phase separation inducing agent, wherein said

polysaccharide binding peptide is partitioned substantially into said first phase as compared.

to said second phase.
17. The system ‘aceording to Claim 13, wherein ‘'said second component is selected

from the group cons1st1ng of a polyethylene glycol polymer dextran, and a copolymer of

ethylene ox1de and propylene oxide.
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4 The et ha to aim1, wherein said oli goﬁ%PcléﬁéMﬂi’e SHLET

pol yner ’ can. ... b, -+ The method according to Claim
4, vvherel n mﬂﬂ m'@m&‘ m ycan is a cellul ose. 6. The net hod
accord| ng.td Crcal n-said cellulose is selected fromthe group
consi sting of hydroxyethyl,ce]lulose car boxymet hyl cel | ul ose,

et hyl hydroxyethyl cel l'ul'0§e;.;and hydr oxypropyl cel | ul ose. 7. The
met hod B&cor di Agmethad of msing :aheompositingi forp pusifying: haeompoundn eomprisingtd de i s
derived froma pol ysaccharl"_e bi ndi ng domai n of a pol ysacchari dase or a

pol ysacpdiysalcclmnde bmdmg pepudé from other components of a mlxture, wherein said

oomposmon_ls a two.-pha_se partition svstem comprising:

as .a first comvonent a Dhase-fonmng_ollgo_sg@mgg_ng_wm.

20 A method for punfym __ '.___lcomp;)und comprising a polysaccharide binding peptide

from a mixture, said methdél p;ising:

as a first component a:the paratmg B-1,4-linked oligosaccharide polymer which is
soluble in an aqueous- soliition and to which said compounds binds_and as a second
to a temperature at which phase separation

occurs and a ohgosacchande polym - phase is obtained into which said compound partitions;

2

21. The two-phase partmon system accordmg to C1a1m 13 comprising as a third

component a composmon compnsmg a polysacchande bmdmg peptide that binds to said

oligosaccharide polymer. s —
I . RELACENERT ST
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bi nding protein erret od according to Claiwgﬁ \ ty
‘pol ysacchari dase IS a CH “wmilu m A net REPMA ‘ﬁgﬁgw
/pol.ypepti de which conpr ride bi.ndi ng dormai n from ot her

. 4 ngredients in a mxture, sai d met hod conpri sing:: contacting

said mxture with the components of a phase separatlon system conpri si ng
as a f Wttt icolafraeiy : a phase-formng ol i gosaccharl de polymer which is

sol ubl e i n an aqueous solutlon and to which said pol ypeptide binds and
as a second conponent a phase separation |nQUC|ng agent;
- 59- 2

A method for purifying a compound which ébiﬁ_pﬁses a polysaccharide binding

domain from other ingredients in a mixture, said method:comprising:

contacting said mixture with the componéﬁ,t_-‘"

LR

of a phase separation system

comprising as a first component a phase-forming ol,igOs:;iééharide polymer which is soluble

in an aqueous solution and to which said compound binds;and as a second component a phase

separation inducing agent;

inducing phase separation of said first and second components whereupon said

compound partitions into said phase comprising said ¢ligosaccharide polymer to form a

polymer-compound complex;

collecting said phase comprising said polymeéQK:ompound complex; and

dissociating said polymer-compound complex;':-w.hereby a solution comprising said

compound purified as compared to said mixture is obtqpcd'.

2.

The method according to Claim 1, wherein sa1 sompound is purified at least two-

fold.

3. The method according to Claim 1, whereinsaid oligosaccharide polymer is a

thermoseparating polymer and phase separation is mduced by heating said solution to a

temperature at which phase separation occurs.
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i nduci ng phase separation of said systeminto said first and second
s conponent’s’ “wher eupon- sai dpol ypepti de partitions E\{TLA@@ MNE SHEET
conpri si

o R s o FRSlypiocice Comoung

poI ymer - pcﬂ ypepti d& cdnpl ex; and di ssociating said
‘pol yrer - pol ypepti de conplex wher eby a sol ution conprising said
pol ypeptide purified as conpared to said m xt ure i s obtai ned. 10.

.The nethod acgQrdin o Caim Wherejin Sald | ypeptide is a fusion
pol ype%t i de Crg'ﬁ'b?‘?tg‘? c%"é’l“&ﬁ ‘B&W‘é‘hio‘f‘i@ﬁ@‘&é% PFB  RPY Bl & 6-1.4-
macr onol| ecul e. The net hod according to Caim 10 wherein said
f usi onabGF‘?pept [ de corrprl ses a

S. The method according to Claim 4, wherein said B-1,4-glycan is a cellulose.

6. The method according to Claim 3, wherein said cellulose is selected from the

group consisting of hydroxyethyl éelhﬂose, carboxymethyl celiulose, ethylhydroxyethyl

cellulose and hydroxypropy! cellulose.

7. The method according to Claim 1, wherein said polysacchaﬁde binding peptide is

derived from a polysaccharide binding domain of a polysaccharidase or a polysaccharide

binding protein.

8. The method according to Claim 7, wherein said polysaccharidase is a cellulase.

9. A method for purifying a polypeptide §vhich comprises a polysaccharide binding
domain from other ingredients in a mixture, said method comprising:

contacting said mixture w%’th the components of a pﬁase separation system
comprising as a first comﬁonent a phase-forming oligosaccharide polymer which is soluble

in an aqueous solution and to which said polypeptide binds and as a seéond component 2

phase separation inducing agent;

{REPLACEMENT SHEET
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_and sdaid maeronol ecul e. | 12. The rreth

\F/)mO]e;g;Q(mumun mnﬂ“tu S?Inldg on seqlljgnce_ is - E terol ogous to said

-

protease recognition _sequence between said polysaccharlde blnd

t ACHME él%%eﬁt de

‘A two- phase partition system
conpri si g: as a first conponent a phase-form ng

ollgosaccharlde pol ymer to which a pol ysacchari de bi ndi ng pepti de binds
with a Ka of 10[err] Mto 10[err] M and as a second conponent a phase

separation |ndu el a]gent wherein said first an _secor(ld conponents are
each present 0 ¢ phase separanon of said system into said first and second compgpents

polymer to form a pnlypeptlde-compound co‘m'plex;
collecting said phase comprising said polymer_-_bolypeptide complex; and
dissociating said polymer-polypeptide complex. W.hereby a solution comprising said
polypeptide purified as compared to said mixture is obtained.
10. The method according to Claim 9, wherein s:ud pélypeptidc is a fusion polypeptide
comprising said polysaccharide binding peptide and a_‘macfomolecule.
1. The method according'to Claim 10, wherein saxd fusion polypeptide comprises a

protease recognition sequence between said polysaqcharide binding peptide and said

macromolecule.

12. The method according to Claim 11, wherein sa1d .ﬁrotease recognition sequence is

heterologous to said polysaccharide binding peptide.

13. A two-phase partition system comprising:

as a first component a phase-forming oli haride polymer to which a

polysaccharide binding peptide binds with a Ka of 10°M t_é O’M and as a second component

a phase separation inducing agent, wherein said first and second components are each present

'_REPLACEMENT SHEET
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REPLACENMENT SHEET . I n an anount sufficient to induce phase separation,
_and V\her-e4—n—sa|—d~i4—r-si-~sgrmonent is selected fromg PreOnsiStii of
__ hydroxye car boxymet hyl cel |l ul ose, ﬁgmg%h“é&?g}dﬁ—r
o i um | tion systemaccording to Caim13, wherein said
poI ysacc pt ide is derived fromC. fim endoglucanse C.
The t wo- phase part ition system accordi ng to Caim14, wherein said

poI ysaccharide binding peptide is CBDerr]. . 16. A conposition
conprising a polysaccharide binding peptide and a two- phase
in an amount sufticient to induce phase separatxon and wherem said first component is

selected from the group consisting of hydroxyethvl ce!lulose ggrboxymethxl cellulose, and

methyl cellulose.

4. The two-phase partition system according to Claim (3, wherein said polysaccharide

binding peptide is derived from C.fimi endoglucanse C.

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

binding peptide is CBDy,.

16. A composition comprising a polysacchande bmdmo peptide and a two-phase
partition system, wherein said two-phase system compnses as a first phase a phase-forming
oligosaccharide polymer to which _saxd_p,olysacchande bmdmg pepnde binds with a Ka of

10’M to 10'M and as a second .p_hase_a..phase separatmn mducmv agent, wherein said -

aid fir

17. The system according to Claim 13, wherein sax sécond component is selected
from the group consisting of a polyethylene glycol polym : dextran,- and a copolymer of

ethylene oxide and propylene oxide.
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pal’tltIDTT erein said two-phase systemc

e onpr i Tphase
gl ﬁQ;’iﬁg gﬂl‘m‘"m(ﬂm harl de polyner to whifR MEM&&?% %

a Ka of 10[err]N|to 10[err] M and as a second
se a phase separats on I nduci ng agent, wherein said pol ysacchari de
' blndlng peptide i's partitioned substantlally_lnto said first phase as
conpar ed to said second phase 17.

~ The system according to C aim
13, wherein said second conponent is selected. fromthe group consisting

of a f@lyet hyA emethgﬂy@tblusmgla/rﬁarnpogiamrm pmtghng aoqorhpound odmprisigg hw| ene
oxi de and propyl ene oxi de.
- 61 -potysaccharide binding peptide from dthér components of a mixture, wherein said

composmon is a two-ghase pg ition s,ys_tem_c_o_r_npnsmg“ -

as a first component a phase—formmg ohocisaccnaridg_ _polymer to which a

- polysaccharide bmdg;ggpttde bmds with a Ka of 10°M to 0’M and as a second companent

a.phase. separauon_mducmg_agent._whe:eb_x_saxd_ccmmqq s purified at least two-fold.. ..

19. The method according to Claim 18, wherein sz_;i;_(_i:époly.saccharide binding peptide

.compr_ises CBDy,.

20 A method for purifying a compound comprising_é_;_p(_)lysait:charide binding peptide
from a mixture, said method comprising:

heating said mixture with the

as a first component a thermoseparaung 8-1, 4-lmked ol‘" _saccharide polymer which is

soluble in an aqueous solution and to which said compounds binds_and as a second

component a phase separation inducing agent, to a tempe;gture at which phase separation

occurs and a'oligoséccharide polymer phase is obtained mto which said compbund partitions;

collecting said oligosaccharide polymer phase, h comprises said compound

purified from other components of said mixture.

21. The two—phase partition system according to Cl, m 13 comprising as a third

component a composition comprising a polysacchande bmdmg peptide that bmds to said

oligosaccharide polymer.
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18. A method of using a conposition for purifying a compound conpri si ng

A polysaccharide binding .pepti.d ﬂ m onent s—ef—a—nTrxture;

wherern sard conposition is a tjm Hmu ﬂlllﬂm system conpri si ng:

as a first conponent a phase form ng ‘ol fgo’éaccharl de polymer to which a

pol ysaccharl de b| ndi ng pepti de binds with a Ka of 10[err] VerRssepbsar | M and

as a secondV a phase sep Eﬁr!:"E ci ng agent, whereby said

conmpound is pur S Burea n 1 Aprilhegore(01Qoa 873ording to

CI aim 18, W&Sﬁ d,"?g?‘%‘..é ﬁﬂ i"* t hdetisNg m&pmam 2¢ camdr 22 edde@BD{ err ] .

A for puri y| ng a cooz)@aguk)ﬂorrprl sing a pol ysacoharl de

b| ndi ng peptide m a oyl heatl ng
10 Elfee Bl FhaH 17 S 13, s

said m xture W|tht e coipone rrpr|5|ng
polysaccharide binding peptide is derwed ﬁ'om C. fima endoglucanase C.

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

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

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

17. The two-phase partition system according to Ciaim 13, wherein said
5 second component is selected from the group consisting of a polycthylene giycol
polymer, dextran, and a ooﬁolymer of ethylene oxide and propylene oxide.

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

19.  The cellulose binding domain according to Claim 18, wherein said binding
domain is CBDw:.

20. A method for separating a compound comprising & polysaccharide binding
25 peptide froma mlxmte, said method comprising:
heatmg md mixture, said mixture comprising a thernmoseparating p-1.4-
linked cel!on_cc!la__nde polymer which is soluble in an aqueous solution and to
which said compound binds, to 2 temperature at which phase separation occurs
and & cellosaccharide polymer phase is abtained into which ssid compound
10 partitions; |
collecting said cellosaccharide polymer phase. which comprises said

1 e e
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as a first conponent a thernoseparating [err]-1,4-linked oligosaccharide
pol ymer which is sol ubl e [im_an aqu_eaus~sgl-u-t"r'0n aﬁdfo whi'ch said
conpounds binds and as a second conponent a par ati on i nduci ng
agent, to a tenperature at which phasﬁlm Hﬂﬂ curs and a

ol i gosacchar i ¢ ¢ahssger phase is obt said ¢ Wﬁl{é’é
partitions; col l ecting sai d ol gosaccharl de pol gz
whi ch corrpri ses sai d conpound purifi ed from ot her conponents of said

m Xt ure. The two-phase partition systeem-according to Claim13
conprising as a th| rg?d corrponent a conposi tion conprising a
pol ysacchari de bi ndi pe MSyﬂENMlngﬁlqlﬁ%Wﬂg

pol ymer . as a third component a composition comprising a polyssGGZchmdc binding peptide
5 that binds to said oligosaccharide polymer.

22. A cleavage enzyme complex comprising a polysaccharide binding peptide
which binds to an insoluble polysaccharide.
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