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SEPARATION AND CONCENTRATION S)'STEMS BASED ON 
SOLUBLE OLIGOSACCHARIDE BINDING DOMAINS 

INTRODUCTION 

Technical Field 

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

IS 

other compounds by affinity phase separation using a polymer-ligand pair in which the ligand 

binds to a soluble phase-fonning oligosaccharide. The invention is exemplified by the use of a 

phase separation system comprising a soluble oligosaccharide with affinity for a compound 
comprising as the affinity ligand a cellulose-binding domain from a Cellulomonas fimi cellulase. 

Background 

Production of proteins by expression in microbial systems has become a significant 

soW'Ce of high value. medically important proteins. Purification and recovery of recombinant 

proteins ar:e 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 lqe­

scale purification ·of protein :products, including high-dose therapeutics such as insulin, and 

industrial proteins such as 3-oxosteroid isomerase, alcohol dehydrogenase, and 

phospho:fructokinase. As a result, a wide variety of two-phase systems are now available for 

2S both protein-purification and cell-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 

imponantly, continuous processing. 

lO Technical feasibility of aqueous two-phase partition systems has been demonstrated in 
severaJ systems up to the 1 OOtOOO 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 low price and availability in a wide range of molecular-weight ftactions. 

3S Fractionated dextran. an a- I ,6 glucosaccharide with a-1,3 branching, often serves as the second 

polymer. However. many other water-soluble polymers are also in use, including a 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 fennentation broth is added to 
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an 'queous two-phase system. each type of protein partitions uniquely based on its relative 

affinity for the two phas~forming components. as well as on its size, surface chemistry, and net 

charge. 
Relatively low partition coefficients and lack of selectivity in conventional aqueous two-

s phase systems have motivated the development of aftllilty partition systems which combine the 

versatilicy of conventionl.l partition systems with the uDique ·binding selectivity of affinity 

ligands.: Jn most cases, the biospecific ligand is covalently linked to one or both ends of a phase­

fonning:polymer. usually.PEG. The strong partitioning:ofthe polymer during phase formation 

then calises the accumulation of ligand into one of the ~quilibrium phases. This highly 

10 asymmetric partitioning, combined with the strong affinity of the target protein for the ligand, is 

the basis behind the affinity separation and concentration. 

However, although current affinity partition systems are of some industrial use, they are 

limited in their capacity and resolving power by low ligand densities which result from the 

presence of only one or two ligands per polymer chain. Since polymer concentrations are usually 

IS less than: 15 wt%, affinitypartition systems with a 1:1or2:1 ligand to polymer stoichiometry 

usually yield target protein separation factors (relative to those of the contaminants) between S 

and 50. While these separation factors are more than sufficient for product concentration. they 

do not generally provide a desired product purity in a co1:t-effective, one or two-stage extraction 

process. Classic affinity partition systems also are limited by the expense of the chemistry 

20 needed to produce the polymer-ligand conjugates. For example, conjugation of a ligand to PEG 

firstreqµires substitution pf:the;temUnal hydroxyl grolll),S with more reactive electrophiles, such 

as:bromides, chlorides;.or~epoxides. A secondnucleophilic-attack reaction is then required to 

covalently bind the polymer and ligand. The ligand polymer conjugates also must be designed 

specifically for each protein or class of proteins to be purified. 

15 A recent development in aqueous biphasic separations is to combine aqueous two-phase 

systems with temperature-induced phase separation. To «late, these systems have used a 
thermoseparating polymer as the top-phase polymer wjtil .. ehher dcxtran or hydroxypropyl starch 

as the bottom-phase polymer. : Temperature-induced phase separation following the purification 

step then makes it possible to s~parate and ~le the ~lymer from the biological products. In 
30 this form, the process has the advantage of recovering th~·thermoseparating polymer, but suffers 

from the distinct disadvantage that the target protein has:.lio: unique and strong affinity for the 

thennoseparating polymer. Application ofoligosaccha,ride binding domain technology to these 

two-phase systems would allow for a high"'.a:ftlmty sep&ratjon to the phase containing the 

polymer to which the domain binds followed by a simpl~ method for recovering and recycling 

lS the polymer. It therefore is of interest to dev_el~p.rapi~:iliexpensive, high capacity methods for 

purification of a desired protein, particularly'.~ develoP,:riiCthods which can use generic polymer­

ligand conjugates. 
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Relevant Literature 
For a review of phase-forming oligosaccharides, see Zaslavsky. Aqueous Two-Phase 

Partitioning. Marcel Dekker, Inc.: New York (1995); Albertson, P.A .• Partitioning of Cell 
S Particles and Macromolecules. 3rd ed .• Wiley Interscience: New York (1986}; Walter, R 

Brooks. D. E., and Fisher, D •• Partitioning in Aqueous Two-Phase Systems, Academic Press: 
Orlando, FL (1985). 

The following references relate to thennoseparating polymers: Malcolm. and Rawlinson. 
(1957). Trans. Faraday Soc., 53,921; Bailey and Callard, (1959). J. Appl. Polym, l, 56; Home, 

IO et al. J. Colloid Interface Sci., 35, 77; Saeki, et al. J. Chem Soc. Faraday Trans. 1, 79, 975; 

Fujishige. et al. (1989).l Phys. Chem, 93, 3311; Galeav and Mattiasson, (1993). Enzyme 
Microb. Technol., 15, 354; and Chen and Hoftinan, (1995). Nature, 313, 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-

IS 1233; Coutinho, et al .• Molecular Microbiology (1992) 6:1243-1252: and Coutinho, et al. FEMS 
Microbiology Letters (1993) 113:211-218. For a review ofb-:1, 4-glycanases, g Gilkes, et al. 

(1991) Microbial Reviews 55:303-315. Also, see Miller, Jr .• et al. (1995)Proc. 6th lnt. Conf on 
Biotechnology in the Pulp and Paper Industry, Vienna, Austria. 

20 SUMMARY OF THE INVENTION 

Aqueous phase separation and/or·purification systems, together with methods for their 
preparation and use, are provided which are based·on polymer-ligand conjugates wherein the 
polymer is an oJigosaccharide polymer and the composition to be separated and/or purified 
comprises a ligand which binds to the oligosaccha.ride polymer. The ligand is a polysaccharide 

2S 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-iitducing polymer, another pbase-
lO inducing agent or a means for inducing phase separation. The method inwlves contacting the 

phase separation system with the composition, which parti~ons. into the oligosaccharide polymer 
phase. following induction of phase separation and isolating the compositio~. The composition 
may be removed :from the oligosaccharide polym1=r with a removal solution having low ionic 

strength, high pH or containing a chaotropic age11t. Al~rnatively, a specific or non-specific 
15 protease can be used for enzymatic removal of the compound from the polysaccharide binding 

moiety which remains bound to the oligosaccbaride polym~ 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 
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affinity for a crystalline polysaccharide to which the first polysaccharide binding moiety has no 

affinity. Optionally. the protease can be reqrcled by sµbsequent elution from the solid 

polysaccharide. Alten.tively~ the protease boqnd to tll.e ~d polysaccharide binding moiety 

can be provided bound t(> a solid polysacchari4e s1.1pp~rt to which the polysaccharide binding 

S peptide does not bind. 'Ibe invention finds use for separation and/or pwification of proteins and 

other compomds which.·~an ·be joined to a PBP; 

B~F:DESCRIPTION OF THlt DRAWINGS 

FIG. 1 shows ~_consensus sequence for cellulose-binding domains based upon the 

10 amino acid sequence alignm~ts of the cellulose-binding domain (NI and N2) of the 

Cellulomonasfimi endoliucanase C (CenC) {Coutinho et al. Mo/. Microbiol. (1991) 5:1221-
.·. . 

1233) and the putative«:ellulose-bindingdomains of CceCelCCE (a cellulase from Clostridium 

ce/lulo{vticum) Ba~:Tardif eta/. Gene (1992) 119:17-28). MxaEgl (a B-1,3-glycanase from 

Myxococcus xanthus) (~Uet et al. Gene (1995) 158:23-29), SreCeJ 1 (a cellulase from 

IS Streptow,yces reticulz) SChiochttenneier et al. Mo/. Microbial. (1992) 6:3611-3621), and TfuEl (a 

B-1,4-endoglucanase florriThermomonosporafusca) Lao et al. J. Bacterial. (l 991) 173:3397-

3407). Amino acid resi~ are indicated in single letter code. A dash (-) indicates a gap left to 

improve the alignment. 

FIG. 2 shows a graphic representation of the pTugA vector which is used for expression 

20 of PBl>N1 in Escherichia~cpli._: Use of pTugA results in high level inducible transcription, 

enhanced RNA translatiollrportability; high copy number, stability and versatility. The pTug 

vectors·.contain the mutant j:>MBl ori -derived ·from pUC 13 to enhance copy number·(Minton et 

al. Focus (1988) 10:S6)~• strong and highly inducible (by IPTG) tac promotor(P10c) which is 

strongly repressed by Laclq The iaclq allele is incorporated in the pTug ve~or to maintain a 

2S constant ratio of P tac to laclq, ensuring adequate levels of repressor irrespective of the E. coli 

host. The gene I 0 translatignal enhancer (Olins et al. G~ne (1988) 73 :227) is also incorporated in 
the pTug vector. The leadet::~~uence of the endogluc8113Se A (CenA) ftom C.flmi was 

incorporated into the vector ioallow recovery of a reco~binant polypeptide from E.coli 

supematants. Fig. 2A shOws the nucleotide and encOOe<i amino acid sequence of the Ncol -

10 HindfIJ region as well as the nucleotide sequence of the region upstream of the Ncol site, 

including the gene 10 trans~tional enhancer ("gl 0") an~ the CenA leader sequence ("leader"). 

Fig 2B shows the pTugA vector map. 

FIG. 3 shows a graphic represen~ion of the pTl1gAS vector. FIG. 3A shows the 

nucleotide and encoded ammo acid sequence of the Sa~l-Hindlll region as weJl as the nucleotide 

1~ sequence of the region upstream of the Sacl site. FIG. JB shows the pTugAS vector map. 

FIG. 4 shows the~()~On ofpTugE07K3 .. pTu~ a derivative ofpTugA. caries the 
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selective marker for kanamycin resistance in place of the selective marker for ampicillin 

resistance. was digested completely with Ncol The staggered end was repaired with the 

Escherichi coli DNA polymerase I (Kienow fragment) to create a bbmt ended restriction site. 

The modified pTugK vector was then digested completely with Hindill and the 4.2 kbp fragment 

S was isolated. pTZE07 (Ong et al. Biotechnol. Bioeng . . (1993) 42:401-409) was digested 

completely with BamHI and the staggerectend was repaired with the Escherichi coli DNA 

polymerase I (Kienow .fragment) to create a:.bluntended restriction site .. The modified pTZE07 

was then digested completely with HindIIl and the 2.1 kbp fragment was isolated. The 4.2 and 

2.1 kbp fragments were ligated to give pTugE07K3. 

10 FIG. 5 shows the construction ofpTugKNl. pTugE07K3 was digested completely with 

Nhel and HindIIl to remove the 1.8 kbp &agment containing the CBDcex and the 4.5 kbp 

fragment was isolated. PCR was used to introduce appropdate restriction sites at the 5' and 3' 

ends of the gene fragment encoding CB1>N1. A Nhel site (underlined), coinciding with the N· 

tenninal end (ala·ser) of mature CBD~n, as introduced as a silent mutation at the 5' and of cbdN I 

IS using the oligonucleotide S'·TI'ACCTCATATGQCTAOCCCGATCGGOOAGOGAACG-3'. A 

HindJil site was introduced at the 3' end of cbdN 1 using the oligonucleotide S'-

AGAA TGAA 1TCMGC1TAGAGCTCGACCTCGGAGTC-3'. A translational stop codon was 

also included in this primer. The polym~ reaction (PCR) mixture (50 ml total volume) 

contained 10-100 ng template DNA(pTZ-JC3) (Coutinho et al. Mol. Microbiol. (1992) 6:1243-

20 1252), 25-50 pmole (300 ~g) primers, 2mM MgC)J, ~% dimethyl sulfoxide, 0.2 mM 2'­

deoxynucleotide S'·triphosphates and 1 unit Taq DNA: polymerase in SO mM Tris. HCI buffer, 

pH 8.3. Twenty.eight suc~ssive cycles were:performecl 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 

CBDN1 PCR fragment was digested completely with Nhel and Hindlll and the 0.5 kbp fragment 

2S was purified by precipitation. The 4.5 kbp and 0.5 kbp fragments were ligated to give pTugKNl. 

FIG. 6 shows the pTugKNl vector. The pTugKNl vector is clerived from the pTugA 

vectors by replacing the selective marker for ampioill~ resistance (B-lactamase encoding 

sequence) with the selective marker for kanamycin resistance. The sequence encoding the leader 

peptide of the endoglucanase A (CenA) of CJ'uni was replaced with the encoding sequence for 

30 the leader peptide of the exoglucanase (Cex) from C.jimi (Ong et al. Biotechnol. Bioeng. (1993) 

42:401-409). 

Fig. 7 shows the results of anion ~-c~matography of PBDN1• Partially purified 

PBl>N1 ( l SO mg in 200 ml) was loaded (l mlf~):ontq an anion exchl:nge colmnn (MonoQ) 

equilibrated in 20 mM potassium phosph&te:~uffet, pH'. 6.0. After washing the column with 200 

lS ml buffer. pH 6.0 bowid protein was recov~ (S int ft.actions) using a salt gradient (600 ml. 0-J 

M NaCl in 20 mM potassium phosphate bufl~r. pH 6.0,). PBD~n was recovered from the c_olumn 
in 300 mM salt (peak 1 ). Contaminating proteins bound more tightly and were removed in 

higher salt (peak 2). 
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Fig. 8 shows SDS-PAGE analysis of PBl>N1 during purificatioin from culture 
supematants. Culture supematants from JM101 harboring pTugKNl (induced) (lane 2), whole 

culture suspension (cells and broth) (lane 3), Avicel fraction after binding of proteins in culture 

supematants (lane 4), flow through fraction after binding supematants to A vicel (lane 5), &action 

eluted with H20 from Avicel (lane 6) and PBl>N1 after MonoQ pmification (lanes 7 and 8) were 

analysed on a gel containing 12.5% acrylamide. ·Molecular mass standards (lane 1) are as 

indicated. 

FIG. 9 shows affinity electrophoresis gels.for analysis of PBPs (PBDN1 and PBl>NrN2)· 

Binding of purified Bovine Serum Albumin (BSA) (lane 1 ), PBl>Na (lane 2) and PBDN1N2 (lane 

10 3) to soluble oligosaccharides was analysed in native gels containing 13% acrylamide. 

Retardation in the gels in the presence ( +) of poJysaccharide ((0.1 % w/v) hydroxyetbyl cellulose 

(HEC) or barley glucan) relative to their migration in gels in the absence(-) of the 

oligosaccharides is indicative of binding. Xylan is used as an non-binding polysaccharide. Smg 

of each protein were loaded on each gel. FIG. 9A compares binding in the presence ( +) and in 

15 the absence (-) of barley B-glucan: FIG. 9B compares binding in the presence (+) and in the 

absence(-) ofhydroxyethyl cellulose, and FIO. 9C compares binding in the presence(+) and in 

the absence(-) ofbirchwood xylan. 

FIG. 10 shows the vectors used in the construction ofpTZ-JC13 (FIG. JOC). FIG. IOA 

shows pTZ-JC2 containing the gene fragment encoding the whole CenC, which was used to 

20 obtain the fragment encoding PBDN1. FIG. 108 shows vector pUC18-l.6 cenA_PT, which was 

used to obtain the CenA encoding fragment. 

FIG. 11 shows the results of analysis of proteolysis products from CenA and the.PBl>N1-

CenA fusion protein using SOS-PAGE analysis. Eight mg of each polypeptide was incubated in 

50 ml phosphate-buffer, pH 7.0 (SOmM) with 0 {lanes 5 and 9), 0.1 (lanes 4 and 8), 0.5 {lanes 3 

2S 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 et al. J. Biol. Chem (1988) 263:10401-10407). 

FIG. 12 shows the results of separation of CenA and PBDtwCenA by differential 

lO adsorption to cellulose followed by analysiS ;of WJadsorbed polypeptides using SOS-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 microcrysthlline cellulose (BMCC(-)). In FIG. l 2B, 

supematants containing the unadsorbed fractions from the BMCC incubation mixtures were 
35 further incubated with phosphoric acid swo.llen cellulose (PASC( + ). Results with control 

samples without addition of(PASC(·)) also are shown. 

FIGS. 13A and 13B are schematic diagrams for immobilization and use of a fusion 

protein. FIG. 13A shows fed-batch productio~ purification. and immobilization of the fusion 
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protein. FIG. 138 shows use of the fusion protein for hydroJysis of cellulosic materials to 

glucose with a reusable fennentor-immobilization column setup. 
FIG. 14 shows two removable label compositions and means for enzymatically debinding 

the removable label from a cellulose substrate: an arrow indicates a chemical moiety, an open 

S box indicates a protease cleavage site for a specific protease, and a cross-hatched box indicates a 

cellulose-binding domain. 

FIG. 15 shows isothermal titration microca)orimtery data :for binding of hydroxyethyl 

ceJlulose to CBDN1 in SO mM phosphate buffer solution at pH7 and 35° C. 

FIG. 16 shows preliminary phase-equilibria data for mixtures of hyroxyethyl ceJlulose 

10 and Pluronic Pl OS in SO mM PBS at 35° C and pH7. 

FIG. 17 shows a schematic of an affinity partition system based on novel CBD~11-fusion 
technology. After a diafiltration step to remove excess salt, the target protein, when necessary, 
can be recovered ftom the fusion construct by cleavage at an IQGR-specific recognition site for 

Factor Xa inserted at the- I position relative to the target protein~ Assouline et al .• (1993) 

IS Protein Eng., 7:787) for suitable expression systems for Factor Xa and for Factor Xa-CBD fusion 

proteins. Direct recovery of the target protein by Factor Xa cleavage directly after the affinity 

panition step can be used to simplify the process. 

FIG. 18 shows experimental cloud-point diagram for UCON SO..HB-S 100 in water and in 

I 00 mM citrate buffer. For a 10° (w/w) UCON .solution,. phase separation occurs .at 323Kin the 

20 binary mixture and at 312K in the buffer-containing system. 

DE§CBJPTION OFTllE SPECIFIC EMBODIMENTS 

Aqueous phase separation systems which can be used for purification and/or separation 
of compositions which bind to a phase-forming oligosaccharide polymer are provided. 

25 Generally, the compositions include a polysaccharide binding peptide (PBP) comprising an 

amino acid sequence which has high aiimity 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 polysaccbaride binding PeJ>tide 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 naturaJly occurring or synthetic. Where 
the PBP is a PBD or is derived from a PBD, the amino acid sequence generally is essentially 

1aclcing in the hydrolytic enzymatic activity ofthe polysaccharidase, but retains the substrate 
lS binding activity. 
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The phase separation system generally comprises two phases which are generated by the 

incompatibility of the components of the phase separation system upon mixing of the 

components. One component of the system is a phase forming oligosaccharide and a second 

component is a phase-inducing agent, such as a second polymer, which is incompatible with the 

S oligosaccharide polymer. or a strong electrolyte, particularly a salt. such as a sulfate or citrate 

salt. which is present at a sufficiently high concentration to induce phase separation. In instances 

where the phase forming oligosaccharide .is a thennoseparating polymer, phase separation can be 

induced by heating the composition containing the'compo1D1d to be· purified and the phase­

forming polymer until phase separation occurs. 

· 10 The steps of using the phase partition system inelude contacting composition comprising 

the polysaccharide binding peptide with the phase separation system. The phase partitioning 

system can be already mixed, or the composition can be added to a dry fonn (e.g., lyophilized) of 

either of the components. As an example, the oligosaccharide polymer is added to the 

composition thereby rehydrating the polymer and phase separation is induced. For some 

IS applications. more than two phases can be used. After a time sufficient for the composition to 

partition into the oligosaccharide polymer phase, the phases are separated. Partitioning 

(nonaffinity) of contaminant proteins into the polysaccharide-rich phase is minimized by 

adjusting the system pH. polymer concentrations, and addition of partitioning electrolytes. 

Under optimal conditions of operation, multistage contacting of the two aqueous phases then 

10 provides either complete or partial (but sufficient) purification of the target composition. 

The composition comprising a polypeptide or chemical moiety of interest can be removed 

from the polymer by contacting the polymer. with a removal solution capable of eluting the· 

composition comprising the PBP from the polymer·or the composition comprising the PBP can 

be removed enzymatically by including a protease recognition site or chemical cleavage site 

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 s~c cleavage enzyme can be provided as a cleavage enzyme 
lO complex wherein the cleavage enzyme is boun<ho a PBP which bas substrate binding 

characteristics which differ from those of the PDP which binds to the soluble oJigosaccharide 

polymer or which binds to a different polysaccharide rather than just different physical forms of 

the same polysaccharide. Preferably the second;fBP binds to an insoluble polysaccharide to 

which the first PBP does not bind. The insolµal?l~ polysaccharide can be added to the mixture 

lS containing the compound of interest .to remoy~the cleavage enzyme complex from the solution. 

Following separation from the solution. thC c)~~age enzyme complex can be removed from the 

insoluble polysaccharide and reused. Altern~tively, the cleavage enzyme complex can be 

provided already boWld to an insoluble polysaccharide. for example in the fonn of a column 
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through which the mixnire containing the compound of interest is i>assed. 

The subject invention offers several advantages over currently used aqueous phase 

separation systems. Oligosaccharide_.polymers including carbohydrate polymers such as 

cellulose and other .B-glucans, such as ~e obtained from oat and barley, are plentiful and 

5 inexpensive. Furthermore, a variety of proteins bind specifically to carbohydrate polymers and 

other oligosaccharides and can be used as the source of PBP for the subject invention. As an 

examp!e.·fusion proteins can be prepared which include the carbohydrate polymer-binding 

portion of a protein which. binds to a carbohydrate as. a means for separating and/or purifying the 

fusion protein using the subject phase separation system. Thus, use of the PBP provides a 

10 generic means for affinity separation and/or purification of any polypeptide or a chemical moiety 

by attaching it to a PBP which can bind to a phase-fonning oligosaccharide polymer. The . 

selective binding of the PBP from the oligosaccharide polymer makes it especially suitable for 

the purification and/or isolation of a wide variety of compounds using a single oligosacchariqe 

polymer phase separation system. It is unnecessary to prepare separate phase separation systems 

IS for each compound to be separated, i.e., to prepare specific polymer-ligands for each compound. 

Also. oligosaccharides have many binding sites as compared to other pbase·separator polymers 

which are used. thus significandy 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 specitically·and strongly.to:the polymer but can be removed· easily by elution 

with water or at high pH at ambient to physiologic temperatures, generally less than 400C and 

generally in the range of 20°C. For non-protein compounds, the PBP can be removed from the 

2S compound by proteolysis using a general protease such as protease Kat 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 PBP may comprise up to the entire 

JO polysaccharidase enzyme, including the protein 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 so that it can be reused. 

Treatment of the polysaccharide with desolption solutions as described above does not alter the 

surface structure of the polysaccharide. The .. temative procedure involving the use of a non-

15 specific protease to debind the PBP conjugate from a matrix acts directly on the conjugate and 
. . ; . . 

does not modify the polysaccharide ~~· By inU:Oclucing 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 
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advantages of this system include that it is linearly scalable by volwne from a iaboratocy protoc~J 
to a commercial protocol and that the system can be run as a continuous process. 

Novel polypeptide compositions can include those having the following formula: 

PBP-MR-X (1) 

wherein: 

PBD is cbaracterized·as a consecutive sequence of amino acids· from the substrate 

binding region of a polysaccharidase or other protein which binds to a polysaccharide substrate 

10 to provide for high affinity binding to a substrate of the polysaccharidase and, optionally, 

essentially lacking in polysaccharidase activity. The PBP is at least as large as the minimum 

number of amino acids in a sequence required to bind a polysaccharide and for use in a phase 

separation system, further is characterized as capable of binding to a phase forming 

oligosaccharide; 

IS MR is the middle region, and can be a bond; short linking group of ftom 2 to 30 carbon 

ato~ or have from about 2 to about 20 amino acids. The region can include an amino acid 

sequence providing for specific cleavage of the fusion protein. usually a sequence corresponding 

to that recognized by a proteolytic enzyme of high specificity such as an IgAl protease or 

Factor Xa; and 

20 X can be any peptide of interest or a chemical moiety. X is characterized as having up to 

the entire sequence of a polypeptide of interest; .. and can be an enzyme, a hormone, an 

immunoglobulin, peptide, etc. 

Novel polypeptide compositions include·,those having the following formula: 

PBP-Zor 

PBP-MR-Z 

wherein: 

(2) 

(3) 

30 PBP and MR are defined as above; and,Zjs a chemical moiety that is attached to the 

PBP. Z indicates only the moiety, not the stoichi~metry of the moiety. The stoichiometry can be 

variable. 

The PBP can be obtained from a variety tjfsources, including enzymes which bind to 

oligosaccharides which find use in the subject ip~~on. Two types of oligosaccharides find use 

3.S in the subject invention, ( l) the oligosacchari •• ~ ~e phase separation system, and (2) the 

oligosaccharidc used in the solid phase systenf ,~iich as ~s used for removal of a cleavage 

enzyme. The phase separation system oligos~hande gel'.lerally has the characteristics of being 

soluble in an aqueous solution. having high affinity for and capacity to bind to the composition 

10 
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comprising the PBP and compound of interest capable of phase-separation such that compound 
comprising the polysaccharide binding peptide is highly enriched in one of the phases, generally 

2: about 70%, preferably~ about 80%. In Table I below, is a partial list of oligosaccharides 

known to form aqueous two-phase systems with either another polymer or a strong electrolyte. 

Table I 

Phase-Formin1 Oligosaccharides 

Vacbarged Cbarpd 
Polysaccharides• Polysaccllllrides 
Compogpds 

Dexttan Na c:arboxymethyl 
dex1ran 

Hydroxypropyl dexttan Na c:arboxymethyl 
eellulose 

Carboxymethyl dexttan Na dexuan sulfate 
derivatives 

Maltodexttin DEAE dcxtran 
Arabinogalactan Polygalacturoaic 

Hydroxypropyl stan:h 
AmyJopectin 

acid (pectin) 

Methyl cellulose 
Hydroxyethyl cellulose 
EthylhydroxyelhyJ ce11ulose 
Carboxymethyl cellulose 
Hyclroxypropyl cellulose 
Fi coll 
Carboxymethyl stmh 
Hyclroxyethyl starch 
Pullulan 

1 
· Polymers can be crude or purified. 

11 

Low 
Molecular Weigllt 

Dexlrins derived 
from cellulose 
(Cellotriose, celloteuaose, 
etc.) 
Xylose, xylobiose. 
xylotriose. etc. 
Maltodextrins and 
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Other polysaccharides which are likely to fonn two-phase systems include: mixtures of 

low-molecular weight cellosaccharides: chjtosan and other chitin derivatives: all water-soluble 

glucans (a. B. and/or mixed linkage with degree of polymerization> 3), modified glucans. and/or 

derivatized glucans: cereal B-glucans such as barley or oat B-glucans; and mannans, 

5 glucornmannans. galactomannans, xyloglucans. 

Another group·-of polysaccharide polymers which form two-phase systems· include water­

soluble amphipolar.polymerswhich are:thermoseparating in water. When a binary aqueous 

solution of the polymer is heated above its cloud point temperature (CPT), the solution phase 

separates into two macroscopic phases. One of the phases, usually the bottom phase is heavily 

10 enriched with polymer, while the other phase typically contains little to no polymer. 

Polysaccharide-based polymers which are known to exhibit thermoseparating properties include 

methyl cellulose, ethyl hydroxyethyl cellulose, propyl hydroxyethyl cellulose, and hydroxypropyl 

methyl cellulose. However. essentialJy any water-soluble '3-1, 4-linked cellosaccharide should 

show thermoseparating properties. Johansson, et al. (1993). Macromolecules, 26, 4478; Harris. 

IS et al. (1991 ). Bioseparations 2. 237; Alfred P.A. et al. (1992). Bioseparations, 2, 363; and 

Alfred P. A. et al. { 1994). J. Chromatog., 659, 289. Other water soluble polymers which 

thennoseparate include polyethylene glycol, polyethylene oxide, polypropylene glycol and linear 

random copolymers of ethylene oxide and propylene oxide (trade names UCON and Pluronic). 

For the solid phase recovery.systems, a variety of polysaccharide· substrates are of 

20 interest. These include cellulose. a polysaccharide composed of D-glucopyranose· units joined by 

B- l ,4-glycosidic linkages and its esters. e.g., cellulose acetate; xylan, in which the repeating 

backbone unit is B-1,4-D-xylopyranose~ chitin, which resembles cellulose in that it is composed 

of B-1,4-linked N-acetyl, 2-amino-2-deoxy-B-D-glucopyranose units. Enzymes 1hat are capable 

of binding to polysaccharides, such as those listed above, are of interest in the subject invention 

2S as a source of amino acid sequences capable of binding to such substrates. 

In Table 6 below arc 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 NI cellulose-binding domain from endoglucanase CenC of 
C. ft mi 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 S are 

examples of proteins containing putative B-1,3-glucan.;binding domains (Table 2); proteins 

containing Streptococcal glucan-binding repeats (Cpl:superfamily) (Table 3); enzymes with 

chitin-binding domains (Table 4 ), and starch-binding domains (Table 5). 

12 
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Table2 
oVeajsw ofprotstgs cont•lni!Jg putadys 1-1.3 glucan-bindlng domains 

Source fstrain)1 Protein accession N° 

Type I 

B. cira1lans (WL-12) GLCAI 
B. circulam (IAM 1165) 

2 

TypsU 

Actinomadura sp. (FC7)Xynll 
A.rthrobocter sp. (YCWD3) 
0. xan1hineolytica GLC 
R. faecitabidlls (YLM·SO) 

R. commtmi.s 
S. lividans (1326) 
T. tridentatus 

Sa.b 
Ricin 
XlnA 
FactorGa 

P23903/lYf34S03/1Q0420 
BglH 

U08894 
GLCI 
P22222/M60826/A39094 
RPI 

.Al2892 
P26514/111164SS1/JS07986 
016622 

1 
.Jlll077211>17S19/S67033 

3 
02366& 9 
4 
(20S308/.A4SOS3II>l07S3 

6 
7 
8 

1 B. : Bacillus. 0. : Oer1/covia, R faecitabidus : Rorobacter foecitobidus, R. cam11111nis : 
Ricinus communis, S. : Streptomycu, T. : Toc~le"8 (Horseshoe Crab) 

2 Refmmccs 
lO 1) Yabata et al. (1990) Gene 86, 113-117; 2) Yamamotott al (1993) Bio.rel. Blotechnol. Biochem. 57, 

1518-1525; 3)Haspin.et al. (1994)EMBL:DOla·Libr.ary; 4).Shautal. (l99l)J. Biol. Chem. ·266, 1058·1063 Sa). 
Shimoie1al. (1992).l Biol: Chem. 267 •. 25189~25.195;.Sb)Sbimoiet.a/, (1992) J. BiOchem 110, 608-613; 6)·Hom 
et al. (1989) Patent Al2892; 7) Shanlc:k et al. (199.1) Gene 107. 75-82: 8) Sacki et al. (1994) J. Biol. Chem. 269. 
1370-1374; 9} Waranabcer al. (1993) EMBL Data Library 

lS 
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Table3 .. ::.,. 
Oyeniew or p..OJeim eoataiping Stremos;Jssal 1luean-biliij'lig repeats <Cpl supcrfamily) 

Source Pro1ein Accession N" Ref. 1 

S. downei tsobrinus) (OMZl 76) GTF·I 013858 
S. doiwnei (sobrlmlsJ (MFe28) GTF·l PllOOl/Ml 7391 2 
S. downei tsobrlnus) (MFe28) GTF'-S P29336/M30943/A41483 3 
S. doiwnei fsolmnu.f) (6715) GTF·I P27470JD90216/A381'S 4 
S. downei 1sobrinwJ DBI l.34406 s 

S. mUlonts (lngbriU) GBP M309451A371S4 6 
S. mutants (GS-S) Gl"F·B A33128 7 
S. m111onl8 (GS·S) GTP·B P08987/Ml 7361JB3313S 8 
s. lllllltln/8 GTF·B1-oaF P05427/C3313S 8 
s. llJlllllll/S (GS-5) GTF·C Pl34~17361~0S4 9 
S. 111111ants (GS-S) GTF-C not available 10 
S. lfltdants {GS-S} OTF·D Ml9296/A4S866 11 

S. saliwll'iw GTF·J A4481 l/S22726/S28809 12 
Zl 1873/M6411 l 

S. salivorius GTF·K S22737/S22727/Zl1&72 l3 
S. salivariiu CATCC2S97S) GTF·L L3549S 14 
S. 1aliW1rlus (ATCC2S97S) Gl'F·M L3S928 14 

S. pne11111oniae R6 L)'tA P066S3/.A25634/Atl3812 JS 
S. pneumoniae PspA A41971/M74122 16 

PhageHB-3 HBL P32762JM346S2 17 
PhageCp-1 CPL-I PlS057/J03586/A31086 18 
PhqeCp-9 CPL-9 Pi93861)134780/JQ0438 19 
PhagcEJ-1 BJL A42936 20 

C. dil/icile (VPl 10463) ToxA P161S4JA370~2lllil30307 21 
XSI 7971S08638 

C. difficile (BARTS WI) ToxA A60991/Xl7194 22 
C. difjic:ile (VPI 10463) ToxB Pl81771XS3138/X60984 23,24 

S10317 
C. dij}icile ()470) ToxB S44271fD.3277 25.26 

C. novyi a-toxin S442721Z23280 27 
C. naV)li a-toxin Z48636 2& 

C. ace1ob11lylic:um (NCIB80S2) Csp./\ S492SS/Z37723 
29 

C. ace1obut]lli&11m (NCIB8052) ClpB ZS0008 
30 

C. ace1oblll)llit11m (NClB8052) cape Z50033 
30 

C. ace1obut]lli&um (NCill8052) CspD ZS0009 
30 

JRefemlces ·· ·. 
I) Sato el al. {1993) DNA .rlqUMCf 4, 19-27; 2) Ferreci ~' ~/. (1987)J.•Bacr11"1ol. 169, 4271-4278; 3Hiilmorut al. 

(I 990) .I. /f!fecl. llfllfWll. 58. 24.52°24.58; 4) Abut al. (l 99f) J, .Baeter1ol.' 1'73. 989-996; .5) Sun et al. (1994) J. 
Baciwr1ol. 176.. 7213-7222; 6) Ba111u1 al. (1990) J. l..J;a. Jifui.1111. 58. 66H73; 7) Refesences- conl'd 
Sbin>ZI e1 al. (1990) Protein SeqllellCfl Daloban; 8) SbiroD,, e~ al. (f981)J; •Bac1eriol. 169, 4263-4210; 9) Ueda et ol. 
(1988)0ene69, IOl-109: lIDJlllSSCl(l990).4rch. Oral. Biof,:35,SJ.SI; 11}Hondutal. (1990)J. Gen. Mio'obiol. 136, 
2099-2105: 12)0iffard era/. Cl991)J. Gen. Mtcrobiol.137~ 2577-2593: ll)Jacques(l992)EMBLDaulLibl'al)': 14) 
Simpson et ol. rt995) J. Jn.feet. /""""11. 63. 609-621; I .5) GQu1 ol. Cl986) Oemr 43. 26S·272; 16) Yod1eu1 al. (1992) 
J. 8oaer1al. 174. 601-609: 17) Romero 11 al. Cl 990) J. 8'1aenol. 171. S064-S070; 18) Garcia el al. (1988) Proc. Natl 
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.4cad. Sci. Us..4 85. 914-918: 19}Garctu10/. (1990)Gen.r 86. 81-88: 20lDiaze1o/. Cl992lJ. Bocttr1ol. 174. 
SS 16-5525; 21 I Dove e1 al. (19901.1. Infect. lmmrm. 58. 480-488: 221 Wrm eul. 0990) FEMS M1crob1ol. Lett. 78, 1·6: 
231 Barroso et ol. c 19901 Nucleic Acim Re&. 11. 4004-4004 

24 > von EIChel-Streiber et al. { 1992) Mol. Gen. Genet. 233. 260-268. 25) Samnger et ol. C 1993) EMBL Dato L1""1ry; 26) 
von Eichel·Streiber et ol. ( 1995) Mo/. Microb1ol. la Press: 27) Hofinlnn et al. ( 1993) EMBL Doto Librwy; 28) Holinann 
et oJ. (1995) Mal. Gen. Genet. ID Pras: 29) SlllChez et o/. ( 1994) EMBL Data Library; 30) SmK:hez et ol. (1995) EMBL 
Dato Llbrol')· 
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Table4 ~ 
Overview of Enzvmes with Chitin-binding Oom1ins 0 

\0 
::! 

Source (strain) Enzyme Accession N° Ref.2 ... 
5 I .... 

0.eterial enzymes 

Im.! 
10 

Aeromonas sp. (NolOS-24) Chi D318J8 I 
Bacillus circulans (WL-12) ChiAJ P20533/M57601/A38368 2 
811,eillus circulans (WL-12) ChiD P270SOIDIOS94 3 
Jtilithinobaclerium lividum Cbi69 U0702S 4· 

~ 
IS Sirepiomyces griseus ProteaseC AS3669 s 

~ ~ 

~ Aeromonas cavfa (K J) Chi U09139 6 ... 20 Alteromonas sp (0-7) Chi85 A40633/P32&23fl)13762 7 en :c en 
Aulographa califomica (C6) NPH-128

8 
P41684/L228S8 Hl 8 

Serralia marcescem ChiA "25090/X036S7/LOJ455/P07254 9 -:::IJ 
c:: 

r~m f:;; 
M 2S - Rhlzopus ollgo.fporus (IF08631) Chil P29026/A47022/DI0157/S27418 10 

Rhizopus oligosponlS (IF0863 J) Chi2 P29027/B47022/DIOIS8/S27419 to 
Saccharomyces cerevisiae Chi SS0371/Ul7243 II 
Saccharomyces cerevisiae (DBY939) Chit P2902BIM74069 12 

30 SacchOl'omycu cerevisiae (DBY918) Chi2 P29029Rt17407/B4103S 12 

~ 
1NHP : nuclear polyhedrosis vin.is endochitinase like sequence ~ Chi : chitinase 

lS u w 
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Table 4 - cont'd 
~ 

Source (strain) En2.}'Rle Accession N° Ref.~ IO 
:::! .... 

s -w : 
Plane enzymes ... 
I levein suoerfamilv 

10 A Ilium .sativum Chi M94JOS J3 
lbnaranthus caudatus AMP-1 11 P2727S/A40240 14, IS 
Amarantma cauda1111 AMP-211 S37381/A40240 14, IS 
Arabidopsis lhaliona (CV. colombia) ChiB Pl9171~38240/84SSlt 16 
Arahidopsi.s thallana PHP" UOl880 17 

en IS Brassica napSIS Chi U21848 18 
c: Brass/ca napus Chil Q09023/M9S835 19 m Hevea bl'a.si.1ie11,Si.s HevJ 11 P02877/M36986/A03770/A38288 20, 21 ~ 

~ 
Hordeum vulgare Chi3l L34211 22 
Lycopersicon esculentum Chi9 QOSS38/ZlSJ40/S37344 23 _. 

20 Nicotiana tabacum CBP20C $72424 24 
Cf) ·.:t Nicotiona labacum Chi A21091 2S ::z: 
m Nicotiona. tabacum (cv. Havana) Chi A29074/M1S1731820981ISI98SS 26 !!I Nicotiana tabacum (FB7-1) Chi JQ0993/S0828 27 
5) Nico1imia 1abacum (cv. Samsun) Chi A16119 28 c 
IT1 2S Nicotiana tabaci1m (cv. Havana) Chi P08252JXl6939/S08627 27 

~ Nicotiana tabacum (cv. BY4) Chi P2409l/XSl S99/X64S19/1813322 26,27,29 - Nicotiana tabacum (cv. Havana) Chi P290S9/X64Sl8JS20982 26 
Oryza sativum (IR.36) ChiA L37289 30 
Oryza sativum ChiB JC22S3/S42829/Z29962 31 

30 Oryza sativum Chi S39979/S40414/XS6787 32 
Oryza.sativum (cv. Japonicum) Chi XS6063 33 "CS 

~ 
~ ... 
H 
~ 



I\ ·~ 

Table 4 - cont'd 
~ 

0".J'Za .mtivum (cv. Japonicum) Chil P24626/XS4367/S 14948 34 IO 

Oryza smivum Chi2 P2S765/S 15997 35 ::! ... 
s Or}'za sativum ( cv. Japonicum) Chil Dl6223 32 ! 

CJr)'%a salivum ChiA JC2252/S42828 30 ... 
Oryza sativurn Chit 016221 32 
Oryza sativum (IRS8) Chi U02286 36 
Oryza sativum Chi X87t09 

10 37 

Sow-ce (strain) Enzyme Accession N° Ref. 1 

Pisum sativum (cv. Birte) Chi P36907/X63899 38 

en..,. IS Pisu_m.sativum (cv. Alcan) Chi2 L37876 39 

a CD 
Populus trichocarpa Chi Sl87SOIS187S1/XS999SIP29032 40 

~ 
Populus trlchocOl'pQ (HJ 1-1 I) Chi UOl660 41 

~ 
Phaseolus vulgarls (cv. Saxa) Chi A242JSIS43926/Jq096S/P36361 42 
Phoseolus vulgaris (cv. Saxa) Chi P0621S~l3968i),f190521A2S898 43,44.45 

20 Sambucus nigra PR-3' Z46948 46 
en Secale cereale Chi JC2071 47 :c m Solanum ·tiibero.sum ChiBI U0260S 48 !!l Sol~~ilin_ir1~~~~~ .. Chi82 U02606 48 
'$ 
c Solanum tuberosum Chi83 U026071S43317 48 

fn 2S Solanum tuberosum Chi84 U02608 48 
g Solanum tuberosum (cv. Maris Piper) WJN-JI P09761/X134971S04926 49 

Solanum tuberosum (cv. Marls Piper) WIN-21 P09762/Xl3497/S04927 49 
Triticum aestivum Chi S38670JX76041 so 
Trilicum aestivum WGA-lh Pl096~S36/S09623/S07289 Sl,52 

JO TritiCIJm aestlvum WGA·2• P02876/td2SS371S09624 SJ,S3 
Tritlcum autivum WOA·3• PI0969/J02961/SI0045/A28401 54 

~ Ulmus amfrlcana (NPS3-487) Chi L22032 SS 
Urtica dioica AGL; M87302 56 

ta s w 

H 
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Table 4 - cont'd 

Vignct u11guicula1a (cv. Red caloona) Chil X88800 57 
... --·----------------··· . -------·· ........ . 
~anti·microbial peptide, cpre-hevein like protein, ~ein, cchitin-binding protein, ~atogenesis related protein, 'woWld·induced protein. "wheat genn agglutinin, 
'agglutinin(lectin) 

'References Chitin·binding ~s .. 
1) Udea et al. (1994).l Ferment: Bltjtng. '71. ~0~~211: 2) Watanabe et (I~. (I~)./. Biol. Che,,,, 265, IS6S9-l6S6S; 3) Watanabe el al. (1992).f; Bac:tcriol. 1'74, 408-414; 4) 
Glea\teetal. (11Jf14)EMBL DataUbrary, S) Sidhu et al. (1994).1. Biol. Chem. 269, 20167·20171; 6) Jones eta/. (1986) EMBOJ. S, 467-473; 7) Sib'it eta/. (1994) EMB 
Dalo Library; 8) OenbaDk entry only; 9)Tsujiboet al. (1993)./. Bacteriol. 1'75, l76.l8l; 10) Yanaiet al. (1992)J. Bacleriol. 1'74, 7398·7406; 11) Pauley (1994) EMBL. 
Data Library. 12) Kmanda et al. (1991).1. Biol. Chem. 266, 19758-19767; 13) van Damme et al. (1992) EMBL Data library; 14) Broekaert e1al. (1992) 
Blf1"'.'re~istry3t, ~~0~314; IS) d~ Bollut al. (1993) Plant Mo/. Physiol. ll, 1187-1190; 16) Samac et al (1990)Plant Phyliol. 93, 907·914; 17) Potter et al. (1993) 
Mo(f.io/jtJ/i.cfo!,.~Jnterdcl. 6, 680:-685; .18) Buchanan-Wollaston U9?S) EMBL Data Library. 19) Hamel er al. (1993) Plant Phyaiol. 181; 1403-1403; 20) Broekaert et al. 
(199.0) J!.roi:.jVatl. Acad. &i. [/SA 87, 7633·7637; 21) Leut al. (1991)+ Biof. Chem. 266, 15944·15948; 22) Leah et al. (1994) Plant Physiol. 6, S,,.S89; 23) Dlnhash el a. 
(199~)l"l(fl't ""'I. Bio(µ 1017-~0,29;: l4)J'O,n•in el al. (1994) Piant.fb)IS#ol. 104, 109·118; 2.S) Meins et al. (1991).Patent EP041869S•Al·; 26) van Buuren et a/, (1992) 
Mol,:(ien::<lfl'~, 232,460469; ;?7fS~ief:O/. (1990) Plant Mol. Bio/. J4, 357-368; 28)Cornellisen el al. (.1991) Patent EP0440304-A2; ~9) Fukuda er al. (1991) Plan• 
MQ!'. !Ji~'. t~;:,J~}O;:'JO) Yu# et af(t.994)EM8t Data Library; 31.) KilJi e/. ~I. (1994) Bio.sci. Biottchnol. Biochem. SS. 1164-1166; 32) Nishizawa et al. (1993) Mol. C1e11. 
Gene1>J41~·1~10; 33)Nisbizliviaeiaf (U19t)Planr Sci16, 211·218; 34) H..ang etal. (1991) Plant Mol. Biol. 16, 479-480; JS) Zhu etal. (1991) Mo/. Gen. c;enet. 226, 
289·296;-l~) Mutl1ukri~ et al. ( 1993) EMBL Data J.ibrory, 37) Xu ( 1995) EMBL Data Library; 38) Vad et al. ( 1993) P/QTJI Sci 92, 69· 19~; ~9) Ciaan& el al (1994),F.Ml 

'Qatii Utwtuf,···40) DaVisetaL(f991)Plan1MofBio,I .. 11; ~3.1.~~9: 41)C.Iilrke'~taJ. 099.f)Plont Mol. Biol. 25, 799 •• 1s;.:42)B~ie ~~,~~-('~~9)'Plfirli C~ll I, S9?·6Q7;· .. 43 
Broglie et al .. (1986).Proc •. NatJ.Octid.:SCf·USA. 83~6820-6824; 44) Lui:aset"1.'(198S)FE8S Lett. 193, 208-210; 45)llcdra et al. (19J8)P/iln~ PliysiOI. 86, 182·186; 46) 
Robcf:ts et al .. (1994)EM.BL Data Ubrilryl; 47) VaDlilgaml et al. ( 1994) BloScl. iltoteclinol. Biochem. 58, 322-329; 48) Beerhues et al. ( 1994) Plarr; Mo/. Biol. 24, 353·367; 4· 
Stanf<tr:d.et al. (198?) Mol. Gen. Genet. 215, 200·208; 50) Llaoetal. (1993)EMBL Data Ubrary; St) Smith et al. (1989) Pltltlt Mol. Biol. 13, 601-603; 52) Wright et al. 
(19S9)J: Mol. Evoi. 28, 327-336; 53) Wright et al. (1984) Biochemistry 23, 280-287; S4) Raikhol et al. (1987) Proc. Natl. acad. Sci. USA. 84, 6745-6749; SS) Hajela et al. 
(1993) EMBL Data Library, 56) Lerner et al. (1992).1. Biol. Chem. 261, 11085-11091 
57) Vo ti al. (1995) EMBL Data Library 
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Tables 
~ Overview of Enzvmes Containing Stareh-binding Dom1ins 
~ 

Sow-ce (strain) Enzyme Accession N" Ref.5 ... 
s ----- -------- - ---------

I ... 
A. awarori (var. A:awachi) AMYG P23 l 76/D00427/JT0479 I, 2 

A. niger (T21) AMYG 873370 3 

A. niger -A. awaniori AMYGl/G'1. P04064/A90986/A29166/X00712/XOOS48 4.~.6 

10 K.02465 7,8.9 
A. oryzae AMYO(GLAA) P36914/JQ1346/DOI035/S75274/D01108 10, I 1 
A. Shirousamii AMYG(GLA) P22832/JQ0607/DI0460 12 

Bacillus sp. (81018) AMY
1 

PJ7692/M33302/090112/S09196 13 

Bacillus sp. (TS-23) a-AMY U22045 14 
en IS Bacillus sp. (1-1) COT P31746/S26399 IS 
c:: 

~ Bacillus sp. (6.63) COT P317471'C66106/S21S32 16 

Bacillus sp. (17-1) COT PJ092l/M2SOS3/A37208 17 
~ Bacillus sp. (38·2) COT P09121/MJ9880/D00129/S24193 18, 19 

~ N 
Q Bacillus sp. (I 011) CGT P05618/A26678hf{J7366 20 

en 10 Bacillus sp. (DSMS8SO) COT Al8991 21 
:c m BC1Cillus sp'. (~(;~~1). CGT 013068 IS. 22 
!!I B. cel'eits (SPOJI) b-AMY A48961/P369241S54911 23 

~ B. circulans (8) COT P309201X68326JS23674 24 

J;1 B. circ11lans (251) COT X78145 25 

.!! 
2S B. LicheniformiJ COTA Pl4014/XIS752JSl5920 26 

8. macerans (IFO 3490) COTM(CDGl) P04830/XS904/S3128l 27 
B. macerans (IAM 1243) COT Ml2777 28 
B. macerans CGT(CDG2) P3 l 83S/S26S89 29 
8. ohbemis COT P27036/D90243 30 

30 B. slearothermophilru AMYMb Pl9S31/Nl36539/S28784 31 a 
8. slearothermophilw (N02) COT P31797/XS9042/S265881XS9043/ 32 i XS9404/S31284 
C. rolfiii (AHU 9627) AMYG2 049448 33 ~ ... 
D. dis,'Oide11m ORF SIS693/XSl947 34 ... 
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Source 

H. grisea (var. lhermoidea) 
10 H ruinae (ATCC20495) 

K. pneumoniae (MSAJ) 
N. crassa (74-0R23·1A) 
P. saccharophila (IAM1504) 
Pseudomonas sp. (K0-8940) 

IS P. stutzeri (M0-19) 
S. griseus CIMRU 3570) 
S. limosus (S.albidoflavus) 
S. violaceru (S. venezuela)(ATCC J 5068) 
Th. curvata (CCM 3352) 

20 77r. thwmosnlforoge;ru (DSM3896JEMI )r 
Th. thermtisrilfarogenes (ATCC 33743) 

.. ~. 

Enzyme 

GLAl 
GAMP 
CGT 
OLA-I 
MTN 
AMF· Id 
AMypc 
AMY 
AML 
AML 
TAM' 
AMYA 

AMYB 

Table 5 - cont'd 

Accession N" 

M89475 
Q0304S/X68l43/X67708/S31422/S33908 
P08704/fvf1S264/A29023 
Pl4804/X67291/Sl37JJ/Sl3710/S36364 
P22963/XJ6732/SOS667 
D10769/JS0631/DOl 143 
Pl3507/M24516/A32803 
P30270/XS7S68/S14063 
P09794/~182441B28391 
P22998/M25263/JS0101 
P297SO/X'.S91S9/Jli0638 
P26827/XS46S4/XS4982/S17298/S37706 
Pl9S841).422471/A31389 

lS 
a Raw;;.starch digestillg amyla&e, b M8Jt0genic a-amylase, c Maltotetraose-fonning amylase ( 1,4-a-maltotetrabydrolase, 
d MBhoperitaos&-formiiig ainyiase, • thennostable a-amylase, r formerly Clostridium thermosulfurogenes. 

Ref.5 

-
3S 
36·38 
39 
40,41 
42 
43 
44 
4S 
46 
47 
48 
49 
so 

AMYG. GAM and OLA : glucoamylase, AMY or AMI. : alpha-amylase, COT : 8-cyclodextrin glycosyltransferase or cyclomaltodextrin 
glucanotransferase, ORF : open reading frame 

lO 

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

~ 
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New PBPs with interesting binding characteristics and specificities can be 

identified and screened for in a variety of ways using various different experimental 

approaches and methodologies. These include spectroscopic (titration) methods such as: 

NMR spectoscopy (Zhu et al. Biochemistry ( 1995) 34:. Gehring et al. Biochemistry 

S (1991) 30:5524-5531), UV dift'erence·spectroscopy·.(Belshaw et al. Eur. J. Biochem. 

(1993) 211 :717-724), fluorescence (titration) .spectroscopy (Miller et al. J. Biol. Chem. 

(1983) 258:13665-13672), UV or fluorescence stopped flow analysis (De Boeck et al. 

Eur. J. Biochem. ( 1985) 149: 141-415), affinity methods such as affinity electrophoresis 

(Mimma et al. J. chromatography ( 1992) 597 :345-350) or affinity chromatography on 

IO immobilized mono or oligosaccharides; precipitation or agglutination analysis including 

turbidimetric or nephelometric analysis (Knibbs et al. J. Biol. Chem. (1993) 14940-

14947), competitive inhibition assays (with or without quantitative ICSO determination) 

and various physical or physico-chemical. methods including differential scanning or 

isothermal titration calorimetry (Sigurskjold et al. J. Biol. Chem. (1992) 267:8371-8376; 

IS Sigursltjold et al. Eur. J. Biol. ( 1994) 225: 133-141) or comparitive protein stability 

assays (melts) in the absence or presence of oligo saccharides using thennal CD or 

fluorescence spectroscopy. Both qualitative and quantitative (association or dissociation 

constants, ICSO values, thermodynamic:parameters, etc~,) analysis can be performed with 

these methods. Identification of PBPs:with ,both 'higbei and lower binding affinities for 

20 soluble oligosac:charides 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 oligosaccbaride polymer phase eririched in the compound comprising the 

PDP. 
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Table6. 
Sources of Polvsaceharide 'Binding Domains 

BiadiDI Domain 

Cellulose Bhlding 
Domains' 

Starc:h/Maltodextrin 
Binding Domains 

Pre~ns Wlitn Bb1dillg 
l>om!in-is touiid 

B-11uca0ases: (.Vi.Celales •. CMCases. 
cellodextrinases). 
exosl~ 0rcello.biohydrolases 
cellulose bindhig pniteifts · 
x.ylanases · 
mixed x.ylanaseslgluc..-ses 

~· chitinases 

B-1,3-glucaa•K' 
B-1,3-(B-I ,4)-glucanases 
(B-)mannanascs 
6-glucosidaseslgalactosidascs 
cellulose synthases (unconfirmed) 

a-amylasesu 
B-amylases4

•
5 

pullulanases 
slucom:nylases•·" 
cyclodexbin glucolJ'alJSferases•·10 

(cyclomakodexlrin glucanotnmsferases) 
maltodextrin binding proteins11 

Dextran Binding Domains (S1rep1ococcal) glycosyl transferases 12 

dextrm sucrases (WK:Onfirmed) 
Clostridial toxinsl3·1• 
glucoamylases6

· 

dextran binding proteins 

8-Glucan Binding Domains B-l,3-glucanases"·16 

B-1.3-(B-l ,4)-slucanasei (unconfirmed) 
B-1,3-glucan biilding protein17 

Chitin Binding Domams cbilinases 
chitobiases 
chitin binding proteins . 

(see also cellulose bind~g domains) 
Heivein ·· · 

1) Gilkes et al .• Adv. Microbial Reviews. (1991) 3~3:.:3. 1 S; 2) Segaard et al, J. Biol. 
Chem. (1993) 268:22480; 3) Weselake et al, Cerl.'11: Chem. (1983) 60:98; 4) Svensson 
et al. J. (1989) 264:309; S)Jcspcrseiut al, J. (1991) ~BO:S l; 6) Belshaw et al., Eur. J. 
Blochem. (1993)211:717; 7) Sigurskjold eta/., Eur. J.:Biochem. (1994) 22S:133; 8) 
Villette et al .• Biotechnol. Appl Biochem; (1992) 16:57; 9) Fukada et al., Biosci. 
Biolechnol. Biochem. (1992) 56:556; JO)~«>? ei QI.'; J. Mol. Biol (1994) 236:590. 
11) Sharff' et al., Biochemisiry (1992) ) 1: 1 Q6S7: I°~) Lis et al .• A.pp/. Environ. Microbiol 
(1995) 61 :2040; 13) von E~chel~Streiber. epu .• .I. Jlaettrtal. (1992) 174:6707; 14) von 
Eichel-Sueiber et al., Mal. Gen. Genet. (1992) 233:260~ 
l S) Klebl et al .• J. BaCleriol. (1989) 171 :6259; l 6} W atanabeez al .. J. Bacterial. (1992) 
174:186; 17) Dovie et al .• J. Biol. Chem. (1990) 265~9327. 
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The PDP can be obtained following isolation and purification of the enzyme by 

clipping off the PBP ftom the remainder of the enzyme. For use in the phase separation 

system. the PDP is screened for binding to soluble phase-fanning oligosaccharides. 

S While any of a number of methods can be:used for.screening, including NMR alone. 

NMA/calorimetry. affinity electrophoresis ·alone, aftlnity electrophoresis/competition 

assay. and binding isotherms. Binding equilibrium studies using isothermal titration 

microcalorimetry (ITC) are preferred. The advantage of isothennal titration 

microcalorimetry (ITC) in binding equilibrium studies derives from the fact that binding 

10 isothenns 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. a 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. 

15 Generally. for use in phase separation, the Ka for binding of the PBP to soluble 

oligosaccharide is at least in the range of weak antibody·antigen interactions, i.e .• 3 103M, 

preferably 104M, most preferably lO'M. If the binding of the PBP to the oligosaccharide 

is exothermic.or. endothennic, then binding will increase or decrease. respectively, at 

lower temperatures, providing:a means·for temperature modulation of the partitioning 

20 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 oligosaccharide polymer, the phase separation means. The phase separation 

means can be another polymer, or a sufficient quantity of a phase inducing agent 

1S generally a strong electrolyte such as ~t, US\lllly a sulfate or citrate salt or a physical 

change, such as a temperature change if the cellosaccbaride polymer bas 

thennoseparating properties. Examples:of~lymer pairs capable of fanning partition 

systems with comparable properties to~ but lower cost than, the classic dextran/PEG 

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

30 between a carbohydrate and a poly(oxy-ether) are many (see Skuse et al .• Enzyme 

Microb. Technol. (1992) 14:785.) Ex311iples include, hydroxypropyl starch (Tjemeld et 

al .. Enzyme Microb. Technol. (1986) 8:4t7), .maltodextrins (Szlag et al., ACS Symposium 

Series (1990) 419:38-52), hydroxypropyl cellulose (Skuse et al., Enzyme Microb. 
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Technol. ( 1992) 14:785), and carboxymethyl cellulose (Albertsson. Partition of Cell 

Particles and Macromolecules, Wiley lntersciel1ce ( 1971 )) which have all been 

successfully used to form partition systems with PEG. 

Jn order to develop a system, phase equilibria data are obtained for the 

S combination of the first and second componentS0selected, and/or inducing means using · 

the procedure of Haynes et al .. (FluidPhase Eqtfilibria (1989) 53:463) to determine the 

total polymer concentration, or polymer and oth~r phase inducing agent concentration. 

above which a stable two-phase partiJion syst~ _is formed. In general, the PBP­

conjugates are botmd to a phase forming oligosaccharide at neutral pH in a medium ionic 

10 strength buffer offrom about 1 OmM to about 1 M. Binding is performed at temperatmes 

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 sepan1tion system and the most appropriate 

IS polysaccharide binding moiety for a particular application have been identified, PBP can 

be prepared by transfonning 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 regionoof a::polysacchafidase,or a polysaccharide binding 

20 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 gene encoding the composition according 

to formula (1 ), or the PBP DNA sequence alon~ is expressed in a host cell, either an 

eulcaryotic or a prokaryotic cell. Where the PBP ,hlone bas been prepared. if desired. the 

2S expressed and isolated polysacchari.'binding peptide can be conjugated to a compound 

of interest, i.e., a protein or a chemicalmoiety. 
. . .. 

The techniques used in isolating pol~dase genes, such as a cellulase gene, 
. . 

and genes for polysaccbaride binding proteins are known in the art, including synthesis, 

isolation from genomic DNA, p~~~on from cDNA, or combinations thereof. (See, 

30 USPN S.137,819, 5,2~47, and 5,34p,731.) ™sequences for several polypeptide 

binding domains, which bind to' sol~bl~ oligosac:bharides are known. (See. Figure 1 .) 

The DNAs coding for a variety of ~l~chan~es and polysaccbaride binding proteins 

also are known. Various techniques for manipulation of genes are well known. and 
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include restriction. digestion. resection, ligatio~ 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). 

S Generally~ the method.for obtaining:the. desired ONA.comprises preparing a 

genomic library from an organism expressing:·a polysaccharidase or polysaccharide 

binding protein with the desired characteristics. The genome of the donor microorganism 

is isolated and cleaved by an appropriaite restriction enzyme, such as BamHl. The 

ftagments obtained are joined to a vector molecule which has previously been cleaved by 

10 a compatible restriction enzyme. An example of a suitable vector is plasmid pBR322 

which can be cleaved by the restricti9n 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 :fiom mRNA or DNA from cells of 

interest as donor cells for a polysaccharidase gene or a polypeptide-binding protein gene. 

IS By using the polysaccharidase cDNA or binding protein cDNA or a fragment thereof as 

a hybridization probe, structurally related genes folllld 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, from·an::organism wherein :the catalytic and binding 

20 domains of the polysaccharidase are discrete, although other polysaccharide binding 

proteins also can be used (see, for example, Shoseyev, et al .• Proc. Nat'/. Acad. Sci. 

(USA) (1992) 89:3483-3487). 

Probes developed using consensus sequences for the binding domain of a 

polysaccharidase or polysaccharide-binding protein are of particular interest. The B-1,4-

25 glycanases from C. fimi characterized to date are endoglucanases A. B, C and D (CenA, 

CenB, CenC and CenD. respectively);:exocell()biohydrolases A and B (CbbA and CbbB, 

respectively), and xylanases A and D{~ex and:XylD, respectively) (see Wong et al. 

(1986) Gene, 44:315; Meinke et Q/, o99o J. Bactei'iol., 173:308; Coutinho et al., 

(1991)Mol. Microbial. 5:1221; Meinke et al .• (1993) Bacteriol., 175:1910; Meinke et al .• 

30 (1994)Mol. Microbial., 12:413; Shen.~~4/ .. Biochem. J., in press; O'Neill eta/., (1986) 

Gene, 44:325; and Millward-Sadler et,~L. (1994) Mo/. Microbiol., 11:375). All are .. :··: 

modular proteins of varying degrees of ~omplexity (Fig. 1 ), but with two feanues in 

common: a catalytic doman (CD) and a cellulose-binding domain (CBD) which can 
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function independently (see Millw&Jd-Sadler et al., (1994) Mal. Microbiol .. 11 :375; 

Gilkes et al .• ( 1988) J. Biol. Chem .• 263: 10401: Meinke et al., ( l 991) J. Bacteriol .. 

173:7126; and Coutinho eta/., (1992)Mol. Microbiol .. 6:1242). In four of the enzymes, 

-CenB. CcnD, CbhA and CbhB. fibronectin type W (Fn3) repeats separate the N-terminal 

S CD from the C-terminal CBD .. 'fhe,CDs of the enzymes -come ftom-six of the families of 

gJycoside hydrolases .. (see Henrissat(,199 l) Biochem.' J., 280:309; and Henrissat· et al .• 

( 1993) Biochem. J.. 293:781); all of the enzymes have an N- or C-terminal CBD from 

family ll or CBDs (see Tomme et al •• .A.dv. Microh. Physiol., in press); CenC has tandem 

CBDs from family IV at its N-tenninus; CenB and XylD each have a second. internal 

10 CBD from families Wand Il, respectively. Cex and XylD are clearly xylanases; 

however, Cex~ but not XylD, 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 .• (l992)J. Appl. Bacterial., 72:244). C. 

l.S fimi probably ~es other 13-1,4-glycanases. The unrelated bacterium, Clostridium 

thermocellum. for example, produces twenty or more B-1,4-glycanases (see Beguin et al., 

(1992) FEMS Microbial. Lett., 100:523). 

Exemplary of a consensus ;sequence of a binding domain is the consBDSus 

sequence for the cellulose binding danu.in shown· in Fig. I, which is exemplified by the 

20 endoglucanase C NI binding domain. The probes can be considerably shorter than the 

entire sequence but should be at least l 0, preferably at least 14, nucleorides in length. 

Longer oligonucleotides are also useful, up to the full length of the gene, preferably no 

more than SOO, more preferably no ~than 250, nucleotides in length. RNA or DNA 

probes can be used. Generally, the-l:>inding remains encoded by the nucleotides so 

2S identification will show at least abQ~ ~0% homology (including as appropriate 

allowances for conservative substitutif.l~. gaps for better alignment and the like) with the 

binding region and will bind to a soluf>J~.B-1,4-glucan with a Ka of3 to3M. Analyses of 

amino acid sequence comparisons: can)>~ _performed using programs in PC/Gene 

(lntelliGenetics. Inc.). PCLUSTAL.~be used for multiple sequence alignment and 
',;.- .. · 

30 generation of phylogenetic trees. 

In use, the probes are fypicall§),Jie1ed in a detectable manner, for example, with 
32P, 3H, biotin or avidin) and are mc~~t@ with single-stranded DNA or RNA from the 

organism in which a gene is being sought. Hybridi7.ation is detected by means of the 
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label after single-stranded and double-stranded (hybridized) DNA (or DNA/RNA) have 

been sei>arated (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 

S oligonucleotides· are·also useful; ·both·.as .. precursors ·of l;abeled probes··and for use in 

methods that provide for direct.deteetion:ofdouble-stranded DNA (or DNA/RNA). 

Accordingly, the tenn "oligonucleotide pn>be" refers to both labeled and unlabeled 

forms. 

In order to isolate the PBP of a polysaccharidase or a polysaccharide binding 

10 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 tnmcated protein. Another method 

involves the use of exonucJeases such as Ba/31 to systematically delete nucleotides either 

extemally from the S' and the 3' ends of the DNA or intemally from a restricted, gap 

IS 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 bas been. 

20 identified, either as cDNA or chromosomal DNA, it can then be manipulated in a variety 

of ways to prepare a composition where the ex~ssion product bas a structure 

represented by formula (1) above. The nucleotide sequence may be fused to a DNA 

sequence encoding a polypeptide of in~rest. It is highly desirable that the three­

dimensional structure of the component polypeptides be retained. Depending upon the 

2S 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 :Sequep.ce of the polypeptide unaltered. 

However, in some case incorporation of a new restriction site(s) may yield an altered 

amino acid sequence without changing th~ :activity of the protein. 

lO During construction of the e~ssion cassette. various fragments of the DNA 

usually are cloned in an appropriate elm~ vecto,r. which allows for amplification of the 

DNA, modification of the DNA or manip~l~tion by joining or removing of sequences, 

linkers, or the like. Normally, the vectors are capable of replication in at least a relatively 
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·high copy number in bacteria. A nmnber of vectors are readily available for cloning in 

·gram-negative bacteria. especially E. coli, including such vectors as pBR322, pTZ pUC 

·and the like. The cloning vectors are characterized by having an efficient replication 

system functional in the host bacterium. 

S The cloning vector.has at·least one unique restriction· site, usually a plutality of 

.unique restriction sites. aruhnay also include multiple restriction.sites. Jn addition. the 

cloning vector will have one or ~re markers which provide for selection of 

transfonnants. The markers will nonnally provide resistance to cytotoxic agents such as 

antibiotics. heavy metals, toxins or the like, complementation of auxotrophic host, or 

10 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 cassett~ the 

IS 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 componenunanipulatecL 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 functional in the two hosts Where such markers are 

required, these can be included in the vector, where the plasmid containing the cassette, 

two replication systems and the marker{s) may be transferred from one host to another, as 

2S 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, o~r procedures for screening transformed ceUs are 

known to those skilled in the art. for example, ~ed cells can be screened by the 

specific products they make; synthesis of the desired product may be determined by 

JO imm\Blological or enzymatic methods. 

The DNA encoding the fusi()n protein catt then be manipulated in a variety of 

ways to provide for expression. Illtistrative tranScriptional regulatory regions or 

promoters include, for bacteria. the lac promoter. lambda left and right promoters, trp and 
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lac promoters. Tac promoter. and the like. The transcriptional regulatory region may 

additionally include regulatory sequences which allow the time of expression of the fused 

gene to be modulated, for example. the presence or absence ofmnrients or expression 

products in the growth medium. temperature, etc. For example, expression of the fused 

S gene can be regulated by temperatme using a regulatory seqw.mce comprising the 

bacteriophage lambda PL promoter. the bacteriophage lambda:OL operator and a 

temperature sensitive repressor. Regulation of the promoter is achieved through 

interaction between the repressor and the operator. A preferred promoter is the strong 

glucose-repression insensitive Tac promoter. Examples of high_leveJ expression vectors 

10 are described in Graham et 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~ bacteria 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 

glycosylation depends in part upon the sequence of the particular peptide, as well as the 

organism in which it is produced. Thus. expression of the product in E. coli cells results 

2S in an unglycosylated product. and expression of the product in insect cells generally 

results in less glycosylation than expression of the product in mammalian cells. 

Expression in yeast can result in hyperglycosylation. 

For isolation of the fusion protein, where the Product is ·nmrined in the host cell, 

the cells are harvested. lysed and the product sep8rate~ isolated and/or purified using the 

30 phase separation system. Jn some inStances. it can be" desirable to provide for a signal 

sequence (secretory leader) upstream from and in' reading frame with the structural gene. 

which provides for secretion of the fusion protein. Illustrative secretory leaders include 

the secretory leaders of penicillinase. immunoglobulins, T-cell receptors. outer 
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;membrane proteins. and the like. By fusion in proper reading frame the fUsion protein 

can be secreted into the medium. However, in bacterial expression systems such as 

E. coli. a significant fraction leaks into the extracellular media (Ong et al .• Biotech. 

Bioeng. (1993) 42:401). Where the product is secreted. the nutrient medium can be 

S collected and the product isolated using the phase separation system. To produce an 

active protein it can be necessary to allow the protein to refold. 

The phase separation systems is combined with the biological fluid. fermentation 

broth. cell lysate or other source of the biological compolUld to be purified and phase 

separation induced. To separate and/or purify a component of an aqueous mixture. 

IO following partitioning of the composition comprising the PBP into the oligosaccharide 

phase, the phases are separated and the composition 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 .• 

IS by adding a dissociating agent to the separated oli$osaccharide phase, such as an acid or a 

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

endothermic or exothennic, altering the tempetature 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 PDP bQµnd to the oligosaccbaride polymer. Preferably, 

the protease is provided in a form which will ~litate its removal following cleavage of 

2S the polypeptide of interest from the PSP. As an example, the cleavage protease can be 

prepared as a cleavage enzyme comp1¢x, wherein the protease is bound to a second 

polysaccharide binding moiety having~ substrate Specificity different from that of the 

first polysaccharide binding moiety b,c>µpd to .the. polypeptide of interest and/or having 

different binding characteristics (Assb~ille ~t al. ( 1993) Protein Engineering 6:787-792; 

30 Assouline et al. Thus, cleavage of Uie\i~~ding [do11l4in from the recombinant protein of 
. . . . . 

interest can be done in solution and ~~,el~yag~:ehzyme complex then removed by 

binding to a polysaccharide substrate: t~ ~hlch the;:first polysaccharide binding moiety 

does not bind. Alternatively, the cleavage enzyme complex can be immobilized on a 
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polysaccharide matrix to which the first polysaccharide binding moiety does not bind. 

(See Assouline et al ( 1993) supra; Assouline el al_(_) supra) The recombinant 

protein of interest or chemical moiety is released from the oligosaccharide polymer free 

of contaminating PBPs which remain bound to the polymer. Alternatively, a non-specific 

5 protease can be usedto completely degr~e the PBP portion of the PBP complex. thus 

releasing it from the oligosaccbaride pol)'mer, for example, by treatment by protease K at 

a concentration ofabout so mwml for about 20 minutes at about 37°C. Dir et al. (1991) 

Bioi/'echnology, 9: 1096-1099. 

In some instances the fusion protein itsc:lf may be of interest and therefore it is the 

10 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 l 0°C-40°C, although ambient temperatures are generally 

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 HCl can be used for this desorption step. Dilute sodium hydroxide (about 

O. lM) 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-coztjugate 

following release tiom the substrate, various techniques may be used. For example. the 

poJysaccharide surface can be washed free of the PDP-conjugate with the desorption 

solution as described above. The PBP-ccmjug&te ean ~ separated from the desorption 

25 solution, for example, by changing its ionic strength ofpH and readsorbing the PBP­

conjugate on an ion exchange medium or on· a second polysaccharide matrix. 

The affinity phase separation syst~has.many uses. These include concentrating 
,;·•· . . \: 

a component in a mixture. purifying a ~ent '.in a mixture, where the purifying can 

be two-fold, generally greater than ~f fQld. arid can include up to purification of 80 

30 to 90%. The fold purification can be m~~ rela:tive .to removal of contaminants, 

increase in specific activity ,k and the lik~~ :f'~~:.sOnte application~ the method also can be 
·: ... ::,.-:·· .. ·''': . . 

used for cell separation and/or enrichment fu. a particular cell type. For example, a 

population of stem cells c311 be enriched by contacting the cells with the PBP alone 
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which binds to carbohydrate residues on the surface of the cells. or with PBP to which a 

first member of a specific binding pair is fuse~ for example a receptor ligand. for 

example, a peptide hormone or other honnone where the second member of the specific 

binding pair. i.e .. the receptor. is present on the cell surface. Other ligands which can be 

5 used include antibodies. such as anti.,CD34 and cytokines, such as IL-2. Following 

affinity-phase partitioning, the cells can be released from the separated oligosaccbaride 

polymer phase. for example, using·tfypsin. The shear forces in the affinity-phase 

partitioning system are significantly less than ;in other cell-separation methods resulting 

in less damage to the separated cells. 

10 Other uses of the technology include extractive bioconversion, i.e., methods for 

partitioning reaction prod~ particularly in enzymatic processes where the product is a· 

feedback inhibitor of the enzymatic reaction. 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 into the oligofJllCCharide polymer phase or which is · 

IS bowid to a PBP, and the product is one which does not remain in the oligosaccbaride 

polymer phase. but rather partitions 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~ EX~ples ()f enzymatic reactions which can be used 

with the extractive bioconversion :systi;m :include transglycosylation, for example. for 

ZO preparation of J3.. l ,4-linked oligosaccharide sweeteners; mixed transesteritication, 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 C~IJlpo:und of interest on a polysaccharide 

support, since the PDP adsorption to its substrate is strong and specific. 

2S The immobilized systems find use, for ·e~le, in preparing solid state reagents 

for diagnostic assays, the reagents inc,l~J.ng .~, antibody fragments, peptide 

hormones, etc.: drug binding to dee~ clearance: tate where the cellulose can be either 

soluble, for example, carboxymetbyl ~llulose .or a solid support such as microcrystalline 

cellulose (Avicel) where the drug is a J'olypeptide, such as interleukin 2; drug delivery, . . ·. . .·~ ;,-· . . . -: ·, : . . ; 

30 for example, bound to carboxymeth~l;.c:,el~~9se ·~4:c~ be used in conjwiction with 

binding of an adjuvant to the same,cc:lfulti~e s~:for example, for enbaneement of 

immunospeciticity of the drug to be :&,li~~red; d;~:bhiding, for example, coupling of 

paints or dyes to polysaccharide. for example. cellulosic surfaces; printing on. for 
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example, paper and cloth (cotton); and to provide hydrolysis or synergy, for example, 

targeting of enzymes such as Jigninase for treatment of wood chips. targeting of 

porphyrins. for example, for bleac::hing of wood pulp; agricultural uses such as binding of 

insecticides to plant surfaces. for example, Bt toxin or other antimicrobials; for nitrogen 

S fixation. for example. for binding of organisms to root surfaces; sustained fertilizer 

release; and sustained release offungicides. They can also be used Wlder conditions of 

high salt such as in a marine envirOmnentfor anti-fouling of surfaces exposed to sea 

water where transfer to fresh water removes the fusion protein. 

Examples of biologicals which can be purified in this way include interleukin 2, 

10 Factor X, ligninase, and TPA. or any other polypeptide or protein which can be fussed to 

a PBP. Other examples include culture broth (from prokaryotic or eukaryotic cell or 

tissue cultures), biological fluids. tissue extracts. extracts from cell lysalts, including 

bacterial, fungal, plant. animal. fish. and fowl, particularly purified protein, and the like. 

Generally, the mixture is clarified prior to application to the affinity partitioning system 

IS to remove cellular debris. 

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

limitation. 

Examples 

20 Abbreviations 

pNPC = _p.nitrophenyl-B-D-cellobioside; 

HP A =hide powder axure; 

gCenA and gCex =the glycosylated forms of CenA and Cex from C. ftmi; 

ngCenA and ngCex =the non-glycosylated fonns of CenA and Ccx from 

ZS recombinant E. coli; 

30 

RPC =reverse-phase chromatography; 

SOS-PAGE = sodimn dodecyl sulfate-polyacrylamide gel electrophoresis; 

a-Pro/Thr = rabbit antiserum directed against synthetic Cex Proffhr box; 

PMSF = phenyl-methylsulfonyJ fluoride. 

Biological Culture Deposits 

The following deposits have been made with the American Type Culture 

Collection (ATCC), 12301 Park Lawn Drive. Rockville. Maryland 20852. A derivative 
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of the cloned gene CenA. on plasmid pcEC-2 h,1 Escherichia coli C600 was deposited on 

April 23. 1986 and given ATCC Accession No. 67101. A derivative of the cloned gene 

Cu on plasmid pEC-1 was deposited on May .27. 1986 and given ATCC Accession 

No. 67120. E.coli JM83. pUC12-1.lcu was deposited on April 23, 1986 and given 

S A TCC Accession No. 67102. The full nucleotide sequences of pTugA (Accession 

Number L24193) pTugAS (AccessionNumber L24367), C.jimi CenA (Accession 

Number Ml 5823), and C. fimi CeliC (Accession Number XS7858) have been deposited 

with GenBank. 

10 Materials 

Klucel or HPC is supplied by Aqualon. HPC is derived from a celluJose 

molecules and is also known as cellulose 2-hydroxypropyl ether. 

Natrosol or HEC is supplied by Aqualon. HEC is a modified cellulose polymer 

containing hydroxyethyl side chains ·Bild is also known as cellulose 2-hydroxyethyl ether. 

IS HEC is a white, non-ionic powder. HEC is also marketed under the following 

tradenames: Alcoramnosan/Liporamriosan (Vevy); Tylose H Series (Hoechst 

Celanese/Colorants & Sur£) 

Bennocoll E or EHEC is supplied by B~rol· Nobel AB. EHEC is an ethylene 

glycol ether of ethyl cellulose. EHEC is also marketed by Aqualon under the tradename 

20 Aqualon EHEC. 

Hydroxypropylmethyl Cellulose (HPMC) is supplied by Sigma. HPMC is a 

propylene glycol ether of methyJ cellulose and also known as methylhydroxypropyl 

cellulose. HPMC is also marketecl und,er the fo\lowing tradenames: BeneceVCulminal 

HPMC {Aqualon); Viscontran MHPC (Henkel) 

2S Dextran is supplied by ~C?ia Biotech. 

30 

Pluronics are supplied by BASF. Plwonic is a block copolymer of ethylene oxide 

and propylene oxide. Both solid f()nri~ (F-series) and paste forms (P-series) of the 

Pluronics can be used. 
' 

. ;Example l 

I~o1.tion of gBDm 
Escherichia coli JM101 (SuPE~ :thi-1, ,J(tqc-proAB), [F'traD36, proA.B, 

tac/qZ~J5] (Yanish-Perron et al. Ge,;,e (198S),33:103-l 19)wasusedas the host strain 

for maintenance of the ,plasmids and for production of recombinant protein. Cultures 
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were grown at 30°C in liquid tryptone-yeast extract-phosphate medium (lYP) or on 

Luria broth (LB agar. supplemented with kanamycin (100 mg/ml). 

Overnight cultures of E.coli strain JMlOl. harboringpTugKNl (see Figure 5), 

were diluted 500-fold in TYP supplemented with J 00 mg kanamycinfml, and grown at 

S 30°C to an optical density of 2~0;.3.0. PBl>Nr production was induced by the addition of 

isopropyl--l-thio-8-D-galactopyranoside (IPTG) toa final concentration ofO.linM and 

the bacteria were incubated for a further 18 h at 30°C. Culture supematants was clarified 

by centrifugation (4°C) for 10 min at 13000x g and cells were disgarded. Affinity 

chromatography on cellulose was used to purify PBI>wi. as follows. The clarified culture 

10 supernatant was incubated (4°C) with microcrystalline cellulose (Avicel) (SO mg. L"1
) 

with occasional stirring to allow PBDN1 to bind. The cellulose suspension was filtered on 

a Bochner funnel through a glass filter (Whatman GFIA) and briefly washed wi1h 1 M 

NaCl in SO mM potassium phosphate, pH 7.0. Bound PBDN1 was desorbed with water 

and concentrated by ultra filtration. Partially purified PBDN1 was then loaded onto an 

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

6.0, operated at a flow ra~ of l mJ./min. Proteins bound tightly to the column and were 

removed with a salt gradient (0-IN NaCl, pH 6.0) (see Fig. 7). PBl>N1 was recovered in 

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

removed in higher salt (peak 2, figure 7). 
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Example2 
Analvsis ofHEC. Barley 8-glucan 

and J<ylan Binding to '.CBI>tu and CBD"nm 
by AftinifyEl~oresis 

Affinity electrophoresis (Mimura et al. (1992) J. Chromatography 591:345-350) 

was used to identify and evaluate the binc.ting ofCBl>N1 •·and CBl>N1w2 to soluble 
.· i : 

polysaccharides with a DP s 1 S such as Jm,C apd barley. 8-glucan. The original 

continuous disc electrophoresis method W8$ ~laced with a discontinuous method. Two 

IO native gels, one containing the polysacchari~e (0.1 % w/v) and one without the ligand, 

were prepared next to one another in the same plate of a BioRad electrophoresis system. 

This guaranties that analysis in the presenee'. ~i:· a~ce of soluble polysaccharide is 

conducted essentially under the same conditions and that the observed effects (retardation 

in the presence of binding glucan) are not the :result of an anomalous electrophoretic 

IS migration. BSA was used as a negative cqntrol .~ each gel. Proteins (S mg each) were 

loaded onto the gels. Electrophoresis was .cOn<iucted at 4°C wider native conditions at 

pH 8.2-S.8 for 2 to 3 h. CBl>N1 and ·CBl>N11~2;interact strongly with HEC and barley 6-

glucan and as a result, their migration in the gels containing these oligosaccharides ( +) is 

severely retared as compared to the mi~o~ iin gels in absence (-) of a B-glucan (see 

20 FIGS. 9A and 9B). CBl>N1 and,CBllNiN2 do.~texhibit.any affinity for xylan and no 

retardation of migration.in the gels is observed in.the presence of this glycanas compared 

to migration in its absence (see FIG. 9C). N• ~d NlN2 refers to CBD~n and CBD~uN?. 

respectively. 

ll Example3 
Isothermal Titration Microcalorimetry 

Deteimination ·c,rousos8Ccharide·Binding 
ConstantS for CBPw and:CBDW,-Fuiion Proteins 

. . . . . ' . ' ; :.'·. . 

lO Microcalorimetry was used to.measure·~ding thermodynamics for CBl>N1 to a 

wide range of water-soluble oligosaccbmides·with the aim of identifying a set of suitable 

ligands for the affinity partition system. These: da~~ are .. shown in Table 7 below. 

Figure 15 shows reversible binding-isotb~ ~·measured with a Calorimetry Sciences 

Corp. model 4200 ITC for CPD~u binding to hydroxyethyl cellulose (HEC) in 50-mM 
. . . . . . . ~; ~: : 

lS PBS at 35°C and pH 7. CPDtin strongly bfuds f,$¢: with an equilibriwn binding constant 

in the range of weak antibody-antigen in~~ctio~s. Barley B-glucan binding to CPl>N1 is 
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even stronger at these conditions (Ka= 85.SOO M'1). F~; both oligosaccharidcs. Cl>DN1 

binding is as tight or even tighter than nearly all PEG-based affinity ligands (e.g., 

Cibacron blue-PEG. Procion red-PEG. dinitrophenyl-PEG. diacetic acid-PEG) currently 

in use in affinity panition systems. This relatively high binding affinity, combined with 

S the potential for a single oligosaccharide ,chain,to. bind multiple CPDN1-fusion proteins, 

suggests that both capacity and: selectivity will· be high in this affinity partition system. A 

sununary ofNl binding thermodynamics is provided in Table 8 below. Binding of 

CP~1 to both HEC and barley B-glucan is strongly exothermic. indicating that binding 

will increase at lower temperatures and that temperature decrease can be used in the 

10 partition step and temperature elevation in elution steps. 

Example4 
Pbas~Eguilibriwn Analvsis of 

Mixtures of HEC and Pluronic P105 

IS Phase-equilibria data were obtained using the procedure of Haynes et al. (Fluid 

Phase Equilibria, (1989) 53:463) for mixtures ofHEC and Pluronic PIOS (a 

poly( ethylene glycol)- poly(propylene glycol) copolymer) in 50-mM PBS at 35°C and 

pH 7. As shown in Figure 16~ a stable two-phase partition system is formed at any to1al 

polymer concentrations above ca .. 3%(wt/wt) Pluronic PIOS and 2% HEC, giving a fairly 

20 large range of two-phase compositi0ns,andequilibrium tie-line lengths useful for affinity 

partitioning. 
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Table'7 . 

_ . Binding Spedfieity:of QB& 
tjm Endoglucanase c of Celluoimonqs fbni 

Ligand 

Soluble ligands 

Glucose 

Cellobiose 

Cellotriose 

Cellotetraose 

Cellopentaose 

CelloheXaose 

Methylce1lulose (MC) 

Carboxymethylcellulose (CMC) 

Ethylhydroxyethylcellulose (BHEC) 

Hydroxyethylcellulose (HBC) 

Hydroxypropylmethylcellulose (HPMC) 

Barley B-glucan 

Oat B-glucan 

Chitosan 

Glucomannan 

Binding to CBDN1a 

+/.,... 

++ 

+++ 

+++ 

++ 

+ 

++. 

+t+ 

+++:· .· 

+++: .. -.... 

+++·-... · 

+!-;;_,_ 

;!" 

40 .. 

Detection method 

NMR 

NMR. 

NMR/calorimetry 

NMR/calorimetry 

NMR/calorimetry 

affinity electrophoresis 

affinity 
el~horesis/competition 
assay 

atliility electrophoresis 

affinity 
el~horesis/competition 
assay 

affinity electrophoresis 

calorime1Jy/aftini1y 
electrophoresis/ competition 
assay 

calorimetry/affinity 
~J.cxrtrophoresis 

affinity electtophoresis 

affinity electrophoresis 
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Mannan 

Xylan 

Arabinogalactan 

Starch (amylopectin) 

. Dextran TIO 

Laminarin 

Insoluble ligands 

Phosphoric acid swollen cellulose 
(PASC) 

Avicel 

Bacterial microcrystalline cellulose 
(BMCC) 

Tunicin cellulose 

Chitin 

Amylose 

Sephadex 

Pachyman 

Table 7 Cont'd 

+++ 

+ 

+I-

+!-

+/-
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affinity eledrophoresis 

affinity 
electrophoresis/competition 
assay 

affinity electrophoresis 

affinity electrophoresis 

affinity electrophoresis 

affinity electrophoresis 

binding isotherms 

binding isotherms 

binding isotherms 

binding isotherms 

binding isotherms 

binding isotherms 

binding isotherms 

binding isotherms 



~ 

I 
Cl> 

Hi -.. :u c:. 
Jn 
S1 -

it 

Ligand 

Cellotriose 

Cellotetrose 

Cellopentose 

Cellohexose 

Barley 

B-Glucan 

HEC 

Table8 

Summary of NI Binding Thermodynamics at 35°C 

NMR Isothermal Titration Mlc:rocalorimetry 

K, 
(M-a) 

180± 50 

4200± 700 

34000± 7500 

51000:!:18000 

n.m. 

n.m. 

K. 
(M-1) 

n.m. 

4100± 500 

17900±3100 

25200±3900 

85500:!:4400 

67000±3900 

oe• 
(Kcal/mol) 

-6.4±0.2 

-6.8±0.2 

-6.9:1:0.2 

-7.3:1:0.I 

-7.2:1:0.l 

-Tos• 
(keaUmol) 

1.4 ±0.1 

0.86±0.J 

0.79%0.J 

0.48±0.l 

0.50±0.l 

. .,,..,, .... :·.~.:;: 

~ 
~ -I ... 

.,, 
~ 
I ... 
~ 
:3 

,".·: 
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Example 5 
Isotherma] Titration Microcalorimetrv Determination of Suitable 
Elution Conditions for CBQw. from ·an Oligosaccharide Polvmer 

. . 

S ITC is also used-to determine suitable elution conditions by measuring 

10 

IS 

equilibrium dissociation .constants as a fimction. of temperature. salt concentiation and 

type. and concentration of cosolvents~ such ·as etllylene glycol or mea. designed to disrupt 

the favorable hydrogen'-bond structure .of the PBPN1-carbohydrate complex. 

Example6 
Construction of Expression; Vector Containing 

Fusion of cenC CBD Gene Fragment and 
the C.Omi Endoglucanase A CcenAl Gene Framnent 

and charaCterlzation of the Fusion Protein 

Construction of the Vector 

Plasmid pTZ-JC2 (see Fig. lOA) was digested to completion with Smal and 

Hindlll. The 3.9 kbp fragment was recovered. Plasmid pUC18-l.6 cenA_PT (see Fig. 

JOB) was digested to completion with Hpal and HindIII 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. 

I OC). This vector is used to transfonn E. coli JMl 01. 

Enzymatic characterization of the fusion· protein : · 

The expression product (fusion protein).encoded by pTZ-JC13 is cbaracterized 

for its catalytic activity on A vicel. bacterial microcrystal.line cellulose (BMCC) and 

25 phosphoric acid swollen cellulose (PASC) compared to the original CenA and its isolated 

catalytic domain p30. Specific activity is detennined from the amount of soluble 

reducing sugar produced from a fix~ amount of sti,bstrate Wlder fixed assay conditions. 

The reducing sugar is measured by a colorimetric -ssay and determined using a glucose 

standard. The concentration of polypeptides is d~te,rmined by the binding of Coomassie 

30 Brilliant Blue G-250 (Gilkes et al. (1988) J. Biol.: Chem. 263:10401-10407). 

Evaluation of the susceptibility of the fusion protein to oroteolvtic demadation .. . . _,. 

A major consideration in th~' use of ~ion' ptoteins is the stability of the 

polypeptides under a variety of con~tions. includllik: resistence against proteolytic 

degradation. The sensitivity of the fusion protein!td.proteolytic degradation in the 
. . . ·=.: . 

JS absence of a linker sequence was evaluated with C,}imi protease. Cleavage of the fusion 
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proteins with C.jj~i protease was monitored by SDS.P;AGE (see Fig. 12). The stability 

of the fusion protein was compared relative to the stability of CenA. The protease 

concentration and the proteolysis conditions were varied to optimize the results. 

Evaluation of the binding chapcteristics of the fusion protein; differential @dsor.ption 

S glysis 

To define the· affinity of the PBD-fusion:proteins for different cellulose 

allomorphs. mnding to various cellulosic matlixes can simply be evaluated by SDS­

PAGE analysis of bound fractions. This analysis has shown that PBDw1 binds to 

amorphous cellulose (PASC) but does not bind to crystalline cellulose (BMCC). The 

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

binding characteristics offer the possibility for selective removal of one component in the 

presence of the other. In the first step BMCC is added to remove CenA. The PBD· 

fusion protein, left in solution after the first step, was then removed by adsorption to 

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

IS cellulose concentration was varied widely dming 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 

process could involve. the proteolytic .removal of the PBD :from the fusion protein while 

20 bowdto the polysaccharide using a CBD-protcase 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. 

Example7 
Production and Properties of a Bii\mctiopal 

2S Fusion.Proteirt'.tbat Mediates S;parapon of 
Vero: Cells UsiD1 OlisO'saCcharide-polymer 

Base<l Affinity Phase 'Partitioining 

Bacterial Strains. Cell Lines. and Growth Conditions 

30 Chemicals were of ~ytieal. ofHPLC grade. Recombinant DNA experiments 

were performed in E. coli JM 101 grown at 37°C in LB medium supplemented with 

ampicillin (Boehringer Mannheim OmbH, ~eim, Germany) at 100 mglm.L. High­

level expression studies and large seal~ .pi;otein production were carried out in E. coli 
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Rl360 grown at 37°C in TYP medium (16 g tryptone. 16 g yeast extract, S g NaC 1. 2.5 g 

K2HJ>04 per liter) supplemented with ampicillin (100 mg/mL). Bacterial medium 

components were-frolil Difeo Laboratories (Detroit, Ml). Shaker speed for shaker ftask 

cultures was set at,250 rpm. Cultures were induced with isopropyl-D-thiogalactoside 

S (IPTG, Sigma Chemical Co., St. Louis, MO)at O.tS:mM. Vero (African green monkey, 

kidney-ATCC CCL 81):¢ells used in attachmentstudies were maintained in T flasks. in 

DMEM or DMEM/f 12: medium (Gibco BRL, Gaithersburg, MD) supplemented with 

IOo/o NCS (Gibco-BJU.), at 37°C, and 5% CC>i. 

Recombinant DNA!echnigues 

10 All recombiiJant DNA work was cmied out as described previously (Sambrook 

( 1989) supra.). DC>uble-stranded DNA was prepared by the allcaline-lysis method. DNA 

restriction and modific:ltion enzymes were used according to the manufacturer's 

recommendations.: QNA fragments were separated by agarose gel electrophoresis. Large 

DNA fragments ~re isolated using GeneCleaJlTM (BiolOl, La Jolla, CA). Small DNA 

IS fragments (less tbali 1_00 bp) were isolated by the liquid nitrogen method. Frozen 

competent E. coli cells,were used for all transformations. Oligodeoxynucleotides were 

synthesized with an ABlJ80A DNA synthesizer (Applied Biosystems, Foster City, CA) 

and purified by Cl8 Cllltridge Chromatography. Annealing of oligodeoxynucleotides was 

performed at 74°Cfor l.O.mininsequencingbufJer(40mMTri&-HCl orpH 7.5 .. 20.mM 

20 MgC}i, 50 mMNaCl)~ followed by slow cooling at 4°C. DNA was sequenced by 1he 

dideoxy chain termUuiting method using modifie~ T 1 DNA polymerase (Sanger et al., 

Proc. Nat'/ Acad Sci. USA (1977) 74:5463-5467). 

Polypeptide Analvsis . 
·.··,_··::: 

PolypeptideS•·were resolved by sodium ~cyl sulfate polyacryJamide gel 

:ZS electrophoresis (SD~PAGE). The gels were st8.fuect.with Coomassie Brilliant Blue 
. . . . : : ' 

R2SO (BioRad, Richmond,' CA); bands were ~tlfiect using a scanning densitometer 
. . . . ' ~ : . 

(Computing Densitom~/Molecular Dynamic$,J;qJ1Dyvale, CA) equipped with 

lmageQuant TM software. Pure cepNI IRGD stari.ctards :Were included with each set of 

gels. Concentrations-of.pure preparations of CBP~1 tRGD were determined by 

lO absorbance at 280 nm UJl~tbe extinction coetHci(,nt.detennined for pure CBD/RGD 

(Scope~ Anal. Biochem. ft974) 59:277-282). W~ blotting was performed using 
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rabbit anti-CenA serum as primary antibody :im.d goat anti-rabbit serum conjugated to 

horseradish peroxidase (Gibco BRL) as seco~ antibody. 

Oligosaccharide Binding Ass@y 

This was performed as described in Example 2. 

S Large-Scale Production and-Purjficatiop,ofCBPw/RGD 

CBI>Nt is produced asdescribed-in·Wierzba:et al., Biotechnol. and Bioeng. (1995) 

4 7:14 7-154, except that the coding s~·{or CBl>N1 replaces the coding sequence for 

the cellutese binding domain (CBD) of allulolnanase fimi endoglucanase A (CenA) in the 

Rl360/pTZ18U-CBD/RGD construct. E. coli containing the construct are grown at 37°C 

IO in a 12-L fermentor (Chemap AG, Volket$Wil, Switzerland) in TYP medium 

supplemented with ampicillin·(lOO n:islmLh ~d IPTG (0.1 S mM). Cells are separated 

from the culture medium by centrifugation at 31,000g (Sharples-Stokes Division, 

Pennwalt Corp., Wanninster, PA). CBl>N11R9D in the culture medium and in the 

cellular fraction is purified separately using ~ity-phase partitioning using mixtures of 

IS HEC and plucronic pios as described in E"8111J)le 4. Culture medium is filtered through a 

GF/C glass fiber filter (Wbatman lntemati9nal, Maidstone, UK) to remove cell debris. 

The culture medium is added to the phase ssCP,aration system. According to the 

methodology for other aqueous two-phase p~tion systems (e.g., Joshi et al., 

Bioseparations, (1990) 11 :311) with:-the ~po~ difference that the separation is 

20 greatly enhanced by.•binding of the CB0,..1 _fusi~n to the HEC. Fig. 17 is a schematic of 

the system, where affinity extraction-of the CB.PN1-fusion protein from a culture 

supernatant or a cell extract occurs in either a ~mmercial Graesser-type contractor 

(employed in most large-scale partitioning systems) or a mixer-settler batter (Haynes, 

PhD Thesis, University of Califomia at Berke~ey (1991 )). The carbohydrate-rich extract 

2S phase containint the CBl>N1-fusion pn.>tein is pUmped to a second mixer-settler batter for 

back extraction of the product, while the poly(~xy-ether)-rich phase is stripped with an 
.. ;·: ... ·' . 

incompatible sale and then recycled to th~ aft.hlity.<;o~tactor (Haynes et al., AIChE J., 

(1991) 37: 1401 ). Addition of sufficient· salt~ ~tiaily a sulfate or citrate salt, to a 
. . ; ; . . . ~ 

carbohydrate.rich extract phase eontalniµg a•·ooUDd .target protein mults in phase 

30 separation (see Walter et al., Partitioningin Aqueous Two-Phase Systems, Academic 

Press (1985)). The 2-M and higher salt conc~ntta~9DS required for phase separation 
. . ·:··:· :·;' . 

often leads to dissociation of the ligand-Protein complex and thus, a simple means of 
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product recovery. The strongly exothennic binttmg between CBDN1 and HEC indicates 

that dissociation can also be achieved through either a modest increase in temperature or 

addition of a hydrogen-bond disrupting cosolvent Excess salt is removed by diafiltration 

or other desalting methodology. The suspensionis stirred gently at 4°C overnight. The 

S eluate is concentrated~and exchanged with dH20.'(t9Jess:than SO nMGdmCl) by 

ultrafilttation .using :a 1-dD cutoff membrane .(Anlicon Division, W.R. Grace &. Co., 

Beverly, MA). The·CBDNi/RGD solution (5 to 12 ·mg!mL) is filter sterilized (0.2 mm) 

and stored at -20°C. 

E. coli cells are washed with 50 mM potassium phosphate buffer (pH 7 .0), 

10 resuspended in 150-mL of the same buffer supple:mented with 3 mMEDTA, and ruptured 

in a 50-mL French pressure cell (SLM lnstrumen~ Urbana, Il.). 

Phenylmethylsulfonylfluoride ( l mM) and pepstatin A ( 1 mM) are added to the cell 

extract to minimize proteolysis. Cellular debris is removed by centrifugation at l 7,400g 

for 30 min at 4°C. Streptomycin sulfate (Sigma) is added to the supernatant ( 1.5% wfv). 

IS After incubation overnight 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 CBDN 1/RGD is purified as described above for: the culture broth. 

Cell Separation Assay. 

Cells are detached from culture dishes ·with trypsin and EDT A. washed once with 

20 DMEM medium containing 0.01 % soybean Trypsiii:inhibitor (Sigma), and twice with 

DMEM medium without the inhibitor. To a total of 4 x 106 washed cells is CBDN1 in 

serum-free cuhure medium. After incubation for 1 hat 37°C, the cells with CBDN1fRGD 

boWld are added to the affinity phase partitioning system. After separation of the HBC 

phase, trypsin is added to release the cells from:'~ HEC and the cells are collected by 
"· : '· . 

25 

30 

centrifugation. Viability of the cells is assessed'µSfugtrypan blue exclusion. 
_:_:· )~ . .-· ..... 

Example 8': . ; 
Production of Glucose from Cellobiose Using 

B-glucosidase Fusion• Protein hmnobilized on Ayicel 
: ; ·'· .. 

This procedure uses an endoglucanase-exo~~~ coincubation with 

subsequent channeling of the resulting cellobi9~ 'Ill~ into an Avicel colmnn upon 

which 8-glucosidase is immobilized (see FifJUJ'C' 138).: The method is as follows. In a 

fermentation vesseJ a suitable proportion of both ~dcl~lucanase and exoglucanase is 
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added to a medium containing the cellulosic ipaterial to be degraded. The enzymes are 

allowed to react fe>r a fixed period of time toJF:duce cellobiose which is solubilized in 

the medium. The whole spent medium toge~~, with the enzyme is first passed through 

an AviceJ column which immobilizes and concentrates.both the endoglucanase and the 

S exoglucanase. The eluent containing the cellobio• .is channeled to a second A vicel 

column with immobilized 8-glucosidase PB:Pccx fus~on· protein which then hydrolyses the 

cellobiose into gbicose units. The·endogl~ llltd'-the exoglucana"' are regenerated 

from the first colUllUl by elution. Both columns .c~ be reused several times for 

pmi:fication and enzymatic conversion. 

10 

Example9 
Preparation of CB~.;;Alkaline·Phosohatase 

Fusil>n. Protein ExJ>tession Cassette 

IS TNphoA is a derivative ofttansposon.TnS containing the E.coli alkaline 

phosphatase gene,phoA, minus its signal seqµence.CphoA). Transpositional insertion 

into an expressed gene in the corre~ reading ii'ame creates a PhoA fusion protein. If the 

target gene contains protein export signals, these can direct the secretion of the fusion 

protein. This secretion is detectable by alkal~ ph()~tase activity, which is present 

20 only. when the enzyme has been secreted to th~~periplasm. TophoA is used to create 

phoA gene fusions with the C. flmi CBl>N1 coding sequence in a plasmid having a 
.... ' 

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

cloning site (mes) and expressed as a fusion protein. ·The gene product is purified by 

affinity phase partitioning in HEC-Plmonic IO~ CBl>Na. 

15 Pre.garation and Analysis of Gene Fusions . .. . 

Transpositional mutagenesis with Tnp~t'.JA iS used to create gene fusions with 

CB0..1. The plasmid containing CBDN1 is pf~~1(see Figs. 5 and 6). 
·;-;1 ... ' ..... 

The transposition event is mediated hy)t1feCtlon.9f E. coli CCI 18 (pTugKN1) with 
.. ·.;:,. ::;·. 

a defective lambda phage containing the tran$"Po~On.· r~nphoA-1 (Gutierrez et al., J. Mol. 

30 Biol. (1987) 195:289-297). E. coliCCllS c~h,~.-;~~on in thephoA gene. 
Transpositional insertion into the•CBDNa c~g ~~C'e in-frame with the CBl>N1 

creates a CBDN1-PboA fusion pr0tein targeted:r~f tb~:extracellular medium. Colonies 

selected for kanamycin (transposon-derived);~d ~i~lllin resistance are screened for 
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alkaline phosphamseactivity on the chromogenic substrate 5-bromo-4-chloro-3-indolyl 

phosphate (XP). Plasmid DNA from PhoA + colonies are retransformed, and selected 

and screened as above. PhoA+ colonies are screened for endoglucanase activity on 

carboxymethyl-cellu1ose (CMC) plates stained with Congo red (Greenwood et al., FEBS 

S Letters ( 1984) 2:259•263). The desired phenotype ls PhoA +, EngA-, and resistant to 

ampicillin and·~ycin. 

Plasmid DNA is isolated from PhoA+. EngA- colonies and analymi by 

restriction digestion, and agarose gel electrophore•is for colonies which have TnphoA 

insertions in CBDN1 ·in the correct orientation. Some of these clones can have out-of-

10 frame insertions, aPCJ.ssibility that becomes evident when looking at the protein products 

of the fusions. 1he•te~1-PhoA fusion proteins are analyzed for binding to soluble 

oJigosaccharides s1*Ch as HEC. The exact insertion position of TnphoA is determined by 

DNA sequencing usjDg the chain-termination method. 

Purification of Fusion -Protein 

IS Cleared E. "1li cell extracts containing the fusion protein are applied to an HEC-

pluranic 1 OS aftinity:phase partitioning system in a buffer which promotes binding of the 

fusion protein to the JIEC polymer. After separation of the HEC phase from the pluranic 

1 OS phase, the fusi0n"pf()tein is:dissociate.d by inc~ing 1he temperatule and collecting . 

the fusion protein .. · :9>lleeted·fractions .are as~d,:for alkaline phosphatase activity, and 

20 the enzyme peak ~er pwified by ion exchange or gel filtration chromatography. 

Pwification conditions-are varied to optimize the recovery of alkaline phosphatase 

activity. 

The param~ (:i: accumulated:SUUldard ~~) were calculated from adsorption 

data plotted in doub1~·~ciproca1 form. The value~'for Ka and a were calculated using 

2S [No]= 101 mmol lalttc&,~idues.g cellul()scf1
, as:~Jed in Example 3, C. Adsorption 

and relative affinity:~f PBP.cex to cellulo~~ incl~g Avicel, BMCC and regenerated 

cellulose (RC), and of chitin are shown.in ·Figure~j·~ and 16 of USSN S,340, 731. Figure 
: ·. ..:;:f 

17 of USSN 5,340, 731 shows the influence of a4dillg detergents on the binding of 
. ' ·: ' 

CEBc. to the compositions of the subject ;inventiQ~ comprising hybrid proteins in which 

30 at least the PBP of a polysaccharidase is coupled .~:a _ligand of interest such as a protein 

or a chemical moiety, for example ·a.dye o~ .pignie,n~;. :Examples of enzymatically 
. . ~. . ' .· : .. :.: . 
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.5 

debinding two different removable label recompositions from cellulose are shown in 

Figure 14 (above). 

Example 10 
Single lbennoseparapug.Polymer Svstems 

A class of affinity concentration and separation systems which use·a· single 

thennoseparatin• polysaccharide for which CBl>N1 or another soluble polysaccharide 

binding domain ~atJ.mity. Members of this family of polysaccharides include methyl 

10 cellulose, ethyl hydroxyethyl cellulose, propyl hydroxyethyll cellulose, and 

hydroxypropyl methyl :cellulose. These systems can be used to either bind and separate 

fusion/hybrid proteins containing a soluble oligosaccharide binding domain which are 

excreted during culture· to the culture supematant, or to· bind and separate intracellular 

fusion/hybrid proteins containing a soluble oligosaccharide binding domain following 

IS cell lysis, osmotic sh~k, etc. Jn either system. the process is as foUows: A 

thermoseparating polysaccharide is added to a culture supernatant or lysate containing 

exposed fusion protein;at a temperature below the current point temperature. The 

thermoseparating pol~haride and the culture supernatant or lysate is mixed and the 

temperature is ;raisechlowly until it reaches a· point above the current point temperature 

20 for the polysaccharide~ ;,Upon formation of a polymer-rich phase in the remaining 

solution, the polymer*rich phase can be recovered and fusion protein eluted from the 

polysaccharide. The remaining solution with all remaining solutes can then be discarded. 

The process is divided into four steps: addition of a thermoseparating polymer to 

an aqueous solution COJ1taining an oligosaccharide binding protein or any fusion protein 

2S containing an oligosacch.-ide binding protein and contact and binding of the polymer to 

the said protein; sl0w elevation of the temperature Wlder 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 binding protein or the fusion protein containing an oligosaccharide 

binding protein. 
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Example.11 
Affinity Aqueous Two-Phase Systems Containing 

One or More Thertnose~a?ating Polymers 

S Aqueous two-phase systems which contain· one or more thermoseparating 

polymers which have an affinity for CBl>N1 have :been compiled·~ Table_ below). 

These systems allow for a high-affinity separation ~o: the phase containing the polymer to 

which the domain binds followed by a simple m~od for recovering and recycling the 

polymer. 

10 Four different cellulose-based polymers capable of binding CBl>N1 and other 

oligosaccharide binding proteins were used in conjunction with two other non-cellulose 

polymers to form a number of novel aqueous two-phase systems. The properties of the 

aqueous two-phase systems fonned are discussed ·below. 

Plyronic - Klucel Svstems 

IS Eight different grades of Pluronics were used with three grades ofKlucel. The 

Plurouics used included F68, F77, Fl08, P84, Pl03, P104, Pl OS, and Pl23. The grades 

ofKlucel used were Klucel H, 1 and M. 

PlW'ODic F68-Klucel H: Two-phase systems are.formed from solutions containing 

at least l 0% (total weight percent) of each polymer. 

20 Pluronic F68 - K.luceJ. 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 12o/o (w/w). 

Pluronic F77 - Klucel H: Phase seP&ration is:o~served for solutions in the range of 

2S 9% of each polymer. :The upper phase is clear while the 

lower phase is cloudy~ 

Pluronic F77 - Klucel L: Phase separation ~s observed for solutions with 

concentratio:µs in theriange of I 0% (w/w) of each polymer. 

Pluronic F77 - Klucel M: Two-phase Systems.ate funned from solutions containing 
[ ·:,: ;:. 

30 at least 1 OOA> (total weight percent) of each polymer. 

Pluronic F108-Klucel H: Two-phase systemsare fonned from solutions containing 

at least 10% (totatl\\leight percent) of each polymer. 
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Pluronic Fl 08 -.. IOucel L: Two-phase syste;Ds are fonned from solutions containing 

at least 10% (toJl'\~ight percent) of each polymer. 

Pluronic FlOS-KiuceJ M: Two-phase syst~:arc formed from solutions containing 

at least 9% (totaf\iveight percent) of each polymer. 

S Pluronic Pl 03 -. 'KJucel H: Separation is o~ed for concentrations around 6.5% 

Pluronic 'and 7 .l~(Klucel. 
Pluronic Pl 04 -· ;~ucel H: Separation· is o~ed for solutions of concentrations of 

4.1% Pluronic and3.8% Klucel. 

Pluronic Pl05-·I<J.ucel H Phase separation.is(lbserved for solutions of 

10 concentrations of 4.5%.Pluronic and 2.8% Klucel. Two-

15 

20 

Pluronic Pl 05 -·Klucel L: 

Pluronic Pl OS Kl'19el M: 

·: .. ··. 

phase systems at law concentrations are not viscous. 
·, .. ·.·. 

Separation occurs;ror concentrations in the range of 5.0% 

PIW'Dnic and 3.5%:Klucel. The two-phase solutions in this 

range are not viscous. The lower phase thennoseparates at 

temperatures abov~ 40°C. 

Phase separation is .observed for concentrations with as 

low as 3.9% Plw-oPic and 2.5% Klucel. The Jower phase 

becomes viscous ~~d. ~loµdy at temperatures above 38°C. 

Pluronic Pl23 - 0KliJcel H: Two-phase syt~;~;fonned at concentrations of 5.6% 

Pluronic :and 4.0%:iKi1lceL 

Dextran - NatrosolSvstems 

Three grad¢s'of Dextran were used with three grades ofNatrosol to form a novel 

set of aqueous ~phase systems. The grades o,f~xtran included grades ofT40, 170 

and T500 while Natrosol grades included 250 JOC,lSO LR and 250 MR. 

25 Dextran T40 - N~sol 250 LR: Aqueous tvtt~hlse systems are formed from 

solutions of conceh~ons in the range of 100/0 for each 
. : .~ ":· ' ..... 

polymer. 

Dextran 170-Natrc)sol 250 LR: · Aqueous J~~~e systems are formed from 
·. ···>· 

solutions of about ·s~2%, ~xtran and S.0% Natrosol. 

30 Dextran TSOO - Natrosol 250LR: Aqueous ~~fusse systems are funned from 

solutions of S.3% fo; ·~th;polymers. 
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Pluronic - Dextran Svstems 

Four grades ofDexttan 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 inlcuded T40. TSOO and T2000. The Pluronics used included F68, F77. 

S Fl 08 and Pl 05. Excellent phase separation: pro~rties were observed for most of the 

· combinations of polymers tested in.terms of low p9lymer 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 

IO clear and not very viscous at these concenttations. 

Pluronic F68 - Dextran TIO: Phase separation. is observed for concentrations of 

Pl\U'Onic and Dexttan of 7 .0% and S.9% respectively. 

Pluronic F68 - Dextran T500: Aqueous two-phase systems are formed at 

concentrations aroun4 6.3% for each polymer. 

IS PlW'Ollic F68- Dextran T2000: Aqueous two-phase systems are formed at 

concentrations arowad 9.00A. for each polymer. 

Pluronic F77- Dextran T40: Aqueous two-phase systems are formed at 

concen1rations of 10.0% P1uronic and 9.2% Dextran. 

Pluronic F77 - Dextran 170: Phase separation :occurs for ·solutions of concentrations 

20 of about 8.2% for each polymer. 

Pluronic F77 - Dextran TSOO: Aqueous two-phase systems are formed at 

concentrations of7.0% for both polymers. 

Pluronic F77 - Dextran T2000: Phase separation is observed at a concentration of 

10.7% for both polymers. 

2S PJwvnic FIOB- Dextran T40: Aqueous two-plul$~ . .systems are formed at 

concentrations aroudcf 1.0% for each polymer. 

Pluronic Fl OB - Dextran 170: Aqueous two-ph~e:Systems are formed at 
.· : ~.:: ; 

concentrations in the, J#ge of7.0%. 

Pluronic FIOS - Dextran TSOO: Phase separation ~curs at a concenttation of 3.9% 
·. : ;·.' 

30 Plmonic and 3.4% De1'.tran. 
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PlW"Onic Fl 08 - Dextran T2000: Aqueous two-phase systems are formed at 

concentrations i~ the range of 3.4% Plmonic and 3.9% 

Dextran. 

Pluronic Pl05 -· Dexuan T40: Aqueous two-phase systems are formed at 

5 concentrations: in the range ofB.0% fur each polymer. 

Pluronic P105-· ' . ·Dextran TIO: AqUCOUS·~phase systems are formed at Pluronic and 

Dextran conceii~ons of 6.3%. 

Pluronic Pl OS -. Dextran TSOO: Separati~ Qc:cµrs at concentrations slightly lower than 

6.00Ai for each;·~l~. 
IO Pluronic Pl05 -Dextran TIOOO: Phase s~tion occurs at a concentration in the range 

of 6.0% for eaciipoJymer. 

Klucel - Dexttiil Systems 

Three grades of Klucel were used in c:Onjunction with four grades ofDextran to 

form a novel set of aqueous two-phase systems. The grades of Klucel used included 

15 Klucel H, Land M. The grades of Dextran useci included Dextran T40, no. TSOO and 

1'2000. 

Klucel H- Dextnm T40: Aqueous two-phase systems are formed at concentrations 

ofKlucel and J>c:xlr8n of 6.8% and 8.3% respectively . 
. : . ~ 

Klucel.H- ·DeX:tran TIO: Aqueous-two-p~·;systems are formed at concentrations 

20 of 6.8% for each'J>olymer. 

2S 

Klucel H- Deman TSOO: Phase separation:~~urs at concentrations slightly greater 

than 3.00AI. 

Klucel H - Dextran 1'2000: Phase separati~ ;is observed for concentrations in the 

Klucel L- Dextran T40: 

range of 3.2%. : :·h · · 
Phase separati~ i~ ribserved for solutions of 

concentrations~· than 4.00.4. 

Klucel L- Dextran T70: Aqueous two-~ Systems are fonned at concentrations 
. ,, .. 

of3.6% forea~:pol}'mer. 

Klucel L-Dextran TSOO: Separation is o~med at concentrations of 3.9%. 

30 Klucel L - Dextran TIOOO: Phase separatiorl:.is.observed for concentrations of 3.5% 

Klucel and 3.l~Dextran. 
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Klucel M - Dexuan T 40: Aqueous two-phase s}it~itis are fonned at concentrations 

of slightly greater than 3.1 %. 

Klucel M - Dextran TIO: Phase separation is observed for concentrations in the 

range of3.So/o. 

5 Klucel M - Dextran TSOO: Phase .separation is observed .for polymer concentrations of 

3.5%. 

Klucel M - Dextran T2000: Aqueous two-phase systems are formed at concentrations 

of lower than 4.00AI. 

HPMC - Dextran Systems 

10 Sigma HPMC was used with five different grades ofDextran to form a novel set 

of aqueous two-phase systems. The grades of Dextran used included Dextran T40, T70, 

rsoo. nooo. and a Sodium Dextran Sulfate. 

HPMC - Dextran T40: Phase separation is observed for concentrations less than 

3.0% for each polymer. 

IS HPMC - Dextran TIO: Separation is observed for polymer concentrations of 3.Bo/o 

HPMC and 4.6% Dextran. 

HPMC - Oex.tran TSOO: Phase separation occurs for solutions of concentrations less 

than 3.4o/o. 

HPMC -Dextram 12000: Separation occurs for concentrations close to 4.0%. 

20 HPMC - Sodimn Dextran Sulfate: Separation occurs from concentrations of2.9% 

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, Pl04, PI05 and PI23. 

HPMC - Pluronic P84: Phase separation is observed for concentrations of 6.3o/o 

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 -Pl1D'Onic PI03: Aqueous two-phase systems are formed at concentrations 

less than 4.0%. 
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HPMC-Pturi>ffi~;Pl04: Separation occurs fo'iiblutions of concentrations in the 

range of 3.6%. 

HPMC - Pluronic Pl OS: Phase separation is observed for polymer concentrations in 

the range of S.So/o. 

S HPMC - Pluronic P123: Phase separation occurs ata concentration of S.5% HPMC 

and 6.4% Pluronic. 

IO 

Example 12 

Affinity Electrophoresis Analysis of lnteraction Between 

Cellulose-Baseci Polymers ind CBD 

Affinity electrophoresis analySis was used on the four cellulose-based polymers in 

order to detennine, any interactions between $e molecule and the N-terminal of the 

Cellulose-Binding ,Domain (CBDN1) of Cellulomonas fimi CenC. CB~, and CBD~nN2 

were tested separately on all four cellulose-based polymers. Bovine serum albumine 

IS (BSA), which does not bind to cellulose molecules, was used as a control. The results 

are summarized below. 

Klucel CHPCl 

Strong' binding 'interactions between Klucet Hand :KJucel L with CB'DN1 and 

CBD~nN2 were obServed at pH7 resulting in' total-loss 'of migration on the gel. (See 

20 Figure 9). 

Natrosol CllECl 

Strong binding ofNatrosol with CBl>N1 and CBl>N1N2 was observed (See Figure 

9). 

2S Bermocoll E <EijECl 

Binding interactions were studied for the two grades of Bermocoll E with the 

CBl>N1 and CBDN1N2· Both polymers bind strQngly to either CBl>N1 and CBl>N1N2 as 

measured by the electrophoreiis assay. 

Hydroxypropylmethyl Cellulose <HPMC> 
30 HPMC binds strongly to either CBl>N1 or CBDN1N2 as measured by the 

electrophoresis aSs&y. 
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Current affinity panition systems are limited in their capacity and resolving power 

by low ligand densities which result from :the presence of only one or two ligands per 

polymer chain. Since polymer concentrations are ~ually less than 15 Wl°Ai, affinity 

5 partition systems with a 1: 1 or 2: 1 ligand·:to. polyiner stoichiometry usually yield·target 

protein separation: factors (relative to th~ of the.·contaminants) between 5 and 50. 

These separation factors are· more than sufficient for 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 limited by the expense of the 

10 chemistry needed to produce the polymerligand coajugates. 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 sel~tive binding of CBDNt to a variety of 

water-soluble cellulosic substrates offers new, cost-effective, highly-flexible affinity 

partition system for continuous purification or recombinant proteins. Genetic linkage of 

IS CBDN1 to a target p~ 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. 

AJl.publicatiom·and patent:·applications. mentioned in this· specification .are . 

20 indicative of the level:of skill of those skilled in the art to which this invention pertains. 

All publications and patent applications are herein .incorporated by reference to the same 

extent as if each individual publication or patent application was specifically and 

individually indicated to be incorporated by referen,ce. 

2S The invention now being fully deseribed. invill 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 (:laims. 
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What is claimed is: 

1. A method for purifying a compound comprising a polysaceharide binding 
.. 

peptide from other components of a mixture, said method ~mprising: 

inducing phase separation of a solution comprising said mixture and a 

S phase-forming oligosaccharide polymer\to which said compound binds so that 

said compound· partitions into the p~e:comprising said oligosaccharide polymer; 

collecting. said'oligosaccharicte::p0Jymer phase; and 

dissociating said compound :&Om said oligosaccharide polymer, whereby a 

solution comprising said compound pµrified as compared to said mixture is 

10 obtained. 

IS 

2. The method according ,to Claim 1. wherein phase separation is induced 

using a phase separation inducing agent. 

3. The method according to ClaimJ, wherein said oligosaccbaride polymer 

is a thermoseparating polymer and p~ separation is induced by beating said 

solution to a temperature at which phaSe separation occurs. 

4. The method according to -Claim;.J'.~:wherein said oligosaccharide polymer· 

20: is a.&-.~,4-glucan. 

S. The method according to Claim 4~ wherein said 8-1,4-glucan is a 

cellulose. 

6. The method according to Claim S..:,,wherein said cellulose is selected from 
::··· . 

the group consisting of hydroxyethyl ce~'~o~. carboxymethyl cellulose, 

ethylhydroxyetbyl cellulose and hydrox~ropyl celJulose. 

7. · The method according_ to Claim i,wberein said polysaccharide binding 

30 peptide is derived fron,i a polysaccharide bfuding domain of a polysaccbaridase or 

a polysaccharide binding protein. 
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8. The method according to Claim 7. wherein said polysaccharidase is a 

cellulase. 

9. A method for purifying a polypeptide 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 oligosacefuirlde polymer which is soluble in an 

aqueous solution and to which said IJPlypeptide binds and as a second component 

10 a phase separation inducing agent uncier conditions whereby said polypeptide 

partitions into the phase comprising .said oligosaccharide polymer, wherein said 

polypepti<le comprises a polysacchalidei binding peptide; 

collecting said oligosaccharide· polymer phase; and 

dissociating said polypeptide rrQm said oligosaccharide polymer, whereby 

IS a solution comprising said polypeptide,purified as compared to said mixture is 

obtained. 

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

polypeptide comprising said polysaccbaride binding peptide and a 

20 macromolecule. 

25 

11. The method according to Claim l 0, wherein said fusion polypeptide 

comprises a protease recognition sequcsn~ between said polysaccharide binding 

peptide and said macromolecule. 

12. 1be method according to Clamq;1, ·Wherein said protease recognition 

sequence is beterologous to said pol~l)aride binding peptide . 
. : .. · .. ; . . 

. . ·.~' ·: . 

13. A two-phase partition system c~!liprising: 
30 as a first compo~nt a phase-fu~g:oligosaccharide polymer to which a 

polysaccharide binding·peptjde binds~ 'a' Ka of l o3M to I 07M and as a second 

component a phase separation inducing. llg~t. wherein said first and second 
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components are each present in an amount sufficient to induce phase separation. 

14. The two-phase partition system according to Claim 13. wherein said 

polysaccharide binding peptide is derived from C. fimi endoglucanse C. 

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

polysaccharide binding peptide is CBDN1• 

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

10 component is ielected from the group consisting of hydroxypropyl cellulose, 

hydroxyethyl cellulose, ethylhydroxyethyl cellulose, hydroxypropyl cellulose, and 

methyl cellulose. 

17. The method according to Claim 13, wherein said second component is 

1.5 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. 

20 

19. The cellulose binding domain according to Claim I 8, wherein said binding 

domain is CB1>N1. 

20. A method for sepaniting a compound comprising a polysaccharide binding 

2S peptide from a mixture, ·said method comprising: 

lO 

beating said mixture with a thermoseparating P-1,4-Jinked cellosaccharide 

polymer which is soluble in an aqueous solution and to which said compound 

binds to a temperature 11iwhich phase separation occurs and a cellosaccharide 

polymer phase is obtaiiiC<i ~which ~id compound partitions; 
: ·· .. 

collecting said cellosacchll!ide polymer phase, which comprises said 

compound separated fro~ other components of said mixture. 

-------· --~--------- -----·-- ----
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