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(57) ABSTRACT 
An isolated B1 domain polypeptide of bacterial Protein G 
Which binds a Fab fragment of an IgG but substantially does 
not bind a Fe fragment of an IgG. Methods for the detection 
and puri?cation of IgG Fe antibody fragments and Fab 
antibody fragments using the isolated GB1 domain polypep 
tides are also disclosed. 
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NOVEL REAGENTS FOR DETECTION AND 
PURIFICATION OF ANTIBODY FRAGMENTS 

GRANT STATEMENT 

[0001] This WorkWas supported by grant N00014-98-1 
0110 from the Of?ce of Naval Research. Thus, the United 
States Government has certain rights in the invention. 

TECHNICAL FIELD 

[0002] The present invention relates to detection and puri 
?cation of antibody fragments. More particularly, the 
present invention relates to the detection and puri?cation of 
Fc and Fab fragments of IgG’s using reagents prepared from 
the B1 domain of bacterial protein G. 

Table of Abbreviations 

ELISA enzyme-linked immunosorbent assay 
Fab antigen binding fragment of an immunoglobulin 
Fc readily crystallized fragment of an immunoglobulin 
GB1 B1 domain of Protein G 
HFc readily crystallized fragment of a human immunoglobulin 
Ig immunoglobulin 
IgG immunoglobulin G 
PCR polymerase chain reaction 
pfu plaque forming units 

BACKGROUND ART 

[0003] Protein-protein interactions play an essential role 
in many biological processes. Understanding the energetics 
of such interactions is of great importance because it de?nes 
the necessary concentrations of interacting partners, the 
rates at Which these partners are capable of associating, and 
the relative concentrations of bound and free proteins in a 
solution. See Stites. W. E. (1997) Chem. Rev. 97:1233-1250. 
Well studied classes of protein-protein interactions (Jones. 
S. and Thornton. J. M. (1996) Proc. Natl. Acad. Sci. USA 
93:13-20; LeConte. L. et al. (1999) J. Mol. Biol. 285:2177 
2198) include hormone receptor binding and activation 
(Wells. J. A. and deVos. A. M. (1996) Ann. Rev. Biochem. 
65:609-634), antibodies With protein antigens (Davies, D. R. 
and Cohen, G. H. (1996) Proc. Natl. Acad. Sci. USA 
93:7-12), enZyme inhibitor complexes (Tsunogae, Y. et al. 
(1986) J. Biochem. 100:1637-46), and protein oligomeriZa 
tion (Argos, P. (1988) Prot. Eng. 2:101-113). 

[0004] B1 is one of the domains of Protein G, a member 
of an important class of proteins Which form IgG-binding 
receptors on the surface of certain staphylococcal and strep 
tococcal strains, as described by Boyle. M. D. P. (1990) 
Bacterial Immunoglobulin-Binding Proteins, Academic 
Press, San Diego and Frick, I-M. et al. (1992) Proc. Natl. 
Acad. Sci. USA 89:8532-8536). It has been suggested that 
these proteins alloW the pathogenic bacterium to evade the 
host immune response by coating the invading bacteria With 
host antibodies (GoWard. C. R. et al. (1993) Trends Bio 
chem. Sci. 18:136-140), thereby contributing signi?cantly to 
the pathogenicity of these bacteria. Furthermore, protein G 
has found numerous applications in biotechnology as a 
reagent for affinity puri?cation of antibodies (Stahl, S. et al. 
(1993) Current Opinion in Immunology 5 :272-277), since it 
binds to IgGs of many different species and subclasses, as 
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disclosed in Stone. G. C. et al. (1989) J. Immunol 143565 
570 and in Fahnestock et al. (1990) US. Pat. No. 4,977,247. 
Further characteriZation of the sequence determinants that 
contribute to IgG binding may lead to neW therapeutics for 
streptococcal infections and novel immunochemical 
reagents and thus represents a signi?cant need in the art. 

[0005] Staphylococcal Protein A competitively binds to a 
similar site on the Fc fragment of human IgG’s as the B1 
domain, involving in both cases hFc residues 252-254, 
433-435, and 311, as described by Deisenhofer, J. (1981) 
Biochemistry 20:2361-2370 and Sauer-Eriksson, A. E. et al. 
(1995) Structure 3:265-278. Whereas the interactions 
betWeen B1 and hFc are predominantly polar, half of the 
protein A interactions are polar and half are hydrophobic. 
These proteins present an eXample of tWo distinct folds 
Which have evolved different structural features to achieve 
binding at very similar sites on the same target molecule. 

[0006] The B1 domain of Protein G is a 5 6-residue domain 
that folds into a four-stranded [3-sheet and one ot-heliX, as 
shoWn by NMR and X-ray crystallography. Despite its small 
siZe, the B1 domain has tWo separate IgG-binding sites on 
its surface, each interacting respectively With speci?c, inde 
pendent sites on the Fab or Fc fragments of the antibody. 
Compared to most other protein-protein interactions, the 
Fc-binding site on the B1 protein is someWhat a typical. 
First, it is predominantly polar rather than hydrophobic in 
character (Stites. W. E. (1997) Chem. Rev. 97:1233-1250); 
second, the interfacial area is on the loWer end of the 
observed range, —700 A2 rather than the average 1200 A2 
(Jones, S. and Thornton, J. M. (1996) Proc. Natl. Acad. Sci. 
USA 93:13-20); third, rather than a planar interaction surface 
typically observed in heterodimers, this interface is formed 
by a double “knobs-into-holes” interaction (Crick. F. H. C. 
(1952) Nature 170:882-883; Crick. F. H. C. (1953) Acta 
Crystallographica 6:689-697) in Which a knob from the B1 
protrudes into a hole in the hFc, and vice versa. 

[0007] In vieW of the presence of these a typical elements 
Within the Fc-binding site on the B1 domain of protein G, the 
characteriZation of the energetic contributions of each of 
these elements on the B1 domain for Fc fragments of IgG’s 
represents a long-felt and signi?cant need in the art. Indeed, 
the characteriZation of the energetic contributions of the a 
typical elements Within the Fc-binding site on the B1 protein 
Would facilitate the development of improved reagents and 
methods for detection and puri?cation of antibody frag 
ments, among other applications. The development of such 
reagents and methods thus represents an ongoing need in the 
art. 

SUMMARY OF THE INVENTION 

[0008] In accordance With the present invention, an iso 
lated GB1 domain polypeptide Which eXhibits binding activ 
ity for an Fab fragment of an IgG but exhibits substantially 
no binding activity for an Fc fragment of an IgG is disclosed. 

[0009] Preferably, the isolated GB1 domain polypeptide of 
the present invention further comprises a disrupted “knobs 
into-holes” binding site for a Fc fragment of an IgG. More 
preferably still, the isolated GB1 domain polypeptide of the 
present invention further comprises a mutation at a “knobs 
into-holes” binding site on the GB1 polypeptide for a Fc 
fragment of an IgG GB1 domain polypeptide, the mutation 
comprising an amino acid substitution. 
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[0010] In accordance With the present invention, a method 
for purifying Fc fragments of IgG’s by af?nity chromatog 
raphy is also disclosed. The method comprising the steps of: 
(a) contacting a sample comprising IgG Fc and Fab frag 
ments With a GB1 polypeptide of the present invention 
immobilized to a solid phase support to immobilize the IgG 
Fab fragments to the solid phase support; and (b) collecting 
the IgG Fc fragment remaining in the sample. 

[0011] In accordance With the present invention, a method 
for purifying Fab fragments of IgG’s by affinity chromatog 
raphy is also disclosed. The method comprising the steps of: 
(a) contacting a sample comprising IgG Fc and Fab frag 
ments With a GB1 polypeptide of the present invention 
immobiliZed to a solid phase support to immobiliZe the IgG 
Fab fragments to the solid phase support; (b) collecting the 
IgG Fc fragment remaining in the sample; and (c) eluting the 
IgG Fab fragments from the solid phase support to give 
puri?ed IgG Fab fragments in the eluate. 

[0012] In accordance With the present invention, a method 
for detecting IgG, a fragment of an IgG, or combinations 
thereof, in a ?uid sample suspected of containing IgG, a 
fragment of an IgG, or combinations thereof is also dis 
closed. The method comprising the steps of: (a) contacting 
the ?uid sample With a binding substance comprising the 
GB1 polypeptide of claim 1, under conditions favorable to 
binding of IgG, a fragment of an IgG, or combinations 
thereof to the binding substance to form a complex therebe 
tWeen; and (b) detecting the complex by means of a label 
conjugated to the binding substance or by means of a labeled 
reagent that speci?cally binds to the complex subsequent to 
its formation. 

[0013] It is thus an object of the present invention to 
provide novel reagents and methods for the detection and 
puri?cation of antibody fragments. 

[0014] It is another object of the present invention to novel 
reagents and methods for the detection and puri?cation of 
antibody fragments Which provides for the separation of Fc 
fragments and Fab fragments of an IgG, preferably an IgG 
of a Warm-blooded vertebrate. 

[0015] It is yet another object of the present invention to 
novel reagents and methods for the detection and puri?ca 
tion of antibody fragments Which provides for the separation 
of Fc fragments and Fab fragments of a human IgG. 

[0016] It is still another object of the present invention to 
provide for the characteriZation of the energetic contribu 
tions of elements Within the Fc-binding site on the B1 
domain of protein G to binding With an Fc fragment of an 
IgG, preferably an IgG of a Warm-blooded vertebrate. 

[0017] Some of the objects of the invention having been 
stated hereinabove, other objects Will become evident as the 
description proceeds, When taken in connection With the 
accompanying draWings and Examples as best described 
hereinbeloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 presents three schematic depictions of the 
interaction betWeen the B1 domain and a human Fc frag 
ment. All structures Were draWn from the coordinates of the 
Bl-hFc complex described by Sauer-Eriksson et al. (1995) 
Structure 3:265-278 and at Brookhaven accession number 
lfcc. 
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[0019] FIG. 1A is a ribbon representation With the tWo 
partners pried apart. The residues on the surface of the B1 
domain are colored according to the loss in binding free 
energy When mutated to alanine: yelloW, >500-fold, orange, 
>300-fold; red, >50-fold, broWn,>10-fold; grey,<2-fold. The 
approximate position of the reporter ?uofophore covalently 
attached to a cysteine at position 32 is indicated by the 
purple sphere. 
[0020] FIG. 1B is a surface rendering of the interaction, 
highlighting the position of the knobs and holes on the tWo 
proteins. 
[0021] FIG. 1C depicts a stereopair shoWing details of the 
interaction betWeen the B1 domain (heavy lines) and the 
Cy2-Cy3 region of the Fc fragment (light lines). 

[0022] FIG. 2 presents tWo graphs depicting the interac 
tion of B1 mutants With a human Fc fragment. Binding Was 
monitored by changes in ?uorescence of an acrylodan 
reporter group site-speci?cally attached to a cysteine muta 
tion at position 32 of the B1 domain. Each point represents 
the average of three independent titrations, With experimen 
tal errors as indicated. 

[0023] FIG. 2A is a line graph depicting titration of the 
unlabeled Fc fragment into a solution of 250 nM of the T25A 
mutant B1 domain. The data Was ?t to Equation 1. Experi 
mental Error bars are smaller than symbols on graph. 

[0024] FIG. 2B is a line graph depicting determination of 
the free energy of binding of a Weakly binding B1 mutant, 
N35A, by a competition experiment in Which unlabeled 
mutant protein is titrated into a 250 nM preformed complex 
of ?uorescent Wild-type B1 and human Fc. The data Was ?t 
to Equation 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] In accordance With the present invention, the con 
tribution to the free energy of binding of each of the residues 
forming the binding site for an IgG Fc fragment on the 
surface of the B1 domain of protein G Was determined by 
alanine-scanning mutagenesis. The interface betWeen these 
tWo proteins is a typical in that it is smaller than usual, polar 
in character and involves tWo Well-de?ned “knobs-into 
holes” interactions. The bulk of the free energy of binding is 
contributed by three central residues Which make hydrogen 
bonds across the interface. 

[0026] Of these, the most critical interaction is formed by 
the glutamate 27 (Glu27) residue, Which acts as a charged 
knob on the surface of the B1 domain, inserting into a polar 
hole on the Fc fragment. A single alanine mutation of this 
residue virtually abolishes stable complex formation. 
Indeed, it Was observed that the substitution of the Glu 27 
residue With any of the other nineteen amino acids virtually 
abolishes stable complex formation. Formation of a stable 
interface betWeen these tWo proteins is therefore dominated 
by a small, polar “hot-spot”. Thus, the detection and puri 
?cation reagents and methods of the present invention in 
part pertain to disruption of the small, polar “hot spot”. 

[0027] A. General Considerations 

[0028] B1 is one of the domains of Protein G, a member 
of an important class of proteins Which form IgG-binding 
receptors on the surface of certain staphylococcal and strep 
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tococcal strains. See Boyle. M. D. P. (1990) Bacterial 
Immunoglobulin-Binding Proteins, Academic Press, San 
Diego, Calif. and Frick. I-M. et al. (1992) Proc. Natl. Acad. 
Sci. USA 89:8532-8536. The B1 domain has found numer 
ous applications in biotechnology as a reagent for qffinity 
puri?cation of antibodies (Stahl, S. et al. (1993) Current 
Opinion in Immunology 5:272-277), since it binds to IgGs of 
many different species and subclasses as disclosed by Stone. 
G. C. et al. (1989) J. Immunol. 143:565-570. 

[0029] B1 is a 56-residue domain that folds into a four 
stranded [3-sheet and one ot-helix, as shoWn by NMR and 
X-ray crystallography. Despite its small siZe, the B1 domain 
has tWo separate IgG-binding sites on its surface, each 
interacting respectively With speci?c, independent sites on 
the Fab or Fc fragments of the antibody. The structure of a 
B1-Fab complex (Derrick. J. P. and Wigley, D. B. (1992) 
Nature 359:752-754 has revealed that the Fab-binding site is 
mediated almost entirely through backbone contacts 
betWeen the edge of the ot-sheet of the B1 domain and the 
last [3-strand of the CH1 domain of the Fab fragment, thereby 
forming a continuous [3-sheet spanning the interface 
betWeen the tWo partners. 

[0030] In contrast, a B1-Fc complex (Sauer-Eriksson, A. 
E. et al. (1995) Structure 3: 265-278) has shoWn that the 
Fc-binding site is mediated primarily by side-chain contacts 
betWeen the tWo proteins. This is further supported by 
competition experiments in Which an 11-residue peptide 
corresponding to the C-terminus of the ot-helix and the 
N-terminal part of the third [3-strand competitively inhibits 
binding of B1 to hFc. Frick, I-M. et al. (1992) Proc. Natl. 
Acad. Sci. USA 89:8532-8536. NMR experiments also con 
?rm the general location of the Fc-binding site on the surface 
of the B1 domain (Gronenborn. A. M. and Clore. G. M. 
(1993) J. Mol. Biol. 233:331-335; Kato, K. et al. (1995) 
Structure 3:79-85). HoWever, prior to the disclosure of the 
present application, the energetics of B1-Fc binding have not 
been characteriZed. 

[0031] The term “antibody or antibody molecule” in the 
various grammatical forms is used herein as a collective 
noun that refers to a population of immunoglobulin mol 
ecules and/or immunologically active portions of immuno 
globulin molecules, i.e., molecules that contain an antibody 
combining site or paratope. An “antibody combining site” is 
that structural portion of an antibody molecule comprised of 
heavy and light chain variable and hypervariable regions 
that speci?cally binds antigen. Antibodies, including poly 
clonal and monoclonal antibodies, can be prepared in accor 
dance With a variety of art-recogniZed techniques, such as 
are exempli?ed in HoWell et al. (1988) AntibodiesA Labo 
ratory Manual, (Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY. 

[0032] Five classes of immunoglobulin have been de?ned 
in humans and the higher mammals. Those are IgG, IgM, 
IgA, IgD, and IgE. Additionally, humans have been found to 
have four subclasses of IgG and tWo subclasses of IgA. 
These immunoglobulins are present in all normal individuals 
and are referred to as isotypes. The type of heavy chain 
involved, termed gamma (y), mu (p), alpha (0t), delta (6), 
and epsilon (6), respectively, establishes the class of immu 
noglobulin. Each isotype is characteriZed by its amino acid 
sequence and is the product of a different gene segment. 
Additionally, tWo types of human immunoglobulin light 
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chain Were also de?ned by their distinct antigenicity and 
named kappa (K) and lambda 

[0033] When an Ig molecule is digested by papain to yield 
fragments, and these digestion products are dialyZed, protein 
crystals accounting for one-third of the original protein mass 
are produced. These crystals are termed the Fc fragment (the 
complement binding fragment) as they constitute the “frag 
ment crystalliZable”. Fc, comprising the carboxy-termini of 
tWo heavy chains, is dimeric in nature. The heavy chains are 
held together by inter-chain disul?de bonds. In addition, 
intra-chain disul?de bonds add to the conformation of the Fc 
region. Carbohydrates are found attached to the Fc portion 
of immunoglobulin. 

[0034] The fragments Which account for tWo-thirds of the 
original protein mass after papain digest of an Ig bind 
antigen in a manner equivalent to the original molecule and 
are termed the Fab fragments as they Were antigen binding. 
Fab fragments are also knoWn as monovalent fragments. It 
is often desirable to isolate Fab fragments from Fc fragments 
to study biological characteristics, such as binding charac 
teristics, of the separate fragments. Indeed, papain digestion 
yielding Fab monomers almost alWays generates Fc frag 
ments and as such, the presence of Fc fragments is alWays 
an issue if the Fab monomer is the desired product of the 
digest. The present invention provides methods and reagents 
useful in isolation of the fragments and thus solves a 
particular problem associated With papain digestion. 

[0035] Alternatively, antibody fragments may be prepared 
by pepsin cleavage, Which releases a bivalent antigen 
binding F(ab‘)2 fragment and a complement-binding Fc‘ 
fragment. The F(ab‘)2 fragment can be dissociated by thiol 
reagents into monovalent fragments. The present invention 
also provides methods and reagents useful in isolation of 
F(ab‘)2 fragments. 
[0036] The present invention particularly concerns IgG’s 
and fragments thereof, including particularly the papain 
digestion fragments Fab and Fc. Thus, as sed herein and in 
the claims, the term “IgG” is meant to refer to any IgG, 
including but not limited to IgG’s from any Warm-blooded 
vertebrate subject, and including but not limited to poly 
clonal IgG’s and monoclonal IgG’s. As is recogniZed among 
those having ordinary skill in the art, IgG’s, including 
Warm-blooded vertebrate IgG’s, may be divided into sub 
classes, including but not limited to IgG1, IgG2, IgG3 and 
IgG4. Thus, the term “IgG” is also meant to include all 
subclasses of IgG’s. 

[0037] The recogniZed binding of protein G and the B1 
domain of protein G With IgG’s of many different species 
and subclasses, as disclosed in Stone, G. C. et al. (1989) J. 
Immunol. 143:565-570 coupled With the sequence modi? 
cation techniques, peptide synthesis techniques, and labo 
ratory examples disclosed herein provide adequate guidance 
to one of ordinary skill in the art for the detection and 
puri?cation of IgG’s and fragments thereof, including Fab 
and Fc fragments, from any Warm-blooded vertebrate spe 
cies using the GB1 polypeptides of the present invention in 
accordance With the detection and isolation methods dis 
closed herein. 

[0038] As disclosed in detailed herein, the Fc binding 
segment of the GB1 polypeptide of the present invention has 
been modi?ed to disrupt binding. As shoWn beloW in Table 
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1, mammalian Fc fragments include highly homologous 
structures as compared to human IgG Fc fragments, includ 
ing substantially invariant residues at a binding site on the Fc 
fragment for a native or naturally occurring GB1 domain 
polypeptide. Thus, a GB1 domain polypeptide of the present 
invention having binding activity toWards an IgG Fab frag 
ment from a Warm-blooded vertebrate, preferably a mam 
mal, and having substantially no binding activity toWards a 
mouse IgG Fc fragment a Warm-blooded vertebrate, prefer 
ably a mammal, may be prepared using the sequence modi 
?cation data and techniques, and protein synthesis tech 
niques, disclosed herein. Therefore, a “GB1 domain 
polypeptide of the present invention” as used herein and in 
the claims is meant to encompass such a polypeptide. 

[0039] Table 1 presents a compilation of a sequence 
alignment data for preferred IgG species and subtypes. This 
alignment Was constructed through a blast search Which Was 
performed on the World Wide Web at: http://WWW.ncbi.n 
lm.nih.gov/BLAST/. The target sequence that Was searched 
With Was a generic eukaryotic IgG Fc sequence and these 
Were then all aligned against a human IgG1 Fc sequence. 
The alignment shoWn in Table 1 beloW is of the most 
relevant regions of the Fc domain Which contacts With the 
B1 domain. See also FIG. 1B. In each segment of 10 
residues, it is the middle tWo residues (residue number 5 and 
6, I and S in the ?rst column and H and N in the second 
column) that are deemed to be important Fc residues for 
binding. It is noted that these residues are nearly invariant. 
The numbers shoWn are the amino acid number for the four 
important residues, the numbering convention is that from 
human IgG1 Fc fragment. 

TABLE 1 

253, 254 433, 434 

IgG k chain DTLMISRTPE HEALHNHYTQ 
IgG1 human DTLMISRTPE HEALHNHYTQ 
IgG2 human DTLMISRTPE HEALHNHYTQ 
IgG3 human DTLMISRPTE HEALHNRPTQ 
IgG4 human DTLMISRTPE HEALHNHYTQ 
IgG1 mouse DVLTITLTPK HEGLHNHHTE 
IgG2a mouse DVLMISLSPI HEGLHNHHIT 
IgG2h mouse DVLMISLTPK HEGLKNYYLK 
IgG3 mouse DALMISLTPK HEALHNHHTQ 
IgG2a pig DTLMISRTPQ HEALHNHYTQ 
IgG2h pig DTLMISRTPQ HEALHNHYTQ 
IgG3 pig DTLMISQTPE HEALHNHYTQ 
IgG4 pig DTLMISRTPK HEALHNHYTQ 
IgG Rat DTLMISRTPE HEALHNHYTQ 
IgG chimp DTLMISRTPE HEALHNHYTQ 
IgG Macaca DTLMISRTPE HEALHNHYTQ 
IgG rabbit DTLMISRTPE HEALHNHYTQ 
IgG1 cat DTLSISRTPE HEALHSHHTQ 
IgG2 guinea pig DTLMISLTPR HEALHNHVTQ 
IgG3 coW DTLTISGTPE HEALRNHYKE 

[0040] Thus, the GB1 polypeptides of the present inven 
tion may be used to bind IgG’s from any suitable or 
desirable Warm-blooded vertebrate species, including mam 
malian and avian species. In most research or clinical 
applications, the more commonly used polyclonal antibodies 
are likely to be prepared and isolated from rabbit, goat and 
horse, While the more commonly used monoclonal antibod 
ies are likely to be prepared and isolated from mouse. IgG’s 
and fragments thereof, including Fab and Fc fragments, 
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prepared and isolated from mouse, rat, rabbit, goat, human 
and horse are particularly contemplated in accordance With 
the present invention. 

[0041] For example, Fab and Fc fragments from a mouse 
IgG antibody, particularly a monoclonal antibody, have been 
puri?ed and separated by the inventors in accordance With 
the techniques described herein using a GB1 polypeptide of 
the present invention. Fab and Fc fragments of IgG anti 
bodies from goat and rabbit have also been puri?ed and 
isolated using a GB1 polypeptide of the present invention. 
Therefore, the phrases “having binding activity for an IgG 
Fab fragment” and “having substantially no binding activity 
toWards an IgG Fc fragment” as used herein in connection 
a GB1 polypeptide of the present invention are meant to 
encompass such binding characteristics as applied to IgG’s, 
and fragments thereof, from any Warm-blooded vertebrate 
species. Preferably, these phrases are meant to encompass 
IgG’s, and fragments thereof, from mammalian species. 
Preferred mammalian species include are listed in Table 1 
above, and include human, mouse, pig, rat, ape, monkey, cat, 
guinea pig, coW, goat and horse. 

[0042] B. Polypeptides 

[0043] In accordance With the present invention, an iso 
lated GB1 domain polypeptide Which exhibits binding activ 
ity for an Fab fragment of an IgG but exhibits substantially 
no binding activity for an Fc fragment of an IgG is disclosed. 
The terms “bind”, “binding”, “binding activity” and “bind 
ing affinity” are believed to have Well-understood meanings 
in the art. To facilitate explanation of the present invention, 
the terms “bind” and “binding” are meant to refer to protein 
protein interactions that are recogniZed to play an essential 
role in many biological processes, such as the binding 
betWeen an antibody and an antigen. Exemplary protein 
protein interactions include, but are not limited to, covalent 
interactions betWeen side chains, such as disul?de bridges 
betWeen cysteine residues; hydrophobic interactions 
betWeen side chains; and hydrogen bonding betWeen side 
chains. Particularly contemplated protein-protein interac 
tions for the present invention are the hydrogen bonds 
formed betWeen a polar “hot spot” of the natural B1 domain 
polypeptide and the Fc fragment of an IgG. 

[0044] The terms “binding activity” and “binding af?nity” 
are meant to refer to the tendency of one protein or polypep 
tide to bind or not to bind to another protein or polypeptide. 
The energetics of protein-protein interactions are signi?cant 
in “binding activity” and “binding af?nity” because they 
de?ne the necessary concentrations of interacting partners, 
the rates at Which these partners are capable of associating, 
and the relative concentrations of bound and free proteins in 
a solution. 

[0045] Thus, as used herein and in the claims, the terms 
“substantially no binding activity” or “substantially no bind 
ing af?nity” refer to a substantial lack of binding or lack of 
interaction betWeen tWo polypeptides, eg between the Fc 
fragment of an IgG and a GB1 domain polypeptide of the 
present invention. These terms can be further quanti?ed 
from the detailed energetics data presented in the Examples 
With respect to binding and lack of binding betWeen 
polypeptides of the present invention and Fc fragments of 
IgG’s. Thus, for example, a dissociation constant (Kd) may 
be used to describe a GB1 polypeptide of the present 
invention having “substantially no binding activity” for an 
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Fc fragment of an IgG. Indeed, preferably, an isolated GB1 
domain polypeptide of the present invention Which exhibits 
substantially no binding activity for an Fc fragment of an 
IgG is characterized as having a disassociation constant for 
a Fc fragment of an IgG of greater than about 2 mM. 

[0046] More preferably, the isolated GB1 domain 
polypeptide of the present invention further comprises a 
disrupted “knobs-into-holes” binding site for a Fc fragment 
of an IgG. More preferably still, the isolated GB1 domain 
polypeptide of the present invention further comprises a 
mutation at a “knobs-into-holes” binding site on the GB1 
polypeptide for a Fc fragment of an IgG, the mutation 
comprising an amino acid substitution. Optionally, the 
amino acid substitution comprises the substitution of a polar 
amino acid residue With a comparatively non-polar amino 
acid residue. Preferably, the Fc is an Fc fragment of an IgG 
of a Warm-blooded vertebrate, such as mouse, rabbit, goat, 
horse or human. Fc fragments of a human IgG are also 
referred to herein as an “hFc fragment”. 

[0047] A preferred embodiment of a GB1 domain 
polypeptide of the present invention comprises a mutation at 
the glutamate 27 residue of a native GB1 domain polypep 
tide. The mutation comprises a substitution of the glutamate 
27 residue With any of the other 19 amino acids, as it has 
been observed by the present inventors that any such sub 
stitution substantially abolishes Fc binding activity While 
maintaining Fab binding activity. Optionally, the substitu 
tion may comprise a comparatively non-polar amino acid 
residue, such as alanine, valine, leucine and isoleucine. In 
the case of an hFc fragment, the mutation is further char 
acteriZed as a substitution of the glutamate 27 residue With 
a residue substantially incapable of forming a hydrogen 
bond With an Oy of a serine 254 residue of the hFc fragment. 
Particularly contemplated examples of such a GB1 polypep 
tide are disclosed in SEQ ID NO’s: 6, 20, 22 and 24. 

[0048] An alternative embodiment of a GB1 domain 
polypeptide of the present invention comprises a mutation at 
a lysine 28 residue of a native GB1 domain polypeptide. The 
mutation comprises a substitution of the lysine 28 residue 
With any of the other 19 amino acids, as it is contemplated 
by the present inventors that any such substitution substan 
tially abolishes Fc binding activity While maintaining Fab 
binding activity. Optionally, the substitution may comprise a 
comparatively non-polar amino acid residue, such as ala 
nine, valine, leucine and isoleucine. Aparticularly contem 
plated example of such a GB1 polypeptide is disclosed in 
SEQ ID NO: 8. 

[0049] An alternative embodiment of a GB1 domain 
polypeptide of the present invention comprises a mutation at 
a lysine 31 residue of a native GB1 domain polypeptide. The 
mutation comprises a substitution of the lysine 31 residue 
With any of the other 19 amino acids, as it is contemplated 
by the present inventors that any such substitution substan 
tially abolishes Fc binding activity While maintaining Fab 
binding activity. Optionally, the substitution may comprise a 
comparatively non-polar amino acid residue, such as ala 
nine, valine, leucine and isoleucine. Aparticularly contem 
plated example of such a GB1 polypeptide is disclosed in 
SEQ ID NO:10. 

[0050] An alternative embodiment of a GB 1 domain 
polypeptide of the present invention comprises a mutation at 
an asparagine 35 residue of a native GB1 domain polypep 
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tide. The mutation comprises a substitution of the asparagine 
35 residue With any of the other 19 amino acids, as it is 
contemplated by the present inventors that any such substi 
tution substantially abolishes Fc binding activity While 
maintaining Fab binding activity. Optionally, the substitu 
tion may comprise a comparatively non-polar amino acid 
residue, such as alanine, valine, leucine and isoleucine. A 
particularly contemplated example of such a GB1 polypep 
tide is disclosed in SEQ ID NO:12. 

[0051] An alternative embodiment of a GB1 domain 
polypeptide of the present invention comprises a mutation at 
a tryptophan 43 residue of a native GB1 domain polypep 
tide. The mutation comprises a substitution of the tryptophan 
43 residue With any of the other 19 amino acids, as it is 
contemplated by the present inventors that any such substi 
tution substantially abolishes Fc binding activity While 
maintaining Fab binding activity. Optionally, the substitu 
tion may comprise a comparatively non-polar amino acid 
residue, such as alanine, valine, leucine and isoleucine. A 
particularly contemplated example of such a GB1 polypep 
tide is disclosed in SEQ ID NO:16. 

[0052] An alternative embodiment of a GB1 domain 
polypeptide of the present invention comprises mutations at 
a threonine 35 residue and at a tyrosine 45 residue of a native 
GB1 domain polypeptide. The mutation comprises a substi 
tution of the threonine 35 residue and tyrosine 45 residues 
With any of the other 19 amino acids, as it is contemplated 
by the present inventors that any such substitution substan 
tially abolishes Fc binding activity While maintaining Fab 
binding activity. Optionally, the substitution may comprise a 
comparatively non-polar amino acid residue, such as ala 
nine, valine, leucine and isoleucine. Aparticularly contem 
plated example of such a GB1 polypeptide is disclosed in 
SEQ ID NO:18. 

[0053] Thus, as used herein and in the claims, the terms 
“GB1 domain protein” and “GB1 domain polypeptide” refer 
to polypeptides having amino acid sequences Which are 
substantially identical to the naturally occurring or native 
amino acid sequences in the GB1 domain but Which are 
altered, mutated or otherWise changed so as to exhibit Fab 
binding activity and substantially no Fc binding activity. 

[0054] The terms “GB1 domain protein” and “GB1 
domain polypeptide” also include analogs of GB1 domain 
molecules of the present invention Which exhibit at least 
some biological activity in common With native GB1 
domain polypeptides, that is Fab binding activity, While at 
the same time exhibiting substantially no Fc binding activity 
in accordance With the present invention. Furthermore, those 
skilled in the art of mutagenesis Will appreciate that other 
analogs, as yet undisclosed or undiscovered, may be used to 
construct GB1 domain analogs. There is no need for a “GB1 
domain protein” or “GB1 domain polypeptide” to comprise 
all, or substantially all of the amino acid sequence of a native 
GB1 domain polypeptide. Shorter or longer sequences are 
anticipated to be of use in the invention. Thus, these terms 
also include fusion or recombinant GB1 domain polypep 
tides and proteins. Methods of preparing such proteins are 
described herein in the Examples among other places. 

[0055] The terms “GB1 domain-encoding nucleic acid 
sequence” and “GB1 domain-encoding nucleic acid seg 
ment” refer to any DNA sequence that is substantially 
identical to a polynucleotide sequence encoding a GB1 
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domain protein or GB1 domain polypeptide as de?ned 
above. The terms also refer to RNA, or antisense sequences, 
compatible With such DNA sequences. A “GB1 domain 
encoding nucleic acid sequence” and “GB1 domain-encod 
ing nucleic acid segment” may also comprise any combi 
nation of associated control sequences. 

[0056] The term “substantially identical”, When used to 
de?ne either a GB1 domain polypeptide amino acid 
sequence, or a GB1 domain polypeptide-encoding nucleic 
acid sequence, means that a particular sequence, for 
example, a mutant sequence, varies from the sequence of a 
GB1 domain polypeptide of the present invention or a native 
GB1 domain polypeptide by one or more deletions, substi 
tutions, or additions, the net effect of Which is to retain at 
least some of a desired binding activity or other biological 
activity of the GB1 domain polypeptide. Alternatively, DNA 
analog sequences are “substantially identical” to speci?c 
DNA sequences disclosed herein if: (a) the DNA analog 
sequence is derived from coding regions of a natural GB1 
domain-encoding nucleic acid molecule; or (b) the DNA 
analog sequence is capable of hybridiZation of DNA 
sequences of (a) under moderately stringent conditions and 
Which encode a GB1 domain polypeptide as de?ned herein 
above; or (c) the DNA sequences are degenerative as a result 
of the genetic code to the DNA analog sequences de?ned in 
(a) and/or 
[0057] Substantially identical analog proteins preferably 
Will be greater than about 60% identical to the correspond 
ing sequence of a particular sequence of sequence of a GB1 
domain polypeptide of the present invention disclosed 
herein, or of the native GB1 protein. Sequences having 
lesser degrees of similarity but comparable binding activity 
are considered to be equivalents. In determining nucleic acid 
sequences, all subject nucleic acid sequences capable of 
encoding substantially similar amino acid sequences are 
considered to be substantially similar to a reference nucleic 
acid sequence, regardless of differences in codon sequences. 

[0058] The GB1 polypeptides of the present invention 
exhibiting binding activity for Fab fragments of IgG’s, 
particularly Warm-blooded vertebrate IgG’s, more particu 
larly mammalian IgG’s, and even more particularly mouse, 
rat, goat, rabbit, human and horse IgG’s. Moreover, as 
discussed herein above, the Fab binding domain of the GB1 
domain has been characteriZed in the art. Thus, any Fab 
binding domain of the GB1 domain having Fab binding 
activity may be incorporated into a GB1 domain polypeptide 
of the present invention, including preferably the Fab bind 
ing domain of the native GB1 domain. Additionally, as 
described herein beloW, any desirable biological functional 
equivalent mutation, substitution, alteration or other change 
in the Fab binding domain of the GB1 domain is Well Within 
the skill of the art from the disclosure herein and is also 
contemplated to fall Within the scope of the present inven 
tion. 

[0059] C. Percent Similarity 

[0060] Percent similarity may be determined, for example, 
by comparing sequence information using the GAP com 
puter program, available from the University of Wisconsin 
Geneticist Computer Group. The GAP program utiliZes the 
alignment method of Needleman et al. (1970), as revised by 
Smith et al. (1981). Brie?y, the GAP program de?nes 
similarity as the number of aligned symbols (i.e. nucleotides 
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or amino acids) Which are similar, divided by the total 
number of symbols in the shorter of the tWo sequences. The 
preferred default parameters for the GAP program include: 
(1) a unitary comparison matrix (containing a value of 1 for 
identities and 0 for non-identities) of nucleotides and the 
Weighted comparison matrix of Gribskov et al. (1986), as 
described by SchWartZ et al. (1979); (2) a penalty of 3.0 for 
each gap and an additional 0.01 penalty for each symbol and 
each gap; and (3) no penalty for end gaps. Other Comparison 
techniques are described in the Examples. 

[0061] The term “homology” describes a mathematically 
based comparison of sequence similarities Which is used to 
identify genes or proteins With similar functions or motifs. 
Accordingly, the term “homology” is synonymous With the 
term “similarity” and “percent similarity” as de?ned above. 
Thus, the phrases “substantial homology” or “substantial 
similarity” have similar meanings. 

[0062] D. Nucleic Acid Sequences 

[0063] In certain embodiments, the invention concerns the 
use of GB1 domain polypeptides and GB1 domain polypep 
tide-encoding nucleic acids that include Within their respec 
tive sequences a sequence Which is essentiallythat of a GB1 
domain-encoding nucleic acid, or the corresponding protein. 
The term “a sequence essentially as that of a GB1 domain 
encoding nucleic acid” means that the sequence substan 
tially corresponds to a portion of a GB1 domain polypeptide 
or GB1 domain polypeptide-encoding nucleic acid and has 
relatively feW bases or amino acids (Whether nucleic acid or 
protein) Which are not identical to those of a GB1 domain 
protein or GB1 domain-encoding nucleic acid, (or a bio 
logically functional equivalent of, When referring to pro 
teins). The term “biologically functional equivalent” is Well 
understood in the art and is further de?ned in detail herein. 
Accordingly, sequences Which have betWeen about 70% and 
about 80%; or more preferably, betWeen about 81% and 
about 90%; or even more preferably, betWeen about 91% 
and about 99%; of amino acids Which are identical orfunc 
tionally equivalent to the amino acids of a GB1 domain 
protein or GB1 domain-encoding nucleic acid, Will be 
sequences Which are “essentially the same”. 

[0064] GB1 domain polypeptides and GB1 domain-en 
coding nucleic acids Which have functionally equivalent 
codons are also covered by the invention. The term “func 
tionally equivalent codon” is used herein to refer to codons 
that encode the same amino acid, such as the six codons for 
arginine or serine, and also to refer to codons that encode 
biologically equivalent amino acids (see Table 2). 

TABLE 2 

Functionally Equivalent Codons. 

Amino Acids Codons 

Alanine Ala A GCA GCC GCG GCU 
Cysteine Cys C UGC UGU 
Aspartic Acid Asp D GAC GAU 
Glumatic acid Glu E GAA GAG 
Phenylalanine Phe F UUC UUU 
Glycine Gly G GGA GGC GGG GGU 
Histidine His H CAC CAU 
Isoleucine Ile I AUA AUC AUU 
Lysine Lys K AAA AAG 
Leucine Leu L UUA UUG CUA CUC CUG CUU 
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TABLE 2 -oontinued 

Functionally Equivalent Codons. 

Amino Acids Codons 

Methionine Met M AUG 
Asparagine Asn N AAC AAU 
Proline Pro P CCA CCC CCG CCU 

Glutamine Gln Q CM CAG 
Arginine Arg R AGA AGG OGA CCC CGG CGU 
Serine Ser S ACG AGU UCA UCC UCG UCU 

Threonine Thr T ACA ACC ACG ACU 

Valine Val V GUA GUC GUG GUU 

Tryptophan Trp W UGG 
Tyrosine Tyr Y UAC UAU 

[0065] It Will also be understood that amino acid and 
nucleic acid sequences may include additional residues, 
such as additional N- or C-terminal amino acids or 5‘ or 3‘ 
sequences, and yet still be essentially as set forth in one of 
the sequences disclosed herein, so long as the sequence 
meets the criteria set forth above, including the maintenance 
of IgG Fab fragment binding activity as Well as the sub 
stantial lack of binding activity for IgG Fc fragments. The 
addition of terminal sequences particularly applies to nucleic 
acid sequences Which may, for example, include various 
non-coding sequences ?anking either of the 5‘ or 3‘ portions 
of the coding region or may include various internal 
sequences, i.e., introns, Which are known to occur Within 
genes. 

[0066] The present invention also encompasses the use of 
DNA segments Which are complementary, or essentially 
complementary, to the sequences set forth in the speci?ca 
tion. Nucleic acid sequences Which are “complementary” 
are those Which are base-pairing according to the standard 
Watson-Crick complementarity rules. As used herein, the 
term “complementary sequences” means nucleic acid 
sequences Which are substantially complementary, as may 
be assessed by the same nucleotide comparison set forth 
above, or as de?ned as being capable of hybridizing to the 
nucleic acid segment in question under relatively stringent 
conditions such as those described herein. 

[0067] Nucleic acid hybridization Will be affected by such 
conditions as salt concentration, temperature, or organic 
solvents, in addition to the base composition, length of the 
complementary strands, and the number of nucleotide base 
mismatches betWeen the hybridizing nucleic acids, as Will 
be readily appreciated by those skilled in the art. Stringent 
temperature conditions Will generally include temperatures 
in excess of 30° C., typically in excess of 37° C., and 
preferably in excess of 45° C. Stringent salt conditions Will 
ordinarily be less than 1,000 mM, typically less than 500 
mM, and preferably less than 200 mM. HoWever, the com 
bination of parameters is much more important than the 
measure of any single parameter. See e.g., Wetmur & 
Davidson, (1968). 
[0068] Probe sequences may also hybridize speci?cally to 
duplex DNA under certain conditions to form triplex or 
other higher order DNA complexes. The preparation of such 
probes and suitable hybridization conditions are Well knoWn 
in the art. 

[0069] As used herein, the term “DNA segment” refers to 
a DNA molecule Which has been isolated free of total 
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genomic DNA of a particular species. Furthermore, a DNA 
segment encoding a GB1 domain polypeptide refers to a 
DNA segment Which contains GB1 domain polypeptide 
coding sequences, yet is isolated aWay from, or puri?ed free 
from, total genomic DNA of a source species, such as 
Staphyloccocus sp. or Streptoccocus sp. Included Within the 
term “DNA segment” are DNA segments and smaller frag 
ments of such segments, and also recombinant vectors, 
including, for example, plasmids, cosmids, phages, viruses, 
and the like. 

[0070] Similarly, a DNA segment comprising an isolated 
or puri?ed GB1 domain-encoding nucleic acid refers to a 
DNA segment including GB1 domain coding sequences 
isolated substantially aWay from other naturally occurring 
polypeptide or protein encoding sequences. In this respect, 
the term “GB1 domain-encoding nucleic acid” is used for 
simplicity to refer to a functional protein, polypeptide or 
peptide encoding unit. “Isolated substantially aWay from 
other coding sequences” means that the nucleic acid of 
interest, in this case, the GB1 domain-encoding nucleic acid, 
forms the signi?cant part of the coding region of the DNA 
segment, and that the DNA segment does not contain large 
portions of naturally-occurring coding DNA, such as large 
chromosomal fragments or other functional nucleic acids or 
coding regions. Of course, this refers to the DNA segment as 
originally isolated, and does not exclude GB1 domain 
encoding nucleic acids or coding regions later added to the 
segment by the hand of man. 

[0071] In particular embodiments, the invention concerns 
isolated DNA segments and recombinant vectors incorpo 
rating DNA sequences Which encode a GB1 domain 
polypeptide that includes Within its amino acid sequence an 
amino acid sequence selected from any of SEQ ID NO’sz6, 
8, 10, 12, 16, 18, 20, 22 and 24. It Will also be understood 
that this invention is not limited to the particular nucleic acid 
and amino acid sequences of SEQ ID NO’s: 5-12 and 15-24. 
Recombinant vectors and isolated DNA segments may 
therefore variously include the GB1 domain polypeptide 
encoding region itself, include coding regions bearing 
selected alterations or modi?cations in the basic coding 
region, or include encoded larger polypeptides Which nev 
ertheless include GB1 domain polypeptide-encoding regions 
or may encode biologically functional equivalent proteins or 
peptides Which have variant amino acid sequences. 

[0072] In certain embodiments, the invention concerns 
isolated DNA segments and recombinant vectors Which 
encode a protein or peptide that includes Within its amino 
acid sequence an amino acid sequence essentially as set 
forth in any of SEQ ID NO’sz6, 8, 10, 12, 16, 18, 20, 22 and 
24. Naturally, Where the DNA segment or vector encodes a 
full length GB1 domain-encoding nucleic acid product, a 
most preferred nucleic acid sequence comprises any of those 
Which are essentially as set forth in SEQ ID NO’s: 5, 7, 9, 
11, 15, 17, 19, 21 and 23, and Which encode a polypeptide 
Which binds an IgG Fab fragment but substantially does not 
bind an IgG Fc fragment. 

[0073] The term “a sequence essentially as set forth in any 
of SEQ ID NO’sz6, 8, 10, 12, 16, 18, 20, 22 and 24” means 
that the sequence substantially corresponds to a portion an 
amino acid sequence of any of SEQ ID NO’sz6, 8, 10, 12, 16, 
18, 20, 22 and 24 and has relatively feW amino acids Which 
are not identical to, or a biologically functional equivalent 
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of, the amino acids of an amino acid sequence of any of SEQ 
ID NO’sz6, 8, 10, 12, 16, 18, 20, 22 and 24. The term 
“biologically functional equivalent” is Well understood in 
the art and is further de?ned in detail herein. Accordingly, 
sequences, Which have betWeen about 70% and about 80%; 
or more preferably, betWeen about 81% and about 90%; or 
even more preferably, betWeen about 91% and about 99%; 
of amino acids Which are identical or functionally equivalent 
to the amino acids of SEQ ID NO’s:6, 8, 10, 12, 16, 18, 20, 
22 and 24, Will be sequences Which comprise “a sequence 
essentially as set forth in any of SEQ ID NO’s:6, 8, 10, 12, 
16, 18, 20, 22 and 24”. 

[0074] In certain other embodiments, the invention con 
cerns isolated DNA segments and recombinant vectors that 
include Within their sequence a nucleic acid sequence essen 
tially as set forth in any of SEQ ID NO’s: 5, 7, 9, 11, 15, 17, 
19, 21 and 23. The term “a sequence essentially as set forth 
in any of SEQ ID NO’s: 5, 7, 9, 11, 15, 17, 19, 21 and 23” 
is used in the same sense as described above and means that 
the nucleic acid sequence substantially corresponds to a 
portion of any of SEQ ID NO’s: 5, 7, 9, 11, 15, 17, 19, 21 
and 23, respectively, and has relatively feW codons Which 
are not identical, or functionally equivalent, to the codons of 
any of SEQ ID NO’s: 5, 7, 9, 11, 15, 17, 19, 21 and 23, 
respectively. Again, DNA segments Which encode polypep 
tides exhibiting Fab binding activity but substantially no Fc 
binding activity Will be most preferred. The term “function 
ally equivalent codon” is used herein to refer to codons that 
encode the same amino acid, such as the six codons for 
arginine or serine, and also to refer to codons that encode 
biologically equivalent amino acids (see Table 2). 

[0075] The nucleic acid segments of the present invention, 
regardless of the length of the coding sequence itself, may 
be combined With other DNA sequences, such as promoters, 
enhancers, polyadenylation signals, additional restriction 
enZyme sites, multiple cloning sites, other coding segments, 
and the like, such that their overall length may vary con 
siderably. It is therefore contemplated that a nucleic acid 
fragment of almost any length may be employed, With the 
total length preferably being limited by the ease of prepa 
ration and use in the intended recombinant DNA protocol. 
For example, nucleic acid fragments may be prepared Which 
include a short stretch complementary to a nucleic acid 
sequence set forth in any of SEQ ID NO’s: 5, 7, 9, 11, 15, 
17, 19, 21 and 23, respectively, such as about 10 nucleotides, 
for use as a PCR primer, for example. Alternatively, longer 
nucleic acid molecules may be prepared Which are up to 
1,000 or 500 base pairs in length, With segments of 200 
being preferred in certain cases. DNA segments With total 
lengths of about 250, 200, 150, 100 and about 50 base pairs 
in length are also contemplated to be useful. 

[0076] The DNA segments of the present invention 
encompass biologically functional equivalent GB1 domain 
proteins and polypeptides. Such sequences may rise as a 
consequence of codon redundancy and functional equiva 
lency Which are knoWn to occur naturally Within nucleic 
acid sequences and the proteins thus encoded. Alternatively, 
functionally equivalent proteins or peptides may be created 
via the application of recombinant DNA technology, in 
Which changes in the protein structure may be engineered, 
based on considerations of the properties of the amino acids 
being exchanged. Changes designed by man may be intro 
duced through the application of site-directed mutagenesis 
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techniques, e.g., to introduce changes in IgG Fab and IgG Fc 
binding activity or to test GB1 domain mutants in orderto 
examine IgG Fab and IgG Fc binding activity at the molecu 
lar level. 

[0077] If desired, one may also prepare fusion proteins 
and peptides, e.g., Where the GB1 domain coding region is 
aligned Within the same expression unit With other proteins 
or peptides having desired functions, such as for puri?cation 
or immunodetection purposes (e.g., proteins Which may be 
puri?ed by affinity chromatography and enZyme label cod 
ing regions, respectively). 
[0078] Recombinant vectors form important further 
aspects of the present invention. Particularly useful vectors 
are contemplated to be those vectors in Which the coding 
portion of the DNA segment is positioned under the control 
of a promoter. The promoter may be in the form of the 
promoter Which is naturally associated With the GB1 
domain-encoding nucleic acid, e. g., in bacterial cells, as may 
be obtained by isolating the 5‘ non-coding sequences located 
upstream of the coding segment, for example, using recom 
binant cloning and/or PCR technology, in connection With 
the compositions disclosed herein. 

[0079] In other embodiments, it is contemplated that cer 
tain advantages Will be gained by positioning the coding 
DNA segment under the control of a recombinant, or het 
erologous, promoter. As used herein, a recombinant or 
heterologous promoter is intended to refer to a promoter that 
is not normally associated With a GB1 domain-encoding 
nucleic acid in its natural environment. Such promoters may 
include promoters isolated from bacterial, viral, eukaryotic, 
or mammalian cells. Naturally, it Will be important to 
employ a promoter that effectively directs the expression of 
the DNA segment in the cell type chosen for expression. The 
use of promoter and cell type combinations for protein 
expression is generally knoWn to those of skill in the art of 
molecular biology, for example, see Sambrook et al., (1989) 
Molecular Cloning: A Laboratory Manual (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY.) and 
Ausubel et al. (1992) Current Protocols in Molecular Biol 
ogy, (J. Wylie & Sons, NeW York, NY), speci?cally incor 
porated herein by reference. The promoters employed may 
be constitutive, or inducible, and can be used under the 
appropriate conditions to direct high level expression of the 
introduced DNA segment, such as is advantageous in the 
large-scale production of recombinant proteins or peptides. 
Appropriate promoter systems contemplated for use in high 
level expression include, but are not limited to, the vaccina 
virus promoter and the baculovirus promoter. 

[0080] In an alternative embodiment, the present invention 
provides an expression vector comprising a polynucleotide 
that encodes a GB1 domain polypeptide exhibiting Fab 
binding activity but substantially no Fc binding activity, or 
other binding activity in accordance With the present inven 
tion. More preferably, an expression vector of the present 
invention comprises a polynucleotide that encodes a 
polypeptide comprising an amino acid residue sequence of 
any of SEQ ID NO’sz6, 8, 10, 12, 16, 18, 20, 22 and 24, 
respectively. More preferably, an expression vector of the 
present invention comprises a polynucleotide comprising 
the nucleotide base sequence of any of SEQ ID NO’s: 5, 7, 
9, 11, 15, 17, 19, 21 and 23, respectively. 
[0081] Even more preferably, an expression vector of the 
invention comprises a polynucleotide operatively linked to 
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an enhancer-promoter. More preferably still, an expression 
vector of the invention comprises a polynucleotide opera 
tively linked to a prokaryotic promoter. Alternatively, an 
expression vector of the present invention comprises a 
polynucleotide operatively linked to an enhancer-promoter 
that is a eukaryotic promoter, and the expression vector 
further comprises a polyadenylation signal that is positioned 
3‘ of the carboxy-terminal amino acid and Within a tran 
scriptional unit of the encoded polypeptide. 

[0082] In yet another embodiment, the present invention 
provides a recombinant host cell transfected With a poly 
nucleotide that encodes a GB1 domain polypeptide a GB1 
domain polypeptide exhibiting Fab binding activity but 
substantially no Fc binding activity, or other binding activity 
in accordance With the present invention. SEQ ID NO’s:5 
12 and 15-24 set forth exemplary nucleotide and amino acid 
sequences. A host cell of the invention may comprise a 
eukaryotic host cell, such as a vertebrate cell, or more 
particularly, a mammalian cell. 

[0083] In another aspect, a recombinant host cell of the 
present invention is a prokaryotic host cell. Preferably, a 
recombinant host cell of the invention is a bacterial cell, 
preferably a strain of Escherichia coli c0li). More 
preferably, a recombinant host cell comprises a polynucle 
otide under the transcriptional control of regulatory signals 
functional in the recombinant host cell, Wherein the regula 
tory signals appropriately control expression of the GB1 
domain polypeptide in a manner to enable all necessary 
transcriptional and post-transcriptional modi?cation. 

[0084] In yet another embodiment, the present invention 
contemplates a process of preparing a GB1 domain polypep 
tide comprising transfecting a cell With polynucleotide that 
encodes a GB1 domain polypeptide exhibiting Fab binding 
activity but substantially no Fc binding activity, or other 
binding activity in accordance With the present invention, to 
produce a transformed host cell; and maintaining the trans 
formed host cell under biological conditions suf?cient for 
expression of the polypeptide. More preferably, the trans 
formed host cell is a eukaryotic cell. More preferably still, 
the eukaryotic cell is a vertebrate cell. Alternatively, the host 
cell is a prokaryotic cell. More preferably, the prokaryotic 
cell is a bacterial cell of Escherichia coli. Even more 
preferably, a polynucleotide transfected into the transformed 
cell comprises the nucleotide base sequence of any of SEQ 
ID NO’s: 5, 7, 9, 11, 15, 17, 19, 21 and 23, respectively. 

[0085] Any suitable knoWn method of protein puri?cation 
may be used to recover and purify the GB1 domain polypep 
tide from the host cells. The cells may be lysed, if necessary, 
using knoWn chemical, physical, and/or enZymatic means. 
The polypeptides then may be puri?ed from the cell lysate 
using such standard procedures as adsorption to immobi 
liZed immunoglobulin, as described by Sioquist, US. Pat. 
No. 3,850,798 (1974), ion-exchange or gel chromatography, 
precipitation (e.g., With ammonium sulfate), dialysis, ?ltra 
tion, or a combination of these methods. 

[0086] As mentioned above, in connection With expres 
sion embodiments to prepare recombinant GB1 domain 
proteins and peptides, it is contemplated that longer DNA 
segments Will most often be used, With DNA segments 
encoding the entire GB1 domain polypeptide being most 
preferred. HoWever, it Will be appreciated that the use of 
shorter DNA segments to direct the expression of GB1 

Feb. 26, 2004 

domain peptides, Fab binding regions or Fc binding regions, 
such as may be used to test binding characteristics, also falls 
Within the scope of the invention. 

[0087] DNA segments Which encode GB1 domain 
polypeptide segments from about 15 to about 45 amino acids 
in length, or more preferably, from about 10 to about 20 
amino acids in length are contemplated to be particularly 
useful. DNA segments encoding peptides Will generally 
have a minimum coding length in the order of about 45 to 
about 150, or to about 30 to about 60 nucleotides. DNA 
segments encoding full length proteins may have a mini 
mum coding length on the order of about 200 nucleotides for 
a polypeptide essentially as set forth in any of SEQ ID 
NO’sz6, 8, 10, 12, 16, 18, 20, 22 and 24, respectively. 

[0088] Naturally, the present invention also encompasses 
DNA segments Which are complementary, or essentially 
complementary, to the sequences set forth in any of SEQ ID 
NO’s: 5, 7, 9, 11, 15, 17, 19, 21 and 23, respectively. The 
terms “complementary” and “essentially complementary” 
are de?ned above. Excepting intronic or ?anking regions, 
and alloWing for the degeneracy of the genetic code, 
sequences Which have betWeen about 70% and about 80%; 
or more preferably, betWeen about 81% and about 90%; or 
even more preferably, betWeen about 91% and about 99%; 
of nucleotides Which are identical or functionally equivalent 
(i.e. encoding the same amino acid) of nucleotides of any of 
SEQ ID NO’s: 5, 7, 9, 11, 15, 17, 19, 21 and 23, respectively, 
Will be sequences Which are, “a sequence essentially as set 
forth in any of SEQ ID NO’s: 5, 7, 9, 11, 15, 17, 19, 21 and 
23, respectively”. Sequences Which are essentially the same 
as those set forth in any of SEQ ID NO’s: 5, 7, 9, 11, 15, 17, 
19, 21 and 23, respectively, may also be functionally de?ned 
as sequences Which are capable of hybridiZing to a nucleic 
acid segment containing the complement of any of SEQ ID 
NO’s: 5, 7, 9, 11, 15, 17, 19, 21 and 23, respectively, under 
relatively stringent conditions. Suitable relatively stringent 
hybridiZation conditions are described herein and are Well 
knoWn to those of skill in the art. 

[0089] E. Biologically Functional Equivalents 

[0090] As mentioned above, modi?cation and changes 
may be made in the structure of the GB1 peptides described 
herein and still obtain a molecule having like or otherWise 
desirable characteristics. For example, certain amino acids 
may be substituted for other amino acids in a protein 
structure Without appreciable loss of interactive capacity 
With an Fab fragment of IgG. Additionally, certain amino 
acids may be substituted for other amino acids in a protein 
structure Without appreciable loss of disrupted interactive 
capacity With an Fc fragment of an IgG. 

[0091] Since it is the interactive capacity and nature of a 
protein that de?nes that protein’s biological activity, certain 
amino acid sequence substitutions can be made in a protein 
sequence (or, of course, its underlying DNA coding 
sequence) and nevertheless obtain a protein With like or even 
countervailing properties (e.g., binding v. substantially not 
binding). It is thus contemplated by the inventors that 
various changes may be made in the sequence of the GB1 
domain polypeptides (or underlying DNA) Without appre 
ciable loss of their IgG Fab binding utility or their disrupted 
binding capacity With an Fc fragment of an IgG. 

[0092] It is also Well understood by the skilled artisan that, 
inherent in the de?nition of a biologically functional equiva 
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lent protein or peptide, is the concept that there is a limit to 
the number of changes that may be made Within a de?ned 
portion of the molecule and still result in a molecule With an 
acceptable level of equivalent binding or other biological 
activity. Biologically functional equivalent peptides are thus 
de?ned herein as those peptides in Which certain, not most 
or all, of the amino acids may be substituted. Of course, a 
plurality of distinct proteins/peptides With different substi 
tutions may easily be made and used in accordance With the 
invention. 

[0093] It is also Well understood that Where certain resi 
dues are shoWn to be particularly important to the biological 
or structural properties of a protein or peptide, e.g., residues 
in binding or other active sites, such residues may not 
generally be exchanged. This is the case in the present 
invention, Where any changes, for example, in the Fab 
binding site characteriZed by backbone contacts betWeen the 
edge of the [3-sheet of the B1 domain polypeptide and the 
last [3-strand of the CH1 domain of the Fab fragment, could 
result in a loss of an aspect of the Fab binding utility of the 
resulting peptide for the present invention. 

[0094] Amino acid substitutions, such as those Which 
might be employed in modifying the GB1 domain polypep 
tides described herein, are generally based on the relative 
similarity of the amino acid side-chain substituents, for 
example, their hydrophobicity, hydrophilicity, charge, siZe, 
and the like. An analysis of the siZe, shape and type of the 
amino acid side-chain substituents reveals that arginine, 
lysine and histidine are all positively charged residues; that 
alanine, glycine and serine are all a similar siZe; and that 
phenylalanine, tryptophan and tyrosine all have a generally 
similar shape. Therefore, based upon these considerations, 
arginine, lysine and histidine; alanine, glycine and serine; 
and phenylalanine, tryptophan and tyrosine; are de?ned 
herein as biologically functional equivalents. 

[0095] In making such changes, the hydropathic index of 
amino acids may be considered. Each amino acid has been 
assigned a hydropathic index on the basis of their hydro 
phobicity and charge characteristics, these are: isoleucine 
(+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); 
cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); 
glycine (—0.4); threonine (—0.7); serine (—0.8); tryptophan 
(—0.9); tyrosine (—1.3); proline (—1.6); histidine (—3.2); 
glutamate (—3.5); glutamine (—3.5); aspartate (—3.5); aspar 
agine (—3.5); lysine (—3.9); and arginine (4.5). The amino 
acids having a positive hydropathic index may also be 
referred to as “non-polar” residues, While the amino acids 
having a negative hydropathic index may also be referred to 
as “polar” residues. 

[0096] The importance of the hydropathic amino acid 
index in conferring interactive biological function on a 
protein is generally understood in the art (Kyte & Doolittle 
(1982), incorporated herein by reference). It is knoWn that 
certain amino acids may be substituted for other amino acids 
having a similar hydropathic index or score and still retain 
a similar biological activity. In making changes based upon 
the hydropathic index, the substitution of amino acids Whose 
hydropathic indices are Within :2 is preferred, those Which 
are Within :1 are particularly preferred, and those Within 
10.5 are even more particularly preferred. 

[0097] It is also understood in the art that the substitution 
of like amino acids can be made effectively on the basis of 
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hydrophilicity. US. Pat. No. 4,554,101, incorporated herein 
by reference, states that the greatest local average hydro 
philicity of a protein, as governed by the hydrophilicity of its 
adjacent amino acids, correlates With its immunogenicity 
and antigenicity, i.e. With a biological property of the 
protein. It is understood that an amino acid can be substi 
tuted for another having a similar hydrophilicity value and 
still obtain a biologically equivalent protein. 

[0098] As detailed in US. Pat. No. 4,554,101, the folloW 
ing hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0:1); 
glutamate (+3.0:1); serine (+0.3); asparagine (+0.2); 
glutamine (+0.2); glycine (0); threonine (—0.4); proline 
(—0.511); alanine (—0.5); histidine (—0.5); cysteine (—1.0); 
methionine (—1.3); valine (—1.5); leucine (—1.8); isoleucine 
(—1.8); tyrosine (—2.3); phehylalanine (—2.5); tryptophan 
(—3.4). The amino acids having a positive hydrophilic index 
may also be referred to as “polar” residues, While the amino 
acids having a negative hydrophilic index may also be 
referred to as “non-polar” residues, or as “comparatively 
non-polar” residues When compared to amino acids having 
a positive hydrophilic index. 

[0099] In making changes based upon similar hydrophi 
licity values, the substitution of amino acids Whose hydro 
philicity values are Within :2 is preferred, those Which are 
Within :1 are particularly preferred, and those Within 0.5 are 
even more particularly preferred. 

[0100] While discussion has focused on functionally 
equivalent polypeptides arising from amino acid changes, it 
Will be appreciated that these changes may be effected by 
alteration of the encoding DNA, taking into consideration 
also that the genetic code is degenerate and that tWo or more 
codons may code for the same amino acid. 

[0101] F. Sequence Modi?cation Techniques 

[0102] Modi?cations to the GB1 domain polypeptides 
described herein may be carried out using techniques such as 
site directed mutagenesis. Site-speci?c mutagenesis is a 
technique useful in the preparation of individual peptides, or 
biologically functional equivalent proteins or peptides, 
through speci?c mutagenesis of the underlying DNA. The 
technique further provides a ready ability to prepare and test 
sequence variants, for example, incorporating one or more 
of the foregoing considerations, by introducing one or more 
nucleotide sequence changes into the DNA. Site-speci?c 
mutagenesis alloWs the production of mutants through the 
use of speci?c oligonucleotide sequences Which encode the 
DNA sequence of the desired mutation, as Well as a suf?cient 
number of adjacent nucleotides, to provide a primer 
sequence of suf?cient siZe and sequence complexity to form 
a stable duplex on both sides of the deletion junction being 
traversed. Typically, a primer of about 17 to 30 nucleotides 
in length is preferred, With about 5 to 10 residues on both 
sides of the junction of the sequence being altered. 

[0103] In general, the technique of site-speci?c mutagen 
esis is Well knoWn in the art as exempli?ed by publications 
(e.g., Adelman et al. (1983)). As Will be appreciated, the 
technique typically employs a phage vector Which exists in 
both a single stranded and double stranded form. Typical 
vectors useful in site-directed mutagenesis include vectors 
such as the M13 phage (Messing et al., 1981). These phage 
are readily commercially available and their use is generally 
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Well known to those skilled in the art. Double stranded 
plasmids are also routinely employed in site directed 
mutagenesis Which eliminates the step of transferring the 
gene of interest from a plasmid to a phage. A polymerase 
chain reaction (PCR) based site-directed mutagenesis tech 
nique is disclosed in the Examples. 

[0104] In general, site-directed mutagenesis in accordance 
hereWith is performed by ?rst obtaining a single-stranded 
vector or melting apart the tWo strands of a double stranded 
vector Which includes Within its sequence a DNA sequence 
Which encodes, for example, the B1 domain of protein G. An 
oligonucleotide primer bearing the desired mutated 
sequence is prepared, generally synthetically, for example 
by the method of Crea et al. (1978). This primer is then 
annealed With the single-stranded vector, and subjected to 
DNA polymeriZing enZymes such as E. coli polymerase I 
KlenoW fragment, in order to complete the synthesis of the 
mutation-bearing strand. Thus, a heteroduplex is formed 
Wherein one strand encodes the original non-mutated 
sequence and the second strand bears the desired mutation. 
This heteroduplex vector is then used to transform appro 
priate cells, such as E coli cells, and clones are selected 
Which include recombinant vectors bearing the mutated 
sequence arrangement. 

[0105] G. Peptide Synthesis Techniques 

[0106] Alternatively, the GB1 domain polypeptides of the 
present invention may be prepared by a peptide synthesis 
techniques. Such techniques are contemplated for use in 
preparing a polypeptide of the present invention Which 
comprises no more than about 100 amino acid residues, 
preferably no more than about 80 residues, and more pref 
erably no more than about 60 residues. Synthesized peptides 
can be linear or cyclic. 

[0107] As used herein and in the claims, a “GB1 domain 
polypeptide” of the present invention includes any analog, 
fragment or chemical derivative of a GB1 domain polypep 
tide having desired binding characteristics. Such a polypep 
tide can be subject to various changes, substitutions, inser 
tions, and deletions Where such changes provide for certain 
advantages in its use. In this regard, an GB1 domain 
polypeptide for use in a puri?cation method of the present 
invention corresponds to, rather than is identical to, the 
sequence of a native GB1 domain polypeptide, Where one or 
more changes are made and it retains binding activity for 
IgG Fab fragments and substantially no binding activity for 
IgG Fc fragments as disclosed herein. Thus, a polypeptide 
can be in any of a variety of forms of peptide derivatives, 
that include amides, conjugates With proteins, cycliZed pep 
tides, polymeriZed peptides, analogs, fragments, chemically 
modi?ed peptides, and the like derivatives. 

[0108] The term “analog” includes any polypeptide hav 
ing an amino acid residue sequence substantially identical to 
a sequence of a naturally occurring GB1 domain polypeptide 
in Which one or more residues have been conservatively 
substituted With a functionally similar residue and Which 
displays binding activity for IgG Fab fragments and sub 
stantially no binding activity for IgG Fc fragments as 
described herein. Examples of conservative substitutions 
include the substitution of one non-polar (hydrophobic) 
residue such as alanine, isoleucine, valine, leucine or 
methionine for another; the substitution of one polar (hydro 
philic) residue for another such as betWeen arginine and 
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lysine, betWeen glutamine and asparagine, betWeen glycine 
and serine; the substitution of one basic residue such as 
lysine, arginine or histidine for another; or the substitution of 
one acidic residue, such as aspartic acid or glutamic acid for 
another. Such substitutions are described in detail above 
With respect to an isolated and puri?ed GB1 domain 
polypeptide of the present invention. 

[0109] The phrase “conservative substitution” also 
includes the use of a chemically derivatiZed residue in place 
of a non-derivatiZed residue provided that such polypeptide 
displays the requisite binding activity. “Chemical deriva 
tive” refers to a subject polypeptide having one or more 
residues chemically derivatiZed by reaction of a functional 
side group. Such derivatiZed molecules include for example, 
those molecules in Which free amino groups have been 
derivatiZed to form amine hydrochlorides, p-toluene sulfo 
nyl groups, carbobenZoxy groups, t-butyloxycarbonyl 
groups, chloroacetyl groups or formyl groups. Free carboxyl 
groups may be derivatiZed to form salts, methyl and ethyl 
esters or other types of esters or hydraZides. Free hydroxyl 
groups may be derivatiZed to form O-acyl or O-alkyl deriva 
tives. The imidaZole nitrogen of histidine may be derivatiZed 
to form N-im-benZylhistidine. Also included as chemical 
derivatives are those peptides Which contain one or more 
naturally occurring amino acid derivatives of the tWenty 
standard amino acids. For examples: 4-hydroxyproline may 
be substituted for proline; S-hydroxylysine may be substi 
tuted for lysine; 3-methylhistidine may be substituted for 
histidine; homoserine may be substituted for serine; and 
ornithine may be substituted for lysine. Polypeptides of the 
present invention also include any polypeptide having one or 
more additions and/or deletions or residues relative to the 
sequence of a polypeptide Whose sequence is shoWn herein, 
so long as the requisite binding activity is maintained. 

[0110] The term “fragment” refers to any subject polypep 
tide having an amino acid residue sequence shorter than that 
of a polypeptide Whose amino acid residue sequence is 
shoWn herein. 

[0111] When a polypeptide of the present invention has a 
sequence that is not identical to the sequence of a native 
GB1 domain polypeptide, it is typically because one or more 
conservative or non-conservative substitutions have been 
made, usually no more than about 30 number percent, and 
preferably no more than 10 number percent of the amino 
acid residues are substituted. Additional residues may also 
be added at either terminus of a polypeptide for the purpose 
of providing a “linker” by Which the polypeptides of this 
invention can be conveniently affixed to a label or solid 
matrix, or carrier. Labels, solid matrices and carriers that can 
be used With the polypeptides of this invention are described 
elseWhere herein. 

[0112] Amino acid residue linkers are usually at least one 
residue and can be 40 or more residues, more often 1 to 10 
residues, but do not form GB1 domain polypeptide epitopes. 
Typical amino acid residues used for linking are tyrosine, 
cysteine, lysine, glutamic and aspartic acid, or the like. In 
addition, a subject polypeptide can differ, unless otherWise 
speci?ed, from the natural sequence of a GB1 domain 
polypeptide by the sequence being modi?ed byterminal 
NH2 acylation, e.g., acetylation, or thioglycolic acid ami 
dation, by terminal-carboxylamidation, e.g., With ammonia, 
methylamine, and the like terminal modi?cations. Terminal 
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modi?cations are useful, as is Well known, to reduce sus 
ceptibility by proteinase digestion, and therefore serve to 
prolong half life of the polypeptides in solutions, particu 
larly biological ?uids Where proteases may be present. In 
this regard, polypeptide cycliZation is also a useful terminal 
modi?cation, and is particularly preferred also because of 
the stable structures formed by cycliZation and in vieW of the 
biological activities observed for such cyclic peptides as 
described herein. 

[0113] Any peptide of the present invention may be used 
in the form of a pharmaceutically acceptable salt. Suitable 
acids Which are capable of the peptides With the peptides of 
the present invention include inorganic acids such as trif 
luoroacetic acid (TFA), hydrochloric acid (HCl), hydrobro 
mic acid, perchloric acid, nitric acid, thiocyanic acid, sul 
furic acid, phosphoric acetic acid, propionic acid, glycolic 
acid, lactic acid, pyruvic acid, oxalic acid, malonic acid, 
succinic acid, maleic acid, fumaric, acid, anthranilic acid, 
cinnamic acid, naphthalene sulfonic acid, sulfanilic acid or 
the like. HCl and TFA salts are particularly preferred. 

[0114] Suitable bases capable of forming salts With the 
peptides of the present invention include inorganic bases 
such as sodium hydroxide, ammonium hydroxide, potas 
sium hydroxide and the like; and organic bases such as 
mono- di- and tri-alkyl and aryl amines (e.g. triethylamine, 
diisopropyl amine, methyl amine, dimethyl amine and the 
like), and optionally substituted ethanolamines (e.g. ethano 
lamine, diethanolamine and the like). 
[0115] Apeptide of the present invention, also referred to 
herein as a subject polypeptide, can be synthesiZed by any 
of the techniques that are knoWn to those skilled in the 
polypeptide art, including recombinant DNA techniques. 
Synthetic chemistry techniques, such as a solid-phase Mer 
ri?eld-type synthesis, are preferred for reasons of purity, 
antigenic speci?city, freedom from undesired side products, 
ease of production and the like. An excellent summary of the 
many techniques available can be found in SteWard et al. 
(1969) “Solid Phase Peptide Synthesis”, W. H. Freeman Co., 
San Francisco, Calif.; BodansZkv et al. (1976) “Peptide 
Synthesis”, John Wiley & Sons, Second Edition; Meien 
hofer, J. (1983) “Hormonal Proteins and Peptides”, Vol. 2, p. 
46, Academic Press, NeW York, NY; Merri?eld (1969) Adv. 
EnZymol. 321221-96; Fields et al. (1990) Int. J. Peptide 
Protein Res., 35:161-214; US. Pat. No. 4,244,946 for solid 
phase peptide synthesis, and Schroder et al. (1965) “The 
Peptides”, Vol. 1, Academic Press, NeW York, NY. for 
classical solution synthesis, each of Which is incorporated 
herein by reference. Appropriate protective groups usable in 
such synthesis are described in the above texts and in 
McOmie. J. F. W. (1973) “Protective Groups in Organic 
Chemistry”, Plenum Press, NeW York, NY, Which is incor 
porated herein by reference. 
[0116] In general, the solid-phase synthesis methods con 
templated comprise the sequential addition of one or more 
amino acid residues or suitably protected amino acid resi 
dues to a groWing peptide chain. Normally, either the amino 
or carboxyl group of the ?rst amino acid residue is protected 
by a suitable, selectively removable protecting group. a 
different, selectively removable protecting group is utiliZed 
for amino acids containing a reactive side group such as 
lysine. 
[0117] Using a solid phase synthesis as exemplary, the 
protected or derivatiZed amino acid is attached to an inert 
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solid support through its unprotected carboxyl or amino 
group. The protecting group of the amino or carboxyl group 
is then selectively removed and the next amino acid in the 
sequence having the complimentary (amino or carboxyl) 
group suitably protected is admixed and reacted under 
conditions suitable for forming the amide linkage With the 
residue already attached to the solid support. The protecting 
group of the amino or carboxyl group is then removed from 
this neWly added amino acid residue, and the next amino 
acid (suitably protected) is then added, and so forth. After all 
the desired amino acids have been linked in the proper 
sequence, any remaining terminal and side group protecting 
groups (and solid support) are removed sequentially or 
concurrently, to afford the ?nal linear polypeptide. 

[0118] The resultant linear polypeptides prepared for 
example as described above may be reacted to form their 
corresponding cyclic peptides. An exemplary method for 
cycliZing peptides is described by Zimmer et al. (1993) 
Peptides 1992, pp. 393-394, ESCOM Science Publishers, B. 
V. Typically, tertbutoxycarbonyl protected peptide methyl 
ester is dissolved in methanol and sodium hydroxide solu 
tion are added and the admixture is reacted at 20° C. to 
hydrolytically remove the methyl ester protecting group. 
After evaporating the solvent, the tertbutoxycarbonyl pro 
tected peptide is extracted With ethyl acetate from acidi?ed 
aqueous solvent. The tertbutoxycarbonyl protecting group is 
then removed under mildly acidic conditions in dioxane 
cosolvent. The unprotected linear peptide With free amino 
and carboxy termini so obtained is converted to its corre 
sponding cyclic peptide by reacting a dilute solution of the 
linear peptide, in a mixture of dichloromethane and dimeth 
ylformamide, With dicyclohexylcarbodiimide in the pres 
ence of 1-hydroxybenZotriaZole and N-methylmorpholine. 
The resultant cyclic peptide is then puri?ed by chromatog 
raphy. 
[0119] H. Detection and Precipitation Methods 

[0120] Binding substances comprising the GBl polypep 
tides of the present invention have selective binding activity 
With an IgG, a fragment of an IgG, or combinations thereof, 
independent of the antibody epitope (antigen recognition 
speci?city). Such binding does not occur betWeen the bind 
ing substance comprising the GBl polypeptides of the 
present invention and other serum components. Thus, this 
binding speci?city can be employed for detecting and/or 
purifying an IgG, a fragment of an IgG, or combinations 
thereof. The term “fragment” thus refers any fragment of an 
IgG, including fragments that bind the GBl polypeptides of 
the present invention, such as Fab and F(ab‘)2 fragments. 
[0121] GBl polypeptides of the present invention are 
prepared as described herein above. The polypeptide is then 
conjugated to, or labeled With, a material that Will enable 
visualiZation of the presence of the GBl polypeptide. 

[0122] The GBl domain polypeptides of the present 
invention can thus be used in a variety of applications to 
detect antibodies or antibody fragments. For example, ?uo 
resceinated, alkaline phosphatase labeled, peroxidase 
labeled, or biotinylated GBl domain polypeptides of the 
present invention are used in indirect cytochemical assays to 
detect antibody binding to cells and tissues in histological or 
How cytometric assays. Particularly, the GBl polypeptides 
of the present invention labeled in this manner detect the Fab 
portion of an antibody molecule, and such detection may be 
used in a variety of research or clinical contexts. 
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[0123] Similarly, immobilized GB1 polypeptides of the 
present invention can be used to precipitate immune com 
plexes in radioimmune and other quantitative immune or 
antigen capture assays. Such immunoprecipitation assays 
Where immune complexes of radiolabeled antigens are cap 
tured on immobilized GB1 polypeptides of the present 
invention have Wide application in the art. 

[0124] By Way of elaboration, the GB1 polypeptides of the 
present invention are used to detect the presence of IgG 
antibodies fragments thereof, in solutions, or on surfaces 
exposed to IgG antibodies, or fragments thereof, by a variety 
of techniques. Techniques Which are used include: enZyme 
linked immunosorbent assay (ELISA), radioimmunoassay 
(RIA), immunoblot analysis, immuno?uorescent assay 
(IFA), immunohistochemistry, immunoelectron microscopy 
(IEM), and immunoilluminescence. Each technique utiliZes 
conjugates including the GB1 polypeptides of the present 
invention to visualiZe the binding of the conjugate to IgG 
antibody molecules or fragments thereof. 

[0125] Commonly used conjugates include, but are not 
limited to, enZymes such as biotin, horseradish peroxidase, 
alkaline phosphatase (O’Sullivan et al. (1978) FEBS Letters 
95:311), acid phosphatase, beta-galactosidase (IshikaWa et 
al. (1978) Scand. J. Immunol. 8:43) and luciferase; radio 
isotopes such as 1251, 35S, 14C, and 3H; ?uorescent dyes such 
as ?uorescein, rhodamine, dichlorotriaZinylamino?uo 
rescein (DTAF; Blakeslee et al., J. Immunol. Meth. 13:320 
(1977)), ferritin (Carlsson et al. (1978) Biochem. J. 
173:723), ?uoroscene isothiocyanste (FITC; McKinney et 
al. (1966)Anal. Biochem. 14:421), sulforhodamine 101 acid 
chloride (Texas Red) and tetra-methyrhodamine isothiocy 
anate (TRITC; Amante et al., J. Immunol. Meth., 1:289 
(1972)); colloidal gold particles (Horisberger et al., His 
tochem. 82:219 (1985)); and the like. Effective procedures 
for such conjugations are generally conventional, as 
described by HarloW et al., 1988, Antibodies: a laboratory 
manual, Cold Spring Harbor Laboratory, Cold Spring Har 
bor, NY. 

[0126] The protein conjugate is stored in appropriate buff 
ers until needed. Colloidal gold conjugates may be main 
tained in Tris-based stabiliZing buffer, such as those 
described in Robinson et al., (1984) Infect. Immun. 46:361 
366. For other conjugates, the buffer Would typically be 
phosphate-buffered saline, pH 7.2 (PBS). HoWever, physi 
ological buffers such as Tris- or borate-buffered saline (TBS 
or BBS) in pH ranging from 6.5 to 8.0, or non-saline buffers 
such as acetates, bicarbonates, or citrates Within this pH 
range may be utiliZed. 

[0127] When needed to detect the presence of IgG anti 
bodies or fragments thereof in a preparation, the GB1 
polypeptide conjugate may be ?rst diluted in an appropriate 
buffer. The extent of dilution varies according to the conju 
gate and sensitivity required, and is normally determined 
empirically for a given conjugate preparation and detection 
method. Dilutions typically range from 1:10 to 1:10,000. 
After dilution the conjugate is incubated With a sample 
suspected of containing IgG antibodies or fragments thereof. 
The incubation should proceed for about 15-60 minutes at 
room temperature, or about 4-16 hours at about 4° C., during 
Which time from one to ten (optimally) GB1 polypeptide 
molecules Will bind to any IgG antibodies or fragments 
thereof present. FolloWing incubation, the sample is Washed 
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tWice for about 5-10 minutes each With dilution buffer or 
With buffer Which is compatible With the visualiZation 
conditions (if different). The presence of bound GB1 
polypeptide may then be detected or visualiZed by chro 
mogenic assay, radioactivity, illuminescence, ?uorescence, 
?oW cytometry or electron density, as appropriate for the 
conjugate. 
[0128] Thus, a method for detecting IgG, a fragment of an 
IgG, or combinations thereof, in a sample suspected of 
containing IgG, a fragment of an IgG, or combinations 
thereof, is provided in accordance With the present inven 
tion. The method comprising the steps of: (a) contacting the 
sample With a binding substance comprising the GB1 
polypeptide of the present invention under conditions favor 
able to binding of IgG, a fragment of an IgG, or combina 
tions thereof, to the binding substance to form a complex 
therebetWeen; and (b) detecting the complex by means of a 
label conjugated to the binding substance or by means of a 
labeled reagent that speci?cally binds to the complex sub 
sequent to its formation. 

[0129] In the detection method of the present invention, 
the binding substance can be immobiliZed on a solid sub 

strate. In such case, the detecting step (b) comprises: contacting the complex With a reagent conjugated With a 

detectable label Wherein the reagent speci?cally binds to 
IgG, a fragment of an IgG, or combinations thereof, and (ii) 
detecting the detectable label. 

[0130] In the detection method of the present invention, 
the binding substance can be conjugated With a detectable 

label. In such case, the detecting step (b) comprises: separating the complex from unbound labeled binding sub 

stance; and (ii) detecting the detectable label Which is 
present in the complex or Which is unbound. 

[0131] The detection method of the present invention can 
further comprise: contacting the complex With a reagent 
immobiliZed on a solid substrate to form immobiliZed com 
plex thereon Wherein the reagent binds to IgG, a fragment of 
an IgG, or combinations thereof, present in the complexes; 
and (ii) separating the immobiliZed complex from the 
remaining mixture. 

[0132] 
[0133] The immobiliZed GB1 domain polypeptides of the 
present invention may be used to separate or bind IgG’s or 
fragments thereof. In particular, the immobiliZed GB1 
domain polypeptides of the present invention bind Fab and 
F(ab‘)2 fragments of IgG’s and substantially do not bind Fc 
fragments of IgG’s. Therefore, the immobiliZed GB1 
polypeptides are particularly useful for the separation of IgG 
Fc fragments from IgG Fab fragments. 

I. Puri?cation of IgG’s and IgG Fragments 

[0134] Conjugates of GB1 proteins may thus used to 
purify IgG’s, a fragment of an IgG, or combinations thereof 
by methods similar to those used for puri?cation of IgG 
antibodies With protein A. Such affinity puri?cation methods 
generally utiliZe insoluble or immobile protein conjugates to 
facilitate eventual separation of the antibody and the immu 
noglobulin-binding protein and to separate antibody frag 
ments. A puri?cation procedure for IgG, a fragment of an 
IgG, or combinations thereof, uses a GB1 polypeptide of the 
present invention conjugated to an insoluble matrix by 
methods such as those described previously by HarloW et al. 
(1988) Antibodies: a laboratory manual. Cold Spring Har 
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bor Laboratory, Cold Spring Harbor, NY. Appropriate 
matrices may include but are not limited to agarose, latex, 
magnetic or polyacrylamide beads, silica or polystyrene. 

[0135] Following conjugation, any available sites on the 
matrix are blocked by appropriate reagents, and the conju 
gate can be used immediately or prepared for storage. The 
conjugates are preferably stored under conditions offering 
the greatest stability. Although, such conditions vary for 
different conjugates, optimum stability is usually achieved 
by dehydration, and preferably cooling to about —20° C. or 
less. Conjugates can also be stored hydrated in physiological 
buffers, at about 4° C., With the addition of an antimicrobial 
preservative. Suitable buffers include but are not limited to 
PBS, TBS, BBS, or non-saline buffers Which prove effective. 
Typically, merthiolate (thimerosol) or sodium aZide is added 
at 0.01 to 0.05% to retard microbial groWth. AZides should 
not be used When conjugates are stored in metal containers. 

[0136] The conjugate is then loaded into a vessel to be 
used for incubation With a source of IgG, fragments of an 
IgG, or combinations thereof. Chromatography columns are 
the preferred incubation vessel. These can be constructed 
from glass, plastics, or metals, depending on the desired 
volume and pressure constraints. A Wide range of chroma 
tography columns are commercially available for this pur 
pose. The volume of conjugate loaded into the vessel varies 
according to the dimensions of the vessel, and the quantity 
of IgG, fragments of an IgG, or combinations thereof, 
expected to be puri?ed. Optimally, this volume corresponds 
to the binding capacity of the GBl polypeptide conjugate, 
Which is determined experimentally for each conjugate 
preparation. A value of about 1-20 mg per ml of conjugate 
is generally preferred. 

[0137] After loading into a vessel, the conjugate may be 
equilibrated With a buffer compatible With the interaction 
betWeen the GBl polypeptide conjugate and an IgG, a 
fragment of an IgG, or combinations thereof interaction. 
Suitable buffers include those described above for conjugate 
storage, except that no preservative Would be added. Once 
equilibrated, a sample containing IgG, a fragment of an IgG, 
or combinations thereof, is added to the vessel. Optimally, a 
volume of sample sufficient to completely Wet the conjugate 
is added. This usually represents about 0.3-0.5 volumes of 
conjugate. Optionally, the sample containing IgG, fragments 
of an IgG, or combinations thereof is mammalian serum. If 
not, the sample is preferably a solution in the buffer used to 
equilibrate the column. 

[0138] The column and the sample are incubated at room 
temperature for about 15-60 minutes, then Washed thor 
oughly With equilibration buffer. Buffer passing through the 
column is monitored for macromolecule content until such 
content is negligible. This is usually accomplished by mea 
suring the absorbance (280 nm) of the buffer until it returns 
to the baseline value of the buffer. Buffer fractions can be 
collected, in that in accordance With one embodiment of the 
present invention, Fc fragments Which are substantially not 
bound by the GBl polypeptide are isolated. 

[0139] After Washing, IgG’s, fragments of an IgG, or 
combinations thereof, retained Within the matrix are eluted 
by the addition of an agent Which dissociates the IgG’s, 
fragment of an IgG, or combinations thereof from the GBl 
polypeptide conjugate. Examples of tWo of these agents are 
sodium dodecylsulfate (SDS) ranging in concentration from 
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0.1-2%, and CCS buffer comprised of 0.02M sodium 
cacodylate, 0.010M calcium carbonate, and 0.2M sucrose, 
pH 7.2, containing 0.1-1 unit of neuraminidase. 

[0140] Up to 90% or greater of the IgG, fragments of an 
IgG, or combinations thereof is dissociated With SDS. 
Further dissociation of minute quantities of IgG, fragments 
of an IgG, or combinations thereof are observed With the 
latter treatment. 

[0141] Additional reagents suitable for the elution of 
IgG’s or fragments thereof antibodies may also be 
employed. These include but are not limited to agents Which 
alter the pH, salt concentration, or hydrophobic interactions 
affecting the GBl interaction With IgG’s or fragments 
thereof. 

[0142] Once eluted, the IgG, fragments of an IgG, or 
combinations thereof are dialysed thoroughly against a 
volatile aqueous solvent, Which may include solutions of 
0.010 to 0.2M ammonium bicarbonate, or ammonium 
acetate, or distilled Water, and then dried in a vacuum 
evaporator. The dried antibodies is preferably desiccated and 
stored at about 4° C. Freezing of the IgG, fragments of an 
IgG, or combinations thereof antibodies should be avoided. 
Alternatively, the IgG, fragments of an IgG, or combinations 
thereof can be dialysed into a suitable physiological buffer 
(see above), concentrated in a vacuum concentrator, and 
stored in the buffer, supplemented With an antimicrobial 
agent, as described above. 

[0143] In accordance With the present invention, a method 
for purifying Fc fragments of IgG’s by af?nity chromatog 
raphy is disclosed. The method comprising the steps of: (a) 
contacting a sample comprising IgG Fc and at least one of 
IgG Fab or F(ab‘)2 fragments With a GBl polypeptide of the 
present invention immobiliZed to a solid phase support to 
immobiliZe the IgG Fab or F(ab‘)2 fragments to the solid 
phase support; and (b) collecting the IgG Fc fragments 
remaining in the sample. 

[0144] Optionally, the method can further comprise the 
step of Washing the solid phase support With a buffer of pH 
5 to 8 to give an eluate comprising Fc fragments. Examples 
of buffers having pH 5 to 8 include, but are not limited to 
acetate, phosphate, Tris, borate, and bicarbonate. 
[0145] The Fab or F(ab‘)2 fragments bound to the immo 
biliZed GBl domain polypeptide may then be recovered by 
Washing the solid phase support With a suitable buffer, such 
as a buffer of about pH 5 to about pH 8 or a buffer of about 
pH 3.5 to about pH 2.4. Examples of buffers having pH 5 to 
8 include, but are not limited to, acetate, phosphate, Tris, 
borate, and bicarbonate. Examples of buffers having pH 3.5 
to 2.4 include, but are not limited to, acetate, citrate, and 
glycine. 
[0146] Thus, in accordance With the present invention, a 
method for purifying Fab and F(ab‘)2 fragments of IgG’s by 
affinity chromatography is also disclosed. The method com 
prising the steps of: (a) contacting a sample comprising IgG 
Fc and Fab fragments With a GBl polypeptide of the present 
invention immobiliZed to a solid phase support to immobi 
liZe the IgG Fab fragments to the solid phase support; (b) 
collecting the IgG Fc fragment remaining in the sample; and 
(c) eluting the IgG Fab fragments from the solid phase 
support to give puri?ed IgG Fab fragments in the eluate. 
Similar steps are performed With respect to F(ab‘)2 frag 
ments. 
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[0147] Elution of Fab or F(ab‘)2 fragments may be accom 
plished using art recognized techniques, such as pH gradi 
ents. For example, it is recognized that protein A binds the 
Fc portion of IgG antibodies across many mammalian 
species and may be used to purify IgGs from a complex 
solution, cells coded With IgG, or Fc fragments of IgG aWay 
from Fab fragments. The protocol is to ?oW the IgG over a 
protein A-sepharose resin in a 20 mM sodium phosphate 
buffer (pH 7.0) and to continue Washing this buffer to 
remove non-speci?c binding. The elution is performed With 
20 mM sodium citrate (pH 4.0). Other acceptable elution 
techniques are described by Jungpauer, A. et al. (1989) 
Journal of Chromatography 46:257. 

[0148] J. Preferred Substances for use in Puri?cation and 
Detection Methods 

[0149] Substances suitable for covalent or non-covalent 
coupling to GB1 polypeptides include, but are not limited to, 
enZymes such as horseradish peroxidase, alkaline phos 
phatase, acid phosphatase, and luciferase; radioisotopes 
such as 125 I, 35 S, 14C, and 3H; insoluble beads such as latex, 
agarose, polyacrylamide, and magnetic particles; solid 
matrices such as silica, and polystyrene; and colloidal metals 
such as gold. Conjugation protocols are conventionally 
standardiZed for each type of conjugate. 

[0150] A variety of suitable vessels for incubation mix 
tures containing antibodies and antibody-binding proteins 
and polypeptides are available commercially. These include, 
but are not limited to multiple sample vessels such as 
microtiter plates and other tissue culture plasticWare; vessels 
for Western blot analysis such as staining dishes, slot dishes, 
and plastic bags; materials for immuno?uorescence such as 
microscope slides, cover slips, and sterile plasticWare; chro 
matography materials such as disposable chromatography 
columns, syringes, high performance and fast performance 
chromatography columns; vessels for incubating reagents in 
suspension such as test tubes, micro centrifuge tubes, bea 
kers, and ?asks; and materials for electron microscopic 
sample incubation such as Parlodion or Formvar-coated 
electron microscope grids, and Para?lm. 

[0151] Components preferred for the binding reaction 
betWeen GB1 polypeptides and IgG’s, fragments of an IgG, 
or combinations thereof Would include the components 
described above; a physiological buffer compatible With the 
binding reaction such as PBS, TBS or others listed above, or 
any other buffer Which might shoW applicability through 
further routine experimentation; and a system for environ 
mental temperature control capable of maintaining the 
samples at temperatures ranging from 0°-37° C. 

[0152] Components preferred for the detection and/or 
visualiZation of complexes betWeen the GB1 polypeptides of 
the present invention and an IgG, a fragment of an IgG, or 
combinations thereof, may include but are not limited to the 
folloWing: reagents for chromogenic detection of enZyme 
conjugates such as enZyme substrates, chromogenic dyes, 
and appropriate reaction buffers, a mechaniZed calorimeter 
compatible With the reaction vessel is advantageous for 
assays on numerous samples; materials for detection of 
radiolabeled complexes such as gamma or scintillation 
counters, X-ray ?lm, and autoradiography cassettes; com 
ponents for ?uorescent and illuminescent detection such as 
?uorescent microscopes and ultraviolet light sources, ?uo 
rescence activated cell sorter or ?oW cytometer, and ?lm; 
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and materials for IBM such as buffers, metallic stains, and an 
electron microscope With photographic capabilities. 

[0153] Components preferred for the retention of IgG’s, 
fragments of an IgG, or combinations thereof, onto an 
insoluble matrix may include, but are not limited to, 
insoluble conjugates of the GB1 polypeptides of the present 
invention as listed above. 

[0154] Components for the recovery of IgG’s, fragments 
of an IgG, or combinations thereof, eluted from a complex 
betWeen a GB1 polypeptide of the present invention and 
IgG’s, fragments of an IgG, or combinations thereof, may 
include but are not limited to: materials for chromatographic 
puri?cation systems such as appropriate elution buffers, an 
ultraviolet absorbance detector, a fraction collector, and 
containers or tubes for the collection of eluted material; 
components for the recovery of IgG’s, fragments of an IgG, 
or combinations thereof, from suspended incubation mix 
tures Would include a dissociation buffer, centrifuge, and 
container for collecting centrifugal supernatants. 

[0155] Components preferred for the transfer, dehydra 
tion, or concentration of puri?ed IgG’s, fragments of an IgG, 
or combinations thereof, may require but are not limited to 
the folloWing: a dialysis system including dialysis mem 
brane, a volatile buffer or solvent desired for maintenance of 
the antibodies such as those listed above, and a vessel in 
Which to dialyse the eluate; a vacuum concentrator or 
vacuum evaporator to remove undesired quantities of sol 
vent, containers to be appropriate for storing resulting vol 
umes of antibody preparations, and antimicrobial preserva 
tive for maintenance of antibody solutions (see above). 

[0156] By the term “solid phase support” it is intended any 
support capable of immobiliZing a GB1 domain polypeptide 
of the invention, either covalently, or by adsorption. Solid 
phase supports Which may be used for immobiliZing the 
GB1 domain polypeptide of the invention include, but are 
not limited to, polymers having hydroxyl groups, either free 
or in esteri?ed form, such as agarose, cellulose, including 
cellulose esters such as cellulose nitrate, diaZocellulose, 
cellulose acetate, cellulose propionate, and the like, and 
acrylamide polymers and copolymers, such as polyacryla 
mide and acrylamide, microtitre plates, glass, polystyrene, 
polypropylene, polyethylene, dextran, nylon, agar, starch, or 
the chemically active membrane having a large surface area 
comprising a hydrophobic, microporous, skinless, polya 
mide membrane Which is chemically bound to a residue of 
an activating agent Which is capable of immobiliZing the 
GB1 domain polypeptide of the invention. See Degen et al. 
(1987) US. Pat. No. 4,693,985, herein incorporated by 
reference. 

[0157] The GB1 domain polypeptide may be immobiliZed 
to the solid phase support according to methods knoWn to 
those of ordinary skill in the art for protein immobiliZation. 
For example, the GB1 domain polypeptide may be coated or 
bonded, either covalently or by adsorption, to the solid 
phase. Methods for immobiliZing proteins to solid phase 
supports are taught, for example, in US. Pat. Nos. 3,652, 
761, 3,879,262, 3,986,217, and 4,693,985, the contents of 
each of Which herein incorporated by reference. Preferably, 
the GB1 domain polypeptides are immobiliZed to tresyl 
activated or cyanogen bromide activated agarose. 
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LABORATORY EXAMPLES 

[0158] The following Laboratory Examples have been 
included to illustrate preferred modes of the invention. 
Certain aspects of the following Laboratory Examples are 
described in terms of techniques and procedures found or 
contemplated by the present inventors to Work Well in the 
practice of the invention. These Laboratory Examples are 
exempli?ed through the use of standard laboratory practices 
of the inventors. In light of the present disclosure and the 
general level of skill in the art, those of skill Will appreciate 
that the folloWing Laboratory Examples are intended to be 
exemplary only and that numerous changes, modi?cations 
and alterations can be employed Without departing from the 
spirit and scope of the invention. 

MATERIALS AND METHODS USED IN THE 
EXAMPLES 

[0159] Mutagenesis. The construction of the B1 domain 
construct (Q32C) Was performed as reported by Sloan. D. J. 
and Hellinga. H. W. (1998) Prot Eng 11:819-823. All 
mutations in this study Were constructed in that background 
by PCR mutagenesis as described by Ho. S. N. et al. (1989) 
Gene 77:55-59). A C-terminal oligo-histidine (His5) af?nity 
tag Was used to alloW the puri?cation of the mutant proteins 
by immobiliZed metal af?nity chromatography as described 
by Hochuli. E. et al. (1988) Bio/Technology 6:1321-1325. 
The recombinant genes Were ?anked by EcoRI sites that 
alloWed facile cloning into either the pKK223-3 vector for 
protein expression or the M13 construct for phage display 
using gill fusions. 
[0160] Protein Expression and Puri?cation. The expres 
sion and puri?cation of mutant B1 domains Was performed 
as described by Sloan, D. J. and Hellinga. H. W. (1998) Prot. 
Eng. 11:819-823. Brie?y, the B1 domain proteins Were 
expressed in the prokaryotic expression vector pKK223-3 
(GenBank Accession Number M77749). Pkk223-3 is sold 
by Amersham-Pharmacia, Uppsala, SWeden. Protein expres 
sion is controlled by the Tac promoter. pKK223-3 is groWn 
in the bacterial coli) strain XL1-Blue (purchased from 
Stratagene, La Jolla, Calif.) Which expresses the lac repres 
sor alloWing for inducible productiuon of the B1 domain 
proteins. This vector is also described in more detail by 
Brosius, J. et al. (1981) Plasmid 6:112-118 and Brosius. J. et 
al. (1981) J. Mol. Biol. 148:107-127. Atypical expression 
experiment produced 15 milligrams of pure mutant protein 
from 1 liter of culture. 

[0161] Fluorophore coupling and iodoacetamide blocking. 
All of the above mutations Were constructed into the Q32C 
background to alloW site-speci?c covalent coupling With 
acrylodan for ?uorescent binding assays as described by 
Sloan, D. J. and Hellinga, H. W. (1998) Prot. Eng. 11:819 
823. In competitive binding experiments betWeen ?uores 
cently labeled Wild-type B1 and unlabeled mutants, the free 
thiol in the mutant protein Was blocked by reaction With 
iodoacetamide. 
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[0162] Binding of B1 mutants to human IgG Fc fragment. 
The binding constants for each of the alanine mutants Were 
measured as an increase in ?uorescence by direct titration of 

Fc fragment of human IgG (ICN Biomedicals, Costa Mesa, 
Calif.) into a solution containing 250 nM acrylodan-conju 
gated B1 domain mutant in 20 mM KPO4 (pH 6.0) at 25° C. 
(excitation 392 nm; emission 500 nm; slit Widths of 4 and 16 
nm respectively). After each addition of protein, the solution 
Was alloWed to equilibrate for 30 seconds before the ?nal 
?uorescence value Was recorded. 

[0163] Each titration comprised 20 points and Was per 
formed in triplicate. The data Were ?t to a binding isotherm 
that described a single binding site and takes into account all 
of the species present (Segel. I. H. (1975) EnZyme Kinetics, 
John Wiley & Sons, NeW York, NY): 

mm, 

[0164] Where F is the measured ?uorescence with E0 and 
Fmax representing the initial and ?nal values, respectively. 
[B1] and [hFc]t are the concentrations of B1 and hFc respec 
tively, and the Kd is the disassociation constant. This equa 
tion is referred to herein as “Equation 1”. 

[0165] The binding constants of Weak binders (greater 
than 50-fold increases in Kd) Were measured in a competi 
tion assay With a pre-formed complex (250 nM) of Wild type 
Q32C construct conjugated to acrylodan and hFc. Binding 
constants Were determined by measuring the decrease in 
?uorescence of the complex by the addition of iodoaceta 
mide blocked mutant B1 domains. From these competition 
binding curves the Kd for each of the mutant B 1 domains 
Was calculated from the binding isotherm (Fierke, C. A. et 
al. (1991) Biochemistry 30:11054-11063): 

[0166] Where F is the measured ?uorescence with E0 and 
Ft representing the initial and ?nal values respectively. 
[B1Wt] and [Blmut] are the concentrations of B1Wild type 
and mutant respectively, and the Kd is the disassociation 
constant of the mutant or Wild type. This Equation is referred 
to herein as “Equation 2”. 

[0167] Phage Display. A gly-gly-gly-ser-gly-gly-gly-ser 
linker Was inserted into the NotI site of pCANTAB5 (Phar 
macia, Bridgewater, NJ to reduce the interactions betWeen 
the displayed protein and PIII in accordance With techniques 
disclosed by Smith. G. P. and Scoft, J. K. (1993) Methods 
Enzymol. 217:228-257. The resulting gill gene fusion Was 
sub-cloned from pCANTAB5 into the multiple cloning site 
of M13 mp18 (Messing, J. (1991) Gene 100:3-12). Aunique 
NheI site Was introduced into the gill fusion by site-directed 
mutagenesis as described by Kunkel, T. A. (1985) Proc. 




























