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TARGET BINDING POLYPEPTIDE 

This invention re1ates to the construction~ 

app1ication and production of :nove1 po1ypeptides with 

enhanced or modified binding activity or specificity to 

baptens and antigens. 

The invention a1so re1ates to the construction, 

~ification and selection of _recombinant antibody-like 

mo1ecu1es derived-from expression of 1ibraries of surface 

presenting antigen- or hapten-biDding moieties, and to uses 

of these molecu1es. 

The po1ypeptides of the invention have uti1ity in 

the diagnostic, therapeutic, predictive or preventative 

fie1ds of the pharmaceutica1 and health care industries, as 

we11 as more genera1 app1ication in the detection and assay 

of chemica1 entities. 

Background of the :Invention . · 

Antibodies are protein mo1ecu1es which possess a 

binding affinity for a target antigen or bapten. Due to 

the specificity of the binding ihteraction, antibodies are 

common1y used as diagnostic and therapeutic reagents. 

Monoc1onal antibodies are aerived fro~ a pure cel1 line 

such as hybridoma ce11s1 however, the hybridoma technology 

is expensive, time-consuming to maintain and 1imite4 in 

scope.- :It is not possib1e .to p:roduce monoc1cma1 . 

antibodies, much less antibodies o:f the appropriate 

a££ini.ty, ~o a complete range 0£ m:i~igens. 

Antibody genes o~ fragments thereof cari be c1oned 

and Q:Pressed in B. col.1. in a biologically £unctional :foxm. 

Al\t~es and antibody :fragments can a1so be produced by 

rec9J01>inant DNA techno1ogy using either bacteria1 or 

mammalian cells. Xn the ·pab region of an antibody, the 

combination of the two heavy and light chains pmides &:ix 
variable __ surface loops at the extremity of t1 e mo1ecu1e. 
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These :Loops in the outer domain (Fv) are termed 

com:plementarity-detexmining-regions (CDRs), and provide the 

specificity.of binding of the antibody to its antigenic 

target. This binding .function is 1oca1ised to the variable 

domains of the antibody molecule, which are located at the 

amino-terminal end of both the heavy and light chains. 

This is i11ustrated in Figure 1. The variable regions of 

some antibodies remain non-covalently associated (as V 8VL · 

dimers, termed P'v regions) even after proteolytic cleavage 

from the native antibody molecule, and :retain much of thei.r 

antigen recognition and binding capabilities. Methods ·of 

manufacture 0£ two-chain Fv substantia1ly free of constant 

region are disclosed in us-4,642,334 

Recombinant Fv fragments are prone to 

dissociation, and therefore some workers have chosen to 

covalently link the two domains to. form a construct 

designated scFv, ·in which two peptides with binding domains 

(usually antibody heavy and ·1ight variab1e regions) are 

joined by a linker peptide connecting the c-terminus of one 

domain to the N-terminus of the other, so that the relative 

positions of the antigen binding domains are consistent 

with those found in the original antibOdy (~_ee Figure 1). 

Methods of manufacture of covalen~ly linked P'v 

fragments are disclosed in us-4,946,778 and us-5,132,405. 

Further heterogeneity can be·ac:hievedby the production of . ' 

bifunational and multifunctional agents (Huston et al u.s. 

Patent No. 5,091,513, and Ladner et al ·U.S. Patent No. 

4,816,397). 

'-'he construction of scFv libraries is disclosed 

for example in Europe~ Patent Application No. 239400 and 

u.s. Patent Ho.4,946,778. However, single-chain P'V 

libraries are limited in size because of problems·inheren~ 

in the c1oning·of a sing1e DNA mo1ecule encoding the scP'V. 

Non-saFv 1ibraries, such as V8 or Fab libraries, are also 
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known, (La.an.er and Guterman WO 90/02809), and may be used 

with a phage system for surface expression (Ladner et a1 wo 
88/06630 and Bonnert et a1 at wo 92/01047). 

Por use in antibody therapy, monoclonal 

antibodies, which are usually of mouse origin, have limited 

use un1ess they are first •humcmi sed •, because they elicit 

an antigenic response on administration to humans. The 

variable domains of· an antibody consist of a ~-sheet 

framework with six hypervariable regions ( CDRs) which 

fashion the antigen-binding site. Humanisation consists of 

substituting mouse sequences that provide the binding· 

affinity, particularly the CDR loop s·equences, into a human 

variable domain structure. The murine CDR loop regions can 

therefore provide the binding affinities for the required 

antigen. Recombinant antibody •humanisation• by grafting of 

CDRs is disclosed by Winter et a1 (EP-239400). 

'Rhe expression of diverse recombinant human 

antibodies by the use Of expression/combinatorial systems 

has been described. (Marks et al, J. Kol. Biol. 1991 222 

581-597). Recent developments in methods for the· 

expression of peptides and proteins on the surf ace of 

filamentous phage (Mccafferty et al, Nature 1991 348 5521 

Clacksen et: al, J. Kol. Biol., 1991 352 .. 624-28) offer the 

potential for the selection, improvement and development-of 

these reagents as diagnostics and therapeutics. file use of 

modified bacteriophage genomes for _the expression, 

presentation and pairing of cl0ned heavy and light chain_ 

genes of both mouse and human origins has been des9rihed 

(Boogenboom et al, Buel. Acids. Res., ll 4133-4137; Marks 

et a.I 1991 op.c:::Lt. and Bonnert et al, WP:C Acc. Ho. 

92-056862/07) 

:aecep~or molecules, whose expression ··rs the 

result of th& receptor-coding gene library in the 
expressing organism., may also he displayed in the same way 
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(Lerner and Sorge, WO 90/14430). '.rhe cell surface 

expression of single chain. antibody domains fused to a cell 

surface protein is disclosed by Ladner et a1 WO 88/06630. 

Affinity maturation is a process whereby the 

binding specificity, affinity or avidity of an antibody can 
' 

be modified. A number 0£ .laboratory techniques have been 

devised whereby amino acid seQ11ence diversity is created by 

the applicatioJ1. of various mutation strategies, either on. 

the entire antibody fragment or on selected regions such as 

the CDRB. Mutation to change enzyme specific activity bas 

~ also ·been reported. ':fhe pers~ skilled in the art will be 

aware of a variety of methods for achieving random or site­

directed mutagenesis, and for selecting molecules with a 

desired modification. Mechanisms to increase diversity and 

to select specific antibodies by the so called •chain 

shuffling• technique, ie. the reassortment of a library of 

one chain type e.g. hecivy chain, with a fixed complementary 

chain, such as ·:tight chain, · bave also been described (Kang 

et al., Proc. Natl. Acad. Sci. USA, 1991 !l 4363-466; 

Hoogenboom et: al, Nucl. Acid lleli., 1991 ll 4133-4137; Harks 

et a.I, Bio/ftchnology, 1992 10 7?9-783). . -
Xn order to overc~ the problems· of human 

· reactions to mm:ine sequences iD. any part. of :tthe v~ins, 

framework or constant regions of the an.til>Odies, 

recombinant human antibody-gene libraries may be 
> 

. cbnstzucted £~ a vmdety of human tisa,.es, including 

per~heral blood lymphocytes (Winter an4 Kilstein Nature, 

1991 349 293) • ·Adult humans. will aiready have been 
,• 

subjected to antigenic stimulation; an4 therefore the 
I. 

capacity of the pre-imm1nised adult B-cell population to 

recognise as Wide a range of antigens is cHminished 

compared to the naive B-cell p(>puiation, and is reflected 

in the restricted populations of antibody mB.NA. molecules. 
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~hus in order to access as wide a range-of 

antigen-binding potential. as .possible, one of the tissues 

of choice is foetal. peripheral. b1ood, which being naive has 

a higher proportion of J:gM antibody mo1ecu1es than adu1t 

bl.ood, (approximate1y 70% compared to the 30% for J:gG), .arid 

provides the ideal. source of genetic material. for the 

constxuction of an antibody 1ibrary destined for maturati~n 

(evo1ution) to .. a breadth.where a wide range of antigens can 

be bound. 

SUmmary of the J:nvention 

~e present invention therefore includes witlll,n 

its scope: 

1) ~e identification and constxuction of 

novel. recombinant target hincling 

i>Ql.ypeptidesi 

2) Kodifiaation of .. such reagents to alter 

their perfo;Cmance, for exampl.e by 

~cbani sms invol.ving the •tat:l:on of their 

DNA coding regions; and 

3) P'Urther changing these reagents either at 

the genetic or the protein l.evel.,. by 

reassortment . o:f their subcomponents •. · 

According to a first aspect, the invention 

provides a target-hintHng po~tide having: 

a) a stab1e core po1ypeptide region (SCB.) 1 8D4 

b) at least one taxvet:-bimUng region ('.fllll) • 

in which the t:arget-b:lm1ing region(s) has opt:ional.1y been 
.• 

subjected to a maturation step in order to modify the 
l . 

specificity, the affinity or the avidity of binding to the 

target. 
we have heen.abl.e to design and constzuet 

polypeptides according to the invention in wlµ.ch the 

specificity, affinity or avidity of binding is modified, 
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without the necessity for performing a maturation step. 

For example this has~ been done using immunoglobulin (J:g) 

and CDS. 

We describe the construction of monovalent target 

binding polypeptides in which the -rBR is covalently linked 

to a SCI\. '.rhe sea is preferably foxmed by association of 

two covalently linked J:g-1ike domains of the J:g superfamily 

such as to antibody variable domains or CDS domains. 

We also show how po1y£unctiona1 target binding 

polypeptides can be produced by forming separate or 

overlapping TBRs on a SCI\. We have also shown that the 

.J:g-like domains of members of the J:g. superfamily can be 

constructed as SCRs and joined non-covalently to produce 

bifunctional or poly£unctional target-binding polypeptides. 

We describe ·how to desip amino acid sequences which can 

covalently link :Cg-like domains and thereby direct self 

· association to foxm: stable dbiers, aggregates or arrays 

preferably with bifunctic:ma1 or polyfunctional specificity. 

~he target-bind.ing region is able to bind a 

target molecule, which may be a chemical entity of any 

type. For example, the target may be a small molecule such 

as a pesticide or a drug, a hormone such as a~. steroid, an 
. 

amino acid, a peptide, or a polypeptide; an BP.-tigen; such 

as a bacterial, viral or cell surface antigen; ant~es· 

or other members of ·the J:g auperfami1y; a tumour marker, a 

growth factor, etc. '.fhe skilled ~son will readily be 

able to select a wide variety of targets of interest. 

Where the polyp9i>tide of the invention is to be 
.· 

used for .in vitro diagnostic PUJ:POSes, the core polypeptide 

region may be any suitable protein. However, where the 

polypeptide of the invention is intended for use in vivo, 

the core polypeptide region should preferably be .. non­

antigenic. Tb.us aey noxmal hnman protein of the type which 

is present· in serum or displayed on cell surfaces, and is 
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generally tolerated, would be suitable. Certain domains of 

normal c:elr-surf ace proteins can be produced in soluble 

form and, by the methods of this invention, have their 

affinity properties enhanced or modified. For human 

proteins which have as their natural target T-cell surf ace 

proteins, the soluble fragments become potential 

:lmmunomodulatory therapeutic.reagents especially useful fQr 

transplantation. KaDy of these fragments will possess 

homology to proteins of the :lunmmoglobulin. superfamily. 

:en particularly_preferred embodiments of the 

invention1 the target is selected from the group consisting 

of glycophorin or other red blood cell surface proteins, 

influenza virus neuraminidase; viral antigens such as 

hepatitis B antigen, and the gp40 protein of BJ:V; tumour 

markers, cell surface proteins such as·cn2a and CD4; 

transforming growth factor a (TGF-a); and leukaemia 
• 

inhibitory factor (Ll:F). Por both diagnostic and 

therapeutic applications, it is particularly useful if the 

target binding region has more than one specificity. Xt is 

especially pref erred that the target binding polypeptide 

possesses affinity to more than one target; this affinity 

is provided by separate or overlapping surfaces, thus 

f.orming a bifunctional or polyfunational reagent.. Xt is 

envisaged that bifunatio~l or polyfunctional reag~ts can 

also be formed by covalent or non-c<>Valent attachment of . , 

individual target binding polypeptides, oPtionally using a 

linker polypeptide. 

:en a second aspect, the invention provid:f!S a DNA 

construct encoding the target binding.polypeptide. 

:In a third aspect, the invention provides a 

method for producing a DNA construct encoding a target 

binding polypeptide of the invention, comprising.the step 
. . . . 

of subjecting DNA encoding a target bincling polypeptide to 

one or mare cycles of mutagenesis and selection to obtain a 
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sub.-popu1ati011 o:f DNA mo1ecu1es encoding target binding 

po1ypeptides having modified characteristics of affinity, 

specificity, or avidity. 

P~:f erab1y the DNA encoding the target binding 

po1ypeptide is present in a rep1ication-competent e1ement 

or disp1ay vector, ie. a vector which is self-replicating, 

optiona11y when present in a suitable host. ~ display 

vector is preferably selected :from the group· :consisting of 

bacteriophage, fi1amentous:bacterioPbages such as I'd, 

viruses, bacteria, yeast, slime mou1ds, or mamma1ian ce1ls. 

~ Kutaganesis may be either rand.om or site-

directed, and the person sld.11ed· in the art wil1 be aware 

of many suitab1e methods for carrying out this step. one 

or more target bi.nd:lng regions of the target bind:lng 

polypeptide may be subjected·to mutagenesis. 

A preferred mutation system for use in the 

invention uti1ises specific mlitator strains of Bsc:heric:ll!a 

c:ol.i, designated JDUtD and mut~.1 (R. Fowler et al., J. 

Bacterio1., 1986 ill 130). ~se particular mutator 

strains peJ:Jd.t transfection with phage, making thmii 

especially useful :for the pm;:poses of the invention. 

xn a preferred embodiment, the method of 

producing the target bin4:1ngpo1YPeptide COJDP.rises the 

steps of: 

a) isolating DNA eneoding the framework 
. . . 

structure of one or more"'deisired target­

binaing polypeptides by means of the 

polymerase chain ·reaction1 

b) optionally sUb:lecting the DNA to 

mutagenesis in order to induce mutations in 

one or more target binaing regions of the 

target binding polypeptide; 

c) inserting the DNA· into one or more disp1ay 

vectors; 
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d) selecting a sub-popu1ation of display 
vectors disp1aying target binding 
po1ypeptides of desired specificity, 
avidity or affinity; 

e) subjecting the selected sub-population to 
one or more cycles of mutagenesis and 

selection· in. order to obtain a sub­
population of ·display vectors displaying 
target binding polypeptides having modified 
characteristics of affinity, specificity or 
avidity; and 

f) inserting DNA encoding the modified target 
binding polypeptides into a high level 

expression vector. 

Selection of the sub-population of display 
vectors may be achieved by a variety of conventional 
methods such as target binding, fluorescence-activated cell 
sorting, or exploitation of the biotin-avidin or biotin­
streptavidin systems. A particularly preferred method is 
af :f :lnity select;ion on an insoluble support such as 
innnunotubes; this has been found to be especially 
convenient. 

l:t will be appreciated that the invention 
therefore also provides a method of producing ·the target 
binding·polypeptide, by transferring the high level 
expression vector described.aboVe into an appropriate 
expression host, expressing the target binding polypept:id~; 
and isolating the protein thus prOduced. 

l:t will also be clearly understood that the 
target binding regions and tlie stable core polypeptide may 
be different regions of the_ same molecule, or may be 

derived from different mol.ecule&. 

~es of target binding polypeptide constructs 
which are contemplated! by tile invention include modified 
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antibodies or antibody fragments, ~cFv fragments com.Prising 
an assoQiation 1ixik to permit continuous reassortment, 
modified CDS mo1ecu1es, for examp1e sing1e chain CDS, and 

combinations of antibody mo1ecu1es or fragments thereof 
with ens o~ other mol.ecu1es re1ated to the :lmmunog1obu1in 
super£ami1y such as the ~vidua1 domains of the KBC C1asa 

J: and J:J: mo1ecu1es. For exa,,.P1e, the u3 domain of KBC 

C1asa J: binds to CDS, and therefore SQ1ub1e versions of a3 

become potential. imnnmomodu1atory reagents. ·Preferred 
constructs uti1izing CDS inc1ude: · 

a) Sing1e-cbain molecules in which the·V-1ike 

domains on1y of the a and P subunits are 1inked, and 

b) Mo1ecul.es in which the N-termina1 amino 
acid has been al.tered from lysine to serine, in order to 
a1ter the charge ba1ance of the signa1 peptides, thus 
enab1ing bacterial. expx:ession.withQut adversely affecting 
bio1ogical activity. 

~arget binding.polypeptides may inc1ude 
covalently attached polypeptide tails which can be TBRs or 
which may permit non-cova1ent association to other '.rBPs. 

Although the fol.1owing description refers in·some 
examp1es specifica11y tO l:gG type antibodies·:-Bnd their 

. . ... ,. 
fragments, itWil.1 be c1ear1y understood thaf'.the invention 
is a1so appl.icabl.e to other types of antibody m.o1ecu1e, 
such as J:gll and_J:gA. 

The DNA sequence encoding the target binding 
pol.ypeptide may be cl.oned into any vector whiChwil.1 a11ow 
displ.ay of the polypeptide on bacteriophage or cell. .· 
sui1aces. · Preferred vectors lnCludo pHFA, whose 
const~ction is described in :International. Patent 
Appl.ication No. ~/AU93/0022S,·and its structure is 
ill.ustrated in Figure 4. Preferred bacterial. hosts for 
protein expression are B. coli and Bacillus subtilis. 
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Detailed Description of the Drawings 

~ invention wi11 be described in detail by 
reference to the fol1owing non-1imiting exaq>les and to 

the drawings, in which: 

Pigure 1 illustrates the structure of antibodies 
and their fragments: 

a) This shows the polypeptide chain structure 
of a typical :CgG antibody mo1ecule, which is composed of 
two identical heavy and two identical light chains, each 
divided into variable (V) and constant (C) domains. -nie· 
whole :CgG mo1ecule has two identica1 antigen binding · 
surfa_ces termed Pv ·regions_, which are formed by the pairing 
of V8 and Vr. chains. The combination of V8 and Vr. provides 
6 loops, termed complementarity-detennining regions (CDRs.), 
at the extremity of the mo1ecu1e and these provide the 
antigen binding surf ace and thereby the binding specificity 
of the antibody to its target antigen. 

b) an Pab antibody fragment comprises one 
light and a portion of one heavy chain. 

c) A single-chain scFv is shown as V8 and Vr. 
domains :joined by a peptide 1inker between the c-teJ;lllinus 
of V8 to the N-texminus of Vr.• Both Pab and Pv fragments 
are expected.to have the same antigen binding surface as 
the parent ..antibody. 

Pigure 2 shows antiboO.y fragments such as Pab and 

scFv molecu1es displayed-on the surface of filamentous Pd 
bacteriophage by covalent. fusian to. either the minor coat 
protein at the tip of the phage, the gene x:c:c protein.or as 

.• 

fusions with the major, gene v:c:c:i: coat protein. For 
disp1ay of Pab molecules, only one of the chains (Heavy or 
Light) is anchored to the phage coat protein, and the other 
chain is provided in so11ible form in the host ·cell 
perip1asm. ~e Pd bacteriophage are sti11 viable, although 
fusions on the gene :c:c:c protein reduce infectivity into 
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host cells. 

Pigure 3 shows how pools (libraries) 0£ heavy 
and light variable chains can be constructed into a Pd 
phage display vector with one of the chains fused to either 
the gene :EJ:J: protein or gene VJ:J:J: protein of· the phage. 
~e display vector is transf ected into host cells to 
generate a dual-combinatoria~ library. Bach host cell 
produces viab~e Pd phage in which the antibody fragment is 
displayed on the phage s~face and the gene encoding the 
antibody is packaged with· the viral genome. Affinity 
purification of the phage is based on affinity to a target 
antigen, and allows simultaneous recovery of the gene 
encoding the antibody from the viable phage. Phagemid 
display vectors can improve transformation yields, but 
require helper phage to assemble· viable progeny. 
Alternative strategies include th8 constructim;i of 
hierarchical libraries· in which one·cbain is held constant 
and displayed with a library of the second chain to select 
the highest affinity paired chains. More complex libraries 
can be constructed using gene pools on separate display 
vectors 8nd then cross-transfecting host cells. Gene 
recovery will depend on the relative paCking ~fficiency of 
the two vectors. _ . 

Figure 4 shows ~ structure of the phagemid 
vector pBPA. ~s vector has the ability in. suppressor 
strains of B. aol:l. to express cloned antibodies as fusions 
with the gene J::tJ: protein· _c;m the surface of the Fd phage, 
whereas in non-suppressor strains the cloned antibody genes 

-· are expressed as soluble products. 'the lacz promoter 
al~ows induction of expression with J:PJ?G, and the FLAG 
tail, whiCh is expressed as a fusion with the antibody, is 
used for detection of synthesis and affinity pur,if-ication ... 

Pigure 5 shows the series of scFv HC10 deletion 
linker constructs and the theoretical minimum distance (in 
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Angstroms) spanned by the polypeptide linker. 
Figure 6 shows the DNA sequence of synthetic 

oligonucleotide duplexes encoding peptide linkers of 
different lengths that were inserted into appropriately 
restricted pPOW-scFv NC10. 

Figure.7 shows the ~lysi~ of synthesised scFv 
NC10 proteins from the V11.15 •. VL, V8 .10.VL, V8 .S.VL and V8 .VL 
from un1nduced (lanes 1-4) and induced (lanes S-8) 
respectively on a Coomassie gel (upper panel) and a Western 
blot (lanes 9-16 lower panel) of the Coomassie gel probed 
with the anti-FLAG, M2 antibody (:CB:C, New Haven, C'l') 

followed by goat anti-mouse horse radish peroxidase· · 
conjugate (Sigma) as the second antibody and detected by 
ellh.anced chemiluminescence (Amersham). 

•·· 

Figure 8 shows a smnmary of observed scFv NC10 
associations and activity to its target antigen. 

Figure 9 shows the similarity in structure 
between an antibody Fv fragment and a CDS·a. chain 
heterodim.er. 

a) ·~s is a ribbon drawing of a V11 or VL 
molecule showing the CDR loops numbered 1-6 and the 
structurally conserved :framework regions as ribbons. 

b) · · · ~s is a ribbon drawing of two CDS a. 
chains. 'l'he regions corresponding to antibody CDR loops 
are shown at the top o:f the molecule and numbered. 

'l'he homodimer is oriented with the molecular d.Yad 
axis situated vertically· in the plane o:f the page. CVR-

. I ~ 

like loops from the top surf ace of the molecule as shown, 
and the CD~ 1-like, CDll · 2-1ike and CDR 3.-like loops are 
labelled 1, 2 and 3 respectively :for one sub-unit, and'l', 

.· 2' and 3' :for the other sub-unit. 'l'he c-termine extend 
:f~m the bottom o:f the molecule. 'l'he loops forming the 
dimer interface are the CDR 3-like loops (top) and C-C' 
loops (bottom). 

Figure 10 shows a Coomassie stained SDS-PAGE gel 
of the synthesised scCD8 in pPow·using B. coli host cells 
pop2136 showing whole cell lysates. Arrows show the 
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positions of the fused and mature (c1eaved signa1 sequence) 
scCD8. In this figure: 

Lane 1 un:induced cel1s· containing 
pPOW-scCD8 

Lane 2 

Lane 3 

Lane 4 

4 hours pos~-induction of pPOW-scCD8 
uninduced cells containing 
pPOW-Lys~Se~ scCD8 

4 hours post-induction of 
pPOW-Lys~Ser scCD8 

Lane 5 pre•stained molecular weight markers. 
Pigure.11 illustrates a scheme whereby individual 

antibody genes can be affinity matured. :cndividual genes 
' can be selected from phage display libraries, and.then 

subjected to rounds of. izl vivo or ·izl vitro mutations. ':rhe 
affinity matured antibody fragments are then selected for 
their ability to bind antigen, prior to further rounds of 
mutation or high 1eve1 gene expression. Entire antibody 

. libraries can be increased in· compl:exity by cyclic rounds 
;;• 

of m.utatio~ prior to selection of individual phage via 
panning or affinity selection. 

Pioure 12 shoWs results of EL:CSA screening of 
colonies subjected to mutation for affinity maturation. 

Pigure 13 shows an 8%amp1e of the p569 vector (a 
gift from W. Hellen), a shuttle vector f~r exp"ression in D. 

disaoideum. ~ vector has the alpha L fucosiC!ase promoter 
and ·signal sequence, a multi-cloning site, a transcription 
texminator and the transposon ~03 for selection by G418. ' . , 

Figure 14 shoWs the tertiary stxucture depicted 
as.the polypeptide backbone of HClO sc:Pvf:ragments 
complexed with two :ln£1uenza neuraminidase subunits solved 
at 3 Angstroms resoluti~ by X-ray diffraction analisis. 
':rhel linker pol.ypept;ide joining the heavy and light chain 
variabl~ regions is not depicted in this figure. :In t;he 
crystal structure two :rv fragments are associated back-to­
back to dimerise two different neurami n! dase subunits. In 
the context of the sc:rv f~agments the dimeric J!v module can 
be considered a bifunational reagent. 
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Figure 15 shows a model of two neuraminidase 
tetramers which are bound together by four NC10 scFv dimers 
in solution as resolved by electron microscopy. 

Figure 16 shows a model of bifunctional Fv 

molecules dimerised back-to-back and.are closely associated 
without steric interference.. :en this model, the c-teJ:minus 
of the heavy chain can be directly linked to the -13 
residue of the light chain variable region with minimum 
reorganisatio~ of the remaining polypeptide backbone. 

Figure 17 shows a schematic representation of 
non-covalently and covalently joined scFv dimers 
respectively. 

Sequence :t.D. 1 shows an e~le of a mouse Ly-
2+x.y-3 v domains construct designed for :bacterial 
expression. 

Sequence :t.D. 2 shows an example of a hunian 
single-chain CDS construct designed for expr~ssion in a 
bacterial secretion vector such as pPOW ... 

I • • 

Sequence :c .D. 3 shows an example of a mouse MHC 
a3 domain designed for expression. 

Sequence :t.D. 4 shows the DNA sequence of the 
linkerless 1C3 scFv in pHFA. 

Sequence :c.D. 5 shows the DNA sequence of the 
anti ~luenza NC10 IJ9Fv with the pel B secretien signal 
and the FLAG C-texmina.1 peptide. 

Sequence :t.D. 6 shows the DNA sequence of the 
_first 1443 bases of the anti-gl.ycophorin 1C3Fab fragment in 
pHFA ready for. ligation post' Pea amplification for 1igation 
into p569. 

Preferred embodiments of the invention inciude 
the following: 
1. l ~e structure of the target binding polypeptides 
may be based on scFv molecules in which one DR is formed 
by six surface polypeptide loops to provide cc:>ntact region 
to antigen,_and .. hence.specificity. :tn a particularly 

.preferred embodiment, the ~ may be formed by four CDR 
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loops for contact with antigen to provide sufficient 
contact area and U£inity (Figure 14) • our results using 

. . 
NClO indicate that it is feasib1e to randomly mutate these 
polypeptide sequences to modify target affinity. 
2. Bifunctiona1 or polyfunctiona1 reagents can be 
produced by cova1ent.linkage of individual target binding 
pol)'peptides. ~ covalent linkage can be provided by 

polypeptide ~ins in the manner of single-chain Fv 

molecules. Specificities can be linked by :joining together 
individual proteins, region& which have a propensity for 
dimerisation or aggregation. 'l'hus it is not necessary for 
example to link two single-chain-Fv fragments in their 
noz:mal. orientation by an additional. polypeptide chain, but 
this can be achieved by linking Heavy and Light chains of 
differing specificity, or Heavy to Heavy chains, Light to 
Light chains which can then associate to foz:m functional 
dimers or aggregates. Of course. the method can al.so be 
used to join V doma~ns with required specificity to other . . 
·protein domains, including the Tmmmoglobulin-like domains 
derived from CDS~ T-cell receptor fragments, or HHC 
fragments. 

:en a preferred embodiment the covalent :joining of 
two Xg-like doma~ns. such as the heavy and light antibody 
variab1e regions, can be produced·with or without a linker 
polypeptide. For monomeric ·scFv fragments the. polypeptide 

linker covalently :loins the Vn and VL domains ·between the 
carboxyl terminal of one variable (V) domain to the amino 
texminal of the other·v domain without' compromising the 

. ' . 
fidelity of the scP'v binding site. The scP'v may_be 
assembled ·in either dOmain order as a V8 -linker-vL fusion 
protein or as a vL-1inker-v8 fusion prc>tein. ~ 1izi!cer 
sho1ild preferably be hydrophilic in nature to prevent it 
from associating with hydrophobic v domain surfaces. 'rhe 
lengths of the linker may be less than 25 amino acid 

.· 
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residues with a preferred size established by empirical 

sel.ection. A pref erred l.inker sequence consists of 

pentameric units of Gly4Ser in which the serine residues 

enhance the hydrophilic characteristics of the peptide 

backbone, while the glycyl residues give the l.inker enough 

flexibility to adopt a range of conf oxmations around the v 
domains. :en a special preferred embodiment the covalent 

association of polymeric Fv fragments can be produced 

without an additional 1inker polypeptide by removal.of a , . 

segment of one :Cg-domain at the :junction sequence. These 

1inker-minus constructs are ref erred to herein as tightly 

coupled domains {TCI>s). ~number of amino acids to be 

removed can be determined.either empirica11y or with the 

aid of protein design considerations. Pigure 16 depicts 

the association of two Fv mo1ecules "back-to-back" as '.rCDs 

and in which the two '.rBRs are at opposite ends of the 

mo1ecule thus f oxming a bi:functional reagent capabl.e of 

cros.s-1inking two target molecu1es. :en this example, 
I • 

preferably up to 13 amino acids are removed for c1ose 

association. ~ resul.tant mo1ecu1e has a propensity for 

oligermerisation, at least to dimers, with a close but not 

. sterica11y hlhibited interaction between the :Cg-1ike 

domains. :Ct wi11 be appreciated that polypeptide tail.a can 

be added at the free amino and carboxyl terminii to 

increase. the number of '.rBRs on.the mo1ecu1e. :Ct wi11·a1so 

be obvious that the mi.ssing polypeptide sequences that had 

been removed at the junction o:f :Cg-like domains can be 

replaced, in whole or in part, by providing the polweptide 

sequences attached to another position in the :ca-like 

domains. We anticipate that these molecules will be 

capabl.e o:f :forming two-dimensional arrays thereby J?.roviding 

a bifunctiona1 surface. :ct will. be appreciated that these 
l 

arrays will have special app1ication as biological coating 

devices. 
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3. ':rhe comp1ete three-dimensiona1 structure of 

mature hnman or mouse CDS, comprising heterodimeric a and p 
chains, is not yet known~ Predictions from a crystal 

structure of homodimeric human CD8a suggests that the a 

chains are simi1ar in topo1ogy to antibody VL domains 
(Leahy et ai, Ce11, 1992 68 1145-1162). We have 

constructed sing1e-chain varian~s of mouse CD8a/P 
heterodimer.for expression using bacteria1 sderetion 
vectors, and simi1ar resu1ts wou1d be expected using human 

· CDS. Native human or mouse CDS mo1ecules are presumed to 
have affinity on1y for HBC C1ass J: molecules. We predict 
that random 1ibraxy approaches, such as those described in 
the Examples herein, wi11 enable scCD8 mo1ecules to be used 
as a stab1e framework for the production of target biDd:Lng 
po1ypeptides. By this process, scCD8 mo~ecules can be used · 
as antibody mimics. Farthermore, the scCD8 molecu1es can be . .. .. . 

further modified in the size and conformation of 
CDR-equiva1ent 1oop structure to provide a framework for 
less than six CDR loops in the contact.surface. Xn. a 
particularly preferred embodiment, we envisage a stable 
protein framework-capabie of providing ~our or five CDR 
loops in the contact ~gion. we also envisa~p the strategy 
to appl.y to other J:g doma:lns.· For exaq>1e the. 

imnnmog1t>bu1in-1ike doma:lns o:f KBC C1ass J: and x:c can be 

ex.pressed in soluble form and when modified can be used as 
innmm.omodulatory reagents. 

4. Kodi~ications to target binding polypeptides such 
as those described above can be based on mutation of.. the 
coc\ing region, by the use of librar~ selection and 

modification strategies such as those shown in Figure 3, to 
mature a single DP or DP library of low affinity and wide 
specificity to enhance the range of target molecules which 
it recognises, but more importantly to produce a range of 
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binding affinities for each member of the library, the 
individual DNA coding regions of which may be easily 
selected and isolated by modif ic:ations of known 

methodologies. Xt is envisaged that such a library will 
comprise antibody-like fragments, or any other peptide 
which shows an affinity for a ligand or another protein, 
enzyme or receptor. This may also include a stable core 
polypeptide which is not in itself antigenic:, but may be 
modified by ~ addition of CDR. loQps or peptides with an 
affinity for specified ligands by grafting the coding 
regions by recombinant DNA techniques. :Ct can.al.so be seen 
that a change or changes to t;he framework regions may · 
result in a change of conformation of the protein such that 
an altered binding surface is presented, with binding 
properties different from those of the parent molecule. 

'l'he most trivial example includes the 

construction of ex:Pression libraries that produce 
recombinant antibody fragments (including single-chain Fv . . 
fragments) with predetermined target binding specificity • 
.rn vitro.mutation and affinity maturation provide means of 
presenting the b:incU ng molecule such that the appropriate 
coding regions are selected and retained. Presentation 
vec:tors-whic:hwill a11ow cont~1 reassoi:tment of the 
binding domaiils (which in this example· as a preferred 
embodiment will encompass Va and Vi.domains) subsequent to 
each of· the sel.ection.steps shown·m Figure 3 can suitably 
be used, for example_pBFA. 
5. 'l'he invention may be use~ for the construction 
and selection of a wide range of receptors, receptor-like 
molecules and moleeul.es constncted with mutations in 
potentially critical :egions for both bind~ng, st~ctural 
integrity and biological activity. :cnitially phage surface 
p~sentation after axpression and phage rescue from B. col.i 

is used to monitor the efficacy of this approach, but other 

,·:· , .. 
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systems such as the eukaryotic systems are also expression 

competent. Yeast (SaccharoDtY'Ces cerevisiae) has been shown 

to express the V8 of NC41, a monoclonal antibody directed 

against influenza virus neuraminidase, under the control of 

the a1pha mating ~actor promoter, and the s1ime mould 

.Dictyoste1iu.m c:liscoideum is ab1e to express recombinant 

proteins including both V8 aDil the scPv of NC10. 

6. '.rhe ~pecif ic se1ection of target-binding 

polypeptides able to bind to the specified antigens (which 

may include LD, TGP-u, g1yccphorin,.ce11 surface markers 

A or other cell speci~ic surface proteins), is made possible 

as a result of the-presentation on the display vector, for 

example the presentation on the phage surface of these 

peptides fused to the Gene XXX product. Having selected 

the appropriate phages, they are then subjected to rounds 

of JllUtation, as shown in Pigure 5. . . 
Xn th9 followiilg examples, the mutl> and .mut~.1 

mutator strains of B. ao.11 are used to induce mutations at 

random throughout the molecule. ~s is done by 

transformation of these B.. c::ol.i strains with ~e pla~d 

DNA- by any of the st~rd techniques that appear in the 

1iterature; the preferred method is by electroporation. 

A1texnative1y the recombinant'pbage maybe transfected into 

the •tator strains by stlma.ard transfection methods. 

After rounds of growth of t1¥tse plasmid/pbage-bear~g B. 

aol..:l, the phage may be rescued by stanClard teahni·ques with 

a helper phage, and caii then be used .in antigen-binding 

assays to detexmine the effects of various mutations on the .. 
b~a~ng affinity. 

'.rhese mutations are not confined to base 

substitutions in the DNA, but may also encompass the 

addition of peptides to the structure of the molecule such 

that the number, size and 1ocation of the binding regions 

in the mo1ecule is a1tered. A single domain binding unit 
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with these additions wil1 show binding Characteristics of 

substantially altered affinity_ if not specificity. The 

correlation between mutation at specified sites and the 

binding affinity may then be used to design novel CDR loops 

and framework regions for target binding polypeptides with 

therapeutic and diagnostic potential. 

Also included in the scope of the invention is 

the expression of recombinant proteins from recombinant 

cells under the direct control of the antigen, or some 

other ligand which is responsible for the first step in the 

process towards controlled expression of the •antibody 

genes•. 

7. Bifunctional or polyfunctiona.1 reagents can be 

selected using the library technology described above. 

Target binding polypeptides may be displayed for affinity 

selection by attachment through a polypeptide tail. 

Selection based on affinity.to tWe> or more different target 

antigens or haptens will select a single molecule which has 

two binding surfaces at different positions of the same 

molecule. ~e binding surfaces can be overlapping. To 

construct a library for selection of bifunctional or 

polyfunctional reagents, the strategy of site specific and 

random-. mutagenesis applie_d to two or more surfaces of the 

protein molecules may be used. J:n the case of single-chain 

· Pv or CDS, the preferred reqions for mutation will be the . ' 
cDR loops and their opposite counterpart loops at the other 

end of the scFv molecule. In the case of Fab molecules, 

the preferred mutations will be at CDR loops and the 
.• 

opposite cOun.terpart loops at the other end of the constant 

domains. 

Unless otherwise specifically stated, all 

standard methods referred to herein are to be found in 

. •Molecular Cloning-A Laboratory Manual• Sambrook et a1 

1990. 
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Construction and Expression of Taraet 
Binding Pol.vpeptides as Single Chain 
Fv Fragments Using Po1vpeptide 
Linkers of Different-Lengths 

A parent scFv fragment of NC10 (a monoclonal 
antibody that.recognises the ~euraminidase (NA) molecule on 
the N9 strain of inf1uenza virus) was designed, constructed 
and expressed i:n B. col! (Sequence X.D. 5). -~amino 

texmiiia1 secretion s:Lgna1 Pe1B directed the synthesised 
protein into the B. col! perip1asm where it became 
associated with. the inso1ub1e ·membrane fJ:action. An 

octapeptide (FLAG; l:B:C USA) tai1 was fused to the carboxy1-
texmina1 of the scFv and was used· to monitor the scFv 
through subsequent purification procedures. 'rhis reagent 
is bifunctiona1 with specificity to both neuraminidase and 

anti-FLAG antibodies. 
'l'he scl'V HC10 prote:lii was -purified by . . . . 

so1uhi1izatioJ;L of the B. co.I! membrane fraction with 

guanidini.um. ~ch1oride followed by column 
chromatog"rap~. Size exc1us:Lon BPLC of purified scFv HC10 

showed that the sc:Fv fragment emerged in. two peaks 
coi:respond:fng in size to monomers (2? k:Da) and dimers (54 . . 
kDa). J'urthermore, the monomeric foxm. bO'mld to N9 NA to 

. . -
foxm a complex of -320 kDa while the dimeric ~!oz:m bound to 

N9 HA to foxm a complex of -640 Jcl>a. The 320 kDa comp1ex 

cou1d consist of four scFV mo1ecu1es bindiDg to a sing1e NA . . . 

mo1ec:ule, while the 640 JcJ>a·comp1ex could consist of four 

scl'v mo1ecu1es bindiDg to twp NA mo1ecu1es. Bl.ectron 
microscopy conf ixmed the tight coup1ing of two 

neuraminidase te~s by fc:>UJ: bifunctiona1 scFv dimers 
(Figure 15) • High resolution electron microscopy was 
perfo:med on ~e tern N9 (avian) strain of iDfluenza 
neuraminidase comp1exed with scFv constructs of the NC10 of 
the Mab, where the molecul.ar complexes were stairiea 



23 

(contrasted) either with potassium phopho-tungstate at pH 
7.0 or with uranyl acetate at pH 4.0. 

Based on our previous extensive eXl>erience of 
imaging molecular complexes of the same N9NA with 
monocl.onal. Fahs (32/3, NC35 and NC41) and with whole 
monocl.onal. XgGs (32/3, NC41 and NClO), we were able to 
interpret the N9Na-scFv compl.ex images as closed structures 
of pairs of neuramiDidase heads coupled together f ace~to~ 

face·by four bridging scFv dimers in such a manner as to 
maintain four-fol.d point-group symmetry of this densely· 
packed molecular complex (Figure 15). This image 
interpretation of the N9Na~scFv mol.ecul.ar complex is · 
directl.y compatibl.e with the observed molecular weight of 
the compl.ex in solution of 

Hr - 610,000. 

X-ray diffraction anal.ysis of c:cystals in which 
the scFv is complexed with neuramin~dase (Figure 14) 
demonstrates a close association between two scFv mol.ecules 
related by a tw6-f ol.d axis of rotation. '.l!wo possibl.e 
dimeric conformations are possible. xn the firs.t instance 
the V8 and VL domains encoded by a single polypeptide chain 
with additional-peptide tails foxm a bifunctional scFv 
which associ~tes npn-coval.entl.y with the separate scFv 
mol.ecul.e (Figure 17). xn the second iDstance, the V8 ·and 
VL domains forming the antigen binditJg surface (the ~) in 
each '1!V are n.0n~coval.ent1Y assOc:iated and the two Fvs are 

·covalently joined by .the l.inker pol.ypeptide (Figure· 17). 
Holecular mode11hiQ- studies (Figure 14) iDdicate 

the distance between. the V8 and VL doma!ns of a non­
coval.entl.y associated dimer woul.d be at l.east 35A, whereas 
the distance between the V 8 and VL domains of a coYalent 
dimer woul.d be l.ess than 2sA. Given the 3.8A (0.38nm) 
distance between adjacent peptide bonds and the distance 
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1engths that the l.inkers can theoretical.1y span (54A, 36A, 

1sA and oA for the 15, 10, 5 and O residue linker pPOW­

scFv NClO constructs respectively) we examined the type of 
scPv-NA comp1exes formed when scPv proteins with different 

linker 1.engths bind to antigen. 

A series of scPv NC10 proteins with shortened 

linker 1.engths were constructed (Figure 5). -nie first 
pPOW-scFv NC10 ,·construct bas a pol.ypeptide 1inker 

consisting of three pentameric G1l"4Ser unitaA•(this pPOW­

scFv NC10 construct was referred to as the 15 residue 

1inker, V8 .15.VL). The de1etion 1inker mutants -were 

constructed by sequentia11y removing each of these 

pentameric units to form constructs. with two, one and zero 

units (referred to as the VK.10,VL, V •• 5.VL and Va.VL 
residue 1inker pPOW-scl'v NC10 constructs respective1y). 

Furthexmore, a scPv NClO construct was made by de1eting the . . . 
first ~-strand of the.VL domain (the first 13 amino acids) 

so that the car~1-tex:ndna.1 of the v8 domain joined 

direct1y to the vL dQJDain (V8 .-13.VL). 

Detai1ed Construction of pPOW-scl'v NClO_with Shortened 

Linker Lengths 

~e pPOW-scPv NC10 consb:uct was digested successive1y with 

BstB :c:c (New BDgJ.and Biolabs) and Sac :c (Pharmacia) 

according to manufacturers' specifications and the · _ 

pol.ypeptide linker rel.wed.; iJ?he restricted 1~1.ess 
pPOW-scFv NC10 · DNA waii e1ectroe1uted from an o. 8% agarose 
gel. and the DNA concentrated by precipitation with 0.3K Na . 
acetate and 2.s·vol.umes of ethanol.. Synthetic 

oligonuc1eotides were phosphoJ:Y1ated at their s• termini by 

incubating at 37°c for 30 min with o.s units-' of· T4 
polynucleotide kinase (Pbarmacia) and 1mM ATP in One•Phor­
All Buffer PLUS (Pharmacia). Pairs of complementaxy 
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phosphory1ated oligonucleotide primers (Figure 6) were 

premixed in equimolar ratios to form DNA duplexe.s encoding 

single chain linkers of altered lengths. These duplexes 

were ligated into the BstB xx-sac J: restricted pPOW-scFv 

NC10 plasmid using an Amersham ligation kit. A slightly 

different approach was required to make the V8 .-13.VL 

construct. An oligonucleotide prim.er (:Figure 6) spanning 

the deleted VL domain was constructed and used in 

conjunction with a FLAG specific oligonucleotide (Figure 6) 

to amplify by PCR a v8 .-13.Vi. fragment of the scFv NC10. 

The amplification product ,..as digested with BstB J:J: and 

BcoR J: and ligated into similarly digested pPOW-scPv NClO 

plasmid using an Amersham ligation kit •. The ligation 

mixtures were purified by extraction with an equal volume 

of phenol/ch1oroform and precipitated with 0.3 M Na acetate 

and 2. 5 volumes of ethanol. The ligated DNA was 

resuspended in 20 ml H20 and 5 mi· of the sample was 

transformed into B. Coli DHSa (supB44, hsdR.17, recAl, 

endAl, gy.r~6. f:hi-1, relA1) and LB392 (supB44, supF58, 

bsda.14, l.ac:Yl, galE2, gal.T22, metB1, tr,pRSS). Cells were 

shale.en in 1 ml of LB medium for 1 hr and plated. onto 2~ 

medium with 100 mg/ml ampicillin. Recombinant clones were 

identified by PCR screening with oligonualeotides directed 

to the PelB leader and !'LAG sequences of the pPOW vector. 

The DNA sequence of the shOrtened 1:1.nker regions were . . 
verified by sequencing double-stranded DNA Using Sequenase 

2.0 (United states Biochemical). 

Protein Expression of the scPv NC10 Proteins with Shortened 

Linkers 

Transformed LB392 were grown overnight at 30°c in 

SB medium and diluted 1:10 to inoculate fresh SB-medium. 

cultures were grown at 30°c with shaking until the 

·- absorbance at 600nm (A,00 ) was approximately four. The 
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temperature was raised to 42oc for the remainder of the 

induction period (which continued for 4 hr until the ~00 

-7). Cells were recovered by centrifugation (Beckman JA10 

6,000 rpm for 15 min) and the supernatan~ fraction removed. 

'.fhe cell pellet- was resuspended i~ 10% of the original 

volume in 20% sucrose, 10 mH his.HCl. pB7.5 and left on 
ice for 5 min. BDTA was added· to a final volume of S mM 

and the mixture· incubated on ice for a further 10 min and 

centrifuged as before to pellet the cells. ~e supernatant 

was discarded and the cell pellet resuspemed in ~o, the 

,.. mixture was recentrifuged and the supernatant containiJig 

the periplasmic proteins removed. ~e resulting cell 

pe1let was resuspended in ~o and lysed by sonication (six 

30 sec bursts-for large scale preparations and one 30 sec 

burst for small s~ale preparations) and kept on ice for 5 

min. After centrifugation the aqueous phase was recovered 

·as the so1ubi1ized cytoi>lasmic fraction while the pellet 

contained the insoluble membrane-associated fraction. To 

verify scPY.NC10 expression total cell lysate from 
individual clones wm:e ana1Ysed by SDS-PAQB under reducing 

conditions and Western ·blotting using the anti-PLAG 

monoclonal antibody, M2 (Pigure. 1). Single P.9Sitive bands 

migrating at -28, 29, 31 and 32 kDa were obser:ved (Pi~· 

7, lanes 13-16) which correlate with the anticipated Hr of 

the ·acPv NC10-PLAG fuaio~.Protein syiithesised by pPQW-scl'V 

HC10 constructs with O, 5, 10 and 15 residue linkers 

respectively. SCl'V NC10 proteins with o, 5, and 10 residue 

linkers showed the same characteristics as the is residue .. 
l~er. ~ scPv NC10"-PLAG fusion proteins were associated 

' 
with the insoluble membrane fraction of B. co11, 
approximately half of which could be solubilized by 

treating with guanidinium hydrochloride. 

~ soluble products were purified by gel 

filtration and chromatography on Mono-Q or on an affinity 
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matrix containing an antibody specific for the tail moiety. 
'l'he pure products-were characterized by SDS-PAGE, size 
exclusion HPLC (SB-HPLC), ultracentrifugal analysis, 
binding activity toward& the parent antigen (influenza 
virus neuraminidase), electron microscopy of the complexes 
foxmed between the antigen and reagent. Cross linking 
experiments con£ixmed the size of .the products. '.rile 
properties are summarized in Figure 8. 

Example 2 Construction of mouse and miman scCD8 

~e a and P chains conta:ining only the v-like 

domains of mouse CDS were amplified separately by PCR·with 
Vent.J?Olymerase using primers containing homology to the v­
like domains (using available database sequences) and with 
additional nucleotides encoding the (Gly,ser) 3 linker 
(Sequence :c.D. 1). A£ter annealing the two separate 
domains the products were extended using dmPs and 

polymerase. ~ scCDS. gene was amplified using new primers 

containing Hsd:t. site . at the 3' ·end and Sa.l:C site at the 5' 

end. '.rhe single chain product was digested with HBdI. and 

Sa.l:C then cloned into Msa:c·and Sa.l:C digested pPOW vector. 
High level protein synthesis was obtained in B. c:o.1! host 
ce11 strain pop2136. Au N-termina1 modification was 
designed to increase the synthesis of coxrect1y cleaved 
produ~t which ·was achieved by changing the N-tf;!:r:ndnal 
residue of mouse CDS a. chain from Lysine to Serine (the 

Human CDS a chain N-texmina.1 residue is a Serine) • 'the . . 
synthesis of scCD8 inpPOW using B. c:o.1! host cell strain 
pop2136, shoW:i.ng 'Whole ce11 1ysates, can be seen in Figure 
10. '.rhe synthesised scCD8 product was detected by anti-CDS 
antibodies that only recognise protein.in the 

c0l!1f ox:mationaly correct f o:cm. · 
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Human scCD8 

~ DNA encoding the V-like ~main of the mature 

a chain protein ,,.s amplified by PCR using ~aq polymerase 

and primers containing holiiology to the v~1ike domain (using 
available database sequences) with additional nucleotides 
encoding_ the (Gly,ser) 3 linker and incoJ:Porating 
restriction enzyme sites Hst!I ~ Bamm: (Sequence :C.D. 2). 

~ V-like domain of the CDS f3 chain was amplified by PCR 

directly from DNA isolated from blood using primers 
.• .,.,, 

containing BamHI:.and BaoRJ: restriction enzyme sites. 91'he 

two individual products were digested.with the ~propriate 
enzymes then ligated in.to NsC:C and BcoRX digested pP()W 
vector. 

~e DNA sequence of each of the single chain CDS 
constructs was confirmed. by double stranded DNA sequencing. 
~ nucleotide sequence can be seen in .Sequence :C.D. 1 and 

2. :en this example the vector. directs the synthesis of a 
scCD8 with a c-texmina.1 :peptide ta:l.1 for diagnostic and 

coupling _applications, including affinity purification. 
Pref erred te~ques to monitor the biological 

activity of the scCD8 product include: 
a) .Direct measurement of protein binding affinity 

b) 

c) 

for example using biosensor technology or 
ultracentrifugation using binding to whole cells, 
cell surf ace molecules or their fragments such as 
(32 microg_lobulin or the U3 domains of the HBC 
class :c moleCU.le. 
measurement of b;l.nding to the DC class .:c 
molecules-expressed·in.J.U«A-S cells (peptide 
loaded) using the c-terminal peptide tails as 
diagnostic markers. 
an interference of function assay such as 
monitoring changes to the peptide induced 
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dose-dependent effect on XL2 production during T­
ce11 activation. 

Construction of Linker1ess 
AntiG1YCophorin 1C3 

~e parent XC3 antibody and scFv derivatives are disc1osed 
in the Xnternational. Patent Appl.ication No. PCT/A'093/00228. 

Ol.igo:nucl.eotid~ N2034 

(S'-ACGTAGGTCACCGTCGC~CGA~GTCATGTCACAG~CATCC'.rCC-3') 

was synthesised to have comp1ementarity to the l.ast 15 

bases at the 3' end of 1C3 V8 coupl.ed directly to the first 

30 bases of the 1C3 VL 5' sequence without any intervening 

J.inker sequence. 
Ol.igo:nucleotide N2035 

(5'-~A'r.AATCTGCGGCCGCCCGA~ftTC-3') was synth~sised to 

have compl.ementarity to the. 1C3 VL sequence on t;h~ ~osite 
strand around the Not :f: site near .the 3' end. 

~ two ol.igonucl.eotides were used with 1C3 
templ.ate DNA in a Pol.ymerase Chain Reaction to produce a 

1C3 product of 3'-v8 sequence :Juxtaposed to 5'-VL sequence 

f l.anked by Bat BXX and Not X restriction endonucl.ease 
sites. 

. A£ter incubation o:f the »ca product with 
J:estrictU>n endonucl.eases Bst B%X aDd Not x, the resu1tant 
fraOmen.t was J.igated with vector pBl'A containing the 1C3 
scFv sequence previous1y digested with Bst BXX and.Not X to 
remove .the intervening sec:111ence. 'Sle ligated p:i:oduct was 
used to transform B. c:ol.1. strain m1·. '.rransfoxmant 
col.onies containing inserts were veri:f ied as conta~g the 

DNA sequence as Bhown in Sec:111ence X.D. 4. 
This gene consb:Uct was expressed in this vector 

and rel.ated vectors when tra.nsf erred to a non-suppressor 
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B. coli strain and induced with J:P'rG, or by transferring 

the ic3 coding regi:~? · to the thermoinducible expression . 

vector pPOW. 

Example 4 

co1:J. 
Mutation with mutator strains of B. 

'.rhe NC10 scFv plasmid coding for the expression 
of the recombinant antineuraminidase antibody NC10 scFv was 

· electroporated into B. co1:J. muf:D. Mutants were produced by 

subjecting the samp1es te>:·the mutation cycle shown in 
Figure 11. ~ey were groWii for 50 generations in 
exponential phase (to induce mutation of the phasmid DNA) 

in YT+AHP+TET and then· res~ued with· the he1per phage. The 
re~cued phage was applied ·to the ; mmunotubes previously 

coated with 10µ.g/m.1 of the antigen, non-binding pJ:la.ge 

removed by washing w5.th PBS etc and the specifically bound 
phage eluted with lOOmM triethylamine, collected into o.s· 
volumes of 1H ~ris-Hydroxymethylmet:Wlamine-HC1 pH7.S and . . . 

·.then transfected in.to mutD ce11s by standard methods. 

(un1ess otherwise specf ica11y stated all standard methods 
ref erred to herein are to be found in "Molecular Cloning-A 
Laboratory Manual 11 S_ambrook. et: al, 1990) and again g~ 
through 50 generations Whilst maintaining the ce~ls in the 
logarithmic phase of growth. After an appropi:iate number 

of . rounds .of mutation selection which in this;::~example is 
three the phage titres are in the region of 
107 -108 phage/m.1. After the final panning step, eluted 
phage were transfected into B. co1! ~1 cells and plated . . 
onto Y'.r+AHP+Glucose plates and then· each of the ~solated 
colonies grown.before phage rescue and analysis_by ELI:SA on 

•f1u • virus or g1ycophorin. 'l'he colonies which exhiJ;>ited 
zion~wild-typelevels of BLXSA activity, were then. 
amplified, the DNA sequenced and the phage transfected into 

B. co1:J. BB2151 cells available from the Am.e~ic~ 'l'ype 
culture Collection, for soluple expression. The phage were 

;. ~ ~ ... ~""' 



transfected into HB2151 by the standard methods.and the 
s~lected individua1 colonies of each ~hage sample grown in 
Y!l!+AMP(100µg/ml.). prior to induction with 1mM l:P~ 

(isopropy1thioga1actoside) for 4 to 16h at 37°c, with or 
without subsequent incubation at 4°C for 16h. The cu1ture 
·supernatant and the extracts of periplasm, cell membranes 
and cell cytoplasm.were co1lected and analysed for the 

recombinant gene expression as described (Power et a1, 
1992, Gene) 

Bxamp1e 5 

~ recombinant 1C3 scFv (a glycophorin-binding 
antibody·coding region) in the phagmid pBFA prepared as 
described·in Xnternationa1 Patent Application.No.· 
PCT/AU93i00228 was subjected to rand.om mutation in the mut:D 

B. coli as discussed in_Bxam.ple 4, and the selection 
protocol similarly applied, with the exceptions that the 
selection involved coat:ina ~ sol.id phase matrix (ELXSA 

plate, Tnmn,motube, or latex bead) with glycaphorin A from. a 
lOµg/ml solution in PBS.· 'rhe results of the EIIXSA 

screening for selection of individual colonies is 
illustrated in Figure 12. Competitive ELXSA assays, using 
detection with anti-FLAG antibody, were _performed on 
selected colonies after mutation, and Table 1 shoWs the 
increases in relative affinity of the expressed proteins 
for the antigen asia1og1ycophorin • 

recombinant cloned scFv 

1C3 
\. 

1C3.Al3 
1C3.B7 

. ~le 1 

Mutation 

wt 

Affinity DH 

(off rate) 
62 
40 

29 
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Exampl.e 6 

A scFv 1ibrary in the phagemid vector pHEN 

(MedicalResearch Council, u .lt.) was transferred into the 
mutD strains of B. co:Li and treated as for Examples 4 or s 
for the mutation, detection and selection of scFv with 

modified binding ability. Selecting for glycophorin 

binders. ~o increase the range of glycophorin-binding 

antibodies availabl.e the naive scFv library was used as the 
starting point for this maturation and affinity sel.ection 
of phage displayed scFvs. '.rWo of the unique· anti­

glycophorin. sc~s that were selected from the naive scFv 
phage displ.ay libraxy, have the deduced amino acid ~equence 

shown for the region of their Vk4 chains that were 
subsequentl.y shown to be mutated are shown in ~able 2. 

~l.e 2 

P~AS~DUSGSGSGm~SSLQUDVAVYYCQQAS'VPP . . . 
CrnmPDSPDUSGSGSGmnLIU:SLQABI>VAVYYCQQASVPP 

A£f inity maturation of each of these mol.ecules 
was achieved by using the mutation (mut: DS) affinity 
selection cycle, as we show in FiVure 11, and the changes 

that result to a subset of the mutated molecules is shown 
·in ~able 3. 
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Tah1e 3 

scFv selected from Mutation A.A Affinity µM 

Naive Library {position) ... {off rate) 
A9 wt 48 
A9.S s-v (98) 15 
A9.13 'G-D (63) 24 

v-s (64) 0.06 
B3 wt 18 
B3.1 S-Q (82) 9 
B3.2 s-~ (83) 2 
C12 wt 11 
c12.1 G-Q (48) 35 
c12.2 L-G (15) 1 

Example 7 
Expression of the antibody-fragment coding 

regions in D. c:lisao.ideum is from t1ie vector pAV1 which has 
has been constxucted fxom. the parent vector p569 (a gift . . 
fromw. Ne11en, Hax-P1anck xnstitute, Muni.ah, Ge:man.y) and 
the Va coding region of. th& NC41V8 a,s described below. ~ 
vector p569 is shown .. in Figure 13; this is one of a family 
of vectors that are B. aoJ..i/D. c:lisao.id~ shutt1e vectors 
using the a-L fucosidase promoter_andsigna1 sequence for 
the secretion of the expressed •1igand bind:Jna peptide• to 
the ce11 surface. ftb1e 4 shows. the ·:results from the 
immunodot-b1ot of the expre&!JiOD. of the :Influenza NC41 

· VaPJiAG detected by the antil'LAG antibody (H2). 
~ V8 ·coclinQ' seq1ience of the monoclona1'antibody 

NC41 was amplified by Polymerase Chain Reaction using the 
oligonuc1eotide sequences: 

N8~9 

5' C~GCAGG~GAC~A~CAGG~GCTGCAGCAG 3' 
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N863 

5' TTACCATGGTTACTTGACCTTAATCAGCAGGACAAATGAAATAAATTTATCATCAT 

CATCTT'l'ATAA'l'C 5' 

N849 contains se~ence complementary to the N­
terminus of the NC41V8 coding region together with the a­
L-fucosidase signal sequence ~ cleavage site, as well as 
Salr. restriction site suitable for cloning into the 
expression v~ctor p569. 

N863 contains sequence complementary to the FLAG 
coding sequence of the NC41V8 , together with a 
trans~rane hydrophobic sequence, an Ncor. restriction 
site for cloning and a translation stop codon. 

DNA of the vector pAV 569 (a gift from w. Nellen, 
Max-Planck.:cnstitute, lfart:U.reid,_Germany) was digested 
with the restriction enzyme Ncor. and SaJ.I, and the cut 
vector was purified by the standard techniques of agarose 
electrophoresis and phenol extrac~ion. 

The PCR amplified· and restriction digested NC41V8 

FLAG was ligated into the vector and the mixture was 
transformed into B. coJ.i. . Recombinant colonies were 
selected on ampici11in-containing n plates and recombinant 
plasmids were recovered, purified and identified using 

standard techniques. The recombinant p1asmidis designated 
pAV1. 

'l'he recombinant plasmid pAV1 was. transformed into 
vegetative cells of D. cliscoideum by the feeding metmod 

. . 
disclosed in GB-2159821, by Friendlender and Me11a. 

Recombinant D. discoideum were selected using the 
antibiotic G418 at lOµg/ml on DMD medium. Recombinant 
D. discoideum amoebae were grown in 2ml cultures of DMD 
medium containing lOµg/ml G41S. After growth for 48 hours 



35 

at 22°c, dot blot analysis was performed on 100µ1 aliquots 
of the culture su:;;ernatant, and an anti-FLAG antibody was 
used to detect the presence of the NC10V8 FLAG antibody 
fragment in the cu1ture. ~e results are summarised in 
'.rable 4. 

~1e 4 

EXPRBSSJ:ON OP' NC41V8 -J1,.AG J:N D. DISCOIDBUH 
:tmmunodetection Dot Blot with Anti-FLAG Antibody 

D. discoideum clone # 

Negative Control 

Negative Control 

Positive Control 

9C Recombinant D. discoideum 

9D • 
9E • 
9P • 
9G • 
s:B • 
SC • 
SD • 
SE • 
SF • 
8G • 
7D • 
7E • 
7P • 

l 

7G • 

= no reaction 

+++ = strong reaction 

+ = weak reaction 

Detection by Antibody 

+++ 

+ 

++ 

++ 

+++ 

+++ 

+++ 

+++ 

+ 

+ 
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Example 8 

Construction 0£ the recombinant vector containing 
the 1C3Pab for expression in D. discoideum. The structure 
·of the parent vector is shown in Figure 13 (p569) , and was 
modified by removal of a BlUliB.:C/Bgl:C:C fragment by 

restriction digestion and religation~ 1eaving unique Xbar 

and Ssp:C sites for the cloning of the antibody coding 
regions that were constructed by the polymerase chain 
reaction with the primers: 

5' CAGG~GACreTAGAGTA~GG'.rGAGGC'HC'rCGAG 3' 

and the 1C3Pab coding region (see Sequence :C.D. 6) as 
temp1ate. ~s Pab is a po1yfunctiona1 polypeptide as it 
combines binding activfties (T!ms) ·for glycoj;,horin1 and 

antiPLAG and anti DP antibodies. Restriction digestion of 
the Pea pro4ucts was fo11owed by standard purification, 
ligation and transformation protocols for construction in 

B. coli. ~ransfor.mation of D. discoideum is _effected by 

feeding transfoxmed B.·coli (see GB-215~821A) or·by 

standard methods by those ski11ed in the art as published 

in the 1iterature such as by calcium phosphate crysta1s 
(He11en et: al, Hol. Ce11. Biol., 1984 .!. 2890-2898) or 
electroporation (Howard et: al, 1988, . .!§. 2613-2623) with 

se1ection on G418 (geneticin). 

:Ct wi11 be clearly understood that.the invention 

in its general aspects is not limited to the specif le 
detiai1s referred.to hereinabove. 
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File: 8: \POWLY2JV .SEQ 
Description: JLApelB Ly-2+Ly-J V domains linked Mscl-Sall Yith FLAG tail 

l From bas,e: 
To base: 849 
Total bases: 849 

M K Y 4.. L P T A A A G L L L L A A Q P A 
1 ATGAAATACC TATTGCCTAC GGCAGCCGCT GGATTGTTAT TACTCGCTGC CCAACCAGCG 

HAK PQAP ELR I.FP KKMD AEL 
61 ATGGCCAAGC CACAGGCACC CCAACTCCGA ATCTTTCCAA AGAAAATGGA CGCCGAACTT 

GQK VDLV CEV LGS VSQG CSW 
121 GGTCAGAAGG TGGACCTGGT ATGTGAAGTG TTGGGGTCCG TTTCGCAAGG ATGCTCTTGG· 

. 
L F Q N S S S K .L P Q P T F V V Y M A S 

181 CTC'rl'CCAGA ACTCCAGCTC CAAACTCCCC CAGCCCACCT TCGTTCTCTA TATGGCTTCA 

SHN KITW DEK LNS SKLF SAM 
241 TCCCACAACA AGATAACGTG GGACGAGAAG CTGAATl'CGT CGAAACTGTT TrCTGCCATG 

R D T N N K Y V L T L. N K F S K E N E G 
301 

. . 
AGGGACACGA ATAATAAGTA CGTTCTCACC CTGAACAAGT TCAGCAAGGA AAACGAAGGC 

Y Y F C S V :I S N . S • V M Y F S S V V P V 
361 TACTAT'l.'TCT GCTCAGTCAT CAGCAACTCG GTGATGTACT TCAG'I rcTGT CGTGCCAGTC 

L Q c· G G G S G G G G S G G G G S L I Q 
421 CTTCAGGGTG GCGGAGGCTC AGGCGGTGGT GGATCAGGTG GCGGCGGATC TCTCATTCAG 

T PS SL L V ·QT N HT A 1( MSC £ V K 
481 ACCCCTTCGT CCCTGCTGGT TCAAACCAAC CATACGGCAA AGATGTCCTG TGAGGTTAAA 

SIS .KLTS IYW LRE RQDP KOK 
5~1 AGCATCTCTA AGTTAACAAG CATCTACTGG CTGCGGGAGC GCCAGGACCC CAAGGACAAG 

YFE f'LAS WSS SKG VLYG ESV 
601 TACTl'TGAGT TCCTGGCCTC CTCGAc:rr<=T TCCAAAGGAG 'l'I1'TGTATCC ,TGAAAGTGTC 

DKK RNII LES SOS RRPF LSI 
661 GACAAGAAAA GAAATATAAT TCTTCAGTCT TCAGACTCAA GACCGCCCTT TCTCAGTATC 

HNV KPED SDF YFC ATVG SPK 
121 ATGAATGTGA AGCCAGAGGA CAGTGACTTC TACTTCTGCG CGACGGTTGG GAGCCCCMG 

l M V F G T G T K L T· V. V D '! K D 0 D D K 
181 ATGGTCTTTG GGACAGGGAC GAAGCTGACT GTCGTTGATT.ACAAGG~CGA CCATGACAAC 

* S T 
841 TAGTCCACA 

SEQUENCE :I.D. l 
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File: S:\CD8ACD8B.SEQ 
Description: 

.From base: 
Human sinqle chain CDS in pPOW (pelO C08a and CD8b V dom 
l 

To base: 822 
Total bases: 822 

MKY LLPT AAA GLL LLAA QPA 
l ATGAAATACC TATTGCCTACGCCAGCCGCT GGATTGTTAT TACTCGCTCC CCAACCAGCC-

M A S Q F R V S .P "L D R T W N L G E T ·v 
61 ATGGCCAGCC AGTTCCGGGT GTCGCCGCTC GATCGGACCT GGAACCTCGG CCAGACAGTG ., 

ELK CQVL LSN PTS GCSW LFQ 
121. GAGCTGAAGT GCCAGGTGCT GCTGTCCAAC CCGACGTCGG CCTCCTCGTG CCTC'l'TCCAG 

PRG AAAS PTF LLY LSQN KPK 
181 CCCCCCCGCC CCCCCGCCAG TCCCACCTTC CTCCTATACC T~ CAAGCCC~G 

AAE GLDT QRF SGK RLGO TFV 
241 GCCCCCCAGG GCCTGGACAC CCAGCGG'lTC TCCGGCAACA G~GA CACCTTCCTC ·:·-

L T L S D F" R R E N E G Y Y F C S A L S 
301 CTCACCCTGA GCGACTTCCG CCGAGAGAAC GAGGGCTACT ATTTCTGCTC GGCCCTGAGC 

N S I M. Y F S H F V P V F L P A G C R C 
361 AACTCCATCA TCTACTTCAG CCACTTCGTG CcCcTcTTcC TCCCAGCGGG CGGCCCCGGT 

SCG GGSG GGC SLQ QTPA YIK 
421 TCACGTGGAG CTGGATCccc· AGCCCGTGGA TCTCTCCACC AGACCCCTGC ATACATAAAC 

V Q T N K· K V . M L S C E A K I S L S N M 
4 81 CTGCAAACCA ACAAGATGGT GATGCTGTCC TGCCAGCCTA AAATCTCCCT CAGTAACATG 

RIY WLRQ RQA PSS DSHH EFL 
541 CCCATCTACT GGCTCAGACA .CCCCCACCCA CCGAGCACTG ACA~ACCA CGAGTTCCTG 

A L W D S A K C T I H C E E V E Q .E K 1 
601 CCCCTCTGGC ATTCCGCAAA·ACCCACTATC CACGCTCMC ACGTGCAACA GGAGAACATA 

AVF RDAS RFl LNL TSVK PED 
661 CCTGTGT UC GGCATCCAAG CCCGTTCATT CTCMTCTCA Cl\ACCCTGM CCCCCMGAC 

SC I Y F CM l V c· SP E LT F C K.C T 
7 2 l ACTCGCATCT AC [ l'CTCCAT CATCCTCCCG ACCCC<;CACC 1"CACC11CCC CMCGCAAC1' 

Q L S V . V D Y °K 0 0 D t> l~ • 
781 CACCTGACTG TC.GTTCATTA CAAGCACCAC CATGACAAGT AG 

SEQUENCE I.D. 2 
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File: 8:\HHCA3.SEQ 
Description: MHCI al H-2K domain in pPOW pelB Msc-EcoRI (no FLAG) 
From base: 1 
To base: 371 
Total bases: 371 

MKY LLPT AAA GLL LLAA QPA 
1 ATGAAATACC TATTGCCTAC GGCAGCCCCT GGATTCTTAT TACTCGCTGC CCAACCAGCG 

M A K A H V T H H · R R P E G 0 V T L R C-
61 ATGGCCAAGG CCCATGTCAC CCATCACCGC AGACCTGAAG GTGATGTCAC CCTGAGGTGC 

W A L ·G F Y P A D I T L T W Q L N C 0 E 
121 TGGGCCCTGG GCTTCTACCC TGCTGACATC ACCCTGACCT GGCAGTTGAA TGGGGACGAG 

LTQ EMEL VET RPA GDGT FQK 
181 CTGACCCAGG AAATGGAGCT TGTGGAGACC AGGCCTGCAG CCGATGGAAC CTTCCAGAAG 

WAS VVVP LGK EQK YTCH VEH 
241 TGGGCATCTG TGGTGGTGCC TcTrGGGAAG GAGCAGAAGT ACACATGCCA TGTGGAACAT 

EGL PEPL TLR WGK EEPP SST 
301 GAGGGGCTGC CTGAGCCCCT CACCCTGAGA TGGGGCAAGG AGGAGCCTCC TTCATCCACC 

K '* N 
361 AAGTAGAATT C 

SEQUENCE I.D. 3 
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Linkerless 1C3 as Constructed in pH~A:~ 
From Hind III site in pHFA to start of qene 3 sequence. 

H K Y 
l aa9 ctt 9ca t9C aaa ttc tat ttc aag 9a9 aca 9tc ata ATG AAA TAC 

L L P T A A A G L L L L A ~ Q P 
49 CTA TTG CCT_ACG GCA GCC GCT GGA TTG TTA TTA CTC GCG GCC.CAG CCG 

A H A £ V K L Q £ S G G G P V Q 
97 GCC ATG GCC GAG GTG AAG CTG CAG GAG TCT GGA GGT GGC CCG GTA a.A 

P G G S L K L S C A A S "G Z D F 
14 5 CCT GGA GGA TCC CTG AAA CTC TCC TGT GCA GCC Tc;A GGA TTC GA.T TTT 

S R Y W M N W V R R A · P. . G K G L 
193 AGT AGA TAC TGG ATG AAT TGG ·GTC CGG CGG GCT CCA GGG AA.G GGG CTA 

E W I G E I N 0 0 S S T I N Y S 
241 GAG TGG ATT GGA GAA ATT AAT CAA CAA AGC AGT ACG. ATA AAC TAT TC:::G 

P P L K D K F I I S R o~· N A K S 
289 CCA CCT CTG AAG GAT AAA TTC ATC ATC TCC A.GA GA.C AAC GCC AAA. AGT 

T L Y L Q M N K V R S E D T A L 
33'1 ACG CTG TAC CTG CM ATG 1"N:. MA GTG AGA TCT GAG GAC ACA GCC err 

Y Y C A R L S L T A A G F A Y W 
385 TAT TAT TGT GCA It.GA CTT TCT CTT ACT GCG GCA GGG TTT GCT TAC TGG . 

G Q G T L. V 
0

T v· .A S. D I V ~ ~ Q 
433 GGC a.A GGG ACT CTG GTC A.CC GTC GCC TCC GAC ATC GTC ATG TCA CAG 

S P S S L A V S V G E K V T M S 
481 TCT CCA TCC TCC CTG GCT GTG TCA GTA GGA GAG M.G GTC ACT ATG AGC 

C R • S 0 S L F N S R . T R K N Y 
529 TGC AGA TCC AGT CAG AGT. CTG TTC AAC AGT AGA ACC CGA. AAG AAC TAC 

L T W Y 0 0 K P G Q S P K P L I 
577 TTG ACT TGG TAC CAG CAG AAA CCA GGG CAG TCT CCT MA CCG CTG ATC 

Y W A S T R E S G V P D R F T G 
625 TAC TGG GCA TCC AC:r AGG GAA TCT GGG GTC CCT GA.T CGC T.l'C ACA GGC 

.. :.. 

S G S G .T D .F T L T I S S V Q A 
67 3 AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC ATC AGC AGT GTG CAG GCT 

E D L .A D Y Y • C K Q ·s Y N L R T 
721 GAA GAC CTG GCA GAT TAT TAC TGC AAG. CAA. TCT TAT MT CTT CGG ACG 

F G G G T K L £ 1 N R A A A D Y 
769 TTC GGT GGA GGC ACC MG CTG GAA ATT MT CGG GCG GCC GCA GAT TAT 

K D D D D K • .A A • T V E . S C L·· 
811 AAA GAT GA.T GAT GAT AAA TAG GcC GCA TAG ACT GTT GM A.GT TGT TTA. 

A K 
865 GCA AAA •••••••• 

SEQUENCE I~D. 4 
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pelB signal sequence 
H K Y L L P T A A A G L L L L A A 0 P A 

ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTCGCTGCCCAACCAGCG 

H1 Pstl H10 
H A Q V Q L Q Q S G A E L V K P G A S V 

ATGGCGCAGGTGCAGCTGCAGCAGTCTGGGGCTGAACTGGTGAAGCCTGGGGCCTCAGTG 

H20 · li30 
R M s c K A s le Y T F T N · YI N M Y w v K 

AGGATGTCCTGCAAGGCTTCTGGCTACACATTTACCAATTACAACATGTACTGGGTAAAA 

H40 HSO rff52A 
Q S P G Q G L E W I G I F Y IP G · N Gl D T 

CAGTCACCTGGACAGGGCCTGGAGTGGATTGGAATrrrTTATCCAGGAAATGGTGATACT 

H60 H70 
S Y N Q K F K D K A T L T A D K S S N T 

TCCTACAATOAGAAGTTCAAAGACAAGGCCACATTGACTGCTGACAAATCCTCCAACACA 

HBO . H82A H82C. H90 
A Y M Q L· S S L T S E D S A V Y Y C A R 

GCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCAAGA 

H100 HlOOE1 BstE2 
S 'G · G S Y R Y D G G F DJ Y W G Q G T T V 

TCGGGGGGCTCCTATAGATACGACGGAGGCTJ.'TGACTACTGGGGCCAAGGGACCACGGTC 

HllO linker Ll 
T V S G G G ·c S G G G G S G G G G S 0 I· 

ACCGTCTCCGGTGGTGGTGGTTCGGGrGGTGGTG<iTTCGGGTGGTGGXGGTTCGGATATC 

Sacl LlO L20 
E L T Q T T S S L S A S L G 0 R V T. I S 

GAGCTcACACAGACTACATCCTCCCTGTCTGCCTCTCTGGGAGACAGAGTCACCATCAGT 

L30 L40 
c R A ls o · o -I s N YI L N w Y Q Q N P o G 

TGCAGGGCAAGTCAGGACATrAGTAATTATTTAAACTGGTATCAACAGAATCCAGATGGA 

L60 f LSO~ 
T V K L L I YY ~ N L H S E V P S R F 

ACTGTTAAACTCCTGATCTACTACACATCAAATTTACAcTCAGAAGTCCCATCACGGTTC 

L70 • LSO 
S G S G S G T 0 Y S L T I S N L E Q E D 

AGTGGCAGTGGGTCTGGAACAGATTATTCTCTCACCATTAGCAACCTGGAACAAGAAGAT -· 
.· 

L90 . LlOO 
I A T Y F C Q Q lo F T L P Fl T F G G C T 

AtTGCCACTTACTTTTGCCAACAGGATl'TTACGCTTCCGTTCACGTTCGGAGGGGGGACC 

Xhol FLAG EcoRl 
K L E I R D Y K D D D D K * * 

AAG<::rCGAGATAAGAGACTACAAAGACGATGACGATAAATAATAAGAATTC 

SEQUENCE I.D. 5 
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Description: 
From base: 
To base: 
Total bases: 
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A:\lClFAB.SEQ 
anti-qlycophorin lC3 Fab 
l 
1443 
1443 

l ·aaaaaa9cGG CCCAGCCGGC CATCGCCGAG GTGAGGCTTC TCCAGTCTCG ACCTGGCCCG 

61 GTACAACCTG.GAGGATCCCT GAAACTCTCC TGTCCAGCCT CAGCATTCCA Tl'TTAGTAGA 

l.21 TACTGGATGA ATTCG9tcCG CCCGGCTCCA GCCAAGGGGC TAGAGTCGAT TGGAGAAATT 

1.81 AATCAACAAA GCAGTACGAT AAACTATTCG-CCACCTCTGA AGGATAAATT CATCATCTCC 

241 AGAGACAACG CCAAAAGTAC GCTGTACCTG CAAATGAACA AAGTG~GATC TGAGGACACA 

301 GCCCTTTATT ATTCTGCAAG ACTTTCTCTr ACTGCGGCAG GGT'M'GCTTA CTCGGGCCAA 

361 GGGACTCTGG TCACTGTCTC TGCAGCCAAA ACGACACCCC CATCTGTCTA TCCACTGGCC 

421 CCTCGATCTG CTGCCCAAAC TAACTCCATG GTGACCCTGC GATGCCTCGT CAAGCGCTAT 

481 TTCCCTGAGC ?GTGACAGT GACCTCGAAC TCTGGATCCC TGTCCACCGG TGTGCACACC 

541 TTCCCAGCTG TCCTGCAGTC TGACCTCTAC ACTCTGAGCA GCTCACTCAC TGTCCCCTCC 

601 AGCACCTGCC CCAGCGAGAC CGTCACCTGC AACGTTCCCC ACCCCGCCAG CACCACCAAG 

661 GTGGACAAGA AAATT9aa9a attttaatta aaacatqgaa ataaaGTGAA ACAAAGCACT 

721 ATTCCACTGG CACTCTTACC GTTAC'J.'GT'J;f ACCCCGGTAA CCAAAGCCGA CATCGTCATG 

781 TCACAGTCTC·CATCCTCCCT GGCTGTGTCA GTAGCAGAGA AGGTCACTAT CAGCTGCAGA 

841 TCCAGTCAGA GTCTGTTCAA CACTAGMCC CGMAGAACT ACTTGACTTQ GTACCAGCAC 

901 AAACCAGGGC AGTCTCCTAA ACCGCTGATC TACTGGGCAT CCACTAGGGA ATCTGGGGTC 

961 CCTGATCGCT TCACAGGCAG TCGATCTGGG ACAGATM'CA CTCTCACCAT CACCAGTGTG 

1021 CACGCTGAAC ACCTGCCACA TTATTACTGC AACCMTCTT ATMTCTTCG GACGTTCGGT 

1081 GGAGCCACCA AGCTGGAAAT TAAACGGGCT CATCCTGCAG TATCCATCTI' cCCACCATCC 

1141 ACTCACCACT TAACATCTGG ATC'l'.'GCACCT CCCTCACTCC TCTCCTl'CTI' GAACMCTTC 

1201 TACCCCAAAG ACATCAATCT CAACTCCAAC ATTCATCCCA CTCAACCACA AAA1'CCCCTC 

1261 CTcAACAGTT CCACTGATCA CCA~ACCAAA CACACCACCT ACACCATGAC CACCACCCTC 

1321 ACCTI'CACCA ACGACGAGTA TCAACGACAT AACACC1"A"fA CCTCTGAGCC CAC'fCACMG 

1381 ACATCAACTT CACCCATTCT CAACACCTTC AACACCqqaC ACTCTqcqqc cqcaqattat 

1441 aaa 

SEQUENCE ·I.D. 6 
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CLAIMS. 

1. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
* C L M S 

A target-binding polypeptide having: 

a) a stable core polypeptide region (SCR); and 

b) at least one target-binding region (TBR), 

in which the target-binding region(s) are covalently 

attached to the SCR and which have optionally been 

subjected to a maturation step in order to modify the 

specificity, the affinity or the avidity of binding to the 

target. 

2. A polypeptide according to Claims 1 which can 
. . . 
self associate to fox=m stable dimers, aggregates or arrays. 

3. A polypeptide according to Claim 1 or Claim 2 in 

which the- sea and the ~ are :joined by a linker moiety. 

4. A polypeptide according to any one of Claims ·1 to 

3 which is bifunctiona1 or po1yfunctiona1. 

5. A polypeptide according to any one of Claims 1 to 

4 in which the sea is of human origin, and is a protein of 

a type· present in serum or displayed on cell surfaces. . -
6. A polyp8ptide according to any one of C1aims 1 to 

Sin which the~ is capable of binding to a target 

selected frdm ~e group consisting of· glycophor!n, or other 

· red blood cell surface proteins, influenza virus 

neuraminidase, viral antigens, antibodies or other members 

of the :ta superfami1y, transforming growth factor-a (~P­

a.), tumour markers, cell. surface proteins, and l.eukaemia 

inhibitory factor (LD'). 

7. A target bind!ng polypeptid~ according to any one 

of Cl.aims 1 to 6 with homology to the ;nmnm.oglobul.in 

superfamily, including modified antibodies or antibody 

fragments, scFv fragments, modified CDS molecules, and 

combinations of anti.J>ody molecules or f-ragments thereof 

wi~h CDS. 

8. A.DNA construct encoding a target binding 

polypeptide according to any one of Claims 1 to 7. 
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9. A method for producing a DNA construct encoding a 

target binding polypeptide according to any one of Claims 1 

to 7, comprising the step of subjecting DNA encoding a . 
target binding polypeptide to one or more cycle~ of 

mutagenesis and selection to obtain a sub-population of DNA 

molecules encoding target binding polypeptides having 

modified characteristics of af~inity, specificity or 

avidity. 

10. A method according to Claim 9, wherein the DNA 

encoding the target binding polypeptide is present in a 

rep1:lcat:lon-competent e1ement or display vector. 

11. A method according to C1aim 10 wherein the 

display vector is selected from the group consisting of 

bacteriophages, "filam.en.tous·bacteriophages, viruses, 

bacteria, yeast, slime moulds, or mammalian cells. 

12. A method according to Claim 10 in which the 

display vector is pHFA. 

13. A method according to Claim 12 in which . . . 
mutagenesis is carried out using a mutator strain of 

Bsc:herichia col.!. 
14. A method of producing a target binding 

polypeptide according to any one of ~laims 1 to 7 

comprising the steps of: 

a) isolating DNA encoding the fram.eWe>rk 

structure of one or more desired target­
binding po1ypept:ldes by means of the' · 

polymerase obainreact:lon; 

b) inSerting ~e DNA into one or mox;e display 

vectors; : 
. 

c). selecting a Sllb-population of display 

vectors displaying_ target binding .· 

pclypeptides of desired specificity, 

avidity· or affinity; 
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d) subjecting the se1ected sub-population to 

one or more cycles of mutagenesis and 

selection in order to obtain a sub­

population of display vectors displaying 

target binding po1ypeptides having modified 

characteristics of affinity, specificity or 

avidity; and 

e) inserting DNA encoding the modified target 

binding polypeptides into a high level 

expression vector. 

£) transferring the high level expression 

vector described above into an appropriate 

expression host, 

g) exp~essing the target bi.ndjng protein, and 

h) isolating the protein thus produced. 

14. A pharmaceutical composition comprising a target 

binding polypeptide according to any one of Claims 1 to 7, 

together with a pharmaceutically-~cceptable carrier. 

15. A diagnostic
0

reag~t comprising a target-binding 

polypeptide according to anY one of Claims 1 to 7, together 

with a diluent. 

16. Use of a target-binding polypeptide according to 

any one of Claims 1 to 7 in diagnosis. 

17. Use of a target-bi.Dding polypeptide according o 

any one. of Claims 1 to 7 as a medicament. 


