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TOTALLY SYNTHETIC AFFINITY REAGENTS 

1. INTRODUCTION 

The present invention relates to novel reaqents 

and the process for making them. This invention provides a 
5 process for synthesizing and identifying new binding 

reagents a·f specific affinity. The Totally synthetic 

Affinity Reagents (hereinafter TSARs) are concatenated 

heterofunctional polypeptides or proteins having a binding 

domain and at least one .additional peptide effector domain 

·10 that is chemically or biologically active. The TSARs can t 

used as intermedia~es to form unifunctional polypeptides. or 

proteins havinq a desired binding activity. 

In the invention, DNA encodinq a binding do~ain 

and DNA encoding an effector domain are inserted into a 
15

vector usinq recombinant DNA ~echnoloqy methods. Followin~ 
transformation of vectors into cells, expressed proteins az 

screened for interactions with a liqand of choice to 

identify TSARs of defined specificity, affinity and avidit}' 

The method of the present invention differs, inter alia, 
20 from prior art methods for forming fusion proteins ~~at 

the nucleotide sequence encoding a putative binding domain 
having specificity for a ligand of choice is obtained by a 

process of mutagenesis as described herein. 
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A schemat.ic.of the qeneral met.hod of the 

·invention follows: 

BINQING DOMAIN NUCLEOTIDE SEQUENCE (BOj 

+ 
EFFECTOR DOMAW NUCLEOTIDE SEQUENCE (ED) 

+ 

OPTIONAL LINKEB NUCLEOTIDE SEQUENCE COLD,) 

~ 

VECTOR CVl · 

~ 

(ED) 

l TRANSFORMED CELLS 

!XPRESSeo· PROTEINS 

l SCREENING .WITH 
· LIGAND .. A" 

TSAR••" A" 

PFIOTEJN-BINDING OQMAIN/OPIJONAL LINKEBtEFFECTOB DOMAtN 

In an alternative embodiment, a third nucleotide sequence 

encoding a linker peptide is inserted between the nucleo~id 

sequences encodinq the binding domain and the effector 

30 domain. This schematic is provided for illustrative 

purposes only and is not to be construed as limitinq the 

invention. Other alternative modes will become apparent to 

those of s~ill in the art upon reviewing the followinq 

description, examples, figures and appended claims. 

35 

1tiim1nr 



W091/l1328 PCT/US91/01013 

-3-

2 • BACKGROUND 
2.1. BINDING INTERACTIONS 

The binding of molecules to each other involves 
direct partner specificity, interaction and stability. The 

5 strength of the interaction is determined by the number of 

atomic bonds that are made and their overall lenqth and 
strenqth. In general, bonds between catalytic biomolecules 
must be reversible because binding pa~ners must be 
recycled. For example, in enZY111e-substrate recoqnition, 

to binding constants are low so that multiple rapid reactions 
can occur. Similarly, bindinq initiation interactions 
between promoter DNA and RNA polymerase also require less 
than maximal affinity and stability otherwise the RNA 
polymerase enzyme is unable ta migrate from the promoter an 

15 is transcrip~ionally inactive. Thus, bonds between 
.biological molecules are frequently not of the hiqhest 
affinity and stability possible althouqh binding reactions 
of structural and surface components that involve permanent 
cell-cel'l interac1:ions and anchorage functions may be. very 

20 
stable with high affinity between the binding partners. 

Bindinq can be accomplished by charge attraction 
be1:ween surfaces and/or by pairip9 complementary three 
dimensional molecular surfaces or structure&, e.g. a 
protruding surface fitting into a cavity. The tertiary 

25 • . . . . 
structure o~ the protrusion or cavity is the result of 
flexible polypeptide chains forming shapes that are 
determined ~Y weak chemical bonds. Thus the amino acid 
sequence as the primary structure of a peptide provides the 

30
chemical subqroups that are aligned in proper position to 
effectuate proper interactions by the secondary and ter~iar: 
structure of the peptide. The types of weak bonds involved 
in tertiary structure include van der Waals bonds, 
hydrophobic bonds, hydrogen bonds and ionic bonds. Just as 

36 these bonds are involved in intramolecular structure, they 
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can also be involved in intermolecular binding between 
macromolecules. Thus, intermolecular binding is 
accomplished by electrostatic bonds, hydro9en bonds, Van de 
Waals bonds, e:tc., as well as by combinations thereof. 

It is difficult to predict which amino acids in 
5 reqion of a protein structure are responsible for what 

funetion, even with the aid of a known tertiary structure. 
It becomes even more difficult to predict the effect of 
specified amino acid changes. Predictions of important 
inceractinq sequences based on similarities of primary 

10 b . t 'f f 'l t . sequence can e incorrec or .ai ure o recognize sequence 
similarity arisinq from a collll\lon qenetic origin rather than 
trom protein desiqn and function constraints. See subbiah, 
J. Mol. Biol. 206: 689 (1989). At this point in time it is 
not only impossible to predict what amino acid 

15 . . "d · 11 l . l changes within a pepti e wi resu t ln a new or a tered 
protein function, it is also impossible to predict what 
sequence of amino acids will produce a peptide of given 
function. Thus, the analysis of known interactions at the 
molecu1ar and atomic level is completely unsuitable for 

20 
developing wholiy new intera~ions, especially those that 
might not occur in nature where macromolecular interactions 
are limited to the constraints imposed by the aqueou~ 

environment within cells and the subsequent requirements of 

25 
biological and biochemical interactions. 

Xn contrast to the prior art which has not solve 
the difficulties ·of dev~loping totally novel binding 
specificities, the present invention provides a method for 
proclucin9 p0lypeptides or proteins having a desired binding 

30 speeif icity similar. to naturally occurring binding proteins 
which.does not require detailed in~ormation with regard to 
either the specific amino acid sequence or secondary 
structure of the naturally occurring bindinq protein. In 
addition, the method provides a process to generate and 

35 
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identify new peptide compositions having new binding 
interactions that are not limited ta natural interactions o: 
constrained by the evolutionary process. 

2. 2. PROTEIN STRUCTURAL MOTIFS INVOLVED 
IN SOME I<NOWN AFFINITY REACTIONS 

The study of known interactions and known 
components has delineated the minimum size requirements for 
macromolecular interactions. A significant finding of 
macromolecular structure and fun~tion studies is that 

10 interactions involving lar9e macromolecules are often 
limited to a small re9ion of the m·acromolecule. Moreover, 
in some cases similar types of interactinq molecules have 
been shown to have similar structures in comparable regions 
of interaction. · Specificity between individual partners 

15 arises then from distinct c;hemical subqroup and atomic 
interactions between the molecular.partners. 

Described below are only a few cf the 
characterized protein structural motifs that are involved i1 
specific bindinq interactions, especially those of 

20requlato:ry and developmental siqnificance. A more 
·comprehensive description of structural a,nd functional 
analyses of.characterized solved protein structures can be 
found in.the Biblicqraphic Files of the Protein Data Bank 
located at Brookhaven National Laboratory. The binding 

25 regions exemplified by each motif described below are small 
regions of the total protein well within the size ranqe of 
the binding domains in the present invention. In addition, 
these motifs suqqest that ~econdary structure similarities 
are often more impor;tant in binding than are specific amino 

30 acid sequences. Because secondary structure predictions ar1 
hardly accurate, predictions of what amino acids are 
involved in bindinq in any.given sequence without other 
independent evidence. are impossible. 

35 
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2.2.1. REGULATORY ON~ BINDING PROTEINS 
Genetic, biochemical, physioloqical and 

crystallographic studies of two bacterial phaqe repressors 
and the cyclic AMP receptor protein (CAP) lead to the 
development of the helix-tum-helix protein structural moti1 

5 for sequence specific DNA binding interactions. The helix­
turn-helix structural motifs.that contact DNA are similar ii 

each protein aithough the actual protein sequences vary. 
Sequence homology studies, while complicated by the 
evolutionary relatedness of the proteins, suggest that othe: 

10 DNA-bindinq proteins like lac repressor, lambda cII protein 
and P22 repressor share the helix-tum-helix motif. 
Proteins containing helix-tum-helix motifs are reviewed in 
Pabo and sauer, Ann. Rev. 8iochem. 53: 293 (1984). 

More recently, two protein structural motifs 
15 

other than the helix-tum-helix have been demonstrated in 
DNA binding proteins. The •1eucine zipper• is a periodic 
repetition of leucine residues at every seventh position 
over eight helical turns in the enhancer binding protein or 

· EBP of rat liver nuclei (Landscbultz et al., Science 240: 
20 1759 (1988)]. Noting that the a helix within this region 

exhibits amphipatby wherein one side of the helix is 
composed of hy~ropbobic amino acids and the other helix sid· 
has_ charged side chains and uncharqed polar side chains, 
the authors proposed that this structure had unusual helica 

25 
stabi1i~y and allowed interdi9itation or •zipperinq• of 
helical protein domains, including both inter- and intra­
protein domain interactions. 

In 1985, Berq (Science 232: 485 (1986)j noted 

30 that five classes of proteins involved in· nucleic acid 
bindin9 and gene requlation could form ~mall, independently 
structured, metal-bindinq domains that were termed zinc­
fingers. The five classes were 1) the sma11 9a9 type 
nucleic acid binding prote~ns of retroviruses with one copy 

35 of the sequence cys-x2-eys-x4-His-x4-eys, 2) the adenovirus 
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ElA gen& products with ·cys-x2-cys-x13-cys-x2-cys; 3) tRNA 
synthetases with cys-x2-eys-x9-cys•x2-cys; 4) the larqe T 
antigens of SV40 and polyo•a viruses of cys-x2-eys-x11_i3-
His-x2-His; and S) bacteriophage proteins with Cys-x3-His­
x5-eys-x2-cys, where X is any amino acid. Berg predicted 

5 that these sequences were involved in metal binding like the 
TFIIIA factor of Xenopus laevis with Cys-x2_5-eys-x12-His­
x2 -His [Miller et al., EMBO J. 4: 1609 (1985)] and the Zn -3 -
domain of aspartate carbamoyl-transfera~e with cys-x4-cys-
_x25-eys-x2-eys [Honzatko et al., J. Kol. Biol. !!Q_: 219 

10 (1982)]. -Such predictions have been borne out. 
The helix-turn-helix, zinc-finger and leucine­

zipper motifs can be found sin9l~, multiply or as a mixtu-re 
with other domains in any given protein, e.g., the poly 

· (ADP-ribose) polymerase involved in DNA replication· and· · 
15 . . h b t d t . . f. 

20 

repair processes as een sugges e o contain a zinc in9e1 
and a nucleotide bindinq fold (Cherney et al., Proc. Natl. 
Acad. Sci. !.!: 8370 (1987)) ._. 

2.2.2. RNA BINDING PROTEINS 
Although not as well characterized as. the DNA 

bindinq proteins, RNA binding proteins are known. For 
example, proteins that associate directly with ·ribosomal 
RNAs, the RNAs of snRNPs and scRNPs, and with mRNAs all hav~ 
reqions that interact with ~A, and the interaction is ofter 

25 • . i . . . . with a spec fie nucleic acid $equence. Other proteins like 

30 

T4 gene 32 protein recoqnize RNA in a non-sequence specific 
manner. Different methods h~ve been used to identify the 
specific RNA binding reqions of these proteins. 

2.2.3. METAL BINDING PROTEINS 
In addition to the regulatory Zn++ metal binding 

proteins discussed by Berg (supra Section 2.2.1), small, 
ubiquitous sulfur-rich peptides of approximately 60-100 

35 aminC? acids, which are called metallothioneins, bind a 

·,.: 
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variety of metal ions and are involved in heavy metal 
detoxification in vertebrates and fun9i [Metallothioneins, 
pp. 46-92 eds. Kaqi and Nordberq, Birkhauser Verlaq Basel 
(1979) 1 Tolman U.S. Patent 4,732,864 issued March 22, 1988]. 

The term phytochelatin was proposed for the majo: 
heavy metal bindinq peptides of higher plants [Grill et al .. 
science 230: 674 (1989)). The structure of these small 
peptides--;;;s determined to b~ NH3+-7 Glu-cys-7Glu- Cys-7 
Glu-Cys-7 Glu-Cys•Gly-coo- with minor components of (7Glu­
Cys) Gly where n=3, 5, 6 or 7. The peptides were induced b: 

10 n ++ ++ ++ ++ +• - and bound Cd , Cu , Hg , Pb and Zn • 

2.2.4. NUCLEOTIDE FOLD AND GTP BINDING PROTEINS 
The crystal structure of the GDP-bin~inq protein 

EF-Tu was determined [Jurnak, · Sc:ience fil.: 32 (1985): la 
15 l s . d. cour et a ., EMBO J. ~; 2385 (198 )] and in icated that a 

re9ion of twisted ~ sheet was involved in nucleotide 
bindin9. The nucleotide sits in a cavity at the carboxy 
ends of the s-sheet with contacts to the protein situated ir 
four loops connecting p~strands with a-helices. The foldinc 

~ . -
pattern around the diphosphate component and the residues 
bindin9 the nucleotide are highly conserved between bac:teri< 
and other species [McCormick et al., Science 112,: 78 
(1985)]. Constant features were a loop connec::tin9 a P• 

25 
strand at the carboxy edge of a ~·sheet with an antiparalle: 

. helix as seen in the Rossman dinuc:leotide fold [Rao and 
Ros~nn, J. Mol. Biol.!!: 241 (1973)]. The loop in EF-Tu 
was eight amino acids long and the Gly-x4-Cly-Lys sequence 

showed conse?Vation with other purine-nucleotide binding 

30 
proteins. The quanine base binding portion of the loop of 
sequence Asn-Lys-cys-Asp was a~so conserved. 

35 '·, ThisoSheetHas Been·Replri.2ed 
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2 • 2 • 5.. CALCIUM BINDING PEPTIDES 

The conserved EF-hand motif or helix-loop•helix 
structure for ca++ bindinq consists of a twelve amino aeid 
loop with alternating amino acids havinq anionic or 
electronegative groups in their side chains to form an 

5 . l . 'th th c ++ . h . octahedral coordinate comp ex vi e a ion t at is 

flanked by two amphipathical a helical seqments (Kretsinger 
and Nickolds, J. Biol. Chem. !!,!: 3313 (1973)]. 

Crystallin is a ca++ binding protein wherein a 
fifty ·amino acid reqion of the protein between resi"dues JOO 

10 . ++ and 350 possess the EF•hand motif characterized for ca · 
binding [Sharma et al., J. Biol. Chem. m: 12794 (198.9)). 

2.2.6. ADHESIVE PROTEINS 
Proteins that are present in ex~racellular 

15 matrices and in body fluilis are· involved in the attachment 
of cells to their surrounding matrices an~ other cells. The 

adhesive qualities of proteins known as inteqrins such as 
f ibronectin, vitronectin, osteopontin, eollaqens, 
tbrombospondin, fibrinogen and von Willebrand factor are 

20 dependent on the tripeptide motif Arq-Gly•Asp which -
functions as their cell recognition site. Ruoslahti and 
Pierschbacher, Cell!,!: 517 (1986). Affinity chromatography 
using Sepharose covalently coupled to purified adhesin 

protein allowed the isolation of cell surface receptor 
25 i . . . prate ns specific, for the bound adhesin. Pytela et. al. 

Cell !2,: 191 ( 19_85) ; Pytela et. al. Science ill= 1559 
(1986). Al~ouqh a search of the protein sequence database 
revealed 183 Arg-Gly-Asp sequences,_ no.t all of the proteins 

30
containin9 the motif are recognized as a cell surface 
adhesive protein, suqqesting that factors other than the 
primary sequence of a small region must be considered in 
defining a binding site. 
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The role of the tripeptide Arq-Gly-Asp 
recoqnition site in cell adhesion, migration, and 
differentiation has been recently reviewed. See Ruoslahti 
and Pierschbacher, Science 238: 491 (1987). However, a 
different bindinq site was identified in laminin that 

5 consisted of the amino acid sequence cys-Asp-Pro-Gly-Tyr­
Ile-Gly-ser-Arg. Graf et. al., Cell 48: 989 (1987). 

2.J. ANTIBODY STRUCTURES 
Antibodies are compo.sed ct ·four peptide chains 

10 linked by sulfhydryl bridqes and inciude two identical lar91 
heavy (H) chains and two smaller liqht CL)· chains. 
Antibodies have a Y structure composed of three major 
regions: the "FY antigen bindin9 site of the H and L chains 
on each of the upper tips of the Y, the Fab region composed 

15 of the upper Y arms and the Fe area of the Y stalk. 
Sequence comparisons of li9ht and heavy chains 

reveal that both contain variable (V) and constant (Cj 
regions. Within each variable re9ion are found 
complementarity determinin9 re9ions (CDRS) which contribute 

20 bindinq specificity to numerous different.antigens by the 
hypervariability of their sequence. 

Cells synthesizin9 antibodies undergo DNA 
rearrangements by recombination of different variable, D, 
and J sequences at two steps in antibody maturation. One 25 
set of rearrangements occurs in the 9enomic DNA and another 
in mature B-cell mRNA to produce a large and diverse number 
of possil>le sequence combinations that result in a 
conservative approximation of io6-108 possible individual 

30
antibody molecules. See Harlow and Lane. Antibodies: A 
~borator.y Manual, Cold Spring Harbor Laboratory (1988) 
pages 1-s2, for a mere detailed description of 
immunochemical methods, introductory discussions of key 

35 
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.. 
features of the immune response, structures of the different 
classes of antibody molecules, and the mechanism of the 
antibody response. 

Antibodies are defined in terms of affinity, 
which is stren9th of .binding, and avidity, which is a more 

5 complicated estimate of the stability or functional affinity 
of the bindinq reaction. Although 'combinations of various 
chromosomal V, D and J regions allow diversity of antibodieE 
and qenerate widely varying affinities and avidities to 
different molecules,- that diversity is limited by what can 

tObe recombined .in. Y!Y.£, by self recognition limitations, by 
the inherent limitations of the aqueous environment within 
livinq cells, by the nature of the antigen itself, i.e. a . . -
toxic compound may be lethal before it is antiqenic, and by 
the inherent limitations of cell-cell interactions that are 15 . l . 0 b d th . . invo ved in anti o y syn esis. 

20 

Limitations are also apparent in the quantity, 
quality and purity of antibody tbat can be produced by an 
animal. Althouqh monoclonal antibody production does 
overcome some of these limitations, it does not surmount 
many of them. Moreover, monoclonal antibodies are still 
limited to those antibody sequences produced in vivo. The 
production of monoclonal antibodies produced by fusion and 
9%"0wth of animal cells.!!!. vitro still require costly and 
technical manipulations that liait their usefulness and are 25 . ·. 
dependent on cells for the expression of complete molecules. 
T~us severe limieat~ons are apparent in the ability to 
produce and grow appropriate clones of B-cells producing the 
desired antibody of desired specificity, affinity and 

30 avi~ity .. 
Immunoqlobulins possess inherent characteristics 

which also reduce their usefulness. The presence or absence 
of an an~ibody generally cannot be directly measured 
because,_ vith the exception of antibodies specific for 

36 transition state analogs of enzymatically catalyzed 
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reactions, an antibody has no catalytic ac~ivity that can bf 
assayed. one of the present limitations to the use of 
monoclonal antibodies is the ability to detect an antibody 
bound to an antiqen. The presence of antibodies·per se mus1 
be measured indirectly usually with another antibody that 
has a covalently linked reporter qroup such as an enzyme or 

a radioactive probe. Therefore indirect aeans of 
quantitation are required for applications using antibodies. 
necessitating •ultiple technical steps for measurement with 
each step having its own hazards and inconveniences which 

10 h . l rt' . l include the need for tee nica expe ise in personne , the 
use of multiple and often labile or hazardous reaqents, time 

consumption and costs. FUrthermore.the precision and 
quantitation in these indirect tests is inherently limited 
~o the efficiency ·and kinetics of the indirect probe's 

15 asscciation with the antibody which can negatively impact or 

the antil>ody-antiqen interaction of interest which affects 
the accuracy and reliability of the results. 

20 

Attempts have been made to overcome these 
limitations. Reco~inant DNA technoloqy has allowed the 
production of larqe amounts of moncc:lona.l antibody chains ir 
cell culture (Cabilly et. al., Proc. Nat'l. Acad. Sci. !,!: 

3273 (1988): Guarente et al., Cell.!!!: 543 (1980)]. Of 
course the production of any such antibody by recom.t:>in~nt 

25 
DNA technology requires specific en9ineerin9 usinq known DN1 
sequences for each and every recombinant monoclonal antibodj 
desired. 1.'hat process requires elaborate, time consu~ing, 
costly and complex steps of identification, isolation, - . 
sequencing and manipulation of the specific antibody qene of 

30
interest so that larqe amounts of that antibody or a 
chimeric molecule containing a portion of that antibody can 

be genetically engineered. 
Recombinant molecules containinq constant 

portions of the antibody identical to those of the host 

35 species have been engineered for therapeutic purposes. 
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Natural production of host antibodies is larqely inf easi~le 
and impractical since human experill\ental sub_jects producinc; 
the desired antibody are not available except in rare cases 
and hybridoma_proauction with human cell fusions has been 
generally unsuccessful. Recoinbinant chimeric antibodies 

5
have been produced in a~ attempt to solve these 

~ifficulties. See .!.!..Sl:. Morrison et al., Proc. Nat'l. Acad. 
sci • .!,!: 6851 (1984); Jones et al., Nature 1l!: 522 (1986). 

AntibOdy binding specificity is determined 
primarily by the loops a~ tips of p-sheet defined by the 

10 variable domains of the Hand L chains found in Fv and Fab 
proteolytic fragments. Recently recombinant DNA techniques 
have been u~ed to en9ineer F'7 fragments wi~h the antiqen 
bindinq loops of mouse anti-lysozyme Dl..3 antibody, the 
variable domains of H human NEW chains and L human REI 

15 • • 
chains [Rieehmann et al., J. Mol. Biol. !Q!: 825 (1988)]. 

20 

The two H and L chains assembled in vivo and a functional F' --
fraCJ1Dent could be isolated. 

i.4. OLIGONUCLEOTIDE SYNTHESIS AND MOTAGENESIS 
Tbe ability tc chemically synthesize DNA allowed 

scientists the opportunity to develop mutations at any base 
in a given nucleic acid sequence. The technique overcame 
the obstacles presented by !!! !!!.2 autagenesis techniques 

25 s~ch as diploidy, genOJDe complexity, lack cf suitable 
selection schemes, hiqh toxicity to the scientist caused by 
the mutac;en and low frequency of occurrence. 

Recombinant DNA technoloqy provided methods of 
easily deletin9 large blocks of sequence by juxtaposing 

30 otherwise separated restriction enzyme sites within a 
sequence to crudely map reqions of interest. Chemical 
mutac;enesis is usefu~ but is limited in scope to alteration 
of the nucleotides that are affected by the chemical, i.e., 
C to T transitions produced by sodium bisulfite •. 

35 01i9onucleotide site specific mutaqenesis·allows mutations 
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of a specific nucleotide t>y construction of a mutated 
oligonucleotide that includes modifications at the site of 
interest. Ramdom mutaqenesis techniques allow the rapid anc 
easy qeneration of a large number of a variety of 
uncharacterized mutations. 

5 Matteucci and Heyneker [Nucl. Acids Res. l! : 
3113 (1983)] used what they termed •ambiguous synthesisu to 
mutageni~e a 9 bp sequence preceding the initiation codon 

for bovine qrowth hormone. Their goal was to develop a 
ribosomal .bindinq site that maximally optimized 

10 translational expression of the protein. In their method, 
oliqonucleotides. were manually synthesized on a cellulose 
support using monomer addition triester chemistry. During 
synthesis, the three precursors not specified by the 
startinq sequence were present at 8% while Che specified 

15
sequence precursor was present at 75t allowing ambiquous 
incorporation of precursor at a predictable frequency at 
each cycle of synthesis. The ambiguous oli9os were added to 
a specially prepared vector that had been engineered to have 
appropriate restriction sites adjacent to the ATG start 

20 
codon. The ambiguous oliqonucleotides were liqated to the 
vectors, transformed and screened for nonbomolo9y to the 
wild type starting sequence. DNAs containing nonhomologous 

. . 
sequences were sequenced to obtain frequency data. The 
cells containing 'the ambiguously synthesized a . 
oli9onucleotides were screened for bovine 9rowth hormone 
production to identify up and down expression mutations. 

~ells et. al. [Gene,!!: 315 (1985)] developed a 
·method of specif iC codon mutation to generate nineteen amino 

30
acid substitutions at the sin9le codon position 222 of 
subtilis.in.. Different oliqon.ucleotide pools were 
synthesized and ligated into the vector and the ONAs from 
different colonies were sequenced. Desired mutants were 
.then transformed into ~· su.btilis to produce secreted mutant 

35 subtilisin. 

I . 
(. 
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McNeil and Smith (Kol. cell. Biol. ~ : . 3545 

(1985)] used double stranded mutaqenesis ~o develop random 
variations of a 7 bp sequence in the CYCl transcriptional 
start site reqion. They utilized a mixture of 71% ot thQ 
specified precursor defined by the vild tYPe sequence and 
doped the prec~rsor reservoir with 9.7% of each of the otne 
precursors in order to qenerate double mutations over the 7 

bp sequence. They also developed ·a binomial distribution 
equation 9iving nucleotide substitution yields of 9, 26 anc 
32% for o, l and 2 nucleotide sequence alterations within 

the target site. 
Oliphant et. al [Gene.!!: 177 (1986)] described 

a method for cloning random or hiqhly degenerate nucleotide 
sequences follovin9·chemical automated synthesis.of 
oligonucleotides. The capping reaction reagent normally 

15
added after each step was deleted allowinq increased yield 
by including oliqonucleotide that failed to react in the 
previous step. Heteroqeneous oli9onuoleotide· lenqths ~ere 
second result of the omission of the capping step. The 
oligonucleotides were cloned directly or after incubation 

20 with Klenow fraCJlllent to convert them to double stranded 
form. ~fter sequencin9, the nucleotide and dinucleotide 
frequency's of 26 random insertions were determined, thus 
demonstratinq the ~tility of the mutaqenic technique. 

Hutchinson et al. {Proc. Nat'l. Acad. Sci. 83 : a -
710 (1986)] developed a complete library of point 
substitution mutations in a thirty nucleotide r99ion ·of the 
qlucocortic9id response element of mouse mammary tumor 
virus. Mutations were generated by contaminating each of 

30 the four precursor reservoirs _of an automated DNA 
synthesizer with small concentrations of the three other 
precursors to produce a 5' total impurity containing 1.5% ot 

each of the other three precursors. The oli9onucleotides . 
were cloned into Mllmpi1 to SQreen for the generation of 

35 termination codons which occurred in a.bout 10' of· 

l.. •. 
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transformants •. The sequences of 546 random plaques 
indicated that mutations were present at each of the th;rty 
nucleotides. Eiqhty•eiqht of the possible ninety 
substitution mutations were found, as were fourteen single 
base insertions and six single base deletions. Seventy-four 

5 ot the eighty-eight substitutions were recovered as single 
mutations. A statistical analysis of the number of 
transformants that needed to be sequenced to give a 
probability of a complete library of single or double 

· mutations was. included. 
10 Derbyshire et al. (Gene!! : 145 (1986)] 

described an automated method of producing and cloning 
single stranded oligonucleotides that direct a specific 
chanqe at· a chosen site of a fraqlllent of known D~A sequence . 

. A mixed sequence 28 mer preparation was made by 
15 . • . • ·contam1nat1n9 each of the monomer rese~o1rs with each of 

the ether precursors at 1-54 the concentration of the wild 
type precursor monomer. The authors used a probability 
equation that predicts the probability of mutations for any 
length of oligo·using a wide range of relative 

20 ~oncentrations of mutant and w"ild type precursor monomers. 
The observed yield of mutations for sinqle mutations (23), 
double •utations (8), triple mutations (4) and quadruple 
mutations ·Cl) as compared to wild type sequence (11) 
correlated reaarlca))ly well w~~ the yield predicted by the 

25 
equation. 

The use of random mutagenesis over a broad target 
of the S' end of the VA I 9ene was used to identify areas of 
particular interest and.function. Sno~waert et al. [Nucl. 

30 Acids Res. 1:2: 8293 (1987)) generated libraries co~taining 
randomly dispersed and clustered point mutations at the 
adenovirus VA I gene by contami_natin9 each of the precursor 
phosphoramidite solutions with 2 .• :St of the other 
phosphoram.idites during oliqonucleotide synthesis of 

35 seqments of the VA I gene. f'ollowinq assembly of the 
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constituent oli9onucleotides, the mutaqenized 
oligonucleotide library corresponding to the 5' end of the 
VA I gene was cloned into an Ml3 vector. Individual clone~ 
were then sequenced by the chain terlllination method and use 

to reassemble a whole VA I gene. Each reassembled, 
5 'b d . . sequenced, and mutated VA I qene was transcri e !!l vitro t 

10 

test the effect of random mutations on the transcriptional 
efficiency of the VA I qene. A second round of clustered 
mutagenesis then aided in identifyinq the function of 
particular nucleotides within a limited reqion. 

2.5. RECOMBINANT DNA TECHNOLOGY AND GENE EXPRESSION 

Recombinant ONA technology involves insertion of 
specific DNA sequences into a DNA vehicle (vector) to form 
recombinant DNA molecule which is capa~le of repli~ation ir. 

15 a host ·cell. Generally, the inserted DNA sequence is 
foreiqn to the recipient DNA vehicle, i.e., the inserted.ON 

. ------
sequence and the DNA vector are derived from organisms whic 
do not exchange qenetic information in nature, or the 
inserted DNA sequence may be wholly or partially 

20
synthetically made. Several general methods have been 

developed which enable construction of recombinant DNA 
molecules. 

Reqardless of the method used for construction, 

25 
the recombinant DNA.molecule must be compatible with the 
host cell, !::.!!..:., capable Of autonomous replication in the 
host cell or stably integrated into one or more of the ·host 

cell's chro•osomes. The recombinant DNA molecule should 
preferably also have a marker function which allows the 

30 
selection or the desired recombinan~ DNA molecule ( s) . !n 

addition, if all of the proper replication, transcription, 
and translation signals are correctly arranged on the 
recombinant vector, the foreign DNA will be properly 
expressed in, ~' the transformed bacterial cells, in the 

35 case of bacterial expression plasmids, or in ~e.rmissive eel: 

' . ....... _. 
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lines or hosts infected with a recombinant virus or carrying 
a recombinant plasmid havinq the appropriate oriqin of 
replication. 

_.,, ... 

Different qenetic siqnals and processing events 
control levels of qene expression such as DNA transcription 

5 and messenqer RNA (mRNA) translation. Transcription of ONA 
is dependent upon the presence of a promoter, which is a DNA 
sequence that directs the bindinq of RNA polymerase and 
thereby promotes mRNA synthesis. The DNA sequences of 
eukaryotic promoters differ from those of procaryotic 

10 promoters. Furthermore, eukaryatic promoters and 
accom.panyinq qenetic signals may not pe recognized in or may 
not function in a procaryotic system and conversely 
procaryotic promoters are not recoqnized and do not function 

. in eukaryo~ic cells. 
15 . • · 1 l 1 . f mRNA . S1m1 ar y, trans ation o in procaryotes 

depends .upon the presence of the proper procaryotic siqnals, 
which differ from those of eucaryotes. Efficient 
translation of mRNA in procaryotes requires a ribosome 
bindinq site called the Shine-Dalqarno (S/0) sequence on the 

20
mR.NA [Shine, J. and Dal9arno, L., Natu~e !a.!:34 (1975)]. 
This sequence is a short nucleotide sequence of mRNA that is 
located before the start codon, usually AUG, which encodes 
the amino-terminal methionine of the protein. The S/D 
sequences are complementary· to the 3' end of the 165 rRNA 

~ . 
(ribosomal RHA), and probably promote bindinq of mRNA to 
ribosomes by duplexing with the rRNA to allow correct 
positioning cf the ribo•oma. 

Althouqh the Shine/Dalg.arno sequence, consisting 

30 of the few nucleotides of complementarity between the 16S. 

ribosomal RNA. and mRNA, has been identified as an important 
feature of the ribosome binding site [Shine and Dalgarno, 
Nature~: 34 (1975)1 Steitz, in Ribosomes: Structure~ 
Function and Genetics ed. Chambliss et al. Baltimore, Md., 

35 university Park Press pp. 479-495 (1980)), computer analysis 

~ '~:-: .. · .... 
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ha,s indicated that approximately one hundred nucleotides 
surroundinq the AUG initiating codon are involved in 
ribosome/JllRNA interaction as indicated by proper prediction 
of translation start signals (Stormer et al., Nucl. Acids 
Res. 10:2971 (1982) :. _Gold et al., Proc. Natl. Acad. Soi. 

s - t d. . h ~:7061 (1984)). As of yet, no_ accura e pre iction of w at 

actually provides the best and complete ribosome binding 
site for maximum translation of a specific protein has been 
111ade [see Joyce et al .. , ·Proc:. Natl. Acad. Sci. !.,2:1830 

(1983)]. 
10 Schoner and Schoner recognized the siqnif icance 

of the entire ribosome/mRNA interaction reqion in the 
development of recombinant expression vectors in their 
characterization of a 72 bp sequence termed the 
•minicistron• sequence (see Fiqure l ·of Sehoner et al., 

15 • - . 
Proc. Natl. Acad. Sci. USA 83: 8506 (1986)]. A one base 
deletion in the first cistron of the •minicistron• sequence 
was sufficient to increase the production of the downstream 
recombinant protein Met-(Ala)bGH from 0.4, to 24t of total 

20
cell protein (Se~ Figure .4, pCZ143. comp~red to pCZ145, 
Schoner et al., id.). 

· Alternatively a two base insertion also resulted 
in significant eXpression of the peptide encoded by the 
second cistron. Experiments indicated that the differences 

25 
in expression were due to translational differences because 
~ level~ in these constructs were essentially equivalent 
(no aore than 3· fold different) as compared to the expresse, 
protein dif£eren~es (which were approximately 50 fold). Th 
conclusion was that.the position of ~e stop codon that 

30 terminates translation of the first cistron of the 
minicistron sequence affected the efficiency of translation 
of ~e se~ond cistron containinq the codinq sequence of the 
recombinant protein. Most importantly Schoner & Schoner's 
work indicated that one or.two base chanqes in the sequence 

35 
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immediately preced~ng the codinq sequence of a recombinant 
protein can have tremendous effects on downstream 

expression. 
successful expression of ·a cloned.gene requires 

sufficient transcription of DNA; translation of the mRNA. an< 
5 in some instances, post-translational. modification of the 

tO 

protein. 
proteins 
suitable 

Expression vectors have been used to express 
under the control of an active promoter in a 
host, and to increase protein production. 

3. SUMMAR"i 

The present invention relates to novel reagents 
and the process for making them. This invention provides a 

process for synthesizinq and identifying new binding 
reagents of specific affinity. The Totally Synthetic 

15 . . . t d h f . Affinity Reagents (TSARS) are conca enate etero uncticnal 
polypeptides or proteins in which at least tw~ functional 
groups are brouqht toqether in a single peptide chain: a 
binding domain an~ an additional effector domain that is 
chemically or bioloqicallY active. The polypeptides or 

20 proteins . are expressed in pro~ryotic or eukaryotic cells a! 
hybrid fusion proteins comprisinq at least one bindinq 
domain, with affinity for a liqand, linked to one or more 
additional chemically or biologically active effector 

25 
aomains. The chemically or bioloqically active effector 
domain can include peptide moieties such as an enzyme or 
fra911ent thereof, a toxin or fragment thereof, a therapeutic 
aqent, a peptide that is useful for detection, a peptide 
that enhances expression of the TSAR molecule~ or a peptide 

30 whose function is to provide a site for attachment of a 
substance that is useful for detection. Tbe bindinq domain 
can be separated from the •ffeetor domain ~hat is 
biologically or chemically active by a linker peptide 

. 35 

· 111iii1ii1~r 
i \ .. 
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do111ain. If desired, the linker doJ11ain can be either stable 

or susceptible to cleavage either enzymatically or 

chemically. 
The invention provides a novel method for 

producing heterofunctional binding fusion protein molecules, · 
5 termed TSARS, comprising the steps of: (a) inserting (i) a 

first nucleotide sequence encoding a putative bindinq domair. 
having speciticitY for a liqand of choice and (ii) a second 

nucleotide sequence encoding a biologically or chemically 
active polypeptide or protein effector domain into·a vector 

10 downstream from a 5 1 ATG start codon to produce a library of 
vectors codinq for an in-frame fusion protein; (b) 
transforminq cells with the vectors formed in step (a) tc 
express ~e fusion proteins; and· (c) screeninq the expressed 
fusion proteins to identify a TSAR having binding 

15 specificity for the li9and of choice and the desired second 
b'ioloqical or chemical activity, in which the first 
nucleotide sequence is obtained by a process of mutagenesis. 

Muta9enesis, as used in this application, is 
intended to encompass any process which leads to the 

20 . f 1 . . . d 1 . pr0duct1on o an a teration, includ1n9 a e etion, an 
addition and a substitution of a nucleotide(s), in~ sequenc 
cf nucleotides encoding a prot.ein, polypeptide or peptide 
moiety. Hence, muta9enesis can be accomplished by chemical 
synthesis of an altered nucleotide sequence; by alteration 

25 
induced in vitro or in Y.!!2 by· any known mutagen sucn as 
ionizing radiation or a chemical mutagenic agent; and by 

insertion of an altered sequence qenerated using recombinant 

DNA techniq\ies such as insertion of isolated-genomic DNA, 

30 cDNA or a chemically synthesized oii9onucleotide sequence. 
Thus, muta9enesis encompasses random, site directed or site 
selective techniques Jcno\in to those of skill in the art. 

A~cording.to ane embadimene of the invention, 
step (a) of th• method further comprises inserting a third 

35 nucleotide sequence encoding a peptide link~r domain.between 

----------
Tb\ \i\i\~ii\\f 
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the first and second nucleotide sequences. The linker . . 

domain can be either-stable or susceptible ~o ~leavaqe by 

enzymatic or chemical reagents.. Accordinq to one mode of 

this emtiodiment, when there is a bindinq domain and the 
linker domain is cleavable, the heterofunctional TSAR can b' 

5 used as a~ intermediate to prepare a unifunctional binding . 

polypeptide or protein havinq specificity for a liqand of 

choice. 
According to the present invention, the first . 

nucleotide sequence encoding a putative bindinq domain 
10 comprises a member of a qroup of sequences of nucleotides 

obtained by a process of mutagenesis of the nucleotide 
sequence encoding the binding domain of a receptor or anti­
ligand tor a ligand of choice. A receptor is selected from 
the qroup .of naturally occurring receptors such as the 

15 . 
variable region of an antibody, an enzyme/substrate or 
enzyme/co-factor binding site, a re9'Ulatcry DNA binding 
protein, an RNA binding protein, a metal bindinq protein, ar 

integrin or other adhesive protein~ a calcium binding · 
protein, a lectin, etc. The nucleotide sequence enccdin9 

20
the binding domain Of the receptor is mutaqenized, Usinq 
either random, site directed or site selective techniques 
known to those of skill in the art, and the resulting group 
of nucleotide sequences are inserted as the first nucleotidE 

25
sequence in step (a) of the met~od of the invention. 

· According to an alternative method of the present 
invention usinq random mutaqenesis, the first nuclectide 
sequence compris~s a group of nucleotide sequences qeneratec 
by random chemical synthesis or assembly of DNA fraqments 

30 selected by size but not sequence. In this embodiment, 
randomly generated nucleotide sequences are employed as the 
first nucleotide sequence· in.step (a) of the method of the 
invention to form a library of vectors expressing fusion 
proteins. The fusion proteins ar~ screened usinq a ligand 

35 of choiee to identify·a TSAR having binding spec~ficity for 

1111iii1ii1irrr 
t . 



W091/12328 PCT/US91/1.' ,;._, 

-23-

the chosen liqand. Using this e!iibodiment of the present 
invention, the TSAR formed may have rather low binding 
specificity.for the ligand. In such case, the nucleotide 
sequence encoding the binding domain of the identified TSAR 
is determined. The determined nucleotide sequence is then 

5mutaqenized and steps (a)-(c) of the method of the inventior 
are repeated to.identify an additional TSAR havinq enhanced 
bindinq affinity for the chosen ligand. Random muta9enesis, 
as used in this application, is intende~ to encompass 
mutagenesis accomplished either by random chemical synthesis 

10 of a nucleotide sequence. or by random al~eration by any 
mutagenic agent or by assembly of DNA fragments selected by 
size but not sequence. 

Additionally, the invention includes· a 
unifunctional polypeptide or protein havinq specificity for 

15
a ligand of choice that ·can be prepared by chemically 
synthesizing the amino acid sequence of the bindinq domain 
of a fusion protein produced ac~ordinq to the method of the 

invention. 
The present invention thus provides novel and 

20 
improved binding reaqents of desired bindinq specificity anc 
avidity as well as methods for usinq such reagents for a 

25 

. . 
variety.of!!!. vitro and in vivo applications. 

3.1. 'ADVANTAGES AND OBJECTS OF THE INVENTION 
The present invention provides a method for 

torming a .bindinq molecu~e that is reproducible, quick, 
simple, efficient and relatively inexpensive. More 
particularly, the invention provides a method of 9eneratin9 

30 and screening a larqe library of diverse heterofunctional 
molecules. Thus, the invention provides a.rapid and easy, 
way of producing a larqe library that results in a family of 

related peptides with novel and improved binding 
specifi~ities, affinities and stabilitie·s for a given 

35 l_iqand. The diversity of bindinq characteristics that can 

11imiili~1r 
~-. 



W091/1D28 . PCT/US9l/Ol013 

-24-

be-obtained with the present invention is much greaeer than 
the diversity that c::an·be obtained for other binding 
molecules that are formed in vivo. · --

In contrast to the prior art that relies on 

isolation of specific qenes and known sequences, the presen1 

·5 invention has the advantage that there is no need for 
purifyinq or isolating genes nor any need for detailed 
knowledge of the function of portions of the binding 
sequence or tha amino acids that are involved in ligand 
binding in order to produce a TSAR. The only .requirement i~ 

10 havin9 the ligand needed to screen a TSAR library to find 

TSARs with affinity for that liq~nd. Since TSARs are 
screened !!! vitro, the solvent requirements involved in 
TSAR/liqand interactions are not limited to aqueous 
solvents; thus, nonaqueous binding interactions and 

~5 conditions dlfferent from those found.!.!!. vivo can be 
exploited.· 

TSARs are particularly useful in systems in whict 
development of bindinq affinities for a new substance and 
developing different binding affinities for known substance* 

20 . 
are important·factors. 

TSARs. may be used in any i!! ~ or !!! vitro 
application that miqht make use of a peptide or polypeptide 
with bindin9 affinity such as a cell surface receptor, a 
viral receptor, an enzyme, a lectin, an inteqrin,. an 

25 
adhesin, a ca:t"+ bindin9 protein, a· metal bindin9 protein, 
DNA or RNA bindinq proteins, immunoglobulins, vitamin 
cofactors, peptides that recoqnize any bioorqanic or . 
inorfJanie compound, etc. 

By virtue of the affinity of the binding domain 
30 . 

for a target, TSARS used in vivo can deliver a chemically or --
biologically active effector peptide moiety, such as a 
peptide, toxin or fraqment thereof, or enzyme or fragment 
thereof. to the specific target in or on the cell. The 

35 TSARs can also have a utility similar to monoclonal 
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anti:bodies or other specific binding molecule,s fo·r the 
detection, quantitation, separation or purification of other 

molecules. In one embodiment, there may exist multiple 
binding domains that have the same specificity but are fused 

to another distinct effector polypeptide or protein domain 
5 that has a bioloqical or chemical activity. In yet another 

embodiment, the binding domain is separated from the 
bioloqically or chemically active effector polypeptide or 
protein portion by a linker domain. If the linker is 
susceptible to chemical or enzym&tic cleavaqe, the TSAR can 

10 function as an intermediate in the, generation of 

unifunctional peptides of defined specificity, affinity and 
stability. 

The TSARs that are produced in this invention can 
replace.the function of macromolecules such as monoclonal or 

15
palyc.lonal antibodies and ·thereby circumvent the need for 
complex hybridoma for.mation or in vivo antibody production. 
Moreover, TSARs differ from other natural binding molecules 
in that TSARs have an easily characterized and desiqned 
activity that can allow their direct and rapid detection in a . 
a screeninq process. 

These and other objects, aspe~ts and advantages 
of the.present invention will become apparent to those 
skilled in the art upon reviewing the following description, 

25 
examples, figures and appended claims. 

30 

35 

3.2. DEFINITIONS AND ABBREVIATIONS 
Affinity : 

ATG . . 

Avidity . . 
BSA . . 
ATCC 

Stren~h of bindin9 
The DNA codon tor f-met 

and initiation of 
translation 

Stability of bindinq 
Bovine serum albumin 
Ame.rican Type culture 

Collection 

· B · ~eplaced • 
. ' . This Sheet Has . eei1 .. ' , ··~,-"''' ''· 
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·"bp Base pair 
Kb : Kilobase 
ELISA . Enzyme linked . 

immunosorbent assay 
HPLC 

5 
: Hiqh pressure liquid 

chromat09raphy 
IPTG Isopropyl-~-n-

thioqalactopyranoside 
IqG,M, etc. . Immunoglobulin G, M, etc. . 

10 
Ligand A molecule or portion 

thereof for which a 
receptor naturally exists 
or can be prepared 

LB . Luria Broth . 
mRNA . messenger RNA . 

15 
ONPG o-nitropbenyl-~-D-

qalactopyranoside 
0 •· Oli9onucleotide .. 
PAGE . Polyacrylamide gel . 

20 
electrophoresis 

PMS!' . phenylmethane sulfonyl . 
fluoride 

PL,PR . Promoter left, promoter . 
right of l phage 

PTAC' PTRC 
. Hybrid tryp-lac. promoter 

25 
.. 

Receptor . an anti-ligand; any macro-. 
molecular compound or· 
composition capable of 
binding to a particular 

30 spatial and/or polar 
orqanization of a molecule 
or portion thereof 

RNase • Ribonuclease . 
SDS : Sodium dodecyl sulfate 

3S x-gal : S-bromo-4-chioro-3~ 
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indolyl-JJ-D-
galactopyranoside 

YT Yeast tryptone broth 

TBS . Tris Buffered Saline . 
5 J.3. AMINO ACID CODE 

Alanine A, Ala 

Arginine . R, Arq.• . 
ASparaqine . N, Asn . 
Aspartic acid o, Asp 

10 cysteine . c, Cys . 
Glutamic acid . E, Glu· . 
Glutamine Q, Gln 

Glycine . G, Gly . 
Histidine : H, His 

15 
Isoleucine I, Ile 
Leucine · . L, Leu • 
Lysine . IC, Lys . 
Methionine M, Met 

Phenylalanine . F, Phe . 
20 Proline P, Pro : 

Serine s, Ser 
Threonine T, Thr 
Tryptophan . w, Trp . 

25 
Tyrosine : Y, Tyr 
Valine v, Val 

.4 ~ BRIEF DESCRIP'l'ION OF THE FIGURES 

Fiqure 1 depicts the steps in construction of the 

30 
expression vector p340. 

Fiqure 2 depicts the oligonucleotide sequence use 

in construction of the amino terminal end of the control 
fusion protein. 

Figure 3 is a diagram of the plasmid p325-l3 whic 

35·encodes the control fusion protein. 
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Fiqure 4 depi~ts the nucleotide and amino acid 
sequenc:e of the TSAR-2 bindinq domain. 

Figure s is a diagralll of the plasmid p39S-4 which 

encodes TSAR-2. 
FiC]Ure 6 depicts the alignment of the amino 

5 terminal end of the control fusion protein with the TSAR-2 
bindinq domain. 

Figure 7 shows the binding of lysozym.e to the 
control fusion protein and TSAR-2. 

Fiqure e is a diaqram of the control fusion and 
10 TSAR-2 proteins, illustratinq the "bindinq" domains, the 

linker domains and the effector domains of these 
heterofunctional proteins. 

'Fiqure_ 9 illust~ates the specificity of TSAR-2 fo: 
lysozyme and shows binding of TSAR•2 to lysozyme and bovine 

15 . h b" d' . d . serum albumen (BSA). Te in 1n9 is etected using an assa; 

20 

for p-galaetosidase which is the peptide encoded by the 
effector domain. 

s·. DETAILED DESCRIPTION OF THE INVENTION 

5.1. TSARs 
In the present invention, novel reagents called 

TSARs are created and produced as solUbie, easily purified 
proteins that can be made and isolated in commercial 
quantities. These rea9erits are concatenated 25 . 
heterofun~tional polypeptides or proteins that include at 
least ·two distinct functional regions. One region of the 
heterofunctional molecule is a bindinq domain with affinity 
for a liqana that is characterized by 1) its strenqth of 

30 bindinq under specific conditions, 2) the stability of its 
bindinq under specific conditions, and 3) its selective 
specificity for the chosen liqand. The second pep"tide 
portion of the heterofunctional TSAR molecule is an ef fecto 
domain that is biologically or cbemigally active such as an 

36_enzyme or fraCJlllent thereof, a toxin·or frag11ent thereof, a 

. :.•·.1i·i\\~i~\\\~.:· .·· 
. . . . :~ -~·-:-' •' 
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therapeutic agent or a peptide whose function is to provide 

a site for attachment ~f a substance such as a metal ion, 
etc~, that is useful for detection. According to one 
embodiaent of the invention, a TSAR can contain an optional 

additional region, i.e., a linker domain between the bindin 
5 doma.in. and the effector domain. Linkers can be chosen that 

allow bioloqical, physical or chemical cleavaqe and 
separation of the TSAR reqions. TSARS having a cleavable 
linker portion, thus, can serve as intermediates in the 
production of unifunctional polypeptides or proteins having 

10 a binding function and specificity for a ligand of choice. 

Alternatively, the linker portion can be stable or 
impervious to chemical·and/or enzymatic cleavage and serve 
as a link between the binding domain and the other peptide 

portion(s) of the TSAR. 
15 . According to another embodiment of the invention, 

the TSAR can include multiple bindinq domains or multiple 
active effector portions or colllbinations of multiples of 

each. The size of a binding domain is not limited, nor is 
the binding quality of the TSAR limited to a sinqle peptide 

20
chain. Monomers, dimers and oliqomers of a TSAR protein ma 
sinqly or in combination affect interaction with the li9and 

· . I.n the present invention, a liqand is intended tc 

encompass a substance, including a molecule or portion 

25 
thereof, for Which a proteinaceous receptor naturally exist 
or can be prepared accordinq to the method of the inventior. 
A receptor is an anti-ligand and includes any macro•olecula 
compound or composition capable of binding to a particular 
spatial_ and/or polar orqanization of a ligand. Thus in thi 

30 invention, a liqand is a substance that &pecifically 
interacts with the bindinq domain of a ·TSAR and includes, 
but is net liaited to, a eh~ieal qroup, an ion, a metal, a 
peptide er any portion of .a.peptide, a nucleic acid or any 
portion of a nucleic acid, a suqar, a carbohydrate or 

35 carbohydrate polymer, a lipid, a fatty acid, a viral 
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partic:le or portion thereof, a membrai:i7-· vesicle or portion 
thereof, a cell wall component, a synthetic organic 
compound, a bioor9anic compound and an inorganic compound. 

The chemically or biologically active domain of 
the TSAR imparts detectable, diagnostic, enzymatic or 

5 therapeutic characteristics to the.TSAR. There is no 
intended specified order for the two or more regions of the 
TSAR relative to each other except that the linker domain, 
if present, must be between the binding domain and the 
effector domain of the TSAR~ The positions of the regions 

10 of the TSAR are otherwise interc:han9eable. 
In a particular emt1odiment, the binding and 

effector regions of the TSAR protein are separated by a 

or absence of the peptide linker domain. The presence 
peptide linker domain is optional as is the type-of linker 

15 . 
that may be used.. The sequence can be stable or it can be 
susceptible to cleavage by chemical, biological, physical or 

enzY1Jlatic means. If a cleavable linker is used, the 
sequence employed is one that allows the binding domain 

. . 
portion of the TSAR to be released from the effector domain 

20 of the TSAR protein& Thus when a linker is· used that is . 
susceptible to cleavage, the heterofunctional TSAR protetn 
can be an intermediate in the production of a unifunctional 
binding protein, polypeptide or peptide. 

25 
Xn a particular embodiment, the cleavable sequence 

is one that is enzymatically degradable. A collagenase 
susceptible sequence is but one example (see, for example, 
Sections 8 and 9, infra). Other useful sequences that can· 
be used as an enzymatically cleavable linker domain are 

30 those which are susceptible to enterokinase or Factor xa 
cleavage. ·For ~xample, enterokinase cleaves after the 
lysine in the sequence Asp-Asp-Asp-Lys. Factor Xa is 
specific to a site having the sequence Ile-Glu-Gly-Ar9, and 
cleaves after arqinine. Another useful sequence is Leu-

35 v•l-Pro-Arq-Gly-ser-l:b! ich is cleaved by thrombin between 
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the Arg and Gly residues. Other enzyme cleavable sequences 

that can be used are those encoding sites recoqni2ed by 

microbial proteases, viral proteases·, the complement cascade 

enzymes and enzymes of the blood coaqula~ion/elct 

dissolution pathway. Other enzyme cleavable sequences.will 
5 a1so be recoqnized by those skilled in the art and are 

intended to be included in this embodiment of the invention. 

Alternatively, the sequence may be selected so as to contair 

a site clea_vable by chemic:al means, such .as cyanoge_n .bromi<iE 

which attacks methionine residues in a peptide sequence. 
10 Another chemical means of cleavage includes the use of · 

formic acid which cleaves at praline residues in a pepti?e 

sequence. The invention is not to be limited to the 

specific examples of chemical cleavage provided here but 

includes the use of any chemical cleavage method known to 
15

those with skill in the art. 
The binding domain of a TSAR may b"e of any size 

that can be produced·by the host cell. Moreover, the 

bindinq re~ction Of the binding domain may be the result Of 

cooperativity between individual TSAR molecules as well as 
20

the ~esult of the~independent affinity for the liqand by a 

sinqle TSAR aolecule. 

Once the bindinq domain of a TSAR bas been 

identified, new TSAR& can be created ))y isolatinq and fusin< 

the bindinn domain of one TSAR to a different effector 25 ·::J 

domain. The bioloqically er chemically active effector 

domain of the TSAR can thus be varied. Alternatively, the 

binding characteristics of an individual TSAR can be 

modified by varying the TSAR binding domain sequence to 

30 produce a related family of TSARs with differing properties 

for a specific liqa~d. 

The bioloqically or chemically active effector 

domain c:an impart an enzymatic activity that can be used to 

identify or detect the TSAR. Alternatively it can impart a 

35 therapeutic activity, !!.d. a therapeutic qroup with a 
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. proteolytic activity is attached to a bindinq domain with 

affinity for fibrin to result in a TSAR that binds to fibrin 

components in blood ~lots and dissolves them. 

Alternatively, the effector domain can be a 

protein moiety that binds a metal, including but not limited 
5 to radioactive, ma9netic, paramagnetic, etc. metals, and 

allows detection of the TSAR. Other examples of 

biologically or chemically active effec:~or peptides that car. 

be used in TS.ARB include but are not limited to toxins or 

fra9Jllents thereof, peptides that have a detectable enzymatic 
10 activity, peptides that· bind metals, peptides that bind 

specific cellular or extracellular components, peptides that 

enhance expression of the TSAR molecule, peptides that 

interact with fluorescent molecules, and peptides that 

provide a convenient means for identifying the TSAR. 
15 

In the particular embodiments.found in the 

examples infra, the full sequence of the enzyme ~­

galactosidase was used as the effector domain of the TSAR. 

This·protein provides a visual means of detection upon 

addition of the proper substrate, e.g. x-gal or ONPG. 
20 . 

However, the effector domain of the TSAR. need not be the 

2S 

complete codin~·sequence of a protein. A fraction of a 
protein that is readily expressed by the host cell and that 

has the desired activity or function may be used. 

The 
novel TSAR& ... 

comprises the 

5. 2. METHOD TO PREPARE TSARS 

invention includes the process for makin9 

In it3 most qeneral em):>odiment, the process 

steps of: (a).insertinq (i) a first nucleotid( 

30 sequence encodinq a putati~e binding do•ain havin9 
specificity for a ligand of choice and (ii) a second 

nucleotide sequence encoding a bioloqically or chemically 
active polypepti.de or protein moiety into a vector 

downstream from 5'ATG start codon to produce a library of 

35 vectors codinq tor in-frame fusion proteins: (bl· 
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transforming cells with the vectors formed in step (a) t:: 

express the fusion proteins; and (c) screening the expressec 

fusion proteins to identify a TSAR ,havinq binding 
specificity for the ligand of choice, in which the first 
nucleotide sequence is cbtained by a process of mutagenesi5. 

5 Mutaqenesis, ·as used in this application, is 
intended to encompass any process which leads to the 
production of an alteration, including a deletion, an 
addition and a suJosti~ution of a nucleotide(s) in a sequ~nc' 
of nucleotides encoding a protein, polypeptide or peptide 

10 moiety •. Hence, mutagenesis can be accomplished by chemical 
synthesis of an a~tered nucleotide sequence; by alteration 
induced in vitro or in vivo by any known mutagen such as 
ionizing radiation or a chemical mutaqenic agent; and ~y 
insertion of an altered sequence generated usinq recombinan1 

15 h . . . f . 1 d . DNA tee niques such as insertion o iso a~e genomic DNA, 
cDNA or a chemically synthesized oligonucleotide sequence. 
Thus, mutaqenesis encompasses random, site directed or site 
selective techniques known to those of skill in the art. Th· 
process permits the production ot a large diverse class of 

20 TSAR proteins each bearinq a unique .ligand-specific binding 
sequence fused to a bioloqically or chemically active 
effector peptide reqion. 

Accordinq to one embodillent of the invention, ste 

25 
(a) of the method further comprises inserting a third 
nucleotide sequence encodinq a linker peptide domain betwee 
the first and second nucleotide sequences~ The linker 
domain can be either stable or s~sceptible to cleavage by 

enzymatic or chemical reagents. When the linker domain is 

30 cleavable, the heterofunctional TSAR can be used as an 
intermediate to prepare a unifunctional binding polypeptide 
or protein having specificity for a ligand of choice. 

In an alternative embodiment of the invention the 
first nucleotide sequence comprises a member of a qroup of 

35nucl~otide sequences obtained by mutagenesis of the 
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nucleotide sequence encoding the binding domain of a receptot 

or anti-liqand for a ligand of choice. In this ~odimen~, e 

receptor is selected from the group of naturally occurring 

receptor·s such as the yariable reqion of an antibody, an 

enzyme/substr~te recoqnition or activity site, a regulatory 
5 oNA binding protein, an RNA binding protein, a metal binding 

p~otein, an integrin or other adhesive protein, a calcium 

binding protein, a lectin, etc. The nucleotide sequence · 

encoding the binding domain of the ~eceptor is mutagenized, 

using techniques known to those of skill in the art, and the 
10 resultinq qroup of nucleotide seqUences are inserted as the 

first nucleotide sequence in step (a) of the method of the 

invention. 

15 

According to an alternative method of the 

invention using random mutagenesis, the first nucleotide 

sequence comp~ises a group of nucleotide sequences generated 

by random chemical synthesis or assembly of DNA fragments 

selected by size but not sequence. In this embodiment 

randomly generated nucleotide sequences are employed as a 

~irst nucleotide sequence in step (a) of the method of the 
20 

invention to torm a library o.f vec::t:ors expressing fusion · 

proteins. The fusion proteins are screened using the ligand . 
of choice to identify a TSAR. having binding specificity for 

the chosen liqand. Using this mode of the present 

25
invention, the TSAR. formed may have rather low bindi~g 

specificity for the ligand. In such case, the nucleotide 

sequence encoding the binding domain of -the identified TSAR 
. . 

is determined. The determined nucleotide sequence is then 

mutaqenized and steps (a)-(c) of the method of the invention 

30 are repeated to identify a TSAR having enhanced binding 

affinity for the chosen ligand. Random mutaqenesis, as used 

in this application, is intended to encompass mutagenesis 

accomplished both by random chemical. synthe~is of a 

35 
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nucleotide sequence and random alteration by any mutagenic 
agent as·well as by assembly of DNA fragments selected by 

size but not by sequence. 
DNA that constitutes the nucleotide sequence 

-encoding the binding domain portion of the TSAR sequence can 
5 be chem.ically synthesized de novo using a) totally random 

synthesis; b) synthesis modeled on known binding moti~s 
including, but not limited to, those descri~ed supra in 
section 2.2 where there is some homology between the 
synthesized DNA and a known binding sequence but the basic 

lO sequence is subject to random change based on contamination 
of precursor reservoirs during synthesis: or c) by_minor 
alteration of the sequences of known binding domains based . 
on the limited and defined chanqe of bases within the 
sequence. Alternatively, binding domain DNA can be produced 

15 . . f l d h d . by· insertion o nonse eete s eare genomic DNA or cONA 
~ragments into the p340 vector. The resulting novel 
molecules are screened using methods known to those of skill· 
i~ the art, for increased or decreased affinity, or avidity 
for known liqands or for new specificities for novel 

20 
ligands, includinq new specificities. detected usin9 
nonaqueous solutions. 

Since each individual TSAR construct can have a 
different yet representative fraqment of bindinq domain DNA, 

25 
each batch of recombinants produced will represent a 
distinct library of relatedness. The frequency of 
relatedness between each member of the library can be 
calculated and will depend· on the method used to generate 
the binding domain DNA~ Where variation within the library 

30 is large, hiqh density screeninq methods and lambda vectors 
can be used. For example, if oliqonucleotides are 
synthesized on an automated DNA synthesizer like the Appliec 

Biosystems machine, a microprocessor allows the user to 
proqram additions to qrowing oliqonucleotide chains from any 

35 one of seven precursor reagent bottles. ·Addition of 

This Sheet Has Been Replaced \ 
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nucleotides coding for known ba~es .in a sequence is done in · 
-che customary fashion using four single precursor bottles, 
one for each pure precursor. In the positions where 
nucleotides are varied, a •ixture of four precursor 
nucleotides from a fifth bottle will be prog~ammed. 

5 rnsertion of random nucleotides at only nine amino acid 
ll 'bl . b' codons allows up to 7.9 x 10 poss1 e proteins to e 

encoded and subsequently expressed. Since recombinant phage 
libraries produced !n vitro generally have no more than 
io8-1olO members, every library constructed will have no 

10 identical TSAR clones. 
In the specific examples, (see, infra, sections s 

and 9) the binding domain DNA was produced in a _series of 
steps allowing assembly of ·complementary oligonucleotides 
that were first chemically synthesized, then cloned and 

15 d. l . d ch i . . . h sequenced by the ideoxynuc eot1 e a n termination met od. 
Individual DNA fragments encompassing the oligonucleotide 
were then reassembled·usinq appropria~e re~triction sites on 

~e end of each fragment and appropriate restriction sites 
in the recipient plasmids. DNA fragments of up to 367 

20 nucleotides long with a coding capacity ot over one hundred 
and twenty amino acids have been produced. Because known 
binding sites, especially those described in Section 2 
supra fall within this size ranqe, the si~e of the inserted 

25 
fragment that can be synthesized will not limit the bindinq 
domain DNA that can be generated and thus will not limit th1 

specificity that can be ~etected. 
A.nucleotide sequence encoding an effector domain 

having the desired chemical or bioloqical activity is 

30
obtained using methods familiar to those of skill in the 

- art. such methods include, but are not limited to, 
polymerase chain reaction (PCR) amplification of the desirer 
DNA and determination o·f its nucleotide sequence. 

Alternatively, sequences encoding the desired activity can 

35 be detected by h~bridization using an oligonucleotide (or a 
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oligonucleotide family that includes all possible codon 
translations of the peptide with desired activity) having a 
sequence that encodes a known portion of the desired active 
effector protein. The oli9onucleotide(s) hybridization 
allows the purification of restriction fragments of genomic 

5 ONA encoding ~he active protein. · The qenomic DNA or cONA 
copy is then sequenced. The nucleotide sequence can be 
synthesized or an appropriate restriction fragment can be 
isolated and juxtaposed to the.binding domain sequence in a 
vector through use of a linker adaptor or other means to 

10 produce an in-frame fusion protein. Alternatively, if the 
nucleotide sequence of the protein of desired activity is 
knovn and has been cloned already, isolation of the 
nucleotide sequence encoding the desired activity can be 
more readily accomplished by simple purification of the 

15 . . . . th . restriction fraqment conta1n1ng e appropriate sequence. 
The skilled artisan will recoq~ize that to achie\i 

transcription and translation of the TSAR qene, in the 
method of expressing the TSAR protein of the present 
invention, the qene must be placed.under the control of a 

20 .. promoter compatible with the chosen host cell. A promoter 
is a region of ONA at which RNA polymerase attaches and 
initiates transcription. The promoter selected may be any 
one that has been synthesized or isolated that is function< 

25 
in the host. For exaJDple, E.coli, a commonly used host 
system, has numerous promoters such as tl}e lac or trp 
p~omoter or the promoters of its bacteriopbaqes or its 
plasmids. Also synthetic or recombinantly produced 
promoters such as the ~TAC promoter may be used to direct 

30 hiqh level prod~ction of the segments of DNA adjacent t~ i . 
Si9nals are also nec~ssary in order to attain 

efficient translation of the TSAR qene. For example in 
E.coli mRNA, a ribosome binding site includes the 
~ranslational start codon AUG or GUG ih addition to other 

35 sequences complementa-ry to the bases of the 3' end of 165 



W091/12328 PCT/US91/01013 

-38-

. 
ribosomal RNA. Several of these latter sequences such as· 
the Shine/Dalqarno sequence have been identified in E.coli 
and other suitable host cell types. Any S/D•ATG sequence 

which is compatible with tha hose cell system can be 

employed. These S/D-ATG sequences include, but are not 
5 limited to, the S/D-ATG sequences of the_ cro gene or N qene. 

of coliphaqe lambda, the tryptophan E, D, c, B or A genes, a 

sy~thetic S/0 sequence or other S/0-ATG sequences known and 
used in the art. Thus, regulatory elements control the 
expression of the polypep~ide or proteins to allow directed 

10 . . 
synthesis of the reaqents in cells and to prevent 
constitutive synthesis of produces which miqht. be toxic to 
host cells and thereby interfere with cell qrowth. 

A number of methods exist for the insertion of DNA 

fraqments into cloning vectors fn vitro. DNA ligase is an 
15 enzyme .which seals nicks between adjacent nucleotides in a 

duplex DNA chain; this enzyine may therefore be used to 
covalently join the annealed cohesive ends produced by 
certain restructicn enzymes or to join blunt ended fragment£ 
toqether. In addition, the enzyme terminal deoxynucleotidy) 

~ . . . 
transferase may be employed to form. homopolymeric 3'-

single-stranded· tails at the ends of fraqments. For 
example, by the addition of olic;ro(dA) ·sequences to the 3' 
end cf one population, and oligo (dT) blocks to the 3' ends 

25
of a second population, the two types of molecules can 
anneal to form dimeric circles. Any of these methods may b 
used to fuse the different domains of the TSAR protein into 
specific sites in the vector. 

Thus the sequences coding for the different · 

30 
regions of the TSAR . protein are fused. ·in a: chosen vector· in 
a specific relationship to promoter and control elements sc 
that the TSAR sequence is in the correct readinq frame with 
respect to the ATG sequence that specifies the start of the 
TSAR pro~ein. vectors encodinq TSARs can be viruses, 

35 bacterial plasmids, phage, eukaryotic cell viruses or 
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eukaryotic plasmids, or any other vector known to those wit 

skill in the art:. that allows a TSAR to be easily produced 

and manipulated in different host cells. The vector 

employed will typically have a marker function, such as 

ampicillin resistance or tetracycline resistance, so that 
5 cells transformed with TSAR vec~ors can be identified. The 

vec~or employed may be any of the known expression vec~ors 

or their derivatives: among the most frequently used are 

plasmid vectors such as pBR322, pAClOOS, pSClOl, pBR325, or 

derivatives of these vectors; bacteriophage vectors such as 
10 lambda or its recombinant. derivatives like lamd~-qtll, MIJ 

or its derivatives like M1Jmp7, T7 or T4; SV40, EBV, 

vaccinia and adenovirus vectors; and yeast or insect 

vectors. A specifically exemplified vector that is usefull 

. employed is pl40 (see section 7.4 infra). The vector is 
15 

20 

selected for its compatibility with the chosen host cel.l 

system. Although bac~eria, particularly ~ coli, have 

proven very useful for the high yield production of a 

soluble TSAR protein, and therefore is the preferred host, 

the invention is not so limited. The present method 

contemplates the use of any cul turable unicellular or9anisr. 

as host; for example, eukaryotic hosts such as yeast, 

insect, plant and mammalian cells are also potential hosts 

for TSAR production. The selection of an appropriate 

25 
expression system, based on the choice of a host cell, is 

well within the ability of the skilled artisan. 

TSAR phage clones can be qrown to a high density 

and representative products can. be transferred as a mirror 

imaqe onto nitrocellulose filters or analogous solid 

3o supports after expression of the TSAR qenes. Screening 

larqe numbers of plaques containinq TSAR proteins can be 

accomplished using techniques that are similar to those 

using radioactive nucleic acid probes, where. the ligand 

replaces the radioactive nucleic acid probe. In one 

35 embodiment the liqand can be bound to the support.· TSARs 
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with affinity for the liqand will be identified by their 

selective association to the filter because of li9and 

bindinq. Alternatively, the TSARs can be i~obilized and 

the properties of the ligand can be used to identify clones 

that bind the ligand. Direct and indirect methods that 
5 identify the ligand, the TSAR protein or oth~r components 

that bind to either one can be used to screen r.ecombinant 

libraries and are well known in the art. See for example, 

Young and Davis in ONA Cloning: A Practical Approach Vol l 

(ed. D.M. Glover) IRL Press, Oxford pp. 49-78: Young and 

lO Davis, .Proc. Nat'l. Acad. sci. 80: 1194 (1983); Kemp and 

15 

. 
CoWlllan, Proc. Nat'l Acad. Sci. 1!: 4520 (1981); Unit 6.7, 

6 Screeninq wit~ Antibodies-, Current Protocols in Molecular 

Biology, John Wiley and sons, New York1 pp. 6.7.l-6.7.5 

(1987). 

Binding to individual ligands can then be assayed 

for each filter using repetitive rounds with a new 

interaction tested each round. Individual phage plaques 

that are positive in the binding assay can be isolated from 

others in the library. Rapid purification of the specific 
20

TsAR protein can be achieved by virtue of the association o 

the effector portion of tbe chimeric TSAR molecule for its 

substrate, !.!S· purification of p-qalactosidase containing 

TSARS by affinity of the ~-qalactosidase for p-aminophenyl­

i-thio-~-o-galactopyranoside-sepbarose. 
25 

_5.3. APPLICATIONS AND USES OF TSARS 

TSARs prepared according to the novel methods of 

the invention are useful for in vitro and in vivo - --
30applications which heretofore have been performed by bindin 

35 

regions of antibodies, DNA binding proteins, RNA· binding 

proteins, metal binding proteins, nucleotide fold and GTP 

bindin9 proteins, calcium binding proteins, adhesive 
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proteins such as integrins, adhesins, lectins, enzyzaes, or 
any other small peptide or portion of a ~acromolecule that 
has binding affinity for a liqand. 

The TSAR products can be used in any industrial o 
pharmaceutical application that requires a peptide binding 

5 moiety specific for any given ligand. The TSAR.s can also b· 
interuiediates in the production of unifunctional binding 
peptides that are produced and select~d by the method of th 
invention to have a binding affinity, specificity and 
avidity for a given ligand. Thus, according to the present 

10 invention, TSARs are ·used in a wide variety of application~ 
including but not limited to, uses in the field of 
biomedicine; biologic control and pest re9ulation; 
agriculture: cosmetics; environmental control and waste 
management: chemistry: catalysis; nutrition and food 

15 . . . . 1 . l . t t l h . 1 industries~ mi itary uses; c 1ma e con ro ; p armaceut1ca ~ 

etc. The applicaeions described below are intended as 
illustrative examples of the uses of TSARs and are in no w• 
intended a~ a limitation thereon. Other applications will 
be readily apparent to those of skill in the art and are 

20 intended to be encompassed by the present invention. 
The TSARs are useful in a wide variety of in viv 

applications in tbe fields of biomedicine, bioregulation, 
and control. In these applications, the TSARs are employe 

25
as mimetic replacements for compositions such as enzyines, 

hormone receptors, i11lm.unoglobulins, metal binding proteins 
calcium binding proteins, nucleic acid binding proteins, 
nucleotide binding proteins, adhesive proteins such as 

30 

inte9rins, adhesins, lectins, etc. 
Other in vivo uses include administration of TS1 

as immunogens for vaccines, useful for active immunizatior 
procedures. TSARS can also be used to develop immuno9ens 
for vaccines by generating a first series 9f TSARs specif: 
for a given cellular or viral macromolecular ligand and tl 

35 developing a second series of 'l'SARs that bind to the firs' 
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TSARs i.e. the first TSAR is used as a ligand to identify 
the second series of TSARs. The second seri~s of TSARS wil: 
mimic the initial·cellular or viral macromolecular ligand 

site but will contain only relevant pe~tide binding 
sequences, eliminating irre~evant peptide sequences. Eithe 

5 the entire TSAR developed in the second series or the 
binding domain thereof can be used as an immunogen for an 

active vaccination proqram. 
In !!! !.!!.2 applications TSARS can be administered 

to animals ~~d/cr hum~ns by a number of routes including 
10 injection (e.9. intravenous, intaperitoneal, intramuscular, 

subcutaneous, intraauricular, intramammary, intraurethrall} 

etc.), topical application, or by absorption ~hrouqh 
epithelial or·JDucocutaneous linings .. Delivery to plants, 

· insects and protists for bioregulation and/or control can t 
15 h. ~ '- d. l . t. th . d . . ac ievew ~Y irect app ica ion to e organism, · 1spers1on 

in the·habitat,.addition to the ·surrounding environmen~ or 
surrounding water, etc·. 

In the chemical industry, TSARs can be employed 
for use in separations, purifications, preparative methods 

20 and catalysis. 
In the field of diaqnostios, TSAR& can be used t 

detect ligands occurring in lymph, blood, urine, feces, 
saliva, sweat, tears, mucus, or any other physioloqical 

·
25 

liquid or solid. In the area of histology and patholoqy, 
TSARs can be used to detect ligands in tissue sections, 
organ sections, smears, or in other specimens examined 
macroscopically or 111icroscopically.. TSARs can also be usE 
in other diagnostics as replacements for antibodies, as fc 

30 exa~ple in hormone detection kits, or in pathoqenic 
detection kits etc. where a pathogen can be any pathogen 
including bacteria, viruses, mycoplasma, funq~, pro~ozoani 

e~c. TSARs may also be used t:o define the epitopes that 
monoclonal antibodies bind to by usinq monoclonal antibod: 

3S 
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as ligands for TSAR binding, thereby providin9 ·a method to 

define the conformation of the oriqinal illllllunoqen-used ~o 

develop the monoclonal antibody. 

· The following examples are provid~d to illustrate 

this invention. However, they are not to be construed as 
5 1imiting the scope of· the invention, which scope is 

determined by this entire specification· including the' 

appended claims. 

10 

15 

6. EXAMPLE: MATERIALS AND METHODS 

6.1. CONDITIONS FOR RESTRICTION ENZYME DIGESTION 

Enzyin.es were ob~ained from commercial sources (Ne 

Enqland Biolabs) and digestions were carried out as 

recommended by the manufacturer. 

6.2. BACTERIAL STRAINS AND PLASMIDS 

E. coli JMlOl (SupE, thi, ~(lac-pro) [F', traDJ6, -- . 
proAB, lacqz ~15] (P-L Pharmacia, Milwaukee, Wl) was 

transformed as described in Hanahan, J. Mol •. Biol. !!,!:557 

(1983). Plasmid pl0.C233-2 was obtained from P-L.Pharmacia; 
20 • + plasmid pBS was frcm Strata.gene. Several plasmids were 

ccnstructed as modifications of pBS+ cloning vec~or 

(Stra~agene) to allow for DNA amplification and ease in 

sequencing each oliqomer. Plasmid p282 was produced by 

25 
insertion of a 28 ~ase oliqonucleotide adapter 

(5'AGC'l'TCCATGGTCGCCAC'l'CGAGCTCCA-3') between the HinD III aJ 

Pst I sites of the pBS+ multiple cloninq reqion. As a 

result, the modified plasmid p282 no lonqer contains its 

oriqinal Spfi I ·restriction site but encodes additional sit1 

30 for Nco I, N':'l I and ~o I. The vector p287 was construct• 

by addinq ~he se.quence GCTCGACTCGCGACCATGGA between the Ps· 

an~ ~ind III restriction sites of pBS+, thereby deleting a: 

SphI site of pBS+ and adding Ncox, NruI and Xhox restricti. 

35 
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sites. Another transitional plasmid, plasmid p350, was used 

to clone other binding domain DNA fraqments. Plasmid pJSO 

was produced by annealing oliqonucleotide 737 
(5'-AGCTGATTAAATAAGGAGGAATAACCATGGCTGCA] and oliqonucleotide 

738 (5'-GCCATGGT'l'ATTC~CCTTATTTAATC] which were then 
5 inserted into Hind III and Pst I digested plasmid pBS+. 

10 

Other plasmid constructs are as described in this 
appl'ication. Plasmid DNA was prepared by the alkaline lysi~ 
method ·(Birnboim arid Ooly, Nucl. Acids Res. 1: 1513 (l.979)]. 

6.3. OLIGONUCLEOTIDE ASSEMBLY 
Oliqonucleotides were synthesized from CEO 

pbospboramidites and tetrazole obtained from American 
Bionetics. Oligonueleotides were kinased ~ith T4 

15 . . 
polynucleotide kinase according to manufacturer's 
suggestions (New England Biolabs). The kinase was 
inactivated by beating at 6s•c. Oliqonucleotide mixtures 
were annealed by heatin9 .at 65~ss•c for 15 minutes and 
cooled slowly to room temperature. The annealed 

20
oliqonucleotides were ligated with 10 U T4 li9ase, ligated 

products were separated· on a 6% polyaerylamide gel, and the 
fragments were recovered by electroelution. 

25 
6.4. DNA SEQUENCING 

The DNA sequences of inserted fra91Uents and 

oliqonucleotides were determined by the chain termination 

metbOd. of S1P'9er et al., Proc. Natl. Acad. Sci. 74:5463 
. -

(1977), inc~ri:>oratin9 the modifications of Bi99en et al., 

30 Proc. Natl. Acad. Sci • .!9_:3963 (l98l), Hattori and sakakai, 
Anal. Bio~hem. ~:2J2 (1986), and Bankier et al., MethodE 
Enzymol. ~: 51-93 (1987) • 

. 35 



.• WO 91112328 

-45-

7 • EXAMPLE: CONSTRUCTION 
OF AN EXPRESSION VECTOR 

7.1. THE INITIAL VECTOR pJG200 
Plasmid pJG200 was the starting material that was 

modified to produce a general TSAR expression vector. The 
5 initial plasmid, p.J'G2.00, contained target cistrons that wer 

fused in the correct reading frame to a marker peptide with 

a detectable activity via a piece of DNA that codes for.a 
protease sensitive ~inker peptide [Germ.inc and Bastia, Proc 
Natl. Acad. Sci. USA 81:4692 (1984); Germino et al., Proc. 

10 Natl. Acad. Sci. USA !.Q_: 6848 (1983)]. The promoter. in the 

original vector pJG200 was the PR promoter of phage lambda. 
Adjacent to the promoter is the gene for the CI857 
thermolabile repressor, followed by the ribosome·b~ndinq 
site and the AUG ini~iator triplet of the cro 9ene of phagE 

151aml:>da. Germino and Bastia inserted a fra9111ent containing 
the triple helical re9ion of the chicken pro-2 colla9en qer 

into the Balll HI restriction site next to the ATG initiator, 
~o produce a vector in which the collaqen sequence was fus' 
to the lacz ~-galaetosidase gene sequence in the correc~ 

20translational phase. A single Sam HI restriction site was 
regenerated and used to insert the plasmid R6K replica~ion 
initiator protein codin9 sequence. 

The plasmid pJG200 expressed the R6K replicator 
initiator protein as a hybrid fusion product followinq a 

25 temperature shift which inactivated the CI8!57 repressor an 
allowed transcription initiation from the PR promoter. Bo 
the parent vector construct with the ATG initiator adjacen . . 

to and in frame with the collaqen/6-qalactosidase fusion 
(noninsert vector), and pJG200 containing the R6X replicat 

30 initiator protein joined in frame to the ATG initia~or cod 
( 5') and the collaqen/ JJ-qalactosidase fusion (.3 ' ) (insert 
vector), produced ~-galactosidase activity in bacterial 
cells transformed with the plasmids. As a result, bacteri 

35 
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strains containing plasmids with inserts are not 
distinquishable from strains containinq the parent vector 

with no insert. 

7.2. REMOVAL OF THE P-R,Cr857 REPRESSOR 
AND AMINO TERMINUS OF CRO 

The first alteratio~ to p.JG200 according to this 

invention was.the removal and replacement of the Eco RI-Ba~ 

HI fraqment that contained the PR promoter, CI857 repressor 
and amino terminus of the cro protein which provided the A~ 

10start sita for the fusion proteins. An oliqonucleotide 
l'inker was inserted to produce the p258 plasmid, which 
maintained the Eco RI site· and also encoded the additional 

DNA sequences recoqnized by Nco I, Bgl ~I and Bam HI 
restriction endonucleases. This modification provided a nE 

15ATG start codon that was out of frame with the collagen/~ 

galactosid~se fusion. As a result, there is no 
~- qalactosidase activity in cells transfo:rmed with the p2! 
plasmid. In addition this modification removed the cro 
protein amino terminus so that any resultant recombinant 

20 fusion products inserted adjacent to the ATG start codon 
will not have ero encoded amino acids at their amino 

25 

terminus. In contrast, recombinant proteins expressed frc 

the oriqinal pJG200 vector all have cro encoded amino acid 
at their amino terminus. 

7.J. ADDITION OF TH!; PT~ PRO~OTER, SHINE 
DALGARNO SEQUENCE AND ATG'COOON 

In the second step of construction of a TSAR 
expression vector, a restriction fragment, the Eco RI-Neo 

30 fra9J11ent of pICK233-2 (Pharmacia Biochemicals, Milwaukee, 
WI), was inserted into the Eco RI-Nee I restriction sites 
plasmid p258 to produce plasmid p~77. As a result, the p~ 

. 35 
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plasmid contained the PTAC (also known as PTac> promoter of 

plCK233-2. the lacz ribosome bindinq site and an ATG 

initiati~n codon. 
In the p277 plasmid, the insertion of a tarqet 

protein sequence allows its transcription from an IPTG 
5 inducible promoter in an appropriate strain background. Th 

appropriate strain background provides sufficient lac 

repressor protein to inhibit transcription from the 

uninduced PTAC promoter. Appropriate strains that can be 

used ·include JMlOl or Xt.1-Blue. Because cells can be 
10 induced by the simple addition of ·small amounts of the 

chemical IPTG, the p277 plasmid provides a siqnificant 

commercial advanta9e over promoters that require temperatui 

shifts for induction. For example, induction by the PR 

promoter requires a temperature shift to inactivate the 
15 c

1
&57 repressor inhibitin9 pJG200's PR promoter. Inductior 

of c·ommercial quantities of cell -cultures containing 
temperature inducible promoters require the inconvenien~ 

step of· heatin9 larqe volumes of cells and medium to produc 

the temperature shift necessary for induction. 
20 One additional benefit of the promoter chanqe is 

that cells are not subjected to hiqh temperatures or 

temperature shifts. · Hiqh temperatures and temperature 
shifts result in a heat shock response and the induction o 

25
heat shock response proteases capable of deqradin; 

recombinant proteins as well as host proteins [See Grossma 

et al., Cell 38:383 (1984) 1 Baker et al._, Proc. Natl. Acad 

Sci. !,!: 67~9 (1984)). 

30 
7.4. IMPROVEMENT OF THE RIBOSOME .BINDING SITE 

The p277 expression vector was further modified 

insertion of twenty-nine base pairs, namely 

S'CATGTATCGATTAAATAAGGAGGAATAACJ' into the Nee I site of 

p277 to pro4uce plasmid p34~-l- This 29 bp sequence is 

3Srelated to, but different from, one portion of the schoner 
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•minicistron" sequence (Schoner et al., Proc. Nat'l. Acad. 

sci. !1: 8506, (1986)]• The inciusion of these 29 base 

pairs provides an optimum. Shine/Dalgarno site for 

ribosomal/mRNA interaction. The pJ40-l expres5ion vector 

significantly differs from p.JG200 because it contains a 
5 hiqhly inducible promoter suitable for the high yields 

needed for co~ercial preparations, an improved synthetic 

ribosome binding site region to improve translation, and a 

means to.provide a visual indicator of fraqment insertion 
upon isolation. The steps in the·conatruction of vector 

lO pJ.40-1 are diagrammed in Figure 1. 

8. EXAMPLE: CONTROL FUSION PROTEIN 
AND CONSTRUCTION OF TSAR-1 

A plasmid_ construct was made ~at included a 

15portion of the DNA sequence encodinq the variable domain 01 

a murine monoclonai antibody specific for a dansyl hapten, 
fused to a DNA sequence encoding a collagenase sensitive 

site and ~-qalactosidase. 
Asseml:>ly of the synthetic oliqomers was carried 

20out in multiple steps. In general, single stranded 

oliqonucleo.tides bearinq · complementary overhangs were 

annealed and li9ated to produce three separate double~ 

stranded fragme~ts whose specific construction is describe 

below. Subsets of these double stranded oli9onucleotides 
2S w~re assembled in separate annealing •nd liqation reaction 

to produce sub•fraqments. Before assembly, synthetic 
oli9omers were kinased with 10 units of T4 polynucl~otide 

kinase. To .• prevent concatenation during li9ation, the 5' 

terminal oligoaers on either strand.were not phosphorylate 
30 A modified pBS+ vector (Strataqene) vas produced to simpU 

su1'sequent cloning steps (see sec~ion 6.2, supra). The 

modified vector, designated p287, was made by chanqinq th~ 
+ . pSS vector HindIII restri~tion site to a NeoI site. The 

synthetic oligomers were separately cloned into vector p2E 
35 
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to allow DNA amplification and 5equ~nce verification by 

dideoxy-nucleotide sequencing. Insertion of the assell\bled 

fraqments into the moc:lif ied vector produced different 

recombinant plasmids each containing a portion ot a 

potential binding domain DNA region proceeding from amino t 

5 carboxy terminus respectively as described below. Followir 

ligation, each plasmid ONA was transformed separately into 

competent ~ ~ JM101. 

The first fragment was composed of six 

oligonucleotides and included the sequence from the XhoI 
10 site to the HindtII site of the sequence shown in Figure 2 

This fragment (B) was inserted into the XhoI and HindIII 

site of p2B7 to yield p306. 

A second traqment was composed of four 

· oligonucleotides incorporating the sequence between HindII 
15 o I 

· and BamH I of the sequence shown in Fiqure 2. This fraqme 

(C) was cloned into HindII_I and Ba:mH I digested p287 to 

produce p320. The XhoI/HindIII fraqraent (B) from p306 anc 

the aindIII/BamH I fragment (C) from p320 were subcloned 

20
into p287 that had been digested with XhoI and BamH I to 

yield p32l in which fragments B and c were juxtaposed a! t 

HindIIJ: site. 
A third fragm..ent containinq the sequence includ~ 

the AA'?TC_nucleotides of the EcoR I site to the XhoI site 

25
Figure 2 was produced from six oliqonucleotides. This 

fragmen~ (A) was cloned into EcoR i and XhoI digested p2a· 

to yield plasmid p322. 

The XhoI/BamH I 8/C fragment of p321 and the 

NcoI/XhoI subfragment of p322, the la~ter containing the 

30 frag'llent sequence, were subc:;loned into NcoI and BamH I 

digested p277 (see Section 7.3) to yield p32J. 

_The mini-cistron fragment was inserted into the 

Ncol site of the modified p277 i.e., pl23, to yield the 

construct p32S-13. A diagram of p325-13 is shown in Fiqu 

36 3. 
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Although the DNA sequence encoding the fusion 

protein expressed by p32S-13 contained a poreion of the 
sequence of the variabla domain of an antibody specific for 
a dansyl hapten, bindinq studies indicated that the fusion 
protein had no specific binding affinity for the dansyl 

5 moiety. Tne fusion protein expressed by p~25-13 was, 

however, cleavable by collagenase and could be detected in 
vitro by the ~-qalactosidase activity of its carboxyl 
terminal end. As illustrated in FiCJUre 7, the fusion 
protein expressed by p325-l3 also had no detectable specif 5 

lObindinq affinity for lysozyme although the amino-terminal 

end of the fusion p_rotein shares si9nificant hoinoloc;y with 

the variable re9ion of the monoclonal antibody havinq 
affinity for hen egg lysozyme reported by Darsley and Reed 

EMBO J. 4: 393 (1988). 
15 - . . (h . The expressed fusion protein ereinafter termed 

ucontrol fusion protein•) cou1d be modified to.produce a 
TSAR-l according to the pre,ent invention as follows~ 
Random mutaqenesis of the oligonucleotide sequence encodin 
the amino-terminal end of the control fusion protein, 

20 followed by expressi~n ~nd screening the family of related 
fusion proteins formed using a dansyl or lysozyme ligand 
would result in a TSAR having the desired binding dom~in 
with affinity for ~he dansyl or lysozyme li9and, a 

25 
collagenase sensitive linker domain and an effector domair. 
havinq p-galactosidase activity. For example, dlemical 
syn~esis of the oligonucleotides encoding the amino­
terminal end of p32S-13 usi~q proqrammed reser'V'oir 
contamination results in a family of oli9onucleotides whic 

30 
when expressed, yields a family ot fusion proteins relatec 
to the control fusion protein. Screening this family of· 
related fusion proteins results in a TSAR termed •TsAR-1# 
havinq a bindinq domain wi~h affinity for dansyl or lysozl 
and an effector domain havinq 8-qalactosidase activity. 

35 
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Screens ~re accomplished by replicating cells 

containing vectors expressin9 the family of fusion proteins 

immobilizing expressed proteins from vector containinq cell: 

to filter, applyinq either the lysozy'llle or the dansyl ligan< 

to the filters, washinq the unbound ligand from the filters 
5 detecting the bound liqand, and then examinin9 the filters 

for liqand binding ~o identify vectors expressing a dansyl 

or lysozyme binding moiety. 

9. EXAMPLE: TSAR-2 CONSTRUCTION 
10 A plas~id construct was made that includes a 

bindin9 domain consisting of a chemically synthesize~ 

modified sequence designed from the variable domain of. a 

monoclonal ant~}:)ody with affinity for the G-Loop-2 reqion c 

hen egg lysozyme, as reported by Oarsley and Reed, EMBO J. 
15 . . i: 393 (1988). The modified DNA sequence was fused to DNA 

20 

sequences encadin9·a colla9enase sensitive site an~ P­

galactosidase. Assembly of the synthetic oli9omers was 

carried out in multiple steps. 
In gener~l, sin9le•stranded oli9onucleotides 

bearinq coillpl~mentary overhangs were annealed and ligate.d t 
. . 

produce double-stranded subfraqments encodinq the TSAR-2 

bindinq domain. These doU})le-stranded oligonucleotides ve; 

then assembled to produce two separate double-stranded 

25 
fra9Jllents that toqether encode the TSAR-2 binding domain. 

The specific construction of these _two fra9J11ents is 

des~ribed beiow. Before assembly, synthetic oliqomers wer, 

kinased with 10 units of T4 polynucleotide kinase. To 

prevent concatenation during .li9ation, the 5' terminal 

30 oligomer on either strand was not phosphorylated. Followi 

ligation, each plasmid DNA was transformed separately into 

competent ~ coli 3MlOl. 
The synthetic.oli9om~rs eonstitutin9 the two 

double-stranded fragments encodin9 the TSAR-2 binding doma 

35were separately cloned into the modified pBS+ vectors p287 
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or pJSO (described in section s supra) to allow DNA 
amplification and sequence verification by dideoxynucleotidE 

sequ~ncinq. The first fraqment was composed of six 
oligonucleotides and included. the sequence from the _NcoI 
site to the XbaI site of the sequence shown in Fiqure 4. 

5 This fra<Jlllent was cloned into NeoI and XbaI diqested pJSO t. 

produce.plasmid p374-2. 

The se.eond fragment was composed of ten 
oligonucleotides and included the sequence from the XbaI 
site to the BaJDH I site of the sequence shown in Figure 4. 

10 This fraqment was cloned into XbaI and BamH I digested 
plasmid p287 to produce plasmid p382-9. 

The first NcoI/Xba I fraqment of p374-2 and the 

second XbaI/BamH I fraqment of p382-9 were then subeloned 
into NeoI and BamH I digested plasmid p340 (see Section 7, 

15 
supra) to pro~uce plasmid pJ95-4, the TSAR-2 expression 
vector. A diaqram of plasmid p395-4 is shewn in Fiqure 5. 

T~e resultinq .protein fusion product, TSAR-2, 

shares siqnif icant sequence homoloqy in the hindinq domain 
with the control fusion product described in sec::'tion 9 and 

20 . 'd . 1 h 1 f . . . is i. entica tot e.contro us.i.on prote1n in all other 
parts of the molecules. A comparison of the sequence 
similarity of the control fusion product and TSAR-2 is 

provided in Figure 6. TSAR-2 differs in bindinq activity 

25
when compared to the control as demonstrated in Fiqures 7 
and 9. 

10. EXAMPLE: CELL GROWTH AND EXPRESSION 
FOR TSAR PURIFICATION 

~ coli cells harboring the TSAR vectors or the 
30 cont.roi fu.sion protein were qrown in 10 liters of 2x YT 

fermentation medium. [Miller, Experiments in Molecular 
Genetics, Cold Spring Harbor Laboratory, Cold Spring Harbo 
N.Y. p. 433 (1974)]. Cells were qrown in a MagnaFerm Bene 

Top Fermentor Model MA-100 (New Brunswick Scientific G.) 
35 
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from a dilution of an overnight culture 9rown in M9 medium 
to an 00

590 
of about o. 5. [Miller_, supra, p.431] 

supplemented with ampicillin. Cells were cultured in the i 

fermentation medium to an 00590 of a at which time IPTG wa~ 

added to l mM and lactose was added to 5 mM. During 
Sfermentation the pH was maintained at 7. 8-galactosidase 

activity was monitored by a colorimetric assay with ONPG a! 
substrate using the protocol of Miller, supra, p. 433. Whf 

8-qalactosidase activity plateaued, the cells were harvest£ 

by centrifuqation and stored at -2o•c. 
10 

11. EXAMPLE: PURIFICATION OF THE 
CONTROL FUSION PROTEIN AND TSAR-2 

E. coli cells containing either the p325•13 -.-
expressing the control fusion protein or the pJ95-4 plasmi 

15 expressing TSAR-2 were harvested.· by cent:t"if'u9ation and .. 
stored frozen. Frozen cell paste was resuspended in o.OSM 
Tris-HCl pH s, o.oSM EDTA, 15% sucrose wieh freshly 
dissolv~d lysozyine at l mg/ml in a volume of buffer such 
that l 9 of cell paste was resuspended in 5 ml of Duffer. 

20The cells were incucated on ice for 30 min. and then frozE 
at -7o•c, thawed rapidly and sonicated briefly to shear D~ 
PMSF was added to lmM and ~he suspension was centrifu9ed c 
27,000 x g for 30 min. at 4•c. Nucleic acids were 
precipitated by dropwise addition of iot streptomycin 

25 sulfate. 

The supernatant was adjusted to 1.6 M NaCl and 
applied to a p-aminophenyl-1-thio-p-D-qalactopyranoside-. . 

Sepharose column usinq the procedure of Ullmann [Gene ~: 
(1984)]. A Jx7 cm colwn.n was routinely used for 24 q of 

30 frozen cell paste. The TSAR/control protein was eluted w 

0 .. 1 M sodium borate,. pH 5 and promptly precipitated with 
ammonium s~lfate. The fractions were assayed for p­
qalactosidase activity and the active fractions were pool 

35 
Protein was collected by centrifuqation at 12,000 x 9 for 

. ·. ·.: :-
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min. at 4·c. The TSAR/control protein precipitate was 

dissolved in and dialyzed overnight against 0.05 M Tris-HCl. 

pH s.3, 0.15 M NaCl, 0.02% sodium azide, o.1% polyethylene 

glycol 8000 at 4•c. The purity of the TSAR/control protein 

was monitored as units of p-qalactosidase per mq of protein, 
5 as measured by the Bradford Assay (Bio-Rad). TSAR/control 

protein was quantitated by colorimetric assay for ~- · 

galactosidase activity usinq ONPG as substrate. 

10 
12. EXAMPLE: LYSOZYME BINDING 

ASSAY OF TSAR-2 
The bindin9 affinities and specificities of the 

control fusion protein and TSAR•2 to Chicken Eq9 Lysozyme 

MCl (Sigma Chemical Co., st. Louis, MO) were compared as 

follows: 
15· a) .Two 96-well SeroCluster EIA plates (elisa 

immuno-assay plate~, Costar, Cambridqe, MA) were coated 

overniqht: one with 25 µq/ml chicken egg lysozyme in lX TBS 

.. (10 mM Tris-HCl, pH 8.0, lS mM NaCl in distilled H2o), the 

second with 25 µg/ml bovine serum albumin (BSA) also in lX 

20 TBS. The volume placed in each well was 100 ,il. 

b) Fourteen hours later the coating material 

was removed by aspiration. Suhsequentry, 25 µg/ml BSA in 1 

TBST (TBS with TWeen-20 added to a final concentration of 

0.05%) was added at 200 pl/well and plates were incubated 

25 for 2 hours at room temperature to block additional bindin~ 

c) After the 2_hour blocking period, both 

plates were washed 8 times with lX TBST. 

dl Dilutions of the control and TSAR•2 protei? 

were prepared during the 2 hour blockinq reaction. To 
30 det~tmine what dilutions were required, the control.and 

TSAR-2 proteins were first assayed for beta-galactosidase 

activity, and the activities compared. Because TSAR-2 had 

only a very slightly higher beta-qalactosidase activity th. 

35 
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the control on an activity to mass basis (the ratio being 

l:l.05)., equal concentrations of each·were used in the 

assay. 
Purified control and TSAR-2 proteins were dilute 

·to 100, 75, ·so., 25, 10, S, 1, and 0.1 11CJ/mi. 'rhe dilution 
5 were made into polypropylene tubes using standard pipettir 

techniques. lX TBST was employed as the dilutant. The 

plates were loaded with 100 pl/well as.follows: 

10 

15 

20 

B 

c 
D 

E 

F 

G 

H 

l 2 

CONTROL 
J 4 

100 ~9/llll 

75 µ9/ml 

50 ,..g/ml 

25 µ9/ml 

10 ~q/ml 

5 11q/ml 

l pg/ml 

O.l eCJ/ml 

TSAR-2 BLANK 

5 6 7 8 9 10 11 12 

100 µ9/ml 1X TBST 

75 µ9/ml 
so µ9/ml 

25 pg/ml 

10 µ9/ml 

s p,q/ml 

l 119/Dll 

O~l "9/ml 

·parallel plates l and 2 were run treated as in 

(a). one plate was coated with chicken egg lysozyme and 

second was coated with BSA as an additional control li9an 

The incubation time to allow bindinq in this assay was 2 

25 
hours at 21 •c . 

. e) The plates were washed 8 times with lX TE 

f) · After aspirating the final wash buffer, : 

,.,1 of z buffer (60mM Na2HP04 .7H2o; 40mM NaH2P04 .H2o: lOmM 

KCl: lJnM Mgso4 .7H2o: 50 mM beta-mercaptoethanol) was addE 

30 
to each well (including the blank control weils). so µl/ 

of ONPG (4 mq/ml in distilled H20) was tben added to eact 

well (including the blank we1·1s) ~ 

35 
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9) Multiple determinations of optical density 

were done over approximately 4 5 minutes. .The pl"ates were 

read at 405 nm in a 5 and 10 minute kinetic run. The 
results are expressed as the change in optical density over 

time. s . 
h) The color change was stopped by the additic 

of so µl/well lM Na2co3 , and a final endpoint reading was 
taken. All analyses were done using a Molecular Devices,. . . 

Inc. (Palo Alto, CA) vsnax (TM) kinetic microplate reader. 

The data was collected and analyzed using softmax (TM} 
tO colorimetric analysis software and an IBM-PC compatible 

0 . t:'"\t'f "/• -i./-7u -p ~,/ 

15 

col'l\puter. 
1 

""" T> '-

As can be seen from Figure~ TSAR-2 protein is 

able to bind to chicken egg lysozyme but .not to bovine ser 
albumin (BSA). In addition, the control fusion protein do 

not bind to chicken egg lysozyme when compared to TSAR-2. 

even thouqh the control fusion protein and TSAR•2 share ve 

close sequence simila~ities since they are absolutely 
identical in all portions of the protein except the bindir 
domain (amino acids. 2-11s ·for the control fusion protein·c 

20 . . . 
3-114 for TSAR-2 as diaqramm~d in Figure B). Although not 
exactly similar in the binding d0main, the two proteins a> 
closely related in binding domain sequence as is apparent 
from the comparison of the sequence of these regions 

25
presented in ~igure 6 and the schematic of Figure 8. 

TSAR-2 bindinq specificity and affinity for 
different lysozymes was analyzed using these same kinetic 
procedures by comparison of the binding of TSAR-2 to chic 
egg lysozyme and human milk lysozyme. Although TSAR-2 ha 

30 significant binding affinity for chi_cken egg lysozyme as 
indicated in Fiqure 9, TSAR-2 had a very low affinity for· 
human milk lysozyme that could be detected in kinetic ass 
only at high concentrations of prote~n (between so-100 P9 
for human m~lk lysozyme as compared to binding to. chicker 

35eg9 lysozyme that was d~tectable at concentrations below 

. B · Replaced 
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~m/ml). Thus, TSAR-2 in this example is an illustration o· 

a heterofunctional protein produeed by the method of the 

invention which has a binding domain of characterized 

affinity and specificity for chicken egg lysozyme as 

distinct from hwnan milk lysozyme, wherein the binding 
5 domain is fused ~o ·a biolo9ically or chemically active 

polypeptide or protein, i.e. p-qalactosidase in this 

embodiment. 

10 

15 

20 

13. DEPOSIT OF MICROORGANISMS 

The following plasmid was deposited with the . 

Al1lerican Type culture collection (ATCC), Rockville, MO on 

Novemtler 29, 1988, and has been assigned the indicated 

accession nwnber: 
Plasmid Accession Number 

p340 ATCC 40516 

The following plasmids were deposited in strain 

JM-101 with the Aqricultural Research CUlt~re Collection 

have been assigned the indicated accession numbers: 

Plasmid Accession Number 

p325-13 
p395-4 

B - 18587 

B - 18588 

The present ~nvention is not to be limited in 

scope by the plasmids deposited since the deposited 

25 
e~odiments are intend~d as illustrations of one aspect c 

the invention, any of which are functionally equivalent 

within the scope of this invention. Indeed, various 

modifications of the invention in addition to those showr 

and described herein will become apparent to those skillf 

30 in the art from the foreqoinq description and accompanyi1 

drawings. such' modifications are intendea to fall withir 

the scope of the appended clai~s. 

35 
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It is also to be understood that all base pair an 
amino acid residue numbers.and si2es given for nucleotides 
and peptides are approxima~e and are usecl for purposes of 
description. 

·:··. 
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WHAT IS CIAIMED IS: 

5 

10 

15 

20 

l. A method for producing a heterofunctional 

fusion protein naving specificity for a ligand of choice, 

comprising: 
(a) inserting {i) a first nucleotide sequence 

. . 
encoding a putative binding domain designed to have-

speciticity for the ligand-of choice and (ii) a second 

nucleotide sequence encoding a biologically or 
chemically active effector domain into a vector· 

downstream from a 5' ATG start codon to produce a 
library of vectors codinq for an in-frame fusion 

protein; 
(b) trans~orminq compatible host cells with ~he 

vectors formed in step (a) to express the fusion 

proteins: and 

(c) screening the expressed fusion proteins to 

identify a fusion protein having binding specificity f 

the ligand of choice and the desired second biological 

or chemical activity, 
in which the first nucleotide sequence is obtained by a 

process of mutaqenesis. 

2. The method accordinq to claim i, in which tl 

25 
the fusion pracein having the desired binding specificity 

detected by m~ans of the biological or chemical activity c 

the effector domain encoded by the second nucleotide 

sequence. 

30 

35 

3. The method according to claim l, in which tl 

mutagenesi_s is by chemical synthesis of an altered 

nucleotide sequence or by in vivo- or in vitro-induced 

alteration of a known nucleotide sequence. 
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. 4. The method according to claim l, in whic::h ste. 

(a) further comprises inserting a third nucleotide sequence 

encoding a linker domain between the first and second 

nucleotide sequences·. 

5. The method according to claim 4, in which the 

linker domain is stable. 

6. The method according to claim 41 in. which the 

linker domain moiety is susceptible to cleavage by enzymati 
10 or chemical means. 

7. The method according to claim 1, in which th( 

first nucleotide sequence encoding a putative bindinq doma_ 

is obtained by random mutagenesis of a nucleotide sequence 
15 . d' . f t ll . . encoding the bin inq domain o a na ura y occurr1nq 

20 

receptor for the ligand of choice. 

naturally 

8 •. The method according to claim 7, in.which th· 

occurrin9 receptor is selected from the grQup 

consistin9 of a variable region of an antibody, an 

enzyme/substrate bindin9 site, an enzyme/co-factor binding 

site, a regulatory DNA binding protein, an RNA binding 

protein, a binding site of a meta·1 binding protein, a 

~nucleotide fold or GTP. binding protein, a calcium binding 

protein, a membrane prqtein, a viral p~otein and an 
intec;rin. 

9. A method for producing a heterofunctional 

30 
fusion p_rotein having sp~cificity for a li9and of choice, 

comprisinq: . 
(a) insertin9 (i) a first nucleotide s"equence 

encoding a putative binding domain designed to have 

specificity for the ligand of choice and (ii} a seconc 

· 35 nucleotide sequence encoding a. biologi~ally or 

1f ili1Ui1l1li1ililf 
111111~ 1111~ 11~111111111111 

s * .. 
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chemically active domain into a vector downstream from < 

5' ATG start codon to produce a· library of vectors 
coding for an in-frame fusion protein: 

(b) transforming compatible host cells with the 
vectors formed in step (al to express the fusion 

proteins; and 
(c) screening the expressed fusion proteins to 

identify a fusion protein havinq binding specificity fo: 
the ligand Of Choice and the desired second biological 

or chemical activity, 
lO in which the first nucleotide sequence encoding the putativ 

bindinq domain is obtained by a method which comprises: 
insertinq a randomly generated nucleotide sequenc 

and a second nucleotide sequence encoding a biologically or 
chemically active -domain into a vector downstream of a S'Al 

15 . 
start codon to produce a library of vectors coding for an 

in-frame fusion protein: 
transforminq cells with the- resultin9 vectors to 

express the fusion proteins: 
screeninq the expressed fusion proteins to 

20. . . i . 1dent1fy a fusion prote1n hav nq bindinq specificity for tl 

25 

30 

ligand of choice1 and 
determinin9 the nucleotide sequen~e of the bindii 

domain of the identified fusion protein. 

10. .The method according to claim 9, in which t: 
randomly qenerated nucleotide sequence is obtained by rand 
chemical synthesis of or by random alteration of a known 

nucleotide sequence. 

11. The me~hod according to claim l, in which ~ 

liqand is selected from the group consisting of a chemical 
qroup, an ion, a metal·, a peptide or any portion thereof, 
nucleic acid or any portion thereof, a carbohydrate, 

35carbohydrate polymer or portion thereof, a lipid, a fatty 
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acid, a 'viral particle or portion thereof, a membrane 

vesicle or portion thereof, a cell wall component, a 

·synthetic organic compound, a bioorganic compound and an 

inorganic compound. 

5 

10 

12. The method according to claim 1, in which the 

biologically or chemically active effector domain is 

selected from the group consisting of detectable, enzymatic 

and therapeutically active polypeptide or protein moieties. 

13. The method according to claim 12, in which 

the biologically or chemically active effector domain is ~­

.galactosidase or a portion.thereof. 

14. 
15 . 

linker domain is susceptible to cleava9e by enzymatic means 
The method according to claim 6, in which th· 

15. The method according to claim 14, in which 

the enzymatic means is selected from the qroup consisting o 

collagenase, enterokinase, Factor Xa and thrombin. 
20 . 

25· 

16. The method according to claim 6, in which th 

linker peptide moiety is susceptible to.cleavage by chemica 

means. 

17. The method accor~in9 to claim 16, in which 

the chemical means is cyano9en bromide. · 

18. The method accordin9 to claim 1, in which tl 

30 vector is selected from the group consisting of bacterial 

plasmid, bacterial phage, eukaryotic plasmid and eukaryotic 

viral vectors. 

35 
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19. The method according to claim .19, in wt ~h 

the vector is selected from the group consisting of p340, 
pBRJ22, pAC1005, pSClOl, p8R325, lambda, MlJ, T7, T4, SV4C 

EBV, adenovirus, vaccinia, yeast, insect vectors, and 
derivatives thereof. 5 . 

20. The method according to claim 19, in which 
the vec~or is p340. 

21. A method for producing a unifunctional 
10 polypeptide or protein having specificity for a ~iqand of 

choice, cc;>mprisin9: 

15 

(a) inserting, into a vector, (i) a first 
nucleotide sequence encoding a putative bindinq doma~n 
designed t.o have specificity for the ligand of choice, ( i 
·a second nucleotide sequence encoding a biologically or 
chemically active domain and (iii) a third nucleotide 
seqUence encoding a linker domain susceptible to cleavage 
enzymatic or chemical means between the first and second 
nucleotide sequences~ in which the sequences are inserted 

20 . 
downstream from a 5' ATG_start codon to produce a library 
vectors coding for an in-frame fusion protein: 

(b) transforminq compatible host cells with th 
vectors formed in step (a} to express the fusion protein5 

25 
(c) screeninq the expressed_fusion prote~ns to 

identify·a fusion protein havinq bindinq specificity for 
liqand of choice and the desired second bioloqical or 
chemical aotivity; and 

(d) cleaving the bindinq.domain Of the fusion 

30 protein from the remaining portion of the fusion protein 
identified in step (c) by enzymatic or chemical cleava9e 
form a unifunctional binding polypeptide or protein havir 

specificity for the liqand of choice. 

35 
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22. A method for producinq a unifunctional 

polypeptide or protein having specificity_ for a liqand of 
choice, comprisinq: chemically synthesizinq the amino aci' 

sequence of the binding domain of a fusion protein produce· 
accordinq to the method·of claim l. 

23. A method for produc:inq a unifunctional 
polypeptide or protein having specificity for a liqan~ of 

choice, comprisin9: chemically synthesizing the amino aci 
sequence of the binding domain of a fusion protein produce 

10 . 
aecordinq to the method of claim 9. 

24. A method for producing a unifunctional 

polypeptide or protein having specificity for a liqand of 
choice, comprising cleaving.the heterofunctional fusion 

15
protein prepared accordinq to claim 6 by enzymatic or 

chemical Uleans. 

25. A concatenated, heterofunctional fusion 
polypeptide or pr~tein, comprisinq.at least one binding 

20 
domain having specificity for a ligand of choice and a 
second effector domain that is biologically or chemically 
active, prepared accordinq to ~he method of claim l. 

25 

30 

26. A concatenated, heterofunctional fusion 
polypeptide or protein, comprisin9 at least one binding 
domain having specificity for a ligand of choice and a 
second effector domain that is biologically or chemicall~ 
active, prepared accordinq to the method of claim 4. 

27. A concatenated, heterofunctional fusion 
polypeptide or protein, comprising at least one binding 
domain having specificity for a ligand of choice and a 
second effector domain that is bioloqically or chemicall· . . 

35 active, iprepared ar;cordinq to the method of claim 6. 
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