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The possibility of increasing the affinity of a Tag DNA
polymerase specific binding protein (affibody) was
investigated by ana-helix shuffling strategy. The primary
affibody was from a naive combinatorial library of the
three-helix bundle Z domain derived from staphylococcal
protein A. A hierarchical library was constructed through
selective re-randomization of six amino acid positions in
one of the twoa-helices of the domain, making up theTaq
DNA polymerase binding surface. After selections using
monovalent phage display technology, second generation
variants were identified having affinities Kp) for Taq DNA
polymerase in the range of 30-50 nM as determined by
biosensor technology. Analysis of binding data indicated
that the increases in affinity were predominantly due
to decreased dissociation rate kinetics. Interestingly, the
affinities observed for the second generationTaq DNA
polymerase specific affibodies are of similar strength as the
affinity between the original protein A domain and the
Fc domain of human immunoglobulin G. Further, the
possibilities of increasing the apparent affinity through
multimerization of affibodies was demonstrated for a
dimeric version of one of the second generation affibodies,
constructed by head-to-tail gene fusion. As compared with
its monomeric counterpart, the binding to sensor chip
immobilized Taq DNA polymerase was characterized by a
threefold higher apparent affinity, due to slower off-rate
kinetics. The results show that the binding specificity of
the protein A domain can be re-directed to an entirely
different target, without loss of binding strength.
Keywordsaffibody/affinity maturation/phage display/staphylo-
coccal protein ATaq DNA polymerase

Introduction

1994; McConnell and Hoess, 1995; Nartal., 1997), dissoci-
ation constants in the range Kf, = 10°-10" M are typical
affinities of isolated binders. Although the construction of
phage libraries of higher complexities has been described using,
for example, ‘brute force’ principles of scale-up (Vaugleaal.,
1996) orin vivo recombination (Cre—lox) (Griffithet al,
1994), in most cases, the library diversity is still a limiting
factor for the isolation of high affinity variants.

A previously described strategy to circumvent the need for
large naive libraries to isolate high-affinity antibody fragments
is the harvesting of immunoglobulin-encoding sequences from
donors immunized with the target of interest (Clacksomal,
1991; Hoogenboomet al, 1998). However, such biased
libraries are of limited use for the isolation of antibodies to a
wide range of targets. Alternatively, binders of higher affinities
can be obtained through affinity maturation of lead binders
(first generation’ binders) isolated from naive libraries. This
approach includes selection of variants from hierarchical
libraries constructed on the basis of sequences of already
identified binders. For antibodies, different methods for con-
struction of such libraries for the isolation of high-affinity
variants have been described involving, for example, heavy
and/or light chain shuffling (Markst al,, 1992; Schieft al,,
1996a), CDR re-randomization (Yangt al, 1995; Schier
et al, 1996b), step-wise sexual PCR (Crametrial., 1996) or
by using a bacterial mutator strain (Lot al, 1996). Similar
principles, although directed to other relevant portions of the
structure, have also been applied to the increase of affinities
of non-immunoglobulin proteins, including scaffold proteins
(Martin et al, 1996) or peptidegWrighton et al, 1996)
obtained from primary selections from combinatorial libraries,
or naturally occurring binding proteins (Lowman and Wells,
1993; Ballingeret al, 1998).

We have previously described the phage display-facilitated
selection of novel binding proteins (affibodies) from combina-
torial libraries of the three-helix bundle, 58 residue Z domain
derived from staphylococcal protein A (SPA), in which 13
amino acid positions distributed over the first two helices were
targeted for randomization (Noet al, 1995, 1997)Figure 1).

From libraries of peptides and proteins, variants capable o¢'sing standard technology, the library sizes obtained were
binding desired target molecules can be efficiently selecte@pproximately 4.%10" members, which only corresponds to

and identified using, for examplie, vitro selection technologies

a minute fraction of the number of clones (approximate§#1L0

such as phage display (Dunn, 1996; Smith and Petrenko, 1997quired for a full sampling of the variability. The affinities

Hoogenboomet al, 1998), ribosomal display (Hanes and

observed for binders to the different targets investigated so far

Pluckthiin, 1997; He and Taussig, 1997) peptides on plasmidgave all been in the micromolaiKg) range, albeit with

(Schatz, 1993) or bacterial display (Georgietial., 1997).

different binding kinetics (Norcet al, 1997). The moderate

For such selections, a correlation between library size (comaffinities obtained for selected affibodies could possibly be a

plexity) and the likelihood of isolating binders of higher
affinities Kp 108 M or lower) has been theoretically

considered (Perelson and Oster, 1979) and experimentalljiscontinuous

demonstrated (Griffithet al, 1994; Vaugharet al, 1996;
Aujameet al, 1997). From ‘standard’ sized (3910 members)

consequence of the sparse library sizes or reflect a conceptual
limitation of the approach involving the randomization of a
‘paratope’ distributed over two separate
a-helices.

In this study, we have investigated if affibody variants with

naive, non-biased libraries of antibody fragments (Griffithshigher affinities for the targefaq DNA polymerase could be

et al, 1993) or protein domain libraries (Tramontaabal,
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isolated from a hierarchic library, constructed in analogy with
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principles applied on the affinity maturation of antibody  culture and incubated 30 min without shaking at 37°C. The
fragments, involving shuffling of individual VH or VL domain superinfected cells were spun down and used to inoculate
chains. Here, the re-randomization was instead selectively 100 ml TSB medium supplemented wahilGimpicillin,
directed to one of the twa-helices making up th&aq DNA 25 pg/ml kanamycin and 10QM isopropyl{3-p-thiogalacto-

polymerase binding surface of the affibody (helix shuffling). side (IPTG). The culture was grown at 30°C for approximately
15 h before it was pelleted by centrifugation and subjected to
Materials and methods rounds of PEG/NaCl precipitation. The phages were re-
. . dissolved in 1 ml phosphate buffered saline (PBS; 50 mM
Strains and plasmids phosphate, 100 mM NaCl, pH 7.2) and filtered through a

Escherichia colistrain RRAM15 (Rither et al, 1981) was  0.45 um filter. This procedure routinely resulted in a phage
used as host during library construction and phagemid workitre of 10*-10'2 phages/ml.
Strain RvV308 (Maureret al, 1980) was used as host for

production of soluble affibodies and strain BL21(DE3) Select!ons L .
(Novagen, Inc., Madison, WI) for the production of the Aff2— Selections were performed againsiarivobiotinylated Aff2—

Taq DNA polymerase fusion protein. Phagemid vector pkN1 T2dDNA polymerase (Aff2¥aq) fusion protein, produced and
was used for library constructions as described earlier (Nor@urified as described earlier (Nilsset al, 1997), either in
et al, 1995) and the vector pAff2c (Nilssoet al, 1996), solution or immobilized onto streptavidin coated paramagnetic
encoding a multiaffinity fusion partner containing amvivo ~ Peads (DynabealisM280-SA, Dynal AS, Oslo, Norway).
biotinylated domain, a hexahistidyl sequence and a serurfolid phase selections
albumin binding protein (ABP), was employed for intracellular For each panning round, a 5 mg portion of beads was washed
production (T7 system) ofaq DNA polymerase. twice in washing/binding buffer (W/B1 M NaCl, 10 mM
Construction of the hierarchical library Tris—HCI, pH 7.5, 1 mM EDTA), followed by incubation with
0 pg Aff2—Taq protein in 310pl storage solution (100 mM
Cl, 100 uM EDTA, 20 mM Tris—HCI, pH 8.0, 0.5% Tween
20 and 50% glycerol) overnight at 4°C, resulting in a target

The library was constructed based on the sequence of
previously describedlag DNA polymerase binding protein

Ztau-9), Selected from a library of the Z domain derived from . . )
gt;?)ﬁi)lococcal protein A (Ngrdet al, 1997). For library protein concentration of approximately dg Aff2-Tagmg

constructions, a solid phase gene assembly strategy w gads. Apprpximatg!y 100l phage stock was added to 5 mg
employed as described pearlier g(]Noexedi al, 1995))/ whereggll eads with |mm_ob|I|zeéj Aff2taq previously washed four
the oligonucleotides used were as described for Z-lib 1 exce mes in PBS with 0.1% Tween 20 (PBST), in a pretreated

for the oligop GUEL8 (3-CAAAGAACTGGGTTGGGC- (PBST with 0.1 % gelatin) Eppendorf tube together witpl5

GACCTGGGAGATCTTCAACTTACCTA-3), encoding the 2% gelatin (final concentration 0.1%). The panning mixture
sequence of helix one, which was kept,unchanged in thivas incubated with rotation overnight at 4°C and subsequently
hierarchical library. Briefly, 350 ng\he/EsBI-digested PCR )[Ig)a:hnee?/vlp?rgg]ee;[e\:lgtthuéer?lnlllao%\'/se-g g;%wggseg?éeltﬁ?ggg?rd
product, encoding helices one and two [NN(G/T) random|z-Bound phages were eluted with 5000.1 M glycin—HCI, pH

ation at six positions] was ligated into gg Mlul/Nhd- ; . .
: - - . . .2 for 20 min and the eluate was neutralized withys@ M
restricted pKN1 phagemid. The ligation mixture was digeste is—HCI and 450ul PBS. Eluted phages were used to infect

with Sad and thereafter purified by extraction with phenol/ . .
chloroform/isoamylalcohol (25:24:1), washed twice with 10 ml log phase RRIMIS5 cells for 20 min which were
chloroform, ethanol precipitated and finally dissolved in@o Subseduently plated on TYE-Amp-Glu agar plates. This pan-
sterile water. Samples of 26 ligation mix were electroporated M"Y procedure was repeated during four rounds of selection.
into 100 pl electrocompetent RRM15 cells. Cells were Soluble selections

grown in 1 ml SOC medium Tryptone Soy Broth (TSB) Eppendorf tubes, phage stocks and beads were pretreated with
medium supplemented with 2% glucose, 10 mM MgCl PBST containing 0.1% gelatin for 1 h before use in selections.
10 mM MgSQ, 10 mM NaCl and 2.5 mM KCI for 1 h and Aff2—Taq protein was added to 100 phage stock (PBS and
plated on TYE (15 g/l agar, 8 g/l NaCl, 10 g/l tryptone and 0.1% gelatin) to a final concentration of 10 nM or 1 nM and

5 g/l yeast extract) medium supplemented with 3@§ml  incubated on a rotator for 2.5 h at room temperature. After
ampicillin and 2% glucose (TYE-Amp-Glu) and grown over washing, 0.5 mg beads in PBS (washed twice in PBST) were
night at 37°C. Colonies were pooled in TSB medium supple-added to the phage mix to a total volume of 20Dand
mented with 100pg/ml ampicillin and 2% glucose (TSB- incubated for 15 min as before. The beads were immediately
Amp-Glu) and frozen at —80°C in aliquots with addition of washed 10 times with 1 ml portions of PBST and transferred
glycerol to a final concentration of 30%. The frequency ofto a new tube before bound phages were eluted during 10 min
religated phagemid vector was determined by PCR screeningnd neutralized and used for reinfection as described above.
using phagemid-specific primers RIT27 and NOKA-2. Thep iain expression and purification

diversity of the library was analysed by solid-phase DNA . .

sequencing (Fulmaret l. 1991) using he same sel of 2157 ST ioUescIseeelons, 10 oy P e o
ollgonucl-eotldes but with a biotinylated version of NOKA-2. (Hultmanet al, 1991: Nordet al, 1997). Plasmid DNA from
Preparation of phage stocks selected clones were prepared using a standard alkali lysis
TSB—Amp-Glu (100 ml) was inoculated with approximately protocol (Sambroolet al,, 1989). Purified plasmid (phagemid)
0.5-2x10° cells from the constructed library or from between constructs were transformegescierichia colstrain Rv308
selection rounds and incubated with shaking at 37°C to givdéor production of soluble affibody—ABD fusion proteins as
an Aggo of 0.5. About 5<10'° M13KO07 helper phage particles  follows. Overnight cultures in TSB—Amp supplemented with
(New England Biolabs, Beverly, MA) were added to 10 mlI5 g/l yeast extract at 37°C were used to inoculate (diluted
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1:200) 100 ml TSB-Amp in baffled shake flasks and allowec ' ] P e, T e
to grow until Aggonm reached 1 before protein production was z;,, ,, b ok e e i s i L
induced with IPTG to a final concentration of 1 mM. Cultures ress £okoune.sd e LR e -l i [

were further grown at 25°C for 24 h before subjected to ar st g
osmotic shock treatment to release periplasmic protein s .2t

T ag BIO0D-3

(Nygrenet al, 1988). Periplasmic fractions were loaded onto % Zra sasm0-4
“Tag BLMH-5

human serum albumin (HSA)-Sepharose columns for affinity i S
chromatography (Nygreet al, 1988). Proteins were analysed '* :mm;
g

by SDS—-PAGE on 20% polyacrylamide gels stained with 3 Trag TROORTY
Coomassie brilliant blue R-250 using the Pharmacia Phast™ ., ... 1um

system (Amersham Pharmacia Biotech AB, Uppsala, Sweder }1 Zraasw2 - e o

. . . 10 Zrag 510 ; el |
and the protein concentrations were determined spectrophot o zr,sip -
metrically atAygonm ol it e
Binding studies using BlAcore - gracgl:; e

. . .. . Tayg 51 i

Selected affibodies were affinity ranked using surface plasmo :M
resonance (SPR) employing a BlAcore 2000 instrumen #10 Zmgsii o= | i e e e iy

Ty oo G| G-V -H=—R- | -===| — oo o

(Biacore AB, Uppsala, Sweden). AmpliTag DNA polymerase "
(Perkm Elmer, quwalk’ CT) or pOIyC|OnaI hIgG (used as Fig. 1. Sequences of first and second generafiag DNA polymerase
control) (Pharmacia & Upjohn AB, Stockholm, Sweden) wasspecific affibody variants. Alignment of deduced amino acid sequences of
immobilized in different flow cells by amine coupling accord- the wild-typeZ domain, two primarily identifiedaq DNA polymerase

ing to the manufacturer's recommendations onto the carbRinding affibodies Zra.1 andZra.¢) and variants selected during the
oxylated dextran layer on surfaces of a CM-5 chip (researcfint maturation using different selection protocols.

grade) resulting in approximately 2100 and 5900 resonance

units (RU), respectively. A third flow cell surface was activated

and deactivated for use as a blank during injections. Twel\/%ensor chip containing 2200 RU of immobilized AmpliTaq

P . ; NA polymerase and 4600 RU hlgG in different flow cells.
newly selectedaqDNA polymerase binding affibody variants 2
and the original £, affibody were injected over the surfaces A blank surface (200 RU) was prepared through activation/

at a concentration of 50 nM. diluted in HEPES buffered salinedeactlvatlon for use as an additional control. For calculations

(HBS: 10 mM HEPES, pH 7.4, 150 mM NaCl, 3.4 mM EDTA, ©f binding kinetic parameters, samples Ofag14 and di-
0.5% surfactant P-20) in duplicates in random order at £ rags1-rABD fusion proteins were injected at random order
constant flow rate of 3Ql/min for 7 min. After each injection, durln_g 5bn:|n at %ggw l\zlate é)f 5(D1I/Zm|n at Con604ent'\r/|at|or(1js
the surfaces were regenerated with 0.05% SDS. The fiv ngl\;/:n%_ Zeween :32 nM and 284 (Zrags1-4) OF 64 pM an
affibodies showing the highest equilibrium responses wer& H (di-Zrags1-0-
selected for further binding analyses.

Kp values of selected affibodies were determined using &esults
Tag DNA polymerase. Samples dafag DNA polymerase

binding affibodies were injected (duplicates in random orderfrom a phagemid-displayed combinatorial library of the 58

. . esidue, three-helix bundle staphylococcal protein A domain
at different concentrations g 0.75 nM to 25uM; second ’ . - .
generation variants: 0.75 rflizjlﬂﬁ) 7\8V) at a flox rate of 20 analogue Z, the selection of two affibody variantg.g£; and

i L ! : Tar:e) Showing micromolar affinities Kp) to Tagq DNA
pl/min. Injections were made during 5 min and the Surfaceszolymerase have been previously described (N, 1997).

; 0 o<
were regenerated using 0.05% SDS. Binding curves wer%n alignment of their amino acid sequences showed that out

based on the equilibrium responses obtained Kpd/alues " . o .
were calculated using the BlAevaluation 2.1 software (Biacoré)f the 13 positions subjected to randomization using NN(G/T)

AB). Kinetic rate constants were calculated using BIAevaIu-degenerate codons, two positions in helix one [positions 10

- ; g 2 (G) and 17 (F)] and a single position in connection to helix 2
ation 2.1 software assuming a one-to-one binding model. [position 24 (G)] were identical in the two selected affibodies

Dimerization of the Zs;jaffibody (Figure 1). Despite the relatively extensive amino acid substitu-
The gene encoding the r4s;; variant was amplified in tions compared with the wild-type Z domain, studies using
eight 50 ul PCR reactions using oligonucleotides NOKA-6  circular dichroism spectroscopy had shown that the secondary
(5'-CCCCGTCGACCGTAGACAACAAATTCAACAAAG-3) structure contents in the two affibodies closely resembled that
and NOKA-7 (8-CCCCCTCGAGCTTTTCGGCGCCTGAG-  of the parental wild-type Z domain, suggesting similar overall
CATC-3) introducing recognition sites for the restriction a-helical content (Norcet al, 1997; Tashircet al, 1997).
enzymesSal and Xhd, respectively. Fragments were pooled, To investigate if related affibody variants could be isolated
ethanol precipitated, restricted and agarose gel purified beforsith higher binding affinities toTag DNA polymerase, an
ligation into the vector pKN1-£g;.5, restricted withXha affinity maturation strategy involving the construction of a

and dephosphorylated. Transformants were analysed by solgkcondary library followed by re-selection against ffeg

phase DNA sequencing and plasmid DNA of the resulting DNA polymerase target was performed. A hierarchical phage-
construct pKN1-di-Z,,s1.0 Was prepared using a Jetstar mini- mid library based on the affibodyg,.s was constructed such

prep column (Genomed, Inc., NC). Dirgs:..-ABD fusion that helix one (containing two identities compared with the
protein was produced and purified as described above. Zr,y. affibody) was kept as initially selected from the naive
comparative binding analysis betweer,&;.—ABD and di- library whereas the six positions previously variegated in helix
Zras1-rABD fusion proteins was performed using a CM-5 two were re-randomized using NN(G/T) degenerate codons
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Fig. 3. Affinity ranking of twelve selected affibody variants. Overlay plot of
sensorgrams obtained for twelve affinity matufieed) DNA polymerase
specific affibodies when injected at an approximate concentration of 50 nM
over a sensor chip surface with immobiliz&édg DNA polymerase.

To determine binding affinities using biosensor measurements,
12 variants were chosen for further analyses and produced as
soluble affibody—ABD fusion proteins from their respective
phagemid constructs and HSA-affinity purified employing the
Fig. 2. The helix shuffling strategy. A primary affibody, selected froma 5 kDa serum albumin binding fusion partner. Expression levels
naive library of the three-helix bundl& domain constructed through were in the range of 6-30 mg/l shake-flask culture and an
et ot a3 e shein aesegy. " “SDS-PAGE analysis showed that the purfied prteins were
From a seéondary Iibraryt,yconstructed throt?gh selective re-?andomigzétion ofOf e’?peCte_d_ slze (ap_proxmgte!y 13 kDa’ data not Sh(_)Wh)_. To
one of the helices (here helix two) involved in the binding interaction, obtain an initial ranking of binding affinities, the 12 affibodies
second generation affibodies are selected. were separately injected at an approximate concentration of
50 nM over aTagDNA polymerase coated sensor chip surface,
using the first generation £, affibody as reference. An
including all 20 amino acids (Figure 2). This strategy shouldoverlay plot of recorded sensorgrams shows that all except
potentially allow for the selection of novel helix two variants one of the injected second generation affibodies bind to the
contributing toTag DNA polymerase binding, from a more target with higher affinities than the reference variant, as
extensively sampled diversity than present in the naive libraryindicated by their higher equilibrium (plateau) responses
The resulting library of approximately 260" members (Figure 3). From a visual inspection of the post-injection parts
was subsequently subjected to affinity selections at differentf the sensorgrams, it could be seen that the interactions
stringencies against a biotinylat@dgDNA polymerase fusion between the target and the newly selected variants were
protein, either in solution (10 or 1 nM concentration) or with characterized by slower off-rate kinetics (Figure 3).
the target protein immobilized onto paramagnetic streptavidin An analysis of complete binding curves, constructed from
beads (2uM concentration). After four rounds of selection, equilibrium responses obtained from injections of affibodies
10 clones were randomly picked from each selection strateggt different concentrations (0.75 nM to 784), showed that
and analysed by DNA sequencing (Figure 1). The result$or five of the variants the affinities<g) were in the range of
showed that with increasing selection stringency, an increase#?—50 nM (Figure 4; Table I). This corresponds to up to a 15-
convergence towards consensus sequences could be obserJédfl increase in affinity for thefag DNA polymerase target
The use of a high concentration (@) of bead-immobilized as compared with the first generation,4s binder. Size
target protein for four rounds of selections did not result inexclusion chromatography analysis of the affibody variant with
any enrichment of frequent variants, whereas the use of lothe highest affinity forTag DNA polymerase (clone %gs1.1),
concentrations of the target protein in solution during selection§howed that the protein did not form higher aggregates, which
represented several times, e.ga&0.1(3/10) and Zagsy.1 (8/ not shown). From_calcu_lated kinetic rate constants, _determlned
10). Interestingly, for 27/28 sequenced variants, a glycind’om analyses of injection (on-rate) and post-injection phases
residue present in both the original clones was re-selected &ff-rate), it could be concluded that the increase in affinity
position 24. Also for other positions, amino acids initially Primarily was a result from significantly slower off-rates
found in the two parental affibodies were frequently re—selecte()(,Table ).
for example, valine or alanine at position 27, lysine or alanindncreasing the apparent affinity by affibody multimerization
at position 28 and arginine at position 35. A few variants wereTo investigate if the apparent affinity for th&aq DNA
isolated regardless of the selection strategy, egeZi from  polymerase target could be further increased by linking two
selections with 1 nM of the target in solution which was affibody moieties in a dimeric construct, the affibody variant
also found using bead-immobilized target protein (variantwith the highest affinity forTag DNA polymerase (clone
Zrag2000-9, although at a lower frequency. Zrag1-) Was produced as a genetically fused (head to tail)
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w Fig. 5. Effect of dimerization of theZr,g1.1 affibody. Overlay plot of
sensorgrams obtained after injectionZafs1.—ABD or di-Ztags1.-ABD
affibody fusion proteins (40 nM of both constructs) over a sensor chip
surface containing immobilize@iaq DNA polymerase. Note the slower
off-rate kinetics seen for the dimeric Zir,s1..~ABD construct indicating
the influence of avidity effects in the binding.

Fig. 4. Binding curves for the five affinity matured affibodies. Overlay plot
of binding curves obtained after injection of different concentrations of the
five second generation affibodie®) showing the highest affinities fofaq
DNA polymerase. As reference, also the ancesEaly.g affibody () was
included in the study.

Closely related sequences with a strong resemblance to the

Table 1. Binding data for affinity matured affibodies - - h
initially selected binders were found in the selected clones. A

Clone Kp® (M) Kaiss (ST M) strong selection for glycine was observed at position 24
Zrrg (reference) 370 0.10 for gll k:_)ut one seqqeng:ed seco_nd generation \(ariants. The
lez-f_l 25 0014 positioning at the beginning of helix two could possibly suggest
Zrag12 52 0.022 a structural role for this residue in thesag DNA polymerase
Zrags10-4 48 0.024 specific variants, rather than being involved in the actual
Zrags10-5 46 0.025 binding interaction.

5&?;2.1 % o The affibody with the highest observed affinity (clone

Zrags1-1) Was efficiently enriched using a low concentration of
soluble target during selections. In this variant, four of the six
randomized positions are occupied by amino acids previously
observed at the corresponding positions in either of the two
Tag DNA polymerase binding affibodies g1 and Zgpg

) ) ) ) ) previously isolated from the naive Z-library (Noret al,
dimeric fusion protein, di-£,.-ABD and analysed for 1997). This suggests that the two initially selecled) DNA
binding to sensor chip immobilized target protein. A com-polymerase binding affibodies as well as the newly selected
parison between response curves obtained for the dimerignqg affinity matured variants bind to the same site on the
variant and its monovalent counterpart clearly shows that th%rget. Thus, during selectioriag DNA polymerase binding
binding of the dimeric version is characterized by a highergeterminants present in the unaltered helix one could have
equilibrium response and slower off-rate kinetics (Figure 5)contributed to a directed selection of variants, resulting in a
The apparent affinitylp) of the dimeric di-Z.s1.1 affibody  selection advantage over variants binding to other parts of the
was calculated to approximately 8 nM, corresponding t0 &arget mediated by helix two only. This notion is supported
threefold increase in affinity compared with the monomericyy results from affinity recovery of recombinafitig DNA
counterpart. However, in affinity determinations of interactionsp0|ymerase from crudEscherichia colilysates in which both
where avidity effects are present, the obtained numbers akge Zragws and the Z,e;4 affibodies have been used as
dependent on the density of immobilized target protein a.nqiffinity ligands. Using both ligands, Bagq DNA polymerase
willtherefore vary depending on experimental conditions.qegradation product is co-purified together with the full-length
Nevertheless, the obtained increase in apparent affinity fobotein, indicating that both ligands recognize an ‘epitope’
the dimeric construct shows upon the potential of furthelgcated within  this fragment (Nord,K., Gunneriusson,E.,
engineering of affibody moieties to obtain, for example,yplin,M. and Nygren,P.-A., manuscript in preparation).
multimeric constructs of high binding avidities. In this study, three different selection protocols were used,
based on either having the target in solution (two different
concentrations) or immobilized onto paramagnetic particles.
The constructed hierarchical library of theq DNA poly- Interestingly, the #s;.1 variant, shown to have one of the
merase binding affibody #q.g involved a re-randomization highest affinities of the variants tested, was present among
of six positions in helix 2 using NN(G/T) degenerate codonsclones isolated using both strategies. However, a more selective
including all 20 amino acids covered by 32 possible codons. enrichment (8/10) of this variant was seen using the target in
Although the library only covered approximately 1.5% of all solution, relative to when an immobilized target was used (1/
possible genetic variants, it corresponds to a more thah 10 10). This suggests that the soluble selection strategy was
fold better sampling of helix two variants than in the original favourable for efficient selection of stronger binders from a

@Data obtained from equilibrium response analyses.

bData obtained from kinetic analysedg,{ and kgisd-

Note: affinity data for the dimeric construct is dependent on the density of
immobilized target.

Discussion

Z-libl library from which the two parental affibodiesrs.1
and Z,gginitially were selected (Norcet al, 1995, 1997).

background of lower affinity variants. Of the variants analysed,
the five with the highest affinities were all isolated using this
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strategy. The obtained increase in affinity of those affibody\lil(SlSQO;A)Jé NilJSS(éf_LF’H Wilggznsl,gé l;ggersson,L., Uhie. and Nygren,P.A.
i i H _ ur. J. Blochem. 1 —. .

variants was found to primarily be a result from slower off- \,c CCF=5 t i S Nygren.p.A. and “tiife (1996) . Mol.

rate kinetics. These results are in accordance with results Recognit, 9, 585-594.

from a_\ffinity_ m_atUI’atiOI’l (_)f antibody fragments using similar Nilsson,J., Bosnes,M., Larsen,F., Nygren,P.A., ‘Wi and Lundeberg,J.

selection principles (Schieat al,, 1996a). (1997) Biotechniques22, 744-751. _
Although affibodies with affinities in the micromolar range NordK., Nilsson,J., Nilsson,B., UfieM. and Nygren,P.A. (1995Protein

- i . X . . Engng 8, 601-608.
(Kp) can be readily selected from medium sized naive I|brar|e§\|0rd’K” Gunneriusson,E., Ringdahl,J., St&hl,S., "dMe and Nygren,P.A.

of the Z-domain (Norcet al,, 1997; Hanssort al, 1999) in (1997)Nature Biotechno).15, 772—777.
some applications ligands of higher affinities could proveNygren,P.A., Eliasson,M., Abrahritst., Uhlen,M. and Palmcrantz,E. (1988)
important. In this work, the affinity of #aqDNA polymerase- J. Mol. Recognit.1, 69-74.

s ; ; ; ; Perelson,A.S. and Oster,G.F. (1979)Theor. Biol, 81, 645-670.
specific affibody previously selected from a naive library OfR‘l'Jther,U., Koenen,M., Otto,K. and Muller-Hill,B. (198Nucleic Acids Res.

the Z-domain derived from staphylococcal protein A was g 4087-4098.

increased 15-fold after a single round of affinity maturationsambrook,J., Fritsch,E.F. and Maniatis, T. (198dplecular Cloning: A
directed to only one of thex-helices taking part in the Laboratory Manual Cold Spring Harbor Laboratory Press, New York.
interaction. This strategy resulted in a panel of related secongchatz,P.J. (1993iotechnology11, 1138-1143.

. : - . Schier,R., Bye,J., Apell,G., McCallA.,, Adams,G.P.,, Malmqvist,M.,
generation variants witKp values in the range of 30-50 nM. Weiner L.M. and Marks,J.D. (1996d) Mol. Biol, 255 28-43.

|ntere_5ting|)’a .the _afﬁ!'“ty between the ancestral W”d_'type Zschier,R., McCall,A., Adams,G.P., Marshall K.W., Merritt,H., Yim,M.,
domain and its binding partner Fc of IgG has earlier been Crawford,R.S., Weiner,L.M., Marks,C. and Marks,J.D. (1996b)Mol.
determined by several groups aKg values between 10 and _ Biol., 263 551-567.

; . Smith,P.G. and Petrenko,V.A. (199Chem. Rey.97, 391-410.
40 nM have been reported (Nilssea al, 1394; Jendeberg Tashiro,M., Tejero,R., Zimmerman,D.E., Celda,B., Nilsson,B. and Montelione,

et al, 1995; Braisted and Wells, 1996; Janssdral, 1998). G.T. (1997)J. Mol. Biol, 272 573-590.

The fact that the dimeric version of thergs;.; showed  Tramontano,A., BianchiE., Venturini,S., Martin,F., Pessi,A. and Sollazzo,M.
cooperative binding effects also suggests that higher multimeric (1994)J. Mol. Recognit.7, 9-24.

forms of selected affibodies could be constructed to make&@aughan,T.J., Williams,A.J., Pritchard,K., Osbourn,J.K., Pope,A.R., Earnshaw,

. P . . . J.C., McCafferty,J., Hodits,R.A., Wilton,J. and Johnson,K.S. (19&&ure
this novel class of ligands attractive reagents in different Biotechnol, 14, 300-314.

applications. Taken together, the results demonstrate that it {§righton,N.C., Farrell,F.X., Chang,R., Kashyap,A.K., Barbone,F.P., Mulcahy,

possible to isolate variants of the IgG binding Z domain, L.S., Johnson,D.L., Barrett,R.W., Jolliffe,L.K. and Dower,W.J. (1996)

directed to an entirely different target, without loss of bind- Science273 458-464. _

ing strength. Yang,W.P., Green,K., Plnz_-Sweeney,S., Briones,A.T., Burton,D.R. and Barbas,
C.F.lll (1995)J. Mol. Biol, 254, 392-403.
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