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ABSTRACT

A novel single-chain (sc) protein framework containing
covalently dimerized DNA-binding domains (DBD) of
the phage 434 repressor was used to construct com-
binatorial mutant libraries in order to isolate mutant
DBDs with altered specificities. The library members
contain one wild-type DBD and one mutant domain
with randomized amino acids in the DNA-contacting
region. Based on previous studies, the mutant sc
derivatives are expected to recognize a general
ACAA-6 bp—NNNN sequence, where ACAA is con-
tacted by the wild-type and NNNN by the mutant
domain. In principle, any sequence can stand for
NNNN and serve as a selection target. Here an  in vivo
library screening method was used to isolate mutant
sc repressors that interact with an asymmetric operator
containing the TTAA target. Several mutants showed
high affinity in vitro binding to operators containing
the target and strong (up to 80-fold) preference for
the TTAA target over the wild-type TTGT. Specificity
studies revealed that certain mutants bound with
substantially higher affinities ( Ky ~10-1 M) to operators
containing the TTAC sequence, a close homolog of
the TTAA target. Thus, we have fortuitously isolated
mutant sc repressors that show up to a several hundred-
fold preference for TTAC over TTGT.

INTRODUCTION

transcription factors can also accommodate certain changes to
obtain altered DNA binding specificities. Most of these
proteins, however, bind as homodimers and recognize operators
containing symmetrically related half-sites (22,23). This property
clearly poses limitations since a specificity change is likely to
result in recognition of an altered but again symmetric target
sequence. Asymmetric sequences can be recognized by hetero-
dimers containing wild-type and altered recognition specificity
mutant monomer units (24—26). Such heterodimers exist in
equilibrium mixture together with two homodimers, which is a
complicating factor in library-based selections for binding to
asymmetric target DNA.

These limitations can, in principle, be circumvented by using
covalently linked DNA-binding domains (DBDs) and by per-
forming independent specificity changes in the individual
DBDs. It was shown previously that a well-studied member of
the HTH family, the 434 repressor, can be engineered to form
a single-chain (sc) protein by covalently linking two DBDs
through a recombinant peptide linker (27,28). Binding studies,
bothin vitro andin vivo, showed that the covalent linker could
functionally replace the bulky non-covalent dimerization
domain of the natural repressor (28). This class of novel pro-
tein was termed sc repressor and the prototype homodimeric
member containing two wild-type 434 domains was abbreviated
as RR69. By substituting the DNA-contacting amino acids at
the -1, 1, 2 and 5 positions of tkud recognition helix with the
corresponding residues of the related P22 repressor, a hetero-
dimeric (RR*69, changes in one domain only) or a new
homodimeric (R*R*69, identical changes in both domains) sc
repressor was obtained (28). DNA recognition studies showed
that the wild-type domain of the sc repressors recognized the
consensus ACAA sequence found in the natural 434 operators

Altering the binding specificities of DNA-binding proteins is a while the R* domain preferentially recognized the TTAA
challenging research area with the potential application ofequence (28,29). These 4 bp long ‘contacted’ regions form the
developing novel reagents and therapeutic agents of desiredre of the operator half-sites and are separated by a 6 bp
specificities. Significant progress has recently been achievespacer or ‘non-contacted’ region in the optimum DNA ligands.
toward this goal by using the Cys2His2 type zinc finger motif, The spacer sequence was also shown to strongly influence the
due to its modular nature and the applicability of the filamentou®NA binding affinity of the sc repressors (29), indicating that
phage display and affinity selection technigues to this type ofhe indirect effects of the spacer sequence on DNA binding are
DNA-binding motif (1-10; for an overview see also 11-15). similar to those observed with the natural 434 repressor or with
Earlier (16-19) and more recent examples (20,21) show théts DBD (30). In other words, only a limited set of spacer
the helix—turn—helix (HTH) motif of prokaryotic and phage sequences can support high affinity DNA binding. These findings
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suggest that mutant sc 434 repressors can be built from pramdependent transformants was obtained. A library of ~414*
viously isolated DBDs of known specificities. These moleculesnembers was also constructed by using the corresponding
could be targeted to relatively long (14 bp) DNA sequences 0Dg.2 vector.
could be used in gene fusions to develop artificial transcription The in vivo screening for clones containing sc repressor
factors exhibiting novel specificities. mutants that reduce the expression ofdhiagment of theB-
There are only a few examples for changing the bindingalactosidase reporter gene was performed briefly as follows.
specificity of the 434 repressor (17,18,31) which could be usedhe libraries were plated in aliquots onto LB agar plates con-
in the domains of the mutant sc repressors. A permutationad&ining 75 mg/l ampicillin and 10 mg/l tetracycline to obtain
approach using a combinatorial library of the 434 repressor1000—-2000 colonies per plate. Approximately 20 000-25 000
and anin vivoselection technique did not result in new binding colonies (15 000—20 000 of the,Q library and a few thousand of
specificities that were detectable by vitro assays (32). We the Qy.2 library) were screened in this work. The agar was covered
have previously suggested that combinatorial libraries of the swith a nitrocellulose filter (BA 85 type, Schleicher & Schuell)
434 repressor could be used to explore new DNA bindingind the plates were incubated afG7or 10-12 h. The nitro-
specificities in a different manner (28). In such libraries, onecellulose filter was then placed (colonies facing up) onto LB
domain could be kept unchanged whilst the other one is randoragar plates containing antibiotics as above, 1 mM IPTG and
ized at certain DNA-contacting positions. The library members25 mg/l X-gal. The plates were further incubated for 8—12 h at
are expected to bind to the general ACAA-6 bp—NNNN37°C. Most of the colonies turned slightly blue, and the differences
sequence so that the wild-type 434 domain binds to its cognaig color intensity were already visible. For better color discrim-
ACAA sequence providing an initial, supporting interactionination, the plates were usually kept for 2—4 days’@t £olonies
for the mutant domain to approach and recognize the NNNNvhich were paler blue than the average were taken for further
target located 6 bp away. We constructed such libraries ianalysis. Nucleotide sequencing was performed by using a T7
Escherichia coliand used arin vivo library screening tech- sequencing kit (Pharmacia Biotech) and a ‘forward’ sequencing
nique to identify mutants that interact with an asymmetric tesprimer AGCATGGTTAGAGCTGGATC (AT446) which is
operator ACAATAAAACTTAA containing the selection target located in the linker coding region, and/or by the backward,
TTAA (underlined). A number of mutants were expressedyector-specific primer GGCAGTTTCCCAGACATTACTC
purified and characterized liy vitro DNA binding techniques. (AT419).
Several mutants recognize the TTAA and/or TTAC . e
sequence(s) with high affinities (in the range of20/) and Expression and purification of the mutant sc repressors
also show strong preference for these subsites over the wildhe DNA fragments coding for the mutant domaing,&
type TTGT and other related sequences. These results shavere isolated from the pRIZ' selection vector8asrHI-Hindlll
that new specificity mutants of the 434 repressor can b&agments and were cloned into the pSETRR90 vector (28) to
discovered by using the sc framework, and suggest that thizbtain pSETRRyyx Vvectors. Expression was performed by
approach could be applicable to other DNA-binding proteins. using the BL21(DE3)pLysS strain (Novagen) as described
(28), with slight modifications. Sonication was performed in
TE (10 mM Tris—HCI, 2 mM EDTA, pH 8.0) buffer containing
MATERIALS AND METHODS 100 mM KCI. After batch absorption onto SP-Sepharose, the
Construction of the expression libraries of sc repressor enriched fractions were purified by HPLC on a Shodex SP 825
mutants and in vivo selection by phenotypic screening column with a linear gradient of KCl (100-400 mM) in TE.
Protein concentrations were determined by using the molar
The pRIZ'Q,.1IRR(KOX)69 and pRIZ'Q2RR(KOX)69 vectors  extinction coefficients 12 400 or 18 000t (mutants with

were used for library construction. These vectors were obtaineshe extra Trp residue) at 280 nm, calculated as described (33).
from the corresponding RR*69 vectors (28) by cloning a 1.1 kb

stuffer fragment (KOX) between thépnl andXhd sites. This  DNA probes

cloning step replaced the3 helix of the second domain and The DNA probes were generated by PCR assisted labeling of
thereby eliminated the potentially positive background in theyperators cloned in the pRIZ' selection vectors (28). The-O
libraries. The partially randomized oligonucleotide TAT- 2'A1'A operator was originally isolated by binding site selection
TCTCTGGTACONCTNNSNNSAGTATCNNEAGCTC- for RR*69 as b*10 sequence by Chetral.(29). The probes used
GAGCTG (AT443, W=AorT;N=A,C,GorT;S=Gor j5 EMSA were 124 (Q1), 125 (Q.1) and 127 bp (QL-2'A1'A)
C) containing clea\{age sites f&pnl and Xhd (underllned)_ long and were generated by using#-labeled AGGCTTTA-
and_ a 12 nucleotide long self-complementary 3"term'“_abACTTTATGCTTCCG (AT477) and unlabeled GTTTTC-
region (bold) was made double stranded by self-annealingcaAGTCACGACGTT (AT474) primers. DNA probes for
followed by a Klenow polymerase fill-in reaction in the presencepnase | protection assay were 157 and 158 bp (R.1)
of dNTP. The duplex was cleaved wikipnl andXhd and the  |ong as described (28). The designedl€'N1'C operators
product containing the randomized region was purified byyere obtained by cloning the double-stranded linker composed
electrophoresis on non-denaturing 16% polyacrylamide gepf TACAAGAAAGTTTNCAA and TATTGNAAACTT-
This randomize&pnl—Xhd linker TCTTG random oligonucleotides into tiéde site of pCP8.

C WCT NNS NNS AGT ATC NNS CAG C This is a derivative of the pCP1(-) vector (34) and contains 1 bp
CA TGG WGA NNS NNS TCA TAG NNS GTC GAG €dletion in the Shine—-Dalgarno region. These cloned operators
was then used to replace the KOX stuffer fragment of thevere used to generate 95 bp long probes by using tR&5'-
PRIZ'Cr.1RR(KOX)69 vector. The ligation mixture was electro- labeled AT477 and unlabeled CGTTGCTAAAGTATCGA-
porated into XL1-Blue cells (Stratagene) and a library of618*  GATG (AT483) PCR primers.
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Figure 1. Scheme of the phenotypic screening to detect interaction between mutant DBDs and target DNA. The mutant DBD of the sc repressor and its potentiz
target site are shaded. The amino acid numbering above the residues refers to the positiom3 letheand the numbers under the sequences correspond to the
positions in the 434 repressor. The operators used in this study are also listed and the boxes indicate the regions that are shown to be in lirthet vdidtaygpe

complex. Only @.1 and Q.2 were used as selection targets.

Electrophoretic mobility shift assay (EMSA) and DNase | library construction andn vivo screening (28). The libraries
footprinting were constructed in two operator vectors, pREKD and
RIZ'Ox.2 by using XL1-BlueE.coli host. We randomized
hose amino acid residues of the second DBD of the sc repressor
which were used in tha-helix redesign experiment to change

. 0 : the DNA binding specificity of the intact 434 repressor to that
-sr;llsr‘n?nCISp()g:'m7§lZ|,A6g 1(\/2% %ﬁfgg;h; ?e%rrrr]wl zlobnulﬁme(;naof the P22 repressor (31), and which were also shown to result
0.02% (w/v) Triton 'X-100. The concentration of tr&- N similar specificity change in the sc framework (28). Positions
labeled DNA probes was generally between 1 and 10 pM ang: 29 and 32, corresponding to residues 1, 2 and 5 af3feelix

always significantly lower that the equilibrium dissociation of the 434 repressor, were fully rand_omized while position 27 (or
constant K,) of the analyzed interaction. The protein titration —1 residue ofi3) was chosen to be either Thr or Ser, the naturally

experiments were performed by using 2-fold serial protein dilution§CCUTTNg residues in the 434 and P22 repressors respectively.
and a minimum of eight concentration points. The binding. eS|du_e 33_ IS G'T‘ in both repressors an(_j was kept L_mc_hanged
reactions were performed for 2—3 h at room temperature arigj the libraries. Figure 1 shows schematically the principle of
analyzed as described (28). Fixed and dried gels were evaluatbtf Screening as well as the relevant amino acid and nucleotide
by using an Instant Imager or a Cyclone Storage Phosphor Systeffduences. It is expected that functional interaction beMeen the
(Packard). TheK, was obtained by determining the protein mutants and. the test operators would lower [Blr-'gﬂlactqﬂdase_
concentration present at half-maximal binding. The fraction of.Ctivity causing less intense blue color development in colonies
bound DNA @) was plotted against the total protein concentratior"0Wn on X-Gal indicator plates. _
(P) and the data were fit to the equatién= 1/(1 +K4P) by A relatively high proportion of the colonies, at least 1-2 %,
non-linear least-squares analysis using the KaleidaGraph softPpeared paler blue than the average in the library screenings.
ware (v.3.08, Synergy Software). A number of these clones were sequenced and the amino acid
DNase | protection assay was performed as described (2§fguences are shown in Taple 1. The one-letter amino acid
but using the modified binding buffer as above. The bindingc0des are used and the mutants are listed as XXX..X where Xs
reactions shown in this work contained 25 nM mutant protein§tand for the selected —1, 1, 2 and 5 residues and the dots for

and 10 times less DNase I, ~1 ng (bovine pancrease, grade Il frot¢ unchanged 3 and 4 residues of & helix. Certain
Boehringer Mannheim) was used in 1@eaction volume. mutants were isolated more than once and these were often

encoded by different codons. Several mutants were isolated for

both ;.1 and Q;:2; these operators contain identical sequence
RESULTS AND DISCUSSION and differ only in the relative orientation of the two half-sites
. . . . with respect to the lac promoter. Residue 5 ofdi3ehelix was
Constructlon 9f sc repressor libraries and phenotypic most often Ser, Trp or Gly, and the sequences are listed as
library screening homology groups mainly according to the identity of this residue.
The previously described one-plasmid system, which showedrg was often found in position 1 when residue 5 was Ser or
functional interactions between the intact 434 repressor or it§rp. Generally, small and/or hydrophobic residues were found
sc derivatives and the corresponding operators, was used fiorpositions 1 and 2 when residue 5 was Gly. No preference for

EMSA was performed as previously described (28), but th
binding buffer was slightly different and contained 50 mM
KCI, 2.5 mM MgCl, 1 mM CaC}, 0.1 mM EDTA, 25 mM
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Table 1. Selection of the sc repressorsibyvivo library screening and DNA-binding properties of some selected mutants

Sequence i3 helix No. of isolates Affinity (nM) for Target preferenc
Og1 Og.1 Og1-2’A1'A

-1125

TXXSIX

S

TQQ..E R - 0.017 58.0 14.0

SNV..S R* - 4.80 0.0384 0.0124 387

SPS..S 1 1.67 0.420 0.0360 46

TRS..S 2(1) 1.85 1.90 0.103 18

SRS..S -(1)

TRP..S 2 4.14 0.780 0.0525 79

SRP..S -

TRE..S 1 1.20 2.12 0.110 11

TRV..S 1 3.20 2.35 0.140 23

TRA.W 2 0.950 6.60 0.970 1

SRA.W -

TRE.W 2 2.40 2.74 0.164 15

SRN..W 2 0.260 7.60 1.62 0.16

SRV.W 2(1) 1.80 1.14 0.0880 20

TRM..W 1 4.10 4.60 0.250 16

SRM..W -

TRI.W 1 5.65 5.02 0.220 27

TRT.W 1 0.378 1.43 0.202 1.9

SRQ..W 1 157 6.20 1.32 1.2

SRV..A 1(1) 2.40 10.6 2.00 1.2

TRV..G 1 1.50 18.0 0.970 15

SGV..G 1

SLG..G 1

TLA..G 1 2.40 32.0 2.00 1.2

TVA..G 1 0.770 10.6 0.830 0.9

TAT..G 1 0.140 6.00 0.400 0.35

SAA..G 1

SNS..G 1 0.430 2.30 0.250 1.7

TVN..S 1 1.50 7.50 0.170 8.8

SRW..G 5 6.70 28.0 3.40 2.0

SRW..M 2

SRW..V 1 2.40 34.0 >10.2 <0.23

STW..V 1 5.00 26.0 5.10 1.0

TGE..G 1

SYG..G 1

TQA.W 1

SLL..S 1

TWA.A 1

TIR..L 1

SEH..A 1

TGR..R 1

SWR..R 1

TRR..V 1

@Figures in parentheses are from thg ®selection experiment.
bAffinity ratios calculated a& for Og1/K, for Ogl-2'AT'A.
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Figure 3. Protein titrations showing that the target site recognition is strongly
context dependent. The Rigs mutant binds @1-2'A1'A operator B) ~15-fold
better than Q.1 (A).

performed in the presence of a large molar excess of non-specific
DNA over the probes used (Materials and Methods).
These experiments showed that thevivo selected mutants

I s bound the Q.1 sitein vitro but none of them was as strong at
:‘ S=z:zzx3-53 : binding as the previously designed RR*69 (R using the
S rsniceda is B3 s-ssnbsts present abbreviation). At the same time, many of the mutants
- 2388 o2zt H bound Q1 better than @1 and only a few mutants exhibited
cteman oves Becoe=o ;_;;:, preference for Q1 over Q1. Evenin these cases, this preference

TEIEIT oot was not more than a modest 5—6-fold ¢gF). One could reason,

g = : however, that these relative affinities do not necessarily reflect
=" caine W o aengeil= the real, intrinsic preference of the mutant domain for TTAA
o Sdetaiesiid =;_.._...,.a'0 over TTGT sequence. The generally higher affinities obtained
- - for Ogl can be explained partly by the observed preference of the
: o wild-type R domain for G (in QL) over T (in Q,x1) at position 5
: g 3 of the operator (29,35). The two test operators may also differ
": Seecncsnns e --—"'::_: substantially in terms of DNA flexibility, an important deter-

minant for high affinity binding by the 434 repressor (36,37)

and also by the sc repressors RR69 and RR*69 (29). To test

this assertion, we used a DNA probe which contains the TTAA

Figure 2. Protection of the operator sites against DNase | cleavage by severlITOW selection target in place_Of the _TTGT sequence of the

sc repressor mutantsA) Protection of Q1; (B) protection of Q.1. The operato ~ Og1 operator (Q1-2'A1'A, see Fig. 1), i.e. we compared the

sites, aligned to the A+G lanes, are marked by vertical lines. RR69 and RR*GBinding affinities for TTAA and TTGT in identical sequence con-

were used as positive controls foyDand Q.1, respectively. All proteins text. It was observed that the mutants generally bOL;{]dZDQl'A

were used at a concentration of 25 nM. The mutants are listed on the top of the ™ ".. .

lanes according to the abbreviations used in THble 1. significantly better (10-25-fold in most cases) thap D The
mutant RRgps bound Q1-2'A1'A ~15-fold better than @1

(Fig. 3); thus, the assumed 5-6-fold target/wild-type preference is

in fact ~80-fold. The combinatorial amino acid changes in

RRrpsresulted in an affinity decrease, compared to the wild-

either Ser or Thr could be observed in the last position of th&/P€ RRG?’ OT 240-fold for QI and an affinity increase of 266-fold
turn (or —1 position of the3 helix) and certain combinations [OF Or1-ZAL'A. Table[ ]l shows the affinity data and the target

of 1, 2 and 5 residues were obtained with both Ser and Thr ififéferences of all expressed mutants gl @AT'A. According
o0 these data, >40% of the expressed and tested mutants prefer

this position. A number of phenotypically selected sc mutan ;
: . 0-80-fold the selection target TTAA over TTGT. About half
gﬁ;zg:n(z;?{%gt%?ngisngagg]r\:\iIZLeeSeXpressed for charac- of the mutants showed no preference for either sequence and
' several mutants preferred slightly (3—6-fold) the wild-type recog-
nition sequence over the selection target.

The in vitro binding data thus show that our screening
o . . ... resulted in both new, altered specificity and broadened spec-
EMSA and purified proteins were used in protein ftitrationjgeir, mutants. The screening reveals mutants that interact
experiments to determine the binding affinities for DNA yth the operator, but it is possible that certain mutants can also
probes (~125 bp long) containing the wild-typgXoor the  ping, even with higher affinities, to other sequences. This is in
target Q.1 operator. The&, are given as the protein concen- fact observed with other DNA-binding proteins, for example in
trations required for half-maximal binding and are summarizeginc finger phage display selections (4,13,14,38) even when
in Table [L. DNase | footprinting experiments showed protectiortringent selection conditions were used (8,10). Testing the
of the operator site of long (~158 bp) DNA probes (Fig. 2),DNA-binding specificities of the selected mutants is therefore
indicating that the binding observed in the EMSA takes place a@mportant and can also lead to the identification of novel
these sites. Both the EMSA and the footprinting assays weigpecificities.

DNA binding properties of the isolated mutant sc
repressors: affinity, specificity and context effects
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Table 2. DNA binding affinities of several mutants for designed operator derivatives containing
TTNC subsites

Protein K4 (pM) for operator with subsite

TTAC TTCC TTGC TTTC
RRges 9.0 52 1390 2600
RRyrew 25.0 192 2470 2470
RRygps 12.6 1180 1380 410
RRizss 102.0 1790 740 416
RRravs 35.8 1120 1060 171
RRizve 83.3 784 420 164
RRrgya 75.1 744 1320 378
RR1zvw 67.6 1810 535 257

Mutants that recognize the TTAC sequence with high
affinities and specificities

Many of the selected mutant DBDs contained Arg in the

position 1 of then3 helix (Tablg 1). The chemical recognition

principles and statistical analysis of protein—DNA complexes e bt - -UHH-"'"'"'"_- A
suggest that this Arg could favorably interact with a G residue N e e - s S—
(23,39-41). The corresponding residue in the wild-type protein
is GIn which is shown to interact with the A residue of the 1 (or
the 1") bp of operator sites in different complexes (35,42,43).
Assuming a topologically equivalent interaction between
mutant sc repressors and operators, Argl of d3 helix
(Arg28) can contact the G residue of the 1' C-G base pair of a e b b s
general operator £1-2'N1'C, where the putative target for the o e i b s
mutant DBD is 4'-TTNC-1' (see Fig. 1 for sequences and

numbering schemes). We prepared thegé @erivatives with

J e o e c
it e i Ml i e )t i )

all four possible bases and screened them with the Arg28 [T | et i |
containing mutants in EMSA. Figure 4 shows that most of 0 e s s e e e e e
these mutants interact strongly with one or more of these

operators at 0.2 nM protein concentration and the highest affinities CATACAACARACTTTNCAATATC -

are generally observed with the TTAC containing prohd-O
2'A1'C, which is the closest homolog to the original selection

target.
L Figure 4. Testing the binding specificities of the Arg28 containing mutants in
Mutants that showed strong blndlng and preference for thEMSA by using designed operator derivatives. The operators containing the

TTAC probe were characterized in more detail by determiningeneral TTNC target site (where N = A or C or G or T) were tested individually
their binding affinities for all four TTNC variants (Table 2). with 16 mutant proteins at 0.2 nM concentration. Mutant sc repressors are
Some of these interactions (RRsand RRgeswith the TTAC ~ abbreviated as in Taf§ 1.

probe) are at least as strong as those observed between the

wild-type RR69 and @1 or between the designed RR*69 and

its cognate operators:{d (designed) or QL-2'A1'A (selected for TTAC over other TTNC derivatives but this interaction is
in 29). The specificity of the interactions is also higher in severahot particularly strong and is about the same as observed for
cases than those obtained with the designed RR*69 mutanthe TTAA sequence. Mutants with the ArglVal2 sequence
which showed only an ~1.5-fold preference for its optimalmotif (RV motif in a3 helix positions 1 and 2) show different
TTAA subsite over TTTA (29 and data obtained under thedegrees of preferences for TTAC in the TTNC group and also
present assay conditions). For example, the high affinityliscriminate differentially TTAC and TTAA, depending on the
mutant RRgesbound nearly 6-fold better the TTAC derivative identity of the residue 5. For a better comparison, some of the
than the next strongest binding site TTCC. The;RgRbound  affinity and specificity data of Tablg3 1 and 2 are compared as
TTAC significantly (33—-110-fold) better than any other TTNC relative affinities and shown in Figure 5.

and 4-fold better than the nearest high affinity target, the The examples shown in Figure 5 summarize the main results
TTAA (in the Og1-2'A1'A context). The slightly lower affinity of the present work. Starting from combinatorial mutant libraries
mutant RRggy Showed at least as high sequence specificity asf the sc 434 repressor, it is possible to isolate mutant DBDs of
its close homolog RRes The RRzssshows 4-18-fold preference altered binding specificities by using d@n vivo screening
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Figure 5. Comparison of the binding affinities and specificities of several 20.
mutants. The value 100 was arbitrarily assigned to the highest affinity interactiorp1 .
(with a Ky of 9 x 10-12M) observed between RR.gand Q1-2'A1'C. 22.

23.

24,
method. Mutants showing strong preference for the selectio
target (TTAA in this work) over the wild-type sequence
(TTGT) were isolated. Specificity studies revealed, however e,
that certain mutants could bind with even higher affinities to a27.
sequence (TTAC) which is a close homolog of the target. Similar
situations were also observed in zinc finger selections®
(6,8,10,38). The binding affinities of several new interactions,q
are in the range of I® M and this high affinity is often
accompanied by high degree of sequence specificity. We havep.
been using binding site selection techniques to complement the
specificity studies of this work and the most specific mutantgl'
DBDs are being used as building blocks in the sc arrangementz'
to construct DNA-binding proteins of entirely new specificities. 33,

34.
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