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Extended Data Fig. 6 | Comparison of designed DBPs with nearest native
structures by target motif or protein structure. a-c, Alignment of DBP designs
to PDB structures containing anidentical DNA binding site motif. Native
structures are shownin gray aligned to the DBP design (colored). DNA sequence
matches were found by creating a set of all contiguous DNA binding site motifs
inthe PDB where any atom of a protein residue was within 5 A of an atomin the
contiguous DNA sequence motif. D-h, Structural alignment of DBP designs

to nearest PDB structures by TM-align. TM-align searches were performed on
protein-DNA co-complex structures in the PDB to identify the nearest native
protein scaffold. Nearest structures are shown in gray aligned to the DBP

design (colored). i, Computed statistics on native DBPs in the PDB

(Supplementary Table 3) redesigned in the presence of the designed DBP’s DNA
target motif. We examined whether the same amino acids formed hydrogen
bonds with the same DNA base atoms (motifinteraction recovery). The native
redesign method was able to achieve full motif interaction recovery (dashed

line) for DBPs 6 and 35, but not the remainder of analyzed designs. j, Analysis

of sidechain preorganization for recovered motifs residues by average top two
RotamerBoltzmann score. Violin plots show the distribution of avg top_two_
rboltzamong recovered interacting residues for each design. Individual data
points are shown for designs with full motif atom recovery (original designinred,
best native redesignsin blue).
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Extended Data Fig. 7| Global view of the DBP48 co-crystal structure. a, Packing of the DBP48 co-crystal structure with asymmetric unit highlighted in blue. b, Global
density of the DBP48 crystal structure.
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Extended DataFig. 8| Analysis of DBPs 1, 3, 5, 6, 9, 48, and 35 with universal

protein binding microarray experiments containing all 7-mers. Solid lines

represent replicate 1while dashed lines represent replicate 2, where applicable.

was 99.54%, 99.89%, and 97.59%, respectively. DBPs 5and 35 were less specific to
their target site but still preferred the target motif over sequences with a mutated
binding motif (designed motif percentile 86.54% and 81.88%, respectively). DBPs

DBPs 6,9, and 48 were highly specific to theintended target and the mean land 3 did not appear to have a preference to the designed target site (33.19% and
46.58%, respectively).

percentile rank of 7-mers containing the designed binding site 5-mer or 6-mer
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Extended Data Fig. 9| Optimizing DBP35 to disrupt off-target DNA binding.
7-mers containing TGTCAC were enriched in designs targeting the sequence

B (1L3L) dsDNA oligo in uPBM experiments. a, Design structure of DBP35 with
R33 highlighted in yellow. b, Structure of DBP35 modeled with 7-mer TGTCACA
shows R33 forming a potential hydrogen bond with G8. ¢, Structure of DBP35
modeled with affinity enhancing mutations K18V, R33N, and P42Q informed

by SSM experiments. d, Binding activity (PE/FITC) from yeast display titration
(without avidity) of biotinylated dsDNA target shows several orders of magnitude
improvement in binding activity in DBP35 combo mutants, with binding

signal detectable with dsDNA labeling below 1 nM. e, Relative binding activity
(Normalized PE/FITC) from ayeast display competition assay of DBP35 K18V
R33N P42Q showing substantial improvement in specificity over DBP35 (Fig. 2C).

Competition assay was performed with biotinylated dsDNA target at 20 nM and
competitor dsDNA at 160 nM. f, Yeast display titration (without avidity) showing
binding activity (Median PE/FITC) of DBP35 with biotinylated dsDNA target
containing designed target motif (CTGCACA) or substituted with alternative
target motif (TGTCACA) shows increase in binding strength for TGTCACA over
CTGCACA. g, Yeast display titration (without avidity) of wildtype DBP9 shows
that the designed target motif is strongly preferred over the off-target sequence.
h, Combo mutants of DBP35 show significant disruption of binding to dsDNA
oligos containing the alternate TGTCAC motif by yeast display. i, Orthogonality
matrix for 5 designed DNA binders screened by yeast display against all

target sequences for which designs were made, normalized by row, at a DNA
concentration of luM (with avidity).
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Extended Data Fig. 10 | Use of DBPs to direct transcriptional repression

inE. coli. a, Vectors encoding the repressor variants were constructed with
arepressor under control of the IPTG-inducible P,. promoter. A synthetic
promoter containing the designed DBP binding sites (blue text) around the

-10 and -35 elements (red text) was used to control expression of YFP. b, Fold
repression was not observed at 1 mM IPTG induction as determined by flow
cytometry analysis of cells containing single DBP domains (DBP57, DBP48) and
tandem linked DBP domains used as repressors. Error bars represent standard
error of the mean of n =4 biological replicates. ¢, Fold repression of 96 DBP-TetR
designs revealed substantial repression for at least two variants incorporating
DBP57 and DBP48in cellsinduced at 0.1 mMIPTG. n=1.d, Normalized

median YFP Fluorescence from flow cytometry analysis of cells containing

the successful DBP57-TetR (upper) and DBP48-TetR (lower) NOT gate circuits.
Error bars represent standard deviation of the mean (n = 7 biological replicates
represented as dots). e, Representative histograms of YFP fluorescence from

E. coli cells transformed with DBP-TetR NOT circuits. Fold repression of YFP
was ~8.1x and -3.4x for DBP57-TetR (upper left) and DBP48-TetR (lower right)
repressor variants, respectively, when encoded with their cognate promoters
uponinductionwith1 mMIPTG. Fold repressionis indicated in each subplot.
Error bars represent standard error of the mean of n = 8 biological replicates.
f-g, Fold repression of 96 DBP heterodimer (f) and homodimer (g) designs
revealed substantial repression for 4 and 7 variants, respectively, in cellsinduced
at1 mMIPTG.
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