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It is of crucial importance to elucidate the
underlying principles that govern the binding affinity and
selectivity between proteins and DNA. Here we use the
nuclease domain of Colicin E7 (nColE7) as a model
system to generate redesigned nucleases with improved
DNAbinding affinities and altered sequence cleavage
preferences. ColE7 is an Escherichia coli toxin, bearing a
nonspecific endonuclease domain with a preference for
hydrolyzing DNA phosphodiester bonds at the 3’O-side
after thymine.

Using systematic computational screening, six
nColE7 mutants were predicted to fold and bind DNA.
Fluorescence kinetic assays confirmed that all of the six
designed mutants were well-folded active enzymes, and
three of the six mutants, D493N, D493Q and K497R, had
3 to 5fold higher DNA binding affinity than wildtype
nColE7. Footprint assays further showed that D493N and
D493Q digested DNA with an increased preference for
guanine at -1 and +3 sites, as compared to the wild-type
enzyme (Table 1).
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Wild type  1.840.2 46.743 IRS5439(100%) 42,1 295 122 170 | 251 258 263 228

D49INT 20401 17.3+2 115,606.9 (200.0%) 385 258 169 21.5|245 230 326 199
D493 1.640.5 9.743 164,948.5 (427.9%) 33.8 25.1 20.7 20.4 | 230 231 335 204
D493R  1.740.5 0.642 1770833 (459.43%) 336 252 206 206 | 225 227 M6 202
K40TR 2.840.5 18.9+5 148.148.1 (384.4%) 42.1 268 11.1 200253 256 262 229
AS26N 1.6+0.1 43.2+4 41,6067 (108.1%) 41.7 297 11.9 167|232 209 260 239
AS260) 1.740.2 46.945 36,2473 (94.0%8 425 289 11.2 174|247 253 264 236

K490R 20403 ALt 48.309.2 (125.3%) 41.1 275 13.6 178 | 248 256 265 231

Table 1: The DNA binding affinity, catalytic efficiency
and cleavage preference of nColE7 proteins measured by
FRET and foot printing assays.

To elucidate the observed higher DNAbinding
affinity and altered sequence preference in cleavage, the
crystal structure of the nColE7 mutant, D493Q, in
complex with an 18-bp DNA was determined, and the X-
ray diffraction data were collected at the beamline 13C1
and 13B1 of the NSRRC
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Fig. 1: Protein-DNA interactions between D493Q
nColE7 mutant and DNA. Superposition of the D493Q-
DNA complex structure with the H545Q-DNA complex
structure (PDB entry: 2IVH) shows that the D493 side
chain in the H545Q-DNA complex (in yellow) made a
hydrogen bond with Adel3 N6 (+3 site), whereas the
Q493 side chain in the D493Q-DNA complex (in pink)
changed its conformation and made two hydrogen bonds
with Adel4 N6 (+4 site) and Thy23 O4 (+4’ site).

Analyses of the D493Q-DNA complex crystal
structure and the DNA-binding free energies provide a
physical basis for the observed improved affinity of the
nColE7 mutant D493Q for DNA. Both analyses show
that the Q493 side chain hydrogen bonds directly to the
DNA. The crystal structure of the D493Q-DNA complex
confirmed that the hydrogenbonding network within
nColE7 and between nColE7 and DNA is preserved(Fig.
1), whereas the free energy decompositions further show
that unfavorable electrostatic interactions with the
phosphate backbone are eliminated, thus contributing to
the observed enhanced affinity. In general, for a
nonspecific DNA-binding protein, replacing an acidic
residue at the protein-DNA interface with a polar or
positively charged residue such as Asn, Gln, and Arg that
can maintain the native hydrogen-bonding network would
likely improve the protein-DNA binding affinity.

In summary, these results show that a combination
of crystal structural analysis and computational screening
is a useful means for generating redesigned nucleases
with higher DNAbinding affinities and altered sequence
preferences in DNA cleavage.
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