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Computational details

The desolvation energy of the protein (DNA), due to the presence of DNA (protein), may be
approximated (1) as
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where « is the scaling factor and is set to 1.67 from Wade (2), x is the Debye-Hiickel screening
parameter, Q; is the effective charge on the ith atom of the protein (DNA), g; is the radius of the jth atom
of the DNA (protein), and rj; is the distance between the two atoms. The summation is carried out over
all possible pairs of effective charges on the protein (DNA) with atoms on the DNA (protein).
Translational and rotational diffusion constant of the protein, Drpr and Dgrpro are estimated to
be 0.0132 A%/ps and 3.572 x 107 radian®/ps, respectively, by using the Stokes-Einstein relation and
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where 77 is the viscosity of the solvent at T =300 K, and R is the effective hydrodynamic radius of the
protein. The translational and rotational diffusion constant of the DNA, Drpna and Drpna, are
estimated to be 0.01376 A%/ps and 2.8445 x 10 radian®/ps, respectively, by modeling the short
fragment of DNA as a rod (3),

assuming a spherical shape: Dr oo =
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where L =40.8 A and d = 20.0 A are the length and diameter of the rod, respectively. Here (lna + V]

L
and [lna +0 j are the traditional end effect corrections.
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Supplementary Table

Model II
dmin r z ® Ip Op 0
(A) (A) (A) (*) (A) (°) (*)
initial 13.5 36.5 0.0 0.0 10.6 152.3 0.0
approach (~350 ps) 4.4 26.0 -8.7 -18.0 11.1 143.1 -35.3
encounter (~3 ns) 2.6 20.2 0.17 -3.7 10.9 125.2 1.9
association (50~100ns) 2.6 22.5 -0.3 0.1 11.0 111.2 -7.4
(0.1) (0.8) (1.2) (5.2) (0.3) (7.5) (5.4)
Model III
dmin r z ¢ Ip Op op
(A) (A) (A) (*) (A) (") (*)
initial 12.3 36.5 0.0 50.0 10.6 152.3 50.0
approach (~580 ps) 2.7 25.6 -5.7 12.0 11.7 136.8 8.0
encounter (~29 ns) 2.7 22.7 -14.4 -43.3 11.4 86.0 -61.9
association (30~100ns) 2.7 22.6 -12.7 -36.3 11.4 89.7 -52.5
(0.1) (0.7) (2.1) (5.3) (0.3) (7.5) (6.7)
Model VI
dmin r z ® Ip Op 0
(A) (A) (A) (*) (A) (°) (*)
initial 12.9 36.5 0.0 110.0 10.6 152.3 110.0
approach (~420 ps) 3.06 28.3 -0.6 153.8 11.3 163.0 106.7
encounter (~49 ns) 2.5 19.6 -6.3 151.3 11.0 118.8 141.1



association (50~110 ns) 2.6 19.0 -6.2 151.2 10.8 124.2 139.8

0.1)  (04) (1.0) (3.0 (03) (6.1 (4.6

Model V

dmin r z ¢ Ip Op or
(A) (A) (A) (%) (A) () (°)

initial 7.1 36.5 0.0 0.0 10.6 152.3 90.0
approach (~250 ps) 4.41 32.1 4.4 42.1 11.4 128.6 123.9
encounter (~ 59 ns) 2.6 24.2 2.1 -32.2 10.7 132.5 36.4

association (60~100ns) 2.6 24.1 1.5 -32.4 10.8 131.1 33.6

0.1) (04) (08 (3.6 (03 (58 @7

Model VI

dmin r zZ (O} Ip ep Op
(A) (A) (A) (") (A) (") (*)

initial 9.6 36.5 0.0 0.0 10.6 152.3 -90.0
approach (~ 650 ps) 2.8 35.1 1.87 -30.0 12.5 144.7  -122.7
encounter ( ~40 ns) 2.6 26.7 -9.2 47.1 12.5 137.4 -28.7

association (50~100 ns) 2.7 27.0 -11.2 45.4 12.9 144.5 -32.6

0.1) (0.6 (13) (34 (1.1)  (6.0) (19.6)

Table S1. The position and orientation of the protein respect to the DNA at the starting point and at the
end of each binding stage. For the associating stage, the average and the standard deviation in
parenthesis are shown.



Supplementary Figure legends

Figure S1. The total electrostatic binding free energy AGejemp in variation with r and o.

Figure S2. Time development of the binding free energy of the complex. Here the entropy term is not
shown in the calculation of the total binding free energy.

Figure S3. Time development of the position and orientation of the protein with respect to the DNA for
Model I.

Figure S4. Time development of the position and orientation of the protein with respect to the DNA for
Model II.

Figure S5. Time development of the position and orientation of the protein with respect to the DNA for
Model III.

Figure S6. Time development of the position and orientation of the protein with respect to the DNA for
Model IV.

Figure S7. Time development of the position and orientation of the protein with respect to the DNA for
Model V.

Figure S8. Time development of the position and orientation of the protein with respect to the DNA for
Model VI.
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Model IV

=
3 L et T SPRUPRIST SH PRI o
e 10 A
S
12
2
0 ’ |
-10 F o
1 1 1 1
0 20 40 60 80 100
time (ns)
200 T T T T
§ —
Model IV (gp
180 | P .
160
@ 140
@D
>
[}]
=z
@ 120
(=]
[ =
[y
100 E
80 -
60 e
1 1 1 1
0 20 40 60 80 100
time (ns)

Figure S6



40 T ] T 1
Model V

35

distance (A)
- - N [\*) (5]
o w o w (=]

(&)}

-5

_1 0 1 L L 1
0 20 40 60 80 100

time (ns)
200 T T T T
Model V \g _

150 , ' 1

100 H —

w
o

angle (degree)

0 20 40 60 80 100
time (ns)

Figure S7



50 T T T T
Model VI z
40 P .

30 "

20 =

distance (A)

0 20 40 60 80 100
time (ns)

200 Model VI = 3 =
150

100 [ 7

angle (degree)

-100 H -

-150 .

-200 L L I 1
0 20 40 60 80 100

time (ns)

Figure S8



