Bane

/

I\

=y

Supporting Information

Zandarashvili et al. 10.1073/pnas.1121500109

S| Methods.

Residual Dipolar Coupling (RDC) Prediction of D, from Molecular
Shape and Charge Distribution for the Specific Complex. ! Dy cou-
plings for the specific complex of Egr-1 with 28-bp DNA SP28
were predicted from the shape and charge distribution by using
the program PALES (1, 2). For this calculation, a structure of the
specific complex with DNA SP28 (Fig. S14) was built from the
1.6-A resolution crystal structure of the specific complex with
12-bp DNA (PDB 1AAY) by extending B-form DNA structures
with the XPLOR-NIH software (3, 4).

RDC Prediction of "D, from Molecular Shape and Charge Distribution
for the Nonspecific Complex (No Domain Motions). RDC 'Dy; data
for the nonspecific complex were predicted for a case in which the
three zinc finger domains of Egr-1 bind to a nonspecific site in the
same mode as seen for the crystal structure of the specific com-
plex with a target DNA. Structure models for nonspecific 28-bp
DNA complexes of Egr-1 at 18 different binding sites (Fig. S1B)
were generated from the crystal structure of the specific complex
(PDB 1AAY) by extending B-form DNA. The other 18 states
with the opposite protein orientation can also be represented
with these 18 structures (e.g., the opposite orientation at the bind-
ing site of model 1 corresponds to model 18). It should be noted
that base sequence is not an important factor for the RDC pre-
diction based on the overall molecular shape and charge distribu-
tion. For each structure, the alignment tensor and RDCs were
predicted with PALES on the basis of the 3D shapes and charge
distributions.

RDC Prediction of 'D,, from Molecular Shape and Charge Distribution
for the Nonspecific Complex (with ZF1's Domain Motions). RDC
"Dy data for the nonspecific complex were also predicted for
a case where ZF1 undergoes substantial domain motions while
ZF2 and ZF3 bind a nonspecific site in the same mode as seen for
the crystal structure of the specific complex with a target DNA. For
this consideration, we generated a structure ensemble with ZF1’s
position altered by a high-temperature rigid-body dynamics calcu-
lation in a torsion angle space using XPLOR-NIH. In the dynamics
calculations, ZF1’s backbone was treated as a rigid body and could
undergo collective motions due to conformational freedoms given
to Linker 1 while the atomic coordinates of DNA and ZF2 and
ZF3 were kept fixed during the calculation. The bond, angle, im-
proper, and van der Waals energy terms as well as the conforma-
tional database pseudoenergy term (5-7) were used for keeping
reasonable conformations. Initially, the rigid-body dynamics calcu-
lation was performed at 5,000 K for a 30-ps period starting with the
crystal structure of the specific complex of Egr-1, and then the tem-
perature was gradually reduced from 5,000 K to 25 K through 60
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cycles of 1.2-ps periods. Fifty structures with ZF1 positioned dif-
ferently in the complex were obtained. Using these structures, 18
ensembles of 28-bp nonspecific complexes of Egr-1 at different
sites (Fig. S1C) were generated (the total number of structures,
900[= 50 x 18]). For each of them, the alignment tensor and RDC
'Dyy couplings were predicted from molecular shape and charge
distribution by using PALES.

Estimation of the Timescale of ZF1's Domain Motions in the Nonspe-
cific DNA Complex of Egr-1. As described in the main text, "N R,
data for the nonspecific complex are highly influenced by protein
translocation on DNA that occurs on a ps—ms timescale. This
makes quantitative analysis of fast domain dynamics nontrivial.
Here, we estimated the timescale of ZF1’s domain motions in
the nonspecific complex from N R, and heteronuclear NOE
data alone. The analysis made use of the spectral density function
of the extended model-free approach (8, 9):
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where 7, represents the correlation time for molecular tumbling;
S2, sz,‘l's, and 7y, order parameters and correlation times for
slow and fast internal motions; 7, = (77! + 7 D=L and 7, =
(z7! + 7;71) 7!, Here, the fast motions correspond to internal mo-
tions of N-H bond vectors within the framework of ZF1; whereas,
the slow motions correspond to ZF1’s domain motions in the
molecular framework of the nonspecific complex. From the
5N R, R,, and heteronuclear NOE data, we determined the or-
der parameters and correlation times for N-H bond vectors in the
specific complex (Fig. S24). Based on the order parameters and
correlation times for the specific complex, along with the two as-
sumptions given in the main text, we estimated S? and 7, for
ZF1’s domain motions in the nonspecific complex via minimiza-
tion of:
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in which observed and calculated quantities are denoted by obs
and cal, respectively; and, o represents experimental uncertainty.
The calculations were carried out for the secondary structure
regions of ZF1 (Fig. S2B).
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Fig. S1. Prediction of Pf-1-induced RDC 'Dy,, data by using the program PALES based on molecular shape and charge distribution. (A) Prediction for the
specific complex of Egr-1 with 28-bp DNA. Predicted RDC 'D,,, for individual residues of Egr-1 as well as the correlation between the predicted and experi-
mental RDC "Dy, for the specific complex are shown. Despite the absence of any parameter optimization, the correlation was excellent, presumably because
relatively strong electrostatic effects of 28-bp DNA on molecular alignment of the complex can be calculated accurately. (B) Prediction for the nonspecific
complex of Egr-1 under the assumption that all the three zinc finger domains binds to each DNA site in the same way as seen in the crystal structure of the
specific complex. Structure models for the nonspecific 28-bp DNA complex of Egr-1 at 18 different sites were used. RDC "Dy, for individual residues for each
model are shown. Because negative charges of DNA govern the electrostatically driven alignment of the complex, the profiles of predicted RDCs are similar
regardless of the protein’s position. Ensemble averages of RDC "Dy, for the 18 models are shown in magenta. (C) Prediction for the nonspecific complex under
the assumption that ZF1 undergoes domain motions while ZF2 and ZF3 of Egr-1 binds to each DNA site in the same way as seen in the crystal structure of the
specific complex. The shown structure ensembles for the nonspecific 28-bp DNA complex of Egr-1 at 18 different sites were used for the calculation. ZF1's
domain motions are represented by 50 different structures obtained by high-temperature, rigid-body dynamics calculations (S/ Text). RDC "Dy, for individual
residues of Egr-1 at 18 different sites are shown together with averages of RDC "Dy, for the 18 ensembles (magenta). Details of these calculations are given in

SI Methods.
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Fig. S2. Comparison of ps-ms dynamics as detected by >N CPMG experiments for the free protein, the nonspecific complex, and the specific complex.
(A) Differences between apparent R, rates at CPMG frequencies vcpyc Of 33 Hz and 667 Hz [ARSPMS = R, (33 Hz)-R, (667 Hz)] for the free Egr-1 protein.
The data were collected at a 'H frequency of 800 Hz in the same manner as those for the nonspecific and specific complexes (Fig. 3B). (B) Mapping of residues
that exhibited ARSPMG > 5 s-7 (red). Data are mapped on the crystal structure of the specific complex (PDB, 1AAY).
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Fig. S3. Additional dynamics data for the specific and nonspecific DNA complexes of Egr-1. (A) Order parameters and correlation times for internal motions of
backbone N-H vectors in the specific DNA complex of Egr-1. These parameters were calculated using an axially symmetric diffusion model. The symmetric axis of
the diffusion tensor that was determined from >N R, /R; ratios is shown in blue together with the structure of the specific complex (1). (B) Correlation times
and order parameters for ZF1's domain motions in the nonspecific DNA complex of Egr-1. Only residues from p-sheet and a-helix regions were used for the
calculation. Details of this calculation are given in S/ Methods.
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