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Abstract & simulation systems Specific vs non-specific DNA binding of the domain protein Spontaneous 1-bp protein stepping on DNA from simulation

Initiol 500 ns

Transcription factor (TF) target search on genome is highly essential for gene expression and regulation. High- finol 500 ns
resolution determination of TF diffusion along DNA remains technically challenging. Here we constructed a TF model

system of the plant WRKY domain protein in complex with DNA from and

non-specific DNA specific DNA

diffusion dynamics of WRKY on the DNA, employing all-atom molecular dynamics (MD)simulations. Notably, we found
that WRKY preferentially binds to one strand of DNA with signi stronger energetic association than to the other
strand. The preferential binding becomes highly prominent from non-specific to specific static binding to DNA, but less
distinct during diffusive movements of TF along DNA. Remarkably, without employing acceleration forces or bias, we
captured a complete one-base pair (bp) stepping cycle of WRKY tracking along major groove of DNA, as individual
protein-DNA contacts break and reform at the binding interface. Continuous tracking of WRKY forward or backward,
with occasional siding a5 well 2 strand crossing to the minor groove of DNA, have aiso been captured inthe
simulations. The processive diffusion of WRKY had been confirmed by
assays and ined (CG) structural ions. The study thus provides unprecedented structural dynamics
details on the TF diffusion, suggests how TF possibly approaches to target sequences, and supports further high-
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precision experimental follow-up. The stochastic movements revealed in the TF diffusion also provide general clues on
how other nucleic acid walkers step and slide along DNA. €
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i “The diffusion of WRKY along poly-A DNA i the forward and backward dircetion revealed from two 10-ys atomistic MD simulations.

The WRKY domain protein is shown in green and two DNA strands in blue (the preferred strand) and pink (the non-preferred strand). The
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Left: MD simulation on specific and pecific DNA iation of WRKY. (A) Comparisons of the initial (cyan) and &’,;\, AN H ;i JJi1 ?
final (gray, red, blue) structures of the simulation of the wild-type (wt) protein binding on the specific DNA (Gt ven ¢ w1l 5
the non-specific DNA (GATAAAY), and the mutant (mt) protein (K122A) binding on the specific DNA. (B) The rotational ‘.,M W "
relaxation of the center of mass (COM) of the protein along DNA projected onto the Y-Z plane. The initial and final B RU 1
positioning (due to the protein relaxation but not translocation) are denoted. The time evolution is represented by w

coloring (from blue to yellow). (C) The relaxation of the protein COM on X & © and the RMSDs (relative to DNA), for

energy (keal/mol)

respective simulation systems. Right: Examining positioni ional change, orientational change of WRKY 4 _
on the specific and nonspecific DNA, along with the DNA conformational (groove size) change bound with WRKY. The q § — -
results indicate almost NO conformational variation of the protein itself from specific to non-specific binding mode, : g ke bt

while the orientational variations of the domain protein on DNA is quite significant upon the non-specific DNA binding. W G S Coarse-grained (CG) simulations of WRKY diffusion along DNA

5 e conducted via at various fonic concentration (leff) and with various DNA

sequences (above). Initaly the protein was placed ~35A dbove the DNA. The
COM of the protein is mapped on the Y-Z, X-Z, and X-6 planes at an ionic
concentration /-S0mM, 150mM and 200mM. The time evolution of the protein
COM i represented by colors from blue 10 yellow. For protein keeps tracking

S
S T
b
R s e
SR
S
e
S
AR R )

shown, revealing stepping patierns, and then the step size histograms.
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the protein and the DNA backbone, which are broken and reformed after 1-bp, as
et are br e o

WRKY on poly-A DNA
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: : : The domain protein diffusional search & recognition scenario
e e <4 S
— - 5 . Two DNA strand energetie diferentiation forthe All-atom molecular dynamics (MD) simulations were performed by using the GROMACS 5.12 software under
Titration C: (iTc) ol WRKY domain protein, with one strand preferred Amber99SB-ILDN force field for protein and Amber94 (and then BCS1) force field for DNA. All the coarse-grained (CG)
:.'dm:mf,;"iiﬁ:dgiiimg;fegﬁ,xm[f»Dmkﬁ' ':N::}/!lan': o - MD simulations were performed by using the CafeMol 3.0. The molecular images were made by VMD.
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