Supporting Information

1. Constructing the starting structure

Comparing crystal structure of M.Hhal with and without DNA1, 2 (PDBID:1hmy and PDBID:2hmy),
we find that: the RMSD of overall structure and TRD domain was less than 0.4A, while the RMSD of
Catalytic loop was 1.07A.(shown in Figure S1) Furthermore, NMR experiments also showed that,
non-specific DNA evoked chemical shift of residues in catalytic loop instead of TRD. Additionally,
because catalytic domain in DNMT1 and M.Hhal share a similar three dimensional structure3, we check
the crystal structure of DNMT1-non-specific DNA complex. In the crystal structure, catalytic loop
hydrogen bonded to phosphor group of non-specific DNA by M1235, N1236, R1237 and R1241 (not
shown). As a result, we choose the top-scored pose of the second categories as our initial model. In our
model, amino acids with polar side chains, such as Ser85, Ser87 and Lys89, touch DNA phosphate

backbone. This resembles the binding pattern when DNMT1 binding to non-specific DNA.
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Figure S1. The starting structure. A. Comparing M.Hhal-SAM binary complex with and without
DNA. B. Detailed conformational differences of key residues in catalytic loop. Catalytic loop of M.Hhal
binary structure without DNA is colored white, while catalytic loop in binary structure with DNA is

colored pink. Other part of M.Hhal is colored cyan. RMSD comparisons of different motifs are listed in
table. C. Three dimension structure of starting structure.
2. Post processing protocol

Trajectory analysis is performed using different tools. We use CatDCD converted original DCD type
trajectory into TRR and PDB format. RMSD of catalytic loop and Distance map was plotted by g rms
and g_dist tool in Gromacs 4.5.5*. Hydrogen bond existence map and Hydrogen bond number map was

plotted using g_hbond tools in Gromacs. We employ Curves+> to monitor the groove width. Elctrostatic

file.

surface is generated by using APBS® plug-ins in PyMol. The secondary structure profile of M.Hhal was
generated using do_dssp in Gromacs 4.6. Then, we use xpm2ps converted xpm format into PostScript



Three dimensional structures were made by PyMol. Free energy profile was generated using the RGL
module in the R program’. The other plots are drawn using the XmGrace
(http://plasma-gate.weizmann.ac.il/Grace/) plotting tool. The VMD program® was used for trajectory

visualization.
3. Preliminary Metadynamics Simulations

Choosing proper collective variables (CVs) is vital to metadynamics simulation. Because catalytic

loop motion was a very complex process, we tried six different CVs and their combination:

(1) The distance between the center of mass (COM) of the catalytic loop and two target recognition

loops;
(2) The distance between amino group in the side chain of GIn237 and carboxyl group of 11e86;

(3) Difterent psi and phi angle combinations of residues from 81 to 89, in order to monitor the loop

formation process;
(4) Alpha helix formation between residue 82 and 84;
(5) Contact map’ between GCGC motif and Target recognition loop of M.Hhal.

We also use TMD trajectory to test these CVs and their combinations (in Table S1). Plotting the value
of these CVs along TMD trajectory, we find they can separate initiation and ending successfully.
However, no obvious conformational change of catalytic loop can be found in following metadynamic
simulation. All these runs are considered unsuccessful. Since the complexity of the simulation system, it
requires a CV to describe the motion of catalytic loop. Thus, we tried DMSD as CV to define the
transition path. We also tried different ways to describe this CV: using atoms in the backbone of
catalytic loop or heavy atoms in the catalytic loop. Finally, the result shows that using all non-hydrogen

atoms could successfully drive the catalytic loop moving from open to closed form only.



Table S1. Details of CV definition

Run CV Type Atoms Groups
Distance COM of backbone atoms in catalytic loop (residue 81-100) 1
1 Distance COM of target recognition loop (I and II) 2
Torsion Target base flipped angle* -
Distance amino group in the side chain of GIn237 1
2 Distance carboxyl group of 11e86 2
Torsion Target base flipped angle -
Torsion Phi angle of residue 84 1
3 Torsion Phi angle of residue 82 2
Torsion Target base flipped angle -
Torsion Phi angle of residue 88 1
4 Torsion Phi angle of residue 89 2
Torsion Target base flipped angle -
Alpha Residue from 82 to 84 1
5 Alpha Residue from 91 to 96 2
Torsion Target base flipped angle -
CMAP Backbone atoms in target recognition loop I (residue 233-240) and 1
nitrogen or oxygen atom of base in GCGC

6 COM of Backbone atoms in GCGC motif and COM of residue 87 to
Distance 91 2
Torsion Target base flipped angle -

*Target base flipped angle: this angle was defined according to reference™.

4. Flipped base in semi-closed form

Base flipping take place at about 230ns, and this progress is rapid. After target base flipped, hydrogen
bonds between Argl63, Argl65, Phe79 and target cytosine is observed. Overlapping the snapshot of
265ns with the ternary complex (PDBID: 2HR1), the RMSD value of the catalytic loop is 2.703 A, and
the RMSD of overall structure is 1.521 A (shown in Figure S2). As a result, our starting model and

following simulation is reasonable. Whiel there are also some deficiency in it: since the ending of this



simulation, we have not observed the hydrogen bonds between Arg240 and Guanine 3’ to target
cytosine, and the formation of catalytic pocket. On the other hand, target cytosine is not stable (shown in
Figure S3). Target cytosine rotate around an axis which connecting N1 and N6 90 degrees, then this
cytosine tilts about 60 degrees, and the N6 atom hydrogen bonded to phosphor atom of nucleoside 5’ to
cytosine. Additionally, Amide group of GIn237 have not hydrogen bonded to Ser85. As a result, the
catalytic loop has not proceeded to closed form, and the catalytic pocket of M.Hhal has not formed. We

consider these insufficiency is caused by limited time scale and force field parameter accuracy*" 2.
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Figure S2. A Comparison between the 265ns snapshot (the ending of our simulation) and the

crystal structure of ternary complex. Structure derived from simulation is colored cyan, while the



crystal structure is colored magenta. The residues that located around catalytic pocket are drawn using

stick.

Figure S3. Flipped base in semi-closed form. Carbon atoms of target cytosine are colored magentas,

while carbons of other bases are colored green. Other atoms are colored using default settings.
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