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Supplementary Figure S1 
Figure S1: (a) Complex structure of PAH1 

domain and NRSF/REST. In this paper, the 

PAH1 domain of mSin3B is denoted simply as 

“mSin3B”. Four helices, composing mSin3B, 

are denoted as 𝐻1–𝐻4. The “C” and “N” are 

respectively the N- and C-termini for each 

chain. Shown structure is a snapshot from a 

sampling simulation1. (b) Schematic drawing of 

the mSin3B structure. The binding cleft of mSin3B is shown by a triangle.  

 

Supplementary Figure S2 
Figure S2: (a) Chemical structure of sertraline. 

Three rings are named as “Ring A”, “Ring B”, 

“Ring C” in this study. Rings A and B 

combined are called “Ring BC” simply. (b) 

Stick model of sertraline. Rings A and C are 

colored by purple and orange, respectively. 

Black broken-line arrow is the molecular 

orientation vector pointing from the geometric 

center of Ring BC to that of Ring A, which is 

mentioned in the main text. (c) Three reaction 

coordinates (RCs), 𝜆(') , 𝜆()) , and 𝜆(*) , are 

introduced in the sertraline–mSin3B system. Four helices of mSin3B are indicated by “H1”, “H2”, “H3”, 

and “H4”. Label “N” shows the position of the N-terminal of mSin3B. Distance between the center of mass 

of red-colored segments and that of blue-colored segment defines 𝜆('). Distance between the center of 

mass of green-colored segments and that of purple-colored segment (Ring A of sertraline) defines 𝜆()). 

Distance between the center of mass of green-colored segments and that of orange-colored segment (ring 

C of sertraline) defines 𝜆(*). Details for the introduced RCs are explained later.  

 
Supplementary Figure S3 



Figure S3: (a) Chemical structure of YN3. The 

ring is named as “head”, and the opposite side 

of the ring is done as “tail” in this study. (b) 

Stick model of YN3. Head and tail are colored 

by purple and orange, respectively. Black 

broken-line arrow is the molecular orientation 

vector pointing from the geometric center of 

tail to that of head, which is mentioned in the 

main text. (c) Three reaction coordinates (RCs), 

𝜆(') , 𝜆()) , and 𝜆(*) , are introduced in the 

YN3–mSin3B system. Distance between the center of mass of red-colored segments and that of blue-

colored segment defines 𝜆('). Distance between the center of mass of green-colored segments and that of 

purple-colored segment (head of YN3) defines 𝜆()). Distance between the center of mass of green-colored 

segments and that of orange-colored segment (tail of YN3) defines 𝜆(*). Details for the introduced RCs are 

explained later. See caption of Fig, S2 for labels “H1”, “H2”, “H3”, “H4”, and “N”. 

 
Supplementary Figure S4 

 

Figure S4: (a) Chemical structure of acitretin. 

The ring is named as “head”, and the opposite 

side of the ring is done as “tail” in this study. 

(b) Stick model of acitretin. Head and tail are 

colored by purple and orange, respectively. 

Black broken-line arrow is the molecular 

orientation vector pointing from the geometric 

center of tail to that of head, which is mentioned 

in the main text. (c) Three reaction coordinates 

(RCs), 𝜆('), 𝜆()), and 𝜆(*), are introduced in the acitretin–mSin3B system. Distance between the center 

of mass of red-colored segments and that of blue-colored segment defines 𝜆('). Distance between the 

center of mass of green-colored segments and that of purple-colored segment (head of acitretin) defines 

𝜆()). Distance between the center of mass of green-colored segments and that of orange-colored segment 

(tail of acitretin) defines 𝜆(*). Details for the introduced RCs are explained later. See caption of Fig. S2 for 

labels “H1”, “H2”, “H3”, “H4”, and “N”. 

 
Supplementary Section 1. Definition of a reaction coordinate 
(RC). 



Consider two atom groups 𝐺,-  and 𝐺,.  (ℎ = 𝛼, 𝛽, 𝛾, …) in a molecular system. The 
reaction coordinate (RC) 𝜆(,) is defined by the distance between centers of mass of 𝐺,-  
and 𝐺,.  (Supplementary Fig. S5). Superscripts 𝐴 and 𝐵 indicate simply that two atom 
groups are pairing to define 𝜆(,), and then, one can exchange the superscripts as: 𝐺,- →
𝐺,.  and 𝐺,. → 𝐺,-  without changing the value of 𝜆(,). 
 
Figure S5: Two atom groups, 𝐺,- and 𝐺,., are indicated by 

two broken-line rectangles, where in-group atoms are shown 

by filled circles. Center of mass of each atom group is 

presented by a cross, and rhe distance between the two 

centers of mass is 𝜆(,) (broken-line with arrow). 

 
 
 

 

Supplementary Figure S6. 

 
Figure S6: (a) Scheme of three RCs, 𝜆(,) (ℎ = 𝛼, 𝛽, 𝛾), introduced for the current ligand–receptor system: 

Variation of 𝜆(') controls the cleft opening/closing of the receptor. Variations of 𝜆()) and 𝜆(*) control 

ligand approaching/departing from receptor, and relative orientation of the ligand with respect to the 

receptor. (b) Three-dimensional RC space constructed by 𝜆('), 𝜆()), and 𝜆(*), where phase point (filled 

circle) moves according to the system’s conformational motion.  

  



 

Supplementary Table S1. Atom groups to define three RCs.                     
   Atom Groupa)                                           

RC  𝐺,-    𝐺,.  

𝜆(') residues 33–38, 93–99b) of mSin3B residues 63–75 of mSin3B 

𝜆()) residues 40–43, 90–92 of mSin3B purple-colored portion in ligand in Fig. S1-S3 of SI 

𝜆(*) residues 60–62, 77–80 of mSin3B orange-colored portion in ligand in Fig. S1-S3 of SI 
a) See Section 1 of Supplementary Information for definition of atom groups 𝐺,- and 𝐺,. (ℎ = 𝛼, 𝛽, 𝛾). Superscripts 

𝐴 and 𝐵 are assigned to indicate the atom groups 𝐺,- and 𝐺,., which are pairing to define 𝜆(,).  

b) “residues 𝑛:–𝑛;” involves all atoms in residues 𝑛:–𝑛; in mSin3B. See also Fig. S1-S3 for positions of the atom 

groups in mSin3B.  

 
Supplementary Section 2. Restraints applied to the C-terminal 
tail of mSin3B 
We introduced distance-restraint energy, 𝐸=>? , between a part of PAH1 domain of 
mSin3B and its C-terminal tail to prevent the C-terminal tail from being inserted into the 
binding cleft of PAH1 domain. The function form is: 
 

𝐸=>? =

⎩
⎨

⎧0.5∑ G𝑟I,J − (𝑟I,JL − 𝑟MNO)P
;
											(for	𝑟I,J ≤ 	 𝑟I,JL − 𝑟MNO)I,J

0																																		(for		𝑟I,JL − 𝑟MNO < 𝑟I,J < 		 𝑟I,JL + 𝑟XY)

0.5∑ G𝑟I,J − (𝑟I,JL + 𝑟XY)P
;

I,J 													(for	𝑟I,J ≥ 	 𝑟I,JL + 𝑟XY)

  (S1) 

 
where 𝑟I,J  and 𝑟I,JL  are the C𝛼  atomic distance between residues 𝑖  and 𝑗  in a 
simulation snapshot and the reference complex structure (the NMR structure of the 
NRSF/REST-mSin3B complex; PDB ID: 2CZY), respectively, and 𝑟MNO  and 𝑟XY 

specify tolerances set to 2.0 Å. Thus, no restraint ( ) is applied to the atom-pair 

distance 𝑟I,J when 𝑟I,JL − 𝑟MNO < 𝑟I,J < 		 𝑟I,JL + 𝑟XY. This distance restraint was applied to 
three C𝛼 atomic distance pairs between Gly 92 and Asp 104, between Phe 93 and Ile 105, 
and between Asn 94 and Arg 106.  
 
Supplementary Figure S7. 
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Figure S7: Some initial 

conformations of GA-guided 

mD-VcMD for the sertraline-

mSin3B system viewed from 

different directions: (a) and (b). 

Solvent is omitted. Shown 

mSin3B structure is the NMR 

structure (PDB ID: 2CZY). This 

figure also displays the NRSF/REST fragment (cyan-colored model) binding to mSin3B in the NMR 

structure, while NRSF/REST does not exist in the GA-guided mD-VcMD simulation. Labels H1,…, H4 

are helices 1–4 of mSin3B (PAH1 domain). 
 
Supplementary Figure S8. 

Figure S8: Some initial 

conformations of GA-guided 

mD-VcMD for the YN3-mSin3B 

system viewed from different 

directions: (a) and (b). See the 

figure caption of Figure S7 for 

more information.  

 
 
Supplementary Figure S9. 

Figure S9: Some initial 

conformations of GA-guided 

mD-VcMD for the acitretin-

mSin3B system viewed from 

different directions: (a) and (b). 

See the figure caption of Figure 

S7 for more information.  

 
 
Supplementary Section 3. Parameters used  
The atom groups adopted for the current study to define the three RCs are given in Table 
S1 of SI. Three RCs are illustrated in Figures S6–S8 of SI.GA-guided mD-VcMD consists 
of iterative simulations, through which the conformational ensemble converges on an 



equilibrated one, 𝑄_`aN(𝝀) (𝝀 = 𝜆('), 𝜆()), 𝜆(*)), at a simulation temperature (300 K) in 
the 3D-RC space. A thermodynamic weight is assigned to each of stored snapshots using 
𝑄_`aN(𝝀) 2,3. This means that a thermally equilibrated conformational ensemble 
(canonical ensemble) is obtained in the allowed RC space. 

Table S2 lists actual values of parameters which control the simulations: 𝑛c?(ℎ), 

[𝜆:
(,)]fIa, [𝜆agh(,)

(,) ]f`i, and ∆𝜆(,). Table S3 lists the zones: {[𝜆k
(,)]fIa, [𝜆k

(,)]f`i; 	𝑘 =

1,… , 𝑛c?(ℎ)}. An interzone transition was attempted once every 20	𝑝𝑠 (1 × 10s steps 
of simulation). See Ref. 2 for meaning of parameters. 
 
Supplementary Table S2. Parametersa) for RC-space division                     
——————————————————————————————————— 

ℎ 𝑛c?(ℎ)a) [𝜆:
(,)]fIab) [𝜆agh(,)

(,) ]f`ib) ∆𝜆(,)c) 

——————————————————————————————————— 

𝛼 7 10.0	Å  18.0	Å  2.0	Å 

𝛽  19 0.0	Å  25.0	Å  2.5	Å 

𝛾  19 0.0	Å  25.0	Å  2.5	Å 

——————————————————————————————————— 
a) Number of virtual states for each reaction coordinate 𝜆(,).  
b) Variable range for 𝜆(,) is u[𝜆:

(,)]fIa, [𝜆agh(,)
(,) ]f`iv.  

c) Zone width for each reaction coordinate 𝜆(,).  

 
Supplementary TableS3. Setting of zones                                            
Zone No. a)    zones b) 

  ————————————————————————————————— 

𝑘  [𝜆k
(')]fIa [𝜆k

(')]f`i c) [𝜆k
())]fIa  [𝜆k

())]f`i  [𝜆k
(*)]fIa [𝜆k

(*)]f`i d) 

——————————————————————————————— ——————— 

1 10.0 12.0 0.00 2.50 

2 11.0 13.0 1.25 3.75 

3 12.0 14.0 2.50 5.00 

4 13.0 15.0 3.75 6.25 

5 14.0 16.0 5.00 7.50 

6 15.0 17.0 6.25 8.75 

7 16.0 18.0 7.50 10.00 

8   8.75 11.25 

9   10.00 12.50 



10   11.25 13.75 

11   12.50 15.00 

12   13.75 16.25 

13   15.00 17.50 

14   16.25 18.75 

15   17.50 20.00 

16   18.75 21.25 

17   20.00 22.50 

18   21.25 23.75 

19   22.50 25.00 

——————————————————————————————————— 
a) Number of zones 𝑛c? is 7 for 𝜆(') and 19 for 𝜆()) and 𝜆(*). 
b) Unit of zones is Å.  

c) [𝜆k
(')]fIa [𝜆k

(')]f`i are not assigned for 𝑘 ≥ 8 because number of virtual states is 7: 𝑛c?(𝛼) = 7. See Table S2. 
d) Parameters for 𝜆(*)	are not shown because they are exactly the same as those for 𝜆(').  

 
Supplementary Section 4. Spatial density of ligand’s quantity. 
The GA-guided mD-VcMD assigns a thermodynamic weight (statistical weight at 
equilibrium) to each sampled snapshot2. Here we present a method to calculate spatial 
distribution of the center of mass of the ligands around the receptor mSin3B. First, we 
divide the 3D real space into cubes, whose volume ∆𝑉 is 2	Å	 × 	2	Å	 × 2	Å. The cube 
position is specified by its center 𝒓 = [𝑥, 𝑦, 𝑧]. Next, we calculate the geometrical center 
(GC) of the ligand for each snapshot, and assign the snapshot to a cube that involves the 
GC. Then, we assign all of the snapshots to cubes. Last, we calculate the spatial density 
𝜌~�(𝒓) of the geometrical center at the cube 𝒓 as: 
 

𝜌~�
(?)(𝒓) = ∑ 𝑤I𝛿~�(𝒓; 𝑖)I ,     (S2) 

 
where 𝑤I is the thermodynamic weight assigned to snapshot 𝑖, and the superscript 𝑠 
specifies the ligand: 𝑠 = sertraline-mSin3B, YN3-mSin3B, or acitretin-mSin3B. The 
function 𝛿~�(𝒓; 𝑖) is a delta function defined: 
 

𝛿~�(𝒓; 𝑖) = �1					(if	GC	of	snapshot	𝑖	is	in	cube	𝒓)0																																																							(else).  (S3) 

 



Equation S2 of Supplementary Information is the thermodynamic weight assigned to the 
cube 𝒓. We normalized {𝑤I} as ∑ 𝑤II = 1 for each system in advance. 
 Another spatial density function is calculated with the same manner. For instance, 
a spatial density	𝜌~�-

(?) (𝒓) for the geometrical center of Ring A of sertraline (GCA) is 
calculated as follows:  
 

𝜌~�-
(?) (𝒓) = ∑ 𝑤I𝛿~�-(𝒓; 𝑖)I ,    (S4) 

 
where  
 

𝛿~�-(𝒓; 𝑖) = �1					(if	GCA	of	snapshot	𝑖	is	in	cube	𝒓)0																																																										(else).  (S5) 

 
The superscript 𝑠 is set to sertraline-mSin3B.  
 
Supplementary Section 5. Convergence of distribution 
Figure 1 of the main text demonstrates the conformational distribution 
𝑄_`aN(𝜆('), 𝜆()), 𝜆(*)) in the 3D RC space for the three systems computed from the GA-
guided mD-VcMD. Here, we access the convergence of 𝑄_`aN(𝜆('), 𝜆()), 𝜆(*))  with 
proceeding the iteration (i.e., the ordinal number of iteration). The assessment is done 
with 𝐸MN_`M(𝜆('), 𝜆()), 𝜆(*))�: that is a function defined locally at each position in 3D 
RC space. This function was introduced in our paper2 to assess the accuracy of 
𝑄_`aN(𝜆('), 𝜆()), 𝜆(*)), and used actually to check the simulation quality in another paper3. 
The larger the function 𝐸MN_`M�: at a position [𝜆('), 𝜆()), 𝜆(*)], the better the accuracy 
of 𝑄_`aN  at the position. According to Ref. 3, we judged that a 3D-RC region with 
𝐸MN_`M�: ≥ 4.0 has an appropriate accuracy. 
 Figures S10–S12 demonstrate the regions with 𝐸MN_`M(𝜆('), 𝜆()), 𝜆(*))�: ≥ 4.0, 
which increased with proceeding the iteration of simulation. Those regions covered the 
regions of 𝑄_`aN�𝜆('), 𝜆()), 𝜆(*)� ≥ 0.01 relatively well in the last iteration for each 
system (the 14-th, 13-th, and 27 the iterations for the sertraline-mSin3B, YN3-mSin3B, 
and acitretin-mSin3B systems, respectively).  
 



Figure S10: Convergence of distribution 

𝑄_`aN(𝜆('), 𝜆()), 𝜆(*))  with proceeding 

iterative simulation for the sertraline-mSin3B 

system. Accuracy of 𝑄_`aN(𝜆('), 𝜆()), 𝜆(*)) is 

assessed by objective function 

𝐸MN_`M�𝜆('), 𝜆()), 𝜆(*)�
�:

.[2] Cyan contours, i.e., 

the equidensity region of 

𝑄_`aN�𝜆('), 𝜆()), 𝜆(*)� = 0.001, are those used 

in Figure 1 of main text. Black contours are the 

iso-objective-function surfaces of 

𝐸MN_`M�𝜆('), 𝜆()), 𝜆(*)�
�:
= 4. The iteration No. of each panel is indicated near the panel. 

 
Figure S11: Convergence of distribution 

𝑄_`aN(𝜆('), 𝜆()), 𝜆(*))  with proceeding 

iterative simulation for the YN3-mSin3B 

system. See caption of Figure S10 for more 

information.  
 
 
 
 

 
 

Figure S12: Convergence of distribution 

𝑄_`aN(𝜆('), 𝜆()), 𝜆(*))  with proceeding 

iterative simulation for the acitretin-mSin3B 

system. See caption of Figure S10 for more 

information.  
 
 
 
 

 
Supplementary Figure S13.  



Figure S13: NRSF/REST–

mSin3B complex structure 

determined by NMR (PDB ID: 

2CZY). (a) The LIML sequence 

of NRSF/REST is shown by 

magenta-colored ribbon model, 

and two hydrophobic residues 

Leu 43 and Leu 46 (magenta-

colored labels) of the LIML 

sequence are displayed explicitly. These two residues contact to three hydrophobic residues Val 75, Phe 

93, and Phe 96 (green-colored residues with black labels) of mSin3B. Labels H1,…, H4 indicate helices 

1,…, 4 of mSin3B (PAH1 domain), respectively. (b) mSin3B is presented by a surface model, where 

hydrophobic surface is represented by white color.  
 
Supplementary Section 6. Calculation of radial distribution 
function  
Defining a distance 𝑟 between two objects in a system, we can calculate a distance 
distribution function (DDF) 𝑃(𝑟), where the probability of detecting 𝑟 in a window 
[𝑟, 𝑟 + 𝑑𝑟] is 𝑃(𝑟)𝑑𝑟. We use 𝑤I  (Supplementary section 4) to calculate the DDF. 
Then, the radial distribution function (RDF) 𝑝(𝑟)  is defined formally as: 𝑝(𝑟) =
𝑃(𝑟)/4𝜋𝑟;. This function is normalized as ∫𝑝(𝑟)4𝜋𝑟;𝑑𝑟 = 1. 

In the present study, we calculate the minimum heavy-atomic distance 𝑟�
(?) 

between the ligand and one of three residues Val 75, Phe 93, and Phe 96 in the mSin3B 
cleft, where the subscript 𝑅 of 𝑟�

(?) is the residue specifier (𝑅 = Val 75, Phe 93, or Phe 
96) and the superscript 𝑠 is the system specifier defined in Eq. S2 of Supplementary 
Information. Then, we calculated three RDFs 𝑝(𝑟�

(?)) for each system.  
 
Supplementary Section 7. Averaged molecular orientation in 
each cube 
Molecular orientation vectors for the ligands are defined by the broken-line vectors in 
panel (b) of Supplementary Figures S2–S4. Then, we defined a unit vector parallel to the 
molecular orientation vector for each snapshot: 𝒆I

(?)  where the subscript 𝑖  is the 
snapshot specifier and superscript 𝑠 is the system specifier. Then, the average of 𝒆I

(?) 
at each cube was defined as: 
 



< 𝒆(?)(𝒓) >= :
∑ O� ¡¢(𝒓;I)�

∑ 𝒆I
(?)𝑤I𝛿~�(𝒓; 𝑖)𝒊 .  (S6) 

 
We calculated < 𝒆(?)(𝒓) >  in cubes whose densities were 𝜌~�

(?)(𝒓) ≥ 0.5𝜌L  for 
sertraline and YN3, and 𝜌~�

(?)(𝒓) ≥ 0.1𝜌L for acitretin. We aim to investigate the spatial 
pattern of < 𝒆(?)(𝒓) >  in the high-density regions. Thus, we set the threshold for 
sertraline and YN3 was set to 0.5𝜌L referring to Figs. 2a and 2b. On the other hand, the 
regions of 0.5𝜌L did not appear around the cleft of mDin3B substantially for acitretin 
(Figure 2c). Thus, we decreased the threshold to 0.1𝜌L for acitretin.  

Note that ¤< 𝒆(?)(𝒓) >¤ represents a degree of ligand orientational ordering in 
each cube. ¤< 𝒆(?)(𝒓) >¤ takes the maximum of 1 when all 𝒆I

(?) have exactly the same 
orientations in the cube. If snapshots have uncorrelated orientations, then ¤< 𝒆(?)(𝒓) >¤ 
becomes small. 
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