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N-­‐methylated	
  alanine	
  parameters:	
  Because	
  the	
  RSFF1	
  force	
  field	
  was	
  reparameterized	
  based	
  
on	
  the	
  OPLS-­‐AA/L	
  force	
  field,	
  the	
  parameters	
  for	
  N-­‐methylated	
  alanine	
  were	
  determined	
  based	
  
on	
  chemical	
  similarity	
  for	
  RSFF1,	
  following	
  the	
  OPLS	
  philosophy	
  (Figure	
  S1A,	
  left).	
  The	
  dihedral	
  
parameters	
   involving	
   the	
   backbone	
  N-­‐methyl	
   group	
   of	
   an	
  N-­‐methylated	
   alanine	
   are	
   listed	
   in	
  
Table	
  S1	
  for	
  RSFF1;	
  the	
  three	
  missing	
  dihedral	
  parameters	
  were	
  taken	
  from	
  OPLS/2005	
  and	
  are	
  
marked	
  with	
  an	
  *	
  in	
  Table	
  S1.1	
  For	
  comparison,	
  the	
  dihedral	
  parameters	
  involving	
  the	
  backbone	
  
NH	
  group	
  of	
  an	
  alanine	
  are	
  listed	
  in	
  Table	
  S2.	
  The	
  corresponding	
  atom	
  types	
  for	
  the	
  dihedrals	
  
for	
  alanine	
  and	
  N-­‐methylated	
  alanine	
   in	
  RSFF1	
  are	
  given	
   in	
  Figure	
  S2.	
  On	
  the	
  other	
  hand,	
  the	
  
RSFF2	
   force	
   field	
   was	
   reparameterized	
   based	
   on	
   the	
   Amber99sb	
   force	
   field.	
   Following	
   the	
  
philosophy	
   of	
   the	
   Amber99	
   force	
   fields,	
   the	
   partial	
   charges	
   for	
   N-­‐methylated	
   alanine	
   were	
  
determined	
   using	
   the	
   multi-­‐conformational	
   RESP	
   method2	
   for	
   RSFF2	
   simulations.	
   Three	
  
different	
  initial	
  configurations	
  of	
  an	
  N-­‐methylated	
  alanine	
  dipeptide	
  were	
  generated	
  with	
  (ϕ,	
  ψ)	
  
at	
   (–160°,	
   160°),	
   (–80°,	
   80°)	
   and	
   (80°,	
   –60°)	
   (the	
   C5,	
   C7eq	
   and	
   C7ax	
   conformations)	
   using	
  
Chimera,3	
  with	
  the	
  N-­‐methylated	
  amide	
  bond	
  in	
  the	
  trans	
  configuration.	
  To	
  better	
  describe	
  Ala5	
  
in	
  cyclo-­‐(aAAAAA),	
  which	
  formed	
  a	
  cis	
  peptide	
  bond	
  with	
  Ala4,	
  an	
  additional	
  configuration	
  with	
  
the	
  N-­‐methylated	
  amide	
  bond	
  in	
  the	
  cis	
  configuration	
  and	
  (ϕ,	
  ψ)	
  at	
  (–132°,	
  49°),	
  the	
  dihedral	
  
angles	
  of	
  Ala5	
   in	
  cyclo-­‐(aAAAAA),	
  was	
   included	
  as	
  well.	
  After	
  energy	
  minimization	
   in	
  Chimera,	
  
only	
   two	
   structures	
  were	
  obtained	
   for	
   the	
   trans	
   isomers	
  with	
   (ϕ,	
  ψ)	
   =	
   (–137°,	
   62°)	
   and	
   (48°,	
  
47°);	
   the	
   minimized	
   (ϕ,	
   ψ)	
   for	
   the	
   cis	
   isomer	
   were	
   (–136°,	
   56°)	
   (Figure	
   S1B).	
   These	
   three	
  
minimized	
   structures	
   were	
   then	
   optimized	
   at	
   the	
   HF/6-­‐31G*	
   level	
   using	
   the	
   Gaussian09	
  
package.4	
  The	
  RESP	
  charges	
  were	
  then	
  fitted	
  using	
  the	
  R.E.D.	
  tools.5	
  Atom	
  types	
  and	
  charges	
  for	
  
N-­‐methylated	
  alanine	
  in	
  the	
  RSFF1	
  and	
  RSFF2	
  force	
  fields	
  are	
  shown	
  in	
  Figure	
  S1A.	
  Additionally,	
  
the	
   dihedral	
   parameters	
   involving	
   the	
   backbone	
  N-­‐methyl	
   group	
   of	
   an	
  N-­‐methylated	
   alanine	
  
are	
  listed	
  in	
  Table	
  S3	
  while	
  those	
  involving	
  the	
  backbone	
  NH	
  group	
  of	
  an	
  alanine	
  are	
  listed	
  in	
  
Table	
   S4	
   for	
   RSFF2.	
   The	
   corresponding	
   atom	
   types	
   for	
   the	
   dihedrals	
   for	
   alanine	
   and	
   N-­‐
methylated	
  alanine	
  in	
  RSFF2	
  are	
  given	
  in	
  Figure	
  S3.	
  	
  

	
  

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2017



	
   S2	
  

	
  
Figure	
  S1.	
  (A)	
  Atom	
  types	
  and	
  charges	
  for	
  an	
  N-­‐methylated	
  alanine	
  residue	
  in	
  RSFF1	
  and	
  RSFF2	
  
simulations.	
  (B)	
  Initial	
  structures	
  used	
  for	
  the	
  G09	
  calculations	
  to	
  generate	
  the	
  RESP	
  charges.	
  

	
  

	
  

	
  
Figure	
  S2.	
  Atom	
  names	
  for	
  the	
  dihedrals	
  involved	
  in	
  the	
  backbone	
  N	
  group	
  (NH	
  or	
  NCH3)	
  for	
  (A)	
  
alanine	
   and	
   (B)	
  N-­‐methylated	
   alanine.	
   Atoms	
  names	
   in	
   red	
   correspond	
   to	
  Tables	
   S1	
   and	
   S2,	
  
respectively,	
  for	
  RSFF1.	
  	
  

Table	
  S1.	
  The	
  dihedral	
  parameters	
  involving	
  the	
  backbone	
  N	
  and	
  C	
  of	
  the	
  methyl	
  group	
  of	
  an	
  N-­‐
methylated	
  alanine	
  in	
  the	
  RSFF1	
  simulations.	
  Dihedrals	
  with	
  an	
  *	
  are	
  taken	
  from	
  OPLS/2005.	
  	
  

Dihedral	
  
Dihedral	
  parameters	
  in	
  GROMACS,	
  Ryckaert-­‐Bellemans	
  form	
  (kJ/mol)	
  

C0	
   C1	
   C2	
   C3	
   C4	
   C5	
  

CT-­‐N-­‐C-­‐CT_2	
   30.28798	
   –4.81160	
   –25.47638	
   0.0	
   0.0	
   0.0	
  

CT-­‐N-­‐C-­‐O	
   25.47638	
   0.0	
   –25.47638	
   0.0	
   0.0	
   0.0	
  

CT-­‐N-­‐CT_2-­‐CT*	
   9.71734	
   –7.44961	
   9.94118	
   –0.94558	
   –11.26333	
   0.0	
  

CT-­‐N-­‐CT_2-­‐C*	
   1.49369	
   0.0	
   –1.49369	
   0.0	
   0.0	
   0.0	
  

CT-­‐N-­‐CT_2-­‐HC*	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
  

C-­‐N-­‐CT-­‐HC	
   –0.29079	
   –0.87237	
   0.0	
   1.16315	
   0.0	
   0.0	
  

CT_2-­‐N-­‐CT-­‐HC	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
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Table	
   S2.	
   The	
   dihedral	
   parameters	
   involving	
   the	
   backbone	
   NH	
   of	
   an	
   alanine	
   in	
   the	
   RSFF1	
  
simulations.	
  	
  

Dihedral	
  
Dihedral	
  parameters	
  in	
  GROMACS,	
  Ryckaert-­‐Bellemans	
  form	
  (kJ/mol)	
  

C0	
   C1	
   C2	
   C3	
   C4	
   C5	
  

H-­‐N-­‐C-­‐CT_2	
   20.50160	
   0.0	
   –20.50160	
   0.0	
   0.0	
   0.0	
  

H-­‐N-­‐C-­‐O	
   20.50160	
   0.0	
   –20.50160	
   0.0	
   0.0	
   0.0	
  

H-­‐N-­‐CT_2-­‐CT	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
  

H-­‐N-­‐CT_2-­‐C	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
  

H-­‐N-­‐CT_2-­‐HC	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
   0.0	
  

	
  

	
  
Figure	
  S3.	
  Atom	
  names	
  for	
  the	
  dihedrals	
  involved	
  in	
  the	
  backbone	
  N	
  group	
  (NH	
  or	
  NCH3)	
  for	
  (A)	
  
alanine	
   and	
   (B)	
  N-­‐methylated	
   alanine.	
   Atoms	
  names	
   in	
   red	
   correspond	
   to	
  Tables	
   S3	
   and	
   S4,	
  
respectively,	
  for	
  RSFF2.	
  	
  

Table	
  S3.	
  The	
  dihedral	
  parameters	
  involving	
  the	
  backbone	
  N	
  and	
  C	
  of	
  the	
  methyl	
  group	
  of	
  an	
  N-­‐
methylated	
  alanine	
  in	
  the	
  RSFF2	
  simulations.	
  	
  

Dihedral	
  atoms	
   Dihedral	
  type	
  
Dihedral	
  parameters	
  in	
  GROMACS,	
  periodic	
  type	
  

ϕ	
  (°)	
   K	
  (kJ/mol)	
   Multiplicity	
  

CT-­‐N-­‐C-­‐CT	
  
X-­‐N-­‐C-­‐X	
   180.0	
   10.460	
   2	
  

CT-­‐N-­‐C-­‐O	
  

C-­‐N-­‐CT-­‐H1	
  

X-­‐N-­‐CT-­‐X	
   0.0	
   0.000	
   0	
  
CT-­‐N-­‐CT-­‐H1	
  

CT-­‐N-­‐CT-­‐CT	
  

CT-­‐N-­‐CT-­‐C	
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Table	
   S4.	
   The	
   dihedral	
   parameters	
   involving	
   the	
   backbone	
   NH	
   of	
   an	
   alanine	
   in	
   the	
   RSFF2	
  
simulations.	
  	
  

Dihedral	
  atoms	
   Dihedral	
  type	
  
Dihedral	
  parameters	
  in	
  GROMACS,	
  periodic	
  type	
  

ϕ	
  (°)	
   K	
  (kJ/mol)	
   Multiplicity	
  

H-­‐N-­‐C-­‐CT	
   X-­‐N-­‐C-­‐X	
   180.0	
   10.460	
   2	
  

H-­‐N-­‐C-­‐O	
   H-­‐N-­‐C-­‐O	
  
180.0	
   10.460	
   2	
  

0.0	
   8.368	
   1	
  

H-­‐N-­‐CT-­‐CT	
  

X-­‐N-­‐CT-­‐X	
   0.0	
   0.000	
   0	
  H-­‐N-­‐CT-­‐C	
  

H-­‐N-­‐CT-­‐H1	
  

	
  

Normalized	
   probability	
   overlap	
   analysis:	
   To	
   monitor	
   convergence	
   of	
   each	
   set	
   of	
   BE-­‐META	
  
simulations,	
   we	
   calculated	
   probability	
   density	
   overlap	
   as	
   a	
   function	
   of	
   simulation	
   time.	
   The	
  
population	
  density	
  in	
  3D	
  principal	
  subspace,	
  called	
  the	
  normalized	
  integrated	
  product	
  (NIP),	
  is	
  
given	
  by:	
  

NIP =
2 𝜌𝜌 𝜌𝜌 ,

𝜌𝜌 + 𝜌𝜌 ,
	
  

where	
  ρi	
  and	
  ρi,ref	
  are	
  the	
  population	
  density	
  of	
  grid	
  point	
  i	
  and	
  its	
  reference	
  value,	
  respectively.	
  
The	
  summation	
  is	
  over	
  all	
  the	
  grid	
  points	
  in	
  the	
  3D	
  principal	
  subspace.	
  An	
  NIP	
  value	
  of	
  0	
  shows	
  
no	
  overlap	
  while	
  a	
  value	
  of	
  1	
  indicates	
  perfect	
  overlap.	
  The	
  population	
  density	
  of	
  S2	
  during	
  the	
  
last	
  time	
  portion	
  was	
  used	
  as	
  the	
  reference	
  for	
  S1	
  and	
  vice	
  versa.6	
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Figure	
  S4.	
  ω1	
  and	
  ω5	
  trajectories	
  of	
  cyclo-­‐(aAAAAA)	
  for	
  all	
  replicas	
  of	
  (A)	
  S1	
  and	
  (B)	
  S2	
  and	
  ω1	
  
and	
  ω6	
   trajectories	
   of	
   cyclo-­‐(aAAAAA)	
   for	
   all	
   replicas	
   of	
   (C)	
   S1	
   and	
   (D)	
   S2	
  with	
   RSFF1.	
   These	
  
simulations	
  bias	
  ϕi	
  ×	
  ψi	
  and	
  ψi	
  ×	
  ϕi+1	
  with	
  the	
  correct	
  isomers	
  provided.	
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Figure	
  S5.	
  ω1	
  and	
  ω5	
  trajectories	
  of	
  cyclo-­‐(aAAAAA)	
  for	
  all	
  replicas	
  of	
  (A)	
  S1	
  and	
  (B)	
  S2	
  and	
  ω1	
  
and	
  ω6	
   trajectories	
   of	
   cyclo-­‐(aAAAAA)	
   for	
   all	
   replicas	
   of	
   (C)	
   S1	
   and	
   (D)	
   S2	
  with	
   RSFF2.	
   These	
  
simulations	
  bias	
  ϕi	
  ×	
  ψi	
  and	
  ψi	
  ×	
  ϕi+1	
  with	
  the	
  correct	
  isomers	
  provided.	
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Figure	
  S6.	
  ω1	
  and	
  ω5	
  trajectories	
  of	
  cyclo-­‐(aAAAAA)	
  for	
  all	
  replicas	
  of	
  (A)	
  S1	
  and	
  (B)	
  S2	
  and	
  ω1	
  
and	
  ω6	
   trajectories	
   of	
   cyclo-­‐(aAAAAA)	
   for	
   all	
   replicas	
   of	
   (C)	
   S1	
   and	
   (D)	
   S2	
  with	
   RSFF1.	
   These	
  
simulations	
  bias	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  correct	
  isomers	
  provided.	
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Figure	
  S7.	
  ω1	
  and	
  ω5	
  trajectories	
  of	
  cyclo-­‐(aAAAAA)	
  for	
  all	
  replicas	
  of	
  (A)	
  S1	
  and	
  (B)	
  S2	
  and	
  ω1	
  
and	
  ω6	
   trajectories	
   of	
   cyclo-­‐(aAAAAA)	
   for	
   all	
   replicas	
   of	
   (C)	
   S1	
   and	
   (D)	
   S2	
  with	
   RSFF2.	
   These	
  
simulations	
  bias	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  correct	
  isomers	
  provided.	
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Figure	
  S8.	
  dPCA	
  with	
  the	
  three	
  largest	
  principal	
  components	
  (left)	
  and	
  cluster	
  analysis	
  (right)	
  for	
  
the	
  correct	
  isomer	
  of	
  cyclo-­‐(aAAAAA),	
  (A)	
  S1	
  and	
  (B)	
  S2	
  and	
  cyclo-­‐(aAAAAA),	
  (C)	
  S1	
  and	
  (D)	
  S2	
  
with	
  RSFF1.	
  Clusters	
  are	
  numbered	
  based	
  on	
  populations,	
  and	
  clusters	
  with	
  populations	
  >	
  0.5%	
  
are	
  labeled.	
  Results	
  are	
  from	
  the	
  last	
  50	
  ns	
  of	
  systems	
  biasing	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  
correct	
  isomers	
  provided.	
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Figure	
  S9.	
  dPCA	
  with	
  the	
  three	
  largest	
  principal	
  components	
  (left)	
  and	
  cluster	
  analysis	
  (right)	
  for	
  
the	
  correct	
  isomer	
  of	
  cyclo-­‐(aAAAAA),	
  (A)	
  S1	
  and	
  (B)	
  S2	
  and	
  cyclo-­‐(aAAAAA),	
  (C)	
  S1	
  and	
  (D)	
  S2	
  
with	
  RSFF2.	
  Clusters	
  are	
  numbered	
  based	
  on	
  populations,	
  and	
  clusters	
  with	
  populations	
  >	
  0.5%	
  
are	
  labeled.	
  Results	
  are	
  from	
  the	
  last	
  50	
  ns	
  of	
  systems	
  biasing	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  
correct	
  isomers	
  provided.	
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Figure	
  S10.	
  NIP	
  of	
  the	
  neutral	
  replicas	
  of	
  (A)	
  cyclo-­‐(aAAAAA),	
  RSFF1;	
  (B)	
  cyclo-­‐(aAAAAA),	
  RSFF2;	
  
(C)	
  cyclo-­‐(aAAAAA),	
  RSFF1	
  and	
  (D)	
  cyclo-­‐(aAAAAA),	
  RSFF2.	
  Results	
  are	
  from	
  the	
  systems	
  biasing	
  
ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  correct	
  isomers	
  provided.	
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Figure	
   S11.	
  RMSD	
  distributions	
  of	
   the	
  correct	
   isomer	
  of	
   (A)	
   cyclo-­‐(aAAAAA),	
  RSFF1;	
   (B)	
   cyclo-­‐
(aAAAAA),	
  RSFF2;	
  (C)	
  cyclo-­‐(aAAAAA),	
  RSFF1	
  and	
  (D)	
  cyclo-­‐(aAAAAA),	
  RSFF2.	
  Note	
  in	
  (A),	
  cluster	
  
3	
  has	
  a	
  population	
  of	
  0.5%	
  and	
  is	
  located	
  at	
  ~1.3	
  Å.	
  Results	
  are	
  from	
  the	
  last	
  50	
  ns	
  of	
  systems	
  
biasing	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  correct	
  isomers	
  provided.	
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Figure	
  S12.	
  dPCA	
  with	
  the	
  three	
  largest	
  principal	
  components	
  (left)	
  and	
  cluster	
  analysis	
  (right)	
  
for	
  the	
  correct	
  isomer	
  of	
  cyclo-­‐(aAAAAA),	
  (A)	
  S1	
  and	
  (B)	
  S2	
  and	
  cyclo-­‐(aAAAAA),	
  (C)	
  S1	
  and	
  (D)	
  
S2	
  with	
  RSFF1	
  in	
  DMSO.	
  Clusters	
  are	
  numbered	
  based	
  on	
  populations.	
  Results	
  are	
  from	
  the	
  last	
  
50	
  ns	
  of	
  systems	
  biasing	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  correct	
  isomers	
  provided.	
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Figure	
  S13.	
  dPCA	
  with	
  the	
  three	
  largest	
  principal	
  components	
  (left)	
  and	
  cluster	
  analysis	
  (right)	
  
for	
  the	
  correct	
  isomer	
  of	
  cyclo-­‐(aAAAAA),	
  (A)	
  S1	
  and	
  (B)	
  S2	
  and	
  cyclo-­‐(aAAAAA),	
  (C)	
  S1	
  and	
  (D)	
  
S2	
  with	
  RSFF2	
  in	
  DMSO.	
  Clusters	
  are	
  numbered	
  based	
  on	
  populations.	
  Results	
  are	
  from	
  the	
  last	
  
50	
  ns	
  of	
  systems	
  biasing	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  correct	
  isomers	
  provided.	
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Figure	
   S14.	
   Structural	
   ensembles	
   of	
   the	
   CPs	
  when	
   the	
   experimental	
   isomers	
  were	
   given	
   (cis	
  
peptide	
   bond	
   between	
   residues	
   4	
   and	
   5	
   for	
   cyclo-­‐(aAAAAA)	
   and	
   all	
   trans	
   peptide	
   bonds	
   for	
  
cyclo-­‐(aAAAAA))	
  and	
  ω	
  angles	
  were	
  not	
  biased.	
  Populations	
  and	
  Ramachandran	
  plots	
  of	
  the	
  top	
  
three	
  clusters	
  from	
  cluster	
  analysis	
  with	
  the	
  correct	
  isomer	
  of	
  cyclo-­‐(aAAAAA),	
  using	
  (A)	
  RSFF1	
  
and	
   (B)	
   RSFF2;	
   and	
   cyclo-­‐(aAAAAA)	
   using	
   (C)	
   RSFF1	
   and	
   (D)	
   RSFF2.	
   Representative	
   structures	
  
can	
  be	
  found	
  in	
  Figure	
  3.	
  Results	
  are	
  from	
  the	
  last	
  50	
  ns	
  of	
  systems	
  biasing	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  
ϕ’i+1	
  in	
  DMSO.	
  ϕ	
  and	
  ψ	
  of	
  the	
  NMR	
  structures	
  are	
  shown	
  as	
  black	
  dots.	
  Type	
  I,	
  II,	
  II’	
  and	
  VI	
  turns	
  
were	
  classified	
   if	
   they	
   formed	
  hydrogen	
  bonds	
   in	
  >	
  50%	
  of	
   cluster	
   frames	
  and	
  are	
   colored	
   in	
  
red,	
  green,	
  blue	
  and	
  purple	
  boxes,	
  respectively.	
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Figure	
  S15.	
  NIP	
  of	
  the	
  neutral	
  replicas	
  of	
  (A)	
  cyclo-­‐(aAAAAA),	
  RSFF1	
  (B)	
  cyclo-­‐(aAAAAA),	
  RSFF2,	
  
(C)	
   cyclo-­‐(aAAAAA),	
   RSFF1	
   and	
   (D)	
   cyclo-­‐(aAAAAA),	
   RSFF2	
   in	
   DMSO.	
   Results	
   are	
   from	
   the	
  
systems	
  biasing	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  correct	
  isomers	
  provided.	
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Figure	
   S16.	
   RMSD	
   distributions	
   of	
   (A)	
   cyclo-­‐(aAAAAA),	
   RSFF1;	
   (B)	
   cyclo-­‐(aAAAAA),	
   RSFF2;	
   (C)	
  
cyclo-­‐(aAAAAA),	
   RSFF1	
   and	
   (D)	
   cyclo-­‐(aAAAAA),	
   RSFF2.	
   Results	
   are	
   from	
   the	
   last	
   50	
   ns	
   of	
  
systems	
  biasing	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  additional	
  biases	
  on	
  the	
  ω	
  angles	
  involving	
  the	
  N-­‐
methylated	
  nitrogen	
  atoms.	
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Table	
   S5.	
   Thermodynamics	
   decomposition	
   of	
   cyclo-­‐(aAAAAA)	
   using	
   (A)	
   RSFF1	
   and	
   (B)	
   RSFF2	
  
when	
  the	
  experimental	
   isomers	
  were	
  given	
  and	
  ω	
  angles	
  were	
  not	
  biased.	
  Results	
  shown	
  are	
  
from	
  the	
  S1	
  simulations.	
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Table	
   S6.	
   Thermodynamics	
   decomposition	
   of	
   cyclo-­‐(aAAAAA)	
   using	
   (A)	
   RSFF1	
   and	
   (B)	
   RSFF2	
  
when	
  the	
  experimental	
   isomers	
  were	
  given	
  and	
  ω	
  angles	
  were	
  not	
  biased.	
  Results	
  shown	
  are	
  
from	
  the	
  S1	
  simulations.	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



	
   S20	
  

Table	
   S7.	
   Average	
   number	
   of	
   violations	
   of	
   the	
   NMR	
   distance	
   restraints7	
   for	
   the	
   top	
   three	
  
clusters	
  of	
  cyclo-­‐(aAAAAA)	
  and	
  cyclo-­‐(aAAAAA)	
  using	
  RSFF1	
  and	
  RSFF2.	
  These	
  simulations	
  bias	
  
ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  correct	
  isomers	
  provided	
  and	
  correspond	
  to	
  the	
  clusters	
  shown	
  
in	
  Figure	
  3.	
  	
  

CP	
  
Total	
  

Violations	
  
Violations	
  	
  
>	
  0.1	
  Å	
  

Violations	
  	
  
>	
  0.3	
  Å	
  

Violations	
  	
  
>	
  1.0	
  Å	
  

cyclo-­‐(aAAAAA),	
  RSFF1	
  
Cluster	
  1	
   11.04	
   8.82	
   5.64	
   1.53	
  
Cluster	
  2	
   7.54	
   5.21	
   2.66	
   0.32	
  
Cluster	
  3	
   10.17	
   7.37	
   4.21	
   1.74	
  

cyclo-­‐(aAAAAA),	
  RSFF2	
  
Cluster	
  1	
   6.58	
   4.65	
   2.71	
   0.56	
  
Cluster	
  2	
   7.27	
   4.67	
   2.26	
   0.17	
  
Cluster	
  3	
   10.60	
   8.72	
   5.85	
   1.39	
  

cyclo-­‐(aAAAAA),	
  RSFF1	
  
Cluster	
  1	
   4.51	
   2.17	
   0.90	
   0.05	
  
Cluster	
  2	
   17.43	
   15.57	
   11.13	
   5.21	
  
Cluster	
  3	
   7.96	
   6.06	
   3.35	
   0.54	
  

cyclo-­‐(aAAAAA),	
  RSFF2	
  
Cluster	
  1	
   4.09	
   2.19	
   0.85	
   0.06	
  
Cluster	
  2	
   7.56	
   5.53	
   3.17	
   0.75	
  
Cluster	
  3	
   5.14	
   3.57	
   2.55	
   0.66	
  

	
  
	
  
	
  
Table	
  S8.	
  MaxSub	
  scores	
  and	
  TM	
  scores	
  for	
  the	
  top	
  three	
  clusters	
  of	
  cyclo-­‐(aAAAAA)	
  and	
  cyclo-­‐
(aAAAAA)	
  using	
  RSFF1	
  and	
  RSFF2.	
  These	
  simulations	
  bias	
  ϕ’i	
  ×	
  ψ’i	
  and	
  ψ’i	
  ×	
  ϕ’i+1	
  with	
  the	
  correct	
  
isomers	
  provided	
  and	
  correspond	
  to	
  the	
  clusters	
  shown	
  in	
  Figure	
  3.	
  	
  

	
  

MaxSubScore	
  (d0	
  =	
  3.5Å)	
   TM	
  Score	
  with	
  d0	
  =	
  1.0	
  Å	
  

Cluster	
  1	
   Cluster	
  2	
  	
   Cluster	
  3	
   Cluster	
  1	
   Cluster	
  2	
  	
   Cluster	
  3	
  

cyclo-­‐(aAAAAA)	
  
RSFF1	
   0.92	
  ±	
  0.01	
   0.97	
  ±	
  0.01	
   0.95	
  ±	
  0.01	
   0.68	
  ±	
  0.03	
   0.76	
  ±	
  0.05	
   0.71	
  ±	
  0.03	
  

RSFF2	
   0.97	
  ±	
  0.01	
   0.97	
  ±	
  0.01	
   0.91	
  ±	
  0.01	
   0.77	
  ±	
  0.04	
   0.76	
  ±	
  0.05	
   0.69	
  ±	
  0.02	
  

cyclo-­‐(aAAAAA)	
  
RSFF1	
   0.97	
  ±	
  0.01	
   0.83	
  ±	
  0.01	
   0.92	
  ±	
  0.01	
   0.80	
  ±	
  0.05	
   0.41	
  ±	
  0.02	
   0.62	
  ±	
  0.05	
  

RSFF2	
   0.97	
  ±	
  0.01	
   0.93	
  ±	
  0.01	
   0.97	
  ±	
  0.01	
   0.78	
  ±	
  0.05	
   0.62	
  ±	
  0.05	
   0.76	
  ±	
  0.05	
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Table	
  S9.	
  Thermodynamics	
  decomposition	
  of	
  cyclo-­‐(aAAAAA)	
  using	
  RSFF2	
  with	
  different	
  water	
  
models.	
   Results	
   are	
   shown	
   from	
   the	
   S1	
   simulations	
   when	
   ω	
   angles	
   involving	
   N-­‐methylated	
  
nitrogen	
  atoms	
  were	
  also	
  biased.	
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Table	
  S10.	
  Thermodynamics	
  decomposition	
  of	
  the	
  most	
  populated	
  t1t5	
  and	
  t1c5	
  structures	
  of	
  
cyclo-­‐(aAAAAA)	
  using	
  RSFF2.	
  Results	
  shown	
  are	
  from	
  the	
  S1	
  simulations	
  when	
  the	
  ω	
  angles	
  
involving	
  the	
  N-­‐methylated	
  nitrogen	
  atoms	
  were	
  also	
  biased.	
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