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!"#$%&#'()*' +$,*)-%*
! ./"+0 1($23/*4#$)0 /"5$5)0+- 

5*3/-6*+-

! 7+1-(-5$3%*' 1*(*+$/(-8*6-'

! !"2$#9 1"2:")'$/3' 1"2 ;%31$(-+$)/, )$ 
1"2 /$"(-<

! =$#9 — 1($23%*8*)-$ 3/(&%/&(0, 
2-)*+-%- - 34">3/4 )*3/"'?-, 
@-"#":-5$3%-, "@A$%/"4

! B(-+$(: (*2-&30 */"+"4 1"2:")'</3' 1"2 
)*@#<2*$+0$ 1#"/)"3/- (1"/$)6-*#0 — 
1"2 (*2-*#9)0$ C&)%6-- (*31($2$#$)-'), 
)$ 1"2 ($8&#9/*/0 %4*)/"4"> ,-+--







L)-4$(3*#9)0$ M-#"40$ B"#'

! UFF – 43$ (*4)" -31"#98&$/ /-10 */"+"4

! G" ")- "1($2$#'</3' 2#' %*F2"> 3/(&%/&(0 
"/2$#9)", 4 8*4-3-+"3/- "/ 3"3$2$>

! G* */"+*, )$/& /"5$5)0, 8*('2"4!

! =$)0 &)-4$(3*#9)"3/- — @"#$$ 3#"F)*' 8*1-39 
1"/$)6-*#9)"> ;)$(:--, % 1(-+$(& 2#-)* 34'8-

8*4-3-/ $?$ "/ 1"('2%* 34'8- - 
;#$%/(")$:*/-4)"3/- ;#$+$)/"4.



N@A$2-)$))0$ */"+0
! ./"+0 4"2"("2* 43/($5*</3' 4" 43$, 
"(:*)-5$3%-, 3"$2-)$)-',

! G$1"#'()0$ 4"2"("20 -+$</ "5$)9 
3#*@0$ 48*-+"2$>3/4-'

! !*#$)9%-> *@3"#</)0> 8*('2

! !*#$)9%-> (*2-&3 O$))*(2*-PF")3*

! P#' ;CC$%/-4)"3/- (*35$/"4 ")- 
-)":2* “3(*?-4*</3'” 3 /'F$#0+- 
*/"+*+-

! H*@"/*$/ "5$)9 ,"("Q"! (Charmm19, 
OPLS-UA, AMBER-91)



N@A$2-)$))0$ */"+0

! MARTINI 3-#"4"$ 
1"#$

! 2-3-4 13$42"-*/"+* )* 
*+-)"%-3#"/&

! H*@"/*$/ 2#' @$#%"4 
- #-1-2)0, +$+@(*)



!"2$#- I"20

SPC SPC/E TIP3P BF TIP4P ST2

R(OH), Å 1.0 1.0 0.9572 0.96 0.9572 1.0 
HOH, deg 109.47 109.47 104.52 105.7 104.52 109.47 

629.4  629.4  582.0  560.4 600.0 238.7 

625.5  625.5 595.0 837.0 610.0 268.9 

Q(O) -0.82 0.842 -0.834 
Q(H) 0.41 0.4238 0.417 0.49 0.52 0.2375 
Q(M) -0.98 -1.04 -0.24

R(OM), Å 0.15 0.15 0.8 
Dipole, D 2.27 2.39 2.35 2.18



!"2$#- I"20
! 7%31$(-+$)/*#9)"$ 8)*5$)-$ 2-1"#9)":" +"+$)/* 
+"#$%&#0 4"20 4 :*8"4"> C*8$  1.85 D.

! SPC - 2.27 D 

! TIP4P - 2.18 D 

! R-2%"3/9 – 2.6 D

! 7)/*#91-' -31*($)-' - 1#"/)"3/9 +

! P-;#$%/(-5$3%*' 1(")-6*$+"3/9 -



H*3/'F$)-$ 34'8$>
! S"#$@*)-' 4"%(&:
(*4)"4$3)":" 8)*5$)-'

! S4*)/"40> "36-##'/"(

! N1-304*$/3' 
1"/$)6-*#"+ +"(3*



H*3/'F$)-$ 34'8$>
! T"("Q-> 1(-+$( -2$"#":-- +"#$%&#'()"> 
+$,*)-%-:

! K3#- 1"3+"/($/9 )* ($Q$))0$ 3/(&%/&(0, 
2#-)* 34'8- 43$:2* "%"#" (*4)"4$3)":" 
8)*5$)-'

! Exp — )$ 3*+*' @03/(*' C&)%6-' 2#' 
405-3#$)->

! B";/"+& "@05)" -31"#98&$/3' :*(+")-5$3%"> 
1(-@#-F$)-$



B*(*+$/(0 2#' 34'8$>
! S4*)/"4*' ,-+-'

! K3/9 )"40$ 3-#"40$ 1"#', 
1"#)"3/9< 1*(*+$/(-8"4*))0$ 
/*%-+ "@(*8"+

! S#*33-5$3%-$ *#9/$()*/-40

!      -8 %(-3/*##":(*C--

!       -8 31$%/("3%"1--

!       -8 *)*#-8* (*31($2$#$)-' 
4 @*8$ 2*))0, (PDB)

!        - ;/" 3"/)- %%*#/+"#9/.^2



S"#$@*)-' &:#"4

! M#*@$$, 5$+ (*3/'F$)-' 34'8$>, 2$3'/%- 
%%*#/+"#9/(*2^2



P4&:(*))0$ &:#0

! N1($2$#'$/3' &:#"+ +$F2& 1#"3%"3/'+- i-j-k - 
j-k-l





M(*4)$)-$ 4(*?$)->



B"/$)6-*# 2#' 24&:(*))0, &:#"4
! I0(*F*$/3' %*% ('2 %"3-)&3"4 

! )*1(-+$(,

M-#"40$ %")3/*)/0



P4">)0$ 34'8-
! V/" ;/"?

! !$F2& */"+*+- 1"2$#$)" 
@"#9Q$ ;#$%/(")"4

! S"("5$, 5$+ "@05)0$ 34'8-

! M-#9)$$

! R$3/%*'/1#"3%*' 3/(&%/&(*

! P"#F)0 1"+$)'/9 1"/$)6-*#

! U &4$#-5-/9 @*(9$( )* 4(*?$)-$



B$1/-2)*' 34'89 24">)*'!



I(*?$)-' 4)$ 1#"3%"3/-
! G&F)0 2#' /":", 5/"@0 5$/0($ */"+* @0#- 4 
"2)"> 1#"3%"3/- ()*1(-+$(, 1$1/-2)*' 
:(&11* -#- %"#96*)

! W*%/-5$3%-, 4 */"+0 @&2&/ 1"5/- 4 "2)"> 
1#"3%"3/-

! X*1-304*$/3' %*% &:"# i-j-k - j-k-l



G$4*#$)/)0$ 48*-+"2$>3/4-'
! E#-F)-$ 
48*-+"2$>3/4-' 
– &1*%"4%*

! P*#9)-$ 
48*-+"2$>3/4-' - 
;#$%/("3/*/-%*



7#$%/("3/*/-%*
! I8*-+"2$>3/4-' +$F2& /"5$5)0+- 8*('2*+- 
43$, */"+"4 3-3/$+0

! M-#"4"$ 1"#$ 2#' &:#$4"2"("2"4 (Brenner 
Potential) )$ -+$$/ 8*('2"4!

! M#"F)"3/9 4"8(*3/*$/ %*% %4*2(*/ %"#-5$3/4* 
*/"+"4 — -31"#98&$+ "@($8*)-$!

! M&++* (*3,"2-/3'!



J(&110 */"+"4
! G* 1(*%/-%$, )$ /*% &F - +)":" 34"@"2)0, 
8*('2"4

! K3#- 3:(&11-("4*/9 8*('20 4 )$>/(*#9)0$ 
:(&110:

! P-1"#9-2-1"#9)0$ 
48*-+"2$>3/4-' 
&@04*</ %*% 

! !"F)" -31"#98"4*/9 
%"("/%"$ "@($8*)-$!



D"5$5)0$ 8*('20

G*-+$)9Q-$ %4*2(*/0:



D"5$5)0$ 8*('20
! B*(*+$/(-8*6-' @"#9Q-, 3-3/$+

! H*8@-4*$+ )* +*#$)9%-$ %"+1")$)/0

! .+-)"%-3#"/0 2#' @$#%"4

! I0@-(*$+ @*8-3 C&)%6->

! E$#%- — 4 +*#$)9%"+ @*8-3$ 6-31G*

! X*('20 4 4*%&&+$ 8*40Q$)0 )* 10-20%

! B(-@#-8-/$#9)" 3""/4$/3/4&$/ 405-3#$)-'+ 4 
4"2$

! I05-3#'$+ ;#$%/("))0$ "(@-/*#-

! W-/-(&$+ 1"/$)6-*# +$/"2"+ )*-+$)9Q-, 
%4*2(*/"4



B"#'(-8*6-'
! I @$#%*, 8*('20 24-F&/3' 1"2 4#-')-$+ 2(&:-, 8*('2"4

! B(-+$( – 4"2*

! !"#$%&#'()*' 1"#'(-8*6-' – +"#$%&#0 4"20 24-:*</3' - 
(*84"(*5-4*</3'

! P-;#$%/(-5$3%"$ ;%(*)-("4*)-$ – "5$)9 4*F)" 4 4"2$!

! ./"+*()*' 1"#'(-8*6-' – 
2 $C" (+* 6 - ' ;# $ % / ( " ) )0 , 
"@#*%"4 1"2 2$>3/4-$+ 4)$Q)$:" 
1"#' – "@05)" "1&3%*$/3'
! I " 8 + " F ) 0 $ ( $ Q $ ) - ' – 
2"1"#)- /$#9)0> 8 * ('2 )* 
1 ( & F - ) $ ( 4 "2 * T I P 4 ) - # - 
4%#<5$)-$ 1"#'(-8*6-"))":" 
5#$)* 4 1"/$)6-*#



! I)$Q)$$ 1"#$ )*4"2-/ 2-1"#-

! 7)$(:-' 48*-+"2$>3/4-'

! . )*4"2-/ 2-1"#9 4 B - )*"@"("/

! M,$+* 405-3#$)->:

!  

!   

! 1"4/"('$+ 1"%* )$ 3">2$/3'

B"#'(-8*6-'



B(-+$(: %*)*# :(*+-6-2-)

S#*33-5$3%-$ 3-#"40$ 1"#' )$ (*@"/*</!



I8*-+"2$>3/4-' I*)-2$(-I**#93*
! !"2$#9 – 2-31$(3)"$ 48*-+"2$>3/4-$ 24&, '2$( 3 8*('2"+ +q )* 
(*33/"')-- r, "%(&F$))0, ;#$%/("))0+- "@#*%*+- -q. N/(-6*/$#9)0$ 
8*('20 :*(+")-5$3%- %"#$@#</3' 3 5*3/"/">     "%"#" '2$(. K3#- 
F$3/%"3/9 /*%":" "36-##'/"(*    - +*33* 8*('2*   , /" 1"/$)6-*#9)*' 
;)$(:-' %*F2":" "36-##'/"(* @&2$/ (*4)*           , :2$   - ;/" 
(*33/"')-$ +$F2& '2("+ - 8*('2"+. 

! L(*4)$)-$ Y($2-):$(*:

! H$Q$)-$:

! P-1"#9-2-1"#9)"$ 48*-+"2$>3/4-$:

! U#- /"5)$$

! I3$ %";CC-6-$)/0 - "/(-6*/$#9)0

ω



I8*-+"2$>3/4-' 4*)-2$(-I**#93*

! N//*#%-4*)-$:

! G* +*#0, (*33/"')-',      -8-8* %&#")"43%":" 
"//*#%-4*)-' '2$( 3 2$C"(+-("4*))0+- 
;#$%/("))0+- "@"#"5%*+-

! G* 2*#9)-, -               ,    - (*2-&3 E"(*

! B(-+$( — 1"/$)6-*# E&%-):$+* 

! N1'/9, ;%31")$)/* 35-/*$/3' 2"#:"

exp[−2r/a0]



B"/$)6-*# O$))*(2*-PF")3*

! B("?$ 5$+ 1"/$)6-*# E&%-):$+*

! G* 1(*%/-%$, */"+0 )$ 2"#F)0 1(-@#-F*/93' 
3#-Q%"+ @#-8%", 1";/"+& C&)%6-< +"F)" 
&1("3/-/9

! K3#- +0 8)*$+ 1/r6, /" 8* "2)& "1$(*6-< 
1"#&5*$+ 1/r12



B"/$)6-*# O$))*(2*-PF")3*

! S")3/*)/0 4 
1"/$)6-*#$ 
"@05)" 
404"2'/3' 1" 
&2$#9)"> 
/$1#"/$ 
-31*($)-' - 
1#"/)"3/- 
1("3/0, 
F-2%"3/$>



7CC$%/-4)0> 1*()0> 
1"/$)6-*#

! B*(*+$/(-8*6-' 1"/$)6-*#* O$))*(2*-PF")3* 
+"F$/ @0/9 32$#*)* 1" ($8&#9/*/*+ 
%4*)/"4",-+-5$3%-, (*35$/"4, )" ($8&#9/*/ 
"5$)9 1#",">. B"5$+&?

! I %4*)/"4"> ,-+-- 48*-+"2$>3/4-' )$ 
":(*)-5-4*</3' 1*()0+-

! I8*-+"2$>3/4-' 3,4,5,...,N /$# 

! B*(*+$/(-8&' 1(- 1"+"?- ;%31$(-+$)/* +0 
404"2-+ !""#$%&'()* 1"/$)6-*#!



I8*-+"2$>3/4-'



X*1-39 3-#"4":" 1"#'



I"2)"$ "%(&F$)-$
! I %4*)/"4"> ,-+-- "@05)" -31"#98&</3' 
)$1($(04)0$ +"2$#- 3 ;CC$%/-4)"> 
2-;#$%/(-5$3%"> 1"3/"'))">

! G$'4)"$ 4"2)"$ "%(&F$)-$

! U)":2* 90% 3-3/$+0 — 4"2*!

! G$ 43$:2* ,"("Q" (*@"/*$/

! N@05)", 4"2* 4%#<5$)* '4)"



I"2)"$ "%(&F$)-$

G$'4)"$ 4"2)"$ 
"%(&F$)-$

1(*42"1"2"@)"



I"2"("2)0$ 34'8-
! U:(*</ 4*F)&< ("#9 4 3/*@-#-8*6-- 
4/"(-5)"> 3/(&%/&(0

! K3/9 31$6-*#9)0> 1"/$)6-*#

! W*%/-5$3%-, ") -31"#98&$/3' /"#9%" 4 
3-#"40, 1"#', @$8 '4)0, */"+"4 4"2"("2*

! I 3-#"40, 1"#', 3" 43$+- */"+*+- 
4"2"("2)*' 34'89 — ;/" 3&++* 
;#$%/("3/*/-%- - 48*-+"2$>3/4-> I*)-2$(-
I**#93*



M-#"40$ 1"#' @$8 %"4*#$)/)0, 
34'8$>

! Brenner Potential

! ReaxFF

! B"84"#'</ +$)'/9 /"1"#":-< 4 1("6$33$ 
+"2$#-("4*)-'

! N5$)9 3#"F)*' 1*(*+$/(-8*6-'

! I8*-+"2$>3/4-' 1($23/*4#$)0 3&++"> 
31#*>)"4 3 (*8#-5)0+- 4$3*+-, 4$3* 
+$)'</3' 4 1("6$33$ +"2$#-("4*)-' 4 
8*4-3-+"3/- "/ /$%&?$> %")C-:&(*6-- 
3-3/$+0



ReaxFF

B"/$)6-*# ReaxFF 
(*8(04 34'8- - 
;)$(:-' )* &:"#
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!"#$%&'($' )'*+,-$(.+$#'%/$0 

1.*.+')*,2 %$%)'+"

! I)&/($))'' ;)$(:-'

! &3($2)$)-$ ;)$(:-- 1" *)3*+@#< 3"3/"')->

! D$1#"$+%"3/9

! P*4#$)-$

! 5$($8 /$"($+& 4-(-*#* S#*&8-&3*

! D$+1$(*/&(*





M4"@"2)*' 7)$(:-'

! !0 F-4$+ 1(- %")$5)"> /$+1$(*/&($!

! I3$ +"#$%&#0 24-F&/3' - “-33#$2&</” 
1("3/(*)3/4"

! 7/" 2*$/ 4%#*2 4 ;)/("1->)0> 5#$) 
34"@"2)"> ;)$(:--

!  7)/("1-' — #":*(-C+ %"#-5$3/4* 
3"3/"')->!



M4"@"2)*' 7)$(:-'

! I (*4)"4$3-- 34"@"2)*' ;)$(:-' J-@@3* 
2"#F)* @0/9 +-)-+*#9)*

! B(- )&#$ :(*2&3"4 34"@"2)*' ;)$(:-' 
(*4)* ;)/*#91-- - &@04*$/ 3 1"40Q$)-$+ 
/$+1$(*/&(0

! P#' 8*+%)&/"> 3-3/$+0 1"#)*' ;)$(:-' 
1"3/"'))*, 8)*5-/ 2"#F)* &4$#-5-4*/93' 
;)/("1-'





.#:"(-/+0 +-)-+-8*6-- 
3/(&%/&(0

! B"/$)6-*#9)*' ;)$(:-' %*% C&)%6-' %""(2-)*/

    2D 1(-+$(



7)$(:$/-5$3%-> 1("C-#9

! H*8+$()"3/9 3N!



7)$(:$/-5$3%-> 1("C-#9





.#:"(-/+0 +-)-+-8*6-- 
3/(&%/&(0

G&F)" )*>/- :#"@*#9)0> 
+-)-+&+

N@05)", #&5Q$, 5/" +0 +"F$+ — 
#"%*#9)0> +-)-+&+



.#:"(-/+0 +-)-+-8*6-- 
3/(&%/&(0

! B"/$)6-*#9)*' ;)$(:-' %*% C&)%6-' 1"8-6-> 43$, 
*/"+"4

! G&F)" )*>/- +-)-+&+ C&)%6--

! S#*330 *#:"(-/+"4:

! .#:"(-/+0, /($@&<?-$ /"#9%" U

! .#:"(-/+0 3 1$(4"> 1("-84"2)">

! .#:"(-/+0 3 +*/(-6$> 4/"(0, 1("-84"2)0,



.#:"(-/+0 +-)-+-8*6-- 
3/(&%/&(0

! S*%"> *#:"(-/+ #&5Q$?

! .#:"(-/+0 3 1("-84"2)0+- (+,(-.- /012#!

! B("-84"2)0$ )$ /*% #$:%" 1"35-/*/9

! I %4*)/"4"> +$,*)-%$ -31"#98&</3' *#:"(-/+0 3" 
4/"("> 1("-84"2)">

! I %#*33-5$3%"> — 3 1$(4"> ((*8+$( 3-3/$+0 
)*+)":" @"#9Q$)

! S":2* 1"/$)6-*#9)*' C&)%6-' )$ -+$$/ 
1("-84"2)0, — )$ "5$)9 ;CC$%/-4)0$ 
*#:"(-/+0 @$8 1("-84"2)0, 





.#:"(-/+0 +-)-+-8*6-- 
3/(&%/&(0

! B$(4"$ 5/" 1(-,"2-/ )* 
&+ 

! !0 )* 3%#")$ - ,"/-+ 
)*>/- 3*+&< )-8%&< 
/"5%&

! V/" +0 2$#*$+?

! U2$+ 4)-8 - 
(*84"(*5-4*$+3' 1" 
:(*2-$)/& 31&3%*, %*% 
/"#9%" 3%#") )*5-)*$/ 
-2/- 44$(,





!$/"2 @03/($>Q$:" 31&3%*

! +-)-+&+ 1" )*1(*4#$)-<

! G$3"+)$))" ;/" 4"8+"F)"

! G" "5$)9 2"(":" 405-3#'/9 ;)$(:-<         4 
%*F2"> /"5%$

! G*+ )$ /*% -)/$($3$) 3*+ +-)-+&+. K3#- +0 
)$2*#$%" "/ )$:", +"F$+ 40@-(*/9 )"4"$ 
)*1(*4#$)-$ 1"-3%*



!-)-+&+ 1" )*1(*4#$)-<

! P$#*$+ Q*: 42"#9

! U8+$('$+ ;)$(:-<, $3#- ")* &+$)9Q-#*39, 
"3/*)*4#-4*$+3' - 2$#*$+ )"40> Q*: 1" )"4"+& 
)*1(*4#$)-<, &4$#-5-4*' $:" (*8+$(

!  K3#- ;)$(:-'         4"8("3#*, /" +0 1("1&3/-#- 
+-)-+&+. L+$)9Q*$+ Q*: 4 24* (*8* - )*5-)*$+ 
3)*5*#*. B"4/"('$+, 1"%* ;)$(:-' )$ &+$)9Q-#*39



!$/"2 @03/($>Q$:" 31&3%*



!$/"2 @03/($>Q$:" 31&3%*

! M/*@-#$) - "5$)9 @03/( (4 )*5*#$)

! T"("Q" 1(-+$)'/9 )* 1$(40, Q*:*, +-)-+-8*6--

! H*@"/*$/ "5$)9 +$2#$))" 4 %")6$ +-)-+-8*6--

! B#"," 3$@' 4$2$/ 4 &8%-, 2"#-)*,

! X*6-%#-4*$/3' 1" %(&:& )* 1#"3%"3/-







I0@"( +$/"2*



!$/"2 @03/($>Q$:" 31&3%*

! !-)-+-8*6-' &#&5Q*$/ %*5$3/4" 3/(&%/&(0, )" )$ 
31"3"@)* )*>/- )*/-4)&< %")C"(+*6-<

Distance (measured as distance matrix error) of samples from the native configuration, before (in 
red) and after (in green) energy minimization. 16 residue long Z-hairpin - 2GB1(16) samples are 
much closer to native after the minimization step. However 1VII(36), which is entirely made out of [-
helices shows minimal changes after energy minimization. This is because most of the HMMSTR 
samples already have [-helices that are compact and have hydrogen bonds. 1E0L(28) has two Z-
hairpins and shows intermediate changes.



!-)-+-8*6-' #-8"6-+*

D(&2)$$ 43$:" 
+-)-+-8-("4*/9 
)$4*#$)/)0$ 
48*-+"2$>3/4-'!



B(-+$)$)-' +-)-+-8*6--

! L@(*/9 1#",-$ %")/*%/0

! B"3+"/($/9 )* #*)2Q*C/ ;)$(:-- 4"%(&: +-)-+&+*

! B(-+$)'$/3' 2#' &#&5Q$)-' %*5$3/4* 1("@ 4" 4($+' 
+"#$%&#'()":" 2"%-):*

! N@05)", +-)-+-8*6-' )$ 4#-'$/ )* "/%#")$)-$ 
3/(&%/&(0 "/ )*/-4)">





!$/"20, @$8 1("-84"2)">

! M-+1#$%3

! !$/"2 B*&;#*

! B","F )* +$/"2 3"1('F$))0, 
:(*2-$)/"4

! N@05)" #&5Q$ 3-1#$%3*
! P"("F$ 1(- 405-3#$)-',



M4'8-

68

χ(r1, r2) = (r1 − r2) · (r1 − r2) − b2 = 0
− · − −

χ̇(r1, r2) = 2(v1 − v2) · (r1 − r2) = 0

L(*4)$)-$ 2#' 34'8- - $$ 1("-84"2)">:

mir̈i = f
i
+ Λg

i

L(*4)$)-$ 24-F$)-' 3" 34'8'+-:

g
1

= −

∂χ

∂r1

= −2(r1 − r2) g
2

= −

∂χ

∂r2

= 2(r1 − r2)

J2$ 3-#0 @#*:"2*(' 34'8'+:
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