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! "!

!"#$%&'&()*+,-%%

%

./%"--(0*+&*(1%(2%&3(%45,*05-%2)(6%-57'5105%

%
#$%&!'(')*%+,!&$)-&!$)-!./0#!1+2!34!(&45!')!&'(56!'$4!+&&)1%+'%)2!)7!'-)!$4,%14&!%2!

+!&%89,4!8483*+24:!#$4!$4,%14&!+*4!3(%,'!7*)8!&4;(4214<!+25!'$%&!&'49!(&4&!=6>?@<!

-$%1$!2445&!')!34!+A+%,+3,4:!B2!+55%'%)2<!CD?>/EF!2445&!')!34!+A+%,+3,4!')!*(2!'$4!

&%8(,+'%)2&:!/,,!)'$4*!1)89)242'&!*4;(%*45!+*4!5%&'*%3('45!')G4'$4*!-%'$!./0#<!+25!

&$)(,5! 34! +A+%,+3,4! %2! '$4! ./0#! 5%*41')*6:! #$4! '(')*%+,! +&&(84&! +! 3+&%1! -)*H%2G!

H2)-,45G4!)7!I/FJ:!

!

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

!

#)! 8+H4! '$4! 1)88+25&! 4+&%4*! ')! 7),,)-! -4! &4'! &)84! A+*%+3,4&! 9*%)*! ')! *(22%2G!

./0#:!B2!9+*'%1(,+*<!-4!&941%76!'$4!,)1+'%)2&!)7!CD?>/EF!+25!)7!=6>?@:!K)'4!'$+'!

'$4!,)1+'%)2&!8+6!5%774*!)2!6)(*!8+1$%24<!+25!'$4!1)**41'!9+'$&!&$)(,5!34!&941%7%45:!

!
GMX=/usr/local/gromacs-4.6.1/bin/GMXRC 
PYMOL=/usr/local/bin/pymol 

!

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

K)-! -4! 547%24! '$4! +8%2)! +1%5! &4;(4214&:! #$4! &4;(4214&! (&45! +*4! '$)&4! )7!

G,61)9$)*%2!/!-%,5! '694! +25! '$4!CLMB!8('+2':!N4! &941%76! '$+'! '$46! +*4!$4,%1+,! 36!

+55%2G!OPJQ!+'! '$4!425:!#$%&!&941%7%1+'%)2! %&!)9'%)2+,<!+&!&4;(4214&!+*4!3(%,'!$4,%1+,!

36!547+(,'<!3('!%'!+A)%5&!(&%2G!.FF=!5(*%2G!')9),)G6!G424*+'%)2:!!

!
wt=RASLIIFGVMAGVIGTILIN:H 
mut=RASLIIFGVMAIVIGTILIN:H 

!

#$4&4! &4;(4214&! 1)**4&9)25! ')! '$4! )24&! 1)88)2,6! (&45! %2! #?RE/#! +&&+6&<! +25!

5%774*!7*)8!'$4!3%),)G%1+,!)24&!%2!'$4!+21$)*!*4G%)2&:!!

!

!"#$%5'%6)("(78(9()*%",#%7227:2%

!

0*)8!'$4!&4;(4214&<!-4!&4'(9!+&&+6&!)7!STT!&%8(,+'%)2&!UV2!STTW<!)7!S"X!2&!4+1$!UV

'%84!S"XW<!(&%2G!+2!%2%'%+,!&49+*+'%)2!)7!M:S!28!UV5!M:SW!+25!+!5%&'+214!)A4*!Y!)7!S!28!

UV5Y!SW:!N4!-%,,!(&4!+!=?=E!3%,+64*!UV,!=?=EW!+25!(&4!*4G(,+*!>+*'%2%!-+'4*!UV&),!NW!

')!&),A+'4!'$4!&6&'48:!#$4!3%,+64*!+25!&),A42'!+*4!3(%,'!36!!"#$"%<!-$%1$!%&!1+,,45!36!

./0#:!!

#)!&(99)*'!'$4!7(,,!*+2G4!)7! 74+'(*4&!7*)8!%2&+24<!+!&941%7%1!&62'+Z!-+&!54A4,)945<!

+,,)-%2G!&941%76%2G! !"#$"%!)9'%)2&!)2!'$4!1)88+25V,%24!)7!./0#:!#$4!3+&%1!&62'+Z!

7)*! '$%&! %&! --insane-option=value<! 3('! 8(,'%9,4! )9'%)2&! 1+2! 34! G*)(945!
')G4'$4*! +&! --insane{-option1=value1,-option2=value2[:! #$%&! 6%4,5&!
'$4!7),,)-%2G!1)88+25!7)*!&4''%2G!(9!'$4!&%8(,+'%)2&P!

!



! X!

/path/to/DAFT/daft.sh -gmxrc $GMX -pymol $PYMOL \ 
 -tm WT=$wt -tm G83I=$mut -d 3.5 -dz 5 –n 500 -time 512 \ 
 --insane{-l=POPC,-sol=W} -c 2 

!

#$4! )9'%)2! \'8! &941%7%4&! +! '*+2&8483*+24! &4;(4214<! -$%1$! %&! 547%245! +&!

]2+84^_&4;(4214]P&'*(1'(*4_:! B7! +! 2+84! %&! G%A42<! %'! -%,,! 34! (&45! 7)*! 2+8%2G!

5%*41')*%4&!+25!%'!1+2!34!*474**45!')!-$42!8+H%2G!1)83%2+'%)2&:!

!

#$4!)9'%)2!\1!&941%7%4&! '$4!1)83%2+'%)2&! ')!34!8+54:!F941%76%2G! `Xa!84+2&!8+H%2G!

&6&'48&!)7!5%84*&!7)*!4+1$!&4;(4214:!J4'4*)5%84*&!1+2!34!8+54!36!&941%76%2G!`Xba:!

/,'4*2+'%A4,6<!'$4!&941%7%1+'%)2!\1!N#<N#!\1!CLMB<CLMB!1)(,5!$+A4!3442!(&45!')!&4'!

(9!$)8)5%84*&!+25!\1!N#<CLMB!1)(,5!$+A4!3442!(&45!7)*!$4'4*)5%84*&:!I6!547+(,'<!

%7!'$4!)9'%)2!\1!%&!2)'!G%A42<!./0#!3(%,5&!)24!'694!)7!&6&'48<!1)83%2%2G!+,,!'$4!&%2G,4!

1)89)242'&:!

!

#$4!&4'(9!)7!"TTT!&%8(,+'%)2!&6&'48&!,%H4!'$%&!-%,,!'+H4!+!74-!8%2('4&!Uc8XT!)2!+!

X:MT!CJY!%dW:!#$4!*4&(,'!-%,,!34!'-)!5%*41')*%4&!+25!&4A4*+,!%2'4*845%+'4!7%,4&<!8)&'!

2)'+3,6! '$4! +')8%&'%1! &'*(1'(*4&! 3(%,'<! +25! '$4! 1)+*&4! G*+%245! &'*(1'(*4&! +25!

')9),)G%4&P!

!
daft-tutorial-1$ ls -l 
total 136 
drwxr-xr-x  3 tsjerk  staff    102 Feb 16 12:38 G83I-G83I 
-rw-r--r--  1 tsjerk  staff    296 Feb 16 12:38 G83I-mart.ndx 
-rw-r--r--  1 tsjerk  staff   2710 Feb 16 12:38 G83I-mart.pdb 
-rw-r--r--  1 tsjerk  staff   7600 Feb 16 12:38 G83I.itp 
-rw-r--r--  1 tsjerk  staff  12196 Feb 16 12:38 G83I.pdb 
-rw-r--r--  1 tsjerk  staff    152 Feb 16 12:38 G83I.top 
drwxr-xr-x  3 tsjerk  staff    102 Feb 16 12:38 WT-WT 
-rw-r--r--  1 tsjerk  staff    289 Feb 16 12:38 WT-mart.ndx 
-rw-r--r--  1 tsjerk  staff   2643 Feb 16 12:38 WT-mart.pdb 
-rw-r--r--  1 tsjerk  staff   7447 Feb 16 12:38 WT.itp 
-rw-r--r--  1 tsjerk  staff  11872 Feb 16 12:38 WT.pdb 
-rw-r--r--  1 tsjerk  staff    146 Feb 16 12:38 WT.top 
-rw-r--r--  1 tsjerk  staff    229 Feb 16 12:15 cmd.sh 

!

I)'$!5%*41')*%4&!1)2'+%2!+!&(35%*41')*6! `5+7'a<!-$%1$!1)2'+%2&! '$4!&),A+'45!&'+*'%2G!

&'*(1'(*4&<!4+1$! %2! %'&!)-2!7),54*:!e+1$!)7! '$4&4! 7),54*&!1)2'+%2&!'$4!5+'+!*4;(%*45!

7)*!+!&%2G,4!*(2P!

!
daft-tutorial-1$ ls -l WT-WT/daft/daft-0001 
total 440 
-rw-r--r--  1 tsjerk  staff    7447 Feb 16 12:38 WT.itp 
-rw-r--r--  1 tsjerk  staff  160681 Feb 16 12:38 daft.gro 
-rw-r--r--  1 tsjerk  staff   33740 Feb 16 12:38 daft.ndx 
-rw-r--r--  1 tsjerk  staff    5171 Feb 16 12:38 daft.pdb 
-rw-r--r--  1 tsjerk  staff     620 Feb 16 12:38 daft.top 
-rw-r--r--  1 tsjerk  staff     214 Feb 16 12:38 martinate-run.sh 

!



!

! M!

!"#$%;'%<+))()*%2(0+87"(/)2%

!

#$4! &1*%9'! `8+*'%2+'4V*(2:&$a! 1)2'+%2&! '$4! 1)88+25! ')! 4Z41('4! '$4! *(2! %2! %'&!

5%*41')*6<! +25! 1+2! 34! 1+,,45! 5%*41',6<! )*! '$4! 5+'+! 1+2! 34! '*+2&74**45! ')! +! 1)89('4!

1,(&'4*<!CDB.<!)*!1,)(5!7+1%,%'6!+25!'$4!&1*%9'!1+2!34!*(2!7*)8!+!f)3:!N4!2)'4!'$+'!'$4!

&1*%9'! *4,%4&! )2!&$'(!"$(%)#*<! -$%1$! %&! 5%&'*%3('45! ')G4'$4*!-%'$!./0#:! /!-)*H%2G!

A4*&%)2!)7!CD?>/EF!%&!+,&)!*4;(%*45:!!

!

!"#$%='%>)78:2(2!

!

#$4!+2+,6&%&!7)1(&4&!)2!%2'4*+1'%)2!424*G6!+25!)2!*4,+'%A4!)*%42'+'%)2&!+25!1)2'+1'&!

)7! '$4! 1)89)242'&:!&$'(!"$(%)#*! -*%'4&! 424*G6! &'+'%&'%1&! 7)*! 4+1$! 1)89)242'! +25!

4+1$!1)83%2+'%)2!)7!1)89)242'&<!%21,(5%2G!8483*+24!+25g)*!&),A42':!!

!

+"%',-.$"$/-#!#.

.

/'! 4+1$! '%84<! '$4! ./0#! 42&483,4! $+&! +! 1$+*+1'4*%&'%1! 424*G6! 5%&'*%3('%)2:! #$%&!

5%&'*%3('%)2! 54A4,)9&! )A4*! '%84! +25<! G%A42! &(77%1%42'! '%84<! -%,,! 1)2A4*G4! ')! '$4!

4;(%,%3*%(8! 42&483,4:! #$%&! 4;(%,%3*%(8! 42&483,4! -%,,! 9*)3+3,6! 2)'! 34! *4+1$45!

'$)(G$<!+&!'$4!'%84!&1+,4&!+*4!'))!&$)*'!7)*!'$+':!

#$4! 4A),('%)2! )7! '$4! 424*G6! 5%&'*%3('%)2! )A4*! '%84<! +25! )7! '$4! %2'4*+1'%)2! 424*G6!

5%&'*%3('%)2! %2! 9+*'%1(,+*<! 1+2! 34! 7),,)-45! 7*)8! '$4! '-42'6V)24! Sh! 9)%2'&!

UA%G%2'%,4&W!+25!'$4!84+2:!#)!1)2&'*(1'!'$4&4!5%&'*%3('%)2&!+1*)&&!'$4!42&483,4<!7%*&'!

'$4!424*G6!'4*8&!2445!')!34!4Z'*+1'45!7*)8!'$4!3%2+*6!424*G6!7%,4&!C*)8+1&!-*%'4&<!

+25! 7)*! 4+1$! '4*8! '$4! 5+'+! 2445! ')! 34! G+'$4*45:! #)! 7+1%,%'+'4! '$+'<! +! 3+&$! &1*%9'!

U%"%$//)#*W! %&!9*)A%545!-%'$!./0#!')!9*)14&&!+!&4*%4&!)7!424*G6!7%,4&!+25!4Z'*+1'!+,,!

%2'4*+1'%)2!424*G6!'4*8&P!

!
cd WT-WT/daft 
/path/to/DAFT/Analysis/eneall.sh */*.edr 
!

#$%&!6%4,5&!'$4!7),,)-%2G!&4'!)7!7%,4&P!

!
Membrane-Membrane.dat 
Membrane-Solvent.dat 
A_WT-Membrane.dat 
A_WT-A_WT.dat 
A_WT-B_WT.dat 
A_WT-Solvent.dat 
B_WT-Membrane.dat 
B_WT-B_WT.dat 
B_WT-Solvent.dat 
Solvent-Solvent.dat 

!

#$4!7%*&'!,%24!%2!4+1$!7%,4!1)2'+%2&!'$4!'%84<!-$%,4!4+1$!7),,)-%2G!*)-!1)**4&9)25&!')!

'$4! %2'4*+1'%)2!424*G6! '%84! &4*%4&! 7)*! +! &%2G,4! *(2:!D)-&! 7*)8! '%84! &4*%4&! &$)*'4*!

'$+2!'$4!8+Z%8(8!*(2!,42G'$!+*4!9+5545!-%'$!`K/a<!&(1$!'$+'!'$4!-$),4!5+'+!8+'*%Z!



! c!

%&! 7%,,45:! 0(*'$4*! 9*)14&&%2G! )7! '$4&4! 7%,4&! 1+2! 34! 5)24! -%'$! '$4! `,%'',4V*a! &1*%9'!

%"%$"$)'<!-$%1$!%&!+!1)88+25V,%24!)94*+'45!D!&1*%9'!')!1)89('4!'$4!A%G%2'%,4&!+25!

G*+9$! '$48<! +25! 94*7)*8! +! 2)2V,%24+*! ,4+&'V&;(+*4&! 7%'! )7! '$4! 84+2! %2'4*+1'%)2!

424*G6! )A4*! '%84! ')! +! 54,+645! 541+6! 8)54,:! K)'4! '$+'! '$4! ,+''4*! %&! -*%''42!

&941%7%1+,,6! 7)*! '$4! %2'4*+1'%)2! 424*G6! 34'-442! '-)! 1)89)242'&! 7)*! -$%1$! '$4!

3%25%2G!+&&+6!%&!*(2:!!

!
/path/to/DAFT/Analysis/eneana.r A_WT-B_WT.dat !
!

#$%&!-*%'4&!+!9)&'&1*%9'!7%,4!/iN#VIiN#:9&<!-$%1$!1)2'+%2&!+!G*+9$!)7!'$4!A%G%2'%,4&!

)A4*!'%84<!,%H4!

!

!
!

#$4! 5+&$45! ,%24! &$)-&! '$4! 7%''45! 54,+645! 541+6! 8)54,! 7)*! '$4! 84+2! %2'4*+1'%)2!

424*G6<!&$)-2!%2!G*46:!#$4!9,+'4+(!A+,(4!)7!'$%&!8)54,!%&!%25%1+'45!36!'$4!$)*%Y)2'+,!

5)''45!,%24:!#$4!9*)G*+8!+,&)!9*%2'&!'$4!&(88+*6!)7!'$4!7%'!)7!'$4!+A4*+G4P!

!
Formula: y ~ delayedDecay(tm, rate0, delay, plateau, rate) 
 
Parameters: 
          Estimate Std. Error t value Pr(>|t|)     
rate0    3.300e-02  2.458e-03   13.43   <2e-16 *** 
delay    4.025e+01  2.303e+00   17.48   <2e-16 *** 
plateau -2.150e+02  7.025e-01 -305.97   <2e-16 *** 
rate     1.539e-02  7.523e-04   20.46   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 15.19 on 1342 degrees of freedom 
 
Number of iterations to convergence: 7  
Achieved convergence tolerance: 9.091e-06 
 
B2!+55%'%)2<!'$4!&(88+*6!)7!'$4!7%'!7)*!'$4!845%+2!A+,(4!U%2!*45W!%&!9*%2'45P!
 
Formula: med ~ delayedDecay(tm, rate0, delay, plateau, rate) 



!

! S!

 
Parameters: 
          Estimate Std. Error  t value Pr(>|t|)     
rate0    3.984e-01  5.045e-02    7.896 5.95e-15 *** 
delay    6.195e+01  3.625e-01  170.882  < 2e-16 *** 
plateau -2.179e+02  7.722e-01 -282.162  < 2e-16 *** 
rate     1.537e-02  3.425e-04   44.888  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 19.68 on 1342 degrees of freedom 
 
Number of iterations to convergence: 12  
Achieved convergence tolerance: 6.885e-06 

!

.

0'!%"($(!1".$"$/-#!#.

.

B2!+55%'%)2!')!'$4!+2+,6&%&!)7!'$4!%2'4*+1'%)2!424*G%4&<!'$4!*4,+'%A4!)*%42'+'%)2&!)7!'$4!

1)89)242'&! +*4! %2A4&'%G+'45:! #$4! 7%*&'! &'49! 7)*! '$%&! %&! *4)*54*%2G! +,,! '*+f41')*%4&<!

&(1$! '$+'! '$4! +&&483,%4&! +*4! 1,(&'4*45:! #$%&! 1+2! 34! 5)24! %2! )24! G)! (&%2G! '$4!

7),,)-%2G!1)88+25P!

!
for trj in */*.xtc; do echo 1 | gmx trjconv -pbc cluster -s 
${trj%%.*}.tpr -f $trj -o ${trj%.xtc}-clus.xtc; done 
!

#$4! 24Z'! &'49! %&! 54'4*8%2%2G! '$4! *4,+'%A4! )*%42'+'%)2&! )A4*! '%84! 7)*! 4+1$! )7! '$4!

&%8(,+'%)2&:!#$%&! %&!5)24!-%'$!+!C*)8+1&a!&'6,4!E!9*)G*+8<!1+,,45!21'!$"$! U5)8+%2!

)*%42'+'%)2!+2+,6&%&W:!.)*%+2+!7%*&'!54'4*8%24&!'$4!%2'4*2+,!*474*4214!7*+84!7)*!4+1$!

5)8+%2g1)89)242'! 7*)8! +! *474*4214! &'*(1'(*4:! B'! '$42! 1+,1(,+'4&! '$4! 1$+2G4! %2!

)*%42'+'%)2! 7*)8! '$4! &'+*'! 36! ,4+&'V&;(+*4&! 7%''%2G:! #$4! *4&(,'%2G! )*%42'+'%)2&! +*4!

(&45!')!54'4*8%24!'$4!*4,+'%A4!)*%42'+'%)2&!34'-442!5)8+%2&:!!

B2! '$4! 1+&4!)7!$)8)5%84*&!)*! *4,+'45! 1)89)242'&<! %'! %&! +5A%&+3,4! ')!(&4! '$4! &+84!

&'+*'%2G! )*%42'+'%)2<! &(1$! '$+'! '$4! %2'4*2+,! 7*+84&! +'! '$4! &'+*'! +*4! %542'%1+,<! +25! +!

&6884'*%1!3%25%2G!-%,,!6%4,5!+!"LT!54G*44!*)'+'%)2:!#$%&!+,*4+56!+99,%4&!')!)(*!1+&4!

$4*4<!+25!-4!1)2&'*(1'!+!5)*%+2+!*474*4214!36!1)96%2G!'$4!&'+*'%2G!&'*(1'(*4!'-%14!

-%'$!&45:!

!
&45!V2!V4!jgk/#?>gl&gkmU:mlX"m[mW:gm"nogpJp&gnog/g9p[j!!

!!!!V4!jqlZp&gnogIgGp9p[j!N#:953!n!N#V5)*%*47:953!
!

#)!(254*&'+25!'$%&!34''4*<!'$4!5%774*42'!&45!4,4842'&!+*4!4Z9,+%245!$4*4P!

!
-e ‘/^ATOM/{…}’ Apply the statements between curly 

braces to lines starting with 
‘ATOM’  

!



! r!

s/^\(.\{21\}\)./\1></ Substitute the first 21+1 
characters from the line by the 
first 21+’><’ 

 
H     Store the line in the (H)old space 
 
s/></A/p Substitute the characters ‘><’ in 

the pattern space by ‘A’ and 
print. 

 
-e '${…}' Execute the statements between 

curly braces at the end of the 
file. 

!
x Exchange the pattern space and the 

hold space, i.e., retrieve the 
data stored in the hold space. 

 
s/></B/g               Substitute ‘><’ for ‘B’ globally 

in the pattern space, resetting 
the chain ID in all lines. 

 
p Print the pattern space. 
 
!

e7741'%A4,6<!'$%&!'+H4&!+!=.I!7%,4!-%'$!)24!1$+%2<!9*%2'&!4+1$!,%24!-%'$!1$+%2!,+34,!`/a!

+25! +7'4*-+*5&!9*%2'&! 4+1$! ,%24! +G+%2<! 3('!-%'$! 1$+%2! ,+34,! `Ia<! 6%4,5%2G! +!=.I! 7%,4!

-%'$!'-)!1)9%4&!)7!'$4!&+84!1$+%2:!#$%&!7%,4!-4!(&4!+&!*474*4214!7)*!'$4!)*%42'+'%)2!

+2+,6&%&<!3('!7%*&'!-4!1)2&'*(1'!+!8+'1$%2G!%254Z!7%,4!U'$4!,%24&!1+2!34!1)9%45WP!

!
K^qUG*49!V1!sk/#?>s!N#:953W!

!

l!41$)!s]!/I!_sp!&4;!qUUXtKWWp!41$)!s]!/!_sp!&4;!qKp!41$)!s]!I!_sp!&4;!qUUKu"WW!qUUXtKWWp![!n!

5)*%*47:25Z!
!

#)!9*)14&&!'$4!-$),4!&4'!)7!5+'+<!-4!(&4!+!7)*!,))9!+G+%2!U'$4!,%24!1+2!34!1)9%45WP!

!
7)*!Z'1!%2!tgtV1,(&:Z'1p!5)!U15!ql%hgt[p!41$)!X!"!X!v!5)*%+2+!V&!::g)*%*47:953!V2!::g)*%*47:25Z!V7!
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