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tionThis do
ument des
ribes the usage of S2 and pairwise NOE distan
e restraints in GRO-MACS. These restraints are not in
luded in the o�
ial version, rather programmed by my-self (Z. Gáspári). Therefore, it is important that the version des
ribed here is not o�
ialGROMACS and should not be treated or 
onsidered as su
h in any way.This do
ument is pra
ti
e-oriented, so the theoreti
al part and some implementationdetails will 
ome only at the end.Installation instru
tions 
an be found in the �le named 'INSTALL' supplied with thepa
kage.2 About ensemble simulations
S2 restraints 
an only be used for multiple stru
tures simlated simultaneously, so a bririefintodu
tion to ensemble 
al
ulations is in pla
e. The o�
ial version of GROMACS (as ofwriting this is 3.3) is able to handle ensembles and use NOE and orientation restraintson them. GROMACS should be 
ompiled with mpi support (most binary distributions are
ompiled without it). See the �le 'INSTALL' supplied with the pa
kage for more information.1



The magi
 
ommand to run a simulation in ensemble mode is:mpirun -np N mdrun -np N -multi -s topol.tpr -o traj.trrHere the number N 
ontrols the number of repli
as to simulate, note that it should besupplied twi
e, on
e for mpirun and on
e for mdrun. The option -multi tells groma
s tosimulate as many mole
ules as pro
esses, this also 
auses mdrun to look for �les topol0.tpr,topol1.tpr . . . as inputs for ea
h pro
ess. Note that for this type of runs you should rungrompp as usual but separately for ea
h repli
a to produ
e the N input (tpr) �les1 Notethat the number N may be less or more than the number of pro
essors in your system,mpirun 
an handle this for you (e.g. I usually run 8 repli
as on a 2-pro
essor ma
hine). Itis also important that in order to get meaningful results, your input tpr �les should 
ontaindi�erent starting stru
tures and/or velo
ities (di�erent starting velo
ities 
an be generatedby in setting the gen_vel option to �yes� and the gen_seed to a di�erent number for ea
hrepli
a in the mdp �les).3 Getting startedThe dire
tory 'test_va
uum' supplied with the pa
kage 
ontains the �les and s
ripts for asimple parallel simulation. Copy this dire
tory to a pla
e in your home dira
tory and trythe s
ripts setup.sh and run.sh. If you understand these s
ripts, you 
an easily set up andrun your own stu�. The s
ripts rmsd.sh and get�nalstru
tures.sh help you in the analysisof the runs.4 Perl additionsThere are a number of small Perl s
ripts to ease 
al
ulation setup and analysis (in the'perl' dire
tory of the pa
kage, 
opy/link them into a lo
ation in your PATH or modify yourPATH to be able to use them). All programs are GROMACS-like and invoked with -h willgive information on their usage. The programs are:
• multigroma
s.pl This program helps you set up ensemble simlations as it runs aspe
i�ed GROMACS 
ommand (spe
i�ed with option -C ) N times (option emph-N). Any `#` 
hara
ters in the 
ommands given will be substituted by the numbers0..N-1 for ea
h invo
ation. This program is espe
ially useful for generating the inputtopol0.tpr, topol1.tpr . . . �les with grompp.
• mdp_randomseed.pl This program is used to set all the �seed� options in the inputmdp �le to a random number. If the otion is present in the input �le, it will beoverwritten, if not, it will be added.
• groma
sres2top.pl This s
ript 
an be used to add restraints (NOE, S2 and dihe-dral) to a GROMACS topology (top) �le. Invoking with -h will give you an idea howto use it.1This means that you should not use the -n swit
h for grompp, that should be used with distributed
al
ulations where you would like to run a single simulation on multiple nodes. Of 
ourse you 
an run anensemble 
al
ulation with ea
h repli
a running as more than one pro
ess, then you should 
ombine thesetwo modes. 2



5 Input �le spe
ial notes5.1 Topology �lePairwise distan
e restraints 
an be spe
i�ed with the dire
tive hhdistan
e_restraints inthe same way as 'normal' distan
e restraints (see the o�
ial groma
s manual for more):[ hhdistan
e_restraints ℄; ai aj type index type' low up1 up2 fa
6 13 1 0 1 0.33 0.60 99.90 1.0 ; 1 HA: 1HD216 14 1 1 1 0.33 0.60 99.90 1.0 ; 1 HA: 1HD226 18 1 2 1 0.23 0.50 99.90 1.0 ; 1 HA: 2 H8 58 1 3 1 0.23 0.50 99.90 1.0 ; 1 HB1: 4 H9 58 1 3 1 0.23 0.50 99.90 1.0 ; 1 HB2: 4 H8 62 1 4 1 0.23 0.50 99.90 1.0 ; 1 HB1: 4 HB9 62 1 4 1 0.23 0.50 99.90 1.0 ; 1 HB2: 4 HB(The pre�x 'hh' refers to 'half-harmoni
', meaning that a progress variable ρ is de�ned asdes
ribed e.g. in Best and Vensru
olo, 2004 (for S2 restraints)).
S2 restraints 
an be spe
i�ed with the dire
tive s2_restraints:[ s2_restraints ℄; ai aj type S2 S2err bondlen36 37 1 0.993 0.000 -1.000 ; 3 N: 3 H57 58 1 0.806 0.000 -1.000 ; 4 N: 4 H76 77 1 0.846 0.000 -1.000 ; 5 N: 5 HThe �elds ai and aj 
ontain the atoms in the bond (amide N-H in the example above),type shoule be one, the S2 value and its error are put in the �elds S2 and S2err. Theparameter bondlen may 
ontain a positive value 
orresponding to the bond length to beused for S2 parameter 
al
ulation or -1 meaning that the length is taken from the inputstru
ture.5.2 mdp �leThe relevant part of the mdp �le for setting up pairwise distan
e and S2 restraints lookssomething like:; Half-harmoni
 distan
e restraints; Distan
e restraints type: No, Simple, Ensemble, Pairwise (=pairwise averaging in the ensemble)hhdisre = pairwisehhdisre_f
 = 10000hhdisre-tau = 0hhdisre-exp = 3; Output frequen
y for pair distan
es to log filensthhdisreout = 100; S2 restraints: No, Withfit, Withoutfits2re = Withfit; Output frequen
y for S2 values to log filensts2reout = 1000 3



; S2 for
e 
onstant (denoted alpha in Best & Vendrus
olo), use with 
ares2re-f
 = 100000; Group to fit for S2 
al
ulations2re-fitgrp = ba
kbone6 Setting up and running a simulationUse the s
ript setup.sh to do the initial �le 
onversion (from pdb to groma
s 
oordinateformat) and the initial energy minimization of your mole
ule. Naturally, the mole
ule nameand the for
e �eld should be adjusted in the s
ript (OPLSAA is an all-atom for
e �eld, forNOE restraints an all-atom FF is needed be
ause of the hydrogens!) This s
ript requires a�le named 'em.mdp' in the invo
ation dire
tory (
ontaining energy minimization parameters,see the original groma
s manual for more).To run a simulation, use the s
ript run.sh, adjust the mole
ule name and the number ofrepli
as (parameter np) to your needs. This s
ript requires the programsmdp_randomseed.pl(to give random initial velo
ities to ea
h repli
a) and multigroma
s.pl (a tool to ease up theinvo
ation of the same 
ommand for multiple �les). A run 
ontrol �le named full.mdp isalso needed.7 Referen
esBest RB, Vendrus
olo M (2004) Determination of Protein Stru
tures Consistent with NMROrder Parameters. J Am Chem So
 126:8090-8091Ri
hter B, Gsponer J, Várnai P, Salvatella X, Vendrus
olo M (2007) TheMUMO (minimalunder-restraining minimal over-restraining) method for the determination of native stateensembles of proteins. J Biomol NMR 37:117-135
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